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Abstract

Background: Although guidelines for treatment of wheeze and asthma in preschool
children are available, symptoms are overlapping and it may be difficult to decide
which children should be given inhaled corticosteroids (ICS). Previous studies suggest
an inappropriate prescription pattern of ICS in this age group. We studied time trends
of ICS use in preschool children in Norway during 2004-2013 by age, gender and
physician specialty, and the persistence of ICS use during preschool years.

Methods: Data were drawn from the Norwegian Prescription Database. The study
population consisted of children <5 years who were prescribed ICS (alone or in
combination) during 2004-2013.

Results: The one-year prevalence of ICS use was generally high, and increased from
2004 to 2010, but decreased thereafter. The prevalence was highest in 2-year-olds (boys
12.9% and girls 9.3% in 2010) and declined by age, and higher among boys in all ages.
40-50% of ICS users received only one prescription per year. The share of children
with persistent use of ICS over several preschool years was low, irrespective of the age
at the first prescription. The majority of prescriptions were given by general
practitioners, increasing during the study period.

Conclusions: The prevalence of ICS prescription for preschool children was high,
but with low persistence, suggesting that ICS are frequently given for intermittent
asthma-like symptoms. Asthma guidelines suggest a restrictive use of ICS during the
first years of life, and the results may call for actions to better implement these
guidelines.

Episodic or chronic wheezing is common in preschool
children, especially during the first 3 years of life (1-3). Such
symptoms may be early signs of asthma, but are for most
children transient during early childhood (4, 5). Consensus
reports have different approaches to when recurrent wheezing
should be defined as asthma (1-3). However, it is a common
understanding that preschool wheezing or asthma represents a
spectrum of heterogeneous conditions (4, 5).

Inhaled corticosteroids (ICS) are the cornerstone of treat-
ment for established asthma for school-aged children, with a
well-documented effect and a low frequency of side effects (1,
2, 4, 6). ICS may also prevent asthma symptoms or
exacerbations in preschool children, although the effect
in this age group is less documented, particularly for
children younger than 3 years of age (7-9). Differences in
pathophysiology may highly influence the effect of ICS in
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these children, but no strict criteria for which preschool
children should be treated with ICS have been established (9).

A restrictive use of ICS in preschool children may be
advocated by the risk of side effects. ICS potentially have a
higher potency for systemic side effects in early years, during
an age with extensive total body and lung growth (4, 7, 10).
High doses of ICS have been shown to affect linear growth in
preschool children (7), and growth deficit may last into
adulthood (11). Even intermittent use of ICS in preschool
children may affect growth (12), and regular use of ICS during
preschool age is also associated with a reduced bone density in
adolescence (13).

Most international consensuses recommend restrictive use of
ICS during the first years of life, especially for the first 2 years (6).
However, preschool children are frequently given ICS without
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being diagnosed with asthma or being diagnosed with asthma
later in childhood (14-16), few of those who are prescribed ICS
very early in life receive ICS later in childhood (17-19), and short
courses of ICS are frequently given for lower airway infections
(20, 21). The variation between general practitioners in how
frequent they prescribe ICS is significantly higher for preschool
children compared to older children (22, 23).

Studies of prescription patterns may be a basis for consid-
ering the implementation of guidelines and safety measures.
Since 2004, the Norwegian Prescription Database (NorPD) has
registered electronic data on all prescriptions filled at pharma-
cies in Norway (24). The aim of this study was to describe the
prescribing of ICS to preschool children in Norway, with focus
on time trends, longitudinal prescription patterns and the
specialty of physicians prescribing ICS in this age group.

Methods
The Norwegian prescription database

Data were retrieved from the NorPD which covers the entire
population of Norway. From 1 January 2004, all Norwegian
pharmacies have been obliged to send electronic data to
NorPD on all dispensed drugs (irrespective of reimbursement
status) to patients in ambulatory care (24). Medications are
classified according to the Anatomical Therapeutic Chemical
(ATC) classification system (25).

A unique personal identity number assigned to every
Norwegian citizen was the key to identify the drug dispensed
to the individual child. The following data from NorPD were
retrieved for this study: personal identity number (encrypted),
gender, age, date of dispensing the drug, ATC code, reim-
bursement code, identity number of prescriber (encrypted) and
prescriber specialty.

All Norwegian citizens have unrestricted access to the national
tax-supported public health service. There is no copayment on
reimbursed drugs for children. General reimbursement of drugs
is basically a ‘positive list” system based on a list of diseases or
conditions for which specified drugs can be reimbursed. Reim-
bursement should only be granted if the patient has a chronic
condition in which long-term drug treatment is needed
(>3 months of regular or intermittent treatment during a year).
The physician writes a specific code (ICD-10 or ICPC-2) on
prescriptions deemed eligible for reimbursement due to asthma,
which is recorded in NorPD. Each dispensing from the pharmacy
is limited to the amount needed for 3-month use; consequently,
regular use requires several dispensings during 1 year.

Study population

The prescribing of ICS during 2004-2013 was studied in the
Norwegian population aged 0-5 years (approximately 345,000
children in 2013). Medications included were ICS prescribed
and dispensed as a single component inhaler or as a fixed
combination inhaler with long-acting 2-agonists (ATC codes
RO3BA and R0O3AK).
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Definitions

A prescription: one dispensing of ICS from a pharmacy.
Prevalence: estimated as the number of individuals who filled at
least one prescription of ICS at the pharmacy in a calendar
year. The denominator was gender- and age-specific figures for
the midyear Norwegian population in each year retrieved from
Statistics Norway. Incidence (new users): individuals who filled
at least one prescription in a given year and who had not filled
any prescriptions during the past years from birth. The
denominator was the gender- and age-specific figures for the
Norwegian population 1 January in each year, minus those of
the same age group who had filled ICS prescriptions during the
past years of life. Prescriber specialty: the share of all patients
who received ICS during 1 year from each specialty category
was examined. Specialties were grouped into four categories,
and patients who received ICS from more than one specialty
during 1 year were counted in the highest hierarchical cate-
gory: (i) paediatric specialist, (ii) general practitioner specialist,
(iii) other specialty, and (iv) no specialty. Category 4 includes
physicians who are under training for a specialty. Longitudinal
pattern of prescription: the age of filling the first prescription of
ICS (A0) was recorded for all children. These children were
then followed up for 5 years after their initial prescription by
one-year age increments to examine filling of prescriptions.
One-year user: children who only filled prescriptions at the
initiation age (AQ). Persistent users: children who filled at least
one prescription in each of the following years after A0. Once
persistent users did not fill a prescription in one age class (i.e.
were non-persistent), they were considered as either intermit-
tent users (filling one or more prescriptions the given year) or
intermittent non-users (no prescription the given year) for the
rest of the follow-up.

Statistics

Prevalence and incidence were expressed as percentage for the
different age groups. The actual numbers of users and non-
users of ICS were seen as a binomial event, and differences
were analysed by logistic regression with year as a continuous
variable when analysing time trends. Comparison of categor-
ical data was performed by the chi-square test. Analyses were
carried out by SPSS 22.0 and Stata 13, and a p-value of < 0.05
was considered as significant.

Results
Total and annual prescriptions of ICS

For the years 20042013, a total of 587,447 prescriptions (62%
boys) were filled for 117,008 children 0-5 years old (60%
boys). Fig. 1a and b shows the one-year prevalence of boys and
girls of different age groups who filled at least one prescription
of ICS during the study period. For all age groups and both
genders, there was an increasing prevalence from 2004 to 2010
(Pirena <0.001 for all) and a decreasing prevalence from 2010 to
2013 (pyrena <0.001 for ages 0-3 years and pyeng < 0.05 for ages
4-5 years). The highest prevalence for both genders was seen in
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Figure 3 shows the numbers of prescriptions filled during 2013
by age groups and for both genders together. For all age
groups, one prescription per year was most common. The
number of prescriptions per year showed substantial similarity
between boys and girls for all age groups (data not shown).
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Figure 2 Incidence (new users) of boys and girls in different age
groups who were redeemed at least one prescription of inhaled
corticosteroids (ICS) during 2013, and were not prescribed ICS

before since birth.



Corticosteroids for preschool children

80
70 1
60 1
. 0 4 W 1 prescription
2 M 2 prescriptions
S 40 i I
§ I I 3 prescriptions
30 1 M 4 prescriptions
20 4 W 25 prescriptions
10 A —
0 4

Oyear 1year 2years3years4years5 years

Figure 3 The share by age groups who redeemed different numbers
of prescriptions during 2013 for both genders together.
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Longitudinal prescription pattern

Table 1 shows the number of children born in 2004 who
filled the first prescription of ICS at different ages, and the
share who also filled a prescription each of the following
years. Use of ICS only the first year (one-year user) was more
common for those initiating ICS at an older age than those
initiating ICS during first year of life. Regardless of age at
initiation of ICS, few children were persistently using ICS in
all the 5 years of follow-up (9-18%). A minor share of
children were intermittent users during follow-up (approxi-
mately 10% each year), having one or several years without
filling ICS prescriptions. A similar analysis from children
born in 2005 and 2008 essentially gave the same results (data
not shown).

Table 2 shows the number of children born in 2004 who
filled a prescription for ICS at different age groups, and the age

Table 1 The number of children born in 2004 who filled the first prescription of inhaled corticosteroids at different ages, and the share who also

filled a prescription each of the following years

Age A0 (years)

when filling the  Type of ICS user at A0 + X of follow-up

Number of users (N) filling first prescription at age A0 and the share (%) filling prescription at age

first ICS age AO + X years
prescription of follow-up* Boys N 1 2 3 4 5 Girls N 1 2 3 4 5
1 One-year user 1400 21 21 21 21 21 686 26 26 26 26 26
Persistent user 68 49 34 24 18 63 45 31 20 16
Intermittent user 0 7 9 I 12 0 7 10 10 12
Intermittent 11 23 36 45 49 11 22 32 43 46
non-user
2 One-year user 1952 28 28 28 28 28 1296 32 32 32 32 32
Persistent user 62 41 28 21 15 59 37 25 18 13
Intermittent user 0 5 9 I 10 0 6 9 9 8
Intermittent 9 25 34 40 46 9 25 33 40 46
non-user
3 One-year user 1100 29 29 29 29 29 851 35 35 35 35 35
Persistent user 59 40 29 20 14 54 34 24 16 Nl
Intermittent user 0 8 11 11 13 0 7 1 9 11
Intermittent 12 23 31 40 43 10 24 31 40 42
non-user
4 One-year user 598 33 33 33 33 33 473 37 37 37 37 37
Persistent user 53 38 26 19 14 52 34 21 13 9
Intermittent user 0 8 11 13 13 0 8 1 1 12
Intermittent 14 21 31 35 40 11 21 31 38 42
non-user
5 One-year user 414 ne. ne. ne. ne. ne. 278 n.e. ne. ne. ne ne.
Persistent user 52 35 24 16 n.e. 49 27 19 11 n.e.
Intermittent user 0 9 12 17 n.e. 0 7 13 12 n.e.
Intermittent n.e. ne. ne ne ne. ne. ne. ne ne ne.
non-user

One-year user: only filled prescription at age AQ.

Persistent user: filled prescription in each year of follow-up up to age A0 + X.

Intermittent user: non-persistent user during follow-up filling prescription at age A0 + X.

Intermittent non-user: non-persistent user during follow-up and not filling prescription at age A0 + X.

n.e.: not able to estimate due to lack of follow-up years (data ends in 2013).

*If a child did not fill a prescription in 1 year, the child is moved to intermittent non-user group and may subsequently move to the intermittent
user group.

4 © 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Table 2 The number of children born in 2004 filling a prescription for
inhaled corticosteroids (ICS) at different ages, and the age when they
filled their first prescription of ICS (x-column)

Corticosteroids for preschool children

Table 3 The number of children born in 2004 who at different ages
filled a prescription of inhaled corticosteroids, and the percentage
who filled a prescription each of the previous years

Numbers of

children filling

prescriptions

for ICS at

different Age (A) filling the first prescription for ICS (A

ages (A) minus X years)

A N A-0 A-1 A-2 A-3 A-4

Boys
1 1400 100% n.a. n.a. n.a n.a.
2 2905 67% 33% n.a. n.a. n.a.
3 3105 35% 39% 25% n.a. n.a.
4 2753 22% 24% 33% 22% n.a.
5 2466 17% 13% 21% 30% 19%

Girls
1 686 100% n.a. n.a. n.a. n.a.
2 1725 75% 25% n.a. n.a. n.a.
3 1970 43% 39% 18% n.a. n.a.
4 1774 27% 26% 31% 16% n.a.
5 1533 18% 16% 23% 29% 14%

n.a.: data not available.

when they filled their first prescription for ICS. A high share of
children in the oldest age groups also received ICS during
previous years, but the results in Table 1 indicate that this
pattern was intermittent.

Table 3 shows the number of children born in 2004 who
filled a prescription for ICS at different age groups, and the
share who also filled a prescription each of the previous years.
Few children were prescribed ICS continuously for more than
2 or 3 years.

Prescription by specialty

For 2013, 54.224 ICS prescriptions from 6.048 physicians were
filled. Thirty per cent of children received ICS from paediatric
specialists, 11% from GPs with specialty, 4% from other
specialties, while 55% received ICS from non-specialists only.
This pattern was consistent for all age groups and for both
genders (data not shown). Eighty-five per cent of the non-
specialists exclusively used ICPC codes on prescriptions,
indicating that this group mainly works as GPs. A higher
share of children received ICS form paediatric specialist in 2004
than in 2013 (39% vs. 30%; p < 0.001), and fewer received ICS
from non-specialists only (33% vs. 55%; p < 0.001).

Discussion

The prescription of ICS to preschool children in Norway has
increased from 2004 to 2010 and decreased thereafter until
2013. The highest prevalence of prescription was among
children 2 years of age and higher for boys in all preschool
ages. The majority of children received only one prescription
during 1 year irrespective of age. The incidence decreased by
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All children with
prescription at

different ages Age (A) filled prescription for ICS (A minus X

(A) years)
N A-1 A-2 A-3 A-4
Boys
1 1400 n.a. n.a. n.a. n.a.
2 2905 33% n.a. n.a. n.a.
3 3105 61% 22% n.a. n.a.
4 2753 71% 46% 17% n.a.
5 2466 71% 55% 36% 14%
Girls
1 636 n.a. n.a. n.a. n.a.
2 1725 25% n.a. n.a. n.a.
3 1970 54% 16% n.a. n.a.
4 1774 67% 39% 12% n.a.
5 1533 69% 50% 31% 9%

n.a.: not available.

increasing age, and few children were dispensed ICS regularly
through several of the preschool years. A minority of children
was prescribed ICS by a paediatric specialist.

Few nationwide studies have explored the rate of prescrip-
tion of ICS in preschool children, and studies may differ
regarding age distribution and type of data reported, which
hamper comparisons between studies. In a study from Italy,
UK and the Netherlands for the years 2000-2005, a substantial
difference in prescription patterns of asthma drugs was shown
(16). The prescription of ICS to preschool children was high in
Italy, reaching about 20% in children aged 2—4 years, whereas
the level in UK and the Netherlands was about 5% for this age
group. An overuse of ICS in Italy and a possible underuse in
UK and the Netherlands were suggested. Also, a north-south
gradient in Europe regarding both morbidity and ICS pre-
scription was suggested (16), which seems contradicted by our
results.

In two British studies, the share of children aged 04 years
receiving ICS increased from 1.0% in 1992 to 4.8% in 1998 and
then decreased to 1.6% in 2005-2006 (26, 27). For the same age
group, the numbers from Norway extracted from the present
study were 6% in 2004, increasing to 8.8% in 2010. The
prevalence of prescription of ICS in children 0-4.5 years in
Sweden was in 2008 found to be 3.9% in boys and 2.6% in girls
(28). In one of the British studies, the prescription rate for ICS
was significantly higher in children aged 5-11 years compared
to children 0—4 years, opposite to what is found in Norway and
Italy (16, 29). Together, this shows that the prescription of ICS
during preschool years is especially high in Norway compared
to UK and the Netherlands and also higher than in Sweden.
The observed decline in the proportion of children receiving
ICS during early years of life is observed many years later in
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Norway compared to the UK. The reason for the recent decline
in prescribing is not known, but awareness of an inappropriate
practice of prescribing may partly explain this change.

Less than half of the children were prescribed ICS during the
preschool age, were prescribed ICS more than two consecutive
years and less than a third for three consecutive years (Tables 1
and 3). For all age groups, more than 40% of the children
redeemed only one prescription of ICS during 1 year (Fig. 3).
Consequently, a high proportion of children were dispensed
ICS only once during the whole preschool age. For children
given their first prescription during the first 2 years of life, only
10-15% received ICS at least once per year until the age of 5
and 6 years. Furthermore, few children in the oldest age groups
received ICS for more than one or two consecutive years
(Table 1), and few of the children who received ICS during the
fifth and sixth year of life received the first prescription during
the first few years of life (Table 2).

Surprisingly, a transient pattern of filling prescriptions was
found also after 3 years of age when wheezing episodes are
more likely to be asthma (6). A possible reason may be that a
high number of preschool children are given ICS for single
episodes (wheezing or lower airway infections) or for transient
symptoms that are more persistent in the youngest age groups,
but not persisting into the late preschool years. This pattern
has been shown in other studies, demonstrated by the
coprescribing of ICS and antibiotics also in children (21),
and the pattern of prescribing short courses of ICS to children
with various respiratory symptoms (20). The low persistence of
prescribing ICS, and a discrepancy between prescribing ICS
and the diagnosis of asthma, seems to be consistent for several
age groups, including adults (14, 15, 17, 29, 30). However, in a
Dutch study, a higher persistence of prescribing asthma
medication at the age of six was seen for children starting
treatment at the age of 2 or 3 years, compared to those starting
during the first year of life (17), which was not observed in our
data.

Early childhood wheezing is highly heterogeneous, and no
indexes are able to predict with high specificity and sensitivity
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which children with asthma could benefit from anti-asthmatic
treatment (4). Consequently, consensuses recommend a trial
treatment with ICS to evaluate treatment response and to
support or weaken the diagnosis of asthma (1, 2, 6). This
approach could partly explain a high prescribing rate during
the first years of life and the non-persistent pattern of
prescription in this age group. However, the non-persistent
pattern of prescription was seen in all age groups. Our results
may be in agreement with other studies suggesting an
inappropriate use of ICS for other conditions than chronic
asthma during childhood (21).

Two-thirds of prescriptions were given outside hospital or
by a non-paediatrician. In Norway, most children first visit a
GP and may be further referred to a paediatrician. Our results
do not show whether the prescription pattern differs between
GPs and paediatricians regarding the persistence of prescrip-
tion through years. However, the increasing prevalence of ICS
prescribing coincides with an increasing share of prescriptions
being given by a GP. Studies from other countries have shown
that GPs may have an inappropriate prescribing pattern (17,
21), and as the majority of prescriptions in Norway are
prescribed by GPs, our results support this.

Together with the results from other countries, our results
show a wide variation in the pattern of ICS prescribing to
preschool children in Europe, with a possible overuse and
inappropriate prescription. We share the same guidelines (2),
so the large differences in prescribing may at least partly be due
to different implementation of these guidelines. This may be
attributable to the uncertainty regarding the asthma diagnosis
and phenotypes in preschool children. Nevertheless, this calls
for actions for a better implementation of guidelines, especially
for general practitioners, to ensure a safe and cost-effective
treatment for preschool children.
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