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Abstract

Background: Medicine prescribing for children is impacted by a lack of paediatric-
specific dosing, efficacy and safety data for many medicines.

Objectives: To estimate the prevalence of medicine use among children and the rate
of ‘off-label’ prescribing according to age at dispensing.

Methods: We used population-wide primarily outpatient dispensing claims data for
15% of Australian children (0-17 years), 2013-2017 (n = 840,190). We estimated pre-
scribed medicine use and ‘off-label’ medicine use according to the child's age (<1 year,
1-5 years, 6-11 years, 12-17 years) defined as medicines without age-appropriate
dose recommendations in regulator-approved product information. Within off-label
medicines, we also identified medicines with and without age-specific dose recom-
mendations in a national prescribing guide, the Australian Medicines Handbook
Children's Dosing Companion (AMH CDC).

Results: The overall dispensing rate was 2.0 dispensings per child per year. The med-
icines with the highest average yearly prevalence were systemic antibiotics (435.3
per 1000 children), greatest in children 1-5 years (546.9 per 1000). Other common
medicine classes were systemic corticosteroids (92.7 per 1000), respiratory medicines
(91.2 per 1000), acid-suppressing medicines in children <1 year (47.2 per 1000), anti-
depressants in children 12-17 years (40.3 per 1000) and psychostimulants in children
6-11 years (27.0 per 1000). We identified 12.2% of dispensings as off-label based
on age, but 66.3% of these had age-specific dosing recommendations in the AMH
CDC. Among children <1 year, off-label dispensings were commonly acid-suppressing
medicines (35.5%) and topical hydrocortisone (33.1%); in children 6-11 years, off-label
prescribing of clonidine (16.0%) and risperidone (13.1%) was common. Off-label dis-
pensings were more likely to be prescribed by a specialist (21.7%) than on-label dis-
pensings (7.5%).
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1 | BACKGROUND

Prescribing medicines for children can be challenging as many are
not licensed for use in this population due to limited or no evidence
about efficacy and safety.! Therefore, treating clinicians often pre-
scribe medicines that lack paediatric-specific dosing information in
regulator-approved product information (Pl), commonly referred to
as “off-label” use. While the lack of dose recommendations in PI for
children does not necessarily mean that medicines are ineffective in
this population, medicine pharmacokinetics frequently differ in chil-
dren and adults, meaning adult dosing regimens cannot be directly
extrapolated to children.? This may place children at greater risk of
harm® with studies finding that medicine-related adverse events in
children are more likely to involve off-label or unlicenced medicine
use.t

While estimates vary, off-label prescribing is typically high in
paediatric outpatient settings.> One 2019 US study found that
physicians prescribed at least one off-label medicine at 19% of
visits, typically for unapproved conditions, and was increasing
over time.® In France, 45% of children was prescribed an off-label
or unregistered medicine in general practice.” A European study
found that medicines commonly prescribed off-label to children
in general practice included topical and systemic steroids, and
oral contraceptives,® while in a US study, anti-infectives, respi-
ratory and nervous system medicines accounted for three quar-
ters of community off-label prescribing in children.® However,
most studies published in the past 5 years have focussed on

9-11 1216 5r in small

inpatient settings, specific medicine classes
samples.”

While existing studies identify areas of potentially problematic
prescribing, only a few recent studies have used contemporary, na-
tionwide data to describe the extent of prescribed medicine use in-

ternationally®”8

and none in Australian children. By understanding
which medicines are commonly prescribed on- and off-label, we can
identify research targets to elucidate our understanding of safety,
identify potential low-value prescribing and improve quality of care.
In this study, we used outpatient dispensing claims data from a rep-
resentative, nationwide 15% sample of all Australian children to es-
timate the prevalence of prescribed medicine use by age group and
the rate of ‘off-label’ medicine use according to the child's age at

dispensing.
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Conclusions: Prescribed medicine use is common in children, with off-label dispens-
ings for medicines without paediatric-specific dosing guidelines concentrated in
classes such as acid-suppressing medicines and psychotropics. Our findings highlight

a need for better evidence to support best-practice prescribing.

attention deficit disorder with hyperactivity, Australia, gastroesophageal reflux, paediatrics,

Synopsis

Study question

What are the most common on- and off-label medicines

prescribed to children in Australia?

What'’s already known

Due to a lack of paediatric-specific dosing data for many
medicines, off-label prescribing in outpatient settings is
common. Most recent studies focus on hospital settings,
specific medicine classes, or small samples.

What this study adds

In this nationwide study of prescribing primarily in outpa-
tient settings, we showed that prescribed medicine use is
common in children, with 1 in 2 dispensings for medicines
without paediatric-specific dosing guidelines either in the
official product information or a national prescribing guide,
commonly acid-suppressing medicines and psychotropic
medicines. Our findings highlight a need for better evi-
dence in this population to support best-practice prescrib-

ing, minimise low-value care and improve outcomes.

2 | METHODS

2.1 | Study population selection and data source

We conducted a cross-sectional descriptive study of medicine
dispensing over 5 years (2013-2017). Australia maintains a pub-
licly funded, universal healthcare system entitling citizens and
eligible residents to subsidised medicines through the national
Pharmaceutical Benefits Scheme (PBS). We used PBS dispens-
ing claims for a 15% random sample of PBS-eligible children aged
0-17 years between January 2013 and December 2017. These data
capture all medicines listed on the PBS schedule dispensed in the
community, private hospitals and on discharge from some public

hospitals. This collection does not capture medicines prescribed to
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public hospital inpatients, private dispensings (i.e., for medicines not
listed on the PBS or outside of the PBS-approved indication) and
over-the-counter medicines. The PBS schedule can be accessed on
their website,'? while information on prescription and over-the-
counter medicines available in Australia can be accessed via the
Australian Register of Therapeutic Goods.?° The data include each
child's month and year of birth, and we set the day of birth to the

15" of the month for analyses.

2.2 | Outcomes

We included all medicines except those used primarily to treat can-
cer (World Health Organisation (WHO) Anatomical Therapeutic
Chemical (ATC) code L) as children with cancer are typically treated
as inpatients where we do not have capture of dispensing data. For
our primary analysis, we classified medicines according to the WHO
ATC first (anatomical subgroup) and second (therapeutic subgroup)
levels, and for secondary analyses, we used the third level (pharma-
cological subgroup).?! We defined age groups as infants (<1 year),
toddler and preschool (1-5 years), early childhood (6-11 years) and
adolescent (12-17 years) to reflect categories commonly used in
Australia.???® To allow for comparison with international studies,
we have also replicated key analyses using the categories <2 years
(infants and toddlers) and 2-5 years (preschool) instead, which are
available in the Supplementary Files.

We next classified each medicine dispensing as on-label or
off-label according to the child's age on the date of dispensing.
Medicines were “on-label” if there were age-appropriate dose rec-
ommendations for at least one indication in regulator-approved PI
and “off-label” if there were no age-appropriate recommendations
in the PI. Importantly, our classification relates only to the age of
the child; we did not undertake analyses by indication or prescribed
dose, as we did not have this information in our data. Our approach
is consistent with other research.>®%

Within off-label medicines, we also identified medicines
where there were age-appropriate dose recommendations in the
Australian Medicines Handbook Children's Dosing Companion
(AMH CDC).?° The AMH is an independent national formulary and
prescribing guide and consolidates prescribing information on a
wide range of medicines including all medicines registered by the
Therapeutic Goods Administration on the Australian Register of
Therapeutic Goods. The AMH CDC provides specific guidance on
age-appropriate doses in children, based on their age, weight and/
or body surface area. It identifies when medicine use is off-label
and provides age-appropriate recommended doses for use in chil-
dren where it is deemed to be clinically appropriate and supported
by evidence.

We considered a medicine's route of administration (e.g., oral and
injection) as recommendations sometimes varied by formulation. For
fixed-dose combination products not specifically mentioned in the

AMH CDC, we considered the recommendations for each individual

component. For a small number of medicines (1.8% of all formula-
tions), recommended doses were provided for those over a minimum
weight rather than by age. As we did not have person-level informa-
tion on weight, we used the 97t percentile of growth chart weights
for each child's age and sex at the time of dispensing. For children
<24 months, we used the WHO growth charts?® while for children

>24 months, we used those from the Center for Disease Control?’

consistent with Australian guidelines.?®

2.3 | Statistical analysis

We calculated the dispensing rate as the number of dispensings
per child-year according to age, sex and remoteness of area of
residence (major city, inner regional, outer regional, remote and
very remote) averaged over all years combined. We also calcu-
lated the average yearly prevalence of medicine use by WHO ATC
categories as the number of children with at least one dispensing
per 1000 children in each year averaged over all years. To calcu-
late the number of children or child-years for the denominator,
we used mid-year age-specific populations from the Australian
Bureau of Statistics.?’ For the area of residence, we only had data
on the population <19 years, and so, we interpolated the popu-
lation <17 years based on Australia-wide estimates. We adjusted
population estimates for the 15% sampling frame. For prevalence
according to ATC categories, we restricted reporting to medicine
classes dispensed to 21 per 1000 child-years.

Within each medicine class, we categorised the first dispensing
from a prescription (original) by prescriber type, specialist or non-
specialist (general practitioner (GP), allied health practitioner or den-
tist) and calculated the proportion of new prescriptions that were by
a specialist physician. To understand patterns of medicine dispens-
ing (chronic or sporadic use), we also calculated the mean number
of dispensings in the first year (365 days) after the first observed
dispensing for each child in each class, excluding children with their
first dispensing in the last year of follow-up.

The analysis of off-label use was at the dispensing level. To
identify the medicines most commonly dispensed off-label by age,
we calculated the proportion as the number of dispensings consid-
ered off-label by age divided by all dispensings in each age group.
We reported off-label dispensing per 1000 child-years using ABS
population estimates as described above, as well as the proportion
of off-label dispensings that were prescribed by a specialist physi-

cian. We used r Version 4.0.2 and sas Version 9.4 for all analyses.

2.4 | Missingdata

Month and year of birth was available for all children. Sex and re-
moteness were missing for 0.03% and 0.7% of children respectively;
they were only excluded from analyses involving these variables but

included in other analyses (e.g., by age).
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2.5 | Ethics approval

This study was approved by the New South Wales Population and
Health Services Research Ethics Committee (no. 2013/11/494) with
a waiver from seeking individual consent. Data access was granted
by the Australian Government Services Australia External Request
Evaluation Committee (no. M17681).

3 | RESULTS

Our study population included 840,190 children (49.3% female) with
8,219,772 dispensings (Table 1). Overall, the dispensing rate was 2.0
dispensings per child-year and was lowest in children <1 year (1.6 dis-
pensings) and highest in the 12- to 17-year age groups (2.3 dispens-
ings). The yearly dispensing rate was greatest in children in major cities
and lowest in remote or very remote areas (Table 1). Overall dispens-
ing rates using the age categories <2 years and 2-5 years (instead of

<1 year and 1-5 years) are in Table S1 and show a similar pattern.

3.1 | Prevalence of medicine use by age

Systemic anti-infectives were the most dispensed WHO ATC ana-
tomical medicine class across all age groups (Figure 1) driven by
broad-spectrum penicillins and first-generation cephalosporins
(Table S2). The classes at the WHO ATC therapeutic subgroup level
with the highest average yearly prevalence were antibacterials (435.3
per 1000 children), obstructive airway disease medicines (91.2 per
1000) and systemic corticosteroids (92.7 per 1000) (Table 2).

TABLE 1 Characteristics of study
population, 2013-2017

Total
Age, years

<1

1-5

6-11

12-17
Sex

Female

Male
Remoteness area®
Major cities
Inner regional
Outer regional

Remote or very
remote

Note: Sex missing for n = 282; remoteness missing for n = 6183.

No. of children with

\ __ 729
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Among children <1 year, the top three classes with the highest
average yearly prevalence were systemic antibacterials (440.2 chil-
dren per 1000), primarily amoxicillin; systemic corticosteroids (134.2
per 1000), most commonly prednisolone; and topical corticosteroids
(131.4 per 1000), most commonly hydrocortisone acetate (Table 2).
The yearly prevalence of acid-suppressing medicines was 47.2 per
1000 and much higher in this age group than any other. Children aged
1-5 years had the highest average yearly prevalence of systemic anti-
bacterial use (546.9 children per 1000). Other common classes were
systemic corticosteroids (164.1 per 1000), obstructive airway dis-
ease medicines (109.0 per 1000) and topical corticosteroids (88.4 per
1000) (Table 2). The prevalence of obstructive airway disease medi-
cines peaked in children 1-5 years (Figure S1). Table 2 and Table S2
using age categories <2 years and 2-5 years are in Tables S3 and S4.

Similar patterns were observed for children aged 6-11 years, with
the top three medicine classes including antibacterials (369.7 children
per 1000), obstructive airway disease medicines (97.6 per 1000) and
systemic corticosteroids (73.3 per 1000) (Table 2). The prevalence
of psychostimulant use (27.0 per 1000), mostly methylphenidate,
increased dramatically in this age group (Table S2). In older children
(12-17 years), antibacterials were still the class with the highest aver-
age yearly prevalence (367.4 children per 1000), followed by obstruc-
tive airway disease medicines (69.0 per 1000); sex hormones (65.5
per 1000), primarily oral contraceptives; and psychoanaleptics (60.1
per 1000), mostly antidepressants and psychostimulants (Table 2).
Dispensing of nervous system medicines (analgesics, antidepressants
and antipsychotics) was highest in this age group (Table S2).

Dispensing rates (Figure S1) were generally similar in boys and
girls across age groups, with a few exceptions. Sex hormones (i.e.,
hormonal contraceptives), iron preparations, antidepressants and

Dispensings

21 dispensings Child-years Dispensings per child-year
840,190 4,026,231 8,219,722 2.0
129,793 232,557 374,206 1.6
353,683 1,166,277 2,573,065 2.2
332,607 1,340,014 2,398,899 1.8
323,085 1,281,384 2,904,068 2.3
413,959 1,959,701 3,860,992 2.0
425,949 2,066,530 4,357,246 2.1
598,497 2,730,618° 5,862,531 2.1
149,849 829,088 1,499,295 1.8
71,676 400,334 688,300 1.7
13,985 97,775 108,420 1.1

#Remoteness area for each child's first dispensing.

bPerson-years for remoteness area are approximate and may not add up to the total.
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anxiolytics were more common in older girls, while medicines to
treat ADHD (clonidine and psychostimulants) and antipsychotics
were more common in boys.

3.2 | Patterns of use and prescriber type

Most (63.3%) of the children dispensed an antibacterial had more than
one dispensing in the first year of observed use (mean 2.7 dispensings).
Antiepileptics, antidepressants and psychostimulants had the greatest
number of dispensings over one year (mean 8.8, 6.8 and 7.5, respec-
tively) (Table S2). Overall, 87% (n = 5,232,501) of prescriptions was by
a general practitioner (GP), 8.8% (n = 530,761) by a specialist, 4.3%
(n =258,883) by other (allied health, dentist) and 0.4% (n = 21,851) un-
known. This varied by medicine class: systemic antiacne preparations
(e.g., isotretinoin) and psychostimulants for ADHD were most likely to
be prescribed by a specialist (95.2% and 83.9%) (Table S2). Antibiotics,
antiparasitics and medicines to treat eye/ear infections were com-

monly prescribed by nonspecialists (Table 2).

3.3 | Off-label dispensing based on child's age
at dispensing

Overall, the vast majority of dispensings (1759.4 dispensings per
1000 child-years; 87.8%) were on-label for the child's age (Table 3).
Of off-label dispensings (244.4 dispensings per 1000 child-years;
12.2%), two-thirds (66.3%) had age-appropriate dosing recom-
mendations in the AMH CDC. Off-label use, with or without dos-
ing recommendations, was highest in children aged <1 year (15.5%
of dispensings) and 12-17 years (21.7%). Off-label dispensing rates
using the age categories <2 years and 2-5 years are in Table S5 and
are similar to the primary analysis.

Among children <1 year, the highest rate of off-label dispensing was
for topical hydrocortisone acetate. Acid-suppressing medicines, like
omeprazole, for which use in children <1 year is off-label, and ranitidine,
whose use in children of any age is off-label, were also common, making
up 35.5% of off-label dispensings (Table 4; Table S6). Nearly all (98.5%)
acid-suppressing medicine dispensings were off-label for children
<1 year (Table S7). Among off-label dispensings, the most commonly
dispensed medicines without age-appropriate dose recommendations in
the AMH CDC were ranitidine, pantoprazole and lansoprazole in chil-
dren <6 months; and topical methylprednisolone, which is not recom-
mended in children <4 months (Table 4). Oral liquid salbutamol was also
commonly dispensed even though it is not recommended at any age. In
children aged 6-11 years, commonly off-label medicines were clonidine,
antidepressants (e.g., fluoxetine) and antipsychotics (e.g., risperidone).
Clonidine, risperidone and fluoxetine represented 16.0%, 13.2% and
12.6% of all off-label dispensings in this age group (Table 4). However,
these medicines all had age-appropriate dose recommendations in the
AMH CDC. In children 12-17 years, the most common off-label med-
icines were oral contraceptives (i.e., levonorgestrel + ethinylestradiol).

In general, dispensings considered off-label by age were more likely
to be prescribed by a specialist (21.7%) than on-label dispensings (7.5%)
(Table 3). Psychotropic medicines as well as clonidine had high rates of

off-label prescribing by a specialist, especially in younger children.

4 | COMMENT

4.1 | Principal findings

In this whole-of-population study of Australian children, we
observed an average of two medicine dispensings per child per
year, dominated by antibacterials. Aside from antibacterials, in
younger children, common medicine classes were corticosteroids
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TABLE 3 On-label and off-label dispensing rates in children by age, 2013-17

On-label

Off-label by age at dispensing

Dispensings per
1000 child-years

Prescribed by
n (% total) specialist, % n (% total)
Age, years

<1 1253.4 (84.5) 3.1 230.0 (15.5)
1-5 2058.1(95.0) 3.2 107.5 (5.0)
6-11 1608.4 (91.8) 8.8 142.8 (8.2)
12-17 1738.2(78.4) 13.1 478.5 (21.6)
All ages 1759.4 (87.8) 7.5 244.4(12.2)

Dispensings per
1000 child-years

Prescribed by
specialist, %

With age-appropriate dose
recommendations in prescribing guide, %

13.5 77.0
18.6 64.6
36.7 85.7
18.9 59.6
21.7 66.3

Note: On-label = age-appropriate dose recommendations in product information; Off-label = no age-appropriate dose recommendations in product

information.

(systemic and topical) and acid-suppressing medicines, with a
shift towards greater use of respiratory medicines and medicines
to treat ADHD in school age children, and oral contraceptives
and psychotropics in adolescents. While 12% of dispensings was
considered off-label by age, two-thirds of these had contempo-
rary advice on age-appropriate paediatric dosing in a national
prescribing resource. While off-label dispensing of medicines
without specific dose recommendations in children was a small
proportion of overall use, it was concentrated in a few classes,
such as those to treat gastro-oesophageal reflux disease and psy-

chotropic medicines.

4.2 | Strengths of the study

While many recent previous studies focussed on small or select
samples (e.g., inpatients), we have dispensing data on a represent-
ative sample of 1 in 7 children in a mostly outpatient setting over
6 years, allowing us to make robust inference about medicine use
in the whole population. We have quantified for the first time the
extent of prescribed medicine use in Australian children by age
and identified areas of concern, including high rates of prescrib-
ing of antibacterials, acid-suppressing medicines in young children
and psychotropic medicines in older children, which warrant fur-
ther investigation to understand drivers of these patterns of use.
Given that not all off-label is necessarily inappropriate, we also
took our analysis one step further by referring to an independent
prescribing resource to determine which off-label dispensing was

supported by evidence.

4.3 | Limitations of the data

These findings do not apply to other settings, such as in hospitals,
where off-label prescribing is likely to be higher.3°'31 Off-label pre-
scribing has also been shown to be high in newborns, especially in

intensive care units®?%%; however, we were unable to explore this

population due to the lack of exact date of birth and the incom-
plete capture of medicine use in hospitals. More in-depth studies
of this population in the Australian context are warranted. We did
not have information on indication for prescribing, and thus, our es-
timates likely represent the lower bound for off-label prescribing.
Furthermore, for medicines where recommendations were based on
body weight, we relied on population-level weight estimates; how-
ever, this applied to only 1.8% of formulations in our data. Medicines
dispensed are not necessarily taken, and we do not have data on
medicines not dispensed through the PBS. The volume of private
prescribing in children is unknown but varies by medicine; for in-
stance, general practice data showed that <1% of amoxicillin is pri-

vately prescribed.®*

4.4 | Interpretation

In our study, on-label prescribing was driven by antibiotics, rep-
resenting nearly half of all dispensings. We found that 435 per
1000 children were dispensed a systemic antibiotic per year with
nearly two-thirds having multiple dispensings in a year. This is
comparable to contemporary rates from France (405 per 1000
children),”’ Germany (428 per 1000 children),®®> New Zealand
(480 per 1000 children)®® and Finland (375 per 1000 children).>’

3839 and their prescrib-

Antibiotic overuse is a pervasive problem
ing for common childhood conditions (e.g., otitis media) is consid-
ered low-value care owing to a lack of evidence and risk of side
effects.*>*! While we were unable to assess indication 