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INTRODUCTION

Asthma

Asthma is a chronic airway disease, affecting approximately 300 million people of all 
ages worldwide1,2. The prevalence of asthma is increasing in most western countries, es-
pecially among children2. In Dutch children, aged 4-12 years, the prevalence of asthma 
between 2001 and 2007 was approximately 10%3. The hallmarks of asthma are chronic 
airway inflammation and bronchial hyperresponsiveness (BHR), causing reversible 
airway obstruction, leading to recurrent episodes of wheezing, breathlessness, chest 
tightness and coughing2. These symptoms can place severe limits on daily life.

Asthma can begin at any age, but most often has its roots in early childhood4,5. The 
development of asthma is complex and multifactorial2,6. Risk factors that can influence 
the development of asthma can be divided into those that are primarily genetic and 
those triggering asthma symptoms (usually environmental)2. The mechanism whereby 
these factors influence the development of asthma is still a subject of debate and prob-
ably involves an interaction between environmental factors, such as viral infections, 
exposure to allergens and tobacco smoke, etc., in a genetically susceptible person2.

Figure 1. Pathological changes of the airways in asthma. Inflammation is triggered by a variety of 
factors, including allergens, viruses, exercise, etc. These factors also induce hyperreactive responses 
in the asthmatic airways. Inflammation and hyperreactivity lead to airway obstruction4. Adopted from 
Papadopoulos et al.4



10 Chapter 1

Bronchiolitis and asthma

Bronchiolitis in infancy is one of the risk factors for later asthma8-10. Bronchiolitis is a viral 
lower respiratory tract infection (VLRTI), characterised by inflammation, mucus produc-
tion and obstruction of the small airways, affecting infants under 2 years of age11. VLRTI 
is a major cause of hospitalisation in infancy12. The respiratory syncytial virus (RSV) is the 
predominant virus classically associated with severe VLRTI in winter months12-14. Besides 
RSV, other pathogens can cause VLRTI, needing hospitalisation in infancy12-14. Rhinovirus 
(RV) is the second most frequently recognised cause of VLRTI in hospitalised infants14,15. 
Whether RV VLRTI causes a similar clinical pattern as RSV VLRTI is unknown.

With the availability of Real Time -Polymerase Chain Reaction (RT-PCR), viral patho-
gens causing VLRTI can be rapidly identified in specimens from nasopharyngeal wash-
ings or nasal swabs16,17. Besides the type of pathogen, RT-PCR can also identify the viral 
load of this pathogen; the number of amplification cycles needed for a positive PCR 
test (cycle threshold, CT-value) is inversely linearly related to the viral load18. Several 
studies have shown that a high viral load of RSV at hospital admission was associated 
with a prolonged hospitalisation19,20. RSV viral load also seemed to decrease during 
hospitalisation20-22. In contrast, in RV VLRTI no relation was observed between viral load 
at admission and disease severity21. Little is known about the dynamics of viral load of 
RV during and after hospitalisation for VLRTI.

Although both RSV and RV are well-known causes of VLRTI in infancy and also de-
scribed as risk factors for the development of asthma8-10,23, there seems to be a difference 
in immunological processing between both viruses. Few studies have compared RSV 
and RV VLRTI as risk factors for later asthma, and have suggested a more favourable 

Inherited susceptibility: 

• Asthma 

• Atopy 

• Bronchial hyperresponsiveness 

• Genetic disease modifying factors 

Environmental in uences: 

• Prenatal maternal in uences 

• Allergens (indoor) 

• Respiratory infections (viral) 

• Tobacco smoke (pollutants) 

• Prematurity 

• Dietary factors 

Presymptomatic 
or early asthma 

Clinical asthma  
(reversible and irreversible changes 

in airway structure and function) 

Figure 2. Multifactorial development of asthma. Gene-environment interactions in the development of 
childhood asthma7. Adopted from Howard et al.7
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outcome after hospitalisation for RSV VLRTI compared with RV VLRTI23. The search for 
the role of different pathogens in the development of asthma is still a topical issue and 
although several studies have closely investigated this topic, results are controversial.

Diagnosis of asthma

Approximately one third of all children hospitalised for VLRTI in infancy develop 
asthma8,24,25. For those children who will develop asthma, an early diagnosis should be 
pursued2. A diagnosis at young age enables therapeutic interventions in an early stage 
of disease, possibly preventing long-term remodelling of the airways and improving the 
prognosis of asthma2,26. Asthma predictive models such as the (modified) Asthma Pre-
dictive Index are developed in order to identify children at risk for later asthma, which 
can be useful clinical tools24.

A diagnosis of asthma is usually based on the presence of characteristic symptoms 
such as breathlessness, wheezing and coughing, that present in a typical, episodic pat-
tern27. Seasonal variability of symptoms, a positive family history of asthma and atopy, 
and responsiveness to asthma medication are also helpful diagnostic guides2.

However, many children with asthma have a poor recognition of symptoms and a 
poor perception of symptom severity, especially if their asthma is long-standing28. 
Children rapidly adapt to their asthma induced limitations and some are reluctant to 
spontaneously complain about their symptoms. Parents, and even clinicians, may also 
poorly recognise asthma, as symptoms can be subtle or absent29,30. On the other hand, 
respiratory symptoms due to other conditions can be mistaken for asthma, causing 
over-diagnosis and -treatment. As a diagnosis of asthma is largely based on clinical 
judgment, diagnosing asthma in early childhood is challenging2.

Tests for diagnosing asthma
Several tests can aid clinicians in diagnosing asthma. Because of the strong association 
between asthma and allergic rhinitis, the presence of allergic diseases increases the 
probability of a diagnosis of asthma2. Allergies can be identified by skin prick testing or 
measurement of specific immunoglobulin (Ig)E in serum.

For patients over 5 years of age, measurements of pulmonary function may help to es-
tablish a diagnosis of asthma2, although a normal pulmonary function does not rule out 
asthma31. Pulmonary function measurements can identify expiratory airflow limitation, a 
hallmark of asthma. The most widely used variable is the forced expiratory volume in one 
second (FEV1). In young children the forced expiratory volume in 0.5 second (FEV0.5) seems to 
be a better index32,33. Particularly the demonstration of ‘reversibility’ (i.e. rapid improvement 
of pulmonary function abnormality after inhalation of a short-acting bronchodilator) greatly 
enhances diagnostic confidence2,34. A reversibility of ≥12% from the pre-bronchodilator 
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value identifies asthma34. However, most patients with controlled asthma will not exhibit 
reversibility at each assessment, and the test therefore lacks sensitivity2.

Bronchial provocation tests
An assessment of BHR is helpful to diagnose asthma35,36. Standardised bronchial 
provocation tests (BPTs) are used to assess BHR through the administration of bron-
choconstrictor stimuli. BPTs are classified into two categories: (1) ‘direct’ challenges, in 
which a pharmaceutical agent (methacholine or histamine) induces expiratory airflow 
limitation through a direct action on effector cells, such as airway smooth muscle and 
mucus glands, and (2) ‘indirect’ challenges, in which a stimulus (i.e. exercise, eucapnic 
hyperventilation, hypertonic aerosols) acts on inflammatory cells resident in the airway 
wall, to induce airflow limitation through the release of pro-inflammatory mediators36. 
The response to a direct stimulus reflects airway smooth muscle function and airway 
calibre. Although direct tests are sensitive for identifying BHR in an asthmatic popula-
tion, they are not specific for asthma37. Subjects with other pulmonary diseases, allergic 
rhinitis, and even healthy subjects may demonstrate BHR to these stimuli38,39.

The response to an indirect stimulus is more closely associated with current airway 
inflammation, as it reflects the presence and active state of inflammatory cells, such as 
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Figure 3. A scheme demonstrating the mechanism of action of common bronchoconstricting stimuli 
delivered as standardised bronchial provocation tests in the research and clinical setting. Adopted from 
Brannan et al. 43

Mind the different points of action of indirect and direct BPTs; indirect BPTs (i.e. exercise, eucapnic 
hyperventilation, mannitol, adenosine monophosphate) comprise the cellular inflammation to induce 
airway narrowing, whereas direct BPTs (methacholine and histamine) only act directly on effector cells.
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mast cells and eosinophils, in the airway36,40. Indirect BPTs are therefore highly specific 
for diagnosing asthma and evaluating current activity of inflammation41,42.

Exercise induced bronchoconstriction

Exercise induced bronchoconstriction (EIB) is a common and specific manifestation of 
asthma in children and adolescents, occurring in up to 90% of the asthmatic children44,45. 
EIB compromises the participation of children of all ages in play and sports, and may 
negatively influence quality of life, cardiovascular condition and psycho-motor develop-
ment46-48. Asthmatic children consider EIB, above other features of asthma, as their most 
frustrating morbidity of asthma48.

EIB in children is highly specific for asthma and exercise is considered an indirect 
provocation to diagnose and evaluate asthma30,49. Exercise challenge tests (ECTs) have 
been studied extensively and are well standardised for children over 8 years of age50,51. 
EIB can occur in children as young as 3 years33,52, however there is no appropriate ECT 
available for children under 8 years of age. Few studies performed ECTs in young chil-
dren, and encountered test failure percentages as high as 15%33. The availability of a 
safe, effective and sustainable ECT for young children would improve early diagnosis, 
and subsequent treatment, of asthma.

Pathophysiology of EIB

EIB has been defined as a transient narrowing of the airways that follows vigorous 
exercise, and is measured as a fall in post-exercise pulmonary function53. Severity of EIB 
can be expressed as maximum fall in post-exercise pulmonary function or as ‘area under 
the curve’, which also incorporates the spontaneous recovery of pulmonary function. 
EIB is suggested to be largely caused by dehydration of the respiratory mucosa during 
exercise induced hyperpnea (osmotic hypothesis). Airway dehydration causes hyperos-
molarity of the mucosa with subsequent release of mediators from inflammatory cells, 
inducing bronchoconstriction through interaction with smooth muscle cells53. Another 
proposed mechanism for EIB is the thermal hypothesis, suggesting that hyperpnea 
causes airway cooling. Rewarming of the airway after exercise causes airway narrowing 
due to engorgement of the hypertrophic vascular bed54.

Besides bronchoconstricting effects, exercise has a strong bronchodilating potential; 
exercise induces the release of nitric oxide and prostaglandins, and deep inspirations 
lead to mechanical stretching of the airway smooth muscle, reducing airway tone55. 
Indeed exercise is a potent bronchodilator once bronchoconstriction has set in56,57. Dur-
ing exercise, a balance between bronchoconstricting and bronchodilating influences of 
exercise exists, preventing EIB. However, prolonged exercise (>15 minutes) in asthmatic 
adults can trigger EIB during exercise58,59. In asthmatic children pulmonary function, as 
measured by FEV1, during exercise has not been investigated before. As children have a 
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shorter time to maximal bronchoconstriction after an ECT compared with adults60, we 
hypothesise that EIB in children can also start during exercise. Measuring pulmonary 
function during exercise could help unravel the pathophysiology of EIB in children and 
could be valuable in the assessment of (the severity of ) EIB.

Treatment of EIB

EIB reflects current airway inflammation and indicates uncontrolled asthma49,61. Treat-
ment of EIB, as treatment of asthma, therefore requires the use of controller medication 
with anti-inflammatory effects62. Inhaled corticosteroids are currently regarded as the 
most effective anti-inflammatory medications for the treatment of persistent asthma 
and EIB62. Besides controller medication, EIB can be prevented and treated with the use 
of bronchodilators62. Inhaled short-acting β2-agonists are the preferred treatment for 
acute asthma in children of all ages2.

Besides pharmacologic, several non-pharmacologic options are recommended in 
the treatment of EIB. Physical activity and training are important in the rehabilitation of 
asthmatic children63. Physical training is profitable for EIB as it increases the threshold for 
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Figure 4. Pathophysiology of exercise induced bronchoconstriction.
The precise pathophysiology of EIB remains unclear, but may involve heat and water loss from the 
airway (thermal and osmotic hypothesis). The osmotic hypothesis proposes that this water loss leads to 
dehydration and hyperosmolarity of the airway surface liquid causing the release of water from airway 
cells. This water loss results in cell shrinkage, vascular leak and the release of mediators, which cause 
airway smooth muscle contraction, edema, and bronchoconstriction. The thermal hypothesis proposes 
that the rapid rewarming of the airway following heat loss during exercise is associated with a reactive 
hyperemia of the bronchial vasculature, which results in congestion of the vascular bed and airway 
obstruction. Adopted from Elsevierimages.com.
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EIB by reducing ventilation in relation to workload. A warm-up and cool-down routine 
have been shown to reduce the severity of EIB64,65. However, these routines conflict with 
the natural behaviour of spontaneous exercise in children and are therefore difficult to 
implement in daily practice.

An additional non-pharmacologic approach to EIB could be treatment of overweight. 
Epidemiological studies showed an important association between asthma and obesity; 
more than one-third of the asthmatic children are overweight or obese66, vice versa the 
prevalence of asthma is greater in obese children compared to non-obese children67,68. 
Obese asthmatic children have a greater exercise induced fall in FEV1 and a slower re-
covery from EIB than non-obese asthmatic children after the same relative workload69,70. 
There even seems to be a relation between development of overweight in infancy and 
the occurrence of post-bronchiolitis wheezing71. Several prospective studies in adults 
showed an association between weight loss and improvement of asthma outcomes72. 
The effect of weight loss in obese asthmatic children is unknown.

OUTLINE OF THE THESIS

Asthma most often starts early in life and has an unpredictable course, which may prog-
ress or remit over time4. This thesis aims to investigate the development, assessment, 
and influences on EIB, as a hallmark of asthma, in young children.

In chapter 2 we evaluate the clinical pattern of RSV and RV VLRTIs in infants, which in 
many children with asthma is the first sign of their airway disease. Chapter 3 describes 
the dynamics of the viral load of RSV and RV in relation to clinical features in infants 
during and after hospitalisation for a VLRTI, in order to investigate differences in im-
munologic processing of these viruses. Children with a history of hospitalisation for RSV 
or RV VLRTI were followed-up at age 5-7, when we examined the prevalence of EIB, and 
differences in prevalence and severity of EIB between RSV and RV VLRTI, which was not 
thoroughly investigated before (chapter 6). For that purpose, we designed a novel ECT, 
using a jumping castle, to effectively assess EIB in young children (chapter 5). Basis for 
this novel ECT is measurement of pulmonary function during exercise, which we initially 
performed in 8-15 year old asthmatic children in chapter 4. Considering the early fall of 
FEV1 after exercise in children compared to adults, we hypothesised that EIB in asthmatic 
children can start during exercise (‘breakthrough EIB’). To further study breakthrough EIB 
we investigated pulmonary function during exercise in 5-7 year old children (chapter 5). 
Chapter 7 is a prospective intervention study that describes the effects of weight loss 
on EIB in children with asthma and overweight, which is an increasing health problem 
associated with asthma. Chapter 8 reviews the age-related features of EIB and the 
recommendations for assessing EIB in young children and adolescents.
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ABSTRACT

Respiratory syncytial virus (RSV) and rhinovirus (RV) are predominant viruses associated 
with lower respiratory tract infection (LRTI) in infants. We compared the symptoms of 
LRTI caused by RSV and RV in hospitalised infants. RV showed the same symptoms as 
RSV, so on clinical grounds, no difference can be made between these pathogens. No 
relation between CT-value and length of hospital stay was found.
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INTRODUCTION

Lower respiratory tract infection (LRTI) is the most frequent cause of hospitalisation in 
infancy and is most commonly caused by viruses1-4. The respiratory syncytial virus (RSV) 
is the predominant virus classically associated with severe LRTI, needing hospitalisation 
in infancy1-4. Besides RSV, the rhinovirus (RV) is an important cause of LRTI1-5. Few studies 
have described the clinical pattern of RV LRTIs as compared to RSV LRTIs, but the results 
are inconsistent2-4.

Little is known about the relation between the viral load and the clinical pattern of 
LRTIs in infants. Previous studies in hospitalised infants have only investigated RSV viral 
load and disagree on the relation between viral load and disease severity1,6. The relation-
ship between RV viral load and disease severity in hospitalised children has not been 
studied.

The objective of this study is to compare the prevalence and clinical pattern of viral 
pathogens in infants hospitalised for a LRTI. Secondary objective is to analyse the rela-
tion between viral load and disease severity.

METHODS

Patients and samples

Study data were prospectively collected from infants up till age 2, hospitalised in 2006 
and 2007 with LRTI at a large teaching hospital in the Netherlands. A LRTI was diagnosed 
on clinical grounds with symptoms of rhinorrhea, cough, respiratory distress or wheez-
ing with or without fever. Infants could be reincluded with a second LRTI.

Nasopharyngeal washings were taken from each patient upon admission. Viral 
pathogens were identified by using a multiplex Real Time -Polymerase Chain Reaction 
(RT-PCR). Viral load was determined by the number of amplification cycles needed for 
a positive PCR test (cycle threshold, CT)7. CT-values of 40 and lower demonstrating a 
characteristic amplification plot, were considered positive. There is a significant inverse 
linear relationship between viral load and CT-value7. Correlation between CT-values and 
length of hospital stay was analysed.

Clinical pattern

Clinical symptoms were assessed by a clinician and documented using a questionnaire. 
Data collection included; age, rectal temperature, rhinorrhea, respiratory distress, di-
etary intake, need for oxygen therapy (evaluated via transcutaneous oxygen saturation), 
infiltrative abnormalities in chest radiographs (analysed by a radiologist), administration 
of antibiotics and length of hospital stay.
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Statistical analysis

We used a Chi-Square test, Fishers exact test, Mann-Witney U test and independent 
samples t-test (if normally distributed) to determine differences between groups. Cor-
relations were calculated using Spearman correlation. A 2 sided value of p<0.05 was 
considered statistically significant. Analyses were performed with the Statistical Package 
for the Social Sciences (SPSS®) for Windows® version 15 (IBM, Chicago, IL, USA).

RESULTS

We included 120 infants with a LRTI requiring hospitalisation. Nasopharyngeal washings 
were tested positive with RT-PCR in 98 of the 120 cases (81.7%). Eleven infants had a dual 
infection (9.2%). RSV and RV were the most frequent viral pathogens; RSV was detected 
in 58 infants (48.3%), RV in 27 infants (22.5%) (table 1).

Clinical characteristics

We compared the clinical characteristics of the two most prevalent viral causes of LRTI; 
RSV (N=49) and RV (N=22). Dual infections were not included in the analysis. Median age 
at hospitalisation was 3.2 months (0.3-22.3), with no differences between both groups 
(p=0.49). Patients with a RSV infection tended to have more need for oxygen therapy 
compared to the patients with a RV infection, but the difference was not significant 
(p=0.18). No significant differences were found between the RSV and RV groups regard-
ing fever, respiratory distress, reduced dietary intake, abnormalities in chest radiographs, 
administration of antibiotics and duration of hospital stay (table 2).

Table 1. Viral pathogens identified in the hospitalised infants.

Frequency % Patients

Respiratory syncytial virus 58 48.3

Rhinovirus 27 22.5

Human Metapneumovirus 6 5.0

Adenovirus 7 5.8

Influenza A virus 5 4.2

Influenza 3 virus 3 2.5

Para Influenza 2/4 virus 2 1.7

Para Influenza 1 virus 1 0.8

Negative RT-PCR 22 18.3

Total 131*

* 11 (9.2%) dual infections, consisting of RSV+RV (3/11), RSV+adenovirus (6/11), RV+hMP (2/11)
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Three patients had an unknown status of oral food intake. Chest radiography was 
performed in 24 patients (15 in the RSV group, 9 in the RV group).

CT-value and clinical pattern

There was a statistically significant, but very weak correlation between CT-value and 
length of hospital stay (mean CT-value 28.5±4.9, median hospital stay 4 days (1-26), 
r=0.19, p=0.04). In the RSV LRTI group this correlation is significant but weak (r=0.28, 
p=0.05). In the RV LRTI group no correlation between CT-value and hospital stay was 
found (r=0.13, p=0.58).

CT-value in the 22 infants hospitalised with a RV LRTI was significant higher than in the 
49 infants with a RSV LRTI (mean CT-value RV: 29.3±4.0, RSV: 25.4±4.2, p<0.01).

DISCUSSION

The main conclusion of this study is that we observed no significant difference in the 
clinical pattern of LRTI caused by RSV and RV. This implies that on clinical grounds, no 
difference can be made between RSV and RV infection. Also, no relation between CT-
value and length of hospital stay was found.

Several studies have compared the clinical pattern of RV and RSV infection in infants 
hospitalised with a LRTI, yet the results are inconsistent. Midulla et al. compared the 
clinical pattern of RV and RSV infections in infants aged <12 months, hospitalised for 
bronchiolitis. They described a milder clinical pattern in infants with a RV infection, 
compared to RSV infection3. In contrast, Papadopoulos et al. described that RV LRTI was 
associated with a more severe disease compared to RSV in infants aged <18 months, 
hospitalised with a LRTI2. Korppi et al. retrospectively performed PCR on nasopharyn-

Table 2. Clinical symptoms of RSV and RV.

RSV (N=49) [%] RV (N=22) [%] p-value

Age (months)* 2.6 (0.3-16.1) 3.6 (0.6-22.3) 0.49

Hospital stay (days)* 4 (2-18) 4 (2-15) 0.74

Fever 43 29 0.26

Respiratory distress 65 68 0.81

Need for oxygen therapy 49 32 0.18

Abnormalities in chest radiographs 18 18 1.00

Administration of antibiotics 29 32 0.78

Reduced dietary intake 71 55 0.21

*Age and length of hospital stay are displayed in median (minimum-maximum). Abbreviations used: RSV: 
respiratory syncytial virus, RV: rhinovirus
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geal aspirates of infants aged <23 months, hospitalised because of wheezing. They con-
cluded that RV-associated wheezing and RSV bronchiolitis have similar clinical patterns, 
but infants differed with regard to age, presence of atopic dermatitis and eosinophilia 
during infection4. Our study showed that there were no significant differences in clinical 
pattern between hospitalised infants with RSV and RV infection, although infants with 
a RSV infection tended to have more need for oxygen therapy compared to the infants 
with a RV infection. This finding is consistent with the study of Korppi, in which lower 
saturation values in infants with RSV infection were observed4.

The inconsistent results of previous studies can be due to differences in study popu-
lation, age and criteria for hospitalisation. Moreover, prevalence and virulence of viral 
pathogens causing LRTI can vary regionally and can change over seasons and years1.

In our study, a virus was detected in 81.7 % of the included infants, showing that 
the major causative pathogens of LRTI in infancy in our region were covered with the 
used multiplex RT-PCR. Other studies detected a virus in up to 73.3% of hospitalised 
children2,3. Our results show that RSV (48.3%) was the most common pathogen, followed 
by RV (22.5%), which is consistent with other studies1,5.

The viral load was evaluated by looking at the CT-value. The diagnostic value of the CT-
value is unclear. Fodha et al. describe a positive correlation between RSV viral load and 
disease severity (determined by respiratory rate, duration of hospitalisation and need 
for intensive care unit admission), in hospitalised infants6. In non-hospitalised infants, a 
relation between RSV viral load and disease severity (determined by a severity scoring 
model) was found as well7. In contrast, there seems to be no association between RV 
viral load and disease severity7. Also in our study, no relation between CT-value and 
length of hospital stay was found in infants with a RV LRTI. In the studied infants with 
a RSV LRTI, there is a significant, but weak correlation between CT-value and length of 
hospital stay. Mean CT-value was significantly higher in infants hospitalised with a RV 
LRTI compared to infants with a RSV LRTI, indicating a lower viral load in infants with a 
RV LRTI. The clinical implication of this finding remains unclear.

Several remarks can be made about our study. The design of our study was cross-
sectional, prohibiting the analysis of the dynamics of the viral load in relation to the 
clinical pattern. Clinical symptoms of infants with a dual infection were not analysed 
because of the small number of dual infections and the heterogeneity of this group.

The results of our study are of clinical importance, as they show that the clinical pat-
tern of infants hospitalised with an RV infection can be as severe as an RSV infection. 
Consequently, the need for identification of both pathogens is equally important, and 
medical management of infants hospitalised with one of these infections should be 
the same. Appropriate isolation measures to counter intramural transmission are as 
important in RV infections as in RSV infections. Many hospitals use immunofluorescence 
assay (IFA) to identify pathogens causing LRTI. IFA, although a rapid and sensitive test 
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for RSV, does not detect other predominant viral airway pathogens, such as RV8. With the 
availability of RT-PCR, sensitive and specific detection of viral pathogens has become 
possible8. The identification of a virus during a LRTI can aid the clinician to refrain from 
the use of antibiotics. Specific identification of pathogens causing LRTI is also important 
for the follow-up of children hospitalised with a LRTI, as LRTIs in infancy may play an 
important role in the development of asthma and/or atopic disease9,10.

In conclusion, this study shows that the clinical pattern of infants hospitalised with 
a LRTI due to RSV and RV does not significantly differ. In addition, no relation between 
CT-value and clinical pattern is found in these infants. Further research needs to be done 
to study the relationship between the dynamics of the CT-value and the clinical pattern, 
especially in RV LRTIs.
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ABSTRACT

Background 
Viral lower respiratory tract infection (VLRTI) in infancy is often caused by the respiratory 
syncytial virus (RSV) or rhinovirus (RV). Several studies have described a decreasing RSV 
viral load during disease and a relation between RSV viral load and disease severity. 
Little is known about the dynamics of viral load during a RV VLRTI.

Objective
To compare the dynamics of the viral load in relation to clinical features in infants hospi-
talised for a RSV or RV VLRTI.

Methods
In this prospective study we recruited infants up till age 2, presenting with a VLRTI re-
quiring hospitalisation. Upon hospital admission, pathogens and viral load were deter-
mined. Clinical symptoms were documented with a validated questionnaire. At hospital 
discharge and outpatient check-up, viral load and symptom scores were determined 
again.

Results
103 Infants were included, 38 completed the full study procedure. In RSV VLRTI, viral 
load significantly decreased during hospitalisation. In RV VLRTI, viral load remained 
stable during the study period. There was a correlation between RSV viral load at hospi-
tal admission and duration of hospitalisation (r=0.49, p=0.001). In RV VLRTI, there was no 
correlation between viral load and disease severity.

Conclusion
RSV viral load at hospital admission is related to duration of hospitalisation and de-
creases during hospitalisation. In contrast, RV viral load remains stable during disease 
and does not predict duration of hospitalisation. The different dynamics of RSV and RV 
viral load suggest a different pathophysiological mechanism, which might be important 
in explaining the relation between VLRTI and airway disease in later life.
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INTRODUCTION

Viral lower respiratory tract infection (VLRTI) in infancy is a common cause of hospi-
talisation with a high morbidity1,2. Respiratory syncytial virus (RSV) and rhinovirus (RV) 
are the predominant viruses, associated with severe VLRTI leading to hospitalisation in 
infancy2-7.

With the availability of Real Time -Polymerase Chain Reaction (RT-PCR), viral patho-
gens can be rapidly identified in specimens from nasopharyngeal washings8. Because of 
the aggravating nature of this washing, a nasal swab has been developed, which is less 
invasive and proved to be as sensitive as a nasopharyngeal washing in identifying a viral 
pathogen9-11. The number of amplification cycles needed for a positive PCR test (cycle 
threshold, CT-value) is inversely linearly related to the viral load of a pathogen12. Several 
studies have investigated the relation between RSV viral load and disease severity in in-
fants hospitalised with VLRTI, but the results are inconclusive2,13-16. The relation between 
viral load and disease severity in infants hospitalised with RV VLRTI is unclear7,14. The 
dynamics of the viral load during VLRTIs was investigated in a small number of studies 
that mainly focused on RSV14,16,17. The purpose of this prospective study is to compare 
the dynamics of the viral load in relation to clinical features in infants hospitalised for a 
RSV or RV VLRTI.

METHODS

Subjects

This prospective study was conducted from August 2010 till April 2011. We recruited 
infants up till age 2, who were hospitalised with a clinical diagnosis of VLRTI at Medisch 
Spectrum Twente, Enschede, the Netherlands (a large community and teaching hospi-
tal). An experienced clinician diagnosed VLRTI on clinical grounds with symptoms of 
rhinorrhea, cough, dyspnea or wheezing with or without fever. Infants with pulmonary 
or cardiac co-morbidity were excluded from participation. Infants with a history of pre-
maturity could be included, if they had no pulmonary or cardiac co-morbidity. The study 
was conducted after approval of the local Ethics committee. All parents received written 
patient information and signed an informed consent form before study entry.

Study design

Upon hospital admission, nasopharyngeal specimens from all included infants were ob-
tained using a nasal flocked swab (FLOQSwabs by Copan, CE0123). In order to validate 
follow-up sampling with nasal swabs, a nasopharyngeal washing was taken at hospital 
admission as well. The washing was taken after the nasal swab, by flushing the nasophar-
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ynx with 2 ml of 0.9% sodium chloride solution. An experienced clinician documented 
clinical symptoms, using a structured symptom score questionnaire according to Gern 
et al., which is used in several other studies investigating VLRTI in infants18. Scores 0-4 
indicated mild infection, 5-10 indicated moderate infection and scores >11 indicated 
severe infection. During hospital admission, infants were treated following current 
guidelines, which mainly exist of supplemental oxygen administration and securing of 
hydration19. At hospital discharge and at outpatient check-up, two to three weeks after 
discharge, nasal swabs and symptom scores were performed again.

RT-PCR and viral load

Nasopharyngeal specimens were directly transported to the laboratory and immedi-
ately processed or stored at -800 C until processing. RT-PCR, performed on both speci-
mens, could detect Influenza virus type A/B, Parainfluenza 2/4 virus (PIV 2/4), PIV 1, PIV 
3, Adenovirus, Respiratory Syncytial A/B virus, Rhinovirus, Human Metapneumovirus, 
Chlamydia pneumoniae, Mycoplasma pneumoniae and Enterovirus. Separate assays 
were performed for each target8. In all specimens, the viral load was semi-quantitative 
determined by the number of amplification cycles needed for a positive PCR test (cycle 
threshold, CT)12. CT-values of 40 and lower demonstrating a characteristic amplification 
plot, were considered positive. Quality of taken samples was randomly checked through 
detection of the amount of cells by beta-globulin reaction.

Statistical analysis

Results were expressed as mean values ± standard deviation (SD) for normally distributed 
data, as median (minimum-maximum) for not normally distributed data or as numbers 
with corresponding percentages if nominal or ordinal.

Continuous variables were tested for normality with a Shapiro-Wilk or Kolmogorov-
Smirnov test as appropriate. Differences in clinical characteristics between children with 
positive and negative laboratory findings were determined by using Chi-Square test, 
Fischers exact test, Mann-Witney U test and independent samples t-test (if normally 
distributed). Dynamics of viral load were determined by using a paired samples t-tests 
or Wilcoxon-signed rank sum test as appropriate. Correlations were calculated using 
Spearman correlation. A 2 sided value of p<0.05 was considered statistically significant. 
All analyses were performed with the Statistical Package for the Social Sciences (SPSS®) 
for Windows® version 15 (IBM, Chicago, IL, USA).
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RESULTS

Study population

103 Infants with a VLRTI requiring hospitalisation were included during the study pe-
riod, of which 38 completed the full study procedure. In 38 infants, samples were only 
taken at hospital admission. In the remaining 27 infants study procedure was partially 
completed. Table 1 shows the baseline characteristics of the study population.

RT-PCR identified one or more pathogens in 98 infants (95.1%). Twenty-nine infants 
(28.2%) were infected with 2 or 3 pathogens. RSV and RV were the predominant patho-
gens identified, respectively in 62 (60.2%) and 46 infants (44.7%), co-infections included.

Nasal swab versus nasopharyngeal washing

In order to validate follow-up sampling with nasal swabs, a nasopharyngeal washing 
was taken at hospital admission as well in 96 out of 103 infants. Analysis of these paired 
specimens showed that nasal swabs are very accurate in detecting RSV (positive predict-
ing value 100%, negative predicting value 95%, sensitivity 97% and specificity 100%) 
and accurate in detecting RV (positive predicting value 94%, negative predicting value 
88.5%, sensitivity 82.5%, specificity 96.4%). CT-values determined with the nasal swab 
were significantly higher than CT-values determined with nasopharyngeal washings (in 
RSV; median CT-value washing 23.5 (18;38), swab 26 (19;40), p<0.001, in RV; median CT-
value washing 28 (18;35), swab 31 (21;39), p<0.001).

CT-value and clinical features

The relation between viral load and clinical features was investigated in the two most 
prevalent pathogens, respectively RSV (N=43) and RV (N=23) (co-infections not includ-
ed). Besides duration of hospitalisation (median 4 days (range 1;8) in RSV VLRTI, versus 

Table 1. Baseline characteristics.

Baseline characteristics Included children (N=103)

Age (months) 6.1 (0.3;22.6)

Male 62 (60.2)

History of prematurity 13 (12.6)

Symptom scores:

Admission 15 (1;24)

Discharge 2 (0;14)

Outpatient check-up 1 (0;19)

Duration of hospitalisation (days) 3 (0;9)*

Results expressed as median (minimum;maximum) or as numbers (percentages). *1 infant was admitted 
<24 hours
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2 days (range 1;5) in RV VLRTI, p<0.01), there were no significant differences in baseline 
characteristics between both groups. CT-value at hospital admission, determined with 
nasal swabs, was significantly higher in RV infected infants compared to RSV infected 
infants; median CT-values respectively 29 (21;36) versus 25 (20;40), p=0.02.

There was a correlation between viral load at admission and duration of hospitalisa-
tion in infants with a RSV VLRTI (r=0.49, p=0.001). This correlation was only found in 
viral load determined with nasal swabs. There was no relation between RSV viral load 
at admission and symptom score. Four infants (9%) with RSV VLRTI had a history of 
prematurity (mean gestational age: 35+4/7 weeks). There were no differences in length 
of hospitalisation (p=0.82) or symptom score (p=0.52) between infants with or without 
a history of prematurity.

In RV VLRTI, there was no correlation between viral load at admission and duration of 
hospitalisation or symptom score.

Dynamics of viral pathogens

At hospital discharge the same pathogen was identified by RT-PCR as at admission in 
75.9% of the infants (44 out of 58). At outpatient check-up 2-3 weeks after discharge 
17.8% (8 out of 45 infants) still had a positive RT-PCR for the same pathogen. RSV per-
sisted in 88% of the RSV infected infants at hospital discharge and in 10% at outpatient 
check-up. RV persisted in 68% of the RV infected infants at hospital discharge and in 20% 
at outpatient check-up.

During hospital admission 6.9% of the infants (4 out of 58) was colonised with another 
pathogen (2x PIV, RSV and RV).

There was no difference in duration of hospitalisation (median 3 days) or symptom 
scores at hospital discharge (median 2) and outpatient check-up (median 1) between 
infants with or without persistent positive RT-PCR, as analysed in all infants.

Dynamics of viral load

The dynamics of the viral load in RSV and RV VLRTI is shown in figure 1. Because of the 
limited data of viral load in single infections, viral load of RSV and RV in co-infections was 
also analysed. In RSV VLRTI (N=59), CT-value significantly increases during hospitalisation 
(median CT-value admission; 26[19;40], median CT-value discharge; 34[24;40], p<0.001), 
indicating a decrease in viral load. In RV VLRTI (N=36), viral load seems to be constant 
(31.5[21;39], 31[27;35], 30.5[29;37]) with no significant changes in viral load between 
hospital admission and discharge or follow-up; p=0.91 and p=0.28). One infant with a 
RSV VLRTI was treated with systemic steroids, which was already started before hospital 
admission. None of the infants had a history of palivizumab immunisation. 13 Out of 36 
(36%) analysed children with RV VLRTI and 27 out of 59 (46%) analysed children with RSV 
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VLRTI were treated with antibiotics during hospitalisation. The dynamics of the viral load 
did not differ between infants with or without antibiotic treatment.

DISCUSSION

Our results show that in infants with a RSV VLRTI, viral load at hospital admission is 
related to duration of hospitalisation and viral load significantly decreases during 
hospitalisation. Thus, RSV viral load at hospital admission may be used as a prognostic 
measure to predict the clinical course of VLRTI. In contrast, viral load in RV VLRTI remains 
stable during and after hospitalisation, and viral load at hospital admission does not 
predict duration of hospitalisation.

To our knowledge this study is the first investigating the dynamics of viral load with 
RT-PCR, during and after hospitalisation in infants with RSV or RV VLRTI. Few studies 
have investigated the dynamics of viral load in RSV VLRTI and also observed a decreas-
ing RSV viral load during hospitalisation14,16,17. In addition, Saleeby et al. and Martin et 
al. described the predictive value of viral load for clinical severity of RSV infections; 
increased viral load was associated with prolonged hospitalisation15,16. The dynamics of 
RV viral load during hospitalisation was only investigated in a large study conducted by 
Franz et al.14. This study was performed in children under 16 years of age, hospitalised 
for a lower respiratory tract infection. This population differs from our study, where we 
investigated infants under 2 years of age. Franz et al. determined viral load with RT-PCR 
at hospital admission and at the 3rd or 4th day of hospitalisation. In accordance to our 
results, they found no significant change in RV viral load during hospitalisation14.
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Figure 1. Dynamics of viral load (determined by CT-value) at hospital admission (A), discharge (D) and 
outpatient check-up (O) in respiratory syncytial virus (RSV) and rhinovirus (RV) infections. Note: CT-value is 
inversely related to viral load.
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In our study, RT-PCR identified a pathogen in 95.1% of the infants, which is high 
compared to other studies3,4,7,14. Corresponding to other studies, RSV (60.2%) and RV 
(44.7%) were the predominant pathogens causing VLRTI in infancy2,6,7. A co-infection 
was detected in 28.2% of the hospitalised infants. Remarkably, 6.9% of the hospitalised 
infants was colonised with another viral pathogen during hospital stay. Although the 
source of this infection is hard to trace, this colonisation is probably due to transmis-
sion via parents, nurses or clinicians, despite taken precautionary measures to prevent 
intramural transmission of pathogens.

Comparing the clinical characteristics and viral loads of infants with a RSV VLRTI and RV 
VLRTI, a few points need to be mentioned. First, median CT-value at hospital admission 
is higher in RV VLRTI compared to RSV VLRTI, which is consistent with other research7. 
The meaning of this difference is unclear, but suggests a different pathophysiological 
mechanism in RSV and RV infections. Secondly, duration of hospital stay was longer in 
infants with a RSV VLRTI compared to RV VLRTI. These results are in contrast with several 
former studies, describing a similar clinical pattern in RSV and RV VLRTI3,5,7. Symptom 
scores at hospital admission did not differ between RSV and RV VLRTI. Possibly, the above 
mentioned differences are due to the seasonal variance in virulence of viral pathogens.

Our finding that a nasal swab, as compared to a nasopharyngeal washing, is a sensitive 
(respectively 97% and 82.5%) manner to identify RSV and RV in infants hospitalised for 
a VLRTI, has already been described by others9-11. In the 12 cases that nasal swabs were 
false negative, the identified pathogens with nasopharyngeal washings had a relatively 
high (34.1) mean CT-value, which indicates low viral load.

A potential limitation of our study is the amount of missing data. It was not possible 
to perform a correct follow-up for all infants, as was the case in similar studies17. This is 
probably due to the demanding work at the children’s department in the winter season 
and the large number of health workers that is involved in the care of a hospitalised 
infant. We tried to optimise follow-up by regularly informing all involved health work-
ers and we believe that the obtained data provide enough evidence for the results 
described. Another remark must be made about the small number of infants with a RV 
VLRTI compared to RSV VLRTI. This, in combination with the relatively short hospital stay 
of infants with a RV VLRTI, could influence the analysis of the relation between RV viral 
load and length of hospitalisation. On the other hand, we consider that such a relation 
is unlikely, since RV viral load remains stable during disease. Moreover, our results are 
consistent with previous studies, showing no relation between RV viral load and disease 
severity7,12.

The findings of this study are of clinical importance, as they indicate that RSV viral load 
has predictive value for the clinical course of VLRTI. The different dynamics of RV and RSV 
viral load during disease might be due to a different pathophysiological mechanism. We 
hypothesise that in RSV VLRTI, viral replication induces direct cytopathic effects, explain-
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ing the relation between viral load and disease severity. In contrast, disease severity 
in RV VLRTI might be more related to the severity of the immunopathologic response 
to the viral infection, explaining the lack of a relation between viral load and disease 
severity. Genetic predisposition to an immunopathologic response to RV infection may 
contribute to later airway disease16. Further research is necessary to investigate this and 
to define thresholds for RSV viral load at which advanced care is anticipated.

In conclusion, RSV viral load, determined by CT-value, decreases during hospitalisa-
tion. In combination with the finding that viral load is related to length of hospital stay 
in RSV VLRTI, viral load could be used as a prognostic and monitoring measure to predict 
the clinical course in RSV VLRTI. In contrast, viral load in RV VLRTI remains stable during 
and after hospitalisation and does not predict duration of hospitalisation. The differ-
ent dynamics of RV and RSV viral load in VLRTI suggest a different pathophysiological 
mechanism. The persistence of the viral load in RV infections may induce an immuno-
pathologic process, leading to chronic inflammatory airway disease. This could explain 
the strong relation between RV VLRTI and airway disease in later life20,21.
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ABSTRACT

Background
Exercise induced bronchoconstriction (EIB) is defined as acute, reversible bronchocon-
striction induced by physical exercise. It is widely believed that EIB occurs after exercise. 
However, in children with asthma the time to maximal bronchoconstriction after exer-
cise is short, suggesting that the onset of EIB in such children occurs during exercise.

Objective
In this study we investigate pulmonary function during exercise in cold air in children 
with asthma.

Methods
33 Children with asthma with a mean age of 12.3 years and a clinical history of exercise 
induced symptoms, underwent a prolonged, submaximal, exercise test of 12 minutes 
duration at approximately 80% of the predicted maximum heart rate. Pulmonary func-
tion was measured before and each minute during exercise. If EIB occurred (fall in FEV1 
>15% from baseline), exercise was terminated and salbutamol was administered.

Results
19 Children showed EIB. In 12 of these children bronchoconstriction occurred during 
exercise (breakthrough EIB), while 7 children showed bronchoconstriction immediately 
after exercise (non-breakthrough EIB). Breakthrough EIB occurred between 6 and 10 
minutes of exercise (mean 7.75 minutes).

Conclusion
In the majority of children with EIB in this study (ie, 12 out of 19), bronchoconstriction 
started during, and not after, a submaximal exercise test.
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INTRODUCTION

Exercise induced bronchoconstriction (EIB) is a common manifestation in children and 
adolescents with asthma and is associated with an impaired quality of life1.

EIB is defined as acute, reversible bronchoconstriction occurring 5-15 minutes after 
cessation of physical exercise2,3. It is suggested that EIB is caused by exercise induced 
drying of the respiratory mucosa, leading to degranulation of mast cells and subsequent 
release of inflammatory mediators. These mediators interact with effector cells (eg, 
smooth muscle cells) and lead to bronchoconstriction4. Another proposed mechanism 
for EIB is that exercise induced hyperpnea causes airway cooling. After exercise, when 
hyperpnea ceases, the airways rapidly rewarm, leading to engorgement of the hyper-
plastic vascular bed in the asthmatic airway wall and subsequent bronchoconstriction 
(thermal hypothesis)5. Exercise also induces the release of several bronchodilating 
mediators, such as prostaglandin PGE2 and nitric oxide, protecting against bronchocon-
striction. In addition, exercise induced deep inspirations lead to increased mechanical 
stretching of the airway smooth muscle, bronchodilating the lower airways6. Indeed 
exercise is a potent bronchodilator once bronchoconstriction has set in3,7. Thus there is 
a balance between bronchoconstrictor and bronchodilator influences, preventing EIB 
during exercise. However, several studies in adults with asthma demonstrated that pro-
longed exercise (>15 minutes) can trigger EIB during exercise2,8-11. Previous studies have 
shown that the time to maximal bronchoconstriction after exercise is shorter in children 
with asthma than in adults with asthma12,13. This rapid fall in forced expiratory volume 
in 1 s (FEV1) after exercise leads us to hypothesise that EIB in children with asthma starts 
during exercise, contrary to the widely held belief that EIB occurs after exercise. The aim 
of the present study was to investigate pulmonary function during exercise in cold air in 
children with asthma.

METHODS

Subjects

Thirty-three children (23 male, 10 female) with a mean age of 12.3 years (range 8-15) 
and with a clinical history of exercise induced symptoms were investigated in this study. 
Exercise tests were performed as part of the routine clinical evaluation, although with 
the addition of spirometry during exercise. No short- or long-acting bronchodilators 
were used 8 or 24 hours, respectively, before testing. None of the children had used oral 
steroids for at least 3 weeks before the study. Inhaled corticosteroids and leukotriene 
antagonists were not withheld before testing. All of the children were informed and the 
local ethics committee was consulted but did not object to the study.
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Pulmonary function measurements

The children underwent extensive evaluation of their asthma, which consisted of an 
exercise provocation challenge, Juniper’s Asthma Control Questionnaire (ACQ) and mea-
surement of the fraction of exhaled nitric oxide (FeNO), using the miniNIOX® (Aerocrine, 
Stockholm, Sweden).

Standard lung function tests were performed before, during and after exercise, using 
a Microloop MK8 Spirometer (ML3535; CareFusion 232, Chatham Maritime, UK). Before 
exercise, spirometry consisted of a duplicated full flow volume curve, using the standard 
European Respiratory Society (ERS) protocol14. The best value for FEV1 was used for 
analysis. During and after exercise, spirometry was limited to a single flow volume curve. 
Only technically correct flow volume curves were used for statistical analysis.

Exercise provocation challenge

After baseline spirometry, subjects performed a prolonged exercise test by running 
with their nose clipped on a treadmill with a 10% incline (Ti22; Horizon® Fitness, Cottage 
Grove, Wisconsin, USA). Conducting the tests in a local skating rink in IJsbaan Twente, 
Enschede, the Netherlands ensured that air was cold and dry with a temperature of 
9.5-10.0 ºC and humidity of 57-59% (5.5-6.0 mg H2O/l). The ice was resurfaced with 
electric resurfacing machines. During the test, heart rate was continuously monitored 
by a radiographic device (Inventum SH 40, Veenendaal, the Netherlands). The children 
performed a constant-load exercise test at approximately 80% of the predicted maxi-
mum heart rate (210-age)15. During the exercise challenge, single flow volume curves 
were recorded every minute. The maximum duration of the exercise test was 12 minutes 
or until a fall in FEV1>15% from the baseline value had occurred. In this case the chal-
lenge was terminated, one flow volume curve was measured 1 minute after cessation 
and salbutamol 100 µg was administered immediately after spirometry or at request. In 
children who completed 12 minutes of exercise, spirometry was obtained at 1, 3 and 5 
minutes after exercise. If EIB (fall in FEV1>15%13) occurred during this period, salbutamol 
100 µg was administered immediately after this measurement. To establish recovery, 
one flow volume curve was measured approximately 10 minutes after administration of 
salbutamol.

Statistical analysis

Results were expressed as mean values ± standard deviation (SD) for normally distrib-
uted data, as median (minimum;maximum) for non-normally distributed data or as 
numbers with corresponding percentages if nominal or ordinal. The level of significance 
was set at 0.05 (95% confidence intervals (CI)). Between-group comparison of continu-
ous data was performed by analysis of variance or Kruskal -Wallis tests as appropriate, 
and post hoc test for statistically significant differences was performed with Tukey’s HSD 
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test. Comparisons of nominal or ordinal variables were performed with Chi-square tests. 
SPSS® for Windows® version 15 (IBM, Chicago, IL, USA) was used to perform all analyses.

RESULTS

Thirty-three children participated in the study. Two children were unable to complete 
the test because test instructions were not followed and one child was excluded be-
cause of technical problems during the test (heart rate monitor malfunction). Thirty 
children were included in the analysis. All children were able to perform spirometry 
during exercise. Flow volume curves were technically acceptable and no signs of fatigue 
or spirometry-induced bronchoconstriction were observed.

Nineteen children (11 male, 8 female) showed EIB (fall in FEV1 >15% from baseline 
value). In 12 of these children (6 male, 6 female) EIB occurred during exercise (break-
through EIB). Seven children showed EIB immediately after exercise (non-breakthrough 
EIB). Eleven children did not show EIB.

Table 1. Baseline characteristics of breakthrough EIB, non-breakthrough EIB and non-EIB.

Characteristics Breakthrough 
EIB (N=12)

Non-breakthrough 
EIB (N=7)

Non-EIB 
(N=11)

p-value

Age (years) 11.6 (8.2;15.3) 12.5 (11.5;14.2) 12.6 (9.3;15.0) 0.51

Male 6 (50) 5 (71) 9 (82) 0.62

BMI z-score 0.8 (-0.4;2.4) 0.6 (-1.4;2.2) 0.7 (-0.8;1.3) 0.65

ICS 12 (100) 6 (86) 8 (73) 0.16

fluticasone 250 µg 2dd 3 2 0

beclomethasone 100 µg 2dd 1 1 1

budesonide 200 µg 2dd 0 0 1

ciclesonide 160 µg 1dd 0 0 2

LABA * 8 (67) 3 (43) 4 (36) 0.32

budesonide/formoterol 200/6 µg 2dd 4 3 2

fluticasone/salmeterol 250/50 µg 2dd 4 0 2

LTRA 4 (33) 3 (43) 5 (46) 0.83

FeNO (ppb) 28 (11;84) 31 (14;119) 30 (11;48) 0.66

ACQ 1.3 (0.3;3.2) 2.0 (1.0;3.2) 1.2 (0.0;1.8) 0.31

FEV1 (% predicted) 83.3±9.2 86.7±11.7 89.7±12.9 0.40

Mean HR during exercise 75.7±2.8 78.5±1.6 79.5±2.9 <0.01

Results expressed as median (minimum;maximum), mean values ± SD or as numbers (percentages). BMI, 
body mass index; ICS, inhaled corticosteroid; LABA, long acting bronchodilator agent (*; combination 
therapy); LTRA, leukotriene antagonist (montelukast 1 dd 5 mg); FeNO, fraction exhaled nitric oxide; ACQ, 
Asthma Control Questionnaire; FEV1, forced expiratory volume in 1 s; HR, heart rate (% of maximum).
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The baseline characteristics of the children are shown in table 1. Body mass index 
(BMI) was adjusted for age and gender and calculated as SD from the mean (BMI z-
score)16. No significant differences were seen between the baseline characteristics of the 
breakthrough EIB group, the non-breakthrough EIB group and the non-EIB group.

Individual characteristics of the breakthrough EIB group are shown in table 2. In this 
group, EIB occurred between 6 and 10 minutes of exercise (mean 7.75 minutes). Mean fall 
in FEV1 1 minute after cessation of exercise was 34% from baseline (range 17-54%). Mean 
heart rate during exercise (calculated from the second minute of exercise) is shown in 
table 1. There is a significant difference in mean heart rate between the breakthrough 
EIB group and non-EIB group (75.7% ±2.8 vs 79.5% ±2.9, p<0.01; CI:1.0-6.5%).

The pattern observed in most of the children in the breakthrough EIB group was an 
initial increase in FEV1 during the first minutes of exercise. After a short plateau, FEV1 
progressively decreased, followed by a steeper fall of FEV1 after exercise, as shown in 
figure 1. Figure 2 shows FEV1 values during exercise in the non-breakthrough EIB group. 
After an initial increase in FEV1, most children showed a slow decline in FEV1 during the 
exercise challenge. Mean fall in FEV1 1 minute after cessation of exercise was 21% from 
baseline (range 17-34%).

Table 2. Individual characteristics of the breakthrough EIB group.

Sub Sex Age 
(years)

Height 
(cm)

BMI
z-score

ICS LABA LTRA Baseline 
FEV1

(% of pred)

Time to 
↓ FEV1 
>15% 

(minutes)

↓ FEV1 at 
cessation 
(% from 

baseline)

↓ FEV1 t=1 
(% from 

baseline)

1 F 11 156 1.3 + - + 81 7 -15 -47

2 F 8 137 1.2 + - + 91 6 -24 -28

3 F 9 141 0.1 + + - 84 6 -23 -54

4 F 8 132 2.0 + + - 74 6 -35 -45

5 M 15 168 1.9 + + - 89 8 -16 -32

6 M 12 155 -0.1 + + - 67 10 -18 -27

7 F 10 140 1.7 + + + 96 10 -17 -34

8 F 14 165 -0.4 + - + 84 8 -15 -34

9 M 11 138 0.4 + + - 85 9 -15 -45

10 M 11 162 0.1 + + - 69 10 -17 -17

11 M 13 163 2.4 + - - 94 6 -15 -21

12 M 13 175 -0.2 + + - 85 7 -19 -26

Sub, subject; F, female; M, male; BMI, body mass index; ICS, inhaled corticosteroid; LABA, long acting 
bronchodilator agent; LTRA, leukotriene antagonist; FEV1, forced expiratory volume in 1 s; Time to ↓FEV1 
>15%, time to EIB during exercise; ↓FEV1 at cessation, fall in FEV1 at cessation of exercise; ↓FEV1 t=1, fall in 
FEV1 1 minute after exercise.
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Figure 1. Response of FEV1 during exercise in the breakthrough EIB group. Dotted line; FEV1 after exercise. 
FEV1, forced expiratory volume in 1 s.
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Figure 2. Response of FEV1 during exercise in the non-breakthrough EIB group. Dotted line; FEV1 after 
exercise. FEV1, forced expiratory volume in 1 s.
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DISCUSSION

The main result of this study is that in the majority of children with EIB (ie, 12 out of 19) 
bronchoconstriction starts during submaximal exercise in cold air.

To our knowledge this study is the first to evaluate pulmonary function, as measured 
by FEV1, during an exercise challenge in cold air in children with asthma. Several studies 
have described bronchoconstriction in adults with asthma during and after exercise. 
Rundell et al. investigated EIB during exercise in cold air. They found that bronchocon-
striction (defined as a fall >10% in FEV1) occurs in adult athletes during prolonged exer-
cise (~42 minutes) at 90-100% of maximum heart rate10. Beck and Suman et al. studied 
pulmonary function (FEV1) in adults with asthma during different prolonged exercise 
protocols in laboratory settings and both observed bronchoconstriction during exercise 
after about 15 minutes of exercise2,6,8,9. A few studies measured peak expiratory flow 
rate (PEFR) during exercise in children with asthma and reported that in up to 51.7% of 
children with asthma PEFR falls below the prechallenge value at the end of a 6-8 minutes 
exercise challenge, suggesting that EIB occurs frequently during exercise17-19.

The mechanism of bronchoconstriction during exercise could be an imbalance be-
tween bronchodilator and bronchoconstrictor influences. During exercise, hyperpnea 
causes drying and hyperosmolarity of the respiratory mucosa, leading to the release 
of inflammatory mediators and subsequent bronchoconstriction4. Simultaneously, 
exercise has a bronchodilating potential, caused by the release of nitric oxide and pros-
taglandin PGE2 and increased mechanical stretching of the airway smooth muscle 
through deep inspirations6. Studies in adults with asthma describe a pattern of an initial 
bronchodilatation during exercise. After achieving a steady state for about 15 minutes, 
the constrictor stimulus prevails, with additional constriction after exercise2,6,7,9,11. We 
observed the same pattern in children with asthma, however the timing of the events 
is markedly faster than in adults. The bronchodilator effect of exercise is transient in 
children and is rapidly followed by bronchoconstriction within minutes. This fast pattern 
may be due to the twitchiness of young airways. The contribution of muscle spasm in 
the mechanism of EIB in children with asthma may be relatively high compared to that 
in adults. This would also explain children’s quick recovery of pulmonary function after 
maximal bronchoconstriction12. Another explanation for EIB during exercise in children 
may be a failure of bronchodilator influences to counterbalance the bronchoconstrictor 
influences. Indeed only 2 children were able to fully maintain their FEV1 during exercise.

Our observation that EIB starts during a relatively short period of exercise in the 
majority of children with asthma implies that the thermal hypothesis to explain the 
pathophysiology of EIB cannot be sustained in children with asthma. According to this 
hypothesis, EIB is caused by rapid rewarming of the airways at the cessation of exercise 
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induced hyperpnea5. Anderson et al.18 questioned this hypothesis in 1989, when they 
observed a fall in PEFR in children with asthma during exercise.

Several remarks can be made about this study. Subjects performed an exercise chal-
lenge at approximately 80% of their maximum heart rate. According to the ATS guide-
lines for diagnosing EIB, the intensity of exercise should be set at a heart rate of 80-90% 
of maximum. Testing at a relatively low exercise intensity probably underestimates the 
prevalence and severity of EIB13,20. We deliberately chose an exercise intensity of 80% 
of maximum heart rate, since spirometry is easier to perform and a prolonged test 
easier to sustain during submaximal exercise. Retrospectively, mean heart rate during 
exercise was significantly lower in the breakthrough EIB group compared to the non-EIB 
group (75.7% vs 79.5%). We considered this difference was clinically irrelevant and did 
not cause breakthrough EIB (heart rate was even slightly lower in the breakthrough EIB 
group). Although we successfully titrated the intensity of exercise to approximately 80% 
of the predicted maximum heart rate in all children, the duration of exercise in the non-
EIB group was longer and heart rate increased steadily during exercise, explaining the 
difference in mean heart rate.

Another comment can be made about the duration of the exercise test, which differs 
from regular exercise tests. Given that there is initial bronchodilatation during the first 
few minutes of exercise, a standardised protocol of 6 minutes could be too short to docu-
ment a significant fall FEV1 during exercise3,7. Therefore, we chose a 12 minutes exercise 
protocol, as most children show a rapid fall in FEV1 directly after a regular exercise chal-
lenge of 6-8 minutes. Also, a submaximal prolonged test mimics real life exercise during 
play and sports. Indeed, we observed EIB in the majority of children during these 12 
minutes. Moreover, the average time for EIB to occur was after 7.75 minutes of exercise. 
If EIB had been defined as a fall in FEV1 >10% from baseline, instead of >15%, 5 more 
children would have had a positive breakthrough test (ie, 17 out of 19)13.

One could argue that the observed fall in FEV1 during exercise is a result of submaxi-
mal effort or respiratory muscle fatigue. However, all children performed technically 
adequate flow volume curves during exercise, irrespective of whether or not there was 
a fall in FEV1.

Eleven children did not show EIB. This might be due to the fact that self-reported 
exercise induced symptoms are not always caused by EIB21,22. Furthermore, we measured 
FEV1 to a maximum of 5 minutes after exercise, which may underestimate the incidence 
of EIB as the time to maximal bronchoconstriction after exercise is between 2 and 12 
minutes. However, the majority of children reach maximal bronchoconstriction in the 
first 5 minutes after exercise12.

The fact that bronchoconstriction can occur early during exercise in children with 
asthma is of clinical importance. Not only can it compromise the athletic performance 
of the child, but it can also influence a child’s attitude to exercising. Dropping out dur-
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ing exercise lowers self-esteem and leads to avoidance of exercise and consequently 
cardiovascular deterioration23.

Monitoring pulmonary function in children with asthma during exercise was feasible 
in our study and has benefits. It prevents the severe and uncontrolled falls in FEV1 that 
can occur during and after a regular exercise challenge to measure EIB. Furthermore, a 
breakthrough test could potentially be used as a dose-response test, in which time to 
the occurrence of EIB can be considered as the degree of airway hyperresponsiveness.

In conclusion, measuring pulmonary function during exercise in children with asthma 
shows that the bronchoprotective effect of exercise is short-lived in children and that EIB 
frequently starts during, and not after, submaximal exercise. Moreover, it may provide 
additional clinical information, as breakthrough EIB can seriously hinder participation in 
sports and active play and indicates uncontrolled asthma, for which appropriate therapy 
measures are needed. More research is needed to characterise children with asthma 
who are susceptible to airway obstruction during exercise and the influence of medica-
tion on this phenomenon.
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ABSTRACT

Background
Asthma in early childhood is difficult to recognise. Exercise induced bronchoconstric-
tion (EIB) is highly specific for asthma, but not widely studied in children <8 years. In 
asthmatic children >8 years, EIB can occur during exercise, ie, breakthrough EIB. EIB has 
been documented in children <8 years, but breakthrough EIB has not been studied in 
this age group.

Objective
This study investigates breakthrough EIB in young asthmatic children and examines the 
feasibility of using a jumping castle to identify EIB.

Methods
In this cross-sectional, observational study, children aged 5-7 years with asthmatic 
symptoms underwent a novel exercise challenge test. Children jumped for 6 minutes 
on a jumping castle in cold, dry air, achieving a target heart rate of >80% of predicted 
maximum. FEV0.5 was measured before, during and after exercise (at 0,1,2,3,5,7,10 and 
15 minutes). Breakthrough EIB and EIB were both defined as a fall in FEV0.5 ≥13% from 
the pre-exercise value.

Results
87 Exercise challenge tests were performed in 82 children, with a success rate of 93.1%. 
43 children showed EIB with the median maximum fall being 2 minutes after exercise. 
In the children with EIB, 36% had breakthrough EIB, occurring between 2 and 6 minutes 
of exercise. Breakthrough EIB was accompanied by a significantly greater maximum fall 
in FEV0.5 after exercise.

Conclusion
EIB can occur rapidly during exercise in young asthmatic children and this breakthrough 
EIB is indicative for severe EIB. An exercise challenge test using a jumping castle is suit-
able for diagnosing EIB in young children.
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INTRODUCTION

Asthma is a chronic inflammatory disorder of the airways, affecting approximately 300 
million people worldwide1,2. Diagnosing asthma at a young age enables therapeutic in-
tervention at an early stage of disease, preventing long-term remodelling of the airways 
and improving the prognosis of asthma3. However, asthma in early childhood is difficult 
to recognise, for clinicians, parents and children2,4. Children are often treated for asthma 
based on clinical and historical features, which prove not to be specific measures for 
diagnosing asthma2,4.

Exercise induced bronchoconstriction (EIB) has been defined as a transient narrowing 
of the airways that follows vigorous exercise5. The airway narrowing is measured indi-
rectly as a fall in the forced expiratory volume in 1 second (FEV1) or the forced expiratory 
volume in 0.5 second (FEV0.5)6,7. EIB is highly specific for asthma in children and exercise 
is an indirect provocation test that can be used to diagnose and evaluate asthma4,8. 
Exercise challenge tests (ECTs) have been studied extensively and are standardised for 
children older than 8 years9. However, performing a safe, effective, and sustainable ECT 
in younger children is a challenge in itself.

In many asthmatic children over 8 years of age, EIB occurs during exercise and is 
sustained after exercise; this is known as breakthrough EIB10. Also, there seems to be an 
important relation between age and the pattern of EIB; the younger the child, the shorter 
the time to maximal bronchoconstriction and the quicker the recovery from EIB11,12. Few 
studies have documented EIB in children less than 8 years of age, and decreases in FEV0.5 
during exercise (breakthrough EIB) have not been investigated in this age group7,11,13.

We describe a novel ECT to examine EIB and the frequency of breakthrough EIB in 
young asthmatic children using a jumping castle, an inflatable platform on which chil-
dren can safely jump.

METHODS

Subjects

This study was of a cross-sectional, observational design and conducted between 
November 2011 and March 2012. We recruited children born between January 2004 
and January 2007, with a history of asthmatic symptoms, from the outpatient clinic of 
the pediatric department of Medisch Spectrum Twente, Enschede, the Netherlands. 
Children underwent an extensive evaluation of their asthma, including a disease his-
tory, a questionnaire (Childhood Asthma Control Test; C-ACT)14 and the novel ECT. No 
short- and long-acting bronchodilators were permitted 8 and 24 hours, respectively, 
before testing. Leukotriene receptor antagonists were withheld at least 24 hours before 
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testing. Other exclusion criteria were the presence of pulmonary or cardiac co-morbidity 
and clinically unstable asthma (ie, hospital admission or use of systemic corticosteroids 
4 weeks before testing). The study was approved by the Medical Ethics Committee 
Twente, Enschede, the Netherlands, and registered under number NTR3038 in the Dutch 
Trial Register (www.trialregister.nl). All parents received written patient information and 
signed an informed consent form before study entry.

Spirometry

Pulmonary function (FEV0.5 and FEV1) was measured before (baseline), during and after 
exercise using a standardised protocol according to international guidelines15. We used 
a Microloop MK8 Spirometer with impeller (ML3535®), with Spida5® software to measure 
flow volume curves. Calibration of the spirometer was frequently checked.

Baseline spirometry comprised performing expiratory flow volume curves in du-
plicate. During and after exercise, single flow volume curves were recorded. A skilled 
investigator (JvL), trained in pediatric spirometry, instructed the children to perform 
a maximal expiratory effort from inspiratory vital capacity to residual volume. Visual 
incentives were used to optimise spirometry. Children were seated, and for reasons of 
comfort, they did not wear a nose clip.

The best values for FEV0.5 and only technically correct flow volume curves were used 
for analysis, as recommended by Vilozni et al.7. An exercise induced decrease in FEV0.5 of 
13% or greater from baseline was considered diagnostic of both EIB and breakthrough 
EIB7,16. Reference values for FEV0.5 and FEV1 were calculated according to the method of 
Koopman et al., because these values have been updated recently and resemble our 
study population with regard to age and race17.

Exercise challenge test

The ECT consisted of jumping on a jumping castle. The jumping castle was regularly 
vacuumed and had an uncovered jumping area. Cold, dry air with a temperature of 9.5-
10.0 ºC and humidity of 57-59% (5.5-6.0 mg H2O/l) was obtained while testing in the 
local ice skating rink, IJsbaan Twente, Enschede, the Netherlands. Resurfacing of the ice 
was done with electrically driven resurfacing machines. During exercise, heart rate was 
continuously monitored by use of radio telemetry (Sigma Sport PC3). The target was 
to complete 6 minutes of exercise and achieve at least 80% of the predicted maximum 
heart rate (0.8x [220-age]6), for a minimum of 4 minutes7. After 2 and 4 minutes of jump-
ing, exercise was briefly interrupted (maximum 20 seconds) and children performed a 
single flow volume curve, after which exercise was immediately resumed. After exercise, 
single flow volume curves were performed at 0,1,2,3,5,7,10 and 15 minutes. In case 
of a technically unacceptable flow volume curve the attempt was repeated once. We 
observed whether the children had bronchoconstriction that was symptomatic, with 
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signs of shortness of breath (dyspnea), coughing, wheezing, retractions and the use of 
accessory muscles of breathing.

If bronchoconstriction persisted 15 minutes after exercise (defined as a decrease in 
FEV0.5 of >5% from baseline value) or at children’s request, a short-acting β2-agonist (100 
µg of salbutamol administered through a spacer) was administered, and a flow volume 
curve was repeated 5 minutes afterwards to confirm recovery.

Questionnaire

Children and parents filled out the C-ACT, a validated questionnaire assessing asthma 
control in children aged 4 to 11 years14. It consists of 7 questions; 4 child-completed 
items with a 4-point visual response scale and 3 parent-completed items with a 6-point 
response scale14. The C-ACT score is the sum of all scores, ranging from 0 (poorest 
asthma control) to 27 (optimal asthma control). A score of less than 20 points indicates 
inadequately controlled asthma14,18.

Statistical analysis

Results were expressed as means ± standard deviations (SDs) for normally distributed 
data, as medians (minimums;maximums) for nonnormally distributed data, or as num-
bers with corresponding percentages if nominal or ordinal. Continuous variables were 
tested for normality with a Shapiro-Wilk or Kolmogorov-Smirnov test, as appropriate. 
Differences in characteristics between groups were determined by using the Chi-Square 
test, Fisher exact test, Mann-Witney U test, and independent samples t-test (if normally 
distributed). Correlations were calculated using Spearman correlation. A 2-sided value 
of less than 0.05 was considered statistically significant. All analyses were performed 
with the Statistical Package for the Social Sciences (SPSS®) for Windows® version 15 (IBM, 
Chicago, IL, USA).

RESULTS

Study population

Eighty-seven ECTs were performed in 82 children (45 male) with a mean age of 6.2 ± 0.8 
years. 5 Children performed the ECT twice at a parent’s request because of a medication 
regimen change or an unexpected outcome.

Exercise challenge test

In 6 (6.9%) children the ECT could not be performed reliably; 5 children were unable to 
produce technically acceptable spirometric results (both male and female, mean age 5.8 
years), and 1 child did not reach the target heart rate during exercise (73% of maximum). 
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In all other children the ECT was reliable. Flow volume curves were technically accept-
able for analysis of FEV0.5 before, during and after exercise. In 64 (79%) of 81 children, 
analysis of FEV1 could also have been used to diagnose or exclude EIB. However, FEV1 in 
young children is likely to be less reliable than FEV0.5 because most young children are 
unable to perform the required full forced expiration during a total second, especially 
during exercise. For example, for 56 (69%) of the children, the baseline Tiffeneau index 
(FEV1/forced vital capacity x 100) was 90% or greater, demonstrating that FEV1 almost 
equaled forced vital capacity.

The type of exercise (ie, jumping on a jumping castle) was effective in increasing heart 
rate, and within 1 minute, 97% of the children had a heart rate of greater than 80% of 
maximum value, which was easily sustained throughout the ECT. None of the children 
hesitated to jump, and all children jumped the entire 6 minutes, except for 3 children 
with severe breakthrough EIB in whom exercise was terminated after 4 or 5 minutes.

Exercise induced bronchoconstriction

Forty-three of 81 children had EIB using this novel ECT. Characteristics of children with 
and without EIB are shown in table 1. Children with EIB had significantly more com-
plaints of exercise induced dyspnea (71.4% vs. 40.5%, p=0.01) and significantly more 
signs of EIB during and after exercise. As shown in table 1, the presence of coughing 
in combination with one other asthma symptom during exercise is characteristic for 
EIB. However, coughing alone also occurs in children without EIB. Baseline FEV0.5 was 
significantly less in children with EIB compared with that seen in children without EIB 
(80.5% ± 15.6% vs 88.0% ± 14.6% predicted, p=0.03). There was no significant difference 
in mean C-ACT scores between children with or without EIB and the C-ACT score was not 
related to the percentage exercise induced decrease in FEV0.5 (r=-0.04, p=0.72) (figure 
1). Twenty-seven of the children with a C-ACT score of 20 or greater and in the range 
consistent with asthma control had EIB, and in the majority (81%) this was a greater than 
20% decrease in FEV0.5.

The pattern of EIB in young children is shown in figure 2. Mean FEV0.5 decreased during 
exercise and kept decreasing after exercise, with the lowest value being recorded at 2 
minutes. This was followed by spontaneous recovery of FEV0.5 over approximately 15 
minutes. In 57% of the children with EIB and 53% of the children without EIB (p=0.69), 
FEV0.5 initially increased during exercise. There is no significant difference in the median 
increase in FEV0.5 during exercise between children with or without EIB, nor did we find 
a relation between baseline FEV0.5 (percent predicted) and the percentage increase in 
FEV0.5 during exercise (r=-0.13, p=0.24).
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Breakthrough exercise induced bronchoconstriction

In 36% of the children with EIB, bronchoconstriction (ie, decrease in FEV0.5 ≥13% from 
baseline value) occurred during the 6-minute exercise test. Children with this break-
through EIB were compared to children with non-breakthrough EIB in table 2. Children 
with breakthrough EIB had a significantly lower baseline pulmonary function, a signifi-

Table 1. Characteristics of children with or without EIB.

Characteristics EIB (N=43) Non-EIB (N=38) p-value

Age in years 6.3 ± 0.8 6.1 ± 0.8 0.35

Male 22 (51.2) 18 (47.4) 0.73

Allergy* 25 (65.8)** 15 (45.5)** 0.09

Exercise induced symptoms 30 (71.4) 15 (40.5) 0.01

Medication use:

SABA 36 (83.7) 30 (78.9) 0.58

LABA 1 (2.3) 0 (0.0) 1.00

ICS 28 (65.1) 23 (60.5) 0.67

NCS 17 (39.5) 10 (26.3) 0.21

LTRA 9 (20.9) 3 (7.9) 0.10

BMI (kg/m2) 16.1 (13.6;26.6) 15.8 (12.1;20.5) 0.19

C-ACT score 22 (8;27) 22.5 (7;27) 0.71

Baseline FEV0.5 (% predicted) 80.5 ± 15.6 88.0 ± 14.6 0.03

Baseline FEV1 (% predicted) 86.0 ± 15.1 89.9 ± 13.0 0.22

Maximum decrease in FEV0.5 (%) 29.3 ± 12.9 5.4 ± 3.9 0.00

Nadir t (minutes) 2 (0;7) n.a.

Increase FEV0.5 during exercise (%) 3.5 (0;23) 2.5 (0;15) 0.80

Decrease in FEV0.5 at 15 minutes [recovery (%)] 7.5 (36.9;0) n.a.

Mean heart rate during exercise
(% of maximum predicted value)

86.1 ± 5.7 86.9 ± 5.6 0.56

Symptoms during ECT observed by physician:

Dyspnea 15 (34.9) 0 (0.0) 0.00

Wheezing 6 (14.0) 0 (0.0) 0.03

Coughing 31 (72.1) 17 (44.7) 0.01

Retractions 7 (16.3) 0 (0.0) 0.01

Accessory muscle use 10 (23.3) 0 (0.0) 0.00

Coughing and wheezing 4 (9.3) 0 (0.0) 0.12

Coughing and one other symptom 20 (46.5) 0 (0.0) 0.00

Results expressed as medians (minimums;maximums), mean values ± SDs, or numbers (percentages). 
Values in italics are statistically significant. SABA, short-acting β2-agonist; LABA, long-acting β2-agonist (in 
combination therapy); ICS, inhaled corticosteroid; NCS, nasal corticosteroid; LTRA, leukotriene receptor 
antagonist; BMI, body mass index; C-ACT, childhood asthma control test; FEV1, forced expiratory volume 
in 1 second; FEV0.5, forced expiratory volume in 0.5 second. * as indicated by a positive IgE test result to 
inhaled allergens. ** allergy screening in 71 of 81 children.



64 Chapter 5

cantly greater maximum exercise induced decrease in FEV0.5, and a slower recovery from 
EIB compared with children with non-breakthrough EIB. The C-ACT score was marginally 
lower in children with breakthrough EIB and they tended to be younger than children 
with non-breakthrough EIB.

The pattern of EIB in children with breakthrough and non-breakthrough EIB is shown in 
figure 3. In the breakthrough EIB group mean FEV0.5 rapidly decreased during exercise, in 
some children even within 2 minutes. After exercise, FEV0.5 progressively decreased, with 
a maximum decrease at 2 minutes, after which spontaneous recovery of FEV0.5 occurred. 
In non-breakthrough EIB a small increase in mean FEV0.5 in the first 2 minutes of exercise 
was followed by a slow decrease in FEV0.5 during the last few minutes of exercise and a 
more rapid decrease after exercise. At all measured points mean FEV0.5 (as percentage 
of predicted) was significantly lower in the children with breakthrough EIB (figure 3B).
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Figure 1. Relation between C-ACT score and percentage exercise induced decrease in FEV0.5 (N = 81).
C-ACT, childhood asthma control test; FEV0.5, forced expiratory volume in 0.5 second. Dotted lines 
represent cutoff value for EIB (ie, 13% decrease in FEV0.5) and cutoff value for asthma control (score of <20 
is defined as inadequately controlled asthma).
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Table 2. Characteristics of children with breakthrough or non-breakthrough EIB.

Characteristics Breakthrough EIB 
(N=15)

Non-breakthrough EIB 
(N=27)

p-value

Age in years 5.9 ± 0.7 6.4 ± 0.9 0.07

Male 7 (46.7) 15 (55.6) 0.58

Exercise induced symptoms 9 (60) 20 (76.9) 0.30

Allergy* 9 (60) **15 (68.2) 0.61

Medication use:

SABA 14 (93.3) 21 (77.8) 0.39

LABA 1 (6.7) 0 (0.0) 0.36

ICS 11 (73.3) 16 (59.3) 0.36

NCS 4 (26.7) 12 (44.4) 0.26

LTRA 5 (33.3) 4 (14.8) 0.24

BMI (kg/m2) 15.4 (13.6;19.4) 16.1 (14.0;26.6) 0.10

C-ACT score 19 (8;26) 23 (11;27) 0.24

Baseline FEV0.5 (% predicted) 73.1 ± 9.0 85.8 ± 15.7 0.01

Baseline FEV1 (% predicted) 77.8 ± 10.7 91.5 ± 14.6 0.00

Maximum decrease in FEV0.5 (%) 42.2 ± 11.3 21.7 ± 6.3 0.00

Nadir t (minutes) 2 (0;7) 2 (1;7) 0.09

Increase FEV0.5 during exercise (%) 0 (0;23) 4 (0;20) 0.30

Decrease in FEV0.5 at 15 min [recovery (%)] 15.4 (36.9;0) 5.9 (18.5;0) 0.01

Mean heart rate during exercise
(% maximum predicted value)

84.4 ± 7.0 87.0 ± 4.7 0.19

Results expressed as medians (minimums;maximums), mean values ± SDs, or numbers (percentages). 
Values in italics are statistically significant. Note: One child was not classified because of early exercise 
termination (4 minutes) because of dyspnea with signs of breakthrough EIB, but no breakthrough was 
determined. SABA, short-acting β2-agonist; LABA, long-acting β2-agonist (in combination therapy); ICS, 
inhaled corticosteroid; NCS, nasal corticosteroid; LTRA, leukotriene receptor antagonist; BMI, body mass 
index; C-ACT, childhood asthma control test; FEV1, forced expiratory volume in 1 second; FEV0.5, forced 
expiratory volume in 0.5 second. * as indicated by a positive IgE test result to inhaled allergens. ** allergy 
screening in 22 of 27 children.
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Figure 2. Mean ± SD FEV0.5 during and after exercise (N =43) as a percentage of baseline.
* administration of 100 µg of salbutamol.
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DISCUSSION

To our knowledge, this study is the first investigating FEV0.5 during exercise in young chil-
dren aged 5 to 7 years with asthma. Remarkably, we observed that in 36% of the children 
with EIB, FEV0.5 decreased during exercise of 6 minutes’ duration and within 2 minutes 
in some children. Breakthrough EIB, which was earlier defined as a 15% decrease in FEV1 
during exercise, has been described both in asthmatic children aged 8 to 15 years and in 
adults, occurring 6 to 10 minutes and 15 minutes, respectively, after the start of exercise 
and before cessation of exercise10,19. Comparing the characteristics of children with or 
without breakthrough EIB shows that breakthrough EIB generally is accompanied by a 
more severe decrease in FEV0.5 and a slower recovery from EIB, indicating uncontrolled 
asthma.
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Figure 3. Mean ± SD FEV0.5 during and after exercise in subjects with breakthrough EIB (ie, ≥13% decrease 
in FEV0.5 during exercise and sustained after exercise (N = 15); lower graph) and non-breakthrough EIB 
(ie, ≥13% decrease in FEV0.5 after exercise (N = 27); upper graph). A, Percentage of baseline. B, Percent 
predicted. * administration of 100 µg of salbutamol.
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Vilozni et al. documented EIB in young children, measuring pulmonary function after 
a free-run test, but had a test failure percentage of 14.7%7. They described that dura-
tion of running is limited by age7, and indeed, forced running might be overwhelming 
in this young age group. An ECT should be sustainable, safe, and enjoyable, and heart 
rate during exercise should be reasonably maintained at greater than 80% of predicted 
maximum value. Therefore we chose to use a jumping castle.

The pattern of EIB in young children has been investigated in several studies, showing 
that it changes with age7,11,12 The younger the child, the shorter the time to maximal 
bronchoconstriction after exercise and the quicker the recovery from EIB7,11,12. Our results 
confirm this rapid decrease in FEV0.5 after exercise; maximum decrease in pulmonary 
function was at a median of 2 minutes after exercise.

Some remarks can be made about our study. During the ECT, exercise was briefly inter-
rupted twice to perform spirometry. One can argue that an interruption of exercise could 
influence the decrease in FEV0.5 after exercise. However, heart rate monitoring showed 
unchanged tachycardia, presumably accompanied by unchanged hyperpnea, which is 
the stimulus for EIB20. Despite the interruption, many children had a positive ECT result.

In our ECT protocol spirometry was performed for 15 minutes after cessation of 
exercise, which is rather short compared with other ECT protocols6,7,11. We considered 
this shortened schedule more appropriate because young asthmatic children quickly 
recover from EIB and easily fatigue as a result of repeated forced breathing manoeuvres7.

EIB and breakthrough EIB were defined as an exercise induced decrease in FEV0.5 of 
13% or greater from baseline value. According to Vilozni et al.7, FEV0.5 is a better index 
than FEV1 for describing EIB in young children, and we would agree with this. The 13% 
cutoff value was chosen according to Vilozni et al.7 and Godfrey et al.16. Defining EIB 
as a decrease in FEV0.5 of 10% or greater from baseline, 3 more children would have 
had breakthrough EIB and 4 more children would have been given a diagnosis of EIB. 
When using a 15% or greater decrease as the cutoff value, 2 children would not have 
been given a diagnosis of breakthrough EIB, and 3 children would not have been given 
a diagnosis of EIB.

Our results have important clinical implications. First, the rapid onset of EIB in young 
asthmatic children results in dropping out of exercise, which compromises quality of 
life, cardiovascular condition and motor development21-23. Secondly, clinicians should 
be aware that rapid deterioration of performance in young children can be caused not 
only by poor cardiovascular fitness but also by EIB. Another implication of our study 
is the limited value of reported history and symptoms for the evaluation of asthma in 
young children. Exercise induced wheezing, which is specific for EIB, was only observed 
in a small minority of children with EIB. Most children with EIB experienced coughing, 
but as with adult athletes24, this symptom appeared not to be specific for EIB. Also, we 
observed no difference between C-ACT score in children with or without EIB, although 
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C-ACT scores tended to be lower in children with breakthrough EIB. Although the C-ACT 
is a validated questionnaire assessing asthma control and has proved to be a comple-
mentary tool in the follow-up of asthmatic children, one must be careful interpreting 
this score because it can underestimate the proportion of children with uncontrolled 
asthma14,18,25.

In conclusion, an ECT using a jumping castle is suitable for diagnosing EIB in young 
children and has advantages over other kinds of exercise when it comes to safety and ef-
ficacy. Our ECT showed that young asthmatic children can experience bronchoconstric-
tion in the first few minutes of exercise. This breakthrough EIB is a predictor for severe 
EIB and has important clinical implications.



EIB in 5-7 year old children 69

REFERENCES

 1. Masoli M, Fabian D, Holt S, Beasley R. The global burden of asthma: executive summary of the 
GINA Dissemination Committee report. Allergy. 2004;59:469–78.

 2. Strunk RC. Defining asthma in the preschool-aged child. Pediatrics. 2002;109(2 Suppl):357-61.
 3. Pohunek P. Pediatric asthma: How significant it is for the whole life? Paediatr Respir Rev. 2006;7 

Suppl 1:S68-9.
 4. Panditi S, Silverman M. Perception of exercise induced asthma by children and their parents. Arch 

Dis Child. 2003;88:807–11.
 5. Anderson SD, Daviskas E. The mechanism of exercise-induced asthma is ... J Allergy Clin Immunol. 

2000;106:453-9.
 6. Crapo RO, Casaburi R, Coates AL, Enright PL, Hankinson JL, Irvin CG, et al. Guidelines for 

methacholine and exercise challenge testing—1999. This official statement of the American 
Thoracic Society was adopted by the ATS Board of Directors, July 1999. Am J Respir Crit Care Med. 
2000;161:309-29.

 7. Vilozni D, Bentur L, Efrati O, Barak A, Szeinberg A, Shoseyov D, et al. Exercise Challenge Test in 3- to 
6-Year-Old Asthmatic Children. Chest. 2007;132;497-503.

 8. Godfrey S, Springer C, Noviski N, Maayan C, Avital A. Exercise but not methacholine differentiates 
asthma from chronic lung disease in children. Thorax. 1991;46:488-92.

 9. Haby MM, Peat JK, Mellis CM, Anderson SD, Woolcock AJ. An exercise challenge for epidemiologi-
cal studies of childhood asthma: validity and repeatability. Eur Respir J. 1995;8:729-36.

 10. van Leeuwen JC, Driessen JMM, de Jongh FHC, van Aalderen WMC, Thio BJ. Monitoring pulmo-
nary function during exercise in children with asthma. Arch Dis Child. 2011;96:664–8.

 11. Vilozni D, Szeinberg A, Barak A, Yahav Y, Augarten A, Efrati O. The relation between age and time 
to maximal bronchoconstriction following exercise in children. Respir Med. 2009;103:1456-60.

 12. Hofstra WB, Sterk PJ, Neijens HJ, Kouwenberg JM, Duiverman EJ. Prolonged recovery from 
exercise-induced asthma with increasing age in childhood. Pediatr Pulmonol. 1995;20:177-83.

 13. Malmberg LP, Makela MJ, Mattila PS, Hammarén-Malmi S, Pelkonen AS. Exercise-induced changes 
in respiratory impedance in young wheezy children and nonatopic controls. Pediatr Pulmonol. 
2008;43:538–44.

 14. Liu AH, Zeiger R, Sorkness C, Mahr T, Ostrom N, Burgess S, et al. Development and cross-sectional 
validation of the Childhood Asthma Control Test. J Allergy Clin Immunol. 2007;119:817-25.

 15. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, et al.; ATS/ERS Task Force. 
Standardisation of spirometry. Eur Respir J. 2005;26:319-38.

 16. Godfrey S, Springer C, Bar-Yishay E, Avital A. Cut-off points defining normal and asthmatic bron-
chial reactivity to exercise and inhalation challenges in children and young adults. Eur Respir J. 
1999;14:659-68.

 17. Koopman M, Zanen P, Kruitwagen CL, van der Ent CK, Arets HG. Reference values for paediatric 
pulmonary function testing: The Utrecht dataset. Respir Med. 2011;105:15-23.

 18. Koolen BB, Pijnenburg MW, Brackel HJ, Landstra AM, van den Berg NJ, Merkus PJ, et al. Comparing 
Global Initiative for Asthma (GINA) criteria with the Childhood Asthma Control Test (C-ACT) and 
Asthma Control Test (ACT). Eur Respir J. 2011;38:561-6.

 19. Gotshall RW. Airway response during exercise and hyperpnoea in non-asthmatic and asthmatic 
individuals. Sports Med. 2006;36:513-27.

 20. Anderson SD. How does exercise cause asthma attacks? Curr Opin Allergy Clin Immunol. 
2006;6:37-42.



70 Chapter 5

 21. Merikallio VJ, Mustalahti K, Remes ST, Valovirta EJ, Kaila M. Comparison of quality of life between 
asthmatic and healthy school children. Pediatr Allergy Immunol. 2005;16:332-40.

 22. Croft D, Lloyd B. Asthma spoils sport for too many children. Practitioner. 1989;233:969-71.
 23. Vahlkvist S, Inman MD, Pedersen S. Effect of asthma treatment on fitness, daily activity and body 

composition in children with asthma. Allergy. 2010;65:1464-71.
 24. Rundell KW, Im J, Mayers LB, Wilber RL, Szmedra L, Schmitz HR. Self-reported symptoms and 

exercise-induced asthma in the elite athlete. Med Sci Sports Exerc. 2001;33:208-13.
 25. Chinellato I, Piazza M, Sandri M, Cardinale F, Peroni DG, Boner AL, et al. Evaluation of association 

between exercise-induced bronchoconstriction and childhood asthma control test question-
naire scores in children. Pediatr Pulmonol. 2012;47:226-32.







Chapter 6
Exercise induced bronchoconstriction 
in 5 to 7 year old children after 
hospitalisation for lower respiratory 
tract infection by rhinovirus or 
respiratory syncytial virus in infancy

Janneke C van Leeuwen 
Annemarie A van den Berg

Ron MGR Hendrix 
Louis Bont 

Eric J Duiverman 
Boony J Thio

Submitted



74 Chapter 6

ABSTRACT

Background
Exercise induced bronchoconstriction (EIB) is a highly specific symptom of asthma in 
children and can be already identified at the age of five years. Hospitalisation for viral 
lower respiratory tract infection (VLRTI) in infancy is a well-known risk factor for later 
asthma. Respiratory syncytial virus (RSV) and rhinovirus (RV) are the predominant causes 
of VLRTI in infancy. The prevalence and severity of EIB in 5-7 year old children with a 
history of RSV or RV VLRTI has not been fully disclosed.

Objective
This study investigates EIB in 5-7 year old children with a history of hospitalisation for 
RSV or RV VLRTI.

Methods
In this cross-sectional cohort study, children aged 5-7 years with a history of hospitalisa-
tion for VLRTI in infancy underwent an exercise challenge test of 6 minutes duration on 
a jumping castle in cold, dry air. Pulmonary function was measured before, during and 
after exercise. EIB was defined based on literature consensus as an exercise induced fall 
in FEV0.5 ≥13% from baseline.

Results
EIB was demonstrated in 26 out of 70 included children (37%). There was no significant 
difference between children with a history of RSV or RV VLRTI in the prevalence of EIB 
(40% vs 20%, p=0.12) or severity of EIB (maximum exercise induced fall in FEV0.5 19% vs 
21.5%, p=0.75). Children with a history of RSV VLRTI had a significantly lower baseline 
FEV1 (83.5 vs 92.3 % predicted, p 0.04) than children with a history of RV VLRTI.

Conclusion
There is a high prevalence (37%) of EIB among 5-7 year old children with a history of 
hospitalisation for VLRTI, without significant differences in prevalence and severity of 
EIB between children with a history of RSV or RV VLRTI.



EIB after VLRTI 75

INTRODUCTION

Exercise induced bronchoconstriction (EIB), a transient airway narrowing occurring after 
exercise1, is a specific and aggravating characteristic of asthma in children2-4. EIB occurs 
in up to 90% of asthmatic children2 and can be assessed in children as young as 5 years5,6. 
The assessment of EIB in young children (<8 years) requires an age-adjusted protocol, 
anticipating on EIB during exercise (breakthrough EIB), the short time to maximal bron-
choconstriction after exercise and quick recovery from EIB in young children7-9.

Bronchiolitis is a viral lower respiratory tract infection (VLRTI), characterised by inflam-
mation, mucus production and obstruction of the small airways, affecting infants <2 
years of age10. Hospitalisation for bronchiolitis in infancy is a well-known risk factor for 
later asthma11-14. Respiratory syncytial virus (RSV) and rhinovirus (RV) are the predomi-
nant causes of severe VLRTI in infancy15-16. Not all children hospitalised for VLRTI develop 
asthma and the key features in this pathway are still unknown and topic of current 
research.

Since hospitalisation for VLRTI is associated with the development of asthma at school 
age11,17,18, many of these children probably suffer from EIB, which is not easily recognised 
without testing9,19. The prevalence and severity of EIB in young children with a history of 
hospitalisation for RSV or RV VLRTI haven’t been thoroughly investigated.

The aim of this study is to investigate the prevalence and severity of EIB in children 
aged 5-7 years with a history of hospitalisation for RSV or RV VLRTI, utilising a sensitive 
exercise challenge test (ECT) in cold air.

METHODS

Subjects

This study was a cross-sectional cohort study, conducted in March 2012. We included 
children born between January 2004 and January 2007, with a history of hospitalisation 
for VLRTI in infancy. Between 2006 and 2008, all infants under 2 years of age, hospitalised 
for VLRTI in a large teaching hospital in Enschede, the Netherlands (Medisch Spectrum 
Twente), were included in the VLRTI-cohort. Experienced pediatricians diagnosed VLRTI 
on clinical grounds with symptoms of rhinorrhea, cough, dyspnea or wheezing with or 
without fever. At hospitalisation, causative pathogens and viral load (measured by the 
number of amplification cycles needed for a positive test; Cycle Threshold, CT-value20), 
were determined by Real Time - Polymerase Chain Reaction (RT-PCR).

In this study, children and their parents were invited for follow-up, consisting of a 
medical history, physical examination and an ECT in order to diagnose EIB. Medical his-
tory, prior to the ECT, included questions about asthma symptoms ((nocturnal) cough-
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ing, dyspnea, wheezing), exercise induced asthma symptoms, medication use, and 
family atopy status (first-degree relative). No short- and long-acting bronchodilators 
were permitted 8 and 24 hours, respectively, before the ECT, and leukotriene receptor 
antagonists were withheld at least 24 hours before testing. Other exclusion criteria were 
the presence of pulmonary or cardiac co-morbidity, clinically unstable asthma (ie, hos-
pital admission or use of systemic corticosteroids 4 weeks before testing) or the inability 
to perform spirometry. The study was approved by the Central Committee on Research 
Involving Human Subjects (CCMO) and registered under number NTR3135 in the Dutch 
trial register (www.trialregister.nl). All parents received written patient information and 
signed an informed consent form before study entry.

Spirometry

Pulmonary function tests (forced expiratory volume in 0.5 second and 1 second; FEV0.5 
and FEV1) were performed before (baseline), during and after exercise using a stan-
dardised protocol according to international guidelines21 and as used in a previous 
study investigating pulmonary function in 5-7 year old children6. We used a Microloop 
MK8 Spirometer with impeller (ML3535®), with Spida5® software to measure flow volume 
curves. Calibration of the spirometer was frequently checked.

The best values for FEV0.5 and only technically correct flow volume curves, as judged by 
an experienced investigator trained in pediatric spirometry (JvL), were used for analysis. 
An exercise induced fall in FEV0.5 ≥13% from baseline value was considered as diagnostic 
for EIB5, 22. Breakthrough EIB, regarded as a sign of uncontrolled asthma, was defined as 
a ≥13% fall in FEV0.5 during, and sustained after, exercise6. Reference values for FEV0.5 and 
FEV1 were calculated according to Koopman et al., since these values have been updated 
recently and resemble our study population with regard to age and race23.

Exercise challenge test

An age-adjusted ECT protocol, as described by van Leeuwen et al.6, was used. The ECT 
consisted of jumping on a jumping castle. Cold, dry air with a temperature of 9.5-10.0 
ºC and humidity of 57-59% (5.5-6.0 mg H2O/l) was obtained while testing in the local ice 
skating rink, IJsbaan Twente, Enschede, the Netherlands. During exercise, heart rate was 
continuously monitored by use of radio telemetry (Sigma Sport PC3). The target was 
to complete 6 minutes of exercise and achieve at least 80% of the predicted maximum 
heart rate (0.8x [220-age])24. Single flow volume curves were performed at 2 and 4 
minutes of jumping (by briefly interrupting exercise), and after exercise at 0,1,2,3,5,7,10 
and 15 minutes. If bronchoconstriction persisted (FEV0.5 <95% from baseline value) 15 
minutes post-exercise, or at children’s request, a short-acting β2-agonist (100 µg of sal-
butamol via spacer) was administered and a flow volume curve was repeated 5 minutes 
afterwards to confirm recovery.
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Statistical analysis

Results were expressed as mean values ± standard deviations (SDs) for normally dis-
tributed data, as medians (minimums;maximums) for not normally distributed data, 
or as numbers with corresponding percentages if nominal or ordinal. Continuous 
variables were tested for normality with a Shapiro-Wilk or Kolmogorov-Smirnov test as 
appropriate. Differences in characteristics between groups were determined by using a 
Chi-Square test, Fishers exact test, Mann-Witney U test and independent samples t-test 
(if normally distributed). A binomial test was used to compare the prevalence of EIB in 
our cohort with the general prevalence of asthma in Dutch children.

Before inclusion, a calculation of accuracy was performed. The estimated EIB preva-
lence in children with a history of hospitalisation for VLRTI was 30%, based on existing 
literature reporting prevalence between 13 and 40%17,18,25. A sample size of 80 subjects 
could demonstrate an asthma prevalence of 30% with 10% accuracy. The study would 
have a power of 99% to investigate whether the prevalence of asthma in our study 
group (30%) significantly differs from the prevalence of asthma in the general popu-
lation (5-10%)26. A 2 sided value of p<0.05 was considered statistically significant. All 
analyses were performed with the Statistical Package for the Social Sciences (SPSS®) for 
Windows® version 15 (IBM, Chicago, IL, USA).

RESULTS

Study population

The VLRTI-cohort consisted of 249 patients (among them 37.3% RSV infections, 24.5% 
RV infections, and 9.6% RSV/RV co-infections), of which 121 met inclusion criteria for this 
study. All 121 children were invited to the study, and 74 children agreed to participate 
(figure 1). Twelve of these children had performed the same ECT 4 months earlier (by 
participating in another study by van Leeuwen et al.6) and data from this ECT were 
used in the current study. Four children were not able to perform spirometry and were 
therefore excluded. One child did not reach target heart rate during the ECT (77% of 
maximum), but did have a positive ECT and was therefore included in the analysis.

Baseline characteristics of the 70 included children are shown in table 1. Mean time 
from hospitalisation to follow-up was 5.2 ± 0.6 years. Six children had a history of pre-
maturity (gestational age between 31+0/7 and 36+6/7 weeks), but had no pulmonary or 
cardiac co-morbidity and were therefore included in the analysis.

36 Children (51%) had a history of RSV VLRTI and 18 children (26%) a history of RV 
VLRTI. 11 children had a dual infection; RSV/RV (N=5), RSV/adenovirus (N=3), RSV/hu-
man metapneumovirus (N=1), RV/human metapneumovirus (N=1) or RV/adenovirus 
(N=1). Two children had a negative RT-PCR and in 3 children RT-PCR data were missing.
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VLRTI-cohort 
N=249 

Exclusion: 
-Born before 2004/after January 2007 
-Pulmonary/cardiac co-morbidity Invited for follow-up 

N=121 

Participation 
N=74 

Exclusion: 
-Inable to perform spirometry 

Inclusion  
N=70 

Figure 1. Flow chart inclusion study population.

Table 1. Baseline characteristics.

Baseline characteristics N=70

Male 36 (51.4)

History of prematurity 6 (8.6)

At hospitalisation

Age at hospitalisation (months) 5 (0;22)

Duration hospitalisation (days) 4 (2;19)

At age 5-7

Age (years) 5.6 (4.9;7.8)

Reported asthma symptoms 41 (58.6)

Reported exercise induced symptoms 22 (31.4)

Pediatrician controlled asthma 12 (17.1)

Family history of atopy 57 (81.4)

Medication use:

SABA 21 (30)

LABA 1 (1.4)

ICS 15 (21.4)

NCS 4 (5.7)

LTRA 3 (4.3)

BMI (kg/m2) 15.5 ± 1.4

Results expressed as medians (minimums;maximums), mean values ± SDs, or as numbers (percentages). 
SABA, short-acting β2-agonist; LABA, long-acting β2-agonist (in combination therapy); ICS, inhaled 
corticosteroid; NCS, nasal corticosteroid; LTRA, leukotriene receptor antagonist; BMI, body mass index.
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Exercise induced bronchoconstriction

26 Children (37.1%) showed EIB. This prevalence is significantly higher (p<0.001) than the 
prevalence of clinician diagnosed asthma in the general population of Dutch children 
<12 years of age, which is maximal 10%26. Children with or without EIB were compared 
in table 2. There was no significant difference between both groups in the number of 
children with a history of RSV or RV VLRTI. Nor did we find a difference in the duration of 
hospitalisation or viral load (CT-value) between children with or without EIB. Only half of 
the children with diagnosed EIB reported exercise induced symptoms.

Subgroup analysis

Children with a history of hospitalisation for RSV or RV VLRTI were compared (table 3). 
Dual infections of RV or RSV with another pathogen were included in the analysis, except 
for RSV/RV co-infections. Analysis of single RV or RSV infections had the same results 

Table 2. Characteristics of children with or without EIB.

Characteristics EIB (N=26) Non-EIB (N=44) p-value

Male 14 (53.8) 22 (50.0) 0.76

At hospitalisation

Age (months) 6.5 (0;20) 4.0 (1;22) 0.26

Duration hospitalisation (days) 4 (2;18) 4 (2;19) 0.79

RSV VLRTI (co-infections included) 19 (79.2) 26 (60.5) 0.12

RV VLRTI (co-infections included) 7 (29.2) 18 (41.9) 0.30

RSV CT-value at hospitalisation 26.0 (19.0;40.0) 25.0 (20.0;34.0) 0.26

RV CT-value at hospitalisation 31.4 ± 4.3 28.8 ± 4.7 0.29

Dual infection at hospitalisation 5 (21.7) 6 (14.3) 0.50

At age 5-7

Age (years) 5.7 (4.9;7.8) 5.6 (5.0;7.5) 0.50

Pediatrician controlled asthma 9 (34.6) 3 (6.8) 0.01

Reported asthma symptoms 18 (69.2) 23 (52.3) 0.16

Reported exercise induced symptoms 14 (53.8) 8 (18.2) <0.01

Family history of atopy 24 (92.3) 33 (75.0) 0.11

BMI (kg/m2) 15.7 (13.2;19.5) 15.1 (13.1;19.8) 0.24

Baseline FEV0.5 (% predicted) 77.7 ± 15.2 83.3 ± 12.8 0.10

Baseline FEV1 (% predicted) 83.7 ± 14.5 87.2 ±10.8 0.25

Mean heart rate during exercise
(% of maximum)

84.3 ± 4.9 83.5 ± 5.0 0.56

Results expressed as medians (minimums;maximums), mean values ± SDs, or as numbers (percentages). 
VLRTI, viral lower respiratory tract infection; RSV, respiratory syncytial virus; RV, rhinovirus; CT-value, cycle 
threshold (viral load); BMI, body mass index; FEV0.5, forced expiratory volume in 0.5 second; FEV1, forced 
expiratory volume in 1 second.
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(data not shown). Because of the small number of children with a RSV/RV co-infection 
(N=5) this subgroup was not analysed separately.

In both groups, prevalence of EIB is significantly higher (p<0.001) than the prevalence 
of asthma in the general population of Dutch children <12 years of age (5-10%). Chil-
dren with a history of hospitalisation for RSV VLRTI had a significantly lower pulmonary 
function (figure 2) than children with a history of RV VLRTI. There was no significant 
difference in the prevalence and severity of EIB, as measured by the maximum exercise 
induced fall in FEV0.5 and prevalence of breakthrough EIB, between both groups.

Table 3. Characteristics of children with a history of RSV or RV VLRTI.

Characteristics RSV (N=40) RV (N=20) p-value

Age (years) 5.4 (5.0;7.5) 5.8 (4.9;7.2) 0.38

Male 18 (45.0) 12 (60.0) 0.27

History of prematurity 3 (7.5) 2 (10.0) 1.00

Reported asthma symptoms 22 (55.0) 11 (55.0) 1.00

Pediatrician controlled asthma 3 (7.5) 4 (20.0) 0.21

Family history of atopy 32 (80.0) 18 (90.0) 0.47

Medication use:

SABA 8 (20.0) 7 (35.0) 0.21

ICS 6 (15.0) 5 (25.0) 0.48

LTRA 2 (5.0) 0 (0.0) 0.55

BMI (kg/m2) 15.0 (13.2;19.5) 16.1 (13.1;19.8) 0.04

Baseline FEV0.5 (% predicted) 79.2 ± 12.8 85.8 ± 12.4 0.06

Baseline FEV1 (% predicted) 83.5 (69;117) 92.3 (68;104) 0.04

EIB (fall in FEV0.5 ≥ 13%) 16 (40.0) 4 (20.0) 0.12

Maximum fall in FEV0.5 (%) 19 (13;40) 21.5 (15;40) 0.75

Breakthrough EIB 2 (5.1) 1 (5.0) 1.00

Mean heart rate during exercise
(% of maximum)

84.2 ± 4.7 83.5 ± 5.4 0.61

Results expressed as medians (minimums;maximums), mean values ± SDs, or as numbers (percentages). 
SABA, short-acting β2-agonist; ICS, inhaled corticosteroid; LTRA, leukotriene receptor antagonist; BMI, 
body mass index; FEV0.5, forced expiratory volume in 0.5 second; FEV1, forced expiratory volume in 1 
second; EIB, exercise induced bronchoconstriction; breakthrough EIB, >13% fall in FEV0.5 during exercise.
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DISCUSSION

The main result of our study is that there is a high prevalence (37%) of EIB among 5-7 year 
old children with a history of hospitalisation for VLRTI, without significant differences in 
prevalence and severity of EIB between children with a history of RSV or RV VLRTI.

To our knowledge this is the first study assessing EIB in young children, median age 5.6 
years, with a history of hospitalisation for RSV or RV VLRTI in infancy.

Kotaniemi et al. investigated EIB in children with a median age of 7.2 years and a his-
tory of hospitalisation for VLRTI17,25. Their reported overall EIB prevalence of 13% was 
markedly lower than ours17. However, they measured FEV1 before, and only 10 minutes 
after an 8-minute outdoor free run test. A single measurement of FEV1 10 minutes post-
exercise underestimates the prevalence of EIB in young children, as they rapidly recover 
from EIB5,6. Moreover, FEV0.5 is a more reliable index than FEV1 to diagnose EIB in young 
children, as many young children are unable to perform the required full forced expira-
tion during a total second5,6,27. Another study in the cohort of Kotaniemi et al. found 
an overall asthma prevalence (defined as the use of inhaled corticosteroids or reported 
repeated wheezing or coughing and a positive ECT) of 40%, which corresponds to the 
37% EIB prevalence of our study25.

Few studies focused on the difference between RSV and RV VLRTI as a risk factor for 
asthma at school age. Our study showed a similar prevalence and severity of EIB, as mea-
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Figure 2. FEV0.5 values, presented as % of predicted values, for children with a history of hospitalisation for 
RSV and RV VLRTI, measured at age 5-7.
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sured by maximum exercise induced fall in FEV0.5 and prevalence of breakthrough EIB, in 
young children (median 5.6 years) with a history of RSV VLRTI compared with RV VLRTI. 
Other studies have suggested a more favourable asthma outcome for children with a 
history of RSV VLRTI compared with non-RSV VLRTI at mean age 6.5 and older13,18,25. A 
history of hospitalisation for RV VLRTI has been associated with increased bronchial 
responsiveness to exercise at age 717.

An important explanation for the different reported outcomes of RSV and RV VLRTIs 
could be that the association between RSV VLRTI and subsequent wheezing decreases 
steadily with increasing age, as proposed by Martinez et al.28. They described that RSV 
VLRTI in children <3 years was associated with an increased risk of wheezing during the 
first 10 years of life, which rapidly subsided with age and was not significant anymore by 
age 1329. Indeed, Sigurs et al. have reported high asthma prevalence (30%) in children 
with a history of hospitalisation for RSV VLRTI, till age 711,30. Our study showed a signifi-
cant lower pulmonary function in children with a history of RSV VLRTI compared with 
RV VLRTI, which corresponds to results of previous studies showing lower pulmonary 
function in young children with a history of hospitalisation for RSV VLRTI compared with 
healthy controls29, 31. This leads us to speculate that the initial impact on pulmonary func-
tion of RSV VLRTI is greater than of RV VLRTI. The young child with impaired pulmonary 
function after RSV VLRTI suffers from asthma symptoms, but might overcome airway 
disease with ageing, as the airways develop and airway calibre increases.

The relation between hospitalisation for VLRTI in infancy and the development of 
asthma in later life is still a topic of discussion14. A recent study underlined the impor-
tant role of RSV infections in preterm infants in the pathogenesis of recurrent wheeze 
in the first year of life32. Some speculate that a VLRTI in infancy damages the lung and/
or alters the immunologic response, which may cause later airway disease11,28. Others 
argue that VLRTI reveals susceptible infants rather than directly causes later asthma18. 
These different hypotheses are not mutually exclusive and probably the combination 
of a severe VLRTI in a pre-existing susceptible infant accounts for the development of 
airway disease in later life11.

Our study has strengths and limitations. First, no healthy population-based controls 
were used, which would provide a more accurate comparison of EIB prevalence between 
children with or without a history of VLRTI. Second, our subgroups were rather small, 
which possibly made our study underpowered to detect significant differences between 
groups, for example in the prevalence of EIB. One could argue that only patients with 
symptoms may have participated to the follow-up, which could create selection bias. 
However, table 1 shows that exercise induced symptoms were only reported in 31% 
of the participating children. The ratio of participating children with a history of hos-
pitalisation for RSV or RV VLRTI is comparable with that described in other studies15,16, 
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although the percentage children with a history of RSV VLRTI at follow up was slightly 
higher than in our baseline cohort (51% vs 37%).

It would have been interesting to know the atopic constitution of the children in 
our cohort, since sensitisation to inhalation allergens is a predictive factor for later 
asthma18,25,28,30,33. The majority of children (92%) with EIB in our study had a positive fam-
ily history of atopy. Allergy screening was not performed in this study.

The clinical implication of our study is that clinicians should be aware of the high 
prevalence of EIB in young children with a history of hospitalisation for VLRTI. EIB is not 
always recognised by clinicians or parents19; in our study only half of the children with 
diagnosed EIB reported exercise induced symptoms. EIB negatively influences a child’s 
quality of life and neuro-motor development34. Screening and informing susceptible 
children and their parents could improve diagnosis and treatment of EIB.

In summary, there is a high prevalence (37%) of EIB in 5-7 year old children with a his-
tory of hospitalisation for VLRTI in infancy. Children with a history of RSV VLRTI did not 
have a more favourable outcome for EIB and have a lower baseline pulmonary function 
compared with children with a history of RV VLRTI.
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ABSTRACT

Background
Previous studies showed that obesity in asthmatic children is associated with more 
severe exercise induced bronchoconstriction (EIB), compared with non-obese asthmatic 
children.

Objective
This study investigates the effect of weight loss on EIB in overweight and obese asth-
matic children.

Methods
In this intervention study, children aged 8-18 years with EIB and moderate to severe 
overweight, followed a diet based on healthy daily intake for 6 weeks. Before and after 
the diet period they underwent an exercise challenge test in cold air. Primary outcome 
was change in exercise induced fall in FEV1 and relation between weight loss and EIB. 
Secondary outcomes were changes in recovery of FEV1 (‘area under the curve’; AUC), 
Fraction of exhaled Nitric Oxide (FeNO) and scores of the Pediatric Asthma Quality of Life 
Questionnaire (PAQLQ) and Asthma Control Questionnaire (ACQ).

Results
Twenty children completed the study. After the diet period, weight and body mass index 
(BMI) were significantly reduced (changes respectively -2.6% and -1.5 kg/m2, p<0.01). 
There was a significant improvement of the percentage exercise induced fall in FEV1 
(30.6% vs. 21.8%, p<0.01), AUC and PAQLQ score. The reduction in BMI z-score was 
significantly related to the reduction in the percentage exercise induced fall in FEV1 in 
children that lost weight (r=0.53, p=0.03). There were no changes in FeNO and ACQ.

Conclusion
Dietary induced weight loss in overweight and obese asthmatic children leads to signifi-
cant reduction in severity of EIB and improvement of the quality of life. The reduction in 
BMI z-score is significantly related to the improvement of EIB.
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INTRODUCTION

Epidemiological studies in both children and adults show an important association 
between asthma and obesity1,2. A recent study in 5-17 year old children with physician 
diagnosed asthma found that more than one-third were overweight or obese3,4, and 
another study showed that the prevalence of asthma was significantly greater in obese 
children compared to non-obese children3,5. So obesity seems to be a predisposing factor 
for the development of asthma and compromises asthma control, through mechanisms 
that have not been completely elucidated yet6,7.

Exercise induced bronchoconstriction (EIB) is defined as a transient airway obstruc-
tion following exercise and measured as a fall in the forced expiratory volume in 1 
second (FEV1) post-exercise8. EIB is highly specific for asthma in children, reflects airway 
inflammation, and can be regarded as a sign of uncontrolled asthma9-11. Obese asth-
matic children have a greater exercise induced fall in FEV1 and a slower recovery from 
EIB than non-obese asthmatic children12,13, which can limit their participation in physical 
and sporting activities with peers.

Several prospective studies in adults showed an association between weight loss and 
improvement of asthma outcomes, suggesting that obesity is not merely a consequence 
of asthma2. The effect of weight loss on EIB was studied in obese non-asthmatic adoles-
cents by Da Silva et al.14, who showed an improvement of EIB occurrence after weight 
loss. The effect of weight loss in obese asthmatic children is unknown, and a recent 
review emphasised the need for weight loss trials in overweight asthmatic children1. 
The aim of this study is to investigate the effect of dietary induced weight loss on EIB in 
children with asthma and moderate to severe overweight. We hypothesise that weight 
loss in overweight and obese asthmatic children can improve severity of EIB.

METHODS

Study design

This intervention study had a prospective open-label design and was performed be-
tween December 2010 and April 2011. Included children were instructed to follow a 
written diet for 6 weeks. Before and after the diet period they underwent an exercise 
challenge test, measurement of fractional concentration of exhaled nitric oxide (FeNO) 
and filled out the Asthma Control Questionnaire (ACQ) and Pediatric Asthma Quality of 
Life Questionnaire (PAQLQ). Weight (kg), height (m), BMI (kg/m2) and BMI z-score (SD 
from the age- and gender-adjusted mean15-17) were determined before and after the diet 
period. The study protocol was approved by the local Medical Ethics Committee and was 
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registered in the Dutch Trial register (NTR2631). All children and their parents received 
written patient information and signed an informed consent form before study entry.

Subjects

We recruited children, aged 8-18 years, with pediatrician diagnosed asthma and over-
weight or obesity, from the outpatient clinic of the pediatric department of Medisch 
Spectrum Twente, Enschede. Overweight and obesity were defined as a BMI above the 
age- and gender-related cutoff points, linked to the widely accepted adult cutoff points 
of overweight (BMI ≥25 kg/m2) and obesity (BMI ≥30 kg/m2)16,17. Other inclusion criteria 
were the presence of EIB, defined as a ≥10% exercise induced fall in FEV1 at a screen-
ing exercise challenge, and clinical stable asthma (ie, baseline FEV1 >70% of predicted 
normal value and no hospital admission or use of systemic corticosteroids 3 weeks prior 
to study entry). Exclusion criteria were pulmonary or cardiac co-morbidity, and use of 
systemic corticosteroids during the study. No short- and long-acting bronchodilators 
were used, respectively 8 and 24 hours before testing. Daily physical activities and medi-
cation regimen did not change during the study.

Diet

Included children and their parents received written information about the diet at study 
entry. The children were instructed to follow a nutritional chart (different for the ages 
8-10, 11-14 and 15-18 years) based on a healthy daily intake, approved by a certified 
dietician. Children and parents were encouraged to have three meals a day, normalise 
portion sizes and minimise eating snacks (maximum 2 times daily). During the diet 
period, children visited the hospital twice. We contacted them weekly by telephone in 
order to motivate them, thus improving adherence to the diet.

Spirometry

Spirometry was performed before (baseline) and after exercise, using a standardised 
protocol according to international guidelines18. We used a MicroLoop spirometer 
with impeller, in combination with Spida5 software, to measure flow volume curves. 
Calibration of the spirometer was weekly checked. The expiratory flow volume curve 
was recorded by instructing the children to perform a maximal expiratory effort from in-
spiratory vital capacity to residual volume. All measurements were performed in duplex, 
pulmonary function was calculated from the best curve according to ATS/ERS criteria18.

Exercise challenge test

Exercise challenge testing was performed by running on a treadmill (Horizon fitness 
Ti22®), wearing a noseclip, using a standardised protocol19. The exercise tests were per-
formed in the local skating rink at the IJsbaan Twente, Enschede, in order to obtain cold, 
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dry air with a temperature of 9.5-10.0 ºC and humidity of 57-59% (5.5-6.0 mg H2O/l). Dur-
ing the test, heart rate was continuously monitored by means of radio telemetry (Sigma 
Sport PC3®). The test started with running at low speed on the treadmill with an incline 
of 10%. During the first 2 minutes the running speed was increased, raising the heart 
rate to approximately 85% of the predicted maximum ((220-age) x 0.85)19. This speed 
was maintained for a total of 6 minutes. After exercise, flow volumes were measured 
at 1, 3, 6, 9, 12, 15, 20, 25 and 30 minutes. Thirty minutes after exercise, or at request, 
patients received 100µg salbutamol, after which a flow volume curve was repeated. The 
maximum percentage fall in FEV1 compared to baseline was used for further analysis. 
AUC was calculated by multiplying the mean fall in FEV1 between two measurements 
with duration of the interval (in minutes). Total AUC is the sum of all values between 0 
and 30 minutes post-exercise.

Questionnaires

The ACQ is a validated questionnaire to measure asthma control20. Responses are given 
on a seven-point scale and the overall score is the mean of the responses. A mean score 
<0.75 is considered as well-controlled asthma, a score >1.50 as inadequately controlled 
asthma20. The PAQLQ has three domains: symptoms, activity limitations and emotional 
function. The mean item score is reported per domain and for the whole instrument, 
ranging from 1 (impaired quality of life) to 7 (no impairment in quality of life). A 0.5 point 
change in mean score is considered as clinically relevant21,22.

Exhaled Nitric Oxide

Single FeNO measurements were performed, according to current guidelines, using 
the NIOX MINO23. Children inhaled to total lung capacity and immediately exhaled at a 
constant flow rate of 50 ml/sec. A poor asthma control is defined as FeNO levels exceed 
30 parts per billion (ppb)24. Levels below 20 ppb are indicators of good asthma control24.

Statistical analysis

Results were expressed as mean values ± standard deviation (SD) for normally distrib-
uted data, as median (minimum;maximum) for not normally distributed data or as 
numbers with corresponding percentages if nominal or ordinal. Body Mass Index (BMI) 
was adjusted for age and gender and calculated as SD from the mean (BMI z-score), 
according to the Fourth Dutch Growth Study15-17. Continuous variables were tested for 
normality with a Shapiro-Wilk test. Changes in characteristics after the diet period were 
determined by using a paired samples t-test (if normally distributed) or Wilcoxon-signed 
rank sum test (if not normally distributed). Correlation between BMI z-score and EIB 
was calculated using a Spearman correlation. A 2 sided value of p<0.05 was considered 
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statistically significant. All analyses were performed with the Statistical Package for the 
Social Sciences (SPSS®) for Windows® version 15 (IBM, Chicago, IL, USA).

Before inclusion, sample size calculation was performed. A calculated sample size of 
29 subjects would achieve 80% power to detect a correlation of 0.5 between the change 
in BMI and the change in the exercise induced fall in FEV1 using a two-sided hypothesis 
test with a significance level of 0.05.

RESULTS

Patient characteristics

Thirty-three patients were screened for inclusion in the study. Twelve children were 
excluded because they had a <10% exercise induced fall in FEV1 and one child was ex-
cluded, because of a baseline FEV1 of <70% predicted value. Of the 20 included children 
(15 male), 13 were overweight and 7 were obese, according to the age- and gender-
related cutoff points linked to adult cutoff points of overweight (BMI ≥25 kg/m2) and 
obesity (BMI ≥30 kg/m2)16,17. Mean age was 11.6 ± 2.5 years. The medication use is shown 
in table 1.

Weight reduction

After the diet period of 6 ± 0.5 weeks (slight variation due to logistics), weight, BMI and 
BMI z-score were significantly reduced, as can be seen in table 2 and figure 1A. The mean 
loss of pretreatment weight was 2.6 ± 2.9 %, p<0.01. Three children did not attain our 
intervention goal of losing weight. There was no difference in weight reduction between 
obese and overweight children (data not shown).

Table 1. Medication use (N=20).

Medication Number (%)

SABA 20 (100)

LABA 3 (15)

ICS 18 (90)

AH 4 (20)

NCS 11 (55)

SABA, short-acting ß2-agonist; ICS, inhaled corticosteroids (beclomethasone 100-400 µg daily or 
fluticasone 125-250 µg daily); LABA, long-acting ß2-agonist; AH, antihistamine; NCS, nasal corticosteroids. 
Results expressed as numbers (percentages).
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Exercise induced bronchoconstriction

The maximum exercise induced fall in FEV1 was significantly reduced after the diet 
period, as can be seen in figure 1B and table 2. Children had a quicker recovery of FEV1, 
measured as reduction in total AUC, after the diet period. There was a significant, moder-
ate correlation between the reduction in BMI z-score and the reduction in the percentage 
exercise induced fall in FEV1 in the 17 children that lost weight (r=0.53, p=0.03), figure 
2. Two of the three children that did not lose weight had a reduced maximum exercise 
induced fall in FEV1 after the diet period, one child had an unchanged maximum fall in 
FEV1.

The intensity of both exercise tests was individually titrated with heart rate. Retro-
spective analysis showed that mean running speed was similar before and after the diet 
period (6.1 ± 0.6 km/h, p=0.89). Mean heart rate (as percentage of maximum) during 
exercise was lower after the diet period (86.7 ± 4.5 versus 83.4 ± 4.7, p<0.01).

Secondary outcomes

Median overall PAQLQ score and median PAQLQ score in symptoms and activity limita-
tions domains significantly improved after the diet period, of which the change in the 
symptoms domain was clinically significant. ACQ score and FeNO did not significantly 
change after the diet (table 2).

Table 2. Characteristics before and after the diet period.

Characteristics Before diet After diet p-value

Weight (kg) 58.6 (41.2;98.4) 56.8 (40.6;98.3) <0.01

BMI (kg/m2) 25.7 (20.9;31.5) 24.2 (20.6;31.5) <0.01

BMI z-score (SD from adjusted mean) 2.2 ± 0.4 2.0 ± 0.5 <0.01

Maximum exercise induced fall in FEV1 (%) 30.6 (9.5;67.3) 21.8 (6.6;65.2) <0.01

AUC for FEV1 (time (min) · % fall in FEV1) 588 (119;1404) 317 (30;1018) 0.01

Baseline FEV1 (l) 2.49 ± 0.72 2.51 ± 0.76 0.66

Baseline FEV1 (% predicted) 92.1 ± 12.7 91.9 ± 11.4 0.93

FVC (% predicted) 97.5 ± 11.1 99.2 ± 11.0 0.25

Tiffeneau index (FEV1/FVC ·100) 79.5 ± 9.7 78.3 ± 7.4 0.39

FeNO (ppb) 31.5 ± 17.3 31.9 ± 20.4 0.93

ACQ (mean score) 1.1 (0.1;2.9) 0.7 (0.0;2.9) 0.16

PAQLQ (mean score) 6.2 (3.4;6.8) 6.5 (3.7;7.0) <0.01

- symptoms 5.9 (3.4;7.0) 6.6 (3.9;7.0) 0.01

- activity limitations 5.8 (3.4;7.0) 6.2 (3.2;7.0) 0.02

- emotional function 6.8 (3.3;7.0) 6.9 (3.0;7.0) 0.08

BMI, body mass index; FEV1, forced expiratory volume in 1 second; AUC, area under the curve for forced 
expiratory volume in 1 second; FVC, forced vital capacity; FeNO, fraction exhaled nitric oxide; ppb, parts 
per billion; ACQ, asthma control questionnaire; PAQLQ, pediatric asthma quality of life questionnaire. 
Results expressed as median (minimum;maximum) or as mean values ± SD.
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Figure 1. Changes in BMI z-score (A) and exercise induced fall in FEV1 (B) after the diet period. As 
individual changes (circles) and means or medians (lines). BMI, body mass index; FEV1, forced expiratory 
volume in 1 second; ○, before diet; ●, after diet.
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DISCUSSION

The main finding of this study was that even a small reduction of BMI following a diet 
based on healthy daily intake can improve severity of EIB in overweight and obese 
asthmatic children. The reduction in BMI z-score was related to the improvement of the 
percentage exercise induced fall in FEV1.

To our knowledge, the effect of weight loss on EIB in overweight and obese asthmatic 
children has not been investigated before. The effect of weight loss on EIB was inves-
tigated in one study, performed in 35 obese non-asthmatic adolescents, aged 15-19 
years old, of which 15 had EIB14. After a 1-year interdisciplinary weight loss therapy, 
consisting of exercise training and medical, nutritional and psychological therapy, there 
was a reduction of EIB prevalence to 0%14. Although the positive effect of weight loss 
on EIB as described by Da Silva et al.14 is in line with our findings, their results cannot 
be extrapolated to asthmatic children, as the pathophysiology of EIB in non-asthmatic 
obese patients is probably different1. In obese adults, several studies have investigated 
the effect of weight loss on asthma outcomes2. Regardless of the mode of intervention 
(bariatric surgery or diet), all studies found an improvement in at least one asthma 
outcome, such as use of asthma medication, severity of asthma symptoms or resolution 
of asthma symptoms2.

Besides reduction in the severity of EIB, our results also showed a clinically significant 
improvement in quality of life with regard to asthma symptoms, as measured by the 
PAQLQ symptoms score, after the diet period. This improvement could be due to both 
weight loss and reduction in the severity of EIB, as excessive body weight is associated 
with an additional decrease in quality of life in children with asthma25. Our study did 
not show a significant improvement in the ACQ score, which could be due to the small 
sample size or relatively short intervention period. There was no change in FeNO after 
the diet period, which may suggest a different mechanism for the influence of BMI on 
EIB.

Our study has some limitations. First, we did not include a control group of overweight 
asthmatic children that did not follow a diet. Simply participating in a study could con-
ceivably improve subjective outcomes and adherence to medication, and thus severity 
of EIB. However, we assumed that the improvement of EIB in our study was due to the 
weight loss, as we found a significant relation between reduction in BMI z-score and 
severity of EIB in children after losing weight. Moreover, a previous placebo controlled 
trial with a comparable design, performed by our own group, showed that there was no 
change in EIB in a control group26. We cannot exclude that dietary changes in itself, such 
as changes in types of food eaten, have affected EIB.

Secondly, our study was slightly underpowered since 13 of the recruited children were 
excluded. However, in spite of this, we did find a significant and relevant improvement 
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in severity of EIB and quality of life. We individually titrated the intensity of both exercise 
tests with heart rate (with the aim of achieving approximately 85% of maximum heart 
rate). Mean heart rate during exercise appeared to be 3% lower after the diet period, 
which was statistically significant, but we considered it not to be of clinical relevance19. 
Our study group consisted predominantly of male children (75%), which we considered 
to be the consequence of the difference in asthma prevalence in childhood (prevalence 
in boys is about 50% higher than in girls27), rather than selection bias.

Several mechanisms have been suggested to explain the beneficial effect of weight 
loss on asthma outcomes. First, weight loss improves chest wall mechanics1,2. In obese 
asthmatics, chest wall and abdominal adipose tissue cause dysfunctional chest wall 
mechanics and decrements in tidal volumes2,28. These hinder deep inspirations and 
subsequent airway smooth muscle relaxation, which are necessary to prevent bron-
choconstriction2,29,30. The decreased smooth muscle stretch in obese asthmatics results 
in latching of smooth muscle, which leads to enhanced airway hyperresponsiveness 
and sustained airway obstruction2,28. Second, weight loss might decrease systemic and 
airway inflammation1. Obesity is considered to be an inflammatory state with increased 
levels of hormones, such as leptin, and chemokines and cytokines, such as tumour 
necrosis factor and interleukins, which all can play a role in airway inflammation and 
the development of bronchial hyperresponsiveness1,28,31. Several studies have suggested 
that relative body fat loss in obese children is associated with a reduction in systemic 
inflammation, explaining the positive effect on asthma outcomes1. The relation between 
obesity and asthma can also be explained by a more sedentary lifestyle in asthmatic 
patients, leading to obesity. However, this theory is not compatible with the positive 
effects of weight loss on asthma outcomes, observed in several studies2. Moreover, evi-
dence from prospective studies in adults and children suggested that obesity precedes 
asthma and that weight gain is associated with an increased risk of asthma1,7,32.

In conclusion, our study showed that a relatively small reduction of BMI through a 
diet based on healthy daily intake, improves severity of EIB in overweight and obese 
asthmatic children. This indicates the potential importance of dietary intervention and 
weight management in the clinical management of the overweight child with asthma. 
Moreover, dietary induced weight loss is associated with improved quality of life, which 
is valuable to patients with low self-esteem as a result of overweight and EIB. The results 
of our study provide pilot data to support the design of larger randomised controlled 
trials investigating the short and long-term effect of dietary induced weight loss on EIB 
in asthmatic children.
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ABSTRACT

Recent research shows important differences in exercise induced bronchoconstriction 
(EIB) between children and adults, suggesting a different pathophysiology of EIB in chil-
dren. Although exercise can trigger classic symptoms of asthma, in children symptoms 
can be subtle and nonspecific; parents, children, and clinicians often do not recognise 
EIB. With an age-adjusted protocol, an exercise challenge test can be performed in 
children as young as 3 years of age. However, an alternative challenge test is sometimes 
necessary to assess potential for EIB in children. This review summarises age-related fea-
tures of EIB and recommendations for assessing EIB in young children and adolescents.

KEY POINTS

- Adults and children show differences in exercise induced bronchoconstriction (EIB).
- The time course of EIB is age-dependent; the younger the child, the shorter the time 

to maximal bronchoconstriction and the quicker the recovery from EIB.
- Many children with EIB have breakthrough EIB (bronchoconstriction starting during 

exercise).
- EIB symptoms are poorly recognised by children, parents and clinicians.
- An age-adjusted exercise challenge test is the first choice test to assess EIB in chil-

dren, and is feasible in children as young as 3 years.
- Alternative bronchial provocation tests are available when exercise tests cannot be 

performed.
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INTRODUCTION

Exercise induced bronchoconstriction (EIB) is defined as a transient narrowing of the 
airways that follows vigorous exercise1. EIB is a common manifestation of asthma in chil-
dren and adolescents, occurring in up to 90% of the asthmatic children2,3. Its prevalence 
in the general pediatric population is between 6 and 20%2,4,5.

EIB compromises the participation of children in play and sports, and may result 
in a negative influence on quality of life, cardiovascular condition and psycho-motor 
development6-8.

In children, EIB is highly specific for asthma9, and because EIB reflects airway inflam-
mation, it indicates uncontrolled asthma9-11. Thus the assessment of EIB in children is 
used to not only diagnose EIB but also to monitor asthma.

Time course of EIB in children

EIB is characterised as a reduction in post-exercise pulmonary function3,12. The course of 
EIB in children generally consists of an initial bronchodilatation early during exercise12. 
The bronchoconstriction typically begins after cessation of exercise4,13, but may start 
during exercise (‘breakthrough’ EIB)14,15, and peaks 2 to 15 minutes after exercise2,13,15,16, 

40 

60 

80 

100 

120 

0 5 10 15 After SABA 

Exercise
2 4 6 0 

*

Time (minutes)

Figure 1. Mean expiratory volume in 0.5 second (FEV0.5) ± standard deviation during and after exercise in 
5-to 7-year-old children with breakthrough exercise induced bronchoconstriction (EIB) (ie, ≥13% decrease 
in FEV0.5 during exercise, sustained after exercise; lower graph) and non-breakthrough EIB (ie, ≥13% 
decrease in FEV0.5 after exercise; upper graph).
Note that the children with breakthrough EIB have a more severe decrease in pulmonary function and 
slower recovery from EIB compared with non-breakthrough EIB, indicating severe EIB15. As percentage of 
baseline.
* administration of 100 µg salbutamol. SABA, short-acting β2-agonist (ie, salbutamol). Data from van 
Leeuwen et al.15
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as shown in figure 1. This is followed by spontaneous recovery of pulmonary function, 
which can last about 30 to 60 minutes2,13. About 50% of the children with EIB subsequently 
experience a refractory period, which can last between 45 minutes and 3 hours2,17.

Several studies showed that the course of EIB changes with age13,18. Vilozni and col-
leagues13 systematically assessed the relationship between age and time to maximal 
bronchoconstriction (Nadir-t) after exercise. These investigators retrospectively reviewed 
data of exercise challenge tests in 4-18-year-old children and adolescents, and found a 
significant relation between age and Nadir-t (r2=0.54, p<0.001)13. The mean Nadir-t was 
at 5.1 ± 2.6 minutes, and none of the children reached Nadir-t later than 12 minutes after 
exercise13. Another study investigated the spontaneous recovery of pulmonary function 
after maximal bronchoconstriction, induced by exercise and histamine, in 7- to 12-year-
old children with EIB. The recovery rate (ie, % increase in forced expiratory volume in 1 
second (FEV1) per minute) for EIB decreased significantly with increasing age, in contrast 
to the recovery rate for histamine18. Thus, the younger the child, the shorter the time to 
maximal bronchoconstriction after exercise and the quicker the recovery from EIB13,18.
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Figure 2. Relation between age and time to breakthrough EIB, defined as a >13% decrease in FEV1 or 
FEV0.5 during exercise (N=27). r=0.73, p<0.01. Note: data reproduced from different exercise protocols by van 
Leeuwen et al.14,15
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Breakthrough EIB in children

EIB has been described as airway narrowing occurring after the cessation of exercise. 
However, several studies assessing pulmonary function in asthmatic children during 
exercise have found that EIB often occurs during, and is sustained after, exercise; this is 
known as breakthrough EIB14,15,19. Breakthrough EIB (defined as a 15% decrease in FEV1 
during exercise) has been described in 8-to 15-year-old asthmatic children, occurring 
6-10 minutes after the start of exercise and before cessation of exercise14. Another study, 
measuring FEV0.5 during and after exercise in 5-to 7-year-old asthmatic children, showed 
that breakthrough EIB (defined as a 13% decrease in FEV0.5) in this age group can even 
occur within 2 minutes of starting exercise, suggesting a shift of the breakthrough 
phenomenon with age15. The relation between age and time to breakthrough EIB as 
derived from the data from studies of van Leeuwen and colleagues15 is shown in figure 2. 
Breakthrough EIB is accompanied by a more severe decrease in pulmonary function and 
slower recovery from EIB compared with non-breakthrough EIB, indicating severe EIB15. 
Therefore in children, symptoms of dyspnea within minutes of starting exercise may well 
be caused by EIB and may result in the child quickly dropping out of play and sports.

Pathophysiology of EIB in children

EIB is thought to be largely caused by dehydration of the respiratory mucosa during 
exercise induced hyperpnea. This airway dehydration leads to hyperosmolarity of the 
mucosa and subsequent release of inflammatory mediators, causing bronchoconstric-
tion1. Another proposed mechanism for EIB is the thermal hypothesis, which states that 
exercise induced hyperpnea causes airway cooling. After exercise, when hyperpnea 
ceases, the airways rapidly rewarm, leading to engorgement of the hyperplastic vascular 
bed in the asthmatic airway wall and subsequent bronchoconstriction20. The quick onset 
of bronchoconstriction during exercise (breakthrough EIB) and the rapid recovery from 
EIB after exercise, as observed in young children, are not compatible with the thermal 
hypothesis. Indeed, rapid rewarming of the airways was not shown to enhance EIB in 
children21. The thermal phenomenon, however, may contribute to EIB and explain the 
protracted recovery seen in asthmatic adults, particularly those exercising in a cold 
environment.

Several mechanisms could explain the quick onset of EIB in young children compared 
with older children and adults. Exercise induced hyperpnea is associated with the 
increased urinary excretion of inflammatory mediators22,23. EIB in children has been 
successfully inhibited by leukotriene antagonists24, loratadine (an antihistamine)25, and 
mast cell stabilisers, such as sodium cromoglycate and nedocromil sodium26, supporting 
a role for inflammatory mediators in EIB. Perhaps their release occurs faster in children 
than in adults, owing to swift changes in osmolarity. Young children may be prone to 
rapid airway dehydration, as their minute ventilation is relatively high and their capac-
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ity to humidify the inspired air low in comparison with adults27,28. Mast cells respond 
rapidly to a change in osmolarity, as shown many years ago29,30. Furthermore, the airway 
smooth muscle in young airways could have a shortened response and relaxation time 
in comparison with adolescents or adults16,31. This rapid hyperresponsiveness of young 
airways may account for breakthrough EIB and the rapid pattern of bronchoconstric-
tion after exercise in young children13. Finally, breakthrough EIB could be explained by 
a failure of the exercise induced release of bronchoprotective prostaglandins, such as 
PGE2 as suggested by Larsson and colleagues32, to counterbalance the mast cell media-
tors causing bronchoconstriction during exercise. Further research is necessary to clarify 
these mechanisms, and particularly to measure the release of bronchoconstrictive and 
bronchoprotective mediators in children with breakthrough and non-breakthrough EIB.

Assessing EIB in children; recognition of symptoms

The characteristic presenting symptoms of EIB include chest tightness, wheeze, and 
cough33,34. However, EIB in children can also be accompanied by subtle, nonspecific 
symptoms, such as fatigue, abdominal or chest pain, or headache34. It has been shown 
that reported symptoms do not correlate with the presence of EIB15,34. For example, most 
children with EIB cough, but as with adult athletes35, this symptom is not specific for 
EIB15,36. Panditi and Silverman37 investigated the relationship between parent-reported 
and child-reported EIB symptoms and laboratory-diagnosed EIB, and concluded that 
reported symptoms weakly relate to objective measures of severity of EIB. Children 
seem to have a poor perception of EIB symptoms, and may fail to notice symptoms until 
taking part in organised sports16. About 50% of children with asthma who reported 
a negative history of EIB had a positive response to an exercise challenge test (ECT)2. 
Parents’ perception of the extent and severity of their children’s EIB did not relate to any 
measurement of lung function37. Even clinician-observed symptoms seem to be poor 
predictors of EIB15,33, leading to both false-positive and false-negative diagnosis and 
treatment of EIB.

Assessing EIB in children; questionnaires

Asthma control questionnaires, such as the Asthma Control Questionnaire (ACQ)38 or the 
(Childhood) Asthma Control Test ((C)-ACT)39,40, are widely used and validated measures 
for the evaluation of asthma control11,38-40. As EIB is considered to be a sign of uncon-
trolled asthma, one could expect a significant relation between questionnaires and EIB9-

11. However, the ACT failed to detect EIB in a significant percentage of 6-to 17-year-old 
asthmatic children41. A similar study investigated EIB in 5-to 7-year-old children, and 
showed a poor association between the C-ACT and EIB, even during provocative exercise 
challenges in cold, dry air15. Chinellato and colleagues42 observed that nocturnal symp-
toms related better with EIB than symptoms indicating activity limitations, reinforcing 
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the notion that the occurrence of EIB can be considered a sign of poor asthma control9-11. 
A limitation of the ACT is the lack of an exercise-specific question. The ACQ does have a 
distinct question regarding exercise limitations, but also showed no relation with the oc-
currence of EIB43. This study described a positive predictive value of 51% and a negative 
predictive value of 59% to predict EIB in adolescents, when using the ACQ cutoff points 
set by Juniper and colleagues38,43. The relationship between the individual ACQ score 
and exercise induced decrease in FEV1 as investigated by Madhuban and colleagues43, 
is shown in figure 3.

One may conclude that although EIB is one of the hallmarks of asthma in children and 
is a clear sign of uncontrolled asthma, children, parents and clinicians seem to be unable 
to grasp its presence without testing.
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Figure 3. Relation between asthma control questionnaire (ACQ) score and exercise induced decrease in 
FEV1, as percentage decrease from baseline (N=200). Dotted lines represent cutoff value for EIB (ie, 15% 
decrease in FEV1) and cutoff values for asthma control (<0.75 well-controlled asthma, >1.50 not well-
controlled asthma). FEV1, forced expiratory volume in 1 second. Figure reproduced by Driessen with data 
from Madhuban et al.43
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Assessing EIB in children; exercise challenge test

ECTs have been studied extensively and are well standardised for children older than 8 
years5,16,44. Children younger than 8 years can perform ECTs as well, using an age-adjusted 
approach15,16,45. Vilzoni and colleagues16 performed ECTs in children as young as 3 years.

An ECT consists of pulmonary function measurements before and after exercise.
Although an ECT remains the first choice bronchial provocation test (BPT) to assess 

EIB in children2, it should be interpreted carefully. The advantage of an ECT in the as-
sessment of EIB is that it is a “real-life” test, providing direct insight, for both parents and 
clinicians, in the severity and course of a child’s EIB. Especially for children, an ECT can be 
more enjoyable than other BPTs.

The limitation of the ECT lies in standardising the many factors that can affect the 
airway response to exercise, such as the temperature and water content of the inspired 
air, and the duration and intensity of exercise. Insufficient attention to these important 
determinants of EIB may produce false-negative outcomes46. The airway response 
to exercise is moderately reproducible; the variability in the percentage decrease in 
FEV1 for children is 13.4% (figure 4)47. Therefore more than one ECT may be required 
to include or exclude EIB47. This variation in airway response could be due to different 
factors, such as changes in intensity of exercise, environmental or dietary factors, or the 
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Figure 4. Variability in the percentage exercise induced decrease in FEV1 between 2 exercise challenge 
tests within 4 days in children with mild symptoms of asthma (N=95). The interval defines the 95% 
probability that the difference between a single measurement and the true value for the subject is within 
that range. Figure reproduced with permission from Anderson et al.47
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intrinsic reproducibility of an ECT itself47. Moreover, particularly in children, variability in 
airway response could be the result of refractoriness17,44, as children have multiple bouts 
of physical exercise during the day. Finally, an ECT in its current form does not have a 
dose response, and ECTs can trigger severe decreases in pulmonary function. The latter 
could be overcome when measuring pulmonary function during exercise, to identify 
breakthrough EIB14.

Exercise challenge test; pulmonary function measurements
The most widely used guidelines for testing are from the 1999 American Thoracic So-
ciety statement, and recommend FEV1 as the primary outcome variable for detecting 
EIB44. A post-exercise decrease in FEV1 of 10% is generally accepted as diagnostic for 
EIB44, although other cutoffs have been suggested for use in children, such as 13%48 
and 15%5. Alternative spirometric measures such as FEV0.5 can be used as well49, as most 
young children are unable to perform the required full forced expiration during a total 
second15,16,49,50. In a recent study, 69% of 5-to 7-year-old children showed a baseline 
Tiffeneau index (FEV1/forced vital capacity) of 90% or greater15, demonstrating that FEV1 
almost equaled forced vital capacity, which could reduce the usefulness of FEV1 as an 
index of airway obstruction15,49.

The use of big-breath tests such as FEV1 to evaluate EIB, may in itself influence the ob-
struction as a deep breath may lead to bronchodilatation51 or bronchoconstriction52. The 
forced oscillation technique (FOT) does not rely on forced breathing manoeuvres, and is 
an elegant method to analyse the patency of the airways, for example in young children 
unable of performing spirometry. The FOT analyses the resistance and reactance of the 
airways using acoustical impedance53. The resistive component of respiratory impedance 
(Rrs) depends on the airway caliber. The reactive component of respiratory impedance 
(Xrs) incorporates the mass-inertive forces of the air column in the conducting airways 
and the elastic properties of lung periphery54, namely lung stiffness, intraparenchymal 
airway mechanics, and airway-parenchyma interdependence. The FOT has been used to 
evaluate EIB45,51,55-57, and Malmberg and colleagues45 suggested that an increase of more 
than 35% in the Xrs at 5 Hz indicated the presence of EIB in young children.

Schedule of pulmonary function measurements
Pulmonary function measurements should be performed before (baseline) and serially 
after exercise, using a standardised schedule44. A general recommended appropriate 
testing schedule is 5, 10, 15, 20 and 30 minutes after cessation of exercise44. However, 
because the time to maximal bronchoconstriction and recovery from EIB in children 
is age-dependent, the schedule of post-exercise pulmonary function measurements 
should be cautiously trimmed13. Vilozni and colleagues16 investigated EIB in 3-to 
6-year-old children, measuring pulmonary function at 1, 2, 3, 5, 10 and 20 minutes after 
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exercise. Maximal bronchoconstriction often occurred within 3 minutes after exercise, 
and could disappear as soon as 5 minutes after exercise. The investigators concluded 
that the exclusion of measurements up to 5 minutes after exercise may miss or under-
estimate the severity of the bronchoconstriction16. Another study measured EIB and 
breakthrough EIB in 5-to 7-year-old children, measuring pulmonary function at 2, 4, and 
6 minutes during exercise and at 1, 2, 3, 5, 7, 10 and 15 minutes after exercise15. In this 
study the mean maximum bronchoconstriction was at 2 minutes after exercise, which 
corresponds to data from Vilozni and colleagues15,16. Pulmonary function in most 3-to 
7-year-old children recovers within 15 to 20 minutes15,16, which allows earlier termina-
tion of pulmonary function measurements in comparison with an adult ECT. Moreover, 
young children have a short attention span and easily fatigue as a result of repeated 
forced breathing manoeuvres. Pulmonary function measurements in this age group 
therefore require special attention, such as the use of incentives, comfortable position 
(ie, without nose clip), and skilled and patient technicians16,49.

Measurements of pulmonary function during exercise are feasible in children and can 
identify breakthrough EIB, providing a thorough assessment of EIB in children14,15.

Modes of exercise
The exercise performed during an ECT should be of sufficient duration and intensity 
to provoke a bronchoconstriction response, and preferably be standardised58. Current 
guidelines recommend 6 to 8 minutes of exercise with 4 to 6 minutes at near-maximum 
target (heart rate of 80-90% of maximum [220 minus age])44. The preferred mode of 
exercise for an ECT in schoolchildren is the treadmill or cycle ergometer16,44. In children 
younger than 8 years, free-run tests are often used to assess EIB16,45. However, in young 
children the duration of running seems to be limited by age, and forced running might 
be overwhelming, which could lead to a high test failure percentage and possibly 
underdiagnosis of EIB15,16. Alternative modes of exercise in these young children could 
basically be any exercise that is sustainable, safe, and enjoyable, and during which heart 
rate can be reasonably maintained above 80% of predicted maximum15. For example, 
one study successfully performed ECTs in 5-to 7-year-old children using a jumping 
castle, an inflatable platform that children are familiar with and can safely jump on15. 
During exercise, climatic conditions (air temperature and humidity) should be stable. 
Optimally, the water content of the inspired air should be less than 10 mg/L44,58,59, which 
can be accomplished by testing in an air-conditioned room.

Assessing EIB in children; alternative challenges

Although an ECT is usually the first choice to diagnose EIB, alternative tests that mimic 
the dehydrating effect of exercise induced hyperpnea on the airways are available60. 
Standardised BPTs are used to assess bronchial hyperresponsiveness (BHR) through the 
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administration of bronchoconstrictor stimuli. BPTs are classified into 2 categories: (1) 
indirect challenges, whereby a stimulus acts on intermediate cells, such as mast cells, 
to induce airflow limitation through the release of pro-inflammatory mediators; and (2) 
direct challenges, whereby a pharmaceutical agent such as methacholine or histamine 
is the provoking agent that induces expiratory airflow limitation through a direct action 
on effector cells, such as airway smooth muscle and mucous glands61.

The response to a direct stimulus reflects airway smooth muscle function and airway 
caliber. Although these direct tests are sensitive for identifying BHR in an asthmatic 
population, they are not specific for asthma. For example, methacholine challenges 
in girls have a sensitivity of between 71% and 77% and a specificity of 53 to 69% for 
detecting asthma62. Subjects with other pulmonary diseases and even healthy subjects 
may demonstrate BHR to these stimuli48,63. The response to an indirect stimulus is more 
closely associated with current airway inflammation, as it reflects the presence and active 
state of inflammatory cells, such as mast cells and eosinophils, in the airway61,64. Indirect 
BPTs are therefore highly specific for diagnosing asthma that is currently active, and for 
this reason can be used to monitor the response to anti-inflammatory treatment65,66. As 
exercise is considered an indirect stimulus, other indirect challenges, such as mannitol, 
eucapnic voluntary hyperpnea (EVH), hypertonic saline and adenosine monophosphate 
(AMP), are preferred over direct challenges for assessing EIB65,67.

Mannitol
The inhalation of dry-powder mannitol was developed as an indirect BPT, as mannitol 
can mimic the airway drying provoked by exercise by dehydrating the airway surface 
and thereby triggering the release of inflammatory mediators68. A mannitol test is per-
formed according to a standard protocol, with inhalation of increasing doses of manni-
tol60,67-69. The test ends when a 15% or greater decrease in FEV1 from baseline or a 10% or 
greater decrease between subsequent doses occurs, or the cumulative dose of 635 mg 
mannitol has been administered. Sensitivity to mannitol is expressed as the provoking 
dose to cause a 15% decrease in FEV1 (PD15%). Reactivity to mannitol is expressed as the 
response dose ratio, defined as the final percent decrease in FEV1 divided by the total 
cumulative dose of mannitol to induce such a decrease in FEV1. A mannitol challenge is 
associated with mast cell release of mediators and an increase in urinary concentration 
of inflammatory mediators70. A mannitol challenge is a suitable alternative for an ECT71. 
With a negative predictive value of 91% it is a useful method to exclude EIB in children72. 
A mannitol test has the built-in safety feature of a progressive dose-response challenge, 
so the test can be stopped before severe decreases in FEV1 occur. A majority of patients 
(85.3%)68 experience coughing during the mannitol challenge, which in some cases 
causes a delay in the challenge. As the rate of delivery of the osmotic stimulus is an 
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important determinant for the severity of induced BHR, this could lead to false-negative 
tests.

Eucapnic voluntary hyperpnea
EVH mimics the airway drying provoked by exercise by voluntary hyperpnea of dry air 
at a high ventilation rate. A sustained 10% or greater decrease in FEV1 following EVH 
is considered consistent with a diagnosis of EIB. A positive EVH test is associated with 
an increase in urinary excretion of the same inflammatory mediators as exercise22. Al-
though EVH tests with dry, and especially with cold air, are feasible in children as young 
as 2 years73,74, it is technically a difficult test to conduct properly in children. EVH has 
the potential to provoke severe bronchoconstriction and should only be performed by 
highly trained specialists, with safety equipment available.

Hypertonic saline
Nebulised hypertonic saline acts by increasing airway surface liquid osmolarity, trig-
gering sensitised cells (in particular mast cells) to release inflammatory mediators60,67,69. 
During a hypertonic saline challenge, an aerosol of 4.5% hypertonic saline is inhaled 
for progressively increasing intervals of 1 to 8 minutes67,69. The test is terminated after 
a 15% or greater decrease in FEV1 is observed, or when a total minimum dose of 23 
g has been administered in 15.5 minutes67,69. As with any osmotic stimulus, cough oc-
curs in the majority of patients (73.5%) with 4.5% saline68. Children who are positive to 
hypertonic saline are 4.3 times more likely to have EIB than those who are negative75. In 
348 asthmatic children, the sensitivity of a PD15% to 4.5% saline to identify EIB (defined as 
≥ 10% decrease in FEV1) was 53.9%, with a specificity of 87.6%75. In very young children, 
hypertonic saline may be easier than EVH or exercise to administer. An advantage of 
hypertonic saline over exercise and EVH is that it can be used to collect sputum for me-
diator and cellular analysis concurrently with the measurement of BHR67. Furthermore, 
the hypertonic saline challenge produces a dose-dependent response, thereby prevent-
ing a severe decrease in FEV1. A disadvantage of the hypertonic saline challenge is that 
many factors can alter the output of the aerosol, such as the temperature, the volume 
of fluid in the nebuliser, the tidal volume of the subject, and the size of the valves and 
tubing69.

Adenosine monophosphate
AMP challenge is a nonosmotic indirect BPT. Dry crystalline AMP powder is dissolved in 
0.9% saline and is administered in progressively doubling concentrations via a nebuliser. 
After inhalation, AMP dephosphorylates into adenosine. Adenosine is a protein that 
binds to specific G-protein-coupled receptors on the cell surface of mast cells, stimulat-



EIB in the young 113

ing degranulation with subsequent release of inflammatory mediators60,69. The response 
to AMP is expressed as the provoking concentration to cause a 20% decrease in FEV1

60,69.
AMP challenge is used in research into mechanisms rather than as a routine BPT. There 

are limited data available on the sensitivity and specificity of AMP challenge in identify-
ing EIB76.

SUMMARY

Adults and children show marked differences in EIB; the younger the child, the shorter 
the time to maximal bronchoconstriction and the quicker the recovery from EIB. The 
weak relationship between exercise induced symptoms and EIB as measured in ECTs 
in children urges the use of BPTs. An age-adjusted ECT is the first-choice test to assess 
EIB in children, and is feasible in children as young as 3 years. An ECT is a real-life and 
revealing test for both children and their parents. Assessing pulmonary function during 
exercise to identify breakthrough EIB can provide additional important information 
about the severity of a child’s EIB.
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SUMMARY AND GENERAL DISCUSSION

Exercise induced bronchoconstriction (EIB) has been demonstrated in children as young 
as 3 years1,2. The clinical features of EIB change with age3,4, and are often poorly recog-
nised by children, parents and even clinicians5,6. On the other hand, exercise induced 
dyspnea due to lack of cardiovascular fitness may be misinterpreted as EIB, leading to 
overdiagnosis of asthma. Clinicians therefore face many challenges in identifying, evalu-
ating and treating young children with EIB. This thesis focused on unanswered questions 
regarding the development, assessment and treatment of EIB in young children.

From bronchiolitis to exercise induced bronchoconstriction

After a general introduction (chapter 1), in which the current insights regarding the 
relationships between asthma, EIB and viral lower respiratory tract infections (VLRTI) 
are outlined, chapter 2 compared the clinical pattern in infants <2 years, hospitalised 
with a respiratory syncytial virus (RSV) or rhinovirus (RV) VLRTI. Hospitalisation for VLRTI 
in infancy is one of the risk factors for later asthma7-9. RSV and RV are the predominant 
viruses associated with VLRTI10-12. Several studies compared clinical patterns of RSV and 
RV VLRTI, but results were inconsistent11,13,14. We compared symptoms and viral load 
(CT-value) in 120 infants hospitalised with a RSV or RV VLRTI and observed no significant 
differences in the clinical pattern. Thus on clinical grounds no difference can be made 
between RSV and RV VLRTI, and hence medical approach should be the same. There 
was a significant, but weak, relation between viral load and length of hospital stay in 
children with a RSV VLRTI, whereas viral load in RV VLRTI was not related to length of 
hospital stay.

The relation between viral load and clinical pattern, and in particular the difference 
between the predictive value of viral load in RSV VLRTI and RV VLRTI, was further in-
vestigated in chapter 3. In this study, we investigated the dynamics of the viral load in 
103 infants hospitalised for a RV or RSV VLRTI by performing RT-PCR and determining 
CT-value on nasal swabs obtained upon hospital admission, discharge and outpatient 
check-up. We confirmed that viral load at hospital admission was related to length 
of hospital stay in infants with a RSV VLRTI, as we found in chapter 2. RSV viral load 
decreased during hospitalisation, which corresponded to other studies investigating 
viral load in RSV VLRTI15-17. Thus RSV viral load at hospital admission has potential as a 
prognostic and monitoring measure to predict the clinical course of infants with a RSV 
VLRTI. In contrast, RV viral load at admission showed no relation with disease severity 
or length of hospital stay. This difference in dynamics of RSV and RV viral load during 
VLRTI suggests a different pathophysiological mechanism by which both viruses cause 
airway disease. Mean CT-value at hospital admission is significantly higher, thus viral 
load lower, in RV VLRTI compared with RSV VLRTI (chapter 2 and 3), which supports this 



122 Chapter 9

hypothesis. We speculate that in RSV VLRTI viral replication induces direct cytopathic 
effects in the airway, explaining the observed relation between viral load and disease 
severity. In contrast, disease severity in RV VLRTI might be more related to the severity 
of the immunopathologic response to the infection, which explains the lack of a rela-
tion between viral load and disease severity in RV VLRTI. Genetic predisposition to an 
immunopathologic response to RV infection may contribute to later airway disease, 
which could explain the suggested strong relation between RV VLRTI and asthma in 
later life18,19.

Whether there is indeed a difference in development of asthma in young children 
with a history of hospitalisation for RSV or RV VLRTI is investigated in chapter 6. In this 
chapter we described the prevalence and severity of EIB, a specific manifestation of 
asthma in children. Seventy 5-7 year old children with a history of hospitalisation for 
RSV or RV VLRTI in infancy underwent an age-adjusted exercise challenge test (ECT). 
This ECT, using a jumping castle, was designed to assess EIB in young children (chapter 
5). EIB was diagnosed in 37% of the children, which is approximately 4 times more than 
the prevalence of asthma in the general population of Dutch children <12 years of age 
(maximal 10%20). Clinicians should be aware of this high prevalence of EIB in young chil-
dren with a history of hospitalisation for VLRTI, especially since EIB is hard to recognise 
in this patient group5,6. The later is confirmed by the low frequency of parent-reported 
exercise induced symptoms in the children with a positive ECT in this study. We did not 
find a favourable asthma outcome in young children (median 5.6 years) with a history 
of RSV VLRTI compared with RV VLRTI, which was observed in several other studies per-
formed in older children18,19,21,22. Children with a history of hospitalisation for RSV VLRTI 
in our study even had a lower baseline pulmonary function compared to children with 
a history of RV VLRTI. A possible explanation for the discrepancy in outcomes of RSV 
and RV VLRTI could be that the association between RSV VLRTI and subsequent airway 
disease decreases steadily with increasing age23; a history of RSV VLRTI is associated with 
increased risk of wheezing till age 10, which isn’t significant anymore by age 1324. The 
low pulmonary function of children after RSV VLRTI as we observed, is compatible with 
this theory. The young child with impaired pulmonary function after RSV VLRTI suffers 
from asthma symptoms, but might overcome airway disease with ageing, as the airways 
develop and airway calibre increases.

Whether a VLRTI in infancy damages the airways and/or alters the immunologic re-
sponse to cause later airway disease, or simply reveals susceptible infants rather than 
directly cause asthma remains a topic of discussion. These different hypotheses are not 
mutually exclusive and probably the combination of a severe VLRTI in a pre-existing 
susceptible infant accounts for the development of airway disease in later life7.
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Assessment of exercise induced bronchoconstriction in young children

There is a widely held belief that EIB occurs after cessation of exercise. Clinicians 
therefore may tend to explain asthmatic symptoms during exercise as non-asthmatic in 
origin. However in asthmatic children, pulmonary function is often already substantially 
decreased 1 minute after a regular exercise challenge of 6 minutes, suggesting that the 
onset of EIB in children could be during exercise. In adults, only prolonged (>15 minutes) 
exercise can trigger EIB during exercise25,26. Pulmonary function, as measured by FEV1, 
during exercise in asthmatic children has not been investigated before. In chapter 4 we 
measured pulmonary function before, during and after a prolonged exercise test of 12 
minutes duration in 33 asthmatic children, aged 8-15 years. Whilst running on a treadmill, 
single flow volume curves were measured each minute during exercise for a maximum 
of 12 minutes or until a fall in FEV1>15% from baseline value had occurred. Spirometry 
was repeated after exercise. Out of 19 children with EIB, defined as a post-exercise fall in 
FEV1>15%, 12 children showed bronchoconstriction during exercise. This ‘breakthrough 
EIB’ occurred between 6 and 10 minutes of exercise, with a further deterioration of FEV1 
after cessation of exercise.

Breakthrough EIB is probably due to an imbalance between the bronchoconstricting 
and bronchodilating influences during exercise. Apparently the bronchoprotective ef-
fect of exercise, through the release of nitric oxide and prostaglandins, and stretching 
of airway smooth muscle, is short-lived in children with breakthrough EIB, and rapidly 
followed by bronchoconstriction. The quick onset of breakthrough EIB in children is not 
compatible with the thermal hypothesis, which suggests that EIB is caused by rapid 
rewarming of the airways after the cessation of exercise. The thermal phenomenon, 
however, may contribute to EIB and may explain the protracted recovery seen in asth-
matic adults.

The finding that breakthrough EIB frequently occurs in asthmatic children is of clinical 
importance. Breakthrough EIB can result in dropping out during exercise, which low-
ers self-esteem and leads to avoidance of exercise with consequently deterioration of 
cardiovascular condition. Clinicians should be aware that symptoms of dyspnea during 
exercise in children may well be caused by EIB.

Breakthrough EIB was further investigated in chapter 5. In this chapter we described 
a novel ECT, designed to investigate EIB and breakthrough EIB in 5-7 year old children. 
Few studies have documented EIB in children <8 years, and described high ECT failure 
percentages (~15%) due to difficulties with spirometry and sustaining the exercise chal-
lenge1. Free-run tests are often used to assess EIB, however in young children forced 
running might be overwhelming and duration of running seems to be limited by age1. 
Seeking for a mode of exercise that is sustainable, safe, and sufficiently vigorous to 
maintain a heart rate above 80% of predicted maximum (according to ATS criteria), we 
designed an ECT using a jumping castle. The ECT consisted of jumping on a jumping 
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castle for 6 minutes. Pulmonary function was measured before, during and after exer-
cise. Eighty-two children performed our ECT and all of the children were eager to jump 
on the jumping castle. In 7% of the children the ECT could not be performed reliably, 
mainly due to technical difficulties performing spirometry.

Besides concluding that an ECT using a jumping castle is suitable, effective and safe 
for diagnosing EIB in young children, our study showed that breakthrough EIB also oc-
curs in many young asthmatic children. In young children with breakthrough EIB, mean 
pulmonary function rapidly decreased during exercise, in some children even within 2 
minutes. Children with breakthrough EIB had a lower baseline pulmonary function, a 
more severe fall in post-exercise pulmonary function and a slower recovery from EIB 
compared with non-breakthrough EIB. Breakthrough EIB can therefore be regarded as 
a sign of uncontrolled asthma, severely compromising children in performing exercise.

The rapid onset of breakthrough EIB in young children corresponds to the age-related 
time course of EIB; the younger the child, the shorter the time to maximal broncho-
constriction after exercise and the quicker the recovery from EIB1,3,4, which our study 
confirmed and extended on. The mechanism responsible for this age-related pattern 
is unknown. Young children may be prone to rapid airway dehydration, as their minute 
ventilation is relatively high and their capacity to humidify the inspired air low compared 
with adults27,28. Swift changes in osmolarity probably result in a faster release of inflam-
matory mediators. Furthermore, airway smooth muscle in young children might have 
a shortened response and relaxation time, which may also play a role in breakthrough 
EIB3. This airway ‘twitchiness’ might wane with ageing, as asthmatic airways remodel and 
the airway smooth muscle cytoskeleton stiffens.

Chapter 8 is a review article, addressing difficulties clinicians might face in recognising 
and evaluating children with EIB. In this chapter recommendations for the assessment of 
EIB in children and adolescents are made, based on current literature.

Although exercise can trigger the classic symptoms of asthma, in children symptoms 
can be subtle and nonspecific. Parent- and child-reported symptoms weakly correlate 
with the presence and severity of EIB5,29, which we have also shown in chapter 5. There-
fore questionnaires that measure asthma control by self-reported symptoms should 
be interpreted with care. On the other hand, some exercise induced symptoms might 
be mistaken for EIB and can be due to dysfunctional breathing, lack of cardiovascular 
fitness, or other cardiopulmonary disease. For example, most children with EIB cough, 
but this symptom is not specific for EIB30. The weak relation between exercise induced 
symptoms and EIB in children stresses the need to use bronchial provocation tests. A 
suggestion for the assessment of children with exercise induced dyspnea is shown in 
figure 1.
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An ECT is the first choice of bronchial provocation test to assess EIB in children, since it 
is a “real-life” test, providing direct insight into the severity and course of a child’s EIB. 
The usual protocols for assessing EIB require important adjustments for use in young 
children, because the time to maximal bronchoconstriction and recovery from EIB in 
children is age-dependent. Moreover, young children have a short attention span 
and easily fatigue as a result of repeated forced breathing manoeuvres. We therefore 
recommend an appropriate timing of post-exercise pulmonary function measurements, 
including measurements in the first 5 minutes post-exercise to prevent false-negative 
results. Pulmonary function in most 3-7 year old children recovers within 15-20 minutes, 
which allows earlier termination of pulmonary function measurements compared with 
an adult ECT. Although FEV1 is recommended as the primary spirometric variable for 
detecting EIB, in children <7 years, FEV0.5 is likely to be more reliable since most young 
children are unable to perform the required full forced expiration during a total sec-
ond1,31,32. With an age-adjusted protocol, an ECT can even be performed in children as 
young as 3 years of age. However, sometimes alternative challenge tests or pulmonary 
function measurements, such as the forced oscillation technique, are necessary to as-
sess bronchial hyperresponsiveness in children.

Exercise induced dyspnea 
Other signs of asthma? 1 

yes no 

Bronchodilator before exercise 
effective? 

yes no 

Asthma likely 
Start asthma therapy 

Provocation test 2 

Assessment by physiotherapist 
Dysfunctional breathing? 

yes no 

Physiotherapist 
treatment 
Effective? 

Exercise test  
Conditional limitation? 

yes 

no 

Physiological limit   
reconsider asthma 3  
or other diagnosis  

no 

negative 

Asthma  
Start asthma therapy 

positive 

Asthma unlikely * 

yes 

Figure 1. Flow chart for the assessment of children with exercise induced dyspnea. Adopted from 
werkboek kinderlongziekten. 1 Such as allergic rhinitis, atopy, family atopy, pulmonary function 
abnormalities (anomaly flow volume curve, reversibility, FEV1<70% predicted). 2 Indirect provocation tests 
such as exercise challenge test and mannitol test are specific for asthma. 3 Restart flow diagram (left arm).
*Note: asthma and dysfunctional breathing can coexist.
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Assessing pulmonary function during exercise to identify breakthrough EIB can 
provide important information about the severity of a child’s EIB. Moreover, measuring 
breakthrough EIB could prevent severe and uncontrolled falls in post-exercise pulmo-
nary function that can occur during a regular ECT. Potentially, a breakthrough ECT could 
be used as a dose-response bronchial provocation test, in which time to the occurrence 
of breakthrough EIB can be considered as the degree of airway hyperresponsiveness.

Exercise induced bronchoconstriction and obesity

There is an abundance of cross-sectional studies demonstrating an association between 
overweight and EIB, however there is a paucity of prospective intervention studies in 
children. In chapter 7 we prospectively investigated the effect of dietary induced weight 
loss on EIB in overweight asthmatic children. Obesity in asthmatic children is associated 
with more severe EIB compared with non-obese asthmatic children33,34, but the effect 
of weight loss on asthma outcomes in obese asthmatic children was not investigated 
yet. Twenty children (8-18 years) with EIB and moderate to severe overweight followed 
a diet based on healthy daily intake for 6 weeks. Before and after the diet period they 
performed an ECT. Besides a significant reduction in weight and BMI, mean severity of 
EIB significantly improved after the diet period. The reduction in BMI z-score was related 
to the improvement of EIB in children that lost weight.

The beneficial effect of weight loss on EIB might be the result of improvement of chest 
wall mechanics and tidal volumes, which facilitate deep inspirations and subsequent 
airway smooth muscle relaxation. Weight loss may also decrease systemic inflammation, 
since obesity is considered an inflammatory state with increased levels of hormones, 
chemokines and cytokines, which can play a role in airway inflammation.

The finding that even a small reduction in BMI improves severity of EIB, indicates the 
potential importance of weight management in the treatment of the overweight child 
with asthma.
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Inspanningsastma, een tijdelijke luchtwegvernauwing na inspanning, is een veelvoor-
komende manifestatie van astma bij kinderen. Inspanningsastma kan al op 3-jarige 
leeftijd voorkomen1,2. De kenmerken van inspanningsastma veranderen met de leef-
tijd3,4 en worden vaak slecht herkend door kinderen, ouders en zelfs artsen5,6. Aan de 
andere kant kan inspanningsgebonden benauwdheid ten gevolge van bijvoorbeeld een 
slechte conditie ten onrechte worden geïnterpreteerd als inspanningsastma, waardoor 
de diagnose astma onterecht wordt gesteld. Zodoende worden artsen geconfronteerd 
met vele uitdagingen in het herkennen, evalueren en behandelen van jonge kinderen 
met inspanningsastma. Dit proefschrift richt zich op onbeantwoorde vragen met be-
trekking tot de ontwikkeling, beoordeling en behandeling van inspanningsastma bij 
jonge kinderen.

Van bronchiolitis naar inspanningsastma

Hoofdstuk 1 is een algemene introductie waarin de huidige inzichten over de relatie 
tussen astma, inspanningsastma en virale luchtweginfecties worden besproken. In 
hoofdstuk 2 worden de klinische kenmerken beschreven van kinderen jonger dan 2 
jaar die met een virale luchtweginfectie (bronchiolitis) veroorzaakt door het respiratoir 
syncytieel virus (RSV) of rhinovirus (RV) in het ziekenhuis werden opgenomen. Bron-
chiolitis leidend tot ziekenhuisopname is een bekende risicofactor voor het ontwikkelen 
van astma7-9. RSV en RV zijn de meest voorkomende virussen die een bronchiolitis ver-
oorzaken10-12. Verschillende onderzoeken vergeleken al eerder de klinische kenmerken 
van RSV en RV bronchiolitis, maar de resultaten waren inconsistent11,13,14. Wij vergeleken 
symptomen in 120 opgenomen kinderen met een RSV of RV bronchiolitis en vonden 
geen significante verschillen in het klinisch patroon. Dus op klinische kenmerken zijn 
RSV en RV niet te onderscheiden en medische benadering zou daarom hetzelfde moe-
ten zijn.

We onderzochten tevens de virale lading (CT-waarde) van RSV en RV en vonden een 
significante, maar zwakke, relatie tussen de virale lading en de opnameduur bij kinderen 
met een RSV bronchiolitis, terwijl de virale lading bij kinderen met een RV bronchiolitis 
niet was gerelateerd aan opnameduur.

De relatie tussen virale lading en klinisch patroon werd nader onderzocht in hoofd-
stuk 3. In dit hoofdstuk analyseerden we de dynamiek van de virale lading bij 103 
kinderen opgenomen vanwege een RSV of RV bronchiolitis, door het bepalen van de 
CT-waarde tijdens ziekenhuisopname, ontslag en poliklinische controle. We bevestig-
den de in hoofdstuk 2 beschreven relatie tussen virale lading bij ziekenhuisopname en 
totale opnameduur bij kinderen met een RSV bronchiolitis; hoe hoger de virale lading 
bij opname, des te langer de opnameduur. De virale lading van RSV daalde tijdens de 
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ziekenhuisopname, wat ook in andere studies over virale lading van RSV bronchiolitis 
is beschreven15-17. Dus de virale lading van RSV bij ziekenhuisopname heeft potentieel 
waarde om het klinisch beloop van kinderen met een RSV bronchiolitis te voorspellen 
en vervolgen.

De virale lading van RV daarentegen liet geen relatie zien met opnameduur of ernst 
van de ziekte. Dit verschil in dynamiek van virale lading tussen RSV en RV infecties 
suggereert een verschillend pathofysiologisch mechanisme van beide virussen. De 
gemiddelde virale lading bij ziekenhuisopname is significant lager bij RV bronchiolitis 
dan bij RSV bronchiolitis (hoofdstuk 2 en 3), wat deze hypothese ondersteunt. We spe-
culeren dat bij RSV bronchiolitis de virale replicatie direct schade aan de luchtwegen 
teweegbrengt, wat de relatie van virale lading met opnameduur kan verklaren. Ziek-
teverschijnselen bij RV bronchiolitis zouden in meerdere mate gerelateerd kunnen zijn 
aan de ernst van de immunologische reactie van het lichaam op de infectie, waardoor 
er geen relatie tussen de RV virale lading en ziekteverschijnselen is. Genetische aanleg 
voor een immunopathologische reactie op RV infectie kan bijdragen aan de ontwikke-
ling van luchtwegproblemen op latere leeftijd. Dit kan de gesuggereerde sterke relatie 
tussen RV bronchiolitis en het ontwikkelen van astma verklaren18,19.

Of er inderdaad een verschil is in het ontwikkelen van astma tussen kinderen met 
een verleden van RSV bronchiolitis en RV bronchiolitis werd onderzocht in hoofdstuk 
6. In dit hoofdstuk beschreven we de prevalentie en ernst van inspanningsastma, een 
specifiek kenmerk van astma bij jonge kinderen. Zeventig 5-7-jarige kinderen met een 
voorgeschiedenis van ziekenhuisopname vanwege RSV of RV bronchiolitis op jonge 
leeftijd voerden een inspanningsprovocatietest uit. Deze test werd speciaal ontwor-
pen om inspanningsastma bij jonge kinderen te onderzoeken (hoofdstuk 5). Bij 37% 
van de kinderen werd inspanningsastma vastgesteld. Dit is ongeveer 4 maal vaker dan 
de prevalentie van astma in een algemene groep Nederlandse kinderen jonger dan 
12 jaar (maximaal 10%20). Het is belangrijk dat artsen zich bewust zijn van deze hoge 
prevalentie onder jonge kinderen met een voorgeschiedenis van bronchiolitis, mede 
gezien symptomen van inspanningsastma op deze leeftijd moeilijk te herkennen 
zijn5,6. Dit laatste werd bevestigd doordat ouders van de kinderen met een positieve 
inspanningsprovocatietest weinig inspanningsgebonden benauwdheidklachten rap-
porteerden. We vonden geen verschil in prevalentie of ernst van inspanningsastma 
tussen kinderen met een voorgeschiedenis van RSV bronchiolitis en RV bronchiolitis, 
hoewel in studies met oudere kinderen een gunstigere uitkomst na RSV bronchiolitis 
is beschreven18,19,21,22. De kinderen in ons onderzoek met een voorgeschiedenis van 
RSV bronchiolitis hadden juist een slechtere longfunctie dan de kinderen met een 
voorgeschiedenis van RV bronchiolitis. Een mogelijke verklaring voor de discrepantie 
tussen de uitkomsten na RSV en RV bronchiolitis kan liggen in het effect van leeftijd. 
De associatie tussen RSV bronchiolitis en het ontwikkelen van luchtwegproblemen 
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neemt geleidelijk af met de leeftijd23; RSV bronchiolitis leidt tot een verhoogd risico op 
luchtwegklachten tot de leeftijd van 10, maar is niet meer significant op 13-jarige leef-
tijd24. De slechtere longfunctie gevonden bij de kinderen met een voorgeschiedenis 
van RSV bronchiolitis in ons onderzoek is compatibel met deze theorie. Het jonge kind 
met een matige longfunctie na RSV bronchiolitis heeft astmatische klachten, maar kan 
hier overheen groeien naarmate het ouder wordt; de luchtwegen zich ontwikkelen en 
luchtwegkaliber vergroot.

Het mechanisme dat de relatie tussen bronchiolitis en het ontwikkelen van astma 
op latere leeftijd verklaart is nog altijd een onderwerp van discussie. Sommigen 
speculeren dat bronchiolitis de luchtwegen beschadigt en/of de immunologische 
respons verandert, waardoor astma ontstaat. Anderen menen dat een bronchiolitis 
simpelweg gepredisponeerde kinderen aan het licht brengt. Deze hypotheses sluiten 
elkaar echter niet uit en waarschijnlijk is het de combinatie van een ernstige lucht-
weginfectie in een pre-existent vatbaar kind wat leidt tot het ontwikkelen van astma 
op latere leeftijd7.

Beoordeling van inspanningsastma bij jonge kinderen

Er bestaat een wijdverspreid geloof dat inspanningsastma ontstaat na het stoppen van 
inspanning. Artsen zijn daardoor geneigd astmatische symptomen tijdens inspanning 
als niet-astmatisch te beschouwen. Echter, bij kinderen met astma is de longfunctie 1 
minuut na een reguliere inspanningsprovocatietest van 6 minuten vaak al substantieel 
gedaald, wat suggereert dat het begin van de luchtwegvernauwing al tijdens inspan-
ning zou kunnen zijn. Bij volwassenen kan alleen langdurige inspanning (langer dan 
15 minuten) luchtwegvernauwing tijdens inspanning uitlokken25,26. Longfunctie (FEV1) 
tijdens inspanning bij kinderen met astma is nog nooit onderzocht. In hoofdstuk 4 
maten we de longfunctie voor, tijdens, en na een verlengde inspanningsprovocatietest 
van 12 minuten bij 33 kinderen met astma in de leeftijd van 8-15 jaar. Terwijl de kinderen 
renden op een lopende band, maten we elke minuut tijdens inspanning de FEV1 tot een 
totale maximale testduur van 12 minuten of tot er een daling in FEV1>15% ten opzichte 
van de longfunctie voor inspanning optrad. Na inspanning werd longfunctieonderzoek 
herhaald. Van de 19 kinderen met inspanningsastma, gedefinieerd als een daling in 
FEV1>15% na inspanning, hadden 12 kinderen reeds luchtwegvernauwing tijdens 
inspanning. Dit zogenaamde ‘breakthrough inspanningsastma’ trad op tussen 6 en 10 
minuten tijdens inspanning, met een verdere verslechtering van de FEV1 na stoppen 
van de inspanning.

Breakthrough inspanningsastma is waarschijnlijk het gevolg van een disbalans tussen 
luchtwegvernauwende en luchtwegverwijdende effecten tijdens inspanning. Naast 
luchtwegvernauwende effecten heeft inspanning luchtwegverwijdende effecten door 
afgifte van luchtwegverwijdende stoffen als stikstofoxide en prostaglandine en door 
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oprekken van de gladde spiercellen ten gevolge van diepe ademteugen. Kennelijk 
is het luchtwegverwijdende effect van inspanning van korte duur bij kinderen met 
breakthrough inspanningsastma en wordt snel gevolgd door luchtwegvernauwing. Dit 
snelle optreden van breakthrough inspanningsastma bij kinderen is niet compatibel 
met de ‘thermale hypothese’, die stelt dat inspanningsastma wordt veroorzaakt door 
snelle opwarming van de luchtwegen na het stoppen van inspanning. Bij kinderen 
lijkt de osmotische hypothese, die inspanningsastma verklaart door uitdroging van 
de luchtwegen tijdens hyperventilatie, een belangrijkere rol te spelen. Het thermale 
fenomeen kan echter wel gedeeltelijk bijdragen aan inspanningsastma en zou het 
vertraagde herstel van luchtwegvernauwing bij oudere kinderen en volwassenen met 
astma kunnen verklaren.

De bevinding dat breakthrough inspanningsastma vaak voorkomt bij kinderen met 
astma is van klinisch belang. Breakthrough inspanningsastma kan resulteren in uitval-
len tijdens sport, wat zelfvertrouwen verlaagt en leidt tot vermijden van inspanning 
met verslechtering van cardiovasculaire conditie tot gevolg. Artsen moeten zich ervan 
bewust zijn dat kinderen met benauwdheidklachten tijdens inspanning zeer wel inspan-
ningsastma kunnen hebben.

Breakthrough inspanningsastma is nader onderzocht in hoofdstuk 5. In dit hoofdstuk 
beschreven we een nieuwe inspanningsprovocatietest, ontwikkeld om inspanningsas-
tma en breakthrough inspanningsastma bij 5-7-jarige kinderen te onderzoeken. Slechts 
weinig studies beschreven het bestaan van inspanningsastma bij kinderen jonger dan 
8 jaar en deze studies vermeldden hoge mislukkingpercentages (~15%) van de inspan-
ningsprovocatietests ten gevolge van moeilijkheden met longfunctiemeting en het 
volhouden van de inspanning1. Bij jonge kinderen wordt vaak gebruik gemaakt van vrij 
rennen om inspanningsastma te beoordelen, maar geforceerd rennen kan overweldi-
gend zijn voor jonge kinderen en de inspanningsduur is gelimiteerd door de leeftijd1. 
Op zoek naar een geschikte vorm van inspanning die voor jonge kinderen te verduren, 
veilig en voldoende inspannend is om de hartslag boven 80% van de maximaal voor-
spelde waarde te houden (volgens internationale criteria), ontwikkelden we een inspan-
ningsprovocatietest met behulp van een springkussen. De test bestond uit springen op 
een springkussen gedurende 6 minuten. Longfunctie werd gemeten voor, tijdens en na 
inspanning. Tweeëntachtig kinderen voerden de inspanningsprovocatietest uit en alle 
kinderen waren enthousiast om te springen. Bij 7% van de kinderen kon de test niet 
betrouwbaar worden uitgevoerd, voornamelijk door moeilijkheden met het uitvoeren 
van de longfunctiemeting.

We concludeerden dat een inspanningsprovocatietest met een springkussen een 
geschikte, effectieve en veilige manier is om inspanningsastma bij jonge kinderen te 
diagnosticeren. Daarnaast toonde onze studie dat breakthrough inspanningsastma 
ook voorkomt bij jonge kinderen met astma. Bij jonge kinderen met breakthrough 
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inspanningsastma daalde de gemiddelde longfunctie snel tijdens inspanning, soms 
al na 2 minuten. De kinderen met breakthrough inspanningsastma hadden een lagere 
longfunctie voor inspanning, een ernstigere daling in longfunctie na inspanning en 
een langzamer herstel van de luchtwegvernauwing vergeleken met de kinderen met 
niet-breakthrough inspanningsastma. Breakthrough inspanningsastma kan daarom 
beschouwd worden als een teken van slecht gecontroleerd astma, wat kinderen ernstig 
belemmert bij inspanning.

Het snelle optreden van breakthrough inspanningsastma bij jonge kinderen komt 
overeen met het leeftijdsgerelateerde beloop van inspanningsastma; hoe jonger het 
kind, des te korter de tijd tot maximale luchtwegvernauwing na inspanning en des te 
sneller het herstel van inspanningsastma1,3,4, wat onze studie bevestigde. Het verklarende 
mechanisme voor dit leeftijdsafhankelijke patroon is niet bekend. De luchtwegen van 
jonge kinderen drogen mogelijk sneller uit door hun relatief hoge ademminuutvolume 
en verminderde capaciteit om de inademingslucht te bevochtigen in vergelijking met 
volwassenen27,28. Snelle veranderingen in osmolariteit die hierdoor ontstaan resulteren 
waarschijnlijk in een snellere afgifte van ontstekingsmediatoren, die luchtwegvernau-
wing induceren. Daarnaast zouden de gladde spiercellen in de luchtwegen van jonge 
kinderen een verkorte reactie- en relaxatietijd kunnen hebben3. Deze ‘twitchiness’ van 
de luchtwegen neemt mogelijk af naarmate het kind ouder wordt, de astmatische lucht-
wegen remodelleren en het gladde spiercel cytoskelet verstijft.

Hoofdstuk 8 is een review die uitdagingen behandelt die artsen kunnen tegenkomen 
in het herkennen en evalueren van inspanningsastma bij kinderen. In dit hoofdstuk 
worden aanbevelingen gedaan voor de beoordeling van inspanningsastma bij kinderen 
en adolescenten, gebaseerd op actuele literatuur.

Hoewel inspanning de klassieke astma symptomen kan uitlokken, kunnen symp-
tomen in kinderen ook subtiel en niet-specifiek zijn. Ouder- en kind-gerapporteerde 
symptomen correleren zwak met de aanwezigheid en ernst van inspanningsastma5,29, 
wat we ook in hoofdstuk 5 beschreven. Daarom moeten vragenlijsten die astmacontrole 
bepalen aan de hand van gerapporteerde symptomen voorzichtig geïnterpreteerd wor-
den. Aan de andere kant worden inspanningsgebonden symptomen als gevolg van bij-
voorbeeld disfunctioneel ademen, gebrek aan conditie, of andere cardiale of pulmonale 
ziekte, soms ten onrechte geïnterpreteerd als inspanningsastma. Zo hoesten bijvoor-
beeld de meeste kinderen met inspanningsastma, maar dit symptoom is niet specifiek 
voor inspanningsastma30. De zwakke relatie tussen inspanningsgebonden symptomen 
en inspanningsastma benadrukt de noodzaak van het gebruik van provocatietests. Een 
suggestie voor de beoordeling van kinderen met inspanningsgebonden benauwdheid 
wordt gedaan in figuur 1.
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Een inspanningsprovocatietest is de eerste keus test om inspanningsastma bij kinderen 
vast te stellen, omdat het een “real-life” test is, die direct inzicht geeft in de ernst en 
het beloop van het inspanningsastma. De gebruikelijke protocollen voor inspan-
ningsprovocatietests vereisen belangrijke aanpassingen voor het gebruik bij jonge 
kinderen, aangezien de tijd tot maximale luchtwegvernauwing en herstel van inspan-
ningsastma bij kinderen leeftijdsafhankelijk is. Bovendien hebben jonge kinderen 
een korte aandachtsspanne en raken makkelijk vermoeid door herhaalde geforceerde 
longfunctiemetingen. We raden daarom aan om de longfunctiemetingen na inspan-
ning nauwkeurig te timen, waarbij er in elk geval metingen in de eerste 5 minuten na 
inspanning verricht moeten worden om fout-negatieve uitslagen te voorkomen. Bij de 
meeste 3-7-jarige kinderen met inspanningsastma herstelt de longfunctie binnen 15-
20 minuten, waardoor de longfunctiemetingen eerder gestopt kunnen worden dan in 
volwassen protocollen. Hoewel FEV1 de aanbevolen index is om inspanningsastma te 
diagnosticeren, lijkt de FEV0.5 bij kinderen jonger dan 7 jaar meer betrouwbaar, omdat 
de meeste jonge kinderen niet de vereiste geforceerde uitademing gedurende een hele 
seconde kunnen leveren1,31,32. Met een aangepast protocol kan een inspanningsprovoca-
tietest reeds vanaf 3-jarige leeftijd worden uitgevoerd. Echter, soms zullen alternatieve 

Inspanningsgebonden benauwdheid 
Andere aanwijzingen voor astma? 1 

ja nee 

Bronchusverwijder voor 
inspanning effectief? 

ja nee 

Astma waarschijnlijk 
Start astma therapie 

Provocatietest 2 

Beoordeling door fysiotherapeut 
Disfunctioneel ademen? 

ja nee 

Fysiotherapie 
behandeling 
Effectief? 

Inspanningstest  
Conditionele achterstand? 

ja 

nee 

Fysiologische limiet   
heroverweeg astma 3 
of andere diagnose  

nee 

negatief 

Astma  
Start astma therapie 

positief 

Astma onwaarschijnlijk* 

ja 

Figuur 1. Flow diagram voor de beoordeling van kinderen met inspanningsgebonden benauwdheid. 
Uit werkboek kinderlongziekten. 1 Zoals allergische rhinitis, atopie, atopisch belaste familieanamnese, 
afwijkende longfunctie (afwijkende flow volume curve, reversibiliteit, FEV1<70%). 2 Indirecte 
provocatietests zoals een inspanningsprovocatietest en mannitol test zijn specifiek voor astma. 3 Start 
flow diagram bovenaan en kies linker pad. *NB: astma en disfunctioneel ademen kunnen gelijktijdig 
voorkomen.
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provocatietests of longfunctiemetingen, zoals de geforceerde oscillatie techniek (FOT), 
nodig zijn om bronchiale hyperreactiviteit in kinderen te beoordelen.

Het beoordelen van de longfunctie tijdens inspanning om breakthrough inspan-
ningsastma te diagnosticeren kan belangrijke informatie verschaffen over de ernst van 
het inspanningsastma. Bovendien kan het meten van breakthrough inspanningsastma 
ernstige en ongecontroleerde longfunctiedalingen, die soms optreden tijdens een 
reguliere inspanningstest, voorkomen. Een breakthrough inspanningstest zou mogelijk 
gebruikt kunnen worden als een dosis-respons provocatietest, waarbij de tijd tot het 
optreden van breakthrough inspanningsastma beschouwd kan worden als de mate van 
hyperreactiviteit.

Inspanningsastma en obesitas

Er zijn veel cross-sectionele onderzoeken die een associatie tussen overgewicht en in-
spanningsastma aantonen, echter er zijn geen prospectieve interventie studies verricht 
in kinderen. Hoofdstuk 7 is een prospectief onderzoek naar het effect van gewichts-
verlies door een dieet op inspanningsastma bij astmatische kinderen met overgewicht. 
Obesitas bij kinderen met astma is geassocieerd met ernstiger inspanningsastma verge-
leken met niet-obese astmatische kinderen33,34, maar het effect van gewichtsverlies was 
nog nooit in kinderen onderzocht. Twintig kinderen (8-18 jaar) met inspanningsastma 
en matig tot ernstig overgewicht volgden een dieet gebaseerd op een gezonde da-
gelijkse consumptie gedurende 6 weken. Voor en na de dieetperiode voerden ze een 
inspanningsprovocatietest uit. Naast een significante afname van gewicht en BMI, was 
het inspanningsastma significant verbeterd. De daling in BMI z-score was gerelateerd 
aan de verbetering van de longfunctiedaling in de kinderen die waren afgevallen.

Het gunstige effect van gewichtsverlies op inspanningsastma zou verklaard kunnen 
worden door een mechanische verbetering van adembewegingen en longvolumina, 
waardoor diepere ademteugen mogelijk zijn en dientengevolge gladde spiercellen in 
de luchtwegen worden opgerekt. Gewichtsverlies kan ook leiden tot een afname van 
de systemische ontstekingsreactie, aangezien het lichaam van een patiënt met obesitas 
in een inflammatoire toestand verkeert met toegenomen concentraties van hormonen, 
chemokines en cytokines, die allemaal een rol spelen in luchtweginflammatie. De be-
vindingen dat zelfs een geringe afname van BMI inspanningsastma verbetert, impliceert 
het potentiële belang van gewichtsmanagement in de behandeling van het astmatische 
kind met overgewicht.
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