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Predicting exacerbation in 
young children with intermittent 
asthma

List of abbreviations
AE: Asthma Exacerbations; ATS: American 

Thoracic Society; AUC: Area Under The Curve; 
BHR: Bronchial hyperreactivity; BMI: Body 
Mass Index; eNO: Exhaled Nitric Oxide; FEV1: 
Forced Expiratory Volume in 1 Second; FVC: 
Forced Vital Capacity; ICS: Inhaled Steroids; 
IgE: Immunoglobulin E; LTRA: Leukotriene 
Receptor Antagonist; NO: Nitric Oxide; OR: 	
Odds Ratio; P: Probability; PD20: Inhalation 
of a methacholine solution until a 20% fall 
in FEV1 (%) was observed (PD20); PEF: 
Peak Expiratory Flow; ppb: Parts Per Billion; 
ROC: Receiver-Operating Characteristic; SD: 
Standard Deviation.

Introduction
Asthma and wheezy bronchitis are the most 

common respiratory diseases in the western 
world. Both affect 20-30% of children aged 
2-6 years, cause considerable morbidity, affect 

quality of life and are associated with significant 
mortality [1,2]. There are several triggers 
associated with asthma and asthma exacerbations 
(AE) in early childhood. It is known that 
children with a family history of asthma and 
atopy are more often affected by asthma than 
children without such history [3-5]. The most 
common triggers for wheezy episodes in early 
childhood are infections in sensitized children 
and infections [6]. Especially viral infections are 
associated with asthma exacerbations in this age 
group [6,7]. Of course not all of the children 
having a viral infection are at risk for an AE 
and not all of those with a history of wheezing 
will have further AE. Therefore it is difficult for 
the pediatrician to identify those children who 
need a protective anti-inflammatory therapy in 
order to avoid or to reduce severity of further AE 
[2,8]. Despite the identification of risk factors 
such as a family history of asthma or a personal 
history of atopy, low Vitamin D levels, passive 
smoke exposure, predictions which intermittent 
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asthmatic remain symptomatic and need anti-
inflammatory treatment is difficult [1-5,8,9]. 
Interestingly, it was recently shown that about 
one third of children with infantile asthma aged 
2-5 years did not experience a further episode 
during a one year observation period [10]. In 
this study no clinical parameter was helpful to 
distinguish between patients with and without 
further episodes. Thus the selection criteria and 
the optimal time to begin anti-inflammatory 
treatment are particularly unclear. To avoid over 
treatment with anti-inflammatory medication, 
great importance is placed on defining risk 
factors that can predict further AE, justifying 
costs and possible side effects of a seasonally 
adjusted treatment [2,4,8]. For physicians 
and parents, it is particularly important to 
discriminate between children at high risk for 
a consecutive AE from those at low risk in 
the subsequent weeks or months. Thus, the 
selection criteria and the optimal time to begin 
anti-inflammatory treatment are of special 
interest for the general physician who sees many 
healthy children, most likely in the summer, 
with previous wheezing episodes. Therefore we 
evaluated clinical parameters and biomarkers 
from 142 children with intermittent asthma in 
a symptom-free interval to identify risk factors 
that predict further AE in this age group

Marterials and methods

�� Study design

The risk parameter analysis of 142 children 
with intermittent asthma was in part a sub-
analysis of a previous trial (“Leukotriene receptor 
antagonist or inhaled steroid in young children 
with asthma”) (Clinical Trial Registration 
NCT00543686). Results of 102 patients were 
recently published [11]. The study was a mono-
centre, randomised, open and parallel-group 
study in young children with intermittent 
asthma conducted at the outpatient centre of the 
Frankfurt department for paediatric respiratory 
diseases. The study was approved by the medical 
ethics committee of the University Hospital, 
Frankfurt / Main, and all parents provided 
written informed consent. 

All children were examined at the initial 
visit (visit 1). Visit 1 included a detailed medical 
history, clinical examination, skin prick test, total 
and specific IgE, exhaled NO (eNO), spirometry 
and measurement of bronchial hyperreactivity 

(BHR) by methacholine bronchoprovocation. 
After visit 1, the parents were trained to keep a 
diary and to use salbutamol by the pressurised 
meter dose inhaler via a spacer on demand. 
The parents were also advised to make an 
appointment when symptoms increased and 
when salbutamol had to be given as frequently 
as indicated (frequent use of salbutamol, i.e., 
more than 2 puffs a week or 5 puffs in 14 
days), which defines an acute AE. During the 
one year observation period, regular telephone 
conversations were held with the parents every 
two months. 

�� Study population

The children participating in the trial were 
recruited from the out-patient department for 
paediatric respiratory disease. The centre cares 
for 1500 new patients a year with recurrent 
wheezing and suggested or chronic asthma. 
Children aged 4 - <7 years with the diagnosis of 
intermittent asthma were included in the study 
if they fulfilled the following criteria:

AE-free interval >4 weeks prior to visit 1 

Written informed consent of parents after 
they received written and oral information 
about the aim, purpose and risks of the study.

The exclusion criteria were the following:

Chronic persistent asthma

Regular use of either inhaled steroids (ICS) 
or leukotriene receptor antagonist (LTRA) in 
the previous 3 months

Severe concomitant diseases

The patients received only inhaled salbutamol 
for respiratory symptoms (i.e., coughing and 
wheezing) during the observation period. No 
other treatment for allergic or asthma symptoms 
was allowed (e.g., LTRAs, antihistamines and 
ICS) until exacerbation. Children with AE were 
randomized either to LTRA or to ICS, results of 
this examination were published in 2010 [11].

�� Symptom diary 

The diary was completed every day by 
caregivers during the study [12]. The following 
data were included as discrete variables in a paper 
diary: rhinitis and asthma symptoms, symptom 
free days, rescue medication, salbutamol use, 
systemic steroid use and fever. Symptom scores 
were calculated at the end of the study as 
applicable.
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�� Lung function-spirometry

Pulmonary function tests were performed 
according to the American Thoracic Society 
(ATS) guidelines [13]. Predicted FEV1 (%) 
values were determined based on the reference 
values for children [14]. The following variables 
were utilised: Vital capacity (VC (L, %pred)), 
FEV1 (L, %pred), Forced Vital Capacity (FVC 
(L, %pred)), and FEV1/FVC.

�� Exhaled nitric oxide (eNO) and 
sputum leukotrienes

The levels of eNO were measured according 
to current guidelines at a defined expiratory 
flow rate of 50 mL/sec using the NIOX® 
(by Aerocrine, Solna, Sweden). The NIOX® 
measures NO in exhaled air according to the 
ATS guidelines [15]. 

�� Skin prick test 

A skin prick test using standard allergens 
to a panel of aeroallergens including D. 
pteronyssinus, D. farinae, cat and dog, mould 
mix, grass-pollen mix and tree pollen mix 
(Allergopharma, Rheinbeck, Germany) was 
performed. A response of at least 3 mm greater 
than saline control was deemed positive.

�� Measurement of bronchial 
hyperreactivity

Bronchial hyperreactivity (BHR) was 
assessed using inhalation of a methacholine 
solution until a 20% fall in FEV1 (%) was 
observed (PD20) [16]. The doses of inhaled 
methacholine were increased every two minutes 
according to the following pattern from step 1 
to 5: 0.01, 0.1, 0.4, 0.8 and 1.6 mg. Thus, the 
entire protocol delivered cumulative doses of 
0.11, 0.51, 1.31 and 2.91 mg [16].

�� Measurement of total IgE and 
specific IgE

Blood collection was performed for 
measurement of total IgE and specific IgE 
levels (grass, rye, mugwort, birch, cat, horse, 
cladosporium, alternaria, house dust mite and 
egg) by specific and sensitive immunoassays 
(Immunolite, DPC Bad Nauheim, Germany) in 
our laboratory [17]. 

Statistics
The results are expressed as the means and 

standard deviation (SD) or, if not normally 
distributed or in the case of categorical variables, 
as the medians and range.

The collected data were analysed with 
Microsoft Excel (Office 2007) and the statistical 
programs BiAS for Windows, Version 9.04 
(Epsilon Verlag 1989-2009), which is designed 
specifically for biostatistics by the biostatistics 
institute of the Goethe University Frankfurt/
Main, and SPSS, Version 19 (IBM). 

The exacerbated group versus the non-
exacerbated group was compared with the help of 
the non-parametric Wilcoxon-Mann-Whitney-
U-Test with various numbers of biomarkers, 
including height, weight, eNO, lung function 
test results, metacholine test results, and blood 
test results. A statistically significant difference 
between the groups was defined by a p-value less 
than 0.05, and all tests were two-sided. Odds 
ratio, sensitivity and specificity of the score were 
also calculated.

To define the sensitivity and specificity 
of a predictor for detecting an AE, a receiver-
operating characteristic (ROC) curve was 
plotted. The cut-off levels were optimized using 
the Youden index (sensitivity+specificity-1). The 
individual probability of an AE was calculated 
by logistic and log-logistic regression analyses. 
The accuracy was measured with area under the 
curve (AUC) analysis. Probability (p) values ≤ 
0.05 were considered statistically significant. 

Results

�� Study population

142 children previously diagnosed with 
intermittent asthma were enrolled in the trial 
(n=83 male, 58.5%). The mean age of the 
children was 4.92 years. During the observation 
period of one year, n=63 children (44.4%) had an 
acute exacerbation defined as increased demand 
of salbutamol due to asthma symptoms (i.e., 3 
puffs a week or 5 puffs in 14 days). The baseline 
descriptive characteristics of all patients are 
shown in TABLE 1. FIGURE 1 shows the flow 
chart of the analysis. Medical history revealed 
that 30 children suffered from concomitant 
allergic rhinoconjuctivitis (21.1%) and 41 from 
atopic dermatitis (35.9%). 51 children (35.9%) 
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were affected by parenteral smoking. In 17 of 
these cases (33.3%), both parents were smokers 
(TABLE 1). 

�� Lung function-spirometry

Baseline lung function values were compared 
between exacerbated and non-exacerbated 
children (TABLE 2). Children with an acute 
AE showed significantly lower FEV1 (%) and 
FEV1/FVC values compared to symptom free 
children (p=0.006 and p=0.038). No difference 
was observed for the vital capacity (p=0.72). 
Discriminant analysis showed a cut-off level 
for FEV1 (%) of 103.2%. Lower values were 
associated with elevated risk for AE (OR 4.54). 

The cut-off value for the FEV1/FVC was 
89.7. Lower values had an increased risk for AE 
with an OR of 2.24. 

�� Bronchial hyperreactivity

Significantly lower doses of methacholine 
were necessary for a drop in FEV1 of ≥ 20% 
from baseline in the bronchoprovocation test 
(PD20FEV1 0.23 vs. 0.32 mg methacholine, 
p=0.049). Discriminant analysis produced a cut-
off level of 0.1285 mg methacholine; a higher 
risk for AE was associated with lower doses of 
methacholine (OR 2.12). 

With the presence of multiple risk factors 
(values for FEV1, FEV1/FVC or PD20FEV1 
below the cut-off levels), the risk for an asthma 
exacerbation was even higher (TABLE 3). With 
2 out of these 3 risk factors, the OR for an AE 
increased to 5.25 and reached 11.3 with 3 risk 
factors. When comparing those children with 3 
risk factors to children without risk factors, the 
chi-squared test revealed a sensitivity of 77.3% 

Table 1. Baseline descriptive characteristics of the study population.

Total Exacerbated Non-Exacerbated p-value

Total number n 142 79 63

Age (years) Mean 4.92 5.03 4.78 0.062

SD 0.79 0.78 0.79

4-5 years 51 23 28 0.059

5-6 years 52 31 21 0.470

6-7 years 39 25 14 0.453

Male n 83 43 40 0.278

% 58.45 54.43 63.49

Height (cm) Mean 114.81 115.02 114.65 0.507

SD 7.07 7.89 6.35

Weight (kg) Mean 21.10 21.57 20.73 0.887

SD 4.17 5.21 3.05

BMI (kg/m²) Mean 15.92 16.16 15.73 0.548

SD 2.15 2.59 1.71

Passive smoking n 51 25 26 0.537

  % 35.92 39.68 32.91

FIGURE 1. Study flow chart.
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and a specificity of 76.9%. When comparing 2 
or more risk factors to only 1 or less risk factor, 
sensitivity was 68.3% and specificity was 70.9%.

�� Allergy and RAST

124 blood samples could be analyzed. In 
18 patients, the parents did not allow a blood 
withdrawal in their children. Allergy was 
assumed in RAST-class ≥ 2. In the whole group, 

49 (39.5%) of the 124 children had at least one 
allergy with a RAST-class ≥ 2, while 16 patients 
had at least 2 and 9 had 3 positive RAST tests ≥ 
2. No differences between the exacerbated and 
non-exacerbated groups were found. Neither 
groups showed a difference in the summation 
of specific IgE values for all-season and seasonal 
allergens, although the values for specific IgE 
tended to be slightly higher in children with AE 
(TABLE 4 and FIGURE 2).

Table 3. Total IgE and specific IgE values in our patients (kU/L).
Total Exacerbated Non-Exacerbated

Total IgE Mean 177.86 141.86 205.27
  SD 334.60 235.23 391.56
Seasonal specific IgE cumulativ Mean 18.44 21.50 15.92
- grass, birch, rye, mugwort SD 50.18 44.52 54.27
All-season specific IgE cumulativ Mean 21.72 23.96 19.87
- house dust mite, cat, cladosporium, alternaria SD 50.31 50.08 50.42
House dust mite IgE Mean 8.47 8.81 9.50
  SD 24.73 20.25 20.09

Table 2. Lung function parameters, eNO and bronchial hyperreactivity.
    Total Exacerbated Non-Exacerbated p-value
FEV1 pred. % Mean 101.12 97.34 104.22 0.006

  SD 16.75 17.12 15.79

Tiffeneau Mean 90.16 88.38 91.61 0.037

  SD 8.92 9.33 8.29

eNO (ppB) Mean 14.91 14.72 15.08 0.685

  SD 15.70 14.42 16.71

PD20FEV1 (mg) Mean 0.28 0.23 0.32 0.049

  SD 0.47 0.44 0.48

Table 4. Risk Factors and risk for exacerbation.
Exacerbated Non-Exacerbated OR

0 Risk Factors (n) 5 21
1 Risk Factor (n) FEV1 (%) 44 27 4.54

Tiffeneau 33 25 2.24
PD20FEV1 41 35 2.12

2 Risk Factors (n) 26 17 5.25
3 Risk Factors (n) 17 6 11.3

                  

Sensitivity 

1 - Specifity 

FIGURE 2. ROC-curves for A (Blue line): FEV1(%), B(Green line): Tiffeneau and C(Red line): PD20FEV1.
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�� Exhaled NO (eNO) 

As shown in TABLE 2, levels of eNO did 
not differ between patients with and without 
AE. As expected, children with allergies had 
significantly higher levels of eNO in contrast 
to children without allergies (19.3 ppb vs. 12.3 
ppb, p=0.016). 

Discussion
Identifying biomarker of asthma 

exacerbations in young children is attractive but 
has proven elusive so far. Several studies have 
examined the long term outcome (i.e., which 
children will outgrow the problem around 
school age and which will not [3,18-20], but 
few studies have calculated the risk factors for 
AE for the next winter season in young children 
with intermittent asthma. Although some risk 
factors for asthma in young children have been 
well described as presence of allergy, eczema or a 
first-degree family history, low vitamin D-levels, 
passive smoke exposure and crowding most 
decisions to start preventive therapy rely solely 
on the individual judgment and expertise of the 
treating physician.

Most common triggers for AE of childhood 
asthma are viral infections [6,7]. However the 
knowledge that viral infections are the major 
trigger for an asthma exacerbation in this 
age group does not help to determine which 
child may benefit from preventive treatment. 
Additionally, protective anti-inflammatory 
therapy for bronchial asthma is associated with 
non-negligible side effects, especially in the case 
of inhaled corticosteroids [21,22]. Therefore, 
paediatricians would profit from well-defined 
predictors that help to decide which patient with 
intermittent asthma needs a protective therapy.

To answer this question, we analysed 
biomarkers collected in 142 healthy children, 4-6 
years of age, with the diagnosis of intermittent 
asthma. With only 63 children having an 
AE during one year observation period, less 
than 50% of children with previous asthmatic 
symptoms became symptomatic again. This 
is in keeping with earlier studies and shows 
the heterogeneity in the group of wheezing in 
young children and the urgency to identify only 
those who will profit from anti-inflammatory 
treatment [10]. 

First, we analyzed the gender, age and body 

mass index (BMI) of our patients and we could 
not find significant differences between the 
exacerbated and non-exacerbated group, even 
though there was a trend for AE with younger 
age. Our results are similar to those of Caudri 
et al [20] and Covar et al. [23] and support the 
theory that smaller airways in younger children 
are a risk factor of exacerbations. Interestingly 
Mahut et al. [24] showed that each additional 
year of life reduces the risk for an AE by 15% 
underlying that age i.e. lung growth is an 
important factor.

Second we could not find an effect of allergic 
sensitization, passive smoking, and eNO, a 
marker of eosinophilic airway inflammation, 
as predictors. Our findings for eNO are similar 
to those found in other studies where the 
measurement in symptomatic patients had 
no predictive value for the occurrence and 
severity of AE [25,26]. eNO might have better 
predictive power in optimising and controlling 
anti-inflammatory treatment rather than 
predicting AE, particularly when ICS are used 
[27]. In addition eNO has been a more effective 
parameters of AE in adults [28] than in children 
[25,29].

Surprisingly, we could not find an effect of 
allergic sensitization and passive smoking on the 
rate of AE. However, in contrast to other studies 
where an effect of these parameters on asthma 
development was observed [18,30-32], we did 
not examine the long-term outcome of disease 
but tried to predict the risk of exacerbation 
during the next winter period. Rabinovitch et 
al. [33] recently showed an influence of tobacco 
smoke via a Cysteinyl-leukotriene-mediated 
pathway on asthmatic symptoms and the risk 
of AE [34]. Although the influence of smoking 
on AE remains controversial, its influence on 
the course and the control of the disease is 
evident, as multiple studies have demonstrated 
[30,35,36]. 

The influence of allergic sensitization and 
IgE levels had no impact on the risk of AE our 
observation. Although we observed a trend of 
higher cumulative specific IgE values in children 
with AE, these results were not significant, in 
contrast to previous results [31,37]. We assume 
that because of the high influence of viral 
infections as a major cause for AE in young 
children, the presence of early sensitization 
is more relevant for the long-term outcome 
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[17,32]. In deed it is well known that non-
atopic children with recurrent wheeze are more 
likely to outgrow this condition compared to 
atopic children [32].

Interestingly, lung function parameters had 
a high potential to predict future AE in this 
age group. Our results suggest that the uses of 
standard spirometry as well as the measurement 
of bronchial hyperactivity are excellent predictors 
for future AE. We determined cut-off levels for 
FEV1, FEV1/FVC and PD20FEV1, to identify 
those children for whom an anti-inflammatory 
therapy is not necessary. When combining 
the results of spirometry and methacholine 
bronchoprovocation, a strong prediction of an 
AE is possible. Two out of 3 risk factors were 
already associated with a 5-fold higher risk for 
exacerbation (OR 5.25). If all 3 risk factors are 
fulfilled, the risk was more than 10-times higher 
(OR 11.3) (TABLE 3). 

Previous studies examining the influence of 
FEV1 on AE rate showed different results. Two 
studies found a significant higher risk for AE in 
children with lower FEV1 supporting the use 

of spirometry as an objective measure of lung 
function in assessment of risk for AE [38,39] 
whereas one study in children with moderate 
asthma could not find an influence at all [23]. 

Studies investigating the influence of 
bronchial hyperactivity in AE are rare. 
Covar et al. [23] did not find an influence of 
methacholine bronchoprovocation on the rate 
of AE. In contrast to our study, they examined 
older children (6-14 years of age) treated with 
anti-inflammatory therapy. In most of the 
other studies, exacerbations are defined as the 
need of systemic steroids and/or hospitalisation 
[24,40,41]. Therefore, our results cannot be 
compared to these studies concerning AE in 
early childhood.

Conclusion
Our results demonstrate that levels of FEV1, 

FEV1/FVC and PD20FEV1 below the cut-off 
levels are highly predictive for a consecutive AE. 
When 2 or more risk factors are above cut-off 
values, we suggest not starting preventive anti-
infammatory therapy in this patient group in 
order to avoid over-treatment.
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