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Abstract
Objective: Severe asthma exacerbations are often treated with short courses of oral corticosteroids
(OCS). This study assessed the incidence of OCS being prescribed in asthmatic children of vari-
ous age groups and calculated their chances of receiving subsequent OCS prescriptions.Methods:
Longitudinal Dutch community pharmacy data of 2272 children who were regular users of asthma
medication was analyzed retrospectively. Incidence rates for first, second and third prescriptions
of OCS were calculated, stratified by age and sex. Probabilities of receiving first, second or third
OCS prescriptions were assessed with Kaplan–Meier analysis. Results: Incidence rates for first OCS
prescriptions were 4.5 for the 1st year of life per 100 person-years (100PY); 3.9 for the 2nd; 4.6 for the
3rd; 4.2 for the 4th, and 4.7 for the 5th year of life per 100PY. This was relatively high compared to
incidence rates for children between the ages of 6 and 11 (ranging between 2.2 per 100PY (age 9)
and 3.7(age 11)). Incidence rates for second and third OCS prescriptions were very high: 78.2(95%CI:
45.0–123.7) and 241.2(95%CI: 81.2–583.4) per 100PY for infants, respectively. The chances of receiv-
ing a first OCS prescription was higher in males (P value < 0.01). Conclusions: In the Netherlands,
the incidence of OCS being prescribed to children being treated with asthma medication in early
childhood is relatively high for first OCS prescriptions and extremely high for second and third
OCS prescriptions compared to other ages. Furthermore, there is a high probability of receiving a
further OCS prescription shortly after an OCS prescription.

Introduction

Childhood asthma creates a substantial burden on the affected
children and their families by restricting the child’s activities
and increasing the risk of school absences [1]. The diagnosis
of asthma, however, is complicated in preschool children for
various reasons; lung function tests, for example, are difficult to
perform in this age group [2, 3]. Nevertheless, it is well known
that asthma-like symptoms frequently occur in this period of
life. Cloutier et al. reported asthma-like symptoms in 34% of
children aged <5 years in an urban community (Hartford, CT,
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USA) [4]. In general, there is a lot of controversy on how to
diagnose asthma in young children (under the age of 5), and
there is a paucity of data regarding the efficacy of available
treatments in this age group, as well [5].

Longitudinal cohort studies have shown that asthma-like
symptoms at a young age persist in only a minority of cases.
The lack of strict criteria for the diagnosis of asthma results in
an empirical therapeutic approach in children below the age
of 4. In both children and adults with overt asthma, short-
acting β2;-adrenergic agonists (SABA) can be used to relieve
symptoms. If patients remain symptomatic despite SABA use,
long-term control therapy with inhaled corticosteroids (ICS)
can be prescribed, sometimes in combination with add-on,
long-acting β2-adrenergic agonists. The treatment for acute
asthma exacerbations can include short acting β2-adrenergic
agonists (SABA) and oxygen. Furthermore, short courses of
oral corticosteroids (OCS) are commonly prescribed for acute
asthma exacerbations [3, 6–10]. Although these treatment
guidelines are supported by vast amounts of literature for
patients with documented asthma, the efficacy of these drugs
are less well documented in young children with asthma-like
symptoms.

Furthermore, the use of OCS is limited by significant side
effects. Most of these side effects only occur during long-term
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Figure 1. Flowchart of the prescribed medications and OCS for our study population. ∗If the difference between two OCS prescriptions were less than
10 days, it counted as continuing of the previous course of treatment.

use; however hyperglycemia, gastro-intestinal side-effects and
mood changes may occur even with short-term use [5]. Thus,
we were interested in examining the extent to which OCS
were being prescribed to children in various age groups, as
the optimization of asthma therapy in groups with a high bur-
den of exacerbations might help to reduce the amount of OCS
prescriptions.

Many studies have investigated the prevalence of OCS use
for exacerbations in children with asthma, as well as the pro-
portion of children with asthma that use OCS; however, these
studies have not investigated age-categorized incidence of use
[4, 11–14]. For that reason, this study examined the incidence
of OCS prescriptions in Dutch children with asthma from dif-
ferent age groups to determine if there were differences in
OCS prescription incidence rates in different age categories.
We also assessed a child’s chances of receiving a second or
third OCS prescription in different age groups. In brief, we
tried to identify high risk groups of children who were prone
to developing asthma exacerbations (and therefore receiv-
ing OCS prescriptions), who should then be more carefully
monitored.

Methods

Study population and data collection

Longitudinal deidentified data on medication was available for
3575 children (age: 4–12 years) who were eligible for inclu-
sion in the PACMAN (Pharmacogenetics of Asthma medica-
tion in Children: Medication with Anti-inflammatory effects)
cohort study (Figure 1). Children were selected from Dutch
community pharmacy databases based on their regular use of
asthma medication (ATC code R03) (�3 prescriptions in the
last two years and�1 prescription in the last 6 months) with the
help of the Utrecht University’s UPPER network. The design
and rationale of the PACMAN study has been described else-
where [15]. The PACMAN study has been approved by the
Medical Ethics Committee of the University Medical Centre
Utrecht [15].

For this study, we excluded children who had no medication
data available starting with their first year of life, and one child
whose gender was unknown. All OCS prescriptions for the rest
of the population (2272 children) were identified until the end
of follow-up (time of extraction medication data), or until the
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child’s 13th birthday (Figure 1). If there were two prescriptions
for the sameOCS on the same daywe calculated this as one pre-
scription. If the difference between two OCS prescriptions was
more than 10 days, they were considered as one exacerbation
episode.

Incidence measurements

We assessed the incidence rates per person year (the product
of the number of years times the number of members of a
population who were at risk for an event) for the first prescrip-
tions of OCS at every year of age. The frequencies of the first
OCS prescriptions for every child in each age category (all pre-
scriptions within 1-year-olds, 2-year-olds, etc.) were used as a
numerator to calculate incidence.

For the denominator, the sum of the years or part of the years
(Days/365.25) the patients were at risk for the prescription of
OCS was calculated for each age category. For this calculation
we excluded the time after the patient started taking OCS. After
the first prescription of OCS, children were at risk for a sec-
ond prescription. We calculated the years (days/365.25) after
the first prescription as “time at risk for second prescription of
OCS.” We did this in a similar way for the risk of a third pre-
scription. We also calculated the “days at risk” separately for
both sexes. We compared the incidence rates of the various age
groups using chi-square or Fisher tests when the sample sizes
were too small (less than 5 observations per cell) using R statis-
tics software.

Probability measurement

The probability of receiving a first, second or third OCS pre-
scription during follow-up visits and the differences between
sexes were assessed with Kaplan–Meier analysis. Statistical
analyses were performed using R software/environment and
SPSS v.20.0 (IBM Corp., Armonk, NY, USA).

Results

Characteristics of the study population

Our population consisted of 2272 children; 65% of our study
population were males, and the median age was 8.3 years (IQR
= 6.0–10.7) at the time of data extraction (Table 1). In our study
population, the age distribution at the time of data extraction
showed a relatively uniform pattern, meaning that the number

Table 1. Characteristics of the population.

Male gender, % 65.3%

Median age at extraction dates (IQR)1 8.3 (6.0 – 10.7)
[Mean] [8.3]
Prescribed beta-adrenoreceptor agonists, % 98.0%
Prescribed SABA2, % 97.4%
Prescribed LABA3, % 28.9%
Prescribed ICS4, % 93.9%
Prescribed Leukotriene receptor antagonists, % 12.5%
Prescribed OCS5, % 25.7%

1Interquartile range
2Short-acting beta2-agonists
3Long-acting beta-agonists
4Inhaled corticosteroids
5Oral corticosteroids

Figure 2. Incidence rates for (a) first, (b) second and (c) third OCS
prescriptions.

of children in each year of age was almost equal. The total time
at risk for 1st, 2nd and 3rd prescription was 15377, 1594 and
549 person-years, respectively. The mean time of medication
follow-up was 8.3 years (see Figure 3).

Amount of prescribedmedicines

Our population received 174562 drug prescriptions (all drug
classes) in total. Most of the children in our study (98.0%)
received prescriptions for inhaled beta agonists at least once,
and ICS were prescribed for 93.9% of the children. More-
over, OCS was prescribed for 584 children (25.7%) at least
once during their follow-up. Half of these children (n =
266, 11.7%) also received a second prescription for OCS,
and 146 (6.4%) children received 3 or more prescriptions for
OCS.

Incidence of OCS prescriptions

First OCS prescription

The incidence rates of OCS prescriptions are shown in Figure 2.
The overall incidence rates for first OCS prescriptions for
age groups were statistically significantly different (P value
< 0.01). The incidence rates for a first OCS prescription in
the first 5 years of life were as follows: first year of life =
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Figure 3. Probability of receiving OCS prescriptions (a) per age category
in the total population and stratified per sex; (b) after first prescription.
Follow-up time in years after first OCS prescription; (c) after 2nd pre-
scription. Follow-up time in years after 2nd OCS prescription. “Time =
0” is the time of previous OCS prescription.

4.5 (95% confidence interval [CI]: 3.6 to 5.7); second year
of life = 3.9 (95% CI: 3.1 to 4.8); third year of life = 4.6
(95% CI: 3.7 to 5.6); fourth year of life = 4.2 (95% CI: 3.3
to 5.2); fifth year of life = 4.7 (95% CI: 3.7 to 5.7) per 100
person-years. These rates are relatively high in comparison
with the incidence rates for children between the ages of 6
and 11, with the lowest incidence rate being 2.2 (95% CI: 1.1
to 3.7) at age 9 and the highest incidence rate 3.7 (95% CI:
1.8 to 7.0) OCS prescriptions per 100 person-years at age 11
[16].

Second and third OCS prescriptions

The incidence rates for second and third OCS prescriptions
were very high for children under the age of one: 78.2 (95%
CI: 45.0 to 123.7) and 241.2 (95% CI: 81.2 to 583.4) per
100 person-years, respectively. The incidence rate for a sec-
ond OCS prescription was lowest at the age of 11: 3.3 (95%
CI: 0.4 to 12.0) per 100 person-years. Children at the age of
9 had the lowest incidence rate of a third OCS prescription:
12.1 (95% CI: 4.0 to 28.5) per 100 person-years. The overall
incidence rates for age groups were different for second OCS

prescriptions (P value < 0.01) and third OCS prescriptions
(P value < 0.01).

Probability of OCS prescriptions related to the time of
previous OCS prescription

In Figure 3, a Kaplan–Meier plot illustrates the probability of
a child receiving no OCS prescriptions at each age.

The slope of the Kaplan-Meier curve is relatively steep in
early childhood, indicating that the probability of receiving an
OCS prescription in early childhood is high for our study pop-
ulation. The chance of ever receiving a prescription for OCS
was approximately 14.8% for a 4-year-old child with asthma;
however, this chance increased to approximately 25.5% for an
8-year-old child with asthma. There was a statistically signifi-
cant difference betweenmales and females with regards to their
chances of receiving a first OCS prescription. Males had a 1.5
(95% CI: 1.2–1.8) times higher chance of receiving OCS at all
ages compared to females (P value < 0.01).

The probability of receiving a second OCS prescription dur-
ing the 2 years following the first OCS prescription was 38.5%;
similarly, the probability of receiving a third OCS prescription
in the 2 years after the second OCS prescription was 47.5%.
There seemed to be a difference in the risk of receiving a second
or third OCS prescription between males and females; however
these differences did not reach statistical significance.

Discussion

This study assessed the incidence of OCS prescriptions in
a population of children who had used asthma medication.
Higher OCS prescriptions’ incidence rates were found in early
childhood (age: 0 to 4 years) compared to school age children
(age: 6 to 10 years).

Our data showed that OCS were prescribed in high num-
bers in children with asthma. In our study population, 26%
of the children had been prescribed OCS. Other studies that
had previously investigated the incidence or prevalence of OCS
prescriptions were conducted within shorter timeframes. For
example, in France over the course of threemonths,Mahut et al.
reported even higher numbers [17]. They reported 31% severe
exacerbations in 359 children treated for asthma [17]. Mudd
et al. assessed OCS use over a period of 6 months in asthmatic
children (age: 2–9 years) who had used �3 asthma medica-
tion nebulizers in the past 30 days and who had had an Emer-
gency Department visit in the last 12 months. They showed that
45% of the children had received one OCS prescription [11].
Although the inclusion criteria of these different studies are not
fully comparable, these data stress the common use of OCS as
a treatment modality, as well as the high impact of asthma in
the young children.

Furthermore, in our study the probability of a child receiv-
ing another OCS prescription shortly after their first or sec-
ond OCS prescription was high. When he or she received an
OCS course for respiratory symptoms, there was an almost
50% chance that the child would receive another course of
OCS within 2 years. Half of the children that had received a
first OCS prescription in our study also received a second OCS
prescription. These findings are in line with Miller et al., who
included 2780 severe or difficult-to-treat, physician-diagnosed
asthma patients (�12 years of age) and assessed their records
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after 1.5 years. They compared the severity of asthma between
a group of patients with non-recent, severe exacerbations and
a group of patients with recent, severe exacerbations, and they
concluded that recent exacerbations are a strong independent
predictor of future exacerbations [18].

This high prevalence of repeated OCS prescriptions is also
in line with the earlier mentioned study of Mudd et al., who
showed that 14.8% of the children had received more than one
OCS prescriptions in the 6-month study period [11]. These
combined data strongly demonstrate the necessity of extra
attention being paid to children who have recently experienced
asthma exacerbations, as they are at the highest risk for repeated
OCS prescriptions.

Our data also showed striking differences in OCS prescrip-
tions between males and females; males had a higher chance
of receiving their first OCS prescription during childhood (0 to
12 years).

The age-dependent approach in this study also highlights the
high risk for OCS prescriptions in young children (<2 years
of age). Second and third OCS prescriptions incidences were
especially high in the first and second year of age. There are
two possible explanations for this: firstly, since viral respira-
tory infections that frequently trigger wheezing and asthma-
like symptoms are common in this young age group, OCS could
have been prescribed as a result. Nevertheless, most studies
that have evaluated the efficacy of OCS among preschool chil-
dren with episodic wheezing have not demonstrated beneficial
effects [19]. Therefore, even short-term OCS use may lead to
side-effects, and need to be prescribed cautiously. A second
reason may be that children in this age group are ineffectively
treated with ICS, or cannot yet inhale the asthma medication
adequately. In a drug utilization study like ours, it is impos-
sible to disentangle the different reasons for the frequent use
of OCS. However, optimization of drug treatment, especially
in children who have already received a first prescription for
OCS is important, and might help to prevent subsequent sec-
ond and/or third prescriptions.

An important strength of this study was the use of a large
dataset, in which the prescription data from 100 Dutch com-
munity pharmacies was combined. However, the sole use of
prescription data obtained from community pharmacies might
have led to an underestimation of the incidence rates, as OCS
prescriptions might have also been provided by hospital phar-
macies. Furthermore, the number of children who received
OCS and had follow-up data for second and third OCS pre-
scription available was limited, therefore there was not enough
power in our study to show a statistically significant difference
between males and females.

Conclusions

In conclusion, in the Netherlands the incidence of OCS pre-
scriptions in children treated with asthma medication is rel-
atively high for first OCS prescriptions and extremely high
for second and third OCS prescriptions in early childhood as
compared to other age groups (>6 years). Further research
is needed to assess the risks and benefits of OCS use in this
young age group. Furthermore, the study also shows that there
is a high probability of receiving another OCS prescription
shortly after an OCS prescription. Therefore, children who

have recently received an OCS prescription are prone to receiv-
ing another one, and should be carefully monitored.
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