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Abstract

The objective of the study was to compare the use of attention deficit hyperactivity disorder (ADHD) medication among
children and adolescents in Scandinavia 2010-2020. Using aggregated prescription data for individuals aged 5-19 years,
we calculated annual prevalence proportions of ADHD medication (users/1000 inhabitants) for each country, overall and
stratified by age and sex. Overall, use of ADHD medication increased during 2010-2020 in all countries. The increase was
pronounced in Sweden reaching 35 users/1000 inhabitants in 2020 (119% increase), whereas it reached 22/1000 in Denmark
and Norway (equivalent to a 38% and 16% increase, respectively). Methylphenidate was the most frequently used drug and
Sweden had the highest use reaching 25/1000 in 2020 compared to 16/1000 and 18/1000 in Denmark and Norway, respec-
tively. Lisdexamfetamine use increased steadily and was also highest in Sweden (13/1000 in 2020). In 2020, atomoxetine use
was higher in Sweden (4.6/1000) and Denmark (4.5/1000) compared to Norway (2.2/1000). From 2015, use of guanfacine
increased in Sweden reaching 4.4/1000 in 2020 but remained low in Denmark (0.4/1000) and Norway (0.7/1000). Use of
dexamphetamine was low (ranging from 0.47 to 0.75/1000 in 2020) in the three countries. ADHD medication use was highest
in Sweden across all age groups. In all countries, the prevalence was higher in males compared to females. In conclusion,
use of ADHD medication among children and adolescents in Scandinavia is increasing. The prevalence of use is higher in
Sweden for all drug groups compared to Norway and Denmark.
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Introduction

Attention deficit hyperactivity disorder (ADHD) is a fre-
quent childhood psychiatric disorder with an estimated over-
all prevalence of 5% among 617 year olds in Europe [1].
Medications to treat ADHD have proven efficient in reduc-
ing ADHD symptoms in numerous clinical trials [2]. For
the past decades, the number of children and adolescents
receiving treatment with ADHD medications has increased
worldwide, primarily due to an increase in the use of methyl-
phenidate [3, 4]. However, variations in the trends and in the
prevalence of ADHD medication use between the Scandi-
navian countries have been described [4, 5]. As an example,
from 2008 to 2012, the prevalence of ADHD medication use
remained rather stable in Norway while it showed a u-shaped
increase in Denmark (with a levelling off from 2010) and
a steady increase in Sweden. By 2012, the prevalence was
highest in Sweden [4].
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New pharmacological agents have continuously been
marketed and as of 2021, three acting centrally acting
stimulants (lisdexamfetamine, dexamphetamine, and meth-
ylphenidate) and two non-stimulants (atomoxetine and guan-
facine) are approved for treatment of childhood ADHD in
the Scandinavian countries. Methylphenidate is considered
first line pharmacological treatment in Sweden, while Nor-
wegian guidelines emphasize that choice of drug must be
made based on an individual evaluation of benefits and risks
[6, 7]. A recent Danish guideline recommends methylphe-
nidate, atomoxetine, lisdexamfetamine, or dexamphetamine
to children with major functional impairment based on an
individual evaluation [8]. However, reimbursement for atom-
oxetine, lisdexamfetamine, guanfacine, and dexamphetamine
requires that methylphenidate has proven insufficient or is
contraindicated rendering methylphenidate the most com-
mon first choice treatment [9].

Centrally acting stimulants, such as methylphenidate,
have the potential of leading to misuse and abuse. It is a
well-known phenomenon among students where stimulants
can be used to increase performance [10]. The introduction
of new pharmacological treatment options within recent
years might interfere with the utilization patterns. Care-
ful screening of the utilization trends with updated data
on ADHD medication use is needed to guide initiatives to
facilitate rational use of these drugs. Therefore, we aimed
to describe the trends in use of ADHD medications among
children and adolescents including age and sex differences
in Denmark, Norway, and Sweden between 2010 and 2020.

Methods

This study was a descriptive drug utilization study covering
the entire Scandinavian population aged 5-19 years from
2010 to 2020.

Data sources

We used information from the three publicly available
national prescription databases [11—13] that include infor-
mation on all prescribed drugs dispensed to individuals at
pharmacies. Drug information is coded according to the
Anatomical Therapeutic Chemical (ATC) classification
codes. The databases hold information on number of medi-
cation users each year according to sex and age. Information
on amount of drug dispensed, expressed in defined daily
doses (DDDs), was available in the Danish and Norwegian
database [11, 12]. Swedish data on amount of dispensed
drug in DDD for methylphenidate and atomoxetine was
obtained from the Swedish health authorities. DDD is a
unit of quantity defined by the World Health Organization
(WHO) [14].
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Study population and study medications

The study cohort constituted the entire population aged
5-19 years in Denmark, Norway, and Sweden between
January 1st 2010 and December 31st 2020. In the year
2020, the study population covered 3.75 million inhab-
itants [15]. Due to a very low prevalence of use among
patients 0—4 years of age (results not presented), this group
was not included in the study. We included the following
medications licensed for ADHD treatment in any of the
three countries: dexamphetamine (ATC NO6BA02), lis-
dexamfetamine (NO6BA12), methylphenidate (NO6BA04),
atomoxetine (NO6BAQ9), and guanfacine (C02AC02).
Further, ‘centrally acting sympathomimetics’ (NO6BA)
was analyzed as a group and termed ‘any ADHD medica-
tion’. NO6BA included the following drugs: amphetamine
(NO6BAO01), dexamphetamine, methylphenidate, lisdexa-
mfetamine, atomoxetine, modafinil (NO6BAQ7), and sol-
riamfetol (NO6BA14). Use of modafinil, amphetamine,
and solriamfetol among children and adolescents in the
three countries was negligible during the study period.
Methylphenidate is available in both extended and imme-
diate release formulations but a distinction between the
two was not possible in the data sources. An individual
was defined as a user if at least one prescription for any of
the medications listed above was filled within a given year.
If an individual filled a prescription for more than one of
the included medications, the individual was considered a
user of all the relevant medications. Some study medica-
tions were marketed later than January 1st 2010 and were
included in the analyses consecutively during the study
period. An overview of year of marketing authorization is
presented in supplementary (Table S1).

Analyses

We calculated the annual prevalence of use for each ADHD
medication in each country from January 1st 2010 to
December 31st 2020. In addition, the annual prevalence of
use of any ADHD medication was calculated. The number
of individuals aged 5-19 years in each country per year by
January 1st was used as the denominator. Further, for each
country, we stratified the annual prevalence of ADHD medi-
cation use by age groups (5-9, 10-14, and 15-19 years) and
sex, and calculated a male/female ratio for each age group.
The number of individuals in the relevant age and sex group
in each country per year by January 1st was used as the
denominator. For all analyses, the prevalence was presented
as the number of users per 1000 individuals.

We estimated the annual coverage of ADHD drug
treatment in Norway and Denmark by calculating (1) the
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annual mean amount of drug dispensed in DDDs per user
per day and (2) annual total amount of drug dispensed
in DDDs from 2010 to 2020 stratified by the five ADHD
medications. In addition, the analyses on amount of drug
dispensed in DDDs in 2020 were stratified by age groups
and sex. For Sweden, analyses on amount of drug dis-
pensed in DDDs were performed for methylphenidate and
atomoxetine only as the information was not available for
the other drugs.

All statistical analyses were performed using STATA
Release 17.0 (StataCorp, College Station, TX, USA).

Results

Use of ADHD medication 2010-2020

During the study period, use of ADHD medication increased
in all three countries. Sweden had the highest relative
increase (119%) from 16 users/1000 inhabitants in 2010 to
35/1000 in 2020. This was followed by Denmark (38% rela-
tive increase: from 16/1000 to 22/1000) and Norway (16%
relative increase: from 19/1000 to 22/1000) (Fig. 1).

The higher use of ADHD medication in Sweden com-
pared to Denmark and Norway applied to all age groups
except for atomoxetine among 15-19 year olds and dexam-
phetamine among 10-14 year olds, where use was slightly
higher in Denmark (Fig. 2). Male/female ratios, stratified
by ADHD medication, age groups and country, are pre-
sented for 2020 in supplementary (Fig. S1). Across ADHD
medications and countries, the male/female ratio was > 1
but the male/female ratio decreased with increasing age.
We observed no noticeable changes in the male/female ratio
across the study period (results not presented).

Use of all five individual ADHD medications increased
during the study period, however, most notably for
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methylphenidate and lisdexamfetamine (Fig. 1 and S2).
Methylphenidate was the most commonly used ADHD
medication during the study period and use increased in all
countries, most distinctly in Sweden (79% increase: from 14
users/1000 in 2010 to 25/1000 in 2020). In Norway, the prev-
alence of methylphenidate use was relatively stable across
the study period with a slight increase from 2019 (3.9%),
reaching 18/1000 in 2020. In Denmark, use of methylphe-
nidate decreased by 14% from 2012 to 2016 followed by an
increase of 16% reaching 16/1000 in 2020 (Fig. 1). There
was a low but increasing use of dexamphetamine (1514%
increase in Sweden, 14,225% in Denmark, and 117% in Nor-
way) in all countries during the study period (in 2020; Swe-
den 0.75/1000, Denmark 0.70/1000, and Norway 0.47/1000)
(Fig. S2). Following its introduction to the market, lisdexam-
fetamine use increased in all countries and in 2020, the use
was highest in Sweden (23,884% increase: 13/1000) com-
pared with Norway (2025% increase: 5.2/1000) and Den-
mark (758% increase: 5.0/1000) (Fig. 1). Atomoxetine use
was stable during the study period (2.0-2.2/1000) in Norway
but increased in Sweden (reaching 4.6/1000 in 2020 equiva-
lent to a 34% increase) and Denmark (reaching 4.5/1000 in
2020 equivalent to a 69% increase) (Fig. S2). Use of guan-
facine increased by 8952% from 2015 in Sweden reaching
4.4/1000 in 2020. In Denmark and Norway, guanfacine use
was low but increased (by 310% and 798%, respectively) to
0.45/1000 and 0.67/1000, respectively, in 2020 (Fig. S2).
Annual prevalence for Scandinavia in total is presented in
supplementary (Fig. S3).

Quantity of dispensed ADHD medication
The quantity of dispensed ADHD medication per user
per day during the study period is presented in Table 1.

The quantity of individually dispensed methylphenidate
decreased in all three countries from 2010 to 2020 (0.93 to
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Fig. 1 Annual prevalence proportion of methylphenidate, atomoxetine, lisdexamfetamine, guanfacine, and dexamphetamine use (per 1000 inhab-

itants) in Denmark, Norway, and Sweden
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Fig.2 Prevalence of ADHD medication use (per 1000 inhabitants) in 2015 and 2020 for methylphenidate, atomoxetine, lisdexamfetamine, guan-

facine, and dexamphetamine by country, age group and sex (note: vari

0.75 DDD/user/day in Sweden, 1.1 to 0.79 in Norway, and
1.1 to 0.91 in Denmark). For atomoxetine, the quantity dis-
pensed decreased slightly during the study period in Norway
and Sweden (from 0.39 to 0.31 and 0.36 to 0.34 DDD/user/
day, respectively) and increased slightly in Denmark (from
0.41 to 0.47 DDD/user/day). The quantity of dispensed
dexamphetamine decreased in Denmark (from 0.55 to 0.24
DDD/user/day) and Norway (from 0.67 to 0.32 DDD/user/
day). For lisdexamfetamine, DDD/user/day increased reach-
ing 0.94 in Denmark and 0.77 in Norway in 2020. A similar
trend was observed for guanfacine, where DDD per user per
day increased from 0.44 to 0.76 in Denmark and from 0.24
to 0.64 in Norway.

The quantity of dispensed ADHD medication stratified
by sex and age groups in 2020 is presented in supplemen-
tary (Table S2). Applying to all medications, males received
higher DDD/user/day as compared to females with two
exceptions in Norway: dexamphetamine among 10-14 year
olds and lisdexamfetamine among 5-9 year olds. DDD/user/
day was < 1 for dexamphetamine, atomoxetine, and guanfa-
cine for all age groups and sex. A similar trend was seen for
methylphenidate and lisdexamfetamine with few exceptions
among 15-19 year olds in Denmark.

Of all ADHD medications, methylphenidate was pre-
scribed in the largest quantity across the study period in

@ Springer

ation in x-axes)

Denmark and Norway (Fig. 3). However, its proportional
share of the total quantity of ADHD medication dispensed
decreased during the study period from 94 to 67% in Den-
mark and from 95 to 73% in Norway. The proportional share
of the total quantity of drug use accounted for by lisdexam-
fetamine increased in Denmark from 1.3% in 2013 to 21%
in 2020 and in Norway from 0.5% in 2014 to 21% in 2020
(Fig. 3). The proportional share of atomoxetine use was
larger in Denmark compared to Norway during the study
period (Fig. 3). This analysis was not conducted with Swed-
ish data as information on amount of dispensed drug was
available for methylphenidate and atomoxetine only, and not
for all ADHD medications.

Discussion

In this study, we found an increasing use of ADHD medi-
cation, especially methylphenidate and lisdexamfetamine,
among children and adolescents from 2010 to 2020 in the
three Scandinavian countries. In all three countries, methyl-
phenidate was the most frequently used ADHD medication,
but the extent and trend of use over time varied markedly
across the countries. The change in use of methylphenidate
was more pronounced in Sweden compared to Denmark
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Table 1 Quantity of ADHD medication use (DDD/user/day) in Denmark, Norway, and Sweden from 2010 to 2020

Denmark  Norway  Sweden  Denmark  Norway  Sweden  Denmark  Norway  Sweden  Denmark  Norway  Sweden  Denmark  Norway  Sweden
Methylphenidate

Year

Guanfacine

Atomoxetine

Lisdexamfetamine

Dexamphetamine

0.39
0.39
0.37
0.35
0.34
0.35
0.35
0.33
0.33
0.32
0.31

0.41
0.42
0.43
0.42
0.42
0.44
0.45
0.46
0.45
0.46
0.47

0.67
0.66
0.58
0.66
0.65
0.68
0.35
0.37
0.31
0.28
0.32

0.55
0.47
0.57
0.48
0.34
0.19
0.16
0.20
0.22
0.23
0.24

0.93
0.95
0.96
0.94
0.92
0.87
0.87
0.83
0.80
0.78
0.75

1.05
1.03
1.00
0.97
0.95
0.94
091
0.88
0.86
0.83
0.79

1.05
1.07
1.06
1.01
0.96
0.93
0.92
091
0.90
0.91
0.91

2010

2011

0.36
0.36
0.36
0.35
0.36
0.35
0.34
0.35
0.34

2012

0.41
0.74
0.95
0.98
0.98
0.95
0.97
0.94

2013

0.39
0.63
0.76
0.79
0.79
0.76
0.77

2014

2015

0.24
0.46
0.58
0.58
0.64

0.44
0.59
0.72
0.71
0.76

2016

2017

2018

2019

2020

Swedish data on DDD were only available for methylphenidate and atomoxetine

and Norway where we noticed less fluctuations over time.
Lisdexamfetamine use increased in all countries following
market approval, however, most notably in Sweden. There
were small but marked differences in the use of guanfacine
across the three countries, while use of dexamphetamine
and atomoxetine was low and stable in all countries. Across
all types of ADHD medication, Sweden had the highest use
during the last 5 years.

Following previous studies on use of ADHD medication
in the Nordic countries [4, 16, 17], we document a continued
increase in the use of ADHD medication among children and
adolescents in all Scandinavian countries throughout the last
decade. The trends in Scandinavia are thus in accordance
with those described in other countries, e.g., China [18].
However, in some countries the use of ADHD medication
has been found to be stable or even decreasing [19, 20].
We found that the variation in use of ADHD medication
between the Scandinavian countries persisted after 2012. In
Denmark, the use decreased from 2012 to 2016 after which
it increased. In Norway, it was stable but with an increasing
trend from 2019 to 2020. Lastly, in Sweden, the use was
stable from 2014 to 2018 but increased markedly afterwards.
While we have no possible explanations for the trends in the
use of methylphenidate in Norway and Sweden, the decreas-
ing use of methylphenidate in Denmark after 2012 could be
explained by an increased attention towards the risk/benefit
profile of methylphenidate in adults [21] and a discussion in
lay-media of potential adverse events associated with long-
term treatment [22].

Guanfacine, dexamphetamine, and lisdexamfetamine
were approved for treatment of ADHD during the study
period and use increased following their market approval,
particularly in Sweden. In Denmark and Norway, where
information on amount of dispensed drug in DDDs was
available, lisdexamfetamine seemed to have increased its
share of the total drug use at the expense of methylphe-
nidate. For guanfacine and dexamphetamine, we observed
use before the marketing authorization, which is possibly
explained by compassionate use permits and use of drugs
produced at pharmacies, i.e., magistral medicinal products.
When interpreting the results, it should be kept in mind that
the date of market approval does not necessarily coincide
with January 1 of the relevant year. Data coverage on mag-
istral medicinal products is not complete and, therefore, the
extent of use before authorization is unknown. Hence, the
presented results prior to approval should be interpreted with
caution.

The Scandinavian countries’ healthcare legislations,
standards of living, and economic situations are rather
similar and the persisting national variation in use of
ADHD medication is thus surprising. However, variation
in ADHD medication use could reflect national differences
in the prevalence rates of ADHD. Up to 4.3% and 1.7% of

@ Springer
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Fig.3 Total amount of ADHD
medication (measured as total
amount of dispensed DDDs)
used annually from 2010 to
2020 in Denmark and Norway
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all 6-17-year-old Norwegian boys and girls were regis-
tered with a diagnosis of ADHD from 2008 to 2013 [23].
In Denmark, the number of children diagnosed with ADHD
reached 2% in 2016 [24]. The Swedish National Board of
Health and Welfare estimated that 9% of boys and 4.5% of
girls had an ADHD diagnosis in 2020 [17]. Hence, a higher
prevalence of children with severe ADHD in Sweden could
explain our results, but methodological differences in the
existing literature challenges direct comparison of ADHD
prevalence rates between the Scandinavian countries.

As suggested in previous studies [25, 26], it is possible
that the variation in use of ADHD medication is caused by
differences in the availability of mental health care special-
ists. A study from 2020 found that the number of child and
adolescent psychiatrists per inhabitant was approximately
twice as high in Sweden compared to Denmark and Norway
[27]. Further, differences in prescribing practices, treatment
duration, and the extent of non-pharmacological interven-
tions across countries could account for the observed dif-
ferences. It is possible that patients with ADHD who have
easier access to mental health care, more frequently switch
to another ADHD medication. This would lead to a higher
prevalence in use of the different ADHD medications. The
observed higher use of second-line treatments like lisdexa-
mfetamine and guanfacine in Sweden could support this
assumption. In addition, Swedish patients seem to receive
ADHD treatment for longer time periods compared to recent
years [17]. If this change is not paralleled in Denmark and
Norway, it could contribute to a relatively higher prevalence
of use in Sweden. Given the rather homogenous popula-
tions and the observed variation in ADHD medication use
across the Scandinavian countries, future studies should aim
to unfold the reasons for these variations.

In general, there was a higher use of ADHD medication
among males compared to females and a decreasing male/
female ratio with increasing age in all three countries. This
is in accordance with previous findings and knowledge
on diagnostic patterns [3, 5, 28] and reflects that ADHD

@ Springer

T T T T T T T T T T T
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

T T T T T T T T T T T
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Atomoxetine == | isdexamfetamine

Dexamphetamine

is diagnosed more often in males compared to females
[29]. The decreasing male/female ratio with increasing age
might reflect that females are diagnosed with ADHD later
than males which is also supported by previous research
[30]. No significant differences between the countries
were observed. Applying to all ADHD medications, males
received higher DDD/user/day compared to females. This
suggests that males received higher doses or were treated
for longer periods, which could reflect higher severity or
more extrovert symptoms (e.g., hyperactivity).

Important strengths of the study comprise use of three
complete nationwide study populations with publicly
available data which eliminates selection and recall bias.
The study had several limitations. The analyses were based
on filled prescriptions as proxies for use of ADHD medica-
tion, however, it is unknown whether the patients actually
consumed the medication. Further, aggregate-level data
does not provide information on duration of treatment.
Previous data have shown that up to 12.6% of ADHD med-
ication users only fill a prescription once [31], and, there-
fore, the prevalences reported in this study are most likely
an overestimate of the number of users in actual treat-
ment with ADHD medication. No information on treat-
ment indication was available and it is possible that some
patients received their medication due to, e.g., narcolepsy.
However, as the prevalence of narcolepsy is low among
children, we suspect this to be a minor issue. In addition,
we were unable to discriminate between prevalent and
incident users and information on amount of dispensed
drug in DDDs was not available for all medications in
Sweden. Lastly, the Scandinavian countries have national
clinical guidelines that are quite similar regarding phar-
macological treatment of ADHD and all emphasize the
importance of non-pharmacological interventions [6—8].
Our study did not investigate the extent of psychological
or educational initiatives targeted towards subjects with
ADHD, and national variation in non-pharmacological
treatment interventions might explain our results.
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Conclusion

The use of ADHD medication is still increasing among chil-
dren and adolescents in the Scandinavian countries and clear
differences in use exist, with Sweden having the highest use
of all five ADHD medications. Methylphenidate is the most
frequently used medication and use of lisdexamfetamine is
increasing across all countries.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00787-022-02034-2.
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