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Abstract

Objective: The purpose of this study was to estimate the prevalence and time trends in prescriptions of methylphenidate,
dexamphetamine, and atomoxetine in children and adolescents, within three diagnostic groups: 1) autism spectrum disorder
(ASD), 2) attention-deficit/hyperactivity disorder (ADHD), and 3) other psychiatric disorders.

Methods: Data from six different national registers were used and merged to identify a cohort of all children and adolescents
born in Denmark between 1990 and 2001 (n=852,711). Sociodemographic covariates on cohort members and their parents
and lifetime prescriptions of methylphenidate, dexamphetamine, and atomoxetine were extracted from the registers. Pre-
scriptions were also stratified by duration (<6 months. vs. 26 months).

Results: Sixteen percent of 9698 children and adolescents with ASD (n=1577), 61% of 11,553 children and adolescents with
ADHD (n=7021) and 3% of 48,468 children and adolescents with other psychiatric disorders (n = 1537) were treated with one
or more ADHD medications. There was a significant increase in prescription rates of these medications for all three groups.
From 2003 to 2010, youth 613 years of age with ASD, ADHD, and other psychiatric disorders had 4.7-fold (4.4-4.9), 6.3-
fold (6.0-6.4), and 5.5-fold (5.0-5.9) increases, respectively, in prescription rates of ADHD medications.

Conclusion: This is the largest study to date assessing stimulant treatment in children and adolescents with ASD, and is the first
prospective study quantifying the change over time in the prevalence of treatment with ADHD medications in a population-based
national cohort of children and adolescents with ASD. The prevalence of stimulant treatment in youth with ASD of 16% is
consistent with earlier studies. The past decade has witnessed a clear and progressive increase in the prescription rates of medications
typically used to treat ADHD in children and adolescents in Denmark. This increase is not limited to only those with ADHD,
but includes others with neuropsychiatric disorders, including ASD. The risks and benefits of this practice await further study.

Introduction

PRESCRIPTION RATES OF STIMULANTS and other pharmacological
agents for treating patients with attention-deficit/hyperactivity
disorder (ADHD) have increased tremendously over the last decade
(Bruckner et al. 2012). This increase has been noted worldwide, but
the largest increase has been in some areas of the United States,
where up to 5% of school-aged children are prescribed medications
for ADHD (Zuvekas et al. 2006; Castle et al. 2007; Oswald and
Sonenklar 2007,). Although the use of ADHD medications is

generally lower in the European countries than in the United States,
the same trend with increased number of prescriptions has been
documented in The Netherlands, Denmark, and Spain (Hodgkins
et al. 2011; Pottegard et al. 2012; Treceno et al. 2012).

In addition, clinicians are now increasingly prescribing these
medications to treat children with other psychiatric disorders. For
example, in clinical samples, 30-85 % of children and adolescents
with pervasive developmental disorder (PDD) or autism spectrum
disorder (ASD) also exhibit some of the core symptoms of ADHD;
namely, hyperactivity, inattention, and impulsivity (Rommelse
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et al. 2010). Some of the first reports on the use of Benzedrine re-
ported benefits in children with a variety of psychiatric diagnoses
(Bradley 1937). Clinicians face the challenge of treating these im-
pairing symptoms, and there is some evidence to suggest that psy-
chostimulants can be efficacious in the short-term treatment of
ADHD-like symptoms, particularly symptoms of hyperactivity and
impulsivity in individuals with ASD (Aman and Langworthy 2000;
Research Units on Pediatric Psychopharmacology [RUPP] Autistic
Disorder Network 2005; Posey et al. 2007; Aman et al. 2008). Pre-
vious studies on the prevalence of ADHD medication in clinical
samples of children with ASD have been limited by small sample size
(Martin et al. 1999; Frazier et al. 2011; Memari et al. 2012) or sig-
nificant selection bias and the use of unvalidated parent-reported di-
agnoses in online surveys (Witwer and Lecavalier 2005; Green et al.
2006; Rosenberg et al. 2010). The present study is the first population-
based study to report on the prevalence of stimulant treatment in
children and adolescents with ASD and the change in prevalence over
time. The objective of the study is to describe 10 year trends in ADHD
medication prescriptions for children and adolescents with ADHD,
ASD, and other psychiatric disorders, using national registry data.

Methods

This study utilizes data from a number of nationwide Danish
registers using the unique personal identification number as a key
identifier to combine data across a number of national registers.

Participants

Data from the Danish Civil Registration System (CRS) (Ped-
ersen et al. 2006) was used to identify a cohort of all children and
adolescents born in Denmark between 1990 and 2001 (n=852,711)
and their parents. All of the subjects in this cohort were followed
prospectively from birth until date of death or December 31, 2010,
whichever came first. Within this birth cohort, we identified all who
had received any psychiatric International Statistical Classification
of Diseases and Related Health Problems, 10th revision (ICD-10)
(World Health Organization 1993) clinical diagnosis (any F-diag-
nosis) in either the Danish Psychiatric Central Register (DPCR)
(Munk-Jorgensen and Mortensen 1997) or the Danish National
Hospital Register (DNHR) before December 31, 2010. Based on
these data, we defined three mutually exclusive groups of patients:
1) ADHD (may have been diagnosed with other psychiatric dis-
orders, but never ASD), 2) ASD (may also have been given a
diagnosis of ADHD or other psychiatric disorders at some point),
and 3) Other psychiatric disorders (never ADHD or ASD). All
major and comorbid diagnoses were included. Group 1) ADHD
(n=11,553) included the ICD-10 codes F90.0, F90.1, F90.8, or
F90.9 (hyperkinetic disorder), group 2) ASD (n=9698) included
the codes F84.0, F84.1, F84.8, or F84.9 (pervasive developmental
disorder) and group 3) other psychiatric disorders (n=48,468) in-
cluded codes for any other F-diagnoses.

Data on prescriptions

For all participants in the three study groups, data on prescriptions
for all drug purchases recorded in the Danish Register of Medical
Product Statistics (DRMPS) were included in the data set. Data on
prescriptions for each proband were included from the birth of the
subject until date of that person’s death, or December 31, 2010,
whichever came first. For this study, ADHD pharmacological treat-
ment was defined as purchase of a drug containing dexamphetamine
(anatomical therapeutic chemical [ATC]-code NO6BAQ2), methyl-
phenidate (NO6BA04), or atomoxetine (NO6BAQ9).
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Baseline characteristics of the study population

Data on baseline variables measured at the time of the subject’s
birth included early measures of perinatal and child health (e.g.,
length of gestation, birth complications, birth weight, 5 min Apgar
score, number of injuries before the age of 5). We also ascertained
the presence of comorbid psychiatric disorders and mental retar-
dation. The baseline characteristics of the subjects included in this
study are shown in Table 1. The study also includes data concerning
any psychiatric diagnoses in parents, and parental age.

Statistics

Descriptive analyses were performed for each of the three diag-
nostic groups (ADHD, ASD, and other psychiatric disorders) on the
prevalence of ADHD medication for each of the 12 birth cohorts
(1990-2001) separately, in 1 year age bands. For each 1 year age band
from age 4 to 20 years, the prevalence of ADHD medication in one
birth cohort was compared with the preceding birth cohort. By col-
lapsing the birth cohorts and dividing cohort members into three
different groups (age 6-9, age 10-13, and age 14-17) the article also
includes descriptive analyses of prevalence in calendar time; that is,
yearly point prevalence of ADHD medication during the period
1999-2010 for each of the three diagnostic groups. The yearly
prevalence was calculated by dividing the summed number of youth
treated with the total number of youth in the cohort, each year. Test of
differences in prevalence between one age cohort and the previous
cohort, tests of mean differences in the prevalence of ADHD medi-
cations among the three diagnostic groups, and mean differences in
doses among the three diagnostic groups were calculated using
ANOVA F test, applying a 5% significance level. In testing for group
differences, the likelihoods of ADHD treatment odds ratios (OR) were
calculated, with 95 % confidence intervals. The statistical package
SAS 9.2 was used in the analyses (SAS Institute Inc. 2000). The study
was approved by the Danish Psychiatric Central Register (7-505-29-
1470/1) and by the Danish Data Protection Agency (2010-41-4766).

Results

In the total sample of 852,711 born between 1990 and 2001 in
Denmark, 13,312 children and adolescents had received ADHD
medication for at least 6 months prior to 2010. This corresponds to a
total population prevalence rate of 1.56 % in those 0-20 years of age.
The mean age at initiation of treatment in this group was 11.90 years
(SD=3.35). A total of 69,719 children and adolescents had a clinical
diagnosis of ADHD, ASD, or another psychiatric disorder (corre-
sponding to an 8.2 % prevalence of psychiatric disorders), and 14.5 %
of them had received ADHD medication for at least 6 months.

Children and adolescents with ADHD were more likely to be
treated with methylphenidate, dexamphetamine, or atomoxetine
than were those with ASD (OR=8.0; 7.5-8.5) or another psychi-
atric disorder (OR =47.3; 44.4-50.4).

The distribution of the other psychiatric disorders (not ADHD or
ASD) in children and adolescents in treatment with ADHD medi-
cation is shown in Table 2.

The highest prevalence of ADHD medication in those with
ADHD and ASD was found in the age group 10-13 years. In youth
with other psychiatric disorders, the highest prevalence of ADHD
medication was found in the age group 14-17 years. The preva-
lence of treatment with ADHD medications among the three dif-
ferent diagnostic groups over time is shown in Figure 1 (ASD),
Figure 2 (ADHD), and Figure 3 (other psychiatric disorders), di-
vided into three age groups (age 6-9, age 10-13, and age 14-17).
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TABLE 1. BASELINE CHARACTERISTICS OF THE THREE STUDY GROUPS (MUTUALLY EXCLUSIVE):
YouTH wWiTH ADHD, ASD AND OTHER PSYCHIATRIC DISORDERS

ADHD diagnosis

ASD diagnosis Other psychiatric diagnoses®

(n=11,553) (n=9,698) (n=48,468)

Variable® n % n % n %
Child:
Gender (male) 8,961 78% 7,127 80% 24,425 50.4%
Gestation length (weeks)® 39.3 (2.3) 39.5 2.1) 394 (2.1)
5-minute Apgar score® 9.78 (1.0) 9.78 (1.0) 9.78 (1.0)
Birth weight

Less than 1,500 g 167 1.5% 106 1.1% 513 1.1%

1,500-2,500 g 679 6.2% 482 5.2% 2,591 5.7%

Above 2,500 g 10,181 92.3% 8,667 93.7% 42,748 93.2%
Complications at birth 2,754 23.8% 2.598 26.8% 7,996 16.5%
Mental retardation 568 4.9% 1,256 13.0% 2,020 4.2%
Number of psychiatric disorders® 2.3 4.3) 2.8 4.3) 2.8 3.9)
Number of injuries before age 5° 1.0 (1.5) 0.8 (1.3) 0.7 (1.2)
Parents:
Mother’s age at childbirth® 27.9 (5.2) 29.3 5.0) 28.4 6.1
Father’s age at childbirth® 30.9 6.1) 32.3 (6.2) 314 (6.1)
Mother any psychiatric diagnoses 1087 9.4% 691 7.1% 3,745 7.7%
Father any psychiatric diagnoses 893 8.2% 557 6.0% 2,745 5.9%

“Any psychiatric diagnoses, but never ADHD or ASD.
"Baseline characteristics measured at child birth.
“Mean and (standard deviation).

ADHD, attention-deficit/hyperactivity disorder; ASD, autism spectrum disorder; ns, non-significantly different.

In the total population, there was a 5.8-fold increase (5.6-5.9) in
the number of children and adolescents ages 6—13, who were
treated for at least 6 months with ADHD medications. From 2003 to
2010, youth ages 6—13 with ASD, ADHD, and other psychiatric
disorders had a 4.7-fold (4.4-4.9), 6.3-fold (6.0-6.4), and 5.5-fold
(5.0-5.9) increase in prescription rates of ADHD medications, re-
spectively.

Medication in youth with ADHD

Within this cohort, 11,553 were diagnosed with ADHD. Of
these, 61% (n=7021) were treated with ADHD medications, cor-
responding to a 0.82% prevalence of treatment in the total popu-

TABLE 2. DISTRIBUTION OF OTHER PSYCHIATRIC DISORDERS
IN YOUTH IN TREATMENT WITH ADHD MEDICATION®

n Percentage
Other behavioral and emotional 353 23.0
disorders in childhood

Other psychiatric disorders 333 21.7
Anxiety disorders 229 14.9
Other developmental disorders 176 11.5
Tic disorders 126 8.2
ODD/CD 115 7.5
Substance use disorder 102 6.6
Attachment disorders 59 3.8
Affective disorder 44 2.9

1537 100.0

“Methylphenidate, dexamphetamine and/or atomoxetine.
ADHD, attention-deficit/hyperactivity disorder; ODD/CD, oppositional
defiant disorder/conduct disorder.

lation. Table 3 shows the prevalence of ADHD medication for each
birth cohort, divided into 1 year age bands. Throughout the ob-
servation period, there was an overall significant increase in pro-
pensity of ADHD treatment each year. During the last 2 or 3 years
of observation, there was a significant increase each year as com-
pared with the previous year in the majority of cohorts.

Medication in youth with ASD and other
psychiatric disorders

Of 9698 subjects diagnosed with ASD in this cohort, 16% were
treated with ADHD medications, corresponding to a 0.18 % pop-
ulation prevalence of treatment (n=1577). Among 48,468 youth
with other psychiatric disorders, 3% were treated with ADHD
medication. Table 4 shows the prevalence of ADHD medication in
subjects with ASD for each birth cohort, divided into 1 year age
bands and Table 5 shows the prevalence of ADHD medication in
subjects with other psychiatric disorders. There was a clear and
significant overall increase in propensity of ADHD treatment in
both groups (ASD and other psychiatric disorders) throughout the
observation period for each birth cohort, but the year-to-year in-
crease was rarely statistically significant.

Mean age at initiation of ADHD medication in subjects with
ASD was 10.9 years (SD 3.0), significantly younger than the age of
11.6 years (SD 3.2) for subjects with ADHD (Z=17.1, p<0.0001),
who in turn were significantly younger than those with other psy-
chiatric disorders with a mean of 13.3 years (SD 3.5) (Z=33.4,
p<0.0001).

Discussion

Overall, we found a clear increase in the prevalence of ADHD
medication in youth with ADHD, ASD, and other psychiatric
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FIG. 1. Prevalence of treatment with attention-deficit/hyperac-

tivity disorder (ADHD) medication (methylphenidate, dex-
amphetamine and/or atomoxetine) over time, in youth with autism
spectrum disorder, with 95% confidence intervals. ADHD, attention-
deficit/hyperactivity disorder; ASD; autism spectrum disorder. A
color version of this figure is available in the online article at www
liebertpub.com/jcap
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FIG. 2. Prevalence of treatment with attention-deficit/hyperac-
tivity disorder (ADHD) medication (methylphenidate, dex-
amphetamine and/or atomoxetine over time), in youth with
ADHD, with 95% confidence intervals. ADHD, attention-deficit/
hyperactivity disorder. A color version of this figure is available in
the online article at www.liebertpub.com/jcap
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FIG. 3. Prevalence of treatment with attention-deficit/hyperac-
tivity disorder (ADHD) medication (methylphenidate, dex-
amphetamine and/or atomoxetine) over time, in youth with other
psychiatric disorders, with 95% confidence intervals. ADHD, at-
tention-deficit/hyperactivity disorder. A color version of this fig-
ure is available in the online article at www .liebertpub.com/jcap

TABLE 3. PERCENTAGE OF CHILDREN AND ADOLESCENTS WITH A CLINICAL D1AGNosIs OF ADHD IN TREATMENT WITH ADHD MEDICATION® (N=11,553)

Age

All

11 12 13 14 15 16 17 18 19 20

10

Birth cohort

0.57
0.66
0.77
0.85
0.90
0.97
0.93
0.91
0.92
0.96
0.76
0.65

0.31

0.29
0.35

0.24
0.38
0.44

0.18
0.33
0.46
0.60

0.18
0.23
0.39
0.58
0.73

0.15
0.22
0.30
0.51
0.63
0.81

0.15
0.18
0.26
0.35
0.52
0.71
0.80

0.13
0.15
0.23
0.31
0.35
0.59
0.70
0.82

0.12
0.13
0.19
0.25
0.29
0.43
0.54
0.69
0.81

0.09
0.13
0.13
0.18
0.21
0.34
0.38
0.53
0.70
0.90

0.07
0.09
0.11
0.12
0.16
0.25
0.31
0.36
0.49
0.69
0.71

0.04
0.06
0.07
0.07
0.09
0.15
0.20
0.22
0.29
0.44
0.50
0.64

0.02
0.03
0.04
0.04
0.06
0.07
0.10
0.14
0.18
0.25
0.30
0.38

0.01
0.02
0.02
0.02
0.03
0.03
0.03
0.05
0.08
0.14
0.14
0.17

0.00
0.01
0.01
0.00
0.01
0.01
0.01
0.02
0.03
0.04
0.05
0.06

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.02

1990
1991

0.00
0.00
0.00

0.

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

00
00
00
00

0.

0.

0.

0.00
0.00

0.00
0.

00

0.32 031 0.82

4.41

0.35
19.82

0.40
56.82

0.43
90.96

0.44
106.55

0.43
111.47

0.41
116.96

0.38
116.04

0.36
148.06

0.30
128.25

0.23
119.45

0.13
73.29

0.06
37.98

0.02
11.56

0.00
5.70

0.00
2.02

All cohorts
F test

0.036

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.027

p value

Bold letters indicate significantly different from the previous cohort (5% significance level).

“Methylphenidate, dexamphetamine and/or atomoxetine.
ADHD, attention-deficit/hyperactivity disorder.
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disorders over the past decade. The increase was highest in patients
with ADHD, and we found a significant yearly increase during the
last 3 years of our observations in the period from 2008 to 2010 in
this group.

Sixty-one percent of the children and adolescents with a clin-
ical diagnosis of ADHD were prescribed one or more of these
medications during follow-up. This proportion is lower than in
United States samples (Rowland et al. 2002; Sclar et al. 2012), but
is similar to what has been reported in the Scandinavian countries
(Zoega et al. 2011) and other European countries (Wittchen et al.
2011). We also found that 16% of youth with ASD were treated
with ADHD medications. This is consistent with some of the
previous studies estimating a prevalence of stimulant treatment of
14-33% of children with ASD (Martin et al. 1999; Rosenberg
et al. 2010; Frazier et al. 2011; Memari et al. 2012). Martin et al.
found that 20% of 109 children and adolescents with ASD from a
clinical sample were treated with stimulants (Martin et al. 1999).
Rosenberg et. al. assessed parent-reported diagnoses and phar-
macological treatment and found that 15% of 5181 children di-
agnosed with ASD were treated with ADHD medications
(Rosenberg et al. 2010). Although the sample size in the Rosen-
berg study came close to that in our study, the ascertainment
procedures were quite different. The Rosenberg study assessed an
online database, to which parents voluntarily report diagnoses and
treatment, and the information provided in the database was not
validated and participation may have been skewed and prone to
selection bias. For example, parental reporting did require access
to a computer and the Internet. In a study from Iran, Memari et al.
assessed 345 children, validated the ASD diagnoses, and found
that 14% were treated with stimulants. Witwer and Lecavalier
recruited 353 children with parent-reported ASD and found that
24% had been treated with stimulants within the preceding 12
months (Witwer and Lecavalier 2005). In a smaller study of
students in special education, Frazier et al. found that 33% of 290
children with ASD and ADHD received stimulant treatment
compared with 44% of 520 children with ADHD without ASD,
and 6% of children with ASD without ADHD. However, the study
did not examine the change in prevalence of treatment over time
(Frazier et al. 2011). In a study by Green et al., two ASD patient
organizations distributed a web-based survey to parents (Green
et al. 2006). Diagnoses were not validated, only children receiv-
ing at least one treatment were included, and >25% of the sub-
mitted surveys were excluded because of missing data. Of the
included 552 children, 50% were given pharmacological treat-
ment, but the prevalence of stimulant treatment was not reported.
Population surveys in the field are often limited by large attrition
rates of >50% (Aman et al. 2005).

Patients with ASD and impairing ADHD symptoms may be
excluded from receiving adequate treatment in countries where
reimbursement is based on the current American Psychiatric As-
sociation, Diagnostic and Statistical Manual of Mental Disorders
(DSM) system, because ASD is an exclusion criterion when mak-
ing a diagnosis of ADHD. In contrast, children with ASD and
comorbid ADHD can have reimbursements in Denmark. In both
ICD-10 and American Psychiatric Association, Diagnostic and
Statistical Manual of Mental Disorders, 4th ed. (DSM-1V), ful-
filling criteria for ASD is an exclusion criterion for ADHD
(American Psychiatric Association 1994). This criterion will most
likely be changed with the fifth revision of the DSM, as ADHD is
shown to be one of the most frequent comorbid conditions in
children with PDD (American Psychiatric Association 2012;
Dalsgaard 2012).
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Despite a substantial increase in prescriptions of ADHD
medications for children and adolescents in Denmark during the
past 10 years, the prevalence of ADHD medication in the
present study is lower than in many other Western countries. In
Denmark, ADHD pharmacological treatments in youth can only
be initiated by physicians authorized by The Danish Medical
Board as specialists in child and adolescent psychiatry, psy-
chiatry, paediatrics, or neurology (National Board of Health
2007, 2008). Youth can be assessed and treated by such a
specialist either at a hospital department or in a private practice.
General practitioners (GP’s) can perform follow-up of these
patients in shared-care models, but they are not licensed to
initiate ADHD treatment. This may in part explain the lower
prevalence of ADHD pharmacotherapy in Denmark found in the
present study (Dalsgaard et al. 2012).

In this study, we have only examined the use of ADHD medi-
cations for the three groups of patients. Some of these patients may
have been given other pharmacological agents.

In this nationwide sample, the overall prevalence of ADHD
medication (treatment for at least 6 months) was 1.56%, which
means that ~ 50% of the children and adolescents with the disorder
are currently treated in Denmark, as the estimated prevalence of
ADHD is 3-5%, according to DSM-IV. There has been a tremen-
dous increase worldwide in the number of children given ADHD
medication, as our study also shows.

We found that the highest prevalence of ADHD medication in
children with ADHD was in the group 10-13 years of age. This is
most likely because children from the earlier cohorts are diagnosed
later than the ones from later cohorts. In the mid 1990s, fewer were
diagnosed, especially adolescents, and the ones from the earlier
cohorts with ADHD were diagnosed later.

We also found significant age differences among the three di-
agnostic groups, with children with ASD starting pharmacological
treatment for ADHD symptoms at a younger age than children with
ADHD without ASD. Children with psychiatric disorders other
than ADHD and ASD were significantly older when treated than
were those in the two other groups. These age differences most
likely reflect the fact that symptoms of ASD emerge at a very young
age, symptoms of ADHD emerge a little later, and the other psy-
chiatric disorders are less specific and, therefore, are referred for
psychiatric assessment when the patient is older.

As with other registry-based studies, our study has limitations.
Diagnoses in the registers are clinical diagnoses, not the result of a
systematic well-described uniform psychiatric assessment.

Conclusion

This is the first population-based study to report on the increase
in prevalence of stimulant treatment in children and adolescents
with ASD, ADHD, and other psychiatric disorders. We show that
there has been an almost fourfold increase in prescription rates of
ADHD medications, specifically for children and adolescents with
ASD, in Denmark over the past decade, and that 16% of all youth
with a clinical diagnosis of ASD were treated with ADHD medi-
cations in 2010. This prevalence is comparable to the lower prev-
alence found in previous smaller studies. The population
prevalence of children and adolescents treated with ADHD medi-
cations for at least 6 months was 1.56% in 2010.

Clinical Significance

The increasing prescription rates of ADHD medications for
youth with ASD should be viewed in context of the limited
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evidence for efficacy in this population of patients. This un-
derscores the need for future research examining the safety and
long-term benefits of stimulant medication among children and
adolescents with ASD.
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