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CHAPTER I 

GENERAL INTRODUCTION 

Asthma, treatment associated with excess mortality 

General Introduction 

Asthma is a disease characterised by airway narrowing. Consequently the primary aim 

of treatment has been for long to achieve bronchodilatation and treatment relied heavily 

on short acting bronchodilators. In the early to mid 1960s a temporary increase in 

mortality from asthma was noted in England and Wales, Australia, and New Zealand, 

especially in the age range 5-34 years [1-3]. This might have been the result of the 

introduction of pressurised aerosols containing the non-selective ~-adrenergic receptor 

agonists isoprenaline and orciprenaline [ 1-4]. ~-receptor systems are present in various 

organs, most importantly in heart and lung tissues. These drugs gave quick 

bronchodilatation, but could also lead to adverse cardiovascular effects, such as 

increased cardiac output, tachycardia, and hypoxemia. At the time it was shown that 

administration of non-selective ~-agonists was followed by a decrease in arterial oxygen 

tension in chronic asthmatic patients [4], and it was thought that high doses in 

conjunction with frequently repeated inhalations might have caused a lethal outcome 

[3,4]. After warnings were given of the possible hazards of these pressurised aerosols, 

excessive mortality fell. 

In the mid-seventies again an increase in mortality from asthma occurred, first observed 

in New Zealand in age group 5-34 years [5], then in other countries and also in other 

age groups [6-10] (figure 1.1). In New Zealand the total death rate doubled to 8 per 

100,000 population in 1980, whereas the increases in Australia, England & Wales, 

Canada, and the United States were smaller and from a lower level. Total death rates 

in 1980 ranged from 1.5 (United States) to 3.7 (Australia) [6]. The introduction of the 

ninth revision of the International Classification ofDiseases in 1979 may have affected 

the death rates to some extent. Unlike the eighth revision, death certificates that gave 
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Figure 1.1 Mortality from asthma per 100,000 persons in age group 5-34 years 

in various countries, period from 1970 to 1988. 

Source: Sears [10]; data from the Netherlands (1974-1988), Hess. 

'bronchitis' or 'emphysema' as underlying cause were classified as 'asthma', when also 

mention was made of'asthma' [6,7]. Sweden and Denmark [6,9] did not implement the 

ninth revision but showed nevertheless increased asthma death rates. Hence an increase 

in prevalence, severity or case fatality were suggested as explanatory factors [5-7]. This 

was a worrying development in view of the increased therapeutic possibilities with the 

introduction of prophylactic drugs such as sodium cromoglycate and inhaled 

corticosteroids, as well as new bronchodilator drugs such as selective B2-agonists and 

sustained-release theophyllines. After the initially proposed subclassification of B

receptors in B-1-receptors, present in heart and adipose tissue, and B-2-receptors, present 

in airways, blood vessels, and uterus [11], it was demonstrated that in the smooth 

muscle of the human lung the B-receptors were entirely of the B2-subtype [12, 13]. The 

selective B2-agonists effectively relax smooth muscle in the airways, inducing rapid 

bronchodilatation. They became first choice bronchodilators in asthma. 

12 



General Introduction 

'The asthma paradox' 

The coincidence of improving treatment with increasing mortality was referred to as the 

asthma paradox [7]. Asthma had been classified as a condition amenable to treatment, 

and it was to be expected that mortality should have been declining in view of the rising 

sales of all forms of anti-asthma treatment. It was hypothesised that treatment produced 

benefits but also risks, both indirectly by relying too much on bronchodilator drugs and 

hence delaying appropriate treatment, and directly [5,7,14]. Factors related to direct 

risks could have been tolerance to the bronchodilating action of the ~-agonists, ~

agonists-induced arrhythmias, or an additive toxic effect with oral theophyllines 

inducing cardiac arrest. However, studies did not provide support for a causal 

relationship of treatment with the increasing mortality and morbidity from asthma. 

Further, the possibility of drug-induced increase in bronchial hyperresponsiveness and 

consequently worsening of asthma was suggested [ 14]. Nevertheless, the increase in 

mortality in New Zealand was linked to the ~2-agonist fenoterol. It was not clear 

whether adverse effects could be ascribed to the class of drugs. Fenoterol appeared to 

have a similar effect on lung function and airway reactivity as the ~2-agonists 

salbutamol and terbutaline, but the adverse effects of cardiovascular changes, 

hypokalaemia, and tremor were substantially greater, suggesting a relatively greater 

potency [15]. Cardiovascular changes induced by fenoterol may be enhanced by 

hypoxemia, which is a complicating factor in a severe asthma attack [16]. 

Increase in asthma morbidity and ~agonists 

Data on trends in morbidity from asthma became available. Increasing hospital 

admission rates in various countries were reported, especially in children [ 1 7-22] (figure 

1.2). Since the mid-sixties, the hospital admission rate in age group 0-14 years showed 

a 10-fold increase in New Zealand, a 6.6-fold increase in England & Wales, a 4-fold 

increase in Canada, and a 3-fold increase in the United States over a fifteen-year period 

[19]. Also, indications for an increasing prevalence of asthma were reported [23-28]. 

As with asthma mortality and hospital admission rates, prevalence figures varied 

throughout the world, e.g. in the early eighties between 1.8% and 13.5% [1 0,29] (figure 
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1.3), partly because of different methods used and different populations studied. 

However, worldwide substantial increases in the prevalence of asthma in schoolchildren 

and adolescents were reported, for example in the United States [23], England [24,25], 

New Zealand [26], Finland [27], and Australia [28]. This could not be explained by a 

change in diagnostic fashion and appeared for most part to be real. Moreover, in view 

of the increased hospital admissions and the increased sales and use of anti-asthma 

drugs [30,31 ], it was suggested that the prevalence of severe asthma had increased, 

possibly due to chronic use ofhigh-dose inhaled bronchodilator ~-agonist [ 1 0]. That an 

increasing use of ~-adrenergic receptor agonists was contributing to the worldwide 

increase in asthma morbidity [10,32] was, however, questioned [33]. The quantitative 

use of ~-agonists may have reflected severity of asthma, fenoterol used in particular by 

patients with more severe asthma and at higher risk of dying. Adverse effects of ~2-

agonists have again been under debate, focusing on the ~2-agonist fenoterol as a main 

cause of the excess asthma deaths in New Zealand in the period 1976-91 [34-36]. The 

availability of the potent bronchodilator fenoterol may have contributed to delays in 

seeking appropriate care, but various factors associated with health care are likely to 

have contributed to the epidemic of asthma deaths inN ew Zealand [3 7]. Increased use 

of inhaled corticosteroids probably contributed to its termination [35,37]. 

Asthma, from a 'spastic' disease to an 'inflammatory' disease 

The concept of the pathogenesis of asthma has changed [3 8]. Rather than a disease of 

abnormal airway smooth muscle contractility, asthma is now regarded as an 

inflammatory disorder of the airways, where complex interaction of numerous resident 

and infiltrating cells in the airway walls are responsible for airway inflammation and 

airway narrowing [38-40]. Even in a clinically early stage of disease infiltration of 

inflammatory cells in the airway wall was observed [ 41]. The individual inflammatory 

cells and mediators have different pathophysiological effects. Mast cells are in 

particular involved in the acute inflammatory response to triggers, and eosinophils, 

lymphocytes, and macrophages play an important part in the chronic inflammatory 

response. A central role is attributed to the T -lymphocytes and their cytokine mediators 
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[ 40]. The inflallllllatory processes give rise to bronchoconstriction, airway mucosal 

oedema, and mucus hypersecretion leading to bronchial hyperresponsiveness, asthma 

symptoms and variable airway obstruction. The airway inflallllllation may result in 

chronic structural changes in the airways and irreversible airway obstruction. A clear 

definition of asthma has been lacking, but the recognition of inflallllllation as the 

characteristic feature in asthma is now universally agreed and has been included in 

various definitions of asthma [29]. 

Management guidelines 

The rising mortality and morbidity from asthma in the seventies and eighties prompted 

to develop guidelines which consolidated in international consensus statements on 

diagnosis and management of asthma f42,43], and led to the Global Initiative for 

Asthma (GINA) by collaboration between the National Heart, Lung, and Blood Institute 

and the World Health Organization. GINA published the global strategy for asthma 

management and prevention report in 1995 and produced regular updates [44]. 

The definition of asthma given by GINA was as follows: "Asthma is a chronic 

inflallllllatory disorder of the airways in which many cells play a role, in particular mast 

cells, eosinophils, and T lymphocytes. In susceptible individuals this inflallllllation 

causes recurrent episodes of wheezing, breathlessness, chest tightness, and cough 

particularly at night and/or in the early morning. These symptoms are usually associated 

with widespread but variable airflow limitation that is at least partly reversible either 

spontaneously or with treatment. The inflallllllation also causes an associated increase 

in airway responsiveness to a variety of stimuli." 

GINA emphasised the importance of preventive treatment directed to the inflammatory 

processes in the airways. Treatment primarily involved anti-inflallllllatory drugs, 

especially corticosteroids, with bronchodilators as relief medication. Instituting 

treatment with inhaled steroids in newly diagnosed asthmatic patients proved to have 

better clinical results compared to treatment with bronchodilators only [ 45,46]. Also, 

16 
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steroids proved to have better clinical results in asthmatic patients already on 

maintenance treatment with ~2-agonists when compared to placebo or inhaled 

anticholinergics [ 4 7 -49]. Early intervention with inhaled steroids showed beneficial 

effects in terms oflung function [50,51], and is considered especially important as it 

may protect against persistent symptoms and consequent decline in lung function. 

Delayed introduction showed poorer responses to treatment [51-53]. The 

recommendations of early intervention with inhaled steroids with respect to both 

severity and onset of asthma have, however, raised concerns about the possible adverse 

effects. These may include accelerated bone loss in adults and growth retardation in 

children [54,55], especially when inhaled steroids are used in high doses or for 

prolonged periods. This pointed to the need of monitoring the patient for such potential 

side effects. It has become clear that the inflammatory process in asthma leads to 

permanent changes in lung function by an altered structure of the bronchial wall known 

as airway remodelling [56], which is already present in an early stage of the disease. 

The inflammatory process can be directly assessed by analysing bronchial biopsies. 

Biopsy studies in adults reported that treatment with inhaled steroids reduced the 

numbers of inflammatory cells, and that bronchial epithelial damage may be restored 

[57]. The efficacy of inhaled corticosteroids in preventing or controlling the various 

other aspects of airway remodelling is not yet clear. 

Impact of treatment on asthma mortality and morbidity 

It was suggested that inhaled corticosteroids could reduce the risk offatal and near-fatal 

asthma [58,59]. Likewise, regular treatment with inhaled corticosteroids reduced the 

risk of hospitalisation for asthma [60]. From large population studies a reduction in 

mortality and hospital admission rates in the nineties have been reported from New 

Zealand and the United States [37,61]. Swedish studies showed the same for childhood 

admissions [62,63], which findings were ascribed to the increased use of inhaled 

steroids. 
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Classification problems 

The observed trends in mortality and morbidity from asthma in different parts of the 

world were reason to analyse mortality data and hospital admission data in the 

Netherlands. However, when focusing on asthma only, there are a few problems like 

diagnostic accuracy, nosology, and shifts in diagnostic labelling. Asthma may present 

with symptoms of cough, wheeze, shortness of breath and chest tightness, and with 

airflow limitation. These variables are not specific. Studies on death certificates 

indicated the highest accuracy of asthma diagnosis under the age of 44 years, accuracy 

declining with increasing age [64,65]. Especially in the elderly, accuracy of asthma 

death certification appeared to be low, other respiratory disorders and medical problems 

complicating the accurate identification of the cause of death [66]. Also in the very 

young it is difficult to distinguish between asthma and other obstructive respiratory 

diseases with asthma-like symptoms [67,68]. Prospective studies were set up with the 

aim to clarify the natural history of asthma in childhood [ 69-71]. In the Netherlands, 

asthma was for long not viewed as a separate disease, but was viewed along with 

chronic bronchitis and emphysema as part of a disease-entity named 'chronic non

specific lung disease' (CNSLD), in Dutch "chronische aspecifieke respiratoire 

aandoeningen" ("CARA"). Chronic bronchitis and emphysema together are usually 

referred to as chronic obstructive pulmonary disease (COPD). In contrast to other 

countries, the umbrella-term "CARA" was often used in the Netherlands as a diagnostic 

term, rather than making a distinction between asthma and COPD [72, 73]. Recently, it 

was shown that an increased longitudinal decline in lung function, thought to be 

characteristic for COPD, can occur in asthma as well, thus making asthma a risk factor 

for COPD [74]. 

Asthma in early life 

In infancy, respiratory symptoms often appear to be transient [69-71]. Lower levels of 

lung function prior-to the illness may contribute as a mechanical factor [70]. In young 

children the symptom of wheeze is the classic expression of variable airflow obstruction 

in asthma. It is now thought that there are several distinct wheezing phenotypes in 
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childhood at different ages with different clinical expressions [70,75,76]. Viral 

infections may cause transient wheeze in infants, nevertheless most childhood asthma 

begins in infancy, but when should wheezing be labelled 'asthma'? [77]. Also, in school 

age children distinction between 'wheezy bronchitis' and asthma is difficult. Concern 

about underdiagnosis and undertreatrnent of asthma and overtreatment with antibiotics 

in childhood [ 68,78], could have favoured diagnostic labelling of asthma. An increased 

use of asthma as a diagnostic label in schoolchildren in the late eighties has been 

reported in the UK [79]. 

Analysis of Dutch data 

In view of the problems of a clear-cut asthma label, we thought it essential to extend the 

analysis ofthe Dutch data on asthma to other obstructive airway disorders. We obtained 

mortality and morbidity data on asthma and COPD in the total population, according 

to the International Classification ofDiseases (lCD) codes. COPD comprises the codes 

for bronchitis not specified as acute or chronic, chronic bronchitis, emphysema, and 

chronic obstructive airway disease not classified elsewhere. Furthermore, data on acute 

bronchi( oli)tis and on pneumonia and influenza in children were analysed as welL There 

might be a relationship between respiratory syncytial virus bronchiolitis and asthma [80-

83], and between pneumonia and asthma [84], but the nature is not clear. It is 

questioned whether asthma predisposes for these infections or occurs as a result. By 

including these diseases, we estimated the true respiratory morbidity in childhood. 

'COPD' in children 

Classical COPD in adults refers to chronic bronchitis and emphysema, but COPD 

usually includes the codes for 'bronchitis' and 'chronic obstructive airway disease', 

covered by the Dutch diagnostic "CARA" term, as welL In this sense, we use the term 

'COPD' in children. We note that it is not equivalent to the term 'paediatric COPD' 

which has been proposed by Avital c.s. and refers to the chronic obstructive lung 

diseases cystic fibrosis, bronchiolitis obliterans, primary ciliary dyskinesia and 

bronchiectasis [85]. 
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Scope of this thesis 

The aim of this thesis is to examine trends in mortality and morbidity attributed to 

asthma in the Netherlands in the light of the changing concepts of asthma and the 

improved pharmacotherapy, against the background of other airway disorders. We 

analysed national statistics on asthma and COPD from 1980 to 1999, which data are 

presented in the first part of the thesis. Chapter 2 presents the data on mortality in 

different age groups. Chapter 3 presents the data on hospital admissions in different age 

groups. Complementary, chapter 4 presents trends in consultations and prescriptions of 

anti-asthma drugs in patients having ambulatory care for asthma and COPD over the 

period 1981 to 1993, reflecting prevalence and (changes in) disease management in the 

Netherlands. Chapter 5 describes the pharmacotherapy for asthma in the Netherlands 

from 1999 through 2001. 

The second part of this thesis deals with clinical registration on asthma in children aged 

0-4 years, carried out at the Juliana Children's Hospital in The Hague. In this age group, 

the rising morbidity from asthma is of great concern. Studies pointed to increasing 

hospital admissions for asthma especially in children aged 0-4 years [86-88], which age 

group appeared to be at highest risk for hospital readmissions as well [88-90]. Early 

recognition of risk of (severe) asthma in clinical practice and improvement of asthma 

management could help to reduce morbidity in children. The aim of the registration 

study was to examine prognostic characteristics of asthma diagnosis, to identify 

predisposing risk factors related to exacerbations and hospital admissions, and to assess 

whether threshold of admission and severity of episode differed in fust admissions and 

readmissions. 
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CHAPTER2 

DUTCH NATIONAL ASTHMA MORTALITY DATA, 1980-1999 

Abstract 

Asthma mortality increased in various countries in the eighties. Consensus guidelines 

on diagnosis and management of asthma were published from 1989. The possible 

impact of these guidelines on asthma mortality in the Netherlands is unknown. In this 

perspective we evaluated national mortality data from the Netherlands over the period 

1980-1999 on asthma as well as on chronic obstructive pulmonary disease (COPD) 

according to the codes of the International Classification ofDiseases (ICD): revision-9 

(1980-1995), asthma 493, COPD 490-492, 496; revision-1 0 (1996-1999), asthma 145-

46, COPD 140-44. Mortality rates per million persons per year were calculated for age 

groups 0-4, 5-34,35-64, and ~65 years by gender. We performed time trend analyses 

by linear least squares regression over the period 1980-1999, and the subperiods 1980-

1989 and 1990-1999. In childhood, mortality rates were also calculated for age group 

5-14 years, and extended to acute bronchi(oli)tis, ICD-9 466, ICD-10 120-22, and 

pneumonia/influenza, ICD-9 480-487, ICD-1 0 Jl 0-18. Asthma mortality showed a large 

decline in males and females in age group ~ 65 years in the early nineties, and a gradual, 

significant decrease in age group 35-64 years in subperiod 1990-1999. COPD mortality 

in age group ~65 years increased significantly in females throughout, but in males the 

increase in the 1980s levelled off in the 1990s. COPD mortality in age group 35-64 

years showed a significant increase in females in the subperiod 1980-1989, and a 

significant decrease in males in the subperiod 1990-1999. In age groups 0-4 years and 

5-34 years, mortality from asthma and COPD concerned small numbers. The only trend 

found was a decrease in asthma mortality in males aged 5-34 years, predominantly in 

the 1980s. In age group 0-4 years mortality from acute bronchi( oli)tis and 

pneumonia/influenza decreased significantly. 
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In conclusion, mortality from asthma showed a favourable development in the 

Netherlands over the period 1980-1999. Mortality from other respiratory diseases 

showed stable or decreasing trends, except for the significant increase in mortality from 

COPD in older females. 

2.1 Introduction 

In the sixties a strong transient increase in asthma mortality was reported from New 

Zealand, Australia, and England and Wales, particularly in younger age groups [1,2]. 

It was assumed that the introduction of non-specific ~-adrenergic receptor agonists per 

inhalation, particularly of the stronger dose preparations, could be held responsible for 

the increase because of cardiotoxic side effects [3,4]. The availability of the more 

selective ~2-agonists per inhalation in the 1970s was a step forward in the treatment of 

asthma. In the mid to late seventies and in the eighties, however, the asthma mortality 

increased again. This was first observed in New Zealand [5], later also in other 

countries [6-8]. In possible explanations, the main concern was the adequacy of 

treatment of the asthmatic patient, especially with respect to adverse effects and 

reduction in effectiveness (decreased protection) due to treatment with ~-agonists 

[9,10]. Underassessment of the severity by the patients and the doctors, delays in 

seeking or providing help, and a rapid progression of fatal attacks were identified as 

important factors contributing to death from asthma [ 11]. 

Consensus guidelines on diagnosis and management of asthma have been developed 

and updated nationally and internationally since 1989 [12-17]. In 1995 the Global 

Initiative for Asthma (GINA) was published by a joint effort of the National Heart, 

Lung, and Blood Institute and the World Health Organization, presenting a gl9bal 

strategy for asthma management and prevention [18]. It is to be expected that these 

efforts will eventually reduce asthma mortality. 
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Earlier reports showed no trends in asthma mortality in childhood between 1980 and 

1994 in the Netherlands [19,20]. In adults, asthma mortality decreased in both sexes 

from age 35, and decreased substantially from age 65 in the early nineties [20]. 

However, a definite distinction between asthma and chronic obstructive pulmonary 

disease ( COPD) is difficult, particularly in the elderly [21 ,22]. In young children asthma 

is also not a clear-cut diagnosis [23,24]. In age group 5-34 years, asthma mortality rates 

are probably most reliable, but a labelling shift from acute bronchitis to asthma was 

thought to have contributed to mortality trends in the United Kingdom [25]. Moreover, 

asthma, (chronic) bronchitis and emphysema were regarded as part of the disease-entity 

chronic non-specific lung disease (CNSLD) in the Netherlands [26], and the Dutch 

equivalent umbrella term "CARA" ( chronische aspecifieke respiratoire aandoeningen) 

was used as diagnostic labeL Therefore, the analysis ofthe Dutch data extended to other 

respiratory diseases. 

The aim of the present study was to examine trends in mortality from asthma in the 

Netherlands in different age groups in the period 1980-1999 against the background of 

other (obstructive) respiratory diseases, and to evaluate whether trends in the 1990s 

differed from those in the 1980s. 

2.2 Material and methods 

Mortality data 

Annual crude mortality data were obtained from the Central Bureau of Statistics (CBS) 

by gender, age in 5-year groups, and primary cause of death according to the 

International Classification of Diseases (ICD) over the period 1980-1999 [27]. The 

ninth revision ofthe ICD was used from 1980-1995, in which asthma was coded as 493. 

The ICD-codes on the following lung diseases were also analysed: bronchitis not 

specified as acute or chronic, ICD 490; chronic bronchitis, ICD 491; emphysema, ICD 

492; chronic obstructive airway disease not classified elsewhere, ICD 496. The ICD 
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codes 490, 491, 492, and 496 were combined, and will be referred to as chronic 

obstructive pulmonary disease (COPD) in all age groups. From 1996 the tenth revision 

of the lCD was in operation at the CBS, in which subgroups of diseases are described 

in more detail for coding purposes. The coding is not fully comparable with the ICD-9. 

In ICD-10 asthma is coded as 145 (asthma) and 146 (acute asthma), and COPD 

comprises the codes 140, 141, 142, 143, and 144. The main difference between ICD-9 

and ICD-1 0 is that ICD-9 code 490 in children under 14 years of age has been 

transferred to acute bronchitis, being code 120 in ICD-10. 

For the purpose of international comparisons and identifying age-specific trends, the 

analysis was carried out for four major age groups: 0-4 years, 5-34 years, 35-64 years, 

and ~65 years. Annual mean population age structures [28] were used to calculate 

mortality rates for asthma and COPD per million persons in each calender year for the 

total population, and for males and females separately in each age group. The size of 

the population in the four age groups for the years from 1980 to 1999 is listed in 

appendix A. 

In childhood, the analysis was extended to the respiratory diseases acute bronchi( oli)tis, 

ICD-9: 466; ICD-10: 120-122, including ICD-9: 490 at ages 0-14 years, and influenza 

and pneumonia, ICD-9: 480-487; ICD-1 0: J1 0-118. Three age groups were considered: 

0-4 years, 5-9 years, and 10-14 years. Under the age of 15 years, however, the mortality 

concerned small numbers of deaths, and rates were calculated in age groups 0-4 years 

and 5-14 years for males and females combined. 

Statistical analysis 

The statistical package SPSS for Windows was used for time trend analyses which were 

performed by linear least squares regression. In a few situations, linear regression was 

clearly inappropriate and results will not be presented. The coefficient of the slope 

presents the annual change in the respective rate. The slope and its standard error (SE) 

offer the possibility to test the annual change to be significantly positive or negative 
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over the study period. A p-value <0.05 was considered significant to give a slope 

different from zero. In order to compare the trends in the two decades of the period 

1980-1999 the linear regressions were also performed for the periods 1980-1989 and 

1990-1999 separately. The slopes of these two periods, b1 and b2, were compared by the 

formula: q=(b 1 - b2)/SE(b1 - b2). Considering this quotient as a standard normal variate 

we tested whether the two slopes differed. 

2.3 Results 

2.3.1 Asthma in the total population 

The actual number of deaths and the rates per million persons are presented in Appendix 

B, tables I-III. Text tables 2.1a (1980-1999) and 2.1b (1980-1989 and 1990-1999) list 

the results of the linear regression analyses. In age group 0-4 years, mortality from 

asthma concerned very small numbers, the rates fluctuated and no trends were found. 

Results in this age group are described in more detail in section 2.3.3. In age group 5-34 

years, mortality rates were also very low; in males a slight but significant decrease was 

found, to which the first rather than the second decade contributed. In age group 35-64 

years, asthma mortality decreased significantly in males and females, mainly because 

of the decrease in the second decade of the study period. The slopes in females differed 

significantly between the two subperiods (table 2.1 b). Asthma mortality in age group 

<:65 years showed no significant trend in the period 1980-1989, but in the 1990s a steep 

decline occurred from a level of about 100 per million persons, rates increasing again 

from the very low level of3 per million persons in 1995 to about 30 per million persons 

in 1999. Figures 2.1 to 2.4 show the asthma mortality rates for males and females in the 

respective age groups. 
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Table2.1a Results of the linear regression y=a+b*(year-1980), y: mortality from asthma respectively chronic 
obstructive pulmonary disease (COPD), 1980-1999 

ASTHMA 
0-4 years 
Males 
Females 

5-34 years 
Males 
Females 

35-64 years 
Males 
Females 

<:65 years1 

Males 
Females 

COPD 
0-4 years 
Males 
Females 

5-34 years 
Males 
Females 

35-64 years 
Males 
Females 
~65 years 
Males 
Females 

intercept (SE) 

3.58 (1.06) 
1.96 (0.84) 

3.64 (0.33) 
2.18 (0.32) 

15.8 (1.08) 
14.9 (1.19) 

3.10 (1.04) 
1.75 (0.59) 

1.48 (0.29) 
0.95 (0.17) 

144 (3.66) 
39.2 (1.88) 

3897 (161) 
620 (30.6) 

a, intercept; b, slope; SE, standard error. 
ll Linear regression not carried out. 

slope (SE) p-value 

-0.128 (0.095) 0.20 
-0.080 (0.076) 0.31 

-0.156 (0.030) <0.001 
-0.054 (0.029) 0.08 

-0.721 (0.097) <0.001 
-0.581 (0.107) <0.001 

-0.101 (0.094) 0.30 
-0.044 (0.053) 0.42 

-0.032 (0.026) 0.24 
-0.010 (0.015) 0.52 

-3.45 (0.330) <0.001 
+1.47 (0.169) <0.001 

+56.5 (14.5) 0.001 
+61.3 (2.75) <0.001 

Asthma, ICD-9 code 493, 1980-1995; ICD-1 0 codes J45-J46, 1996-1999; COPD, ICD-9 codes 490-492,496, 
1980-1995; ICD-10 codes J40-J44, 1996-1999. 
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Figure 2.1 Mortality from asthma (ICD-9 code 493, 1980-1995; ICD-10 

codes J45-J46, 1996-1999) (upper panel) and 'chronic obstructive 

pulmonary disease' (COPD) (ICD-9 codes 490-492,496, 1980-1995; ICD-

10 codes J40-J44, 1996-1999) (lower panel) in age group 0-4 years by 

gender in the period 1980-1999. 



25 

"' §20 
['.! ., 
c. 
c: 
;l§ 15 
-E 
~ ., 
c. 

~ 10 
&;> 

~ 
~ 5 

Asthma 

5-34yrs 
males 

--------- females 

~~m•~~~w••~~--~~•w•w 

Year 

25 COPD 

~~m•~~~w••~~--~~•w•w 

Year 

Figure 2.2 Mortality from asthma (ICD-9 code 493, 1980-1995; ICD-10 

codes J45-J46, 1996-1999) (upper panel) and chronic obstructive 

pulmonary disease (COPD) (ICD-9 codes 490-492, 496, 1980-1995; ICD-
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Figure 2.3 Mortality from asthma (ICD-9 code 493, 1980-1995; ICD-10 

codes J45-J46, 1996-1999) (upper panel) and chronic obstructive 

pulmonary disease (COPD) (ICD-9 codes 490-492,496, 1980-1995; ICD-

1 0 codes J40-J44, 1996-1999) (lower panel) in age group 35-64 years by 
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Figure 2.4 Mortality from asthma (ICD-9 code 493, 1980-1995; ICD-10 

codes J45-J46, 1996-1999) (upper panel) and chronic obstructive 

pulmonary disease (COPD) (ICD-9 codes 490-492, 496, 1980-1995; ICD-

10 codes J40-J44, 1996-1999) (lower panel) in age group :o-65 years by 

gender in the period 1980-1999. 

A plausible explanation for the large fall in asthma mortality in the early 

1990s is a labelling shift from asthma to COPD. 
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2.3.2 Chronic obstructive pulmonary disease (COPD) in the total population 

The actual number of deaths and the rates per million persons are presented in Appendix 

B, tables IV-VI. Results from the linear regression analyses are added in the text tables 

2.la and 2.1b. Mortality from COPD in age groups 0-4 years and 5-34 years was very 

low and no trends were observed. In age groups 35-64 years and :2:65 years, mortality 

from COPD in females increased significantly in the first decade, and in females :2:65 

years in the second decade as well. In males, mortality from COPD showed discrepant 

trends in these two age groups. In age group 35-64 years, mortality decreased 

significantly, to which the subperiod 1990-1999 contributed most. In males aged :2:65 

years, an overall significant increase was found, but the trends in the two subperiods 

differed significantly and mortality tended to decrease in the 1990s (table 2.1b). 

Mortality from COPD is predominant in males, but the ratio of males to females in age 

group 35-64 years decreased from approximately 3 in 1980 to 1.5. in 1999, and in age 

group :2:65 years from approximately 5 in 1980 to 3 in 1999. The age-specific trends in 

COPD mortality are also shown in the figures 2.1 to 2.4. The scales of they-axis differ 

depending on the levels of the rate. 

2.3.3 Obstructive airways disease in childhood 

The actual numbers of deaths and the age-specific mortality rates per million persons 

per year in children for asthma, acute bronchi( oli)tis, pneumonia and influenza, and 

COPD in age groups 0-4 years and 5-14 years are presented in Appendix B, tables VII

VIII. In age group 0-4 years very small numbers of deaths from asthma occurred, a total 

of 33 actual deaths over the 20-year study period, which was similar to the number of 

deaths registered under COPD. The rates for acute bronchi( oli)tis and for pneumonia 

and influenza fluctuated, but were lower in the nineties. Linear regression analysis 

showed a significant decrease for both acute bronchi(oli)tis (slope=-0.616, SE=O.l07, 

p<O. 00 1) and pneumonia and influenza ( slope=-1.3 3, SE=O .316, p<O. 00 1). In age group 

5-14 years an average ofl death from asthma per year was observed, the mortality from 

38 



Mortality 

the other respiratory diseases was also very low with no trends. 

2.4 Discussion 

We observed a decrease in mortality from asthma in the Netherlands over the period 

1980-1999. From age 5, asthma mortality showed a lower level in the 1990s than in the 

1980s. Most striking is the large reduction in mortality that occurred in age group ~65 

years in the early 1990s. This was followed by a slight increase after 1995. Under the 

age of 65 mortality declined more gradually, and from a much lower level. The trends 

in males and females were similar. Possible explanations for this decline can be better 

management, beneficial effects of prescribing anti-inflammatory drugs more frequently 

and as maintenance treatment, or a labelling shift with a preference for COPD 

diagnosis. From middle age, there is an increasing influence of e.g. smoking, occupation 

and pollution on the respiratory system, leading to a more difficult distinction between 

asthma and COPD. Inaccuracies of asthma death certification have been observed 

[21,29-39], accuracy declining with increasing age [21,29,30,32,36,39]. In the elderly, 

numerous other medical problems may exist to complicate correct diagnostic coding 

[21,34,35,37,38]. Misclassification of asthma as COPD [34,35] and vice versa [21,39] 

was found. Nevertheless, most deaths from asthma occur at higher ages. 

On average two-thirds of all asthma deaths occurred in the age group ~65 years, but 

death from COPD is much more frequent and a labelling shift from asthma to COPD 

will therefore not be apparent. However, the abruptness of the fall in asthma mortality 

rate in the age group ~65 years at the time of the appearances of guidelines on asthma 

diagnosis and management might rather point to a reluctance to label deaths as asthma 

than to a sudden effect of better treatment. A labelling shift from asthma to COPD is 

also plausible in view of the publication in 1987 of the American Thoracic Society 

(ATS) standards for the diagnosis and care of patients with chronic obstructive 

pulmonary disease (COPD) and asthma. These stated that a typical abnormality in 
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asthma includes an increase of 15% or greater in the forced expiratory volume in one 

second (FEV1) in response to a bronchodilator [40]. However, in older, more severe 

asthmatics, airways obstruction becomes gradually more irreversible, possibly because 

ofthe remodelling process in the airways [41]. 

Under the age of 65, a labelling shift from asthma to COPD is less plausible to explain 

the observed trends in asthma mortality in view of the magnitude of the slopes and the 

time periods in which they occurred: in age group 35-64 years asthma mortality 

decreased both in males and females in the 1990s, but reciprocal trends in mortality 

from COPD were seen only in females and the increase was strongest between 1980 and 

1989. Favouring COPD diagnosis in females is not in line with the finding that, 

regardless respiratory symptoms and smoking, older females rather than males were 

labelled with a diagnosis of asthma [ 42]. Moreover, the observed trends in COPD 

mortality in the Netherlands were similar to trends in COPD mortality in several other 

countries, and follow the patterns of cigarette smoking [43-46]. In the United States, 

rates of deaths with any mention of obstructive lung disease (COPD and asthma) 

increased much more compared to underlying cause of death, suggesting an 

underestimation of its role in mortality [ 4 7]. The trends were the same, stabilising 

among males ( <85 years) and increasing among females from 1979 through 1993 [ 4 7]. 

COPD presents a growing cause for concern, as highlighted by the consensus statement 

of the European Respiratory Society [ 48] and the statement of the American Thoracic 

Society [ 49] in 1995. Smoking accounts for an estimated 80 to 90% of the risk of 

developing COPD [49]. In the Netherlands, female mortality rates for COPD in age 

group 35-64 years are now approaching the rates in males, notwithstanding a lower 

percentage of female smokers [50], but women may be even more susceptible to the 

deleterious effects of smoking on lung function and consequently on admissions and 

mortality [51]. Poor lung function is a risk factor for death from COPD, even in patients 

considered to have had asthma [52,53]. It can be questioned whether elderly patients 

ever suffer from uncomplicated asthma, and it seems most important to direct treatment 
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to preserving lung function independent of the diagnostic label asthma or COPD. 

The highest accuracy of asthma diagnosis in death certification was found under the age 

of 45 years [29,30]. Hence trend analyses on asthma mortality have often been focused 

on the age group 5-34 years, which showed increased death rates in various countries 

from mid 1970s to the early 1980s [5,7,8,10,54]. The increase continued in the United 

States [54], but mortality showed downward trends in the United Kingdom in the late 

1980s and early 1990s [55]. In the Netherlands, mortality from asthma decreased in the 

age group 5-34 years from 1980 through 1999, but especially in the eighties and in 

males. No trend was found in the mortality from COPD, neither in the mortality from 

acute bronchitis [20], making a change in coding practices or labelling unlikely. 

However, mortality in this age group concerned small numbers, and the level for asthma 

in the 1990s was similar to the level in 1974-76 [56]. 

Mortality from asthma and from COPD in childhood (0-14 years) is extremely low in 

the Netherlands, and no trends were found. In the age group 0-4 years, hospital 

admissions for asthma increased [19,20], which may reflect increased prevalence of 

more severe disease. It is unlikely that an increase in asthma mortality has been masked 

in view of the observed decreased mortality from acute bronchi( oli)tis and from 

pneumonia and influenza in this age group. 

Several studies have indicated that recent hospital admissions for asthma are a risk 

factor for death from asthma [57 ,58]. In theN etherlands, hospital admissions for asthma 

decreased in all age groups, except for the 0-4 year-olds [20]. The decrease in mortality 

from asthma may thus be real, and is in accordance with findings from other countries. 

Since the late eighties, increasing rates stabilised in the United States [54], and 

decreased in Britain [55] and New Zealand [59] for most ages, possibly due to 

improvement of asthma care, while better management of acute asthma has been 

reported [59,60]. 
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Mortality from asthma in the Netherlands over the study period was low compared to 

other countries [7,8,54,55,59]. It may have been underestimated in view of the 

diagnostic labelling of "CARA" that will have been coded under COPD. However, 

internationally the level of mortality from COPD in theN ether lands was moderate [ 61]. 

On the other hand, overestimation of asthma mortality was suggested from Denmark 

[39] and the United Kingdom [36]. International comparisons require caution as 

differences in diagnostic labelling of chronic airflow obstruction [62] and death 

certification practices [63-65] have been found. Besides, populations differ and social 

factors rather than medical ones may contribute to ethnic variations in asthma mortality 

[54,66-68]. 

From 1996, ICD-9 code 490 (bronchitis not specified as acute or chronic) changed to 

ICD-10 code J20 (acute bronchitis) for ages 0-14 years. From 1980-1995 a total of 10 

deaths from 'bronchitis not specified as acute or chronic' occurred and in age group 0-4 

years only. Under ICD-10, the conclusions on mortality from acute bronchi(oli)tis (a 

significant decrease) and COPD (no significant trend) would have been the same. 

In summary, mortality from asthma declined in the Netherlands over the period 1980-

1999. Trends in males and females were similar. Changes in coding practices or 

diagnostic labelling under the age of 65 years are unlikely to have been responsible, 

there might be a real decrease. In subjects over 65 years diagnostic transfer from asthma 

to COPD is a plausible explanation for the fall in asthma mortality in the early 1990s. 

The guidelines on diagnosis and management of asthma may have contributed by more 

diagnostic awareness and improvement of asthma management. Mortality from COPD 

increased in females ::>35 years and initially in males ::>65 years. In age group 0-4 years 

asthma mortality concerned very small numbers and showed no trend, while mortality 

from acute bronchi( o1i)tis and from pneumonia and influenza decreased. 
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CHAPTER3 

DUTCH NATIONAL DATA ON HOSPITAL ADMISSIONS 

FOR ASTHMA, 1980-1999 

Abstract 

The rising morbidity associated with asthma in various countries in the 1980s resulted 

in changes in treatment strategies, reflected in guidelines on diagnosis and management 

of asthma. To assess trends in hospital admissions in the Netherlands, we evaluated 

national data on asthma as well as on chronic obstructive pulmonary disease (COPD) 

over the period 1980-1999, according to the codes of the ninth revision of the 

International Classification of Diseases (lCD): asthma, 493; COPD, 490-492 and 496. 

Admission rates per million persons per year are presented for age groups 0-4, 5-34, 35-

64, and z65 years by gender. Time trend analyses were performed by linear least 

squares regression over the period 1980-1999, and the subperiods 1980-1989 and 1990-

1999. For children, the analysis included data on acute bronchi(oli)tis (lCD 466) and 

pneumonia/influenza (lCD 480-487). A Dutch consensus meeting on asthma in children 

was held in 1992, so we analysed the subperiods 1980-1992 and 1993-1999. Admission 

rates are presented for age groups 0-4, 5-9, and 10-14 years by gender. Between 1980 

and 1999, hospital admissions for asthma increased significantly in age group 0-4 years 

and decreased in the other age groups. Between 1990 and 1999, these trends levelled 

off, except for a continuing decrease in males z65 years. In the age groups between 5 

and 34 years, admissions for asthma tended to increase in the 1990s. In this decade, 

admissions for COPD showed a concurrent significant decrease in childhood and young 

adulthood, suggestive of a shift in diagnostic labelling. COPD admissions in age group 

35-64 years increased continuously in females, but decreased in males in the 1990s. In 

age group z65 years, COPD admissions increased again continuously in females, and 

levelled off in males. Furthermore, admissions for acute bronchi( oli)tis showed a 
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significant increase in age group 0-4 years. 

In conclusion, our results indicate an overall favourable development in hospital 

admissions for asthma in the Netherlands over the period 1980-1999. However, hospital 

admission rates increased for acute bronchi( oli)tis in age group 0-4 years, as did the 

rates for COPD in females :<>:35 years. 

3.1 Introduction 

From the mid-sixties well into the 1980s hospitalisation rates for asthma increased in 

various countries, especially for children [1-4]. Increasing hospitalisation rates might 

have been due to an increase in the prevalence of asthma over time, which has now been 

observed worldwide [5], and/or an increase in severity of asthma [6,7]. Also changes 

in medical care, such as the introduction of in-hospital treatment with nebuliser therapy 

in the 1970s [8], and the increasing provision and utilisation of health services [9,10] 

may have contributed. Hospital admissions may reflect asthma management practices 

and asthma severity rather than prevalence, but indicators for severity threshold for 

admission have not yet been defmed [6,11]. 

In the 1980s a continuing increase in hospital admissions in young children was 

reported [6,12-15], whereas in older children and adults indications for declining 

admission rates were found [13,15]. The more recent reductions in hospitalisation for 

asthma have been linked with increases in prophylactic treatment [16-19]. Guidelines 

on diagnosis and management of asthma have been developed and updated nationally 

and internationally since 1989 [20-25], and a report on 'Global Strategy for Asthma 

Management and Prevention' was published in 1995 [26]. These emphasise the 

importance of early recognition and preventive treatment directed to diminish the 

inflammatory processes in the airways, with the aim to reduce asthma morbidity. 
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In the Netherlands, hospital admission rates decreased significantly over the period 

1980-1994, except for a significant increase in age group 0-4 years [27]. The increase 

in males aged 5-9 years observed in the eighties [28] did not continue. In the present 

study the data on hospital admissions are extended to cover the period 1980 to 1999. 

The lack of a clear definition of asthma may have hampered correct diagnostic labelling. 

In admitted patients and in school children with a history of wheeze, underdiagnosis and 

undertreatment of asthma was observed [29-31]. Concern about overtreating 'bronchitic' 

patients with antibiotics [31 ,32] could consequently have favoured asthma labelling 

[33], to achieve better management ofthe disease. A changing content of the asthma 

diagnosis may have provided bias in the reported increasing asthma prevalences [34], 

and affects the accuracy of time trend analyses. Especially in the (very) young [32,35] 

and in the elderly [36], diagnostic coding for asthma is less secure. Therefore, (chronic) 

bronchitis and emphysema, incorporated in chronic obstructive pulmonary disease 

(COPD), as well as other reactive airway disorders in childhood were included in the 

analysis. Moreover, in the Netherlands asthma and COPD have traditionally been 

combined and referred to as "CARA" [37]. In 1992 a consensus meeting of a Central 

Advisory Committee discouraged the use of the diagnostic term "CARA" in children, 

after which it became obsolete [38]. 

The aim of the present study was to examine trends in hospital admissions for asthma 

in the Netherlands in different age groups in the period 1980-1999 against the 

background of other airway disorders, and to evaluate whether trends in the 1990s 

differed from those in the 1980s. 

3.2 Material and methods 

Hospital admission data 

Annual crude hospital morbidity data were obtained from the Dutch Centre for Health 
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Care Information1 by gender, age in 5-year groups, and diagnosis of discharge 

according to the ninth revision of the International Classification of Diseases (ICD-9, 

Clinical Modification) over the period 1980-1999. The Dutch Centre for Health Care 

Information covered on average 98.3% (range 94-99.7%) over the years 1980-1994 and 

99.9% over the years 1995-1999 of all hospital admissions in the Netherlands, and the 

data were adjusted to a 100% level [39]. 

The ICD-codes on the following lung diseases were analysed: asthma, ICD 493; 

bronchitis not specified as acute or chronic, ICD 490; chronic bronchitis, ICD 491; 

emphysema, lCD 492; chronic obstructive airway disease not classified elsewhere, ICD 

496. The codes lCD 490, 491, 492, and 496 were combined and will be referred to as 

chronic obstructive pulmonary disease (COPD) in all age groups. Thus, 'COPD' in 

childhood in this chapter refers to these same lCD codes. 

Annual mean population age structures [ 40] were used to calculate admission rates for 

asthma and COPD per million persons in each calender year for the total population, 

and for males and females separately in the age groups 0-4 years, 5-34 years, 35-64 

years, and <.:65 years. The size of the population in the four age groups for the years 

from 1980 to 1999 is listed in appendix A. 

In childhood, the analysis was extended to the respiratory diseases acute bronchi( oli)tis, 

lCD 466, and influenza and pneumonia, lCD 480-487. Gender-specific rates were 

calculated for the age groups 0-4 years, 5-9 years, and 10-14 years per million persons 

[40]. 

Statistical analysis 

The statistical package SPSS for Windows was used for time trend analyses which were 

1 From 1 January 2000 the Dutch Centre for Health Care Information is part of "Prismant", Utrecht. 
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performed by linear least squares regression. The coefficient of the slope presents the 

annual change in the respective rate. The slope and its standard error (SE) offer the 

possibility to test the annual change to be significantly positive or negative over the 

study period. A p-value <0.05 was considered significant to give a slope different from 

zero. In order to compare the trends in the two decades of the period 1980-1999 the 

linear regressions were also performed for the periods 1980-1989 and 1990-1999 

separately for the four main age groups. The slopes of these two periods, b1 and b2, were 

compared by the formula: q=(b 1 - b2)/SE(b1 - b2). Considering this quotient as a standard 

normal variate we tested whether the two slopes differed. To assess the possible impact 

of the national consensus meeting on asthma in children in 1992 [38], we compared the 

subperiods 1980-1992 and 1993-1999 for the age groups 0-4 years, 5-9 years, and 10-14 

years. 

3.3 Results 

3.3.1 Asthma in the total population 

The actual number of hospital admissions and rates per million persons by age group 

in the Netherlands from 1980 to 1999 are presented in Appendix C, tables I-III. 

Admission rates for asthma were highest in age group 0-4 years, the rates in males 

nearly twice the rates in females. In age groups 5-34 years and 35-64 years rates were 

higher in females than in males. Hospital admission rates decreased significantly in all 

age groups, except for a significant increase in age group 0-4 years (table 3.1 a). Results 

for this age group are further described in section 3.3.3. Most slopes differed 

significantly between the subperiods 1980-1989 and 1990-1999 (table 3.1 b). Under the 

age of 65 years the observed decreases occurred primarily in the 1980s. The trends 

levelled off in the 1990s, but the decrease in males aged 2 65 years was larger than in 

the 1980s. In age group 5-34 years, the slight increase in admission rates was significant 

in males (table 3.lb). Figures 3.1 to 3.4 illustrate the admission rates for males and 
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Table 3.1a Results of the linear regression y=a+b*(year-1980), y: hospital admissions for asthma 
respectively chronic obstructive pulmonary disease (COPD), 1980-1999 

intercept (SE) 

ASTHMA 
0-4 years 
Males 1385 (94.5) 
Females 893 (60.0) 

5-34 years 
Males 337 (14.8) 
Females 370 (9.46) 

35-64 years 
Males 520 (19.4) 
Females 630 (23.3) 

<:65 years 
Males lll6 (29.8) 
Females 752 (21.6) 

COPD 
0-4 years1 

Males 
Females 

5-34 years 
Males 147 (8.90) 
Females 155 (9.62) 

35-64 years 
Males 1287 (28.3) 
Females 673 (23.6) 

;,65 years 
Males 7990 (315) 
Females 1819 (55.7) 

a, intercept; b, slope; SE, standard error. 
I) Linear regression not carried out. 
Asthma, ICD-9 code 493; COPD, ICD-9 codes 490-492, 496. 
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slope (SE) p-value 

+86.5 (8.50) <0.001 
+34.9 (5.40) <0.001 

-8.01 (1.33) <0.001 
-4.25 (0.851) <0.001 

-22.2 (1.75) <0.001 
-20.2 (2.1 0) <0.00 I 

-49.8 (2.68) <0.001 
-26.8 (1.94) <0.001 

-3.37 (0.800) <0.001 
-2.39 (0.866) 0.01 

-19.9 (2.54) <0.001 
+ 19.3 (2.12) <0.001 

+207 (28.4) <0.001 
+!52 (5.01) <0.001 
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Figure 3.1 Hospital admissions for asthma (ICD-9 code 493) (upper panel) 

and 'chronic obstructive pulmonary disease' (COPD) (ICD-9 codes 490-

492, 496) (lower panel) in age group 0-4 years by gender in the period 

1980-1999. 
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females in the respective age groups. Note that the scales of they-axis differ, depending 

on the levels of the rate. 

3.3.2 Chronic obstructive pulmonary disease (COPD) in the total population 

The actual number of hospital admissions and rates per million persons by age group 

in the Netherlands from 1980 to 1999 are presented in Appendix C, tables IV-VI. Rates 

show aU -shaped age-dependency with highest rates in age group <: 65 years. Significant 

trends (table 3.1a) and differences in slopes between the two subperiods (table 3.1b) 

were found. 

Notable are the decreasing trends in admissions for COPD in males and females under 

the age of 35 years in the 1990s (figures 3.1 and 3.2). In age group 35-64 years, the 

admission rate in females increased and outnumbered the decreasing rate in males in the 

late nineties (figure 3.3). The admission rates ofCOPD in age group <:65 years levelled 

off in males in the 1990s, but continued to increase in females (figure 3.4), and 

male/female ratio decreased from approximately 4 in the early 1980s to 2.5 at the end 

of study period. 

3.3.3 Obstructive airways disease in childhood 

The actual numbers and rates per million persons of the hospital admissions for asthma, 

COPD, acute bronchi( oli)tis, and pneumonia and influenza in the age groups 0-4 years, 

5-9 years, and 10-14 years are presented in Appendix C, tables VII-XII. Admission rates 

were inversely related with age and highest in males, especially in age group 0-4 years. 

In tables 3.2a (1980-1999) and 3.2b (1980-1992 and 1993-1999) the results of the linear 

regression analyses are listed. For COPD, the assumption oflinear regression was not 

valid for the total period. With respect to pneumonia and influenza in childhood, 

comparison ofthe two subperiods was not done because of the considerable fluctuations 

in admissions over the total period 1980-1999. 
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Table 3.2a Results of the linear regression y=a+b*(year-1980), y: hospital admission for the respective 
respiratory diseases 1 in childhood, 1980-1999 

intercept (SE) slope (SE) p-value 

ASTHMA 
0-4 years 
Males 1385 (94.5) +86.5 (8.50) <0.00 I 
Females 893 (60.0) +34.9 (5.40) <0.001 

5-9 years 
Males 778 (43.0) -12.6 (3.87) <0.01 
Females 435 (21.9) -5.84 (1.97) <0.01 

10-14 years 
Males 429 (24.0) -11.2 (2.16) <0.001 
Females 276 (14.0) -3.65 (1.26) <0.01 

ACUTE BRONCHI(OLI)TIS 
0-4 years 
Males 151 (321) + 180 (28.9) <0.00 1 
Females 65.9 (241) +128 (21.7) <0.001 

5-9 years 
Males 76.6 (11.7) -0.706 (1.05) 0.51 
Females 54.3 (6.66) -0.474 (0.599) 0.44 

10-14 years 
Males 24.2 (5.26) -0.008 (0.473) 0.99 
Females 15.4 (2.65) -0.144 (0.238) 0.55 

PNEUMO~LUENZA 

0-4 years 
Males 3666 (181) + 13.3 (16.3) 0.42 
Females 2713 (155) + 13.7 (14.0) 0.34 

5-9 years 
Males 809 (65.7) -2.24 (5.91) 0.71 
Females 633 (47.5) -2.34 ( 4.28) 0.59 

10-14 years 
Males 212 (20.9) + 1.47 (1.88) 0.44 
Females 163 (14.7) +2.41 (1.32) 0.08 

a, intercept; b, slope; SE, standard error. 
JJ Linear regression not carried out for COPD (ICD-9 codes 490-492, 496) for the period 1980-1999. 
Asthma, ICD-9 code 493; Acute bronchi(oli)tis, ICD-9 code 466; Pneumonia/influenza, ICD-9 codes 480-
487. 
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Figure 3.5 Hospital admissions for asthma (ICD-9 code 493), 'chronic 

obstructive pulmonary disease' (COPD) (ICD-9 codes490-492, 496), acute 

bronchi(oli)tis (ICD-9 code 466), and pneumonia and influenza (ICD-9 

codes 480-487) in males (upper panel) and females (lower panel) in age 

group 0-4 years in the period 1980-1999. 
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Figure 3.6 Hospital admissions for asthma (ICD-9 code 493), 'chronic 

obstructive pulmonary disease' (COPD) (ICD-9 codes 490-492, 496), acute 

bronchi(oli)tis (ICD-9 code 466), and pneumonia and influenza (ICD-9 

codes 480-487) in males (upper panel) and females (lower panel) in age 

group 5-9 years in the period 1980-1999. 
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Figure 3.7 Hospital admissions for asthma (ICD-9 code 493), 'chronic 
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In age group 0-4 years (figure 3.5), hospital admissions for asthma increased, primarily 

in the subperiod 1980-1992. Notably, admissions for COPD and acute bronchi(oli)tis 

increased as well. After 1993 admissions for asthma levelled off and for COPD 

decreased strongly (table 3.2b ). The hospital admissions for acute bronchi( oli)tis 

continued to increase, albeit not significantly, showing large fluctuations, but the slopes 

did not differ significantly between the two subperiods (table 3.2b ). 

In age groups 5-9 years (figure 3.6) and 10-14 years (figure 3.7), hospital admissions 

for asthma decreased significantly, in males more strongly than in females, due to the 

decreases in the subperiod 1980-1992. In the period 1993-1999, there was a trend 

towards increasing rates, the slopes differing between the two subperiods, except for 

females in age group 5-9 years (table 3.2b ). Hospital admissions for COPD decreased 

significantly in both age groups after 1993. Additionally, admissions for acute 

bronchi( oli)tis showed a significant decrease in males in age group 5-9 years in the 

subperiod 1993-1999. 

Hospital admissions for pneumonia and influenza fluctuated in all three age groups over 

the period 1980-1999, without significant trends (table 3.2a). 

3.4 Discussion 

We found an increase in hospital admissions for asthma in age group 0-4 years in 

contrast to an overall decreasing trend in theN etherlands. The trends levelled off in the 

1990s, and in age group 5-34 years a slight increase occurred. Admissions for acute 

bronchi( oli)tis increased as well in age group 0-4 years. Hospital admissions for COPD 

increased continuously in females :o:35 years, which was different from trends in males. 

In children, we observed a marked decrease in admissions for COPD after 1993. Rates 

may be influenced by factors such as changes in coding practices, diagnostic labelling, 

prevalence and severity of asthma, health care policies, and asthma management. 
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Coding practices and diagnostic labelling. Changes in coding can be excluded, as for 

the full period under study the ninth revision of the lCD was in use by the Dutch Centre 

for Health Care Information, but changes in diagnostic labelling could have contributed 

to the observed trends. The view on the pathophysiology and subsequent treatment of 

asthma changed in the eighties, and guidelines for diagnosis and management of asthma 

were published. In the Netherlands, the umbrella-term "CARA" (equivalent to chronic 

non-specific lung disease (CNSLD)) was used as diagnostic label, rather than asthma 

or chronic bronchitis and emphysema (COPD) [37]. Moreover, a consensus meeting on 

asthma in children was held in 1992 [38], and "CARA" as diagnostic term became 

obsolete. "CARA" corresponds to ICD code 496, which is included in the codes for 

'COPD'. Therefore, a change in diagnostic labelling from COPD to asthma is likely to 

have contributed to the trends for asthma and COPD in childhood and young adulthood 

in the last decade. 

To what extent diagnostic transfer from "CARA" to asthma occurred in age groups 35-

64 years and ~65 years is unclear. The admission rates for COPD are high compared 

to those for asthma, especially at higher age. COPD is characterised by a slowly 

progressive and irreversible airflow limitation, caused mainly by smoking, and 

morbidity increases steeply with age [ 41]. Female gender may be an extra risk factor for 

hospitalisation for COPD [42]. In the Netherlands, the percentage male smokers(~ 15 

years) decreased from90 in 1958 to 37 in 1999. The overall percentage female smokers 

was around 30, with a temporary 40% in the mid-sixties to the late-seventies, but in 

females between 20-49 years percentages were higher [43]. The admission rate for 

COPD showed in females a continuing increase, particularly in age group ~65 years, 

whereas in males admissions decreased in age group 35-64 years and levelled off in age 

group ~65 years in the 1990s. These trends correspond with observations in age-sex

specific prevalence of physician diagnosed COPD in the United Kingdom [44]. 

Notably, in age group 35-64 years the admission rate for COPD became in females even 

higher than in males. The trends in admissions and mortality are similar for COPD 

[Chapter 2]. We have argued that a labelling shift from asthma to COPD is plausible to 
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explain the fall in asthma mortality in age group ?c65 years in the early nineties. In the 

admission data, support for such a labelling shift is only found in males ?c65 years, in 

whom admissions for asthma decreased strongly in the 1990s. 

In infancy, differentiation between acute bronchiolitis and asthma is very difficult [35]. 

Interestingly, in age group 0-4 years hospital admissions for acute bronchi( oli)tis 

showed a striking increase over the study period. From 1980 to 1987 acute bronchiolitis 

(ICD-9 code 466.1) contributed on average 40% and acute bronchitis (I CD code 466.0) 

on average 60% to the admission rate ofiCD code 466 [28]. In the recent years 1997, 

1998, and 1999 acute bronchiolitis made up 82%, 89%, and 84% respectively of the 

admission rate ofiCD 466, and occurred mainly in children under the age of l year. In 

the United States, hospitalisation rates for bronchiolitis in infants increased substantially 

between 1980 and 1996 [ 45]. Attendance of day care centres is associated with 

respiratory infections [ 46], bronchial obstruction [ 4 7], and frequent wheezing [ 48] in 

early life, and increased use, especially for children <1 year, may lead to bronchiolitis 

at younger age when hospitalisation is more likely [45]. Respiratory syncytial virus 

(RSV) is the commonest cause of acute bronchiolitis. It is questioned whether RSV 

respiratory morbidity is a marker or a cause for the development of wheezing 

phenotypes including asthma [49-52]. Only a minority of the children with RSV 

infection need hospitalisation, and the observed increased rates are especially worrying 

if the hypothesis is true that RSV infection promotes the development of asthma and 

allergy in children [52]. The relationship between day care [46-48,53], siblings [46-

48,53,54], (respiratory) infections [46,47,55], atopic sensitisation [53,54], and asthma 

in childhood [ 46-48,55] has still to be further clarified. Without regard to diagnostic 

difficulties, our findings that hospital admissions increased for asthma as well as for 

acute bronchi(oli)tis in age group 0-4 years, while admissions for pneumonia and 

influenza remained stable, indicate increased respiratory morbidity in young children. 

Prevalence and severity of asthma. Hospital admission rates may be an indicator for the 

prevalence of severe asthma [56]. It has been postulated that increasing hospitalisation 
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of very young children may be an early reflection of the increased prevalence of asthma 

reported among school children [19]. Increases in the prevalence of asthma were 

observed in various countries [5], but also criticised [34]. In the Netherlands, an 

increase in percentage of primary schoolchildren with asthmatic symptoms and doctor

diagnosed asthma has been reported [57], but data on trends in severity are not 

available. Admission rates for asthma are low compared with data from other countries, 

but patterns in gender are similar [13,58,59]. The low rates may be explained by 

differences in diagnostic labelling, as "CARA" would have been coded as lCD 496 

(COPD). However, in adults admission rates for COPD were also lower than reported 

from other countries [60,61]. When admissions for asthma and COPD in childhood 

were combined, rates were still lower than admission rates for asthma in childhood in 

other countries [12,19]. Substantial geographical differences in prevalence of asthma 

symptoms and diagnosed asthma exist in children [62] and adults [63]. High 

prevalences were reported from centres in the British Isles, New Zealand, Australia, and 

the United States in the early nineties [62,63]. The prevalence of diagnosed asthma in 

adults was lower in the Netherlands, but the prevalence of some symptoms ('wheeze 

with breathlessness' and 'cough at night') reached a similar level as in these centres [63]. 

Health care policies. Health service characteristics may affect admission rates for 

asthma [ 64]. It was also suggested that the observed rise in hospitalisation in childhood 

in the United Kingdom may reflect trends in provision and utilisation of health services 

rather than major changes in morbidity [10]. In the Netherlands, an actual reduction in 

the number ofhospital beds was forced in the eighties, and a decrease in admissions for 

all causes and length of stay in hospital in childhood occurred [28]. Despite this 

development, admissions for asthma increased in young children. Length of stay for 

asthma might give an indication about severity threshold for hospital admissions within 

the management of childhood asthma [ 11]. Although decreasing, it was high compared 

with other countries in the 1980s [28]. Despite a further substantial 35-40% decrease 

from 1990 to 1999, the length of stay still remained higher than in other countries 

[17,58,65,66]. However, in one study more than 80% ofthe hospitalisations in children 
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aged 2-14 years was shorter than 24 hours [ 66], drawing attention to the possibility of 

differences in management of acute asthma in hospital, or differences in coding 

practices of the admission, i.e. between day care and ward admissions, hampering 

international comparisons. It is remarkable though, that in a Dutch study a readmission 

rate of26% was found [67], similar to findings in the age group 0-4 years from other 

countries [14,15,68]. In that study, as in the present data, admissions were ward 

admissions with at least one overnight stay. In the Netherlands, day care admissions for 

asthma were negligible in the 1980s, but started to rise in the late 1990s. From 1993 

more than 95% of the day care admissions are registered by the Dutch Centre for Health 

Care Information according to the lCD codes. In 1993 the admission ratio of ward to 

day care for asthma was about 60:1 in age group 0-4 years and 54:1 in the total 

population, and had decreased in 1999 to 18:1 and 8.6:1, respectively. Hence, it is not 

plausible that a shift to day care was a contributory factor for the observed trends in 

admissions for asthma in the study period, but it may be a factor to take into account in 

future analyses. 

Readmissions may contribute to the increasing admission rates for asthma [ 1], but this 

was not found by others [14]. In a more recent study, first admissions for asthma 

increased, but readmissions decreased, particularly in 0-3 years olds, possibly due to 

increasing use of anti-inflammatory treatment which reduces severity of disease [19]. 

Apart from severity of asthma, social factors can play a role in hospitalisation. Ethnicity 

rather than deprivation seems to be a risk factor, which may be due to undertreatment 

with inhaled steroids rather than to a higher prevalence of asthma [69,70]. In the 

Netherlands, ethnicity was not coded at admission. Also, no national data are available 

on first admissions and repeat admissions. Hence, their contribution to the age-specific 

trends in hospitalisation cannot be estimated. 

Asthma management. In children [71] and adults [72] admitted to hospital for asthma 

in the United States, management was found not to comply with the guidelines. In 

general, the goals for asthma control appeared not to be met [73]. However, reductions 
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in hospital admissions for asthma in various countries have been linked with increases 

in prophylactic treatment [16-19]. In the Netherlands, the trends might reflect better 

asthma management as welL Hospital admissions for asthma decreased from the age of 

5 years and the recent increases at the ages between 5 and 34 years were smaller than 

the concurrent decreases in admissions for COPD. Prescriptions for anti-inflammatory 

agents increased from 1981 in all age groups [74,75]. A substantial increase was found 

in age group 0-4 years between 1990 and 1993 [Chapter 4]. Inhaler devices have been 

adapted for treatment of asthma in young children, but only recently attempts are made 

to enhance their therapeutic efficacy [7 6]. The levelling off of the increase in age group 

0-4 years in the 1990s with a concurrent decrease in admissions for COPD suggests a 

true improvement in management. 

Summary. In the Netherlands, hospital admission rates for asthma showed an overall 

decrease over the period 1980-1999, except for the increase in age group 0-4 years. The 

trends levelled off in the 1990s. The guidelines on diagnosis and management of 

asthma, and the Dutch consensus on asthma in children, may have contributed to the 

observed trends by their influence on diagnostic labelling and by stimulating 

prophylactic treatment for asthma. A diagnostic transfer from COPD to asthma is likely 

to have occurred in childhood and young adulthood after 1993. The increasing hospital 

admission rates for acute bronchi( oli)tis in age group 0-4 years, and the increasing 

hospital admission rates for COPD in females over 35 years are cause for concern. 
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CHAPTER4 

CONSULTATIONS AND PRESCRIPTIONS FOR ASTHMA 

AND COPD IN THE NETHERLANDS, 1981-1993 

Abstract 

The rising mortality and morbidity associated with asthma in the eighties prompted to 

develop guidelines on diagnosis, treatment and management of asthma. To evaluate 

their impact in the Netherlands, we analysed national data on consultations (first and 

repeat) and prescriptions in those having ambulatory care for asthma and chronic 

obstructive pulmonary disease (COPD) by age group (0-4 years, 5-11 years, 12-19 

years, 5-39 years, 40-64 years, and L65 years) and doctor's category (general 

practitioners ( GPs) and specialists) over the period 1981-1993. Prescriptions were 

subdivided into (1) pulmonary medication: P2-agonists, anticholinergics, ketotifen, 

methylxanthines, sodium cromoglycate, inhaled steroids, oral steroids, (2) antibiotics, 

(3) other drugs. We calculated age-specific rates per 1000 persons per year and analysed 

time trends by least squares regression. Rates of first consultations remained steady, 

except for the increase in age group 0-4 years in specialists. Rates of repeat 

consultations increased in age groups 0-4 years and 5-11 years for both GPs and 

specialists, as well as in age groups 12-19 years and 5-39 years for specialists. Specialist 

consultations decreased in age group 40-64 years. Prescription rates of pulmonary 

medication increased in all age groups, except for 40-64 years, both by GPs and 

specialists. In age groups 0-4 years and 40-64 years, a decrease in GP prescriptions for 

the 'other drugs' occurred. Trends in prescriptions for the various classes of drugs within 

the pulmonary medication group were in line with the guidelines. Prescriptions for 

antibiotics showed no trends. The ratios of prescription rate to consultation rate for the 

anti-inflammatory drugs increased significantly in all age groups. In conclusion, the 

findings suggest a stable incidence of asthma and COPD in the Netherlands, 
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improvement in care, and an increase in prevalence and (or) severity of obstructive 

airways disease in children over the period 1981-1993. 

4.1 Introduction 

The rising mortality and morbidity associated with asthma in the eighties was not 

expected. The therapeutic possibilities had greatly improved by the introduction of 

cromones and inhaled corticosteroids as anti-inflammatory agents together with 

selective ~2-agonists and methylxanthines as bronchodilators. Sales and prescriptions 

of anti-asthma drugs had increased [1-3], but the use of~2-agonists was associated with 

negative effects [ 4,5]. Guidelines on diagnosis, treatment and management of asthma 

have been developed and updated nationally and internationally since 1989 [6-12], 

resulting in a Global Initiative for Asthma by the National Heart, Lung, and Blood 

Institute and theW orld Health Organization in 1995 [13]. Dutch guidelines were issued 

in 1991 for specialists [14,15] and in 1992 for general practitioners [16-18]. The 

establishment of asthma as an inflammatory disorder implied anti-inflammatory drugs 

as mainstay treatment and bronchodilators as relief medication. 

The Institute of Medical Statistics (IMS) in the Netherlands can provide national data 

on consultations and prescriptions in patients receiving ambulatory care. Previous 

reports indicated an increase in prescriptions for anti-asthma medication over the period 

1981-1990 [19,20]. This chapter presents the data on consultations and prescriptions 

from 1981 up to 1993. The aim was to evaluate parameters of asthma management in 

ambulatory care, and to determine whether changes were in line with the published 

guidelines. 
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4.2 Material and methods 

IMSdata 

In the Netherlands, the IMS obtains information on consultations and prescriptions in 

ambulatory care by quarterly samples of325 general practitioners (GPs) and specialists. 

The physicians are asked to record all doctor-patient contacts on special forms during 

1 week. This results in information from circa 1300 physicians per year, 660 GPs and 

640 specialists. The information is processed anonymously and is used to calculate 

national consultation and prescription data. The doctor's diagnosis is recorded according 

to the International Classification ofDiseases (ICD) codes. For the purpose ofthis study 

we obtained the national data from the Diagnosis Index of the IMS on asthma (I CD 

code 493) and chronic obstructive pulmonary disease (COPD) (comprising ICD codes 

490,491,492, and 496) for the following age groups: 0-4 years, 5-11 years, 12-19 

years, 5-39 years, 40-64 years, and z65 years, and the following years: 1981, 1983, 

1986, 1988 (consultations only), 1990, and 1993. Emphysema (ICD code 492) was 

evaluated from age 40. Code 496 (chronic obstructive airway disease not classified 

elsewhere) turned out to be hardly used and was thus excluded from the analysis. From 

1981-1987 ICD revision 8 was in operation, and from 1988-1993 ICD revision 9. The 

major difference is that under ICD-8 the diagnostic label "CARA" was coded as asthma, 

code 493, and under ICD-9 "CARA" was coded separately from asthma as 493.93. 

"CARA" stands for Chronische Aspecifieke Respiratoire Aandoeningen, which is 

equivalent to the English term chronic nonspecific lung disease (CNSLD). In the 

Netherlands, contrary to other countries, the term "CARA" has been widely used 

[21,22]. Therefore, data on asthma and COPD were combined in the trend analysis. 

Consultations were divided into first and repeat consultations. The prescriptions were 

divided into 3 main categories: 

-pulmonary medication, comprising P2-agonists, anticholinergics (including deptropine 

in childhood), ketotifen, methylxanthines, sodium cromoglycate, inhaled steroids, and 

oral steroids, 
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- antibiotics, and 

-other drugs (such as antitussives, expectorants, mucolytics). 

The data from GPs and specialists were analysed separately. 

Data analysis 

We used annual mean population age structures [23] to calculate rates per 1000 persons 

for the number of consultations and the number of prescriptions in the respective 

calender years in the respective age groups. We performed time trend analyses over the 

period 1981-1993 on the age specific rates for consultations and for prescriptions for 

the 3 main categories by means ofleast squares linear regression, using the statistical 

package SPSS. The coefficient ofthe slope reflected the annual change in the respective 

rate, and we tested whether the change was significantly positive or negative over the 

study period. A p-value <0.05 was considered significant to give a slope different from 

zero. Additionally, the trends in prescriptions of the drugs in the pulmonary medication 

category were examined within the different classes. These data are descriptively 

presented. 

We calculated ratios of prescription rate to consultation rate for GP and specialist by 

age group, as proxy for drug treatment intensity. This was done for all drugs combined, 

for anti-inflammatory drugs (sodium cromoglycate, inhaled steroids, and oral steroids), 

and for bronchodilators (~2-agonists, anticholinergics, andmethylxanthines ). Time trend 

analyses were performed on these ratios. 

1993 

The change by IMS from ICD-8 to ICD-9 for coding since 1988 allowed to analyse the 

data on asthma separate from "CARA". The 1993 data were evaluated by the diagnostic 

labels asthma (ICD 493), "CARA" (ICD 493.93), chronic bronchitis (ICD 491), 

bronchitis not specified as acute or chronic (ICD 490), and emphysema (ICD 492), with 

the aim to address the issue whether diagnostic label carried relevance to treatment 

pattern. 
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4.3 Results 

4.3.1 Trends in consultations and prescriptions in the total population 

The number of first consultations in GPs showed no significant trends, but in specialists 

a significant increase in age group 0-4 years (p=0.02) was found and a significant, small 

decrease in age group 40-64 years (p=0.04). Repeat consultations increased 

significantly in age group 0-4 years in both GPs (p<O.O 1) and specialists (p<O.OO 1 ), and 

in age group 5-39 years in specialists (p=0.02), whereas repeat consultations decreased 

in age group 40-64 years in specialists (p<0.01). Figure 4.1 illustrates the trends in the 

consultation rates. 

Prescriptions by GPs for pulmonary medication increased significantly in the age groups 

0-4 years (p<O.OOl), 5-39 years (p=0.02), and ?:65 years (p=0.02), as did the 

prescriptions by specialists in these age groups (p<0.001, p=0.04, and p=0.02 

respectively) (figure 4.2). No trends were seen regarding antibiotics. The prescription 

rates of the 'other drugs' showed a significant decrease in age groups 0-4 years (p<O .01) 

and 40-64 years (p=0.03) for GP prescriptions (figure 4.2). 

The trends in prescription rates ofthe different classes of drugs within the pulmonary 

medication category are shown in figure 4.3 (GP) and figure 4.4 (specialist). Most 

marked is the increase in prescriptions for inhaled steroids in all age groups and for 

anticholinergics in age groups 0-4 years and ?:65 years, and the decrease in prescriptions 

for xanthines in all age groups. 
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Figure 4.3 Number of prescriptions for pulmonary medication for asthma and COPD per 1000 persons by 

GP in the four age groups in the total population, in column presented for the years 1981, 1983, 1986, 1990, 

and 1993 successively, broken down into pharmacological groups of drugs. 

Age groups 0-4 years and 5-39 years: P2-agonists, inhaled steroids, sodium cromoglycate, anticholinergics, 

ketotifen, and methylxanthines; age groups 40-64 years and :>65 years: P2-agonists, inhaled steroids, oral 

steroids, sodium cromoglycate, anticholinergics, and methylxanthines. 
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Figure 4.4 Number of prescriptions for pulmonary medication for astbma and COPD per 1000 persons by 

specialist in the four age groups in the total population, in column presented for the years 1981, 1983, 1986, 

1990, and 1993 successively, broken down into pharmacological groups of drugs. 

Age groups 0-4 years and 5-39 years: p,-agonists, inhaled steroids, sodium cromoglycate, anticholinergics, 

ketotifen, and methylxanthines; age groups 40-64 years and ;-65 years: p,-agonists, inhaled steroids, oral 

steroids, sodium cromoglycate, anticholinergics, and methy!xanthines. 
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by GP (upper panel) and specialist (lower panel) by age group in the total 

population, 1981-1993. *,Trend statistically significant (p<0.05). 
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The rates of consultations and prescriptions per 1000 persons were higher in the 

youngest and the oldest age group compared to the middle age groups. However, taking 

into account the ratios of prescription rate to consultation rate, treatment intensity was 

overall similar (figure 4.5). The GP's ratio in age group 5-39 years decreased (p=0.04) 

and the specialist's ratio in age group 40-64 years increased (p=O.Ol). 
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Figure 4.6 Number of prescriptions per consultation for asthma and COPD for anti-inflammatory drugs (on 

the left) and bronchodilators (on the right) by GP (upper panels) and specialist (lower panels) by age group 

in the total population, 1981-1993. Anti-inflammatory drugs: inhaled steroids, sodium cromoglycate, and oral 

steroids; bronchodilators: P0-agonists, anticholinergics, and methylxanthines. 

*, Trend statistically significant (p<0.05). 

For the anti-inflammatory drugs (inhaled steroids, sodium cromoglycate, oral steroids), 

the number of prescriptions per consultation (ratio) increased significantly in the 4 age 

groups between 1981 and 1993 except for the GP's ratio in age group 0-4 years (p

values in the respective age groups forGP: 0.09, <0.01, 0.02, and <0.001; forspecia1ist: 

0.01, <0.01, 0.01, and 0.03) (figure 4.6). The prescription/consultation ratios for 

bronchodi1ators (P2-agonists, anticholinergics, methylxanthines) increased in the 1980s, 

but bronchodilators were consistently less frequently prescribed per consultation in 
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1993 than in 1990, except for the increase in the ratio in age group 0-4 years (GP: 

p<O.OOl, specialist: p=O.Ol) (figure 4.6). 

4.3.2 Trends in consultations and prescriptions in childhood 

This section concerns the age groups 0-4 years, 5-11 years, and 12-19 years. The age 

group 0-4 years was also represented in section 4.3.1 as part of the total population. 

No significant trends were found in first consultations, with the exception of an increase 

for age group 0-4 years in specialists (p=0.02). Repeat consultations increased 

significantly in all age groups, except for GPs in age group 12-19 years (0-4 years: GP, 

p<0.01; specialist, p<0.001; 5-11 years: GP, p=0.02; specialist, p<O.Ol; and 12-19 

years: GP, p=0.07; specialist, p<0.05). Figure 4.7 illustrates the trends in consultation 

rates between 1981 and 1993. 

Prescriptions by GPs for pulmonary medication increased significantly in all three age 

groups (0-4 years: p<0.001; 5-11 years: p<O.Ol; 12-19 years: p=0.04). Prescriptions by 

specialists increased significantly in the age groups 0-4 years (p<O.OO 1) and 5-11 years 

(p<O.O 1 ), while the trend in age group 12-19 years nearly reached statistical significance 

(p=0.054). Prescriptions for antibiotics showed no significant trends. Prescriptions by 

GPs for the 'other drugs' decreased significantly in age group 0-4 years (p<O.O 1 ). Figure 

4.8 shows the rates of prescriptions for these 3 main categories of drugs. 

The trends in prescription rates of the different classes of drugs within the pulmonary 

medication category are shown in figure 4.9 (GP) and figure 4.10 (specialist). In all3 

age groups prescription rates of inhaled steroids increased markedly, as did prescription 

rates of ~[agonists and anticholinergics in age group 0-4 years. In age groups 5-11 

years and 12-19 years, prescriptions for ~2-agonists increased as well until 1990. 
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Figure 4.7 Number of first consultations (upper panel) and repeat 
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Figure 4.9 Number of prescriptions for pulmonary medication for asthma and COPD per 1000 persons by 

GP in the tbree age groups in childhood, in column presented for the years 1981, 1983, 1986, 1990, and 1993 

successively, broken down into pharmacological groups of drugs: ~2-agonists, inhaled steroids, sodium 

cromoglycate, anticholinergics, ketotifen, and methylxanthines. 
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Figure 4.10 Number of prescriptions for pulmonary medication for asthma and COPD per 1 000 persons by 

specialist in the three age groups in childhood, in column presented for the years 1981, 1983, 1986, 1990, and 

1993 successively, broken down into pharmacological groups of drugs: B2-agonists, inhaled steroids, sodium 

cromoglycate, anticholinergics, ketotifen, and methylxanthines. 
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Prescription rates in age group 12-19 years were lower than in the younger age groups, 

however in relation to the consultation rate (ratio) treatment intensity was not (figure 

4.11 ). The ratios for the anti-inflammatory drugs (inhaled steroids, sodium 

cromoglycate, oral steroids) increased significantly for GP in age groups 5-11 years 

(p=0.02) and 12-19 years (p=O.Ol), and for specialists in age groups 0-4 years (p<O.Ol) 

and 5-11 years (p<O.O 1 ). The ratios for bronchodilators (02-agonists, anticholinergics, 

methylxanthines) increased throughout in age group 0-4 years (GP: p<O.OO 1; specialist: 

p=0.03), but in the other two age groups the increasing trend in the eighties was 

followed by a decline in 1993 (figure 4.11). 
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Figure 4.11 Number of prescriptions per consultation for asthma and COPD for anti-inflammatory drugs (on 
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in childhood, 1981-1993. Anti-inflammatory drugs: inhaled steroids, sodium cromoglycate, and oral steroids; 
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*, Trend statistically significant (p<0.05). 
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4.3.3 Consultations and prescriptions for asthma and the other obstructive 

pulmonary diseases as separate diagnostic entities in 1993 

The total number of consultations by age group and doctor's category are listed in table 

4.1, according to diagnostic label. At GP consultations the "CARA'' label was more 

prevalent than the asthma label, especially at ages under 5 years and over 40 years, 

except in age group 12-19 years. However, the majority of GP consultations were 

labelled bronchitis, not specified as acute or chronic. The majority of specialist 

consultations were labelled asthma or "CARA", with asthma labelling predominant 

between the ages 5 and 64 years, particularly in young adults. Consultations for 

bronchitis played a minor role. 

Drug prescriptions were related to diagnostic label in the total population (figure 4.12) 

and in childhood (figure 4.13). We evaluated 3 main disease categories: asthma, 

"CARA", and the other labels combined in a 'bronchitis'-group (chronic bronchitis, 

bronchitis not specified as acute or chronic, and emphysema (from age 40)). For the 

purpose of this section, drugs were grouped as bronchodilators: ~2-agonists and 

anticholinergics; anti-inflammatory drugs: inhaled steroids, sodium cromoglycate, and 

oral steroids; antibiotics; and remainder: ketotifen, methylxanthines, and the 'other 

drugs'. The pattern of treatment by GP in asthma and in "CARA" was remarkably 

similar in all age groups, mainly bronchodilators and anti-inflammatory treatment, 

whereas in the 'bronchitis'-group prescriptions for antibiotics were most prevalent. In 

specialists prescriptions for bronchodilators and anti-inflammatory drugs were 

predominant, except for 'bronchitis' in age group 0-4 years, for which prescriptions for 

the remainder group were more prevalent. 
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Table 4.1 Number of consultations for the obstructive pulmonary diseases by diagnostic labelling in general 
practitioners and specialists by age group in 1993 

Age group in years 
0-4 5-11 12-19 5-39 40-64 <: 65 

General practitioner 
Asthma 49113 39352 40378 158479 84247 72801 
"CARA" 73784 57196 338ll 200599 192750 288775 
Chronic bronchitis 3290 38ll 2748 16945 36506 40402 
Bronchitis, not specified 204290 99566 67651 362201 270693 222921 
Emphysema 10911 61751 

Specialist 
Asthma 81919 99809 39686 216074 142236 98389 
"CARA" 76291 55931 16193 83325 53726 ll0898 
Chronic bronchitis 2004 501 320 4556 139ll 31998 
Bronchitis, not specified 13527 9018 1258 12365 8837 7197 
Emphysema 19636 59173 

Asthma: international classification of diseases (ICD)-9 code 493 
"CARA": ICD-9 code 493.93 
Chronic bronchitis: ICD-9 code 491 
Bronchitis not specified as acute or chronic: ICD-9 code 490 
Emphysema: ICD-9 code 492 (from age 40 years). 
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4.4 Discussion 

We observed a change in prescriptions of drugs for asthma and COPD in the 

Netherlands from 1981 to 1993, in accordance with the guidelines. Importantly, an 

increase in the number of prescriptions for anti-inflammatory drugs was observed in 

relation to the number of consultations. Other findings were an overall stable rate of 

first consultations, and an increase in the rate of repeat consultations in the age groups 

between 0 and 40 years. Consultation rates may reflect need for care, but also the 

outcome of care. 

The absence of trends in first consultations for asthma and COPD in GPs and specialists 

suggests a stable incidence in theN ether lands over the period 1981-1993. An exception 

was the increase in first consultations in age group 0-4 years in specialists. In the 

Netherlands, it is common practice that patients are being referred to the specialist by 

GP, so this finding indicates either an increase in severity of disease or (and) a shift in 

medical care. The latter is not in line with the Dutch guidelines for asthma in children 

[16], whereas an increase in severity is in line with the reported increase in hospital 

admissions in this age group [24]. 

The significant increases found in repeat consultations in patients under 40 years may 

point to a better management, i.e. more frequent follow-up visits for a review of 

treatment, which is in accordance with the guidelines, particularly with respect to 

inhaled steroids in children. Alternatively, benefit from increased prescribing of anti

asthma drugs may result in a decrease in consultations, which occurred in the age group 

40-64 years for specialists. Other factors in the increase in repeat consultations may be 

more severe disease or increased prevalence of the disease at younger ages. The 

increase in age group 5-39 years appeared to be mainly due to the increasing rates in 

age group 5-11 years. It has been argued that a cohort effect in asthma prevalence could 

have occurred [25]. Worldwide increases in prevalence of asthma have been observed, 

especially at younger ages [26]. In the Netherlands, prevalence of asthma in 
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schoolchildren might have increased [27]. An increase in prevalence of very mild-to

moderate asthma/COPD in subjects aged 25-70 years was found [28], but stratification 

by age was not done. 

Over the period 1981-1993 inhaled steroids were more frequently prescribed in all age 

groups by GPs and specialists, prescriptions for B2-agonists showing only a moderate 

increase. In the age groups 0-4 years and ;:o65 years prescriptions for anticholinergics 

increased considerably. A Dutch study in patients with asthma and chronic bronchitis 

indicated that older patients (>60 years) benefited more from inhaling anticholinergics 

(ipratropium bromide) than B2-agonists [29]. So in the Dutch GP guidelines on CNSLD 

in adults, treatment with anticholinergics is recommended in patients >60 years [18]. 

It should be mentioned that anticholinergics included deptropine. Deptropine was 

frequently used for childhood respiratory diseases in the Netherlands and was included 

in the Dutch national guidelines for asthma in children <4 years [15,16]. However, 

because of adverse events deptropine was removed from the Dutch guidelines in the late 

nineties, and a strong decrease in prescriptions for deptropine followed the negative 

reporting [30]. Prescriptions by GP for pulmonary medication in the age group 0-4 years 

increased whereas prescriptions for the 'other drugs' decreased. Along with the decrease 

in prescriptions for methylxanthines, the prescription patterns observed were in 

accordance with the asthma guidelines. No information was provided on dosages of 

drugs or on multiple prescriptions for the same patient, so no additional trends in 

prescribing patterns could be assessed in the drug therapy of patients with asthma and 

COPD. 

The prevalence of consultations and prescriptions was higher at younger and older ages 

than at middle ages. However, the ratios of prescription rate to consultation rate in the 

age groups point to similar drug treatment intensities. Importantly, in all age groups the 

ratio for anti-inflammatory drugs increased. This increase was mainly due to 

prescriptions for inhaled steroids. The prescription rate of the nonsteroid drug sodium 

cromoglycate increased in age group 0-4 years, but showed a tendency to decrease in 
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the age groups 5-11 years and 12-19 years. This follows the guidelines, where sodium 

cromoglycate has a place in the course of mild asthma, whereas inhaled steroids are first 

choice for long-term suppression of the inflammatory process in the airways. 

Studies in the eighties pointed to the importance ofthe diagnostic label for the treatment 

of chronic respiratory symptoms [31,32]. Especially in older patients [33], but also in 

younger ones [34], it is often difficult to make a proper diagnosis. In a Dutch study on 

respiratory diseases based on data from general practices, it was found that many 

mutations in diagnostic labelling occurred, shifting between the "CARA" categories as 

well as from respiratory diseases classified as infections to especially the "CARA" 

categories asthma and chronic bronchitis [35]. Drug prescription patterns for patients 

labelled asthma and "CARA" were similar in 1993, primarily bronchodilators and 

inhaled steroids were prescribed. A different pattern was found in the 'bronchitis'-group, 

that is chronic bronchitis, bronchitis not specified as acute or chronic, and emphysema 

combined. Treatment of 'bronchitis' occurred primarily by GP and antibiotics were 

predominantly prescribed, as well as when bronchitis was labelled as chronic. The 

practice of prescribing antibiotics for symptoms associated with bacterial infections in 

CNSLD patients has been questioned [36]. Also in childhood, when the most frequent 

triggers for acute episodes of asthma and bronchitis are viral infections [3 7-3 9], routine 

treatment with antibiotics is not beneficial [40]. Symptoms of chronic and recurrent 

cough in young children may be an expression of asthmatic disease for which anti

asthma drugs are indicated [ 41 ], while episodes labelled as acute bronchitis in adults 

may be exacerbations ofCNSLD [35]. It has recently been suggested that antibiotics in 

early childhood may even contribute to development of atopy through effects on the 

gastrointestinal flora, by affecting the balance ofT -helper lymphocyte types 1 and 2 

[ 42]. The risk of development of asthma and allergic diseases was highest in children 

with a predisposition to atopic immune responses [ 43]. In our study, stable prescription 

rates of antibiotics were observed in all age groups up to 1993. 

Enhanced diagnostic awareness could have occurred in the last decades and a shift in 
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labelling may have contributed to an increased prevalence of asthma [ 44]. An 'asthma' 

label in favour of a 'bronchitis' label may reduce the antibiotic treatment of wheezy 

children [31,39]. The increased prescription rate of anti-inflammatory drugs in 

childhood accompanied by a stable prescription rate of antibiotics suggest an increase 

in prevalence and (or) severity of asthma rather than a shift in labelling in the 

Netherlands. In 1993, the prescriptions of drugs for 'asthma' and "CARA" appeared to 

be similar and this might point to asthma treatment in theN etherlands reaching a broad 

spectrum of asthmatic children [ 45]. 

In general practice, the ratio of corticosteroid to bronchodilator prescriptions for asthma 

appeared to be an important factor in the outcome of asthma care and may be a measure 

of quality of prescribing, with a higher ratio leading to less severe symptoms [ 46]. In 

1993, inhaled steroids were as often prescribed as bronchodilators. An increased eo-use 

of inhaled steroids and brochodilators was found in Dutch asthma patients, aged 5-50 

years, over the period 1986-1991 [47]. Compared to other countries in Europe, the 

Netherlands scored high in knowledge of and attitude to asthma according to the 

guidelines [ 48]. Although data suggest good asthma drug management in the 

Netherlands, in individual patients goals may not be met [ 49]. There may be a need for 

education and increased use of inhaled steroids [49,50], nevertheless continuing 

morbidity may exist in patients on (high doses of) inhaled steroids [ 50,51] and high 

levels of GP attendances [51]. 

The present data on consultations and prescriptions concerned patients in ambulatory 

care, and were based on diagnostic codes. We emphasise that the data were part of the 

overall information about doctor-patient contacts obtained by IMS, therefore bias 

because of special interest in asthma and COPD on the part of the participating doctor 

is unlikely to have occurred. 

In conclusion, health care utilisation for asthma and COPD increased in theN etherlands 

over the period 1981-1993. Steady first consultation rates suggested a stable incidence. 
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Repeat consultation rates increased in the age groups under 40 years, whereas a 

decrease in age group 40-64 years was found. Trends in prescription rates were in line 

with the guidelines, in particular inhaled steroids were more frequently prescribed. The 

results may indicate better management of asthma and COPD, but also increase in 

prevalence an (or) severity of obstructive airways disease at younger ages. 
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CHAPTERS 

PHARMACOTHERAPY FOR ASTHMA IN THE 

NETHERLANDS, 1999-2001 

Abstract 

To review current asthma therapy, we analysed data on consultations and prescriptions 

by general practitioners (GPs) and specialists for asthma in the age groups 0-4 years, 

5-11 years, 12-19 years, 20-39 years, 40-64 years, and ::::65 years in the Netherlands for 

the years 1999, 2000, and 2001. Drugs were grouped as bronchodilators: P2-agonists 

and anticholinergics; anti-inflammatory drugs: inhaled corticosteroids, mast cell 

stabilisers, and oral and parenteral corticosteroids; combined inhaled P2-agonists and 

corticosteroids; antileukotrienes; and other drugs. We calculated ratios of number of 

prescriptions to number of consultations for the pulmonary drugs. Overall, prescriptions 

for pulmonary medication accounted for 90% of all prescriptions for asthma, and were 

primarily for P2-agonists and inhaled corticosteroids. The GPs' prescription/consultation 

ratios for bronchodilators ranged from 0.5 in children to 0.7 in adults and for anti

inflammatory drugs from 0.4 to 0.6. Bronchodilators and anti-inflammatory drugs were 

prescribed by specialists in similar frequencies, and the prescription/consultation ratios 

ranged from 0.7 in age group 0-4 years to over 0.9 in age group ::::65 years. The 

increased ratios observed for inhaled combined P2-agonists and corticosteroids indicate 

the greater use of long acting P2-agonists in asthma management. 

5.1 Introduction 

In chapter 4, parameters of asthma management in ambulatory care were evaluated over 

the period 1981-1993, when the first international consensus guidelines on asthma 
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diagnosis and management were published. Guidelines for asthma have recently been 

updated for children [1,2] and adults [3]. The updated guidelines recommend asthma 

treatment primarily by inhaled short acting ~[agonists and inhaled steroids, and include 

an increasing role for long acting ~[agonists, along with educational processes, such 

as patient information, self-management plans, and educational programs for caregivers. 

Early intervention with a higher dose of steroids is advised to achieve rapid control of 

symptoms, and then stepping down the treatment. Cromones (sodium cromoglycate and 

nedocromil) and xanthines have a limited place in asthma therapy, while deptropine and 

ketotifen have become obsolete. New agents were introduced to play a role in asthma 

management, such as leukotriene antagonists. For the purpose ofthis thesis, the Institute 

ofMedical Statistics (IMS) provided data on consultations and prescriptions for asthma 

in the Netherlands for the years 1999,2000, and 2001. We aimed to review the current 

treatment pattern for asthma in the Netherlands. 

5.2 Material and methods 

For detailed information about IMS data, we refer to chapter 4, section 2. For the 

present chapter, we analysed data for asthma according to the International 

Classification of Diseases (lCD), tenth revision, code J45. ICD-10 code J46 covers 

'status asthmaticus'. Consultations for asthma coded under J46 were less than 0.1% and 

were excluded from the analysis. 

We divided age into the age groups: 0-4 years, 5-11 years, 12-19 years, 20-39 years, 40-

64 years, and z65 years. Consultations were divided into first and repeat consultations. 

IMS grouped the drugs for asthma as follows: bronchodilators: ~2-agonists and 

anticholinergics (including deptropine ); anti-inflammatory drugs: inhaled 

corticosteroids, mast cell stabilisers ( cromones and ketotifen), and oral and parenteral 

corticosteroids; combined inhaled ~2-agonists and corticosteroids; antileukotrienes; and 

other drugs: antibiotics, expectorants, and other pharmacotherapy. We analysed the data 
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for general practitioners (GPs) and specialists separately. 

To present the prevalence of consultations with physicians in 1999, we calculated age

specific rates per 1000 persons, based on the mean Dutch population age structure [ 4]. 

To assess asthma treatment, we related the number of prescriptions to the number of 

consultations and calculated ratios for bronchodilators, anti-inflammatory drugs, 

combined inhaled P2-agonists and corticosteroids, and leukotriene antagonists by age 

group and doctor's category for the years 1999, 2000, and 2001. The results are 

descriptively presented. 

5.3 Results 

Consultations 

Prevalence of first consultations was highest in age group 0-4 years and decreased with 

age. Repeat consultations occurred most frequently in age groups 0-4 years and 5-11 
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Figure 5.1 Number of first consultations (left panel) and repeat consultations (right panel) for astluna per 

1000 persons by doctor's category and age group in 1999. Asthma: international classification of diseases 

(ICD)-10 code J45. 
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Table 5.1 Ratio of number of prescriptions to number of consultations for combined ~[agonists and 
corticosteroids by single inhaler for asthma, by age and doctor's category, 1999-2001 

Age (years) 
0-4 5-11 12-19 20-39 40-64 ;.65 

General practitioner 
1999 0 0.01 0.01 0.01 0.01 0.01 
2000 0.01 0.03 0.01 0.04 0.05 0.04 
2001 0.01 0.03 0.06 0.06 0.08 0.10 

Specialist 
1999 0 0.05 0.10 0.04 0.04 0.06 
2000 0.01 0.09 0.21 0.18 0.14 0.10 
2001 0.04 0.25 0.30 0.27 0.27 0.20 

Asthma: international classification of diseases (ICD )-1 0 code J45. 

years, especially for specialists, and showed the lowest rates in age group 20-39 years 

(figure 5.1 ). 

Prescriptions 

Prescriptions for the pulmonary medication accounted for 90% (GPs) or more 

(specialists) of all prescriptions for asthma. 

Prescriptions for bronchodilators and anti-inflammatory drugs concerned primarily ~F 

agonists and inhaled corticosteroids, in children (figure 5.2) as well as in adults (figure 

5.3). Anticholinergics were mainly prescribed in the age groups 0-4 years and L65 

years. Bronchodilators were prescribed by GPs at over half of the consultations and 

anti-inflammatory drugs to nearly the same extent. For specialists, the ratios of 

prescriptions to consultations for bronchodilators and anti-inflammatory drugs showed 

similar frequencies and decreased from age 5 over the period 1999-2001. However, the 

ratios for combined inhaled ~2-agonists and corticosteroids increased over time (table 

5.1). Prescriptions for cromones and ketotifen were minor, as well as for xanthines 

which were included in the 'other drugs' by IMS. 

Leukotriene antagonists, a new class of drugs, were prescribed very rarely. Prescriptions 

by GPs started in 2001 from age 5, and the ratios ranged from 0.01 in age group 5-11 
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years to 0.02 in age group 20-39 years. Prescriptions by specialists increased from 1999 

to ratios which ranged from 0.01 in age group 0-4 years to 0.10 in age group 12-19 

years in 2001. 

5.4 Discussion 

The rate of first consultations with GPs might be proxy for the incidence of asthma. 

From the United States, incidence rates from 1964-1983 were reported to be highest in 

infants <1 year of age and to fall progressively through childhood to be lowest in adults 

[5]. Dividing age group 0-4 years in under 1-year-olds and 1-4-year-olds, rates were 

66.2 and 52.7 respectively. The distribution in our results was less skewed than in those 

data, where <1-year-olds had a nearly 3 times higher incidence than 1-4-year-olds, but 

levels were higher [5]. It is estimated that 75% of childhood asthma is infrequent 

episodic, 20% frequent episodic, and 5% persistent [2]. Infrequent episodic asthma can 

be managed by ~-agonists alone. For frequent episodic and persistent asthma 

prophylactic treatment is considered necessary. The relatively high prescription ratio 

for inhaled steroids by GPs in age group 0-4 years may point to diagnostic labelling of 

asthma by GP in children with more frequent or recurrent symptoms. Whether the right 

patients are being diagnosed and treated may be an issue especially in childhood [6]. 

Prevalence data are often based on questionnaires. The present data concerned patients 

seeking medical help. Also in the other age groups patients with more troublesome and 

severe symptoms might have been labelled with the diagnosis 'asthma', in view of the 

relatively high frequency of anti-inflammatory therapy. 

Anticholinergics were prescribed mainly in age group 0-4 years and <:65 years, but 

played a small part. In children, this accords with the Dutch asthma guidelines, which 

stated that there was no indication for deptropine any more [1]. In line with the 

guidelines, asthma management was mostly by ~2-agonists and inhaled steroids [1-3]. 
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CHAPTER6 

ASTHMA IN AGE GROUP 0-4 YEARS. 

A REGISTRATION STUDY FROM THE JULIANA 

CHILDREN'S HOSPITAL, THE HAGUE 

6.1 Introduction to the study 

Since the mid-sixties an increase in hospital admissions for asthma in children in several 

countries was observed [1]. Factors that could have played a role were an increase in 

prevalence and (or) severity of asthma, an increase in the number of admissions per 

patient, a change in hospital admission criteria, and a change in medical management. 

Several studies from the United Kingdom were aimed at assessing these explanatory 

aspects. A study in children aged 5-14 years pointed to an increased readmission rate, 

whereas self referrals had increased as well, possibly due to a tendency ofhospitals to 

partake in primary care functions [2]. A later study, however, showed a relative fall in 

readmissions in 5-14-year-olds, but together with data from children aged 0-4 years, the 

findings indicated an increase in number of asthmatic children experiencing severe 

attacks [3]. Another study pointed to an increase in the number of admitted children as 

cause for the rising admissions, both in children aged 0-4 years and 5-14 years [ 4]. In 

this latter study 72% of the admissions were due to self referrals, to which parental 

preference for nebuliser treatment in hospital played a part. It has been questioned 

whether the increase in admissions was associated with a reduction in threshold of 

severity on admission. From routine case notes the severity assessed by pulse rate and 

respiration rate on admission and by duration ofthe episode before admission, provided 

however no evidence for a threshold reduction [2,3]. 

In the eighties a striking increase in hospital admissions was also found in the 

Netherlands in age group 0-4 years [ 5]. Extrapolation of the British results to the Dutch 
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situation needs to be viewed with caution, in particular as admission rate in the 

Netherlands is much lower and stay in hospital much longer than in other countries. 

Therefore, a registration study was set up in children aged 0-4 years who were newly 

referred to the outpatient department of the Juliana Children's Hospital in the Hague 

with symptoms suggestive of asthma. The aim was to examine prognostic 

characteristics of asthma diagnosis and to identify predisposing risk factors related to 

exacerbations and hospital admissions. Furthermore, hospital admission data were 

evaluated, to asses whether threshold of admission and severity of episode differed in 

first admissions and readmissions. This study resulted in three publications which are 

presented in the next three sections. 
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6.2 PROGNOSTIC CHARACTERISTICS OF ASTHMA 
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Abstract 

A registration study from clinical practice was set up to assess the prognostic value of 

symptoms and laboratory data at first visit for doctor-diagnosed 'asthma' in early 

childhood. A total of 419 children aged 0-4 years, who were newly referred to the 

outpatient department of the Juliana Children's Hospital with possible asthma were 

enrolled over a 2-year period. Data from history taking, physical examination, 

laboratory tests for atopic status at first visit and data from follow-up visits were 

recorded. Two years after the first visit all medical records were reviewed for diagnostic 

labeL The age groups 0-1 year and 2-4 years were analysed separately, because 

respiratory symptoms are often transient and sensitization to inhalant allergens is 

uncommon before the age of2 years. The clinical diagnosis 'asthma' was made in 113 

of231 (49%) children aged 0-1 year and in 144 of 188 (77%) children aged 2-4 years. 

Characteristics from history taking indicated shortness of breath was the most 

prognostic symptom in both age groups. Eczema, wheeze and non- allergic provoking 

factors (weather conditions) were further predisposing factors in the 0-1-year group, as 

were allergic provoking factors (inhalant allergens) and absence of ear

nose-throat-history in the 2-4-year group. Adding laboratory data to history total serum 

IgE had prognostic value, but specific serum IgE against inhalant allergens 

(Phadiatop®) was a strong predisposing factor, especially in the 2-4-year group. These 

prognostic characteristics may enhance early recognition of asthma in infants and 
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improve asthma care in clinical practice. 

Introduction 

Increasing hospital admissions for asthma in childhood in many countries in the last two 

decades [1], particularly in the age group 0-4 years [2,3] raises questions about asthma 

management in young children. The initial concern about underdiagnosis and 

undertreatment of asthma in childhood and overtreating patients with antibiotics [ 4,5] 

has changed to efforts to identity children at risk of developing asthma, as respiratory 

symptoms in infancy often appear to be transient [6-8]. 

Diagnosing asthma in very young children is still a rather arbitrary process. At this age 

no real diagnostic tests are available and objective physiological measurements cannot 

be used routinely. Different criteria, such as three or more wheezy episodes, or presence 

of atopy [9] have been used, and recently it has been under debate whether the term 

'asthma' in childhood should be used [10]. Studies tend to focus on the symptom 

wheeze, as asthma is an obstructive disorder. Wheezy subjects have been characterized 

in population based studies [7,11] and in hospital in-patients [12,13] for obtaining 

predictive variables. Although wheeze may be the classic expression of variable airway 

obstruction in asthma in young children, asthma may present with symptoms other than 

wheeze [8,14]. 

Whatever the problems in diagnosing asthma in very young children may be, in 

day-to-day clinical practice general practitioners and paediatricians have to deal with 

young patients presenting with various symptoms suggestive of asthma. To study this 

difficult and ill-defined area in more detail a registration study from clinical practice 

was set up in the Juliana Children's Hospital in The Hague, The Netherlands. New 

referrals under the age of 5 years presenting with asthmatic symptoms were enrolled and 

followed-up. The paediatrician finally recorded for each child whether he or she 

considered the clinical diagnosis 'asthma' to be present or not. 

The aim of this paper is to assess the prognostic value of symptoms and laboratory data 
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at first visit for the children who were eventually diagnosed as having 'asthma' by the 

doctor. The study population was analysed for age groups 0-1 and 2-4 years separately 

because it has been reported that respiratory symptoms before the age of 2 years are 

often transient [6-8] and that persistence of wheeze is associated with atopy [6,7] and 

atopy in itself is associated with age [ 6]. 

Patients and methods 

Patients 

The Juliana Children's Hospital in The Hague has a regional role, covering a population 

of325 000. From 1 January 1991 to 1 January 1993 all children, aged 0-4 years, newly 

referred to the outpatient department with symptoms that were suggestive of asthma 

were emolled in the study. Patients with asthma-like symptoms that could be explained 

by other respiratory disorders, such as respiratory syncytial virus (RSV) bronchiolitis, 

cystic fibrosis and gastro-oesophageal reflux, were excluded [15]. Patients with RSV 

bronchiolitis were subsequently entered into the study if after 6 weeks of the initial 

episode respiratory symptoms persisted or reoccurred. 

Clinical history and physical examination 

At the initial visit a history was taken and a physical examination carried out according 

to a standard questionnaire in use in the paediatric respiratory medicine department. 

Data on asthmatic symptoms, age when symptoms started, allergic provoking factors 

(food, animals, pollen, house dust), non-allergic provoking factors (infections, 

exercise/activity, weather conditions, changes in temperature, air pollution, tobacco 

smoke, emotions), past history including ear, nose and throat (ENT) history and family 

history were collected. Environmental factors, such as pets in the home, and exposure 

to tobacco smoke, were documented, as well as data on medication, including the 

precise drug and method of administration. 
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Follow-up and diagnosis 

Patients were followed-up by their paediatrician. Frequency of follow-up visits was 

according to medical need, but parents were also advised to contact the paediatrician by 

telephone when troubled. Two years after the first visit the patient's medical records 

were reviewed for a doctor's diagnosis of 'asthma' or 'non-asthma', and if in doubt 

parents were contacted by telephone for additional information. The patients were 

diagnosed by the paediatrician as 'asthma' or 'non-asthma' on clinical grounds, based 

on recurrence of symptoms and need for and response to therapy, according to the 

guidelines for diagnosis of asthma in young children [15]. 

Laboratory tests 

At the initial visit blood was drawn for eosinophil count and total and specific 

immunoglobulin E (IgE). Number of eosinophils was considered elevated when ;:.0.400 

x 109 cells/1. Total IgE was considered elevated according to age in years (y) as follows: 

0 y: ;:. 10.1, 1 y: ;:. 13.1, 2 y: ;:.23.1, 3 y: ;:.32.1, and 4 y: ;:.40.1 kU/1, according to the 

manufacturer's specifications (Pharmacia & Upj ohn AB). Screening for inhalant allergy 

was done by Phadiatop® and for food allergy by RAST testing with food mix (:fx5) 

from Pharmacia Diagnostics & Upjohn AB. Phadiatop contains a balanced mixture of 

common inhalant allergens. Fx5 contains the allergens egg white, milk, fish/cod, wheat, 

peanut and soy bean. Both tests yield a positive/negative answer. 

Data analysis 

The statistical package SPSS/PC+ was used for analysis ofthe data. The characteristics 

of the patients with the clinical diagnosis 'asthma' were compared with those ofthe 

'non-asthma' patients for both age subgroups. x2 test on contingency tables, Student's 

t-test on means, and in cases when Levene's test for equality of variances resulted in a 

p-value <0.05 the non-parametric Mann-Whitney U test were used in univariate 

analyses. 

Characteristics from history taking on symptoms, provoking factors, social factors and 

laboratory variables that differed significantly in prevalence between the two diagnostic 
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groups, were entered in a stepwise logistic regression analysis as possible prognostic 

variables. The diagnosis 'asthma or 'non-asthma' was the dependent variable. All 

variables were dichotomized for this analysis, data from history taking being present or 

absent. Wheeze at auscultation came out as a strong prognostic variable in both age 

subgroups, and because of the temporal nature of this sign it was not included in the 

final analyses. The first logistic regression analysis was restricted to investigating the 

predisposing value of history taking for asthma diagnosis. In the second analysis the 

prognostic value of laboratory tests additional to history taking was examined. 

In an attempt to simplifY the results from the logistic regression analyses indices were 

compiled based on selected significant variables from history taking and laboratory 

tests. For each individual patient an index value was computed, representing the number 

of prevalent/positive predisposing factors; this value was then related to the clinical 

diagnosis of 'asthma' or 'non-asthma'. 

Ethics 

The study was approved by the Medical Ethics committee of the Juliana Children's 

Hospital. 

Results 

Over a 2-year period a total of 419 children entered the study with symptoms of 

possible asthma, the numbers being at age 0 y: 128, 1 y: 103, 2 y: 89, 3 y: 75, and 4 y: 

24. The clinical diagnosis of 'asthma' was made in 113 of the 231 children aged 0-1 

year ( 49% ); in the children aged 2-4 years this proportion was substantially higher: 144 

out of 188 (77%). 

Characteristics in the 0-1-year-olds 

History. Data from the history taking and physical examination at initial presentation 
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Table 6.2.1 Prevalence data from history taking and physical examination at presentation, patients aged 0-1 
year 

All (n=231) Asthma (n = 113) Non-asthma (n=ll8) 
n (%) n (%) n (%) p-value 

Gender, males 147 (64) 82 (73) 65 (55) 0.006 
Mean age (mo) (SD) 

at registration 11 (5.4) 11 (5.7) 11 (5.2) ns 
at first symptoms 5.5 (4.6) 5.8 (5.0) 5.2 (4.3) ns 

Symptoms 
cough 195 (84) 91 (81) 104 (88) ns 
wheeze 155 (67) 87 (77) 68 (58) 0.002 
cough and wheeze 130 (56) 69 (61) 61 (52) ns 
shortness of breath 121 (52) 78 (69) 43 (36) <0.001 
phlegm 74 (32) 33 (29) 41 (35) ns 
colds 89 (39) 37 (33) 52 (44) ns 

past or present 
rhinitis/otitis 132 (57) 67 (59) 65 (55) ns 
eczema 83 (36) 51 (45) 32 (27) 0.004 

Provoking factors 
allergic factors 34 (15) 22 (19) 12 (10) 0.046 

food allergens 23 (10) 16 (14) 7 (6) 0.037 
inhalant allergens 17 (7) 12 (11) 5 (4) ns 

non-allergic factors 164 (71) 88 (78) 76 (64) 0.024 
infections 118 (51) 68 (60) 50 (42) 0.007 
exercise 73 (32) 42 (37) 31 (26) ns 
weather conditions 68 (29) 42 (37) 26 (22) 0.012 

Social factors* 
family history PIM + 109 (48) 60 (54) 49 (43) ns 
maternal smoking 89 (39) 48 (43) 41 (35) ns 
smoking in household 129 (57) 67 (60) 62 (53) ns 
pets present 88 (38) 46 (41) 42 (36) ns 

Medication 
~2-agonists 41 (18) 30 (27) 11 (9) <0.001 
deptropine 69 (30) 32 (28) 37 (31) ns 
anticholinergics 7 (3) 5 (4) 2 (2) ns 
antihistamines 27 (12) 17 (15) 10 (8) ns 
anti-inflanunatory 7 (3) 5 (4) 2 (2) ns 
antibiotics (or past) 130 (56) 54 (48) 76 (64) 0.011 

Physical examination 
wheeze at auscultation 95 (41) 68 (60) 27 (23) <0.001 

* Missing observations on family history (n = 6), smoking (n = 3), and pets (n = 2). 

are shown in table 6.2.1 with test results from the univariate analysis. The variables that 

were found to be significantly different between the asthma and non-asthma patients 

were gender, wheeze, shortness of breath, eczema, allergic provoking factors and 

non-allergic provoking factors. Only the three most prevalent non-allergic provoking 

factors are shown. 
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Data on drug therapy at presentation showed a relatively high percentage of 

prescriptions for antibiotics, a low percentage for ~2-agonists and few prescriptions for 

anti-inflammatory drugs (table 6 .2.1). During the study anti-inflammatory therapy was 

prescribed in 50% ofthe asthmatics and in none of the non-asthmatics. In the asthmatics 

with a positive Phadiatop test result anti-inflammatory therapy was prescribed more 

frequently than in those with a negative test result (80% versus 47%, p = 0.017). 

~2-agonists were significantly more prescribed in asthmatics than in non-asthmatics 

(78% versus 31%, p < 0.001 ), mainly on an as-needed basis. 

Laboratory tests. Most variables had a low frequency of positivity. Laboratory tests on 

total lgE, Phadiatop and food mix were significantly different between the 'asthma' and 

'non-asthma' patients (table 6.2.2), and the results were added in the stepwise logistic 

regression analysis. Eosinophil count proved not to be significant in the logistic 

regression analysis and was not included in the final analysis because of missing 

observations (9.5%). 

Table 6.2.2 Results from laboratory tests at presentation, patients aged 0-1 year 

All (n = 231)* Asthma (n = 113) Non-asthma (n = 118) 
n(%) n(%) n (%) p-va1ue 

Total serum IgE 
elevated 90 (42) 58 (55) 32 (30) <0.001 
geometric mean (kU/1) 11.1 18.1 6.78 <0.001 

Eosinophils 
:>0.400x 109/l 31 (15) 22 (21) 9 (8) 0.009 
mean number 0.224 0.264 0.186 ns 

Phadiatop positive 17 (8) 15 (14) 2 (2) 0.001 
Food mix ( JX5) positive 43 (20) 29 (28) 14 (13) 0.008 
Phadiatop + JX5 positive 10 (5) 10 (1 0) 0 (0) 0.001 

* Missing data on total serum IgE (n = 19), eosinophil count (n = 22), Phadiatop (n = 21 ), and RAST food 
mix (n = 21). 

Stepwise logistic regression analysis. Running the analysis with the significant variables 

from history taking, the results showed shortness of breath, eczema, wheeze and 

weather conditions to be predictive for labelling 'asthma' (table 6.2.3). Gender, allergic 

provoking factors and non-allergic provoking factors were shown not to be predictive. 
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Table 6.2.3 Results of the stepwise logistic regression analyses in the patients aged 0-1 year using history 
(A) and history and laboratory tests combined (B) in discriminating between the clinical diagnostic groups 
'asthma' and 'non-asthma'. Variables are placed in order of prognostic value. 

Variable 

History (n = 231) 
Shortness of breath 
absent 
present 

Eczema 
absent 
present 

Wheeze 
absent 
present 

Weather conditions as provoking factor 
absent 
present 

History and laborat01y tests (n = 209) 
Shortness ofbreath 

absent 
present 

Total serum IgE 
normal 
elevated 

Phadiatop 
negative 
positive 

Gender 
female 
male 

Weather conditions as provoking factor 
absent 
present 

Wheeze 
absent 
present 

n 

110 
121 

148 
83 

76 
155 

163 
68 

96 
113 

121 
88 

193 
16 

77 
132 

145 
64 

66 
143 

Odds ratio 

1.00 
4.23 

1.00 
2.32 

1.00 
2.43 

1.00 
2.30 

1.00 
4.71 

1.00 
2.64 

1.00 
7.59 

1.00 
1.94 

1.00 
2.13 

1.00 
2.07 

95% 
Confidence 
interval 

2.36-7.60 

1.27-4.26 

1.31-4.52 

1.21-4.38 

2.44-9.08 

1.37-5.09 

1.42-40.6 

1.001-3.75 

1.06-4.27 

1.05-4.07 

Combining the significant variables from both history and laboratory tests resulted in 

shortness ofbreath, total lgE, Phadiatop, gender, weather conditions and wheeze being 

prognostic for 'asthma' (table 6.2.3). Eczema, allergic and non-allergic provoking 

factors and food mix were the variables that were not predictive. Figure 6.2.1 shows the 

percentage and number of patients at each index value (i.e. the number of prevalent 

predisposing factors) divided by diagnostic group for both analyses, history alone (A) 

and history and laboratory tests combined (B). The results confirm the higher the index 
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% of patients 

-A B 
n=18 70 84 47 12 n=9 25 59 68 33 15 

100 I 

80 

60 

40 

20 

0 
0 2 3 4 0 2345/6 

Index value= number of positive symptoms/tests 

Figure 6.2.1 Number and percentage of patients, aged 0-1 year, divided 

according to diagnosis by index value based on the number of 

significant variables indicated from (A) history taking alone: namely 

shortness of breath, eczema, wheeze and weather conditions as 

provoking factor; and (B) from both history taking and laboratory tests: 

namely shortness ofbreath, total serum IgE, Phadiatop, gender, weather 

conditions as provoking factor and wheeze. 

Asthmatics, non-asthmatics. 

value the higher the chance of having asthma diagnosed. 

Characteristics in the 2-4-year-olds 

History. Data from the history taking and physical examination at initial presentation 

are shown in table 6.2.4, with test results from the univariate analysis. The variables 

shortness of breath and eczema (more prevalent in the asthmatics), and ear-nose-throat 

symptoms (more prevalent in the non-asthmatics) were found to be significant and were 

entered in the stepwise logistic regression analysis, as well as inhalant allergens as 

provoking factor. 

Data on drug therapy at presentation showed that B2-agonists and antibiotics were 

prescribed more frequently, anti-inflammatory drugs were hardly used (table 6.2.4). 

During the study anti-inflammatory therapy was prescribed in 53% of the asthmatics 
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Table 6.2.4 Prevalence data from history taking and physical examination at presentation, patients aged 2-4 
years 

All (n = 188) Asthma (n = 144) Non-asthma (n = 44) 
n(%) n (%) n (%) p-value 

Gender, males 108 (57) 86 (60) 22 (50) ns 
Mean age (mo) (SD) 

at registration 37 (8.4) 38 (8.2) 36 (8.9) ns 
at first symptoms 17 (14) 18 (13) 17 (15) ns 

Symptoms 
cough 168 (89) 127 (88) 41 (93) ns 
wheeze 97 (52) 78 (54) 19 (43) ns 
cough and wheeze 88 (47) 70 (49) 18 (41) ns 
shortness of breath 130 (69) 109 (76) 21 (48) <0.001 
phlegm 44 (23) 32 (22) 12 (27) ns 
colds 68 (36) 56 (39) 12 (27) ns 

past or present 
rhinitis/otitis 124 (66) 89 (62) 35 (80) 0.030 
eczema 78 (41) 67 (47) 11 (25) 0.011 

Provoking factors 
allergic factors 64 (34) 56 (39) 8 (18) 0.011 
food allergens 26 (14) 22 (15) 4 (9) ns 
inhalant allergens 54 (29) 50 (35) 4 (9) 0.001 

non-allergic factors 155 (82) 117 (81) 38 (86) ns 
infections 108 (57) 86 (60) 22 (50) ns 
exercise 90 (48) 70 (49) 20 (45) ns 
weather conditions 93 (49) 71 (49) 22 (50) ns 

Social factors* 
family history P/M + 82 (44) 63 (44) 19 (43) ns 
maternal smoking 66 (35) 47 (33) 19 (43) ns 
smoking in household 96 (52) 70 (49) 26 (59) ns 
pets present 76 (40) 58 (40) 18 (41) ns 

Medication 
P2-agonists 79 (42) 69 (48) 10 (23) 0.003 
deptropine 18 (10) 11 (8) 7 (16) ns 
anticholinergics 6 (3) 5 (3) 1 (2) ns 
antihistamines 38 (20) 27 (19) 11 (25) ns 
anti-inflammatory 10 (5) 10 (7) 0 (0) ns 
antibiotics (or past) 92 (49) 67 (47) 25 (57) ns 

Physical examination 
wheeze at auscultation 67 (36) 65 (45) 2 (5) <0.001 

* Missing observations on family history (n = 2) and smoking (n = 2). 

and in two (5%) non-asthmatics. In asthmatics with a positive Phadiatop test result 

anti-inflammatory therapy was prescribed more frequently than in those with a negative 

test result ( 60% versus 42%, p = 0. 031 ). P2-agonists were prescribed significantly more 

in asthmatics than in non-asthmatics (82% versus 41%, p < 0.001), mainly on an 

as-needed basis. 
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Table 6.2.5 Results from laboratory tests at presentation, patients aged 2-4 years 

All (n = 188)* Asthma (n = 144) Non-asthma (n = 44) 
n (%) n (%) n (%) p-value 

Total serum IgE 
elevated 119 (65) I 07 (75) 12 (29) <0.001 
geometric mean (kU/1) 66.8 105 14.7 <0.001 

Eosinophils 
:<-0.400 X 109/l 56 (33) 49 (38) 7 (18) 0.018 
mean number 0.343 0.375 0.237 0.030 

Phadiatop positive 88 (47) 86 (60) 2 (5) <0.001 
Food mix (fx5) positive 70 (38) 64 (46) 6 (14) <0.001 
Phadiatop + fx5 positive 53 (29) 51 (36) 2 (5) <0.001 

*Missing data on total serum IgE (n = 4), eosinophil count (n = 18), Phadiatop (n = 2), and RAST food mix 
(n = 5). 

Table 6.2.6 Results ofthe stepwise logistic regression analyses in the patients aged 2-4 years using history 
(A) and history and laboratory tests combined (B) in discriminating between the clinical diagnostic groups 
'asthma' and 'non-asthma'. Variables are placed in order of prognostic value 

Variable 

History (n = 188) 
Shortness of breath 

absent 
present 

Inhalant allergens as provoking factor 
absent 
present 

ENThistory 
present 
absent 

History and laboratory tests (n = 182) 
Phadiatop 

negative 
positive 

Total serumlgE 
normal 
elevated 

Shortness ofbreath 
absent 
present 

n 

58 
130 

134 
54 

124 
64 

96 
86 

65 
117 

55 
127 

Odds ratio 

1.00 
3.10 

1.00 
4.71 

1.00 
2.39 

1.00 
17.4 

1.00 
2.65 

1.00 
2.47 

95% 
Confidence 
interval 

1.49-6.47 

1.56-14.3 

1.02-5.59 

3.78-80.2 

l.ll-6.34 

1.07-5.68 

Laboratory tests. The laboratory tests showed significantly higher values and 

percentages of positive test results in asthmatics than in non-asthmatics (table 6.2.5). 

Specific IgE against inhalant allergens (Phadiatop) was present in 60% of the 

asthmatics. Total IgE, Phadiatop and food mix results were added in the stepwise 
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logistic regression analysis. Eosinophil count proved not to be significant in the logistic 

regression analysis and was not included in the final analysis because of missing 

observations (9.6%). 

Stepwise logistic regression analysis. Results from the stepwise regression analyses are 

presented in table 6.2.6, the data from history resulted in shortness ofbreath, inhalant 

allergens as provoking factor and absence of ENT-history being prognostic for 

'asthma'. Wheeze and eczema were the variables shown not to be prognostic. Data from 

both history and laboratory tests indicated Phadiatop being a very strong predisposing 

variable to which total lgE and shortness of breath were added in the selection process 

(table 6.2.6). Wheeze, eczema, allergic and non-allergic provoking factors, 

ENT -history, and food mix results were shown not to contribute any more. Figure 6.2.2 

shows the breakdown of the patients according to their diagnosis of asthma or non

asthma at each index value for both analyses, (A) history alone and (B) history and 

laboratory tests combined. 

132 

% of patients 

-A 
I n=32 

100 --c 

I 

]I 
40 J . 
20 J 

I 
0 

0 

82 

B 
56 18 n=24 48 48 62 

2 3 0 2 3 

Index value = number of positive symptoms/tests 

Figure 6.2.2 Number and percentage of patients, aged 2-4 years, divided 

according to diagnosis by index value based on the number of significant 

variables indicated from (A) history taking alone: namely shortness of 

breath, inhalant allergens as provoking factor and absence of 

ENT-history; and (B) from both history taking and laboratory tests: 

namely Phadiatop, total serum IgE and shortness of breath. 

Asthmatics, non-asthmatics. 
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Discussion 

The patients in this study came from daily clinical practice referred to the outpatient 

department of the Children's Hospital for help and advice. They presented with 

asthmatic symptoms, not only wheeze, but also cough and shortness of breath. The 

decreasing number of referrals to the outpatient department by increasing age seems to 

indicate that the biggest problem in diagnosing and managing asthmatic symptoms lies 

with the youngest ages. In the first 2 years of life viral infections and altered lung 

mechanics are influencing the expression of asthmatic symptoms, whereas later atopy 

and bronchial hyperresponsiveness in connection with atopy is increasingly important 

[16]. In the 2-4-year group 77% of the children had doctor diagnosed asthma versus 

49% in the 0-1-year group, onset of symptoms being 18 versus 5.8 months. It supports 

the findings from other study populations that transient symptoms frequently occur 

before the age of 2 years [6-8,13]. Different variables proved to carry different 

prognostic value for clinical diagnosis of asthma between the two age groups (0-1 year 

and 2-4 years), using the same method ofhistory taking and laboratory testing. Thus the 

subdivision of the age group 0-4 years seems justified. 

From the history data the symptom of shortness ofbreath was the variable with the most 

prognostic value between asthma and non-asthma in both age groups. This is in 

accordance with findings from population based samples in children under 5-year-old 

in which shortness of breath with wheezing attacks was associated with doctor 

diagnosed asthma [8, 11 ], possibly indicating more disease severity in children reporting 

shortness of breath as a symptom. 

The importance of the symptom of wheeze may vary with age. Wheeze had a higher 

prevalence in the youngest age group, and in contrast to the older age group, proved to 

be a prognostic variable between asthma and non-asthma. The importance of viral 

infections/colds predisposing for wheeze and acute asthma attacks has already been 

indicated in population based [11] and hospital based samples [17], but in relation to 

asthma diagnosis they are not a contributing factor [11]. In the youngest age group 

infections as a provoking factor differed in prevalence between asthmatics and 
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non-asthmatics in the univariate analysis, but again had no prognostic value with regard 

to diagnosis. Non-allergic provoking factors were very prevalent in both diagnostic 

groups, pointing to the non-specificity of these factors in asthma. Only weather 

conditions appeared to be prognostic before the age of 2 years, agreeing with another 

Dutch study in the same age group in which this factor was related to persistence of 

asthmatic symptoms [18]. Inhalant allergens (animals, pollen, house dust) as a 

predictive factor was negligible in the 0-1-year group, but played a role in the 2-4-year 

group. This is in agreement with findings that the prevalence of inhalant precipitants 

increases with increasing age [ 11] and that inhalant allergen sensitization usually starts 

from about 2 years of age [ 17, 19], being a risk factor for wheeze at hospitalization [ 17] 

and associated with recurrent wheezing under the age of 5 years [ 19]. 

Overall, the important role of atopic markers was observed in this study with eczema 

relevant in the youngest age group and Phadiatop and more modestly total IgE relevant 

in both age groups, being in agreement with other findings [7, 12]. However, despite the 

relatively high odds ratio ofPhadiatop in the youngest age group, one could argue that 

in the diagnostic procedure at this age adding this test is not that relevant because of the 

low prevalence of a positive test result. Phadiatop in the very young may be less 

sensitive than skin prick tests [12], but sensitization to inhalant allergens before the age 

of 2 years is uncommon [17,19]. Furthermore, eczema from history taking as 

predisposing factor appears to be overtaken by laboratory tests when they are added to 

the analysis. In the 2-4-year group a positive Phadiatop test result was much more 

prevalent (47%) and a strong predictive factor for an asthma diagnosis. Confmning 

sensitization to inhalant allergens is of value in the diagnostic procedure in this age 

group. It is noted that at the end of the study period more atopies, as defined by a 

positive Phadiatop test, were on maintenance anti-inflammatory therapy compared with 

the non-atopies, suggesting that the disease is more severe in the atopic children [20]. 

No association was found between asthma diagnosis and family history in this study 

population. This partly disagrees with findings in wheezy children in which maternal 

asthma was more prevalent in those with a diagnosis of asthma than in those without 

the diagnosis, but it was not a major factor in the logistic regression [11]. It is well 
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known that family history and smoking are risk factors for asthmatic symptoms in 

young children when compared with healthy controls, but within a group of children 

with asthmatic symptoms these factors seem not to be prognostic for asthma diagnosis. 

Exposure to tobacco smoke in wheezy infants might, however, be a risk factor for 

persistent asthma later in childhood [21]. 

The findings from the present study population presenting with various respiratory 

symptoms point, notably, to shortness ofbreath, eczema and sensitization to inhalant 

allergens being associated with asthma diagnosis, similar to findings from population 

based and hospital in-patients based wheezy children. When restricting studies to only 

wheezers one should be aware that a number of potential asthmatics might be 

overlooked, especially in older infants. Although asthma may be seen as a syndrome 

and in future patients may be divided into several phenotypes and with specific 

pharmacotherapeutic interventions, diagnosing asthma in clinical practice remains 

essential to ensure correct treatment [1 0]. Early recognition of asthma may contribute 

to improved care and consequently to reduced morbidity [22]. Diagnosis may be 

facilitated by considering predictive variables from history taking, particularly in 

patients under the age of 2 years, and by adding tests for sensitization to inhalant 

allergens, particularly in older infants, aged 2-4 years. 

Acknowledgement.-This study was supported financially by the 'Stichting Astmabestrijding', Amsterdam, 

The Netherlands. 
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Abstract 

Hospital admissions and readmissions for asthma in early childhood remain causes for 

concern. The purpose of this study was to identifY predisposing risk factors related to 

asthma exacerbations as precursors of hospital admissions in young children. Subjects 

were patients with doctor-diagnosed asthma from a clinical registration study, aged 0-4 

years, and followed up for 2 years. Data from histories and laboratory tests for atopic 

status at initial presentation, and the patient's condition at visits over the 2-year 

follow-up period were evaluated. Exacerbation was defined as increases in cough and/or 

wheeze and/or breathlessness, increase in ~2-agonist use, and a clinical need for a short 

course of oral corticosteroids. Age groups 0-1 year and 2-4 years, based on age at initial 

presentation, were analyzed separately. 

In the age group 0-1 year, 711113 (63%) patients had at least one exacerbation, and 20 

experienced recurrent exacerbations (:d). Predisposing risk factors for exacerbation 

were damp housing (odds ratio (OR) 7.6 (2.0-28.6)) and colds (OR 3.6 (1.4-9.6)), and 

for recurrent exacerbations sensitization to inhalant allergens (Phadiatop®) (OR 8.1 

(1.6-40.5)) and damp housing (OR 3.8 (1.1-12.8)). Hospital admissions were 

significantly associated with number of exacerbations. In the age group 2-4 years, 

139 



Chapter 6 

58/144 (40%) patients had at least one exacerbation, and 21 experienced recurrent 

exacerbations (:::2). Predisposing risk factors for exacerbation were mean age at initial 

presentation (OR 0.92 (0.88-0.97)) and level of total IgE (OR 2.3 (1.4-3.9)), whereas 

for recurrent exacerbations no predictor variables were found. Hospital admissions were 

significantly associated with damp housing. 

Results from this study may facilitate recognition of young asthmatic patients at risk of 

(recurrent) exacerbations, and help to identify those in whom early intervention with 

anti-inflammatory therapy may be necessary. We also emphasize the importance of 

preventive measures in decreasing damp housing. 

Introduction 

Hospital admission rates for asthma in childhood are high and have increased in the last 

two decades in several parts of the world, especially in children aged 0-4 years [1-3]. 

Other studies have indicated that readmissions for asthma in childhood occur mainly 

under the age of5 [3-5]. In the Netherlands, rates ofhospital admissions for asthma are 

relatively low [ 6], but are highest and still on the increase in the age group 0-4 years [7]. 

A number of event-orientated studies have identified clinical evaluation of the attack 

to be predictive for hospital admission for asthma [8,9], with pulse oximetry being 

particularly helpful [8-10]. Besides asthma severity, health services and hospital 

strategies may play a part in hospitalizing asthmatic patients [11,12]. There are 

indications that inadequate therapy and suboptimal treatment of the asthmatic child by 

caregivers and caretakers may contribute to acute asthma manifestations leading to 

hospital admission [12,13]. However, from studies on readmissions, the number of 

previous admissions and age were the main risk factors for admission, irrespective of 

factors related to asthma management [ 4 ,5]. 

The present study aimed to identify predisposing risk factors related to asthma 

exacerbations being precursors ofhospital admissions in children with asthma aged 0-4 

years. This information may serve to optimize asthma management in these children. 
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The age group 0-4 years was subdivided into a 0-1 year and a 2-4 year age group, as 

different factors may play a role in the disease at different ages [14]. 

Materials and methods 

Patients 

Between January 1, 1991 and January 1, 1993 all children aged 0-4 years, who were 

newly referred to the outpatient department of the Juliana Children's Hospital in The 

Hague with a suspected diagnosis of asthma, were enrolled in a registration study and 

followed for 2 years [15]. Out of a total of 419 children, 257 had doctor-diagnosed 

asthma: 113 patients were 0 up to 2 years old at initial presentation (age group 0-1 

year), and 144 patients were 2-4 years old (age group 2-4 years). These 257 patients are 

the subjects of the present paper. 

Clinical History and Physical Examination 

At the initial visit a history was taken, using a standard questionnaire of the department 

of pediatric respiratory medicine. Data on asthmatic symptoms, age when symptoms 

started, provoking factors, eczema, ear-nose-and-throat signs and symptoms, and family 

history were collected. Environmental factors, such as pets in the home, exposure to 

tobacco smoke, housing conditions, and medications prescribed and method of 

administration were listed. 

Frequency of follow-up visits was at the discretion of the physician or according to 

medical need. At each visit the patient's condition was evaluated by an interim history 

and physical examination, and exacerbation status was assessed (yes/no). Exacerbation 

was defined as any increase in cough, wheeze, or breathlessness, an increase in 

Pz-agonist use (more than 3 oral doses a day, or more than 6 inhalations a day), and a 

need for a short course of oral corticosteroids. Prescriptions for anti-asthma drugs were 

documented, considering sodium cromoglycate and inhaled corticosteroids as 

preventive anti-inflammatory therapy. 
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Laboratory Tests 

At the initial visit blood was drawn for total and specific immunoglobulin E (IgE). Total 

IgE was considered elevated according to age in years and specifications of the 

manufacturer (Pharmacia & Upjohn AB, Uppsala, Sweden): 0 years (y): :d0.1, 1 y: 

;:, 13.1, 2 y: ;:,23.1, 3 y: ;:,32.1, and 4 y: ;:,40.1 kU/L. Screening for inhalant allergy was 

done by Phadiatop® testing and for food allergy by RAST testing with food mix (:fx5) 

(Pharmacia Diagnostics & Upjohn AB). Phadiatop® contains a balanced mixture of 

common inhalant allergens, and fx5 contains the allergens egg white, milk, fish/cod, 

wheat, peanut, and soy bean. Both tests yield a positive/negative answer. A positive 

Phadiatop® test result was followed up by RAST tests for specific IgE antibodies 

against house dust mite, cat dander, and dog dander. Results were classified 

semiquantitatively in RAST classes 0-4; class;:, 1 was considered positive. 

Data Evaluation and Statistical Analysis 

The patients with at least one exacerbation over the 2-year follow-up period made up 

the exacerbation group, and patients without exacerbations the nonexacerbation group. 

Recurrent exacerbations were defined as 3 or more in age group 0-1 year, and 2 or more 

in age group 2-4 years. Patients in the exacerbation group with at least one hospital 

admission for asthma over the 2-year follow-up period were considered the admission 

group, and those without hospital admissions for asthma the nonadmission group. 

The statistical package SPSS/PC+ 5.0 was used for the analysis of the data. Pearson 

Chi-square test, Fisher's exact test, and the Mantel-Haenszel linear association 

Chi-square were used to compare different groups in crosstables. Student's two-sample 

t-test on means, and in cases when Levene's test for equality of variances resulted in a 

P-value < 0.05, the nonparametric Mann-Whitney U test were used in univariate 

analyses to compare groups on quantitative variables. 

The variables that differed significantly between the exacerbation and nonexacerbation 

groups were entered in a stepwise logistic regression analysis, with exacerbation group 

(yes/no) as the dependent variable. Within the exacerbation group a stepwise logistic 

regression analysis was carried out with recurrent exacerbations (yes/no) as dependent 
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variable, and the variables that differed significantly by number of exacerbations as 

independent variables. Variables were dichotomized for these analyses except for level 

of total IgE, which was logtransformed, and age. Predictor variables are presented with 

odds ratios (OR) and 95% confidence intervals (CI). Stepwise logistic regression 

analysis on admission group (yes/no) was not done in view of the absence of sufficient 

significant differences. 

Ethics 

The study was approved by the Medical Ethical Committee of the Juliana Children's 

Hospital. 

Results 

Of the 113 asthmatic children in the age group 0-1 year, 71 ( 63%) experienced a total 

of 143 exacerbations (Ex) over the 2-year study period: n = 34 (1 Ex), n = 17 (2 Ex), n 

= 13 (3 Ex), n = 4 (4 Ex), n = 1 (5 Ex), n = 1 (6 Ex), and n = 1 (9 Ex). Ofthe 144 

asthmatic children in the age group 2-4 years, 58 (40%) experienced a total of 96 

exacerbations: n = 37 (1 Ex), 11 = 8 (2 Ex), 11 = 10 (3 Ex), n = 2 ( 4 Ex), and n = 1 ( 5 Ex). 

The respective admission groups consisted of 49 children having a total of 77 

subsequent hospital admissions, and 4 7 children experienced a total of 58 subsequent 

hospital admissions. In the age group 0-1 year, 5/113 ( 4%) children, and in the age 

group 2-4 years, 2/144 ( 1%) children were hospitalized without exacerbation according 

to the criteria set in this study. 

Exacerbations 

Data from the histories and laboratory tests at initial presentation in the age group 0-1 

year are shown in Table 6.3 .1. In the exacerbation group, prevalences of reported colds, 

living in damp houses, and geometric mean total IgE proved to be significantly higher 

than in the nonexacerbation group. Entering these three variables in a stepwise logistic 
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Table 6.3.1 Prevalence data from histories and laboratory tests at presentation in asthmatic patients aged 0-1 
year1 

Exacerbation Non exacerbation 
All (N = 113)2 (n = 71) (n =42) 
n(%f n(%) n (%) P-value 

History 
Gender, males 82 (73) 52 (73) 30 (71) 0 .. 835 
Mean age in months ± SD 

At registration 11 ± 5.7 12±5.7 11 ± 5.6 0.506 
At first symptoms 5.8 ± 5.0 6.5 ± 5.7 4.5 ±3.2 0.118 

Past or present history 
Colds 37 (33) 29 (41) 8 (19) 0.017 
Rhinitis/otitis 67 (59) 42 (59) 25 (60) 0.969 
Eczema 51 (45) 31 (44) 20 (48) 0.683 

Social factors 
Family history P/M+ 60 (54) 40 (56) 20 (49) 0.440 
Maternal smoking 48 (43) 29 (41) 19 (45) 0.693 
Smoking in household 67 (60) 44 (63) 23 (55) 0.398 
Pets present 46 (41) 28 (39) 18 (43) 0.721 
Damp housing 28 (26) 23 (34) 5 (13) 0.017 
Siblings 72 (65) 44 (64) 28 (67) 0.756 
First child 42 (38) 26 (38) 16 (38) 0.965 

Laboratory tests 
Total serum IgE 

Elevated 58 (55) 41 (59) 17 (47) 0.266 
Geometric mean (kU/L) 18.1 23.6 10.8 0.031 

Phadiatop® test positive 15 (14) 11 (16) 4 (11) 0.502 
Food mix (fx5) RAST positive 29 (28) 20 (29) 9 (25) 0.633 

1P, father; M, mother; RAST, radioallergosorbent test. 
2Missing observations on family history (n = 1 ), smoking (n = 1 ), damp housing (n = 6), siblings (n = 2), IgE 
(n = 7), Phadiatop® test (n = 8), food mix (n = 9). 

regression analysis resulted in damp housing (OR 7.6 (2.0-28.6)) and colds (OR 3.6 

(1.4- 9.6)) as predictor variables for the exacerbation group. Table 6.3.2 shows the data 

for the age group 2-4 years. Mean age at registration differed significantly between the 

exacerbation and nonexacerbation groups. Laboratory results showed significantly 

higher prevalences of elevated total IgE and positive Phadiatop® results, and a 

significantly higher geometric mean total IgE in the exacerbation group compared to 

the nonexacerbation group. A stepwise logistic regression analysis with these four 

variables showed age at registration (OR 0.92 (0.88-0.97)) and level of total IgE (OR 

2.3 (1.4-3.9)) to be significant predictor variables. 
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Table 6.3.2 Prevalence data from histories and laboratory tests at presentation in asthmatic patients aged 2-4 
years1 

Exacerbation Non exacerbation 
All (N= 144f (n =58) (n = 86) 
n (%)2 n(%) n (%) P-value 

History 
Gender, males 86 (60) 38 (66) 48 (56) 0.244 
Mean age in months ± SD 

At registration 38 ± 8.2 35 ± 8.0 39 ± 7.9 0.001 
At first symptoms 18 ± 13 19 ± 13 17 ± 14 0.403 

Past or present history 
Colds 56 (39) 24 (41) 32 (37) 0.615 
Rhinitis/otitis 89 (62) 33 (57) 56 (65) 0.319 
Eczema 67 (47) 25 (43) 42 (49) 0.499 

Social factors 
Family history P/M+ 63 (44) 29 (50) 34 (40) 0.262 
Maternal smoking 47 (33) 20 (35) 27 (32) 0.680 
Smoking in household 70 (49) 28 (49) 42 (49) 0.973 
Pets present 58 (40) 23 (40) 35 (41) 0.900 
Damp housing 41 (30) 20 (37) 21 (25) 0.143 
Siblings 110 (78) 48 (84) 62 (74) 0.143 
First child 64 (46) 27 (48) 37 (44) 0.628 

Laboratory tests 
Total serum IgE 

Elevated 107 (75) 51 (88) 56 (67) 0.004 
Geometric mean (kUIL) 105 173 74 0.003 

Phadiatop® test positive 86 (60) 41 (71) 45 (53) 0.033 
Food mix (fx5) RAST positive 64 (46) 29 (52) 35 (42) 0.239 

1 P, father; M, mother; RAST, radioallergosorbent test. 
2Missing observations on family history (n = 2), smoking (n = 2), damp housing (n = 7), siblings (n = 3), IgE 
(n = 2), Phadiatop® test (n = 1), food mix (n = 4). 

Table 6.3.3 Prevalence of variables, showing a significantly linear association with number of exacerbations 
in the patients aged 0-1 year 

Variable 

Number of Colds Damp house IgE <:90 kUIL Phadiatop® test Food mix (RAST) 
exacerbations n/N (%) n/N (%) n/N (%) n/N (%) n/N (%) 

0 8/42 (19) 5/39 (13) 3/36 (8) 4/36 (11) 9/36 (25) 
I 11/34 (32) 7/32 (22) 4/33 (12) 3/33 (9) 5/33 (15) 
2 10/17 (59) 6/16 (38) 6/17 (35) 1/16 (6) 6/16 (38) 
<:3 8/20 (40) 10/20 (50) 9/20 (45) 7/20 (35) 9/19 (47) 
P-value 0.018 0.001 <0.001 0.041 0.047 
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ratio in the patients aged 2-4 years who experienced only one exacerbation. 

In patients with a positive Phadiatop® result, specific IgE antibodies were detected 

against house dust mite, cat dander, and dog dander in 6, 8, and 9 patients aged 0-1 

year, respectively, and in 65, 56, and 42 patients aged 2-4 years, respectively. In this 

study, no associations were found between prevalence ofthese specific IgEs and asthma 

exacerbations, hospital admissions, or damp housing (data not presented). 

Preventive Treatment 

At initial presentation, only 5 ( 4%) patients aged 0-1 year and 10 (7%) patients aged 2-4 

years were on maintenance anti-inflammatory treatment, all using inhaled steroids. 

Exacerbations occurred mainly in the first year of observation, with over 50% in the 

first 3 months. Prescriptions for preventive therapy over the study period by number of 

exacerbations is shown in Table 6.3.6. These results indicate a linear association 

between prescription of preventive therapy and number of exacerbations in age group 

0-1 year, reaching 90% for patients with 3 or more exacerbations. In the age group 2-4 

years, the linear association was weak, but preventive medication was prescribed 

significantly more often in the patients with two or more exacerbations (95%). 

Table 6.3.6 Prescriptions for anti-inflammatory therapy over the study period by number of exacerbations, 
for age groups 0-1 year and 2-4 years 

No. of 
exacerbations N 

Age group 0-1 year 
0 42 

34 
2 17 
;,3 20 
P-values 

Age group 2-4 years 
0 86 
1 37 
2:2 21 
P-values 

1Pearson Chi-square. 
2Linear-by-linear association. 

148 

1-3 months 
n(%) 

11 (26) 
11 (32) 
10 (59) 
6 (30) 

35 (41) 
16 (43) 
12 (57) 

Preventive therapy 

4-12 months 13-24 months Total 
n (%) n(%) n (%) 

9 (21) 4 (10) 24 (57) 
9 (26) 3 (9) 23 (68) 
4 (24) 0 (0) 14 (82) 
6 (30) 6 (30) 18 (90) 

0.038 1 

0.0042 

17 (20) 6 (7) 58 (67) 
7 (19) 1 (3) 24 (65) 
7 (33) 1 (5) 20 (95) 

0.028 1 

0.0452 
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Discussion 

This study concerned children aged 0-4 years who were newly referred to the outpatient 

department of the Juliana Children's Hospital in The Hague, diagnosed as having 

asthma, and followed up for 2 years under specialist's care. The aim of the study was 

to investigate whether predisposing factors for asthma exacerbations and subsequent 

hospital admissions could be identified in young asthmatic children. Consequently, the 

patient group under study was by nature a selected group. Management ofthe asthmatic 

patient is aimed at preventing exacerbations which may lead to emergency visits and 

hospital admissions. Asthma exacerbation implies temporal worsening of the disease, 

but criteria to define exacerbations are arbitrary. In this study the criteria included a 

need for a short course of oral corticosteroids. It is noted that oral corticosteroids had 

been prescribed for asthma exacerbations prior to referral in only a few patients. About 

half of the exacerbations resulted in hospital admission; thus, patients with recurrent 

exacerbations are at highest risk for hospital admission and readmission. 

Exacerbations are often triggered by viral infections [16]; sensitization to inhalant 

allergens such as house dust mite and cat dander has been associated with acute hospital 

visits in older children [17, 18]. In this study, reported cold and sensitization to inhalant 

allergens were also significantly associated with exacerbations. However, reported colds 

had only prognostic value in the age group 0-1 year for the exacerbation group, second 

to damp housing. More importantly, sensitization to inhalant allergens (positive 

Phadiatop® test), although overall low in prevalence in age group 0-1 year, proved to 

be of predictive value for recurrent exacerbations. In the age group 2-4 years, 

prevalence of sensitization to inhalant allergens was substantially higher, but 

Phadiatop® test results did not come out as a predictor variable, possibly because more 

than half of the patients in the nonexacerbation group also had a positive test result In 

this group, the level of total IgE had predictive value for exacerbations. It has already 

been reported that elevated levels of total IgE are a risk factor for persistence of wheeze 

in infancy [19], butwhethertotal IgE is a predisposing factor in itself or an indicator for 

other risk factor(s), such as airway hyperresponsiveness [20], remains to be clarified. 
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Damp housing was an important predictor variable in both age groups. Data on damp 

housing were self-reported at initial presentation. Results from case-control studies have 

suggested no overreporting of dampness in the home in asthmatics [21,22], but rather 

the reverse [22]. Several studies have indicated damp housing to be associated with 

house dust mite and mould sensitization and development of asthma [23]. In young 

asthmatic children an association between damp housing and asthma was found, 

particularly in those sensitized to pets [21]. Results from this study suggest that damp 

housing may be a variable that contributes independently of sensitization to aggravating 

symptoms in young asthmatics. Damp housing was the prognostic variable for recurrent 

exacerbations in the age group 0-1 year second to Phadiatop® test results, and was 

associated with hospital admission within the exacerbation group in the age group 2-4 

years, possibly pointing to more severe asthma in those children living in damp houses 

[22] not explained by atopic status. 

Inadequate therapy may be a contributing factor to hospital admissions [12,13]. Early 

intervention with anti-inflammatory drugs in childhood asthma contributes to lower 

morbidity [24], but varying results have been reported in preschool children perhaps 

because of dose and method of administration [25]. Recent studies in preschool children 

showed that treatment with inhaled corticosteroids had no effect in children with 

predominantly episodic viral wheeze [26]. However, in infants with moderate to severe 

asthma, a beneficial effect of inhaled steroids was observed [27,28], pointing to the 

chronic nature of asthmatic symptoms as a factor that may influence treatment effect. 

In this study the proportion of patients in whom preventive therapy was initiated in the 

first 3 months was similar in the different exacerbation groups; patients with recurrent 

exacerbations had significantly more frequently preventive therapy prescribed over the 

study period than those with 0 or 1 exacerbations, indicating that exacerbations may still 

occur despite preventive therapy. This is in accordance with findings from a study in 

which medical treatment did not affect the chance of readmissions [ 4 ], and another one 

in which bronchoalveolar lavage findings in children suggested that ongoing airways 

inflammation was present despite anti-inflammatory treatment [29]. However, factors 

such as dose of anti-inflammatory drugs, duration of therapy, and compliance may have 
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played a role in the efficacy of treatment. 

There is great concern about application and long-term safety of inhaled steroids in 

young children [24,25]. Therefore, recognition of asthmatic children at risk for recurrent 

exacerbations and hospital admissions is an important issue. These children might 

benefit from early intervention with inhaled corticosteroids to prevent future severe 

episodes needing short courses of oral corticosteroids and hospital admissions. Children 

with asthma under the age of 5 have the highest risk of admission and readmission 

[ 1-6]. The results from this study indicate that total lgE production and sensitization to 

inhalant allergens predispose to exacerbations of asthma in this age group. Damp 

housing emerged as an independent risk factor for recurrent exacerbations in patients 

aged 0-1 year and for hospital admission in patients aged 2-4 years. Preventive 

measures in damp housing such as increasing ventilation and the use of dryers in homes 

may benefit the asthmatic child. 
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Abstract 

Childhood rates for admission and readmission for asthma are highest under the age of 

5 years. From a registration study in 0-4-year-olds, 100 patients (68 male) were 

admitted to hospital for asthma and followed for 1 year, yielding a total of 136 

admissions. To examine factors that may play a role in admissions and readmissions, 

histories and laboratory tests for atopic status at initial presentation, and clinical data 

on admission were evaluated. Age groups 0-1 year (n=54) and 2-4 years (n=46) were 

analyzed separately, of whom 20 (3 7%) and 9 (20%) patients, respectively, had at least 

one readmission. 

In the age group 2-4 years, patients with antibodies against inhalant allergens, 

determined by radioallergosorbent test (RAST), had a significantly higher risk of 

readmission (RR=1.54; 95% CI, 1.22-1.95). In the age group 0-1 year, prevalence of 

sensitization to inhalant allergens was low (20% vs. 72% in age group 2-4 years) and 

constituted only a slight risk (P=0.097) for readmission. A history of eczema showed 

a negative association in the age group 0-1 year. Treatment of the first admission did 

not differ between children only admitted once and those requiring readmission. In both 

age groups, clinical features at admission did not differ significantly between first and 
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subsequent admissions, and neither did length of stay. Number of readmissions were 

higher in the age group 0-1 year than in the age group 2-4 years (27/81 (33%) vs. 9/55 

(16%), P=0.028), with no indication of a lower threshold for admission. In the age 

group 0-1 year, 60% of the readmissions occurred within 2 months of first 

hospitalization. Moreover, in the age group 0-1 year a trend was observed that inhaled 

steroids were prescribed less frequently on discharge following first admission in those 

children who were readmitted than in the children who had a first admission only ( 4/20 

(20%) vs. 15/34 (44%), P=0.073). 

More "aggressive" therapy with anti-inflammatory drugs and close medical follow-up 

after discharge seem to be indicated. 

Introduction 

Anti-inflammatory treatment has become the mainstay in the pharmacologic 

management of asthma. Epidemiological studies have indicated beneficial effects of 

inhaled steroids on hospital admission rates for asthma in New Zealand and the USA 

[1,2]. A decrease in hospitalization for asthma in children in the early 1990s was 

reported from Sweden [3,4], but in children under the age of 5 years changes were not 

significant or clear-cut [3]. A favourable development in asthma statistics was also 

observed in the Netherlands, but in the age group 0-4 years the hospital admission rate 

for asthma was still on the increase in the 1990s [5]. This occurred despite an increase 

in prescriptions for anti-inflammatory drugs in this age group, the national data being 

obtained from the Institute of Medical Statistics in The Hague [6]. Another factor in 

childhood asthma is the risk for readmissions being higher in children under the age of 

5 years [7 -9], with an increasing probability of readmission with increasing number of 

previous admissions [1 0]. 

In a previous paper from a clinical registration study in patients aged 0-4 years risk 

factors for exacerbations and hospital admissions have been indicated [ 11]. This study 

describes the children who were admitted to hospital for asthma, with a follow-up of 1 
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year. The goal was to examine factors that may play a role in readmission, as the 

majority of readmissions appeared to take place in the 12 months following the original 

admission [7, 1 0]. Furthermore, admission data were evaluated to assess whether the 

threshold leading to an admission and the severity of episode differed between first 

admission and readmission. Age groups 0-1 year and 2-4 years at initial presentation, 

were analyzed separately. 

Materials and methods 

Patients 

Subjects came from a registration study of patients aged 0-4 years who were newly 

referred to the outpatient department of the Juliana Children's Hospital in The Hague 

with a suspected diagnosis of asthma. Patients with asthma-like symptoms that were 

suggestive of respiratory syncytial virus bronchiolitis were excluded, but were 

subsequently enrolled if after 6 weeks of the initial episode, respiratory symptoms 

persisted or recurred. This cohort was followed for 2 years, in which period 257 

children were diagnosed with asthma on clinical grounds, based on recurrence of 

symptoms and need for and response to therapy according to the guidelines for 

diagnosis of asthma in young children [12]. One hundred and three children had one or 

more hospital admissions for asthma. Those children with an admission within the first 

year after initial presentation were followed-up for 1 year, yielding the present study 

population of 100 patients. 

Clinical History, Physical Examination, and Laboratory Tests 

At the initial visit a history was taken, using the standard questionnaire of the 

Department of Pediatric Respiratory Medicine. Physical examination was carried out 

and blood drawn for total and specific immunoglobulin E (IgE). Total IgE was 

considered elevated according to the specifications of the manufacturer (Pharmacia & 

Upjohn AB, Uppsala, Sweden): 0 years (y), :2:lO.l; 1 y, :2:13.1; 2 y, :2:23.1; 3 y, 232.1; 
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and 4 y, <:40.1 kU/L. Screening for sensitivity to inhalant allergens was done by 

radioallergosorbent (Phadiatop®) test and for food allergy by RAST testing with food 

mix (:fX5) (Pharmacia Diagnostics & Upjohn AB). Phadiatop® contains a balanced 

mixture of common inhalant allergens, and :fX5 contains the allergens egg white, milk, 

fish/cod, wheat, peanut, and soy bean. Both tests yield a positive/negative answer. 

Follow-up visits were at the discretion of the physician or according to medical need, 

and the patient's condition was evaluated by an interim history and physical 

examination. Further details are described elsewhere [11,12]. 

Admission Data 

Outpatient treatment of asthma exacerbation consisted of salbutamol and ipratropium 

bromide aerosol administered by jet nebulizer. If no sufficient improvement occurred 

within 2-3 h, the child was admitted to hospitaL This was judged on clinical grounds, 

taking into account respiratory effort and auscultation. When admitted, data were 

collected on duration of symptoms before admission (0-12 h, 13-24 h, >24 h), date and 

time of admission, date of discharge, clinical assessment, and capillary carbon dioxide 

tension (PC02 mmHg). Severity of the attack was assessed based on a scoring system 

based on degree of wheeze at auscultation (range 0 (none)-3 (heard without 

stethoscope)), use of accessory muscles (range 0 (none)-3 (severe)), and pulse rate per 

minute (range 0 (,;80)-3 (>140)); total scores ranged from 0-9 [13]. Inpatient asthma 

treatment was documented. 

Data Analysis 

The statistical package SPSS/PC+8.0 was used for the analysis of data. Pearson's 

Chi-square test and Fisher's exact test were used to compare groups in crosstables. We 

used Student's two-sample t-test on means, and in cases when Levene's test for equality 

of variances resulted in a P-value < 0.05, the nonparametric Mann-Whitney U test was 

used to compare groups on quantitative variables. Time to first readmission was 

presented graphically by Kaplan Meier survival curves and compared by logrank test. 
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Ethics 

The study was approved by the Medical Ethics Committee of the hospitaL 

Results 

The study population consisted of 100 patients (68 male) experiencing 136 hospital 

admissions (93 male). Table 6.4.1 shows the number of patients by number of hospital 

admissions. The difference in number of children requiring readmission between the age 

groups 0-1 year and 2-4 years was 20/54 (37%) vs. 9/46 (20%) and failed to reach 

statistical significance (P=0.055). The difference in number of readmissions for the two 

respective age groups, 27/81 (33%) vs. 9/55 (16% ), proved to be significant (P=0.028); 

the overall readmission rate in age group 0-4 years was 26% (36/136). 

Table 6.4.1 Hospital admissions for asthma 

Total number Number of children with Total Number of 
of children admissions number of readmissions, 

Age group admitted 2 3 4 admissions n(%) 

0-1 year 54 34 14 5 1 81 27 (33) 
2-4 years 46 37 9 0 0 55 9 (16) 
All 100 71 23 5 1 136 36 (26) 

Patients 

The time interval between the initial admission and the first readmission over the 1-year 

follow-up period is shown in figure 6.4.1. The risk of readmission was significantly 

greater in the age group 0-1 year compared to 2-4 years (P=0.044). In the age group 0-1 

year, 60% of the readmissions occurred within 2 months of initial admission, whereas 

in the age group 2-4 years readmissions occurred more gradually. In the age group 0-1 

year, second readmissions occurred six times; 5 readmissions took place within 2 

months after the first readmission. 
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Figure 6.4.1 Risk for readmission by age group in the year following 

first admission. 

Data from histories and laboratory tests at time of referral are shown in table 6.4.2 for 

the patients aged 0-1 year, with a breakdown by number of admissions (one vs. two or 

more). Table 6.4.3 shows the same data for the age group 2-4 years. Significant 

differences between patients with one admission and with more admissions were found 

in the age group 0-1 year in regard to prevalence of history of eczema (lower in the 

Table 6.4.2 Results derived from history and laboratory tests at time of referral (patients aged 0-1 year)' 

All (n=54), One admission <:2 admissions 
n(%) (n=34), n (%) (n=20), n (%) P-value 

History 
Male gender 37 (69) 23 (68) 14 (70) 0.857 
Family history P/M+ 27 (50) 18 (53) 9 (45) 0.573 
Maternal smoking 22 (42) 14 (42) 8 (40) 0.862 
Smoking in household 34 (64) 21 (64) 13 (65) 0.920 
Pets present 22 (41) 13 (38) 9 (45) 0.625 
Damp housing 16 (32) 11 (34) 5 (28) 0.631 
History of eczema 24 (44) 20 (59) 4 (20) 0.006 

Laboratory tests 
Total IgE elevated 30 (58) 21 (64) 9 (47) 0.253 
Geometric mean IgE (kU/L) 22.0 26.4 16.1 0.366 
Inhalant allergen test positive 10 (20) 4 (12.5) 6 (32) 0.097 
Food mix (fx5) positive 15 (30) 12 (37.5) 3 (17) 0.123 

1Datamissing on smoking (n=1), damp housing (n=4), IgE (n=2), inha1antallergen test by Phadiatop® (n=3), 
and food mix (n=4). 
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Table 6.4.3 Results derived from history and laboratory tests at time of referral (patients aged 2-4 years Y 

All (n=46), One admission Two admissions 
n (%) (n=37), n (%) (n=9), n (%) P-value 

History 
Male gender 31 (67) 26 (70) 5 (56) 0.445 
Family history P/M+ 22 (48) 17 (46) 5 (56) 0.718 
Maternal smoking 17 (38) 12 (33) 5 (56) 0.265 
Smoking in household 24 (53) 18 (50) 6 (67) 0.469 
Pets present 20 (43) 17 (46) 3 (33) 0.711 
Damp housing 18 (43) 14 (41) 4 (50) 0.706 
History of eczema 20 (43) 17 (46) 3 (33) 0.711 

Laboratory tests 
Total IgE elevated 41 (89) 32 (86) 9 (100) 0.566 
Geometric mean IgE (kU/L) 185 171 252 0.526 
Inhalant allergen test positive 33 (72) 24 (65) 9 (100) 0.044 
Food mix ( fX5) positive 23 (52) 18 (49) 5 (71) 0.416 

1Data missing on smoking (n= 1 ), damp housing (n=4), food mix (n=2); inhalant allergen test by Phadiatop®. 

readmission group), and in the age group 2-4 years in the prevalence of positive 

Phadiatop® result, presenting a relative risk of 1.54 for readmission (95% CI, 1.22-

1.95). Age at first admission did not differ between patients with one admission and 

those with readmissions: mean age (SD) at time offrrst admission was in the age group 

0-1 year 358 days (151) vs. 400 days (185), (P=0.374), and in the age group 2-4 years, 

1,052 (228) vs. 1,199 (272), (P=0.102). 

Table 6.4.4 Treatment during first admission in children with one admission and in those with readmission( s) 

0-1 year 2-4 years 

One admission ;,:2 admissions One admission Two admissions 
(n=34), n (%) (n=20), n (%) (n=37), n (%) (n=9), n (%) 

Corticosteroids 1 

Oral (±nebulized) 28 (82) 15 (75) 35 (95) 7 (78) 
Nebulized 3 (9) 1 (5) 0 (0) 2 (22) 

Salbutamol 
Nebulized(± oral) 33 (97) 18 (90) 37 (100) 9 (100) 
Oral 1 (3) I (5) 0 (0) 0 (0) 

Ipratropium bromide (nebulized) 33 (97) 19 (95) 33 (89) 9 (100) 
Xanthines (intravenous) 3 (9) 1 (5) 4 (11) 1 (11) 
Antibiotics 8 (24) 3 (15) 7 (19) 0 (0) 
Steroid maintenance therapy 
following discharge first admission 15 (44) 4 (20) 14 (38) 5 (56) 

1Combination with intravenous corticosteroids in both age groups in 3 patients. 
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Table 6.4.5 Clinical characteristics on first admission and readmission(s) 

Age group 0-l year1 Age group 2-4 years" 

First admission Readmissions First admission Readmissions 
(n=54), n (%) (n=27), n (%) (n=46), n (%) (n=9), n (%) 

Duration of symptoms before admission 
0-12 h 18 (33) 5 (19) 19 (42) 7 (78) 
13-24 h 8 (15) 8 (30) 15 (33) 0 (0) 
>24h 28 (52) 14 (52) ll (24) 2 (22) 

Physical examination 
Auscultatory wheeze 52 (96) 27 (100) 44 (96) 9 (100) 
Wheeze without stethoscope 17 (31) 7 (26) 5 (ll) 2 (22) 
Accessory muscle use 48 (89) 23 (92) 39 (93) 9 (100) 
Temperature 
~39.0°C 8 (16) 3 (12.5) 6 (13) 0 (0) 
~38.5°C 17 (33) 6 (25) 9 (20) 0 (0) 
Mean± SD 38.0 ± 0.8 38.0 ± 0.9 37.8 ± 0.9 37.2 ± 0.8 

Pulse rate/min > 140 20 (53) 6 (40) 9 (26) 1 (20) 
Mean± SD 145 ± 26 140 ± 26 132 ± 22 127 ± 28 

Respiratory rate/min 
Mean±SD 54± 11 55± 18 45 ± 14 43±4 

PC02 mmHg 
Mean±SD 37.4 ± 5.1 37.4 ± 8.0 35.6 ± 4.7 36.6 ± 1.7 

Clinical score3 

Mean± SD 6.0 ± 1.4 5.4 ± 1.7 5.4 ± 1.6 4.8±2.2 
Severe (~7) 16 (42) 5 (36) 4 (12) 1 (20) 

Time of admission 
Daytime (8 h AM-8 h PM) 33 (62) 15 (56) 26 (57) 5 (56) 
Nighttime 20 (38) 12 (44) 20 (43) 4 (44) 

Length of stay (days) 
Mean± SD 8.4 ± 3.0 8.6 ± 5.2 7.2± 2.9 7.0 ± 1.9 
Median 8.0 9.0 7.0 7.0 

1Missing data on accessory muscle use (n=2), temperature (n=6), pulse rate (n=28), respiratory rate (n=l8), 
PC02 (n=35), time of admission (n=l), and clinical score (n=29). 
1Missing data on duration of symptoms (n=l), accessory muscle use (n=4), temperature (n=2), pulse rate 
(n=l5), respiratory rate (n=l6), PC02 (n=25), and clinical score (n=l7). 
3Based on Conway and Littlewood [13]. 

Treatment during flrst admission is shown in table 6.4.4. No significant differences 

between the patients with one admission and those with two or more admissions were 

observed. In the age group 0-1 year, a trend was noted, showing that inhaled steroids 

were prescribed less frequently at discharge in the children with readmissions than in 

those with only one admission (P=0.073), but this was not the case in the age group 2-4 

years (P=0.456). 
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Admissions 

In both age groups no significant differences were found in admission data between first 

admission and readmissions (table 6.4.5). Number of missing data at first admission and 

at readmission differed significantly only for the measure of capillary PC02 in the age 

group 0-1 year; 19/54 children (35%) had this value not measured at the time of first 

admission, while 16/27 (59%) had this value not assessed on readmission (P=0.039). 

Comparison of the overall admission data between the two age groups showed 

significant differences in duration of symptoms, length of stay in hospital, and vital 

signs, as listed in table 6.4.6. Number of missing data did not differ significantly 

between the two age groups. Season of admission has been added in table 6.4.6; the 

difference between the age groups failed to reach statistical significance (P=0.051). 

Table 6.4.6 Characteristics on admission that differed in age groups 0- I and 2-4 years 1 

0-1 year 2-4 years 
(n=81), n (%) (n=55), n (%) 

Duration of symptoms before admission 
0-12 h 23 (28) 26 (48) 
13-24 h 16 (20) 15 (28) 
>24h 42 (52) 13 (24) 

Physical examination 
Wheeze without stethoscope 24 (30) 7 (13) 
Temperature, mean ± SD 38.0 ± 0.8 37.7 ± 0.9 
Pulse rate/min > 140 26 (49) 10 (25) 
Mean± SD 144 ± 26 131±22 

Respiratory rate/min, mean ± SD 55± 14 45 ± 13 
Clinical score 
Mild/moderate (0-6) 31 (60) 33 (87) 
Severe(;, 7) 21 (40) 5 (13) 

Length of stay (days) 
Mean±SD 8.5 ± 3.9 7.2±2.7 
Median 8.0 7.0 

Season of admission 
Spring (March-May) 22 (27) 8 (15) 
Summer (June-August) 10 (12) 11 (20) 
Autumn (September-November) 22 (27) 24 (44) 
Winter (December-February) 27 (33) 12 (22) 

1For missing data and clinical score, see footnotes in Table 6.4.5. 

P-value 

0.005 

0.021 
0.043 
O.D18 
0.014 
0.001 

0.005 

0.028 
0.007 

0.051 
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Discussion 

Studies on asthma admissions in childhood commonly cover a wide age span [3,4, 7 -9], 

in which age <5 years has been identified as a risk factor for readmission [7-9]. The 

present study examined the age group 0-4 years. The ratio of males to females for 

hospital admissions in this study (2.2:1) was similar to the national figure of2.1 :1 in the 

Nether lands in this period, obtained from the Dutch Centre for Health Care Information 

[14]. The same is true for mean length of stay in our 0-4 year age group, i.e., 8 days in 

our study, which compares to the Dutch national figure for length of stay declining from 

13.8 days in 1980 [15] to 7.2 days in 1991-1992 [14]. This indicates that the population 

in this study was representative for the Netherlands. The age group 0-1 year consisted 

of 54 children with a total of27 readmissions. The age group 2-4 years consisted of 46 

children with a total of only 9 readmissions. 

In both age groups, no significant differences were found in the clinical data between 

first admission and readmission, indicating a similar hospital practice regarding 

hospitalization and readmission for these young asthmatic patients. The overall 

readmission rate within 1 year was 26%, similar to findings in the age group 0-4 years 

from other studies [8,9,16]. The observed gender ratio of2: 1 was also similar [8,1 0,16-

18]. Female gender has been reported to be a risk factor for readmission in childhood 

asthma [7, 16], but in the latter study this was not observed in age group 0-4 years [16]. 

In the present study, gender was again not a risk factor for readmission, being 27% in 

males and 26% in females. 

A significantly higher readmission rate was found in the age group 0-1 year(33%) than 

in the age group 2-4 years (16%). Results from physical examinations suggest more 

rather than less severe acute asthma in the youngest age group. However, it should be 

noted that at a younger age, pulse and respiratory rates are normally higher. The clinical 

score used to assess severity of the asthma attack was based on auscultatory wheeze, 

accessory muscle use, and pulse rate [13], and has been found to be useful for 

discriminative purposes [ 19]. A drawback was the number of missing data on pulse 

rates and respiratory rates, varying from 22-35%; however, no significant differences 
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in number of missing data between the age groups were noted. Overall, 71% of acute 

asthma proved to be mild/moderate, in accordance with 70% in the study by Conway 

and Littlewood [13]. Although mean score did not differ between age groups, a 

significant difference was observed regarding grade of severity, with 40% of acute 

asthma being severe in the age group 0-1 year vs. 13% in the age group 2-4 years. In 

the age group 0-1 year, duration of symptoms before admission and mean length of stay 

in hospital were significantly longer than in the age group 2-4 years. Therefore, the 

results do not indicate a lower threshold for admission, but rather a true higher 

readmission rate in the age group 0-1 year. Mean length of stay was much longer than 

reported from other countries, where it varied from 2.5-3.6 days [3,4,13,20,21]. 

However, in this study hospitalizations were real ward admissions with overnight stay. 

The seasonally occurring peaks in admissions favour viral infections as the most likely 

responsible trigger for asthma exacerbations [22]. It is noticeable, however, that all 

readmitted children in the age group 2-4 years had antibodies against inhalant allergens; 

Phadiatop® test positivity showed a relative risk of 1.54. In the age group 0-1 year, the 

prevalence of positive Phadiatop® test results was low, and only a trend could be 

observed, but a previous paper reported positive Phadiatop® results to be a risk factor 

for recurrent exacerbations [11]. Thus atopic children may be especially vulnerable to 

viral infections. However, the pathophysiological mechanisms responsible are not yet 

clear [23]. The negative association of history of eczema with hospital readmissions in 

this age group remains to be explained. Previous results from this registration study 

showed eczema to be one of the predisposing factors associated with asthma diagnosis 

[12], but in asthma exacerbations itplayedno role [11], and no indication was found for 

an association between eczema and treatment with anti-inflammatory therapy. 

Readmissions in the age group 0-1 year occurred primarily within 2 months after initial 

admission. Readmissions in the age group 2-4 years occurred throughout the subsequent 

year, but were low in number. Other studies have pointed to a high risk of readmissions 

in age group 0-4 years within 3 months after the previous admission [7,8,10], the 

interval being significantly shorter than in children aged 5-17 years [8]. 

Educational programs targeted at children hospitalized for asthma have shown 
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promising results in reducing readmissions [24,25], but were carried out in children 2 

years and over. It also seems worthwhile to target children under the age of 2 years for 

educational programs. Asthma management in preschool children is difficult, and 

treatment with inhaled corticosteroids raises concern. Children aged 0-1 year having 

been hospitalized for asthma should be closely followed because of the high risk of 

readmission in the first months following the admission. Besides, more "aggressive" 

therapy seems indicated, because a trend towards less frequent prescription for inhaled 

steroids at discharge from the first admission was found in those children who were 

readmitted. This is supported by a recent study in which a beneficial effect of inhaled 

steroids was found on asthma exacerbations in 1-3-year-olds with moderate asthma 

[26]. Thus, inhaled steroids may be efficacious in preventing initial hospitalizations and 

readmissions for asthma in very young children, but further research is needed to 

support this recommendation. 

166 



Asthma in age group 0-4 years 

References 

1. Garrett J, Kolbe J, Richards G, Whitlock T, Rea H. Major reduction in asthma morbidity and 

continued reduction in asthma mortality inN ew Zealand: what lessons have been learned? Thorax 

1995; 50: 303-311. 

2. Donahue JG, Weiss ST, Livingston 1M, Goetsch MA, Greineder DK, Platt R. Inhaled steroids and 

the risk of hospitalization for asthma. JAMA 1997; 277: 887-891. 

3. Wennergren G, Kristjansson S, Strannegiird I-L. Decrease in hospitalization for treatment of 

childhood asthma with increased use of antiinflammatory treatment, despite an increase in the 

prevalence of asthma. J Allergy Clin Immunoll996; 97: 742-748. 

4. Stromberg L. Decreasing admissions for childhood asthma to a Swedish county hospital. Acta 

Paediatr 1996; 85: 173-176. 

5. Wever-Hess J, Wever AMJ. Asthma statistics in the Netherlands 1980-94. RespirMed 1997; 91: 

417-422. 

6. Wever-Hess J, Kouwenberg JM, Wever AMJ. Trends in consultations and prescriptions for 

obstructive airways disease in children. Ned Tijdschr Geneeskd 1993; 137: 1246-1251 

[English-language summary]. 

7. Mitchell EA, Bland JM, Thompson JMD. Risk factors for readmission to hospital for asthma in 

childhood. Thorax 1994; 49: 33-36. 

8. ToT, Dick P, Feldman W, Hernandez R. A cohort study on childhood asthma admissions and 

readmissions. Pediatrics 1996; 98: 191-195. 

9. Farber HJ. Risk of readmission to hospital for pediatric asthma. J Asthma 1998; 35: 95-99. 

10. Schaubel D, Johansen H, Mao Y, Dutta M, Manfreda J. Risk of preschool asthma: incidence, 

hospitalization, recurrence, and readmission probability. J Asthma 1996; 33:97-103. 

11. Wever-Hess J, Kouwenberg JM, Duiverman EJ, Hermans J, Wever AMJ. Risk factors for 

exacerbations and hospital admissions in asthma of early childhood. Pediatr Pulmonol2000; 29: 

250-256. 

12. Wever-Hess J, Kouwenberg JM, Duiverman EJ, Hermans J, Wever AMJ. Prognostic 

characteristics of asthma diagnosis in early childhood in clinical practice. Acta Paediatr 1999; 88: 

827-834. 

13. Conway SP, Littlewood JM. Admission to hospital with asthma. Arch Dis Child 1985; 60: 636-

639. 

14. SIG Zorginformatie Utrecht. Landelijke medische registratie (LMR), 1991-1992. Utrecht: SIG 

Zorginformatie. 

15. Wever-Hess J, Wever AMJ, Yntema JL. Mortality and morbidity from respiratory diseases in 

childhood in the Netherlands, 1980-1987. Eur Respir J 1991; 4:429-433. 

167 



Chapter 6 

16. Senthilselvan A. Effect of readmissions on increasing hospital admissions for asthma in children. 

Thorax 1995; 50: 934-936. 

17. Hyndman SJ, Williams DRR, Merrill SL, Lipscombe JM, Palmer CR. Rates of admission to 

hospital for asthma. Br Med J [Clin Res]1994; 308: 1596-1600. 

18. Harju T, Keistinen T, Tuuponen T, Kivela S-L. Hospital admissions of asthmatics by age and sex. 

Allergy 1996; 51: 693-696. 

19. van der Windt DA WM, Nagelkerke AF, Bouter LM, Dankert- Roelse JE, V eerman AJP. Clinical 

scores for acute asthma in preschool children. A review of the literature. J Clin Epidemio11994; 

47: 635-646. 

20. SkobeloffEM, Spivey WH, StClair SS, Schoffstall JM. The influence of age and sex on asthma 

admissions. JAMA 1992; 268: 3437-3440. 

21. Anderson HR. Increase in hospital admissions for childhood asthma: trends in referral, severity, 

and readmissions from 1970 to 1985 in a health region of the United Kingdom. Thorax 1989; 44: 

614-619. 

22. Dales RE, Schweitzer I, Toogood JH, Drouin M, Yang W, Dolovich J, Boulet J. Respiratory 

infections and the autumn increase in asthma morbidity. Eur Respir J 1996; 9: 72-77. 

23. Openshaw PJM, Walzl G. Infections prevent the development of asthma-true, false or both 

[editorial]? J R Soc Med 1999; 92: 495-499. 

24. Madge P, McColl J, Paton J. Impact of a nurse-led home management training programme in 

children admitted to hospital with acute asthma: a randomised controlled study. Thorax 1997; 52: 

223-228. 

25. W esseldine LJ, McCarthy P, Silverman M. Structured discharge procedure for children admitted 

to hospital with acute asthma: a randomised controlled trial of nursing practice. Arch Dis Child 

1999; 80: 110-114. 

26. Bisgaard H, Gillies J, Groenewald M, Maden C. The effect of inhaled fluticasone propionate in 

the treatment of young asthmatic children. A dose comparison study. Am J Respir Crit Care Med 

1999; 160: 126-131. 

168 



General discussion 

CHAPTER 7 

SUMMARY, GENERAL DISCUSSION, AND FUTURE 

RESEARCH 

7.1 Summary 

The aim of this thesis was to examine trends in mortality and morbidity attributed to 

asthma in the Netherlands, in the light of the changing concepts of asthma and the 

improved pharmacotherapy, against the background of other airway disorders. 

Furthermore, prognostic characteristics of asthma diagnosis and predisposing risk 

factors related to asthma exacerbations and hospital (re )admissions were examined in 

children aged 0-4 years. 

Chapter l contains the general introduction. This introduction describes trends in 

mortality and hospital admissions associated with asthma in various parts of the world 

in the last 30-40 years, with special reference to drug management of asthma. The 

concept of asthma has changed from a 'spastic' disease to an 'inflammatory' disease. 

Guidelines have been developed nationally and internationally, which emphasised the 

importance of preventive treatment directed to the inflammatory processes in the 

airways, and recommended bronchodilators as relief medication. Most childhood 

asthma begins in infancy. In the very young, as in the elderly, it is often difficult to 

differentiate between asthma and other pulmonary diseases, especially chronic 

obstructive pulmonary disease (COPD). In the Netherlands, asthma and COPD have 

been combined and termed "chronische aspecifieke respiratoire aandoeningen" 

("CARA"). The term "CARA" was often used as diagnostic label. Therefore, we 

evaluated asthma as well as other obstructive respiratory diseases with asthma-like 

symptoms, according to the codes of the International Classification of Diseases. 
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Chapter 2 presents the national data on mortality from asthma and COPD in the 

Netherlands over the period 1980-1999. For the age groups 0-4 years, 5-34 years, 35-64 

years, and ~65 years gender-specific mortality rates per million persons were calculated. 

In childhood, mortality rates were also evaluated for acute bronchi( oli)tis, and 

pneumonia-influenza for age groups 0-4 years and 5-14 years. Mortality from asthma 

was inversely related with age, most deaths occurring in age group ~65 years. In this 

age group, asthma mortality declined strongly in the 1990s. No trend was found in age 

group 0-4 years and a gradual, modest decrease was observed in age groups 5-34 years 

and 35-64 years over the study period. In age group 0-4 years, mortality from acute 

bronchi( oli)tis, and pneumonia-influenza decreased. COPD mortality increased in age 

groups 35-64 years and ~65 years in females throughout the study period, while rates 

in males respectively levelled off and decreased in the 1990s. We concluded that 

mortality from asthma showed a favourable development, and that the mortality rates 

of the other respiratory diseases showed stable or decreasing trends, except for the 

increase in mortality from COPD in older females, over the period 1980-1999. 

Chapter 3 presents the national data on hospital admissions for asthma and COPD in the 

Netherlands over the period 1980-1999. Forthe age groups 0-4 years, 5-34 years, 35-64 

years, and ~ 65 years gender -specific hospital admission rates per million persons were 

calculated, as well as gender-specific rates for age groups 5-9 years and 10-14 years in 

childhood. Furthermore, admission rates for acute bronchi( oli)tis and pneumonia

influenza in childhood were evaluated. Admission rates for asthma increased in age 

group 0-4 years, whereas rates decreased in the other age groups. These trends levelled 

off in the 1990s. In childhood and young adulthood, the trends in admissions for asthma 

and COPD suggested a shift in diagnostic labelling from COPD to asthma after 1993. 

In age groups 35-64 years and ~65 years, rates of admissions for COPD increased 

continuously in females, while rates in males respectively decreased and levelled off in 

the 1990s. In age group 0-4 years, admissions for acute bronchi( oli)tis increased 

substantially. In conclusion, the rates of hospital admission for asthma showed an 

overall favourable development in the Netherlands over the period 1980-1999, but the 
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admission rates for respiratory diseases in the very young and the increasing hospital 

admission rates for COPD in older females are causes for concern. 

Chapter 4 presents data on consultations and prescriptions in patients having ambulatory 

care for asthma and chronic obstructive pulmonary disease (COPD) by age group (0-4 

years, 5-11 years, 12-19 years, 5-39 years, 40-64 years, and ::::65 years) and doctor's 

category (general practitioner ( GP), specialist) in theN etherlands over the period 1981-

1993. We divided consultations into first and repeat consultations, and the prescriptions 

into (1) pulmonary medication: P2-agonists, anticholinergics, ketotifen, 

methylxanthines, sodium cromoglycate, inhaled steroids, oral steroids, (2) antibiotics, 

and (3) other drugs. We calculated age-specific consultation and prescription rates per 

1000 persons. Overall, rates of first consultations were stable, and rates of repeat 

consultations increased in the age groups under 40 years. For specialists, however, first 

consultations increased in age group 0-4 years, and all consultations decreased in age 

group 40-64 years. Rates of prescriptions for pulmonary medication increased, except 

in age group 40-64 years. Rates for antibiotics were stable. Rates of prescriptions by GP 

for 'other drugs' decreased in age groups 0-4 years and 40-64 years. The ratio of 

prescription rate to consultation rate for the anti-inflammatory drugs increased 

significantly at all ages. In conclusion, the results suggest improved care for asthma and 

COPD in the Netherlands according to published guidelines, and increased prevalence 

and (or) severity of obstructive airways disease in children, over the period 1981-1993. 

Chapter 5 reviews prescriptions by GPs and specialists for asthma in the Netherlands 

in the years 1999, 2000, and 2001. We calculated ratios for the number of prescriptions 

to the number of consultations in the age groups 0-4 years, 5-11 years, 12-19 years, 20-

39 years, 40-64 years, and ::::65 years. Drugs were grouped as follows: 

- bronchodilators: P2-agonists, anticholinergics; 

- anti-inflammatory drugs: inhaled corticosteroids, mast cell stabilisers, oral and 

parenteral corticosteroids; 

- combined inhaled P2-agonists and corticosteroids; 
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- antileukotrienes; 

- other drugs. 

Overall, 90% of the prescriptions for asthma concerned pulmonary medication, 

particularly ~2-agonists and inhaled corticosteroids in rather similar frequencies. 

Anticholinergics were mainly prescribed in the age groups 0-4 years and :e:65 years. 

Prescriptions for combined inhaled ~2-agonists and corticosteroids increased in the age 

groups :e:5 years from 1999 to 2001. For specialists, the increase roughly mirrored a 

decrease in prescriptions for inhaled corticosteroids and for ~[agonists. 

Chapter 6 describes the results from a registration study, set up in children aged 0-4 

years who were newly referred to the outpatient department at the Juliana Children's 

Hospital, the Hague, with symptoms suggestive of asthma. Age groups 0-1 year and 2-4 

years, based on age at initial presentation, were analysed separately. A history was 

taken, using a standard questionnaire of the department of paediatric respiratory 

medicine, and blood was drawn for total and specific immunoglobulin E (lgE). 

Firstly, we analysed prognostic characteristics of asthma diagnosis in early childhood 

in clinical practice. In total, 419 children were enrolled over a 2-year period and 

followed for 2 years. Age group 0-1 year comprised 231 patients, of whom 113 ( 49%) 

were diagnosed as having asthma. Prognostic variables from history taking were 

shortness ofbreath, eczema, wheeze and non-allergic provoking factors. Age group 2-4 

years comprised 188 patients, ofwhom 144 (77%) were diagnosed as having asthma. 

Prognostic variables were shortness of breath, allergic provoking factors, and absence 

of ear-nose-throat history. Adding laboratory data, sensitisation to inhalant allergens 

(presence of specific IgE) was a strong predisposing factor. 

Secondly, we analysed risk factors for exacerbations and hospital admissions in asthma 

of early childhood. In age group 0-1 year, 71 patients (63%) had exacerbations, 

associated with damp housing, colds, and sensitisation to inhalant allergen (presence of 

specific IgE), while hospital admissions were associated with the number of 
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exacerbations. In age group 2-4 years, 58 patients ( 40%) had exacerbations, for which 

age at presentation and level of total IgE were predisposing risk factors, while hospital 

admissions were associated with damp housing. 

Thirdly, we analysed factors associated with readmissions for asthma in the children 

who were admitted to hospital within the first year after initial presentation (54 patients 

aged 0-1 year and 46 patients aged 2-4 years), yielding a follow-up of 1 year. In age 

group 0-1 year, the number of readmissions was higher than in age group 2-4 years 

(33% versus 16%, p-value 0.028), with no indication for lower threshold of admission. 

Clinical features at admission did not differ between first admission and subsequent 

admission in both age groups. In age group 0-1 year, a history of eczema showed a 

negative association with readmission. Sensitisation to inhalant allergens (presence of 

specific IgE) was positively associated, but its prevalence was low and significance was 

not reached. In age group 2-4 years, patients sensitised to inhalant allergens had a 

higher risk of readmission (relative risk 1.54, confidence interval 1.22-1.95). In age 

group 0-1 year, 60% of the readmissions occurred within two months of initial 

admission, and prescriptions for inhaled steroids at discharge might be indicated in 

preventing readmission. 

7.2 General Discussion 

Trends 

Overall, a decrease was observed in mortality and hospital admissions associated with 

asthma in the Netherlands over the period 1980-1999, but different trends occurred in 

the 1980s and the 1990s. Between ages 5-64 years, mortality and hospital admissions 

decreased stronger in the 1980s. In age group ~65 years, the decreasing trends were 

more strongly in the 1990s, especially in males. Hospital admissions for asthma showed 

an increase over the study period in age group 0-4 years only. In infancy, it is difficult 

to distinguish between asthma and acute bronchiolitis. Whatever label, both diseases 
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showed increasing hospital admission rates. This had no impact on asthma mortality, 

while mortality from acute bronchi( oli)tis decreased. 

Trends in the 1980s may reflect the improved possibilities for treatment of different age 

groups with various anti-asthma drugs and inhaler devices. The changing concept of 

asthma from a 'spastic' disease to an 'inflammatory' disease may have promoted the use 

of anti-inflammatory drugs, besides the use ofbronchodilators. The trends in the 1990s 

may additionally reflect the impact of consensus guidelines on diagnosis and 

management of asthma. These guidelines emphasised the importance of early 

recognition and treatment of asthma and the use of inhaled corticosteroids as 

maintenance therapy in chronic asthma. Therefore, shifts in diagnostic labelling and 

changes in asthma management may have contributed to the observed trends. 

Diagnostic labelling 

Asthma has escaped an exact definition so far. The description of a 'chronic 

inflammatory disorder of the airways' has been agreed upon, but the variability of the 

disease between and within individuals may provide variation in diagnostic labelling. 

The American Thoracic Society published standards for the diagnosis of patients with 

chronic obstructive pulmonary disease (COPD) and asthma in 1987 [1]. At older ages, 

however, COPD with features of asthma and vice versa exist, and in young children 

several wheezing phenotypes including asthma exist. In the Netherlands, asthma was 

traditionally clustered with 'bronchitis' and 'emphysema' (COPD) and labelled as 

"chronische aspecifieke respiratoire aandoeningen" ("CARA"). The data on 

consultations in 1993 indicated that the prevalence ofthe diagnostic label "CARA" was 

higher in childhood and in the age group 2 65 years [chapter 4]. This likely reflects the 

more difficult distinction at younger ages and at older ages between asthma on the one 

hand and COPD I 'wheezy bronchitis' on the other. "CARA" will be covered by 

International Classification ofDiseases (ICD)-9 code 496 and ICD-1 0 code 144 'chronic 

obstructive airway disease not classified elsewhere' and thus by 'COPD'. The term 

"CARA" as diagnostic label became obsolete in the Netherlands in the 1990s. In 
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children and young adults, hospital admissions for COPD decreased in the 1990s, 

whereas admissions for asthma tended to increase [chapter 3]. In age group 26S years, 

asthma mortality showed a fall in the early 1990s [chapter 2] and hospital admissions 

for asthma decreased, albeit more gradually, in males in the 1990s [chapter 3]. These 

trends could not affectthose ofCOPD, because ofthe much higher frequency ofCOPD. 

A shift in diagnostic labelling in children from COPD to asthma and in the elderly, 

especially in males, from asthma to COPD is likely to have contributed to the observed 

trends. 

Asthma management 

Trends in prescription rates were in line with the asthma guidelines. A major finding 

was the increase in prescriptions for anti-inflammatory drugs between 1981 and 1993. 

The ratio of the number of prescriptions for anti-inflammatory drugs to the number of 

consultations increased in all age groups [chapter 4]. Improvement in management of 

childhood asthma may, however, mask an increase in prevalence, if any. Worldwide 

increases in prevalence of asthma have been reported, but data are lacking in the 

Nether lands. The increase in hospital admissions in age group 0-4 years may be an early 

reflection of increased prevalence of asthma in childhood. Initially, an increase in 

admissions for asthma was found in age group 5-9 years in the 1980s, but there were 

no further indications for a cohort effect in the admissions. Admissions for childhood 

asthma ("CARA") are now decreasing [chapter 3]. This might be the result of 

improvement in ambulatory care, reflected by increased consultations and prescriptions 

for pulmonary medication for asthma and COPD in childhood [chapter 4]. But also, the 

increase in consultations and prescriptions may point to an increased prevalence and 

(or) severity of childhood asthma. From the United Kingdom an increase in respiratory 

morbidity in preschool children was reported [2]. Prevalence data over time are needed 

in the Netherlands to clarify this issue, along with data on hospital admissions. 

However, there are indications from studies comparing data from Eastern and Western 

Europe and studies from Italy and the United States that the increase in prevalence of 

asthma may have come to an end [3-5]. 
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Control of asthma appears to be best achieved at middle age (35-64 years), although the 

degree of pharmacotherapy was similar to that in the other age groups over 1981-1993. 

Mortality and hospital admissions for asthma decreased, as did specialist consultations 

for asthma and COPD. Consultations of GPs remained stable, accompanied by 

improvement in GP asthma management: prescriptions increased for inhaled steroids, 

and decreased for xanthines and non anti-asthma drugs. However, part of the 

ambulatory care will have been directed to COPD. At middle age, trends in mortality 

and hospital admissions for COPD differed between males and females. It is likely that 

the impact of smoking has been more important than pharmacotherapeutic management 

in the decreasing trend for males and increasing trend for females with COPD. In order 

to assess the role of ambulatory care, we need information about consultations and 

prescriptions by gender. 

Recent changes in therapeutic asthma management 

We evaluated changes in prescription patterns from 1981 through 1993 for asthma and 

COPD combined, as separation of the data for asthma could not been done. However, 

we found that the changes observed were in line with the guidelines for asthma at the 

time. Therefore, the data may serve as baseline for asthma treatment in the 1980s. The 

updated guidelines for asthma in the second part of the 1990s [ 6-8], recommended short 

acting P2-agonists and inhaled steroids as first choice, and a lower threshold for long 

acting P2-agonists. Recent data (1999-2001) for asthma in the Netherlands confirmed 

that most prescriptions were for P2-agonists and inhaled steroids, with an increase in 

combination treatment with long acting P2-agonists and corticosteroids by single inhaler 

[chapter 5]. Except for anticholinergics in young and elderly patients, prescriptions for 

other drugs played a minor role. Thus in patients labelled 'asthma', the prescription 

pattern was in accordance with the guidelines. However, this does not need to imply 

correct treatment in individual patients. 

Vital statistics on asthma and COPD in the Netherlands 

The prevalence data on asthma and COPD showed different pictures regarding mortality 
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and hospital admissions. Asthma mortality showed a positive and asthma morbidity a 

negative association with age, whereas COPD mortality and COPD morbidity were both 

positively associated with age. Asthma trends in males and females were similar, but 

COPD trends in males and females <:35 years differed. Although most asthma deaths 

occurred in age group <:65 years, numbers were low compared to the mortality from 

COPD. Hospital admission rates for asthma were highest in age group 0-4 years. 

Moreover, hospital admissions for acute bronchi( oli)tis increased in age group 0-4 years 

and reached a higher level than admissions for asthma in the late 1990s. Thus there is 

a high burden of respiratory diseases in young children, accompanied by low mortality, 

and a high burden in the elderly, accompanied by a high mortality. Trends in admissions 

for COPD were similar to trends in mortality from COPD. COPD is a progressive and 

disabling disease. Therefore, the increase in admissions for COPD in females predicts 

a further increase in mortality in females in the next decade(s). 

Figure 7.1 shows the rates for mortality, hospital admissions, and consultations for 

asthma and COPD in 1993. The figure illustrates that the highest prevalences occur at 

ages when the diagnosis of asthma is most difficult. It is questioned whether 
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Figure 7.1 Consultations per 1000 persons, hospital admissions and 

mortality per million persons for asthma and chronic obstructive 

pulmonary disease (COPD) by age in the Netherlands, 1993. 
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measurements may contribute. At the other end of the age spectrum, young children are 

at risk for inadequate treatment [15], while the increase in asthma and asthma-like 

morbidity in age group 0-4 years in the past decades is cause for concern. Figure 7.2 

shows asthma morbidity and mortality statistics in the Netherlands in 1999. Rates of 

consultations and hospital admissions were high in the age group 0-4 years. There are 

still no markers that can be used in routine clinical practice to recognise children at risk 

for asthma [7], and clinical history and evaluation are still the cornerstones for 

diagnosis. We therefore examined prognostic characteristics and predisposing risk 

factors related to asthma morbidity in the Netherlands in children aged 0-4 years at the 

Juliana's Children Hospital in the Hague [chapter 6]. 

Age group 0-4 years 

We found an inverse association between number of referrals to the hospital's outpatient 

department and age. Also, younger age proved to be a risk factor for exacerbations of 

asthma and hospital readmissions for asthma. Diagnosing and managing asthmatic 

symptoms is obviously the biggest problem in the youngest patients. Early recognition 

may enhance early treatment to achieve disease control. Besides variables from history 

taking (trigger factors, damp housing), sensitisation to inhalant allergens proved to be 

a risk factor for exacerbations and hospital (re )admissions. In infants, however, positive 

allergy tests showed low prevalences. Once admitted to hospital, clinical evaluation 

after discharge is important in view of the high risk of readmission within the first 

months. In infants, inhaled steroids may then be recommended to prevent readmission. 

In older children, inhaled anti-inflammatory therapy showed a protective effect of risk 

for hospitalisation and emergency room visits [ 16]. Conventional dosages in preschool 

children seem to present no risk for systemic effects, but careful evaluation (monitoring 

growth) is advocated [ 17]. Furthermore, educational programmes were effective in older 

children and adults, and should be targeted at preschool children as well, although it 

might be more difficult to produce effects [ 18]. Asthma is a multifactorial disease with 

complex genetic and environmental components, possibly even starting before birth 

[19]. Further research may indicate if primary prevention is possible for asthma. The 
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effect of preventative measures on disease prevalence should be studied continuously. 

7.3 Future research 

We recommend the following directions for future research: 

Continuing epidemiological evaluation of asthma and asthma-like diseases statistics 

in the Netherlands. 

Good documentation of hospital ward admissions, hospital day care admissions, 

and hospital emergency visits, especially in young children, as measures for (trends 

in) the prevalence of severe asthma. 

Systemic recording of medical history taking in patients, especially the very young, 

in order to further improve the early recognition I identification of children at risk 

for asthma. Furthermore, data on ethnicity in children are needed to evaluate 

whether differences in asthma prevalence and severity exist between ethnic groups 

in theN etherlands, and consequently to explore and prevent risk factors in asthma. 

Gathering data on factors playing a role in the increasing number of hospital 

admissions for respiratory syncytial virus (RSV) bronchiolitis in young children 

and the relation between prevalence of RSV and childhood asthma in the 

Netherlands. 

Developing educational programmes on asthma management for preschool children 

and their parents and caregivers. 

Developing effective strategies to discourage smoking, especially in young females. 

Participating in international studies for generating hypotheses, for providing 

comparative prevalence data and assessing environmental risk factors in the 

Netherlands, in order to find explanations for geographical differences in disease 

prevalence and to develop interventions tailored to the Dutch situation. 
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SAMENV ATTING 

Het doel van dit proefschrift was trends te onderzoeken in de sterfte en morbiditeit 

wegens astma in Nederland, in het licht van de veranderde inzichten betreffende astma 

en de verbeterde farmacotherapie, tegen de achtergrond van andere 

luchtwegaandoeningen. V erder werden voorspellende kenmerken voor de 

diagnosestelling van astma en ontvankelijk makende risicofactoren voor exacerbaties 

en ziekenhuis(her)opnamen wegens astma onderzocht bij kinderen in de leeftijd van 0-4 

Jaar. 

Hoofdstuk 1 omvat de algemene inleiding. Deze inleiding beschrijft trends in sterfte en 

ziekenhuisopnamen wegens astma in verscheidene delen van de wereld in de afgelopen 

30-40 jaar, vooral in verband met de medicamenteuze behandeling van astma. Het 

inzicht in astma veranderde. Astma wordt niet meer beschouwd als een "spastische" 

aandoening, maar als een "inflammatoire" aandoening. Richtlijnen werden nationaal en 

internationaal opgesteld, die het belang van preventieve behandeling van de 

ontstekingsprocessen in de luchtwegen benadrukten en luchtwegverwijders aanbevolen 

voor symptoombestrijding. Astma bij kinderen ontwikkelt zich meestal op zeer jonge 

leeftijd. Bij zeer jonge kinderen, als ook bij ouderen, is het vaak moeilijk onderscheid 

te maken tussen astma en andere longaandoeningen, vooral COPD ('chronic obstructive 

pulmonary disease'). In Nederland werden astma en COPD samengevat onder de term 

chronische aspecifieke respiratoire aandoeningen (CARA). De term CARA werd vaak 

als diagnostisch label gebruikt. Daarom evalueerden we zowel astma als andere 

obstructieve luchtwegaandoeningen die gepaard gaan met astmatische klachten, 

overeenkomstig de codes van de internationale classificatie van ziekten (lCD). 

Hoofdstuk 2 presenteert de nationale gegevens betreffende de sterfte aan astma en 

COPD in Nederland over de peri ode 1980-1999. Sterftecijfers per geslacht per miljoen 

inwoners werden berekend voor de leeftijdsgroepen 0-4 jaar, 5-34 jaar, 35-64 jaar en 
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:o:65 jaar. Bij kinderen werd de sterfte aan acute bronchi( oli)tis en pneumonie-influenza 

eveneens geevalueerd voor de leeftijdsgroepen 0-4 jaar en 5-14 jaar. De sterfte aan 

astma verhield zich omgekeerd met leeftijd, de meeste sterfgevallen kwamen voor in 

de leeftijdsgroep :o:65 jaar. In deze leeftijdsgroep nam de sterfte sterk afin de negentiger 

jaren. Geen trend werd gevonden in de leeftijdsgroep 0-4 jaar en een geleidelijke, 

bescheiden afname werd waargenomen in de leeftijdsgroepen 5-34 jaar en 35-64 jaar. 

In de leeftijdsgroep 0-4 jaar nam de sterfte aan acute bronchi( oli)tis en pneumonie

influenza af. In de leeftijdsgroepen 35-64 jaar en :o:65 jaar steeg de sterfte aan COPD 

bij de vrouwen over de gehele onderzoeksperiode, terwijl de cijfers bij de mannen zich 

stabiliseerden respectievelijk daalden in de negentiger jaren. We concludeerden dat de 

sterfte aan astma een gunstige ontwikkeling toonde en dat de sterftecijfers van de andere 

respiratoire aandoeningen stabiele of dalende trends toonden, met uitzondering van de 

toename in de sterfte aan COPD bij oudere vrouwen, over de periode 1980-1999. 

Hoofdstuk 3 presenteert de nationale gegevens betreffende de ziekenhuisopnamen 

wegens astma en COPD in Nederland over de periode 1980-1999. 

Ziekenhuisopnamecijfers per geslacht per miljoen inwoners werden berekend voor de 

leeftijdsgroepen 0-4 jaar, 5-34 jaar, 35-64 jaar en :o:65 jaar, evenals bij kinderen voor de 

leeftijdsgroepen 5-9 jaar en 10-14 jaar. Verder werden ziekenhuisopnamecijfers 

geevalueerd voor acute bronchi(oli)tis en pneumonie-influenza voor de 

kinderleeftijdsgroepen. De opnamecijfers voor astma stegen in de leeftijdsgroep 0-4 

jaar, terwijl de cijfers daalden in de andere leeftijdsgroepen. Deze trends stabiliseerden 

zich in de negentiger j aren. De trends in de ziekenhuisopnamen we gens astma en COPD 

bij kinderen en jong volwassenen suggereerden een verschuiving in diagnosestelling 

van COPD naar astma na 1993. In de leeftijdsgroepen 35-64 jaar en :o:65 jaar stegen de 

ziekenhuisopnamecijfers voor COPD bij de vrouwen continu, terwijl de opnamecijfers 

bij de mannen afnamen respectievelijk zich stabiliseerden in de negentiger jaren. In de 

leeftijdsgroep 0-4 jaar namen de opnamen wegens acute bronchi( oli)tis aanzienlijk toe. 

Concluderend, de ziekenhuisopnamecijfers voor astma toonden in het algemeen een 

gunstige ontwikkeling inN ederland over de peri ode 1980-1999, maar de opnamecijfers 
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voor de respiratoire aandoeningen bij de zeer jonge kinderen en de toenemende 

opnamecijfers voor COPD bij oudere vrouwen zijn zorgwekkend. 

Hoofdstuk 4 presenteert gegevens betreffende consulten en prescripties voor astma en 

chronisch obstructieve longziekte (COPD) bij patienten in de ambulante zorg per 

leeftijdsgroep (0-4 jaar, 5-11 jaar, 12-19 jaar, 5-39 jaar, 40-64 jaar en ::o:65 jaar) en 

artsencategorie (huisarts, specialist) in Nederland over de periode 1981-1993. We 

onderscheidden de consulten in eerste consulten en herha1ingsconsulten, en de 

prescripties in (1) pulmonale medicatie: ~2-agonisten, anticholinergica, ketotifen, 

methylxanthinen, natriumcromoglicaat, inhalatiesteroiden, orale steroiden, (2) 

antibiotica, en (3) overige geneesmiddelen. We berekenden leeftijdsspecifieke cijfers 

voor consul ten en prescripties per 1000 inwoners. In het algemeen waren de cijfers voor 

de eerste consulten stabiel en namen de cijfers voor de herhalingsconsulten toe in de 

leeftijdsgroepen onder 40 jaar. Bij de specialisten namen de eerste consul ten echter toe 

in de leeftijdsgroep 0-4 jaar, en namen alle consulten afin de leeftijdsgroep 40-64 jaar. 

De prescriptiecijfers voor de pulmonale medicatie stegen, behalve in de leeftijdsgroep 

40-64 jaar. De cijfers voor de antibiotica waren stabiel. Het aantal prescripties door de 

huisarts voor "overige geneesmiddelen" nam afin de leeftijdsgroepen 0-4 jaar en 40-64 

jaar. De verhouding van het aantal prescripties voor de anti-inflammatoire 

geneesmiddelen tot het aantal consulten steeg significant in alle leeftijdsgroepen. 

Concluderend, de resultaten suggereren een verbeterde zorg voor astma en COPD in 

Nederland overeenkomstig gepubliceerde richtlijnen, en een toegenomen prevalentie 

en (of) ernst van obstructieve luchtwegaandoeningen bij kinderen, over de peri ode 

1981-1993. 

Hoofdstuk 5 beschouwt prescripties door de huisartsen en specialisten voor astma in 

Nederland in de jaren 1999, 2000 en 2001. We berekenden verhoudingsgetallen van het 

aantal prescripties tot het aantal consul ten in de leeftijdsgroepen 0-4 jaar, 5-11 jaar, 12-

19 jaar, 20-39 jaar, 40-64 jaar en ::o:65 jaar. Geneesmiddelen waren gegroepeerd als 

volgt: 
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- bronchusverwijders: ~2-agonisten, anticholinergica; 

- anti-inflammatoire geneesrniddelen: inhalatiecorticosteroi:den, mestcelstabilisatoren, 

orale en parenterale corticosteroYden; 

- gecombineerde ~2-agonisten en corticosteroi:den per inhalationem; 

- antileukotrienen; 

- andere geneesmiddelen. 

In het algemeen betrof 90% van de prescripties voor astma pulmonale medicatie, met 

name ~2-agonisten en inhalatiecorticosterofden in ongeveer dezelfde frequenties. 

Anticholinergica werden hoofdzakelijk voorgeschreven in de leeftijdsgroepen 0-4 jaar 

en ::>65 jaar. Het aantal prescripties voor gecombineerde ~2-agonisten en 

corticosterofden per inhalationem steeg in de leeftij dsgroepen vanaf 5 jaar tussen 1999 

en 2001. De toename reflecteerde voor specialisten globaal een afuame in prescripties 

voor inhalatiecorticosteroYden en voor ~2-agonisten. 

Hoofdstuk 6 beschrijft de resultaten van een registratie-onderzoek dat uitgevoerd werd 

bij kinderen in de leeftijd van 0-4 jaar, die voor het eerst verwezen waren naar de 

polikliniek van het Juliana Kinderziekenhuis in Den Haag, met symptomen die verdacht 

zijn voor astma. De leeftijdsgroepen 0-1 jaar en 2-4 jaar, gebaseerd op de leeftijd bij 

inschrijving, werden afzonderlijk geanalyseerd. Een anamnese werd afgenomen, waarbij 

gebruik werd gemaakt van een standaardvragenlij st van de afdeling kinderlongziekten, 

en bloed werd afgenomen voor de bepaling van totaal en specifiek immunoglobuline 

E (IgE). 

Ten eerste analyseerden we voorspellende kenmerken voor het stellen van de diagnose 

astma bij jonge kinderen in de klinische praktijk. In totaal werden 419 kinderen 

geregistreerd over een peri ode van 2 jaar en gedurende 2 jaar gevolgd. De leeftijdsgroep 

0-1 jaar bestond uit 231 patienten, waarvan bij 113 ( 49%) de diagnose astma werd 

gesteld. V oorspellende variabelen uit de anamnese waren kortademigheid, eczeem, 

piepen en invloed vanniet-allergische provocerende factoren. De leeftijdsgroep 2-4 jaar 

bestond uit 188 patienten, waarvan bij 144 (77%) de diagnose astma werd gesteld. 
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Voorspellende variabelen waren kortademigheid, invloed van allergische provocerende 

factoren en de afwezigheid van keel-neus-oor klachten. Uit de laboratoriumgegevens 

bleek sensibilisatie voor inhalatieallergenen (de aanwezigheid van specifiek IgE) een 

sterk predisponerende factor. 

Ten tweede analyseerden we risicofactoren voor exacerbaties en ziekenhuisopnamen 

we gens astma bij j onge kinderen. In de leeftij dsgroep 0-1 j aar ondervonden 71 patienten 

( 63%) exacerbaties, die een verb and toonden met vochtige behuizing, verkoudheden en 

sensibilisatie voor inhalatieallergenen (de aanwezigheid van specifiek IgE), terwijl 

ziekenhuisopnamen een verband toonden met het aantal exacerbaties. In de 

leeftijdsgroep 2-4 jaar ondervonden 58 patienten (40%) exacerbaties, waarvoor de 

leeftijd bij inschrijving en de waarde van totaal IgE predisponerende risicofactoren 

waren, terwijl ziekenhuisopnamen een verband toonden met vochtige behuizing. 

Ten derde analyseerden we factoren in relatie tot heropnamen wegens astma bij de 

kinderen die opgenomen werden in het ziekenhuis binnen 1 jaar na de inschrijving (54 

patienten in de leeftijd van 0-1 jaar en 46 patienten in de leeftijd van 2-4 jaar), zodat zij 

1 jaar gevolgd konden worden. In de leeftijdsgroep 0-1 jaar was het aantal heropnamen 

hoger dan in de leeftijdsgroep 2-4 jaar (33% versus 16%, p-waarde 0,028), zonder dat 

er eeil aanwijzing was voor een lagere opnamedrempel. Klinische kenmerken bij de 

opname verschilden niet tussen de eerste opname en de volgende opname in beide 

leeftijdsgroepen. In de leeftijdsgroep 0-1 jaar toonde het anamnestisch bestaan van 

eczeem een negatiefverband met heropname. Sensibilisatie voor inhalatieallergenen (de 

aanwezigheid van specifiek IgE) toonde een positief verb and, maar het voorkomen was 

laag en statistische significantie werd niet bereikt. In de leeftijdsgroep 2-4 jaar hadden 

de patienten die gesensibiliseerd waren voor inhalatieallergenen een hogere kans op 

heropname (relatieve risico 1,54, 95% betrouwbaarheidsinterval 1,22-1,95). In de 

leeftijdsgroep 0-1 jaar had 60% van de heropnamen plaats binnen twee maanden na de 

eerste opname, en prescripties voor inhalatiesteroYden bij ontslag zijn mogelijk 

geYndiceerd om heropnamen te voork6men. 
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Abbreviations 

ABBREVIATIONS 

AB Acute bronchi( oli)tis 

ATS American thoracic society 

b Slope 

CARA Chronische aspecifieke respiratoire aandoeningen 

CBS Central bureau of statistics 

CI Confidence interval 

CNSLD Chronic nonspecific lung disease 

COPD Chronic obstructive pulmonary disease 

ENT Ear, nose and throat 

Ex Exacerbation 

FEV1 Forced expiratory volume in one second 

GINA Global initiative for asthma 

GP General practitioner 

h Hours 

lCD International classification of diseases 

ICS Inhaled corticosteroids 

IgE Immunoglobulin E 

IMS Institute of medical statistics 

M Mother 

ns Not significant 

OR Odds ratio 

p Father 

P/1 Pneumonia and influenza 

RAST Radioallergosorbent test 

RR Relative risk 

RSV Respiratory syncytial virus 

SD Standard deviation 

SE Standard error 
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DANKWOORD 

Zonder de hulp van velen was dit proefschrift niet tot stand gekomen. In de loop der 

jaren zijn er personen geweest die bemiddeld hebben alsmede personen die het 

daadwerkelijk mogelijk maakten dat ik over de data kon beschikken die ik wilde 

analyseren. Al worden zij hier anoniem verwerkt, het gaat gepaard met een diep gevoel 

van erkentelijkheid. 

Maar wat zijn data zonder statistische analyse? Dr. J. Hermans, beste Jo, jarenlang heb 

jij mij bijgestaan met een nuchtere kijk op presentatie van data en met statistische 

adviezen. Dat de laatste fase plaats vond in Thailand, waar jij en Ank mij zo gastvrij 

ontvangen hebben, heeft hieraan een gouden glans gegeven. Heel veel dank. 

Zonder promotoren geen proefschrift. Prof.dr. J.C. de Jongste, eerste promotor, en 

prof.dr. E.J. Duiverman, tweede promotor, hartelijk dank datjullie mij hebben willen 

begeleiden. 

Beste J ohan, de communicatie ging voor een groat deel per post. Het vlotte reageren en 

je aantekeningen op het manuscript heb ik zeer op prijs gesteld, ... lange zinnen, 

"huisvlijt," orgelpijpen ... , het heeft mij wel eens boven mijn tekst doen grinniken. Je 

commentaar heeft me altijd aan het denken gezet en verder geholpen. Heel veel dank. 

Beste Eric, ookjij bent metje reacties mij tot steun geweest. Ik houd het nu beknopt: 

heel veel dank voor je kritische opmerkingen. 

Vervolgens dank ik de leden van de promotiecommissie, prof.dr. H.A. Buller, prof.dr. 

A. Hofinan en prof.dr. H. C. Hoogsteden, voor hun bereidwilligheid zich in de door mij 

gepresenteerde epidemiologie van astrna te verdiepen en bij te dragen aan de promotie. 
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Dankwoord 

Mevrouw den Hartog, lieve Friedel, de marrier waarop jij het paranimf-zijn vorm 

gegeven hebt, heeft mij zeer getroffen. Ret laat een scala aan beelden na waar ik met 

veel plezier en grote dankbaarheid naar "kijk". 

Lieve Corrie, jij was er .... De royale schaal die je opdiende met culinaire diversiteiten 

in de afgelopen periode, vertaalt zich in mijn herinnering als symbool van jouw veel 

omvattende steun. Bedankt! 

Lieve Rombout, Merel en Nander Wever, jullie hebben ieder op eigen wijze mij 

gesteund en gestimuleerd in mijn wens om een wetenschappelijk bouwsteentje te 

leveren en mijn proefschrift te voltooien. Heel hartelijk dank. Nander, een extra woord 

van dank voor jouw niet aflatende interesse en bereidheid om te functioneren als 

'computertolk'. 

Aan allen die bijgedragen hebben aan het proefschrift zoals het nu ter hand kan worden 

genomen: DANK! 
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