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a population-based study

Natalie Divin ,1 Joanne Emma Given

Ester Garne

ABSTRACT

Objectives To explore the risk of being prescribed/
dispensed medications for respiratory symptoms and
breathing difficulties in children with and without
congenital anomalies.

Design A EUROIinkCAT population-based data linkage
cohort study. Data on children with and without congenital
anomalies were linked to prescription databases to
identify children who did/did not receive antiasthmatic
prescriptions. Data were analysed by age, European
region, class of antiasthmatic, anomaly, sex, gestational
age and birth cohort.

Setting Children born 2000-2014 in six regions within
five European countries.

Participants 60662 children with congenital anomalies
and 1722912 reference children up to age 10 years.
Primary outcome measure Relative risks (RR) of >1
antiasthmatic prescription in a year, identified using
Anatomical Therapeutic Chemical classification codes
beginning with RO3.

Results There were significant differences in the
prescribing of antiasthmatics in the six regions. Children
with congenital anomalies had a significantly higher risk
of being prescribed antiasthmatics (RR 1.41, 95%Cl 1.35
to 1.48) compared with reference children. The increased
risk was consistent across all regions and all age groups.
Children with congenital anomalies were more likely to be
prescribed beta-2 agonists (RR 1.71, 95% Cl 1.60 to 1.83)

and inhaled corticosteroids (RR 1.74,95%Cl 1.61 to 1.87).

Children with oesophageal atresia, genetic syndromes
and chromosomal anomalies had over twice the risk of
being prescribed antiasthmatics compared with reference
children. Children with congenital anomalies born <32
weeks gestational age were over twice as likely to be
prescribed antiasthmatics than those born at term (RR
2.20,95%Cl 2.10 to 2.30).

Gonclusion This study documents the additional burden
of respiratory symptoms and breathing difficulties for
children with congenital anomalies, particularly those
born preterm, compared with children without congenital
anomalies in the first 10 years of life. These findings are
beneficial to clinicians and healthcare providers as they
identify children with greater morbidity associated with
respiratory symptoms, as indicated by antiasthmatic
prescriptions.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= The use of population-based data from six regions
across Europe yielded a large sample size of chil-
dren with and without congenital anomalies.

= Use of a common data model enabled standardisa-
tion of prescription/pharmacy dispensing records
across a range of coding classification systems, lan-
guages and healthcare systems in Europe.

= Risks of being prescribed/dispensed medications
for respiratory conditions were estimated in children
with any major congenital anomaly, in children with
32 specified isolated congenital anomalies, and for
within region comparisons in children with no major
congenital anomaly.

= Over 95% of children across registries were linked
to prescription databases limiting the potential bias
from missed linkages.

= The lack of information on socioeconomic status
meant this potential confounding factor could not be
adjusted for.

INTRODUCTION

Breathing difficulties in childhood are a
leading cause of emergency department
visits, hospitalisations and missed days at
school.! The prevalence of chronic breathing
conditions such as asthma varies globally in
children. The US National Health Interview
Survey in 2013 reported prevalence rates of
8.3% in children aged 0-17 years based on
parent reports of doctor-diagnosed asthma.”
The International Study of Asthma and Aller-
gies in Childhood (ISAAC) 1999-2004, which
was also based on parental reports, found that
prevalence of asthma in European children
aged 6-7 years varied from <5% in Albania
to over 20% in the UK, with prevalence
rates increasing yearly.” * Similarly, the more
recent Mechanisms of the Development of
ALLergy study involving eight birth cohorts
across Europe found that parental reports of
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doctor-diagnosed asthma at age 4years ranged from 1.7%
in Germany to 13.5% in Bradford, England.”

The prevalence of asthma also varies according to
age and sex in childhood. The ISAAC study consistently
found higher asthma rates for 13-14years compared
with 6-7years, and this pattern of higher asthma preva-
lence rates in older children has been replicated across
Europe.”™ However, as asthma can be challenging to
diagnose in infants, wheezing and recurrent wheezing
have been used as measures of breathing difficulties in
infants. A meta-analysis of European, Latin American
and African research reported prevalence rates of 36.1%
(95% CI 35.2% to 37.0%) and 17.4% (95% CI 16.7% to
18.1%) for wheezing and recurring wheezing respectively
for children under 2years of age.® These prevalence rates
were higher than rates of current wheeze in the ISAAC
study for 6-7years (11.5%) and 13-14years (14.1%).°
Boys have an increased likelihood of parentreported
asthma and wheeze'"™"* and receive more antiasthmatic
prescriptions than girls across Denmark, Sweden and
Germany.'* "

Most of the literature on childhood asthma and respi-
ratory conditions does not differentiate between chil-
dren with and without congenital anomalies, nor does
it explore the additional burden of having chronic and
frequent breathing difficulties in children with congen-
ital anomalies. A cohort study based on health records
of 170960 Canadian children up to age six, 1980-1990,
reported that children with congenital anomalies of the
circulatory system and anomalies of the respiratory system
had an increased risk of a recorded asthma diagnosis (HR
1.16, 95%CI 1.03 to 1.30; and HR 1.43, 95% CI 1.27 to
1.61) compared with control children.'® Children under
two with diaphragmatic hernia had high hospital read-
mission rates for wheeze, particularly if born preterrn.17
Most research exploring asthma and breathing difficul-
ties in those with congenital anomalies is based on case
series involving small sample sizes. For example, a cohort
of adult Dutch patients with unrepaired atrial septal
defect reported that four out of 31 (13%) patients had an
asthma diagnosis and were taking antiasthmatic medica-
tion.'® Similarly, a study of 14 Dutch children aged 7-12
years with oesophageal atresia identified that four of the
14 children (29%) had received a diagnosis of asthma.'

The aim of this study is to compare the risk of being
prescribed or dispensed medications for respiratory
conditions in children with and without congenital anom-
alies in six European regions.

MATERIALS AND METHODS

This is a EUROIlinkCAT population-based data linkage
cohort study involving children from 0 to 9 years of
age with and without congenital anomalies in six Euro-
pean regions: Denmark: Funen; Finland; Italy: Emilia
Romagna; Italy: Tuscany; Spain: Valencian Region; UK:
Wales.

The inclusion criteria were all liveborn children in the
registry areas born between 2000 and 2014, or the first
birth year included in the study by each registry (table 1).
Five registries included reference children from the
whole population covering the registry area, while
Tuscany provided a 10% sample of reference children
matched on year of birth and sex. Data on children with
congenital anomalies were extracted from the European
congenital anomaly (EUROCAT) registries and data on
reference children were obtained from the birth registers
in each region.*

Children were linked to regional or national prescrip-
tion databases and to hospital outpatient pharmacy data-
bases, if available. Children who could not be linked to
these databases were classified as ‘not linked’ and were
not included in the study, see online supplemental table
1. Wales had information on prescriptions issued by the
general practitioner (GP) for approximately 70% of
Welsh GP practices that were part of the Secure Anony-
mised Information Linkage (SAIL) databank during the
study period, while the other registries had information
on prescriptions dispensed by a pharmacy in their region.
None of the registries were able to link to hospital inpa-
tient prescribing data or had access to over-the-counter
medication.

Antiasthmatic medication is defined using the WHO’s
Anatomical Therapeutic Chemical (ATC) classification
system, that is, ATC codes beginning with R03 (drugs for
obstructive airway diseases): beta-2 agonists (R0O3AC);
inhaled corticosteroids  (R0O3BA); anticholinergics
(RO3BB); antiallergic agents (RO3BC); and leukotriene
receptor antagonists (RO3DC). Data on beta-2 agonists
and inhaled corticosteroids were explored individu-
ally. Due to small numbers, data on the remaining anti-
asthmatic types were included in the ‘any antiasthmatic
(RO3)’ category. Children were classed as exposed to anti-
asthmatics if they had been prescribed or dispensed >1
antiasthmatic prescription in a year in order to minimise
children presenting with one-time occurrences of wheeze
or infection. Children were classified as unexposed if they
were prescribed or dispensed less than two antiasthmatic
prescriptions in a year. Data on antiasthmatic medications
were included from the year 2000 or the first birth year
included in the study by each registry up to the end of
2015, resulting in at least 1year of follow-up information
for each child.

Information on prescriptions was standardised
according to a common data model developed as part of
the EUROIinkCAT study protocol.’ # The EUROCAT
data on children with congenital anomalies were already
standardised according to EUROCAT guidelines.”
A common analysis script was sent to all registries to
produce aggregate data and analytical results. The aggre-
gate data and analytical results were uploaded to a secure
web portal for download by the research team; all indi-
vidual case data were kept locally.

We explored antiasthmatic medications in children with
any major congenital anomaly (defined as a congenital
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malformation, deformation, disruption or dysplasia),? '

and in 32 isolated congenital anomaly subgroups with a
live birth prevalence of 21.75 per 10000 births to avoid
potential issues with small numbers® (online supple-
mental table 2). Isolated anomalies are defined as anoma-
lies within a single organ, as defined using the EUROCAT
algorithm.*

Each participating registry obtained local approvals for
their data to be used in the EUROIinkCAT project.

Patient and public involvement
No patient involved.

Statistical analysis

Person-year estimates were calculated, which considers
the number of children in the study and the length
of follow-up time in the study, that is, each age group
includes the number of children alive at the start of
that age group. The average years of follow-up for each
registry are shown in online supplemental table 1. Age
groups were collapsed into six categories to avoid disclo-
sive counts: <l year; 1year; 2-3 years; 4-5 years; 67 years;
8-9 years. Data were available from Valencian Region for
children 0-5 years of age (ie, up to the children’s 6th
birthday), from Italian registries for children 0-7 years
of age (ie, up to 8th birthday), and from Funen, Finland
and Wales for children 0-9 years of age (ie, up to 10th
birthday). Analyses of specific congenital anomalies were
conducted using data for children aged 0-7 years to
include data from the Italian registries.

DerSimonian-Laird (DL) random-effects meta-analyses
were conducted to identify both the relative risk (RR)
of receiving antiasthmatic prescriptions relative to the
reference group, and the heterogeneity of prevalence
rates across registries and by age group.** Random-effects
meta-analyses were used to estimate RR ratios for the 32
congenital anomaly subgroups, all registries combined,
and by class of antiasthmatic, that is, any antiasthmatic,
inhaled corticosteroids and beta-2 agonists. Heteroge-
neity was estimated by the statistic I”. Stata V.17 was used
for data analysis.”

We explored the effect of receiving >1 antiasthmatic
prescription by birth cohort, sex of child and gestational
age (GA) separately for children with congenital anom-
alies and reference children, for example, children with
congenital anomalies born in 2005-2009 were compared
with children with congenital anomalies born 2000-2004;
and similarly, reference children born in 2005-2009 were
compared with reference children born 2000-2004. Birth
cohort was examined for 2000-2004 (baseline group) and
2005-2009, using data from Funen, Finland and Wales
as these were the only regions that had data on children
born 2000-2004. For the remaining analyses, risk factors
were examined for the 0-5 age group for all regions. Girls
were used as the baseline group for sex of child analyses.
Birth at 37+ weeks GA was used as the baseline group in
comparison to birth at<32 weeks GA and birth at 32-36
weeks GA.
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Children with congenital anomalies
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Figure 1

Classifying children as exposed to antiasthmatics if
they had been prescribed or dispensed >1 antiasthmatic
prescription in a year was relaxed in a sensitivity analysis
to include children with only 1 prescription/dispensation
in a year.

RESULTS

A total of 63911 children with congenital anomalies and
1811431 reference children up to and including 9years
of age were included from 6 national/regional databases
in 5 countries. Of these, 60662 (94.9%) children with
congenital anomalies and 1722912 reference children
(95.1%) were included in the study. The percentage
of children with and without congenital anomalies
prescribed antiasthmatic medication in each region
are shown in table 1. Overall, 5% of children (ranging
from 0% in Tuscany and Valencian Region to 14.6% in
Wales) were not included in the study as they could not
be linked (online supplemental Table 1).

Prescriptions for any antiasthmatic medicines

There were considerable geographical variations in age-
specific prevalence rates of any antiasthmatic prescrip-
tion (figure 1). However, the pattern of prescriptions
according to age was similar for children with and without
congenital anomalies in all registries. In four registries,
the prevalence of >1 prescription for any antiasthmatic
in children with congenital anomalies and reference chil-
dren peaked at the younger ages (<land lyear), then
decreased sharply with age. In Finland and Wales, the
prevalence increased until age 2-3 years for all children
and then stabilised. Geographical differences in preva-
lence of >1 prescription for any antiasthmatic levelled off

Prevalence of >1 prescription for any antiasthmatic per 100 children in each age group, by registry.

by age 6-7 years, with rates in children with congenital
anomalies ranging between 6% and 9% in all registries,
and rates for reference children ranging between 4% and
6% in all registries. Prevalence rates for >1 prescription
for any antiasthmatics were consistently slightly higher in
children with congenital anomalies than reference chil-
dren across registries and age groups (figure 1).

Children with congenital anomalies had a 41% higher
risk of >1 prescription for any antiasthmatic compared
with reference children across all age groups and across
all registries (RR 1.41, 95%CI 1.35 to 1.48) (figure 2).
Children aged <lyear with congenital anomalies in
Finland had an almost twofold increase in risk compared
with reference children (RR 1.97; 95% CI 1.86 to 2.08).
The wider Cls in older age groups in some registries indi-
cate smaller sample sizes as there were fewer children
with long follow-ups. Statistically significant heterogeneity
was identified between registries at all ages (1°=94.3%,
p<0.001) due to the large number of reference children,
but the differences were small in magnitude.

Prescriptions for inhaled corticosteroids

Children with congenital anomalies had a higher risk of
receiving >1 prescription for inhaled corticosteroids than
reference children. However, there was heterogeneity
between age groups (p=0.004). The risk was highest for
children with congenital anomalies aged <1 year (RR 2.12,
95% CI 1.50 to 2.99) and steadily decreased to 1.35 (95%
CI 1.22 to 1.49) in children aged 8-9 years (figure 3). The
RRs of receiving >1 prescription for inhaled corticoste-
roids appeared consistently higher in Valencian Region
in children <1year of age (RR 3.24, 95% CI 2.74 to 3.84),
children at 1year of age (RR 2.67, 95% CI 2.30 to 3.10)
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Age of Child and Centre

RR >1 AA prescription in
children with CAs vs
those without (95% CI)

<1 year
Denmark: Funen : 1.30 (1.16, 1.46)
Finland | -$=- 1.97(1.86,2.08)
Italy: Emilia Romagna B 1 1.15(1.10, 1.20)
Italy: Tuscany - 1.36 (1.26, 1.46)
Spain: Valencian Region +' 1.32 (1.26, 1.40)
United Kingdom: Wales —'.'|— 1.35(1.24, 1.48)
Subgroup, DL (I° = 97.7%, p = 0.000) ¢:— 1.39 (1.17, 1.65)
|
1 year 1
Denmark: Funen —- 1.35 (1.24, 1.47)
Finland : -$ 1.57 (1.51, 1.63)
Italy: Emilia Romagna - 1.20 (1.15, 1.26)
Italy: Tuscany —— 1.42 (1.31, 1.53)
Spain: Valencian Region B = 1.46 (1.38, 1.54)
United Kingdom: Wales e 1.52 (1.42, 1.62)
Subgroup, DL (I° = 94.0%, p = 0.000) <> 1.41 (1.29, 1.55)
1
2-5 years 1
Denmark: Funen | 1.57 (1.46, 1.68)
Finland i 1.53 (1.49, 1.56)
Italy: Emilia Romagna £ : 1.28 (1.24, 1.32)
Italy: Tuscany -.l| 1.35(1.28, 1.42)
Spain: Valencian Region 1= 1.52 (1.44, 1.59)
United Kingdom: Wales L 3 1.42 (1.38, 1.46)
Subgroup, DL (I° = 94.7%, p = 0.000) q> 1.44 (1.35, 1.53)
6-7 years :
Denmark: Funen | ——— 1.68 (1.44, 1.95)
Finland & 1.45 (1.39, 1.50)
Italy: Emilia Romagna —— 1.21 (1.02, 1.44)
Italy: Tuscany —:'.'— 1.57 (1.29, 1.91)
United Kingdom: Wales 1.34 (1.27,1.41)
Subgroup, DL (I = 72.5%, p = 0.006) % 1.43 (1.32, 1.54)
1
8-9 years :
Denmark: Funen —_—— 1.57 (1.29, 1.89)
Finland + 1.41 (1.35, 1.47)
United Kingdom: Wales - 1.27 (1.20, 1.35)
Subgroup, DL (I° = 79.4%, p = 0.008) Q 1.37 (1.25, 1.51)
Heterogeneity between groups: p = 0.956 :
Overall, DL (’I2 =94 3%, p =0.000) é 1.41 (1.35, 1.48)
| 1 |
8 1 L 2

Figure 2 Relative risk (RR) of >1 prescription for any antiasthmatic (AA) in children with congenital anomalies (CAs) compared

with reference children, by registry. DL, DerSimonian-Laird.

and children at 2-5 years (RR 2.16, 95% CI 1.91 to 2.45)
compared with children in other registries. Again, there
was significant statistical heterogeneity across registries
for all ages (I*=95.6%, p<0.001) due to the large sample

sizes.

Prescriptions for beta-2 agonists

The RR of receiving >1 prescription for beta-2 agonists
was 71% higher in children with congenital anomalies
compared with reference children (RR 1.71, 95% CI
1.60 to 1.83) (figure 3). In contrast to inhaled cortico-
steroids, the risk of receiving >1 prescription for beta-2-
agonists remained consistently high across all age groups
(heterogeneity between age groups p=0.358). Significant

heterogeneity was identified across registries for all ages

(1°=94.4%, p<0.001).

Risk factors for receiving antiasthmatic prescriptions
(children up to age 6 years)

Children aged 0-5 years were more likely to receive >1
antiasthmatic per year in 2005-2009 compared with
2000-2004, with this risk being higher in reference chil-
dren than children with congenital anomalies (table 2).
Children with congenital anomalies born at <32 weeks
GA had over twice the risk of being prescribed/dispensed
antiasthmatics (RR 2.20, 95% CI 2.10 to 2.30) compared
with children born at 37+ weeks. The risk was also raised
for reference children (RR 1.86, 95% CI 1.82 to 1.90).
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Beta-2 agonists
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Figure 3 Relative risk (RR) of >1 beta-2 agonist (B2A) prescription and >1 inhaled corticosteroid (ICS) prescription in children
with congenital anomalies (CAs) compared with reference children, by registry. DL, DerSimonian-Laird.

Table 2 Relative risk (RR) of >1 antiasthmatic prescriptions
in children with congenital anomalies and reference children
up to age 6years, by risk factor for the birth cohort analysis,
data were analysed only from three registries: Denmark:
Funen, Finland and Wales

Children with Reference
congenital anomalies children (RR;
(RR; 95% CI) 95% CI)
Birth cohort
2000-2004 Reference
2005-2009 1.27 (1.23 to 1.31) 1.60 (1.59 to 1.61)

Gestation age

37+ weeks Reference

32-36 weeks 1.45 (1.40 to 1.49) 1.31 (1.30 to 1.32)

<32 weeks 2.20 (2.10 to 2.30) 1.86 (1.83 to 1.90)
Sex of child

Female Reference

Male 1.45 (1.40 to 1.49) 1.31 (1.30 to 1.32)

RRs decreased in children born 32-36 weeks GA but
remained higher in children with congenital anomalies
than in reference children (RR 1.45, 95% CI 1.40 to 1.49;
and RR 1.31 95% CI 1.30 to 1.32, respectively). Boys were
more likely to be prescribed antiasthmatics than girls,
with similar risks observed for children with congenital
anomalies and reference children.

Congenital anomaly subgroups (children up to 8 years of age)
The RR for having >1 antiasthmatic prescription for chil-
dren with specific congenital anomalies aged 0-7 years was
compared with reference children. Children with oesoph-
ageal atresia had the highest risk of being prescribed/
dispensed any antiasthmatic medication (RR 3.57, 95% CI
3.14 to 4.06), inhaled corticosteroids (RR 5.46, 95% CI
4.46 to 6.68) and beta-2 agonists (RR 5.75, 95% CI 4.86
to 6.81) (online supplemental table 3). Children with
genetic syndromes (Di George syndrome and Noonan
syndrome), chromosomal anomalies (all chromosomal
anomalies and Down syndrome with and without congen-
ital heart defects), and diaphragmatic hernia had more
than double the risk of having >1 prescription for any
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antiasthmatics compared with reference children. Across
all 32 congenital anomaly subgroups examined, children
with these anomalies were significantly more likely to be
prescribed any antiasthmatic than reference children,
except for children with tetralogy of Fallot or children
with hip dislocation and/or dysplasia whose risks were
slightly raised but were not statistically significant.

The RR for receiving >1 prescription for beta-2-agonists
and for inhaled corticosteroids for the 32 congenital
anomaly subgroups followed the same trends as those for
all antiasthmatic medication, but they were less likely to
be statistically significant due to smaller numbers being
analysed.

Sensitivity analysis

The overall RR of children with congenital anomalies
receiving at least one prescription for any antiasthmatic
medication was 1.25 (95% CI 1.21 to 1.28) compared with
reference children (online supplemental table 4). This
is compared with the RR=1.41 (95% CI 1.35 to 1.48) of
receiving >1 prescription. Although the risk estimates
were lower for children with at least one prescription for
any antiasthmatic, the pattern of risk across registries and
age groups was similar to that found for children with >1
prescription (online supplemental figure 1).

DISCUSSION

This population-based cohort study of over 1.78 million
children in six European regions found that across all
regions and age groups, children with congenital anom-
alies had a consistently higher risk of receiving prescrip-
tions for >1 antiasthmatic medication compared with
reference children. We observed geographical variation
in the use of antiasthmatic medications with registries
in Denmark, Italy and Spain having higher prevalence
in young children whereas Finland and Wales had lower
prevalence. By age 6-7 years, the prevalence in the indi-
vidual registries started to converge for both children
with and without anomalies, although it remained slightly
higher for children with congenital anomalies. Children
with oesophageal atresia, diaphragmatic hernia, chromo-
somal anomalies and specific genetic syndromes had the
highest risk of being prescribed antiasthmatic prescrip-
tions. Male children, children born in a later cohort, and
children born preterm had an increased risk of antiasth-
matic prescriptions, with children with congenital anom-
alies born very preterm (<32 weeks) having over double
the risk of antiasthmatic prescriptions compared with
children with congenital anomalies born at term.

With the exception of Finland and Wales, our findings
that antiasthmatic prescriptions tended to be higher in
younger age groups is consistent with literature indi-
cating higher rates of wheezing and current wheeze in
infants below 2years of age than older children.® ¥ As
beta-2 agonists and inhaled corticosteroids are recom-
mended as treatment for infant wheeze,26 prescriptions
for antiasthmatics in young children may be indicative

of wheeze and acute respiratory infections which can
be common in young children.?” However, other studies
reported higher prevalence of breathing difficulties for
older children in the form of parent-reported asthma.” It
is possible that parental reports may overestimate asthma
prevalence, while our study was based on administrative
antiasthmatic prescription records. We identified anti-
asthmatic prevalence rates that seemed to vary from other
regional studies. For example, a study based on a sample
of Welsh children (n=1529), born 2000-2002, with a
GP diagnosis of asthma and/or prescriptions for anti-
asthmatics in their health records in the last 12 months
reported much higher prevalence rates ranging from
13.4% for 3years to 10.4% in 7years.”® These differences
may relate to methodology as our study criteria was >1
antiasthmatic prescription in a year rather than at least
one. We also identified regional differences within coun-
tries as within Italy, children in Emilia Romagna had a
higher prevalence of >1 prescription for asthma medica-
tions than children in Tuscany. A study investigating the
use of antiasthmatics in women before, during and after
pregnancy also reported this regional difference between
the two Italian registries.”’

Children with congenital anomalies consistently had
higher rates of antiasthmatic medication than reference
children which may be due to the fact that antiasth-
matic medications are widely used to treat respiratory
complications of some anomalies. For example, congen-
ital anomalies such as diaphragmatic hernia and Down
syndrome are associated with pulmonary hypoplasia,*
requiring antiasthmatics to manage wheezing episodes.
Children with diaphragmatic hernia commonly require
mechanical ventilation for days or weeks after birth which
can lead to bronchopulmonary dysplasia.” ** Beta-2
agonists are prescribed to children with bronchopulmo-
nary dysplasia to reduce pulmonary resistance.”” Studies
have shown that patients with diaphragmatic hernia were
over six times more likely to have been diagnosed with
asthma than the general population.* Congenital anom-
alies may be comorbid with respiratory conditions, such
as the associations between oesophageal atresia, Down
syndrome and Di George syndrome with respiratory tract
disease.”® In addition, children with congenital anoma-
lies requiring surgery and follow-up in the first year of life
or those requiring routine medical care throughout their
life span will have multiple interactions with the medical
care team, hence there is greater opportunity for a diag-
nosis of respiratory difficulties to be made and antiasth-
matics to be dispensed. Indeed, an earlier EUROlinkCAT
study found that children with congenital anomalies had
significantly more hospital stays than children without
congenital anomalies, particularly in the first year of life.*

We did not find an increased risk for prescription of
beta-2 agonists for children with tetralogy of Fallot. Beta-
2-agonists should not be used in children with infun-
dibular pulmonary stenosis as beta-blockers may be
prescribed to prevent hypoxic spells in these children
while awaiting surgery.*” While over 50% of children in
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hospitals are administered ‘unlicensed’ or ‘off-label’
medicines," * a Spanish study reported that 16% of anti-
asthmatics dispensed by community pharmacies for use by
children were ‘off-label’ and that the seasonal variations
suggested that these were prescribed to treat respiratory
infections in young children rather than asthma.”” We do
not have information about off-label use in our study but
the indications and age limits for prescribing off-label
antiasthmatics are likely to differ between countries.

The finding that boys were more likely to be
prescribed/dispensed antiasthmatics is consistent with
previous literature.'”" Both children with and without
congenital anomalies had more antiasthmatic prescrip-
tions in 2005-2009 compared with 2000-2004. While the
magnitude of risk was higher in reference children than
for children with congenital anomalies, the comparisons
were not between children with congenital anomalies
and reference children, but within the two groups of chil-
dren. Indeed, children with congenital anomalies had a
slightly higher proportion of >1 antiasthmatic prescrip-
tion (24%) compared with reference children (22%).
While self-reported antiasthmatic use has increased in
cohort studies of young adults between 1990 and 2007,**
our findings support an increasing trend of antiasthmatic
prescriptions over time in children using administrative
prescription data. Children born preterm at <32 weeks
GA were twice as likely to be prescribed/dispensed anti-
asthmatics than children born at term, although the risk
was reduced for children born 32-36 weeks. The higher
risk in children born <32 weeks GA may be due to respira-
tory complications such as respiratory distress syndrome
or bronchopulmonary dysplasia arising from mechanical
ventilation in preterm children® *

A major strength of this study is that we have stan-
dardised data on congenital anomalies and a common
data model which enabled us to map and standardise
the prescription/pharmacy dispensing records, as well
as standardising demographic information on children.
This is important as there are diverse coding classifi-
cation systems, languages and healthcare systems in
Europe. Furthermore, this is the first population-based
multicentre study exploring antiasthmatic prescriptions
in children with and without congenital anomalies which
included data from 60 662 children with congenital anom-
alies across Europe, overcoming limitations of previous
research based on small sizes. The use of reference chil-
dren for comparison in each geographical region is also a
major strength, as some differences in prescription rates
across Europe may be explained by methodological issues
(such as frequency of prescriptions issued at the phar-
macy) and different level of indication for prescribing
asthma medications to small children.

However, there were a number of limitations to this
study. First, bias may arise as approximately 5% of children
across registries were unable to be linked to the prescrip-
tion database due to invalid identifications numbers as
was the case in Tuscany, or because their records were not
sent to the national/vital statistics to be linked. In Wales,

the children were registered in a GP practice that was not
part of the SAIL databank, therefore, they could not be
linked. There is evidence suggesting that low socioeco-
nomic status (SES) is associated with asthma.’” Wales
compared the SES of children registered in SAIL vs chil-
dren not registered in SAIL and concluded that there
were no differences in SES between linked/unlinked
children. Similarly, Tuscany found no differences in GA,
maternal age, sex and survival between children with
congenital anomalies who were linked versus those who
were not linked. Second, only three participating regis-
tries (Funen, Finland and Wales) could provide data for
children up to and including 9years of age. Our list of
antiasthmatic medications did not include oral cortico-
steroids used to treat acute symptoms, but for young chil-
dren this treatment may mainly be done during hospital
stays, and we were unable to differentiate between long-
acting and short-acting beta-2-agonists. While we explored
medications prescribed and dispensed, we were unable to
gauge whether these medications were actually taken.

In summary, this study demonstrates that valid informa-
tion on the prevalence of antiasthmatic prescriptions for
children can be obtained through data linkage studies in
order to monitor regional differences across age groups
and over time. In general, children with congenital
anomalies had a higher prevalence and risk of antiasth-
matic prescriptions than reference children. To eval-
uate the additional burden of disease that children with
congenital anomalies face, it is essential to compare these
children to those without congenital anomalies in the
same geographical areas as prescription patterns of anti-
asthmatic medications vary across Europe. The findings
from this study are also beneficial to clinicians for iden-
tifying which congenital anomalies are associated with a
higher risk of prescriptions for respiratory symptoms and
breathing difficulties.
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Supplementary Figure 1. Relative risk (RR) of at least 1 prescription for any anti-asthmatic

in children with congenital anomalies (CAs) compared to reference children, by registry

Cl=Confidence interval,
DL=DerSimonian-Laird
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Registry Birth years | Average follow- | Total number of children Number of children Number of children not
included up years in population included in the study linked*
(years)

Children with | Reference | Children with | Reference | Children with | Reference
congenital children congenital children congenital children
anomalies anomalies (%) (%) anomalies (%) (%)

Denmark: 2000-2014 7.3 1,813 72,382 1,789 72,290 24 92
Funen (98.7) (99.9) (1.3) (0.1)
Finland 2000-2014 7.2 33,177 762,989 32,926 755,923 251 7,066
(99.2) (99.1) (0.8) (0.9)
Italy: Emilia 2008-2014 4.6 5,801 263,574 5,499 250,829 302 12,745
Romagna (94.8) (95.2) (5.2) (4.8)
Italy: Tuscany 2008-2014 4.4 3,445 16,844 3,048 16,844 397 0
(88.5) (100) (11.5)
Spain: Valencian | 2010-2014 3.6 4,308 223,760 4,281 223,760 27 0
Region (99.4) (100) (0.6)
UK: Wales 2000-2014 6.7 15,367 471,882 13,119 403,266 2,248 68,616
(85.4) (85.5) (14.6) (14.5)
Total 63,911 1,811,431 60,662 1,722,912 3,249 88,519
(94.9) (95.1) (5.1) (4.9)

*These children were excluded from the study

Supplementary Table 1. Number and percentage of children included in the study by registry
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Type of Anomaly* Congenital Anomaly ICD10-BPA ICD9 Code
Code
Isolated* Spina bifida Q05 741
Hydrocephalus Q03 7423
Anomalies of the corpus Q040 74221
callosum
Severe microcephaly Q02 7421
Congenital heart defects Q20-Q26 745, 746, 7470-
(CHD)** 7474
Severe CHD*** Q200, Q201, 74500, 74510,
Q203, Q204, 7452,
Q212, Q213, 7453, 7456,
Q220, Q224, 7461, 7462,
Q225, Q226, 74600, 7463,
Q230, Q232, 7465, 7466,
Q233, Q234, 7467, 7471,
Q251, Q252, 74720,
Q262 74742
Transposition of great Q203 74510
arteries
Ventricular septal defect Q210 7454
Atrial septal defect Q211 7455
Tetralogy of Fallot Q213 7452
Coarctation of the aorta Q251 7471
Patent ductus arteriosus Q250 7470
Cleft lip (with or without Q36, Q37 7491, 7492
cleft palate)
Cleft palate Q35 7490
Oesophageal atresia Q390-Q391 75030-75031
Anorectal atresia Q420-Q423 75121-75124
Diaphragmatic hernia Q790 75661
Gastroschisis Q793 75671
Multicystic renal dysplasia Q6140, Q6141 | 75316
Congenital hydronephrosis Q620 75320
Hypospadias Q54 75260
Limb reduction defects Q71-Q73 7552-7554
Club foot Q660 75450
Hip dislocation and/or Q650-Q652, 75430
dysplasia Q6580, Q6581
Craniosynostosis Q750 75600
Chromosomal Down syndrome Q90 7580
Down syndrome without Q90 excluding | 7580 excluding
CHD codes Q20-Q26 | codes 745, 746,
7470-7474
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Down syndrome with CHD

Q90 including
codes Q20-Q26

7580 including
codes 745, 746,
7470-7474

Turner syndrome Q96 75860, 75861,
75862, 75869
Genetic syndromes Di George syndrome D821 27910
Noonan syndrome Q8714 759896

Supplementary Table 2. Congenital anomalies and relevant International Classification of

Diseases (ICD)-British Paediatric Association (BPA) codes

*Based on the EUROCAT algorithm [13]

**CHD includes all the anomalies listed under severe CHD, see below, as well as atrial septal

defect, ventricular septal defect, pulmonary valve stenosis and patent ductus arteriosus in

term infants

***Severe CHD included the following CHD subgroups: common arterial truncus, double
outlet right ventricle, transposition of great vessels, single ventricle, atrioventricular septal
defect, tetralogy of Fallot, pulmonary valve atresia, tricuspid atresia and stenosis, Ebstein
anomaly, hypoplastic right heart, aortic valve atresia/stenosis, mitral valve anomalies,
hypoplastic left heart, coarctation of aorta, aortic atresia/interrupted aortic arch, total
anomalous pulmonary venous return.
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Isolated Anomaly Any Anti- Beta-2 Agonists Inhaled
Asthmatic (RR, 95% Cl) Corticosteroids
(RR, 95% ClI) (RR, 95% ClI)
Spina bifida 1.68 2.53 2.52
n=154 (1.35-2.09) (1.89-3.38) (1.97-3.23)
Hydrocephalus 1.59 2.24 2.04
n=299 (1.41-1.80) (1.86-2.69) (1.71-2.45)
Severe microcephaly 1.53 2.15 1.82
n=278 (1.30-1.79) (1.63-2.84) (1.44-2.31)
Anomalies of corpus 1.94 3.44 2.90
callosum (1.70-2.22) (2.90-4.08) (2.53-3.33)
n=471
Congenital heart 1.31 1.47 1.48
defects (CHD) (1.27-1.36) (1.40-1.54) (1.39-1.57)
n=19,643
Severe CHD 1.42 1.60 1.83
n=3,368 (1.33-1.52) (1.47-1.74) (1.65-2.02)
Transposition of great 1.46 1.91 2.10
arteries (1.28-1.66) (1.62-2.24) (1.81-2.43)
n =488
Ventricular septal 1.21 1.35 1.26
defect (1.18-1.24) (1.30-1.41) (1.20-1.31)
n=11,826
Atrial septal defect 1.43 1.51 1.53
n=2,679 (1.33-1.54) (1.37-1.67) (1.37-1.70)
Tetralogy of Fallot 1.10 1.19 1.52
n=426 (0.97-1.25) (0.94-1.49) (1.26-1.84)
Coarctation of aorta 1.72 2.09 2.12
n=1,021 (1.56-1.90) (1.85-2.36) (1.88-2.38)
Patent ductus 1.57 2.24 2.23
arteriosus (1.40-1.76) (1.81-2.77) (1.84-2.71)
n =385
Cleft lip (with or 1.27 1.62 1.31
without cleft palate) (1.19-1.36) (1.47-1.80) (1.18-1.45)
n=1,299
Cleft palate 1.49 1.79 1.71
n=1,164 (1.35-1.65) (1.49-2.15) (1.49-1.96)
Oesophageal atresia 3.57 5.75 5.46
n=239 (3.14-4.06) (4.86-6.81) (4.46-6.68)
Anorectal atresia 1.40 1.92 1.82
n=236 (1.20-1.64) (1.48-2.49) (1.45-2.28)
Diaphragmatic hernia 2.28 3.70 3.34
n=211 (1.72-3.03) (2.85-4.81) (2.48-4.50)
Gastroschisis 1.45 1.85 1.44
n =376 (1.27-1.67) (1.52-2.25) (1.15-1.80)
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Multicystic renal 1.31 1.83 1.56
dysplasia (1.18-1.46) (1.58-2.11) (1.33-1.83)
n=621

Congenital 1.21 1.33 1.27
hydronephrosis (1.15-1.28) (1.20-1.46) (1.18-1.38)
n=3,026

Hypospadias 1.30 1.52 1.44
n=2,526 (1.22-1.39) (1.37-1.69) (1.32-1.57)
Limb reduction defects 1.16 1.40 1.32

n =445 (1.03-1.32) (1.14-1.72) (1.06-1.64)
Club foot 1.31 1.46 1.42
n=1,997 (1.24-1.38) (1.34-1.59) (1.31-1.54)
Hip dislocation and/or 1.05 1.03 1.22
dysplasia (0.96-1.15) (0.91-1.17) (1.07-1.39)
n=1,026

Craniosynostosis 1.37 1.70 1.46
n=765 (1.26-1.49) (1.50-1.93) (1.27-1.67)
All chromosomal 2.19 2.86 2.94

n =3,608 (2.00-2.40) (2.47-3.31) (2.58-3.34)
Down syndrome 2.19 2.77 2.88
n=1,993 (2.00-2.40) (2.40-3.20) (2.54-3.28)
Down syndrome 2.33 2.93 3.12
(including CHD) (2.09-2.61) (2.47-3.48) (2.70-3.61)
n=1,131

Down syndrome 2.11 2.76 2.73
(excluding CHD) (1.93-2.31) (2.39-3.19) (2.31-3.23)
n =862

Turner syndrome 1.48 2.50 2.15
n=143 (1.21-1.82) (1.91-3.28) (1.64-2.82)
Di George syndrome 3.47 5.11 4.88
n=172 (3.04-3.95) (4.35-6.01) (4.01-5.94)
Noonan syndrome 2.33 2.76 3.68
n=120 (1.99-2.72) (2.09-3.64) (2.82-4.82)

Supplementary Table 3. Combined relative risks (RR) across registries for >1 anti-asthmatic

prescriptions up to age eight years, by anomaly
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RR of receiving 21 prescription
for any anti-asthmatic
compared to reference children

RR of receiving >1 prescription
for any anti-asthmatic
compared to reference children

<1 year 1.17 (1.10-1.25) 1.39 (1.17-1.65)
1 year 1.22 (1.17-1.27) 1.41 (1.29-1.55)
2-5 years 1.27 (1.19-1.35) 1.44 (1.35-1.53)
6-7 years 1.33 (1.26-1.41) 1.43 (1.32-1.54)
8-9 years 1.30 (1.19-1.41) 1.37 (1.25-1.51)

All years combined

1.25 (1.21-1.28)

1.41 (1.35-1.48)

Supplementary Table 4. Relative risk (RR) of receiving 21 prescription versus receiving >1
prescription for any anti-asthmatic in children with congenital anomalies compared to

reference children
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