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ABSTRACT

Objective To describe the temporal relationships in
attention-deficit hyperactivity disorder (ADHD) medication
poisoning exposures in children; describe patient
demographics, medications involved, poisoning exposure
reasons and disposition.

Design A population-based, retrospective cohort study
of calls to Australia’s largest Poisons Information Centre.
Poisoning exposure counts and dispensing-adjusted rates
were modelled with Poisson, quasi-Poisson and negative
binomial regression where appropriate.

Setting Calls to the New South Wales Poisons
Information Centre and dispensings on the Pharmaceutical
Benefits Scheme.

Patients Children under the age of 5 years.

Results There were 1175 poisoning exposures to
ADHD psychostimulants, 2004-2019; averaging 73 per
year. Accidental poisonings accounted for 94% of cases.
Methylphenidate was most frequently implicated (63%).
Thirty-four per cent of cases were referred to hospital
and a further 21% of calls were made by hospital staff.
Poisoning exposure counts for all ADHD psychostimulants
increased by 2.7% (95% Cl=0.42% to 4.9%) per year;
however, this differed by agent. Methylphenidate poisoning
exposures increased by 5.2% per year (95% Cl=4.3%

to 6.1%), lisdexamfetamine increased by 62% per year
(95% Cl=48% to 76%), while dexamphetamine poisoning
exposures decreased by 5.5% per year (95% Cl=—9.5%
to —1.4%). These trends are reflected in the number of
dispensings; however, dispensings increased at a faster
rate than exposures. When poisoning exposures were
expressed as dispensing-adjusted rates, there was a 16%
decrease (95% Cl=—20% to —13%) per year.
Conclusions ADHD medication use has increased,
associated with an increased number of paediatric
poisoning exposures. However, poisoning exposures per
dispensed prescription has decreased. The majority of
cases required hospitalisation, indicating the need for
further poisoning prevention strategies.

INTRODUCTION

Attention-deficit ~ hyperactivity — disorder
(ADHD) is a common condition with an
estimated worldwide prevalence of 5.29%.'
Many countries report growing use of ADHD
medications in recent years,” with a major

. Rose Cairns
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What is known about the subject?

» Attention-deficit hyperactivity disorder (ADHD) di-
agnoses and ADHD medication use are increasing
worldwide.

» Children are at risk of ADHD medication poisonings
due to exploratory behaviours and dosing errors.

» An ADHD medication overdose can cause life-
threatening toxicity in young children.

What this study adds?

» ADHD medication poisoning exposures in young
Australian children (<5 years of age) have been in-
creasing by 2.7% per year from 2004 to 2019.

» Over half of all poisoning exposure cases required
hospitalisation.

» ADHD medication dispensings have increased at
over the same period.

adverse outcome of this growing use being
the potential for increasing poisoning expo-
sures, including fatal overdoses.”

In the USA, it is estimated that prescrip-
tions for ADHD medications are written for
more than 2.7 million children per year.'
There were 156 365 poisoning exposures
reported to US poison control centres from
2000 to 2014 among children and adolescents
who were less than 20 years of age, with the
poisoning exposure rate increasing by around
70% over between 2000 and 2011.% Of these,
58 891 (38%) were aged under 5 years. In
2019, US poison centres received 9026 calls
regarding methylphenidate poisoning expo-
sures (all age groups); 1390 of these calls were
for children under 5 years of age.”

In 2016, the prevalence of ADHD in Austra-
lian children was estimated to be between
2.4% and 7.4%, depending on the age group.’
In 2019, approximately 197 000 children
under 14 were diagnosed with ADHD.® ADHD
medication use is increasing in Australia, with
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subsidised dispensings increasing on average 9.9% per
year from 2013 to 2017.” Over 40% of ADHD medication
dispensings were for children aged from 6 to 12 years.”

The increased use of ADHD medications can lead to
higher rates of poisoning exposures and overdose in
young children,®? including exploratory ingestions and
dosing errors. These poisonings can occur with medi-
cations prescribed for that child, or someone else (eg,
a sibling). ADHD medication poisonings are of partic-
ular concern because psychostimulants can have adverse
effects such as agitation, tachycardia and hypertension at
low doses.”

Previous research regarding ADHD medication in
Australian children has focused on dispensing,'”'" and
intentional poisoning exposures in older children.' In
this study, our aim was to (i) determine temporal rela-
tionships in paediatric ADHD medication poisoning
exposures in Australian children, (ii) calculate trends
in poisoning exposures adjusted for the number of
dispensed prescriptions and (iii) describe the demo-
graphics, circumstances and disposition of the poisoning
exposures. We focused on young children (under 5 years
of age) as this group is particularly vulnerable to psycho-
stimulant poisoning and the use of psychostimulants is
not recommended in this age group.

METHODS

Design

This was a retrospective study of poisoning exposures
to psychostimulants used to treat ADHD in Australian
children from 2004 to 2019. During the study period,
relevant medications included methylphenidate, dexa-
mphetamine and lisdexamfetamine (which became
available in late 2013, subsidised by the federal govern-
ment from 2015 onwards). We used data from the New
South Wales Poisons Information Centre (NSWPIC).
Australia has four Poisons Information Centres (PICs),
with the NSWPIC responding to approximately 50% of
the nation’s 205 000 annual poisoning calls. The majority
(65%) of calls are from New South Wales (NSW), with
the remaining calls taken from all other Australian juris-
dictions due to the on-call nature of the Australian PIC
system. We restricted the study to children aged under 5
years, with the following subcategories (derived from the
NSWPIC database classification): neonate (0—4 weeks),
infant (4 weeks—12 months) and toddler (1-4 years). We
focused on temporal relationships of the poisoning expo-
sures, expressed both as raw counts, and corrected for
the number of prescriptions dispensed.

Data source: the NSWPIC database

The NSWPIC database was searched from 2004 to 2019
for poisoning exposures to ADHD psychostimulants
in children under 5 years of age. Calls were included if
the patient’s age category at the time of poisoning was
coded as neonate, infant or toddler. Re-calls (subse-
quent calls about a single exposure event) were excluded

from the exposure count. Missing data were recorded as
‘unknown’. The data collected for this study included
year of the exposure, patient age and sex, medication,
reason for the exposure, route of the exposure, manage-
ment site/disposition, location (postcode or hospital
name) and if applicable, the type of therapeutic error.

Data source: pharmaceutical benefits scheme dispensings
ADHD medication dispensing data were used to adjust
for medication utilisation. Australia has a publicly funded
healthcare system, with subsidised medicines available to
citizens and permanent residents under the Repatria-
tion Pharmaceutical Benefits Scheme and the Pharma-
ceutical Benefits Scheme (hereafter referred to as R/
PBS). We used publicly available data on dispensed medi-
cines provided by the Australian government, available
from (http://medicarestatistics.humanservices.gov.au/
statistics/mbs_item.jsp). This data provides population-
level data on all dispensings that were subsidised by the
government. Data are not provided by age group.

We extracted dispensing data for methylphenidate,
dexamphetamine and lisdexamfetamine from 1 January
2004 to 31 December 2019. Prior to 2012, the R/PBS data
only captured dispensing where the government paid a
contribution (co-payment threshold). For cheaper medi-
cations, some beneficiaries paid the full cost of the medi-
cine (defined as ‘under co-payment’), and extraction of
data related to these dispensed products was not able
to be captured prior to 2012."”* ' For more information
on PBS data capture changes see Mellish et al."® For our
main analysis (2004-2019), we included concessional
beneficiaries only, to allow comparison of long-term
trends. All dispensings (including under co-payment)
were extracted for July 2012-December 2019 to confirm
trends across the broader population group. Complete
data (2004-2019) were available for dexamphetamine;
methylphenidate data was used from 2005 (14 years of
data); and for lisdexamfetamine, this medication was
only R/PBS listed part way through 2015 (four full years
of data)."®

Data analysis

Poisoning exposure temporal relationships were analysed
using the R program (V.4.0.3)."> Count data were analysed
using Poisson regression or negative binomial regression
with a log link function (when data were overdispersed).
To analyse dispensing adjusted rates (poisoning expo-
sures per prescriptions dispensed) quasi-Poisson regres-
sion was used.

Geographical distribution of paediatric ADHD medi-
cation poisoning exposures was examined by focusing
on NSW, the Australian Capital Territory (ACT) and
Tasmania (as NSWPIC takes calls from these jurisdictions
on a near full-time basis). Postcodes were used for calls
from the community, and the hospitals’ locations were
used to determine postcodes for hospitalised patients.
The Accessibility/Remoteness Index of Australia (ARIA)
was used to convert postcodes to scores by using the
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Figure 1 Annual number of paediatric (less than 5 years of
age) poisoning exposures to attention-deficit hyperactivity
disorder medication as reported to the New South Wales
Poisons Information Centre from 2004 to 2019, broken down
by agent.

psycho-oncology cooperative research group ARIA
lookup tool to describe geographical disadvantage,'® and
we compared this to overall population data from the
Australian Bureau of Statistics.

Patient and public involvement

This was a retrospective review of routinely collected
poisons centre and dispensing data. Patients and the
public were not involved in the design or the recruitment
of the study.

RESULTS

Over the 16-year study period there were 1470 calls
(including re-calls regarding the same exposure) to the
NSWPIC that met our inclusion criteria; of these, 1175
were unique poisoning exposure calls. The number of
calls decreased from 2004 to 2009 and then increased
from 2010 to 2019. There were on average 73 calls per
year, with the number of calls increasing on average by
2.7% per year (95% CI=0.42% to 4.9%) (online supple-
mental figure 1). Methylphenidate poisoning exposures
increased by 5.2% per year (95% CI=4.3% to 6.1%) in
contrast to dexamphetamine poisoning exposures which
decreased by 5.5% per year (95% CI=—9.5% to -1.4%).
Lisdexamfetamine poisoning exposures increased by
62% per year from 2015 onwards (95% CI=48% to 76%)
(figure 1). Dispensings for these medicines followed
a similar trend, with dexamphetamine dispensings
decreasing each year, while methylphenidate and lisdex-
amfetamine dispensings increased each year (figure 2).
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Figure 2 Pharmaceutical Benefits Scheme dispensings
for attention-deficit hyperactivity disorder medications from
2004 to 2019.

The rate of poisoning exposures per concessional
prescription dispensed decreased by 16% per year (95%
CI=—20% to -13%) (figure 3). There was a decrease
in the rate of methylphenidate and dexamphetamine
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Figure 3 Annual number of paediatric (less than 5
years of age) poisoning exposures per Pharmaceutical
Benefits Scheme script dispensed to each attention-deficit
hyperactivity disorder medications as reported to the New
South Wales Poisons Information Centre from 2004 to
2019. PBS dispensings were restricted to concessional
beneficiaries only.
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poisoning exposures by 6.9% (95% CI=-11% to —2.4%)
and 2.7% (95% CI=-5% to —0.5%) per year, respectively.
The lisdexamfetamine poisoning exposure rate in paedi-
atric populations reduced by 13% (95% CI=-28.6% to
2.6%) per year, from 2016 to 2019. From 2012 onwards,
data capture allowed for examination of the trends for
all patients (general and concessional beneficiaries).
Dispensing adjusted exposure rates, when corrected for
all patients, were broadly similar (online supplemental
figure 2).

The characteristics of the cases are shown in table 1.
The median age was 2 years (IQR, 22-36 months). The
distribution between the two sexes was approximately
equal: male (52%, 606), female (44%, 522); sex was
not recorded in the remaining cases. Toddlers (aged
1-4 years) accounted for most the poisoning exposures
(96%, 1133).

The most common reason for poisoning exposures was
accidental ingestion due to exploratory behaviour (94%,
1104). Therapeutic errors by parents (including incor-
rect dose, incorrect time, incorrect patient and/or incor-
rect drug) occurred in 61 cases (5%, table 1). Over half of
the calls were received from family members (61%, 893).

Fewer than half of the poisonings were managed at
home (40%, 465), with 34% (398) referred to hospitals
by the NSWPIC. An additional 21% (246) of patients were
already in hospital at the time of the call to the NSWPIC.

The fields of the free-text case notes were examined
to determine for whom the medication was prescribed.
Who the medication was prescribed for was not recorded
for over half of the cases (63%, 737). Over a quarter of
the poisoning exposures (27%, 312) were to medications
prescribed to the child’s sibling. Only 4% (52) of patients
were recorded to have been prescribed the medication
(table 1).

Methylphenidate accounted for the majority of the
poisoning exposures (63%, 744), followed by dexam-
phetamine (32%, 369) and lisdexamfetamine (5%, 62)
(online supplemental table 1).

Geographical analysis focused on NSW, the ACT and
Tasmania, due to near-complete PIC call capture in
these areas. Where geographical data were recorded,
paediatric ADHD medication poisoning exposures were
broken down by remoteness score and compared with
the paediatric population in those areas. Analysis of the
545 calls with recorded geographical data showed that
children in regional and remote areas appeared to be
overrepresented in these poisoning exposures (table 2).

DISCUSSION

Over the 16-year study period, Australian paediatric
poisoning exposures to ADHD medications increased
along with increased dispensings. However, when
poisoning exposures were adjusted for the number of
dispensed prescriptions, the rate was found to decrease.
Trends varied by agent: methylphenidate and lisdex-
amfetamine poisoning exposures increased, while

Table 1 Characteristics of the 1175 attention-deficit
hyperactivity disorder medication poisoning exposures in
children under 5 years of age as reported to the NSWPIC,
2004-2019

Sex
Male 606 (52%)
Female 522 (44%)
Unknown 47 (4%)
Age
Median age (months) 24
Quartiles 1 and 3 22-36
Age category
Toddler (1-4 years) 1133 (96%)
Infant (4 weeks-12 months) 42 (4%)

Exposure type

Accidental 1104 (94%)
Therapeutic error 61 (5%)
Other 5 (<1%)
Adverse reaction 2 (<1%)
Intentional 3 (<1%)
Caller background*®
Family member 893 (61%)
Doctor 269 (18%)
Nurse 241 (16%)
Ambulance 36 (2%)
Other/unknown 15 (1%)
Other medical professional 9 (1%)
Friend 7 (<1%)
Pharmacist 2 (<1%)
Disposition
Stayed home 465 (40%)
Referred to hospital 398 (34%)
In hospital 246 (21%)
Other 48 (4%)
At GP surgery 11 (1%)
Referred to GP 7 (<1%)
Prescribed for
Not stated 737 (63%)
Sibling 312 (27%)
Other family member 60 (5%)
Themselves 52 (4%)
Friend 14 (1%)

*Caller background includes both the original call and subsequent re-calls about the
same exposure. This information is collected to differentiate different people (parent,
triage nurse, treating doctor) for the same child.

GP, general practitioner; NSWPIC, New South Wales Poisons Information Centre.

dexamphetamine poisoning exposures decreased. The
average age at time of poisoning exposure was 2 years of
age, with accidental exposures likely explained by explor-
atory behaviour.*  Where recorded, the medication was
predominantly prescribed for a sibling. A large number
of the poisonings were advised to visit their local hospital
for assessment and possible treatment, and children in
remote and regional areas appear to be at higher risk.
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Table 2 Attention-deficit hyperactivity disorder poisoning exposure calls originating from NSW, the ACT and Tasmania,
2004-2019, by their Accessibility/Remoteness Index of Australia (ARIA) 2016 score

NSW/ACT/Tasmania child

Poisonings with geographical Poisonings/100 000

Location population* informationt population/year
Major cities 382 990 (74%) 246 (45%) 4.01

Inner regional 101 518 (20%) 148 (27%) 9.11

Outer regional 32 383 (6%) 138 (25%) 26.63

Remote 2544 (<1%) 9 (2%) 22.11

Very remote 556 (<1%) 4 (<1%) 44.96

Multiple entriest - 184 -

Total 519 991 545 6.55

*Based on 2016 population estimates, children less than 5 years of age.

TOnly poisoning exposures with geographical data recorded were included.

1The postcode has more than one ARIA classification assigned to it.
ACT, Australian Capital Territory; NSW, New South Wales.

The number of paediatric ADHD medication
poisoning exposures increased during the study period,
driven mostly by calls about methylphenidate. While
there was a marked increase in raw counts of methyl-
phenidate poisoning exposures, once this was adjusted
for the number of prescriptions dispensed, there was a
noticeable decrease. This is because dispensed prescrip-
tions increased at a faster rate than poisoning exposures.
This finding was consistent with other PIC studies in
which poisoning trends were correlated with the sale and
the availability of medications.'” The trend in poisoning
exposures appears to reflect overall medicine availability
in the community.

There has been increased recognition of the dangers
of ADHD medication in children, such as significant
neurological and cardiovascular effects including agita-
tion, tachycardia and hypertension. As such, in 2006 the
Australian guidelines were changed to advise against use
of ADHD medications in children under 6 years of age.'”
Only a small percentage of patients in this study were
prescribed the ADHD medication they were exposed to,
indicating broad adherence to guidelines. The majority
of poisoning exposures were accidental poisoning expo-
sures to medicines prescribed to sibling or other family
member. ADHD medication dispensing in older children
(5-19 years) increased by 30% per year between 2013
and 2019," consistent with our finding of increased use
overall. The increase in ADHD medication use is consis-
tent with previously described global,'® ' and Australian
trends.” ' 1

In this study apparent geographical variability was
identified, with rural and remote children being at
increased risk when compared with metropolitan chil-
dren. Children who lived in major cities in Australia
were less likely to have high rates of ADHD medication
poisoning exposures (4.01 poisoning exposures per
100 000 population per year) compared with people
who lived in inner regions (9.11 per 100 000) or outer
regions (26.63 per 100 000), and remote and very remote
areas (22.11 and 44.96 per 100 000, respectively). Other

studies have consistently shown higher overall ADHD
medication utilisation rates in rural and regional areas,
particularly in areas with greater socioeconomic disad-
vantage,” * as defined by the Australian government.*
Therefore, the geographical disparity observed in this
study is likely to be due to medication utilisation in
these communities.

This study has a number of strengths and limitations.
Strengths include having data from NSWPIC which is
Australia’s largest PIC, taking calls from members of
the public and healthcare professionals. In addition, we
were able to report on specific medications and details
on poisonings exposure characteristics. This level of
detail is not available in routinely coded hospitalisation
data. The main limitations of this study are its retrospec-
tive design and the lack of complete outcome data. In
addition, calls to the NSWPIC are voluntary, and thus,
this study likely underestimates the true frequency of the
ADHD medication poisonings. There may be bias in our
geographical analysis, as certain people may be more or
less likely to call PIC (eg, smaller/more remote hospitals
may be more likely to call PIC for advice). In addition,
the use of postcodes to code locations for child is based
on normal practice where ordinarily a child will attend a
hospital close to their home after a poisoning exposure,
and thus the ARIA score will be the same. We acknowl-
edge that this has limitations as it will underestimate the
number of remote children (as they are more likely to
travel to larger regions for hospital care). The geograph-
ical disadvantage may be even more pronounced than we
have identified.

It is also important to note that the PBS data used in
this study is at the population level, it includes the whole
Australian population (all age groups) and not just those
patients under 5 years of age. Therefore, when we adjusted
for overall ADHD medication use, the calculation makes
a broad assumption that trends in use in children are the
same for adolescents and adults, which may not be accu-
rate. Furthermore, our R/PBS analysis is limited by the
lack of capture of private dispensed prescriptions.

Arbaeen A, et al. BMJ Paediatrics Open 2022;6:001325. doi:10.1136/bmjpo-2021-001325 5



Rose Cairns http://orcid.org/0000-0002-8946-5079

CONCLUSIONS

Overall, the total number of ADHD medication poisoning
exposures increased in young Australian children, while
dispensing of these medications also increased; the rate
of dispensings increased more rapidly than the rate of
increase in the poisoning exposures. Trends with indi-
vidual agents differed, with methylphenidate and lisdex-
amfetamine use and poisoning exposures increasing
over time, while dexamphetamine poisoning exposures
decreased over the study period. Most poisonings were
from exposure to someone else’s medication, which
is consistent with these medications not being recom-
mended for patients in this age group. Many poisoning
exposures resulted in hospitalisation, indicating the need
for further poisoning prevention strategies in this area.

Twitter Abrar Arbaeen @aarb40, Nial J Wheate @NialWheate and Rose Cairns @
RoseFJCairns
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