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ABSTRACT

Objectives Preterm children are exposed to many
medications in neonatal intensive care units, but little

is known about the effect of prematurity on medication
use throughout infancy and childhood. We examined
prescriptions of cardiovascular medication (CVM),
antiseizure medication (ASM), antiasthmatic medication
and antibiotics issued/dispensed in the first 10 years of life
for very and moderately preterm children compared with
term.

Design Population-based data linkage cohort study
linking information from birth records to prescription
records.

Setting Six registries from five countries in the
EUROIinkCAT study.

Participants The study population included 1722912
children, of whom 10820 (0.6%) were very preterm

(<32 weeks gestational age (GA)), 92814 (5.4%) were
moderately preterm (32—36 weeks GA), 1606 643 (93.3%)
were born at term (=37 weeks GA) and 0.7% had missing
GA. Children with major or minor congenital anomalies
were excluded (including patent ductus arteriosus).

Main outcome measures Relative risk (RR) of receiving a
prescription for CVM, ASM, antiasthmatic and antibiotics.
Results Very preterm children had a higher RR of
receiving a prescription for CVM and ASM than preterm
children. For all preterm children, the RR of having a CVM
prescription was 3.58 (95% Cl 2.06 to 6.23); 2.06 (95%
Cl1.73 to 2.41) for ASM; 1.13 (95% Cl 0.99 to 1.29)

for antiasthmatics and 0.96 (95% Cl 0.93 to 0.99) for
antibiotics in the first year of life. Increased prescription of
CVM, ASM and antiasthmatics persisted for all 10 years of
follow-up. Although the RR was highest for CVM and ASM,
in absolute numbers more children received prescriptions
for antibiotics (42.34%, 95% Cl 38.81% to 45.91%) and
antiasthmatics (28.40%, 95% Cl 16.07% to 42.649%)
than for CVM (0.18%, 95% CI 0.12% to 0.25%) and ASM
(0.16%, 95% CI 0.13% to 0.20%) in the first year of life.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This is a population-based study including data on
more than 100000 children born preterm in six geo-
graphically different European regions.

= With the high number of children included in our
study we are able to report data on relatively infre-
quently prescribed medications such as antiseizure
and cardiovascular medication.

= The study includes data for the first 10 years of life
and we are thus able to detect impacts of preterm
birth extending into childhood.

= An important limitation is that we do not have ac-
cess to the medical files for included children and
therefore we do not have information regarding
the specific indication for which a medication was
prescribed.

Conclusion Preterm children had a higher risk of being
prescribed/dispensed CVM, ASM and antiasthmatics up to
age 10. This study highlights a need for further research
into morbidity beyond age 10.

INTRODUCTION

Complications due to preterm birth, that
is, before 37 completed weeks of gestation,
is the leading cause of death for children
under 5 years of age.! In high-income coun-
tries close to 100% of babies born at a gesta-
tional age (GA) of 32 weeks are expected to
survive infancy,” but babies born extremely
preterm (<28 weeks GA) and with low birth
weight still have a mortality rate of 33%-50%
in developed countries.” The increased
survival of children born preterm raises the
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question ‘does the increased survival come with the price
of an increased morbidity in childhood compared with
term born children?’. One such indicator of disease
burden is prescription of medication, as this will reflect
underlying disease. Although a number of studies have
addressed prescriptions and use of medications in the
neonatal intensive care unit (NICU), little is known
about prescriptions after discharge. The few available
studies have focused on prescriptions in the first year or
two of life,** but long-term follow-up is lacking. Life in
the first year after discharge from the NICU is character-
ised by frequent paediatric visits and an average of 5.5
prescriptions per year.* One study from the USA found
that the most frequently prescribed medication in the
first 2years of life were palivizumab, ranitidine, albuterol,
lansoprazole, budesonide and prednisolone.” Of these
medications only palivizumab has a specific indication in
preterm infants, and concerns regarding safety and lack
of efficacy have been raised for lansoprazole,’ ranitidine’
and budesonide.® Most research has centred on prescrip-
tions of these medications while for instance cardiovas-
cular medication (CVM) and antiseizure medication
(ASM) have received less research interest.

The aim of this study was to evaluate the community
prescription of CVM, ASM, antiasthmatics and antibiotics
to children born before 37 weeks GA compared with term
children from birth up to 10 years of age, as an indicator
of chronic disease burden. Furthermore, we aimed to
look at differences in prescription of CVM between term
(+37 weeks GA), moderately preterm (32-36 weeks GA)
and very preterm (<32 weeks GA) children for their first
10 years of life in six different European regions.

METHODS

This is a European, population-based linkage cohort
study arising from the EUROIinkCAT project.” The
EUROInkCAT project includes data on morbidity
and medication use for children born with congenital

anomalies and for reference children without congenital
anomalies born in the same geographical area. In the
present paper, we focus on these reference children. Five
regions provided data on all liveborn children in their
region and one region (Tuscany) provided a random
10% sample, matched on date of birth and sex, of their
population of reference children. The minimum GA for
inclusion was 23 weeks except for Wales where it was 24
weeks. Data were included for children born between
2000 and 2014, but three registries had a shorter study
period as linked data in these regions were not available
at the start of the study period (table 1).

Information on medication was available by linking
children identified in birth records to local electronic
prescription databases in each of the six regions. All
children in the six regions needed to have a valid iden-
tification (ID) number to be identified in the relevant
prescription database. Four regions had valid IDs for
>99% of children, one region had valid IDs for 95% of
children (Emilia Romagna), and one had valid IDs for
85% of children (Wales). The proportion was lower for
Wales as information on prescriptions were obtained only
from general practitioners who contributed to the Secure
Anonymised Information Linkage database. In total,
1722912 children aged up to 10 years of age had a valid
ID that allowed them to be identified in a prescribing
database, between the years 2000 and 2015 (table 1).

Analyses were performed according to three age groups
(<lyear, 1-4 years and 5-9 years). GA at birth was catego-
rised as very preterm (<32 weeks GA), moderately preterm
(32-36 weeks GA) and term births (37+ weeks GA).

Exclusions

Children with a code for a major or minor congen-
ital anomaly in the hospital in-patient databases were
excluded from the study population, that is, any child
with a WHO International Statistical Classification of
Diseases and Related Health Problems 9th revision (code
with 74-75) or 10th Revision code (Q-chapter).'’ This

Table 1 Overview of the prescription databases from which data were extracted for the study and seize of the study
population

First year No of children

of birth  Source of prescriptions Reference population <32 GA 32-36 GA +37 GA
Denmark: Funen*® 2000 Dispensed by pharmacy 72290 525 4045 66625
Finland 2000 Dispensed by pharmacy 755923 4245 33860 715620
Italy: Emilia Romagna 2008 Dispensed by pharmacy 250829 1902 16350 232507
Italy: Tuscany 2008 Dispensed by pharmacy 16844 77 926 15840
Spain: Valencian Region 2010 Dispensed by pharmacy 223760 1173 14618 202304
UK: Wales* 2000 Prescribed by GP 403265 2895 23015 373750
Total no of children 1722912 10820 92814 1606643

Information includes the source of prescription data (either community pharmacy or GP) and the number of children in each group. The
reference population are children without congenital anomalies who were born term. For some databases numbers have been rounded to

nearest five to insure anonymity.
GA, gestational age; GP, general practitioner.
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criteria also excluded children with a patent ductus arte-
riosus (PDA).

Minimum number of prescriptions

A child must have at least one prescription to be classi-
fied as exposed to a medication. In epidemiology, risk has
been defined as ‘the probability of an event during a spec-
ified period of time’,” and as such uses the term risk for

the probability of receiving medication.

Small numbers

In two of the participating registries extraction of small
numbers were not allowed, we, therefore, restricted the
analysis to fourth level in the ATC system as outlined
below.

Classification of medication

Cardiovascular medication

As previously described in detail in Damkjaer et al,'®

antiarrhythmic medication is classified according to the

Vaughan Williams classification (VWC)."? Antihyperten-

sive medication and diuretics were classified according to

the Anatomical Therapeutic Classification (ATC) system

codes reported in the electronic prescription databases.

In brief, this gave us the categories outlined below:

» Any CVM: All ATC codes beginning with C01-C03 and
C07-C09, excluding CO1BA51, CO1BA71, CO1CA24

» VWCI1 (fast sodium-channel blockers) : ATC codes
beginning with COIBA (excluding COIBA51 and
CO01BA71), CO1BB and COIBC (ie, procainamide,
lidocaine and flecanide).

» VWC2 (beta-blockers): ATC codes beginning with
CO7A (ie, atenolol, propranolol).

» VWC3 (potassium-channel blockers): ATC codes
beginning with COIBD (ie, nefidipine).

» VWCH (other mechanism of action): ATC codes
CO1AAO05 (ie, digoxin, adenosine).

» Antihypertensives: ATC codes beginning with CO08
and C09.

» Diuretics: ATC codes beginning with C03.

ASM

Medication used for the treatment of epilepsy/seizures

were stratified into four groups:

» Any ASM: all medication included in the ATC system
beginning with NO3.

» First generation ASM: ATC codes beginning with
NO3AA, NO3AB, NO3AE, NO3AF (ie, phenobarbital,
phenytoin, clonazepam, carbamazepine).

» Second generation ASM: ATC codes beginning with
NO3AX (ie, lamotrigine, gabapentin, topiramate and
levetiracetam).

» Fatty acid derivatives (FAD): ATC codes beginning
with NO3AG (ie, valproic acid, valpromid, progabide).

Antiasthmatics

All medication used in the treatment of obstructive airway
diseases as classified under ATC codes beginning with
RO3. These were divided into the following categories:

» Antiasthmatic: ATC codes beginning with R03.

» Beta-2-agonists: ATC codes beginning with RO3AC,
which comprises all inhaled selective beta-2-
adrenoreceptor agonists (ie, salbutamol, terbutaline,
fenoterol).

» Glucocorticoids: ATC codes beginning with RO3BA
which includes all inhaled glucocorticoids (ie, beclo-
metasone, budesonide, fluticasone) except combina-
tions with adrenergics and anticholinergics which are
classified under RO2AK and RO3AL.

Antibiotics

In this study, the broad term ‘antibiotics’ is used to cover

all systemic antibacterials as defined by the ATC system

using codes beginning with JO1. All topical antibiotics

(ointments/ creams) for skin infections, drops for eye or

ear infections, antibiotics that are administered intrave-

nously and antibiotics not classified under the ATC code

JO1 were not included. Medications were then stratified

into three subgroups:

» Any antibiotic: ATC codes JO1.

» Penicillins: ATC codes JOIC (comprises both beta-
lactamase sensitive and resistant penicillins plus
combinations with beta-lactamase-inhibitors).

» Macrolides: ATC codes JOIF (also includes
lincosamides and streptogramins).

Statistical methods

Each registry standardised their data using the
EUROIinkCAT common data model,14 which enabled
them to run a centrally written analysis script on their
individual case data. The number of children prescribed/
dispensed at least one prescription and the number of
child years observed during each year of age were calcu-
lated in children according to GA at birth categorised into
very preterm (GA <32 weeks), moderately preterm (GA
32-36 weeks) and term (GA 37+ weeks) and submitted
to the central results repository at Ulster University (only
aggregate data; no individual case data were provided to
Ulster University). The aggregate results for all registries
were then provided to the researchers. The risk of being
prescribed/dispensed a medication at a particular year of
age was calculated as the number of children prescribed/
dispensed at least one prescription when they were that
age divided by the number of child years observed during
the same age year (to allow for children being censored
during the year). The relative risks (RRs) of being
prescribed/dispensed a medication in preterm children
(<87 weeks GA) compared with in term children (37+
weeks GA) were calculated for each year of age within
each registry. The data were then combined and anal-
ysed by performing an inverse variance random effects
meta-analysis of the RR and 95% CIs of being prescribed/
dispensed a medication at each year of age in preterm
children (<37 weeks GA) group compared with the risk
in term children (37+weeks GA). In addition the RR for
<32 weeks GA and 32-36 weeks GA compared with term
children (37+ weeks GA) were calculated within three age
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groups (<1year, 1-4 years, 5-9 years). Three registries had
no information on children over 7 years of age, as their
data started in 2008 (Emilia Romagna and Tuscany) and
2010 (Valencian Region), so they were excluded from the
5-9 years’ analysis.9

Patient and public involvement

Patients/parents were not involved in the study design,
however as part of the project we have plans for dissemina-
tion and knowledge exchange with parents as described
in detail on our webpage'’ and protocol paper.”

RESULTS

Population characteristics

The study population included 1722912 children, of
whom 10820 (0.6%) were very preterm (<32 weeks GA),
92814 (5.4%) were preterm (32-37 weeks GA), 1606643
(93.3%) were term (table 1) and 0.7% had missing GA
in the databases (these were evenly distributed among
participating regions).

CvM

Prescription of CVM at each year of age

The risk of receiving a CVM prescription for preterm chil-
dren (<37 weeks GA) compared with term children was
highest in the first year of life (RR 3.58, 95% CI 2.06 to

>

Relative risk of prescription
CVM

L) L) L) L]
<1 3<4 6<7 9<10
Age (yrs)

9]

anti-asthmatic

P
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<1 3<4 6<7 9<10
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Figure 1

6.23) and slowly decreased for each consecutive year up
to age 9 years (figure 1A). The percentages of preterm
children receiving a CVM prescription were 0.18% (95%
CI 0.12% to 0.25%) in the first year of life, 0.06% (95%
CI0.03% to 0.09%) for ages 1-4 years and 0.07% (95% CI
0.02 to 0.14) for ages 5-9 years (table 2).

Impact of preterm birth on CVM prescriptions

A dose dependent effect was observed that is, the lower
the GA at birth, the higher the RR of receiving a CVM
prescription in their first year of life compared with term
children. In very preterm children (<32 weeks GA), the
RR was 12.06 (95% CI 3.28 to 44.35) and in moderately
preterm (32-37 weeks GA) the RR was 2.44 (95% CI 2.00
to 2.98). The dose dependent effect of preterm birth on
prescriptions of CVM was present across all age groups
included in the study (figure 2A).

Pharmacological types of CVM prescribed/dispensed

VWC2 (beta-blockers): The RR for receiving a VWC2
prescription in preterm vs term children, was 2.82 (95%
CI 2.24 to 3.55) in the first year of life, 2.12 (95% CI 1.68
to 2.67) for ages 1-4 years and 1.32 (95% CI 1.07 to 1.63)
for ages 5-9 years. The percentage of preterm children
receiving a beta-blocker in their first year of life was 0.07%
(95% CI 0.05% to 0.09%).
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Relative risk (RR) of receiving a prescription for all preterm (<87 GA) vs term (+37 GA) children for their first 10 years

of life. Data plotted are the RR and error bars indicated 95% Cls. Each point on the graph indicates a child year, that is, from
age 0 until the day before turning 1 year are termed <1and from one till the day before turning 2 is termed <2, etc. The dotted
line indicates an RR of 1 which is that of term children. Data are shown for (A) cardiovascular medication (CVM); (B) antiseizure
medication (ASM); (C) antiasthmatic medication and (D) antibiotics. The highest RR is observed for CVM in the first year of

life. For CVM, ASM and antiasthmatics the RR remains elevated compared with term children for all 10 years included in the
analysis. Centres with data on <1000 children <37 GA were excluded from the analysis; for the two first years of life data were
included from all six regions, for ages 2 years to <6 years five regions, ages 6 to <8 years 4 regions and 8 to <10 years three

regions. GA, gestational age.
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Figure 2 Relative risk (RR) of receiving a prescription for very preterm (<32 GA, blue line) and preterm (32-36 GA, red line) vs
term children in their 10 years of life. Data are pooled into three age categories; <1 years; 1-4 years and 5-9 years. Error bars
indicated 95% Cls. The dotted line indicate an RR of 1 which is that of term children. Please note the logarithmic scale of the
y-axis. Data are shown for (A) cardiovascular medication (CVM); (B) antiseizure medication (ASM); (C) antiasthmatic medication;
(D) antibiotics. An increased relative risk of prescription is observed for CVM, ASM and antiasthmatic medication for the three
age groups, but not for antibiotics. Centres with data on <1000 children <37 GA were excluded from the analysis; for the two
first years of life data was included from all six regions, for ages 2 to <6 years five regions, ages 6 to <8 years 4 regions and 8 to

<10 years three regions. GA, gestational age.

Diuretics

The RR of having a diuretic prescribed/dispensed was
highest in the first year of life (RR 7.19; 95% CI 2.29 to
22.60) and then decreased for ages 1-4 years (RR 3.29;
95% CI 2.09 to 5.17) and 5-9 years (RR 2.35; 95% CI 1.34
to 4.10). The percentage of preterm children receiving a
diuretic in their first year of life was 0.07% (95% CI0.01%
t0 0.16%).

Antihypertensives
Prescriptions for antihypertensives remained stable
at an RR of around 2 for all three age groups, that is,
2.34 (95% CI 0.94 to 5.82), 1.67 (95% CI 1.12 to 2.48)
and 1.68 (95% CI 1.22 to 2.32) for ages <1, 1-4 and 5-9
years, respectively. The percentage of preterm children
receiving antihypertensive prescriptions in their first year
of life was 0.02% (95% CI 0.00% to 0.03%).

VWC1, VWC3, VWC5: numbers were too small to
report.

Regional differences in prescription

Figure 3A displays the RR of receiving a CVM prescription
in the first year of life for each of the regions included in
the meta-analysis reported above. A significantly increased
RR was observed for five of the six regions (range of RR

2.18-8.70) with the exception of Tuscany where there was
no increased RR and the Cls were extremely wide.

Antiseizure medication

Prescriptions of ASM at each year of age

At each individual year of age during the 10-year follow-up
period, prescriptions of ASM were higher for preterm
(<87 weeks GA) than for term children. The RR decreased
with age, but prescriptions remained significantly higher
for preterm than term children (figure 1B). The percent-
ages of preterm children receiving a prescription in a
year increased with age from 0.16% (95% CI 0.13% to
0.20%) for ages <1lyear, 0.27% (95% CI 0.22% to 0.32%)
for ages 1-4 years to 0.38% (95% CI 0.31% to 0.46%) for
ages 5-9 years (table 2).

Impact of preterm birth on ASM prescription

In the first year of life children born very preterm (<32
weeks GA) and moderately preterm (32-36 weeks GA)
had a higher RR of being prescribed/dispensed an ASM
compared with term children (RR 3.15, 95% CI 1.68 to
5.90 and RR 1.91, 95% CI 1.58 to 2.31). The effect of
increased prescription with lower GA was seen across all
age groups (figure 2B).
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Figure 3 Relative risk (RR) of receiving a prescription for all preterm (<37 GA) vs term (+37GA) children in the first year

of life. Error bars indicate 95% Cls. Data are shown for all of the six regions individually (black) and the total (red) for (A)
cardiovascular medication (CVM); (B) antiseizure medication (ASM); (C) antiasthmatic medication and (D) antibiotics. Please
note the logarithmic scale of the x-axis in the upper panel, while in the lower panel the scale is linear but the x-axis values varies

between graphs. GA, gestational age.

Pharmacological types of ASM prescribed/dispensed

The same pattern of an increased RR at around 2 of
being prescribed/dispensed an ASM was observed for all
three pharmacological types of ASM (first/second gener-
ation and FAD) for the first 10 years of life. There was an
increase in percentage of children receiving a prescrip-
tion with age for all three age groups (for details, please
see table 2).

Regional differences in prescription

An increased risk for preterm children compared with
term children was observed across all six regions (RR
range 1.41-2.43, figure 3B), although for both Italian
regions the increase was not statistically significant.

Antiasthmatics

Prescription of antiasthmatics at each year of age for all preterm
born children (<37 weeks GA)

For all preterm children, the RR of being prescribed/
dispensed a prescription for antiasthmatic medication
was significantly higher than for term children for all 10
years of follow-up. The RR was relatively stable around 1.2
for all 10 years (figure 1C).

Impact of prematurity on antiasthmatic prescription

There was no discernible dose dependent effect of
prematurity on prescription of antiasthmatic medication,
that is, for both very preterm and moderately preterm
children the RR for prescription of antiasthmatics in
the three different age categories remained around 1.3
(figure 2C). In total 28% of all preterm born children

received a prescription for any antiasthmatic medication
in the first year of life.

Pharmacological types of antiasthmatics prescribed/
dispensed

Beta-2-agonists: The RR for receiving or having a prescrip-
tion for a beta-2-agonist was around 1.3 for all age catego-
ries, that is, 1.29 (95% CI 1.06 to 1.56) for ages <1 years,
1.31 (95% CI 1.14 to 1.51) for ages 1-4 years and 1.22
(95% CI 1.10 to 1.36) for ages 4-9 years.

Glucocorticoids: The RR for being prescribed/
dispensed a prescription for a beta-2-agonist was around
1.3 for all age categories, that is, 1.41 (95% CI 0.94 to
2.12) for ages <1 years, 1.34 (95% CI 1.05 to 1.70) for
ages 1-4 years and 1.28 (95% CI 1.11 to 1.48) for ages
4-9 years.

Regional differences in prescription: In three of six
regions (UK: Wales, DK: Funen and Finland) there was
a significantly increased RR of prescription for preterm
children in the first year of life, whereas in the three
other regions no significant difference between term and
preterm children was observed (figure 3C).

Antibiotics

Prescription of antibiotics at each year of age: The RR
of preterm children having an antibiotic prescription
issued/dispensed compared with term children was
slightly lower in the first year of life. There were no signif-
icant differences in risk between preterm and term chil-
dren during the next 9 years of follow-up (figure 1D).
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Impact of preterm birth on prescriptions for antibiotics:
In the first year of life children born very preterm (<32
weeks GA) and moderately preterm (32-36 weeks GA)
had a lower RR of receiving a prescription for antibiotics
than term children (RR 0.86, 95% CI 0.78 to 0.95 and
RR 0.97, 95% CI 0.95 to 1.00). For the age categories 1-4
years and 5-9 years, there was no difference in prescrip-
tions compared with term children. Furthermore, we did
not observe a dose dependent effect of preterm birth on
prescription, that is, no effect of decreasing GA on RR for
prescription (figure 2D).

Pharmacological types of antibiotics prescribed/dispensed
Any antibiotics: 42.34% (95% CI 38.81% to 45.91%)
received a prescription in their first year of life, 51.05%
(95% CI 47.63% to 54.46%) were issued/dispensed a
prescription each year for ages 1-4 years and 29.41%
(95% CI26.42% to 32.49%) each year for ages 5-9 years.

Penicillins: were prescribed/dispensed for 37.19%
(95% CI 33.58% to 40.88%) of children <1 years, 43.44%
(95% CI41.72% to 45.16%) had a penicillin prescription
each year for ages 1-4 years and 22.79% (95% CI 21.67%
to 23.94%) each year for ages 5-9 years.

Macrolides: 8.43% (95% CI 5.94% to 11.30%) received
a prescription in their first year of life, 13.62 (95% CI
9.76 to 18.01) were issued/dispended a prescription for
macrolides each year for ages 1-4 years and 6.90% (95%
CI 4.84% t0 9.30%) each year for ages 5-9 years.

Regional differences in prescription: A significantly
decreased RR for prescription of antibiotics was observed
in four of six regions (figure 3D).

DISCUSSION

To our knowledge, this is the first study to examine
medications prescribed/dispensed for cardiovascular
diseases, neurological seizures, asthma and infections in
a paediatric cohort comparing preterm and term born
children up to ten years of age. We show that children
born preterm had an increased risk compared with term
children of being prescribed/dispensed CVM, ASM and
antiasthmatic medication. For CVM and ASM, risks were
higher for earlier gestations. For CVM, the increased RR
was most pronounced in the first year of life, whereas
for ASM the risk was at a constant level for the first 10
years of life. Although the RR was highest for CVM and
ASM, in absolute numbers more children were receiving
prescriptions for antibiotics and antiasthmatics than for
CVM and ASM. In the first year of life preterm children
had a reduced RR for receiving antibiotics compared with
term children.

An important limitation of our study is that all preterm
children with a code for PDA are excluded as we excluded
all children with congenital anomalies as defined in the
method section. There is an inverse relationship between
GA and PDA, such that the more preterm an infantis born
the higher the probability that arterial duct will not close
spontaneously.® Furthermore, it has been established

that having a PDA is associated with prolonged mechan-
ical ventilation, bronchopulmonary BPD and necrotising
enterocolitis.'® ' Therefore, the net effect of excluding
infants with a PDA is that we may be underestimating
the true burden of morbidity for the group of preterm
born children. Also this study only assesses prescription
patterns, and as such we are not able to assess whether or
not medication are prescribed rationally in accordance
with the current standards of evidence, further studies
are need to address this question.

Cardiovascular medication

The highest RR in this study was for diuretics in the first
year of life. Although the RR was higher for preterm
children with respect to all CVM, it is important to note
that in absolute terms few children were prescribed these
medications. In preterm born children, development of
BPD is the most frequent chronic morbidity and strongly
predicts both death and disability in childhood.'™® The
most regularly prescribed medication to infants admitted
with an exacerbation in BPD is diuretics®' and as much as
86% of infants admitted for BPD exacerbation will follow
a treatment course for >5 days with diuretics.” It therefore
seems plausible that the high RR for diuretics in the first
year of life most likely reflects either chronic treatment
for BPD or shorter periods given in relation to exacerba-
tions in BPD. However, there is a lack of evidence on the
efficacy of diuretics in preterm children. For example,
a Cochrane review examining the risks and benefits of
administration of diuretics (furosemide) to preterm
children in the NICU at a postmenstrual age <40 weeks
with ongoing or incipient chronic lung disease found
that ‘furosemide administration has either inconsistent
effects or no detectable effect’.”” There are no systematic
reviews for long-term use of diuretics to infants/children
after discharge from the NICU. In view of this, it is note-
worthy that we in this study find that there is an increased
prescription of diuretics to preterm born children up to
10 years of age. The increased RR for prescription of anti-
hypertensives (which includes ACE inhibitors) and beta-
blockers could reflect chronic heart failure treatment as
these are recommended first-line therapies for paediatric
heart failure.** As with diuretics for BPD heart failure
treatment in adults with congenital heart defects are
generally based on position statements rather than solid
evidence,” a problem that ‘is even more pertinent in chil-
dren’.*® The few available studies on heart failure treat-
ments in children have either failed to show an effect or
have been underpowered.” %’ Future studies are needed
to address whether or not these patterns of increased
prescription of CVM can affect clinical course or outcome
in preterm children.

Antiseizure medication

Increased prescription of ASM probably reflects
an increased risk for epilepsy among preterm born
children. It has previously been shown that there is
an inverse dose-response curve with decreasing GA
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increasing epilepsy risk later in life,” a phenomenon
we also observe in our data. A recent meta-analysis
estimated that the increased OR for epilepsy for
children born preterm versus term was 2.14 which
is consistent with our estimates of increased ASM
prescription.” It is noteworthy, in our data, that while
the RR for ASM prescription was relatively stable over
the age groups, in absolute terms the number of chil-
dren receiving treatment roughly doubles from <1
years of age to the age group 5-9 years. The cumu-
lative incidence of epilepsy increases through child-
hood,” but it seems that the extra RR conferred by
preterm birth is present for at least 10 years after
birth. Randomised controlled trials on management
of epilepsy in infants are lacking, and as pointed
‘There is no high-level evidence to support any partic-
ular current agents for use in infants with seizures’.””
Treatment strategies are thus based on expert opinion
rather than solid evidence.”® In this study the RR for
prescription of both first/second generation ASM and
FAD are remarkably similar, suggesting that no group
is preferred specifically for the epilepsy forms associ-
ated with preterm birth. Again studies of medication
efficacy are warranted in this patient group.

Antiasthmatic medication

Preterm birth has been associated with an increased
risk of childhood asthma or wheezing disorder with
an increased OR of 1.46,” although considerable
heterogeneity across studies have been noted.”® A
Danish cohort study reported a strong inverse associa-
tion with GA and purchase of antiasthmatics (defined
as purchasing both an inhaled beta-2-agonist and
glucocorticoids) and found that OR decreased as
the age of children increased.” The waning effect
of preterm birth with advancing age has later been
shown to progress beyond 11 years of age.”® In this
study, preterm birth is associated with an increased
risk of being prescribed/dispensed antiasthmatics at
an RR around 1.2 which is similar to that reported
in the Danish study, although we did not observe a
waning effect with age for the 10 years follow-up after
birth. In absolute numbers 28% of preterm children
are prescribed antiasthmatics in their first year of life
which then declines to around 13% for ages 5-9 years,
so although the RR is lower than for CVM and ASM in
absolute numbers far more children were prescribed
antiasthmatics than CVM and ASM. Prescriptions of
inhaled beta-2-agonist and glucocorticoids in our
study were not substantially different and seems to
suggest that children, if treated with antiasthmatics,
are treated with both.

Antibiotics

This study did not find a dose dependent effect of
preterm birth on RR for prescription of antibiotics.
Lorch et al looked at the effect of GA on antibiotic
prescription in children born <32 weeks GA for the

first year of life and did not find an effect of GA on
prescription of antibiotics for very preterm born
infants.” In contrast, it has been reported for children
from 2 years of age and older that lower GA resulted in
higher prescription rates of antibiotics up until ages
10-11 years where an inverse pattern was observed
with decreasing prescription.* The authors reported
a similar pattern with respect to hospital admission
for airway infections.*” Several studies have reported
higher rates of admissions for respiratory infections
both in infancy and childhood for preterm born chil-
dren.*” The study by Lorch et al did not include a
control group, and their finding of lower prescrip-
tion rates cannot be corroborated by other studies.
The higher rates of hospitalisations due to infections
for preterm born infants and children reported by
other studies might provide some part of the expla-
nation for our data. Our study included prescrip-
tions for children outside hospitals only as we did not
include medication given during hospital admissions.
Further, preterm born infants stay in hospital for up
to 3months after birth and therefore they are less
‘exposed’ to prescriptions (as defined in our study) in
the first year of life. It is also possible that the lower
RR in the first year of life reflects that preterm chil-
dren are kept more at home and shielded from infec-
tions than term children. In teenagers it has been
suggested that there is an ex-preterm behavioural
phenotype** that may lead to a more socially isolated
life-style with less exposure to infections.*’ It can be
speculated that there might be a similar behavioural
pattern in parents during infancy.

Regional differences

Overall we observed similar trends across all six European
regions included in this study. As there is considerable
overlap of confidence intervals between various Euro-
pean regions we cannot for certain identify clinically rele-
vant differences in prescription between geographical
regions. Due to a small sample from Tuscany, this subco-
hort failed to find any differences in prescription patterns
for preterm vs term born children.

CONCLUSION

Children born preterm are at a higher risk of being
prescribed/dispensed prescriptions for CVM, ASM
and antiasthmatic medication in their first 10 years
of life. The higher risk was also present for the
moderate preterm born children. While it is known
that children born preterm are vulnerable, this study
demonstrates that these children have an excess risk
of chronic diseases requiring medication up to age
10 years. Future studies should assess if the excess
morbidity associated with preterm birth continues
into adolescence/young adulthood or if it levels off
after ten years of age. Preterm born infants have a
long life a head of them when they start out the PICU.
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Optimisation of management though infancy and
childhood can have profound consequence of quality
of life for many years to come, in light of this it seems
peculiar that so little of the current prescription prac-
tice for ex-preterm infants and children are based on
solid scientific evidence.
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