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Abstract

Studies from different countries showed increasing use of antipsychotics in pediatric patients. However, these
studies were methodologically limited and could not assess underlying diagnoses and off-label use sufficiently.
This is the first study to examine antipsychotic prescriptions in a representative sample of minors over a long
period, looking at changes regarding substances and drug classes, underlying diagnoses, and the rate of off-label
use.

Claims data of about two million pediatric subjects were used to calculate annual prevalences and incidence rates
of antipsychotic prescriptions for the years 2004 to 2011. Analyses were stratified by sex, age, and drug type.
Numbers of prescriptions, frequencies of diseases/disorders, the prescribing physicians’ specialties, and the share
of off-label prescriptions were examined.

During the study period, the prevalence of antipsychotic prescriptions ranged between 2.0 and 2.6 per 1,000
minors. Antipsychotic prescriptions in children younger than six years decreased from 2.42 per 1,000 subjects in
2004 to 0.48 in 2011. Among antipsychotic users, 47.0% had only one prescription and hyperkinetic disorder
was by far the most frequent diagnosis. The annual share of off-label prescriptions varied between 61.0 and
69.5%.

Antipsychotics were mainly prescribed to manage aggressive and impulsive behaviors in hyperkinetic disorder
patients. This explains the high share of off-label prescriptions but raises concerns since efficacy and safety of
antipsychotics in this indication have not been sufficiently investigated. The decreasing antipsychotic use in
younger children and the high proportion of antipsychotic users with one-time prescriptions are striking and

should be further investigated in the future.
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Introduction

Antipsychotics (APs) are frequently used for the treatment of mental and behavioral disorders like schizophrenia
and bipolar disorder, and especially for treating hallucinations and delusions. Because of their sedative effects,
APs are also used to treat sleep disorders, anxiety disorders, and restlessness and agitation. Based on their
mechanisms and effects, they can be categorized into typical (first generation/conventional) and atypical (second
generation) APs [1].

Typical APs can cause anticholinergic and extrapyramidal side effects, including tardive dyskinesia that can
persist for years after therapy discontinuation. These adverse events might also appear under treatment with
atypical APs, although to a lesser extent. In addition, atypical APs may cause marked weight gain and
hyperlipidemia, possibly resulting in metabolic syndrome [1, 2]. So far, there is only limited knowledge about
the safety and effectiveness of AP use in pediatric patients [3, 4]. Some evidence even suggests that children are
at higher risk for some adverse events like extrapyramidal and metabolic side effects than adults [5].

Despite that, studies from different countries observed increasing AP use in young patients [6-15]. However,
studies so far were methodologically limited because of small sample sizes [7, 9-12, 14-16], short observation
periods [13, 15, 16], or restrictions to specific agents [13] or to patients with specific conditions [8]. For
Germany, only one recent study investigated pediatric AP use over a longer time period [6]. The authors
observed an increase of AP prescriptions in patients aged 0-19 years from 2.3 to 3.2 per 1,000 subjects between
2005 and 2012, with increasing use of atypical and slightly decreasing use of typical APs. However, since this
study was based on data from just one statutory health insurance (SHI) provider, known to include individuals
with an on average higher socioeconomic status, the results might not be representative [17]. Besides, underlying
diagnoses and off-label use were not assessed.

Off-label use of drugs, which is associated with an increased risk of inadequate dosing and adverse events [18,
19], is common in pediatric patients due to lacking regulatory approvals for this population. So far, little is
known about the extent of off-label AP use in minors. Previous studies, which showed strongly varying rates of
off-label use between 36 and 93%, were often limited by small sample sizes or did not factor in all types of off-
label use but were restricted to off-label use by age and/or off-label use by indication but did not consider off-
label use by contraindication [20].

To our knowledge, this is the first study examining pediatric AP use in a representative sample of minors over a
long observation period, covering a wide range of substances and investigating off-label use. In detail, we assess
a) annual prevalence and incidence rates (IR) of AP prescriptions in subjects aged 0-17 years from 2004 to 2011,

stratified by age, sex, and type of drug, b) the number of prescriptions per patient, c¢) diagnoses of AP users, and



d) the extent of off-label use.

Methods

Data source

Data from three SHI providers which are part of the German Pharmacoepidemiological Research Database
(GePaRD) were used for this study. GePaRD contains information on demographics, hospitalizations, diagnoses,
and outpatient prescriptions [21]. Diagnoses are coded according to the International Classification of Diseases,
10™ Version, German Modification (ICD-10-GM). Hospitalization data include admission and discharge dates
with corresponding diagnoses. Outpatient care data include drug prescriptions and diagnoses. Outpatient
prescription data contain the defined daily dose and the Anatomical Therapeutic Chemical (ATC) code of the
drugs, information on the prescribing physician's specialty, and the dates of prescription and pharmacy
dispensation. GePaRD is representative for the German population regarding age, sex, region of residence, drug

use, and number of hospital admissions [22, 23].

Study Design

The study population included individuals aged 0-17 years between 2004 and 2011 (all years for which data
were available at the time of the study). We used a cross-sectional design to examine the annual prevalence of
outpatient AP prescriptions. Minors with continuous insurance time a) during the whole respective study year, or
b) from birth in the study year until the end of the study year, or c¢) from birth in the study year until death in the
same year, or d) from the start of the study year until death in the same year, were included.

A cohort design was used to examine annual IRs of AP prescriptions for the years 2005 to 2011. Before January
1 of the respective study year, all individuals except newborns had to have 12 months of continuous insurance
coverage without AP prescriptions (or without prescriptions of the specific drug class for the analyses stratified
by drug class). Subjects with an AP prescription in the year after this baseline period were categorized as
incident. Individuals entered the cohort on January 1 of the respective study year (newborns on their first day of
insurance) and were followed until either the first dispensation of an AP, December 31 of that year, or the end of

insurance coverage.

Drug exposure
All APs with an ATC code starting with NOSA and the code NOSCM22 (promethazine) were considered and

categorized into typical and atypical APs.



Diagnoses

Diagnoses were identified in inpatient and outpatient data. Outpatient diagnoses do not have an exact date but
are related to a three-month interval (quarter of a year) in GePaRD. All approved indications of the drugs under
study and other diagnoses of diseases of the nervous system (ICD-10-GM: G00-G99) and of mental and

behavioral disorders (F00-F99) were considered.

Off-label use

We used information on the licensed age range, the approved indications, and contraindications of the APs under
study as stated in the Summaries of Product Characteristics (SPCs). A prescription was regarded off-label if the
subject was younger than the licensed age, or had no diagnosis of an approved indication in the quarter of the
prescription or in the preceding or following quarter, or had a diagnosis of a contraindication in the quarter of the
prescription, or a simultaneous prescription of a contraindicated drug. Approved indications were assumed for all
generic drugs if SPCs of same-substance preparations gave divergent information. If the licensed age varied by

indication or if SPCs of generic preparations gave inconsistent information, the lowest age limit was used.

Statistical analyses

The numbers of AP users and AP prescriptions were assessed stratified by sex, age group, drug class, substance,
and prescribing physician's specialty. Annual prescription prevalences (per 1,000 subjects) were calculated by
dividing the number of individuals with AP prescription in a particular year by the total number of individuals in
that year. Annual IRs (per 10,000 person-years (py)) were calculated by dividing the total number of incident AP
users in the respective year by the sum of py of the cohort in that particular year. The substitution method was
used to calculate 95% confidence intervals (CI), assuming a Poisson distributed number of events and a fixed

person-time without sampling variation. SAS statistical software version 9.3 was used for all analyses.

Trial Registration
This study is registered in the register of studies of the European Network of Centres for Pharmacoepidemiology

and Pharmacovigilance (http://encepp.eu/encepp/viewResource.htm?id=9854).

Results

Study population



The study population included a minimum of 1,993,994 (in 2004) and a maximum of 2,160,541 (in 2009)
subjects. Table 1 shows the characteristics of the study population exemplarily for the last year of the study
period. There were only small variations regarding sex and age distribution. In each year, the share of boys (51.1

to 51.2%) was slightly higher than that of girls. The mean age varied between 8.8 and 9.0 years.

Prevalence of AP prescriptions and off-label use

The one-year prevalence of AP prescriptions ranged between 2.03 (95% CI: 1.97-2.09) per 1,000 minors in 2006
and 2.61 (95% CI: 2.54-2.68) in 2011 (Figure 1). Over time, the use of typical APs decreased from 1.73 (95%
CI: 1.67-1.79) prescriptions per 1,000 subjects to 0.96 (95% CI: 0.92-1.00) while the use of atypical APs
increased from 0.82 (95% CI: 0.78-0.86) to 1.85 (95% CI: 1.80-1.91).

These trends can also be found for the most frequently prescribed APs in 2004 and 2011 (Table 2). In 2004,
33.6% of all AP users received a prescription of promethazine. Until 2011, this proportion decreased to 14.1%
while risperidone became the most frequently prescribed AP (54.1%).

In 2011, there were only few AP prescriptions in children younger than six years (0.48 per 1,000 subjects (95%
CI: 0.43-0.54)), while for 6-17-year-olds the prevalence was 3.53 (95% CI: 3.44-3.63). This differed from 2004
where the prevalences were 2.42 (95% CI: 2.30-2.55) and 2.41 (95% CI: 2.33-2.49) in those age groups. The
total number of children aged 0-5 years treated with APs decreased from 1,443 in 2004 to 301 in 2011. In this
age group, promethazine was the most frequently prescribed AP with a share between 57.9 and 81.3%
throughout the study period, while the proportion of AP users with a prescription of risperidone increased from
1.1 to 13.0%. In subjects older than five years, the total number of treated individuals increased from 3,372 in
2004 to 5,158 in 201 1. In this age group, risperidone was most frequently prescribed with an increasing share
from 26.8% to 56.5%. The proportion of AP users aged 6-17 years with a prescription of the most frequently
prescribed typical AP promethazine more than halved between 2004 and 2011 (from 22.9 to 11.1%).

The prevalence of AP prescriptions was much higher in boys than in girls in each study year. In 2011, the
prevalence was 3.67 per 1,000 boys (95% CI: 3.56-3.78) and 1.51 per 1,000 girls (95% CI: 1.43-1.58).

In 2011, pediatricians prescribed 30.1% of all APs, followed by child and adolescent psychiatrists (27.6%),
physicians for internal and general medicine (13.3%), and general practitioners (3.9%). For 15.9%, the specialty
was unknown/not reported. The remaining 9.2% were issued by physicians with other specialties.

Hyperkinetic disorder was the most prevalent diagnosis among AP users throughout the study period with a
steady increase from 21.4% in 2004 to 49.0% in 2011 (Table 3). The prevalence of conduct disorder, the second

most frequent diagnosis in 2011, almost doubled since 2004 (from 10.9 to 21.4%), while the prevalence of



restlessness and agitation varied between 17.8% (in 2005) and 20.6% (in 2011). The prevalence of sleep disorder
decreased from 16.2 to 7.9%. In 2011, most patients (60.9%) had two or more different diagnoses.

Considering only AP users younger than six years, sleep disorder was the most common diagnosis with a
prevalence varying between 28.1% (in 2009) and 32.0% (in 2004), followed by restlessness and agitation (12.1
to 17.1%). In this age group, the share of children with a hyperkinetic disorder diagnosis increased from 4.2 to
12.3%.

Looking at all subjects with a diagnosis of hyperkinetic disorder, we saw that risperidone, pipamperone, and
tiapride were the most frequently prescribed APs in all of the study years. In 2004, 40.4% of all young
individuals diagnosed with hyperkinetic disorder had at least one prescription of risperidone. This percentage
increased to 70.4% in 2011. During the same time, the prevalence of pipamperone and tiapride prescriptions
decreased from 29.9 to 15.5% and from 17.7 to 8.0%, respectively.

Regarding the number of prescriptions per patient during the study period, differences were observed between
users of any AP, users of typical, and users of atypical APs. Among users of typical APs, 66.6% had 1
prescription, 19.8% had 2-5 prescriptions, and 13.7% had more than 5 prescriptions (mean=3.7, median=1).
Among atypical AP users, 21.1% had 1 prescription, 30.5% had 2-5 prescriptions, and 48.4% had more than 5
prescriptions (mean=10.0, median=5) (users of any AP: 1 prescription: 47.0%, 2-5: 23.4%, more than 5: 29.6%,
mean=7.1, median=2). The proportion of AP users with one-time prescriptions decreased from 54.3% in 2004 to
29.0% in 2011 (from 68.7 to 53.2% among users of typical APs; from 22.4 to 18.4% among users of atypical
APs). Correspondingly, the mean number of prescriptions increased from 3.4 to 4.7 (from 2.4 to 3.2 among users
of typical APs; from 4.9 to 5.0 among users of atypical APs).

Among patients with one-time prescriptions, hyperkinetic disorder was the most frequent diagnosis as well
(Table 3).

In 2004, 61.0% of all APs were prescribed off-label. This share increased to 69.0% in 2006, varied between 68.1
and 69.5% in the years 2007 to 2009, and decreased after that to 62.0% in 2011.

Restricting the analysis to subjects with risperidone prescriptions, we observed that between 52.1% (in 2011) and
61.8% (in 2009) of these patients received their risperidone prescription off-label. The most frequent diagnosis
among these off-label risperidone users was hyperkinetic disorder with an increasing prevalence from 43.9% in
2004 to 63.8% in 2011, followed by pervasive developmental disorder with a prevalence between 21.9% (in

2008) and 27.0% (in 2011).

Incidence of AP prescriptions



The IR of AP prescriptions was 13.8 (95% CI: 13.2-14.3) per 10,000 py in 2005 and remained relatively constant
until 2011 with an IR of 13.2 (95% CI: 12.6-13.7). During the same time, the IR of typical APs decreased from
10.1 (95% CI: 9.7-10.6) to 6.8 (95% CI: 6.4-7.2) per 10,000 py, while the IR of atypical APs increased from 4.8
(95% CI: 4.4-5.1) to 8.2 (95% CI: 7.8-8.6).

The IR was higher for males than for females with the largest difference in 2008 (16.0 (95% CI: 15.2-16.9) vs.
8.6 (95% CI: 8.0-9.2) per 10,000 py).

In every year, except 2005, the highest IR was observed in the group of 15-17-year-olds (Figure 2).

Discussion

We used claims data of more than two million minors to examine patterns of AP prescriptions and the extent of
off-label use from 2004 to 2011. We observed considerable changes regarding the prescribed drug classes and
substances and high rates of one-time prescriptions and off-label use.

Our results show a marked increase of atypical AP prescriptions over time, while the prevalence of typical APs
declined. Similar results have been found in a study which investigated the frequency of AP prescriptions in
young patients (0-19 years) based on claims data from one German SHI [6]. In this study, the prevalence of
atypical AP prescriptions increased from 1.0 to 2.4 per 1,000 subjects, while the prevalence of typical APs
slightly decreased from 1.4 to 1.2 between 2005 and 2012. Recently, similar changes have also been observed in
a French study [24]. Although the prevalence of AP use varies between studies, which might be due to
methodological and health-political or cultural differences, the trends are quite consistent. The increase of
atypical APs is usually thought to result from their more favorable side effect profile in comparison to typical
APs [25], even though this is not undisputed [13]. Atypical APs may cause short- or long-term adverse events
including marked weight gain and hyperlipidemia and — like conventional APs — they may also cause
extrapyramidal symptoms [6], although to a lesser degree. Another explanation for the increasing use of atypical
APs and for the decreasing use of typical APs resides in the fact that a growing number of atypical APs have
been licensed over recent years. Furthermore, the approved indications of atypical APs have been widened and
may now also include indications for children. For example, in 2004, the use of risperidone, introduced to the
German market in 1994, was extended to short-term treatment (up to six weeks) of persistent aggression in
conduct disorder in patients older than four years with sub-average intellectual functioning or mental retardation.
Between 2004 and 2011, the prevalence of AP prescriptions decreased markedly in younger children (0-5 years)

where promethazine was by far the most commonly prescribed AP. Although Olfson et al. [12] recently



observed similar trends in the United States, the reasons for the strong decline of AP use in younger age groups
and the increasing prevalence in older age groups remain unclear.

Promethazine is not only licensed for the treatment of restlessness and agitation in an underlying psychiatric
disorder but also for the treatment of nausea and vomiting and of sleep disorders in adults. Apart from that, it can
also be used as an antihistamine. However, since only the ATC codes for psycholeptic agents were included in
our study, it can be assumed that the observed prescriptions were issued for psychiatric indications.

The most frequent diagnoses among AP users show that, in minors, APs are mainly used to manage aggressive
and impulsive behaviors. This was different when looking exclusively at children younger than six years where
sleep disorder was by far the most common diagnosis. However, considering all age groups, hyperkinetic
disorder was by far the most frequent diagnosis which has also been observed in other studies [6, 10, 13]. The
higher prevalence of AP prescriptions in boys corresponds to their much higher prevalence of hyperkinetic
disorder [26, 27]. One possible explanation for the markedly increasing share of patients with a hyperkinetic
disorder diagnosis among children and adolescents treated with APs could be the increasing awareness regarding
this disorder and consequently its rising prevalence. For example, Grobe et al. [28] reported an increase in the
prevalence of hyperkinetic disorder in individuals aged up to 19 years by 42% between 2006 and 2011 when
analyzing outpatient claims data from one large German SHI. The increasing proportion of AP users with a
diagnosis of conduct disorder can to some extent be explained by the extension of the approved indications for
risperidone in 2004, as mentioned above.

We observed a high proportion of AP users with one-time prescriptions, although disorders like hyperkinetic
disorder, conduct disorder, and restlessness and agitation, which were the most frequent diagnoses among all AP
users and also among AP users with one-time prescriptions, usually persist for a time period not covered by one
prescription. However, over time, the proportion of one-time AP prescriptions decreased, indicating a trend
towards longer treatment durations. Evidence for this has also been observed in studies from the Netherlands and
the United Kingdom [29, 30].

Our results showed a higher median number of prescriptions for users of atypical than typical APs. Accordingly,
the proportion of one-time prescriptions was much higher for typical APs. This can be explained by the fact that
atypical APs are usually more frequently prescribed for the treatment of disorders with a more continuous course
like pervasive developmental disorders, while the most frequently prescribed typical APs are rather prescribed
for the treatment of mania, restlessness and agitation, and sleep disorders [29]. Another explanation is the

supposedly higher rate of adverse events, especially extrapyramidal symptoms, caused by typical APs, which can
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lead to early therapy discontinuation [25, 29]. With the exception of early manifestations of dyskinesia, these
adverse events, however, usually do not occur within a time period covered by one prescription.

The observed high share of off-label prescriptions is not surprising considering that hyperkinetic disorder was
the most frequent diagnosis among AP users while no AP has been licensed for the treatment of this disorder so
far. Although it cannot be inferred from our results that every AP user with a diagnosis of hyperkinetic disorder
received the AP prescription for the treatment of this disorder, the high proportion of off-label AP users with a
hyperkinetic disorder diagnosis, who by definition did not have another diagnosis of an approved indication for
the AP prescription, make it seem likely that APs were frequently prescribed to treat symptoms of hyperkinetic
disorder.

Even though APs are frequently used in combination with psychostimulants in the treatment of hyperkinetic
disorder, their efficacy in managing impulsive and aggressive behavior in hyperkinetic disorder patients has not
yet been confirmed [31]. Besides, the German guideline only recommends cautious use of APs, since their risks
may be greater than their benefit [32]. However, our results show that most APs were prescribed by physicians
specialized in the treatment of pediatric patients and patients with psychiatric disorders.

Due to variations in the licensed indications of drugs and also to different treatment standards, international
comparisons of the extent of off-label use are difficult. Accordingly, studies from different countries show
proportions of AP off-label use in pediatric patients between 36 and 93% [20].

The size of the used database is a major strength of our study. GePaRD contains data representative for the
general population in Germany and reflects real-world drug utilization patterns [22, 23]. Drug exposure was
determined based on pharmacy dispensing data which is considered the gold standard in
pharmacoepidemiological research since recall bias cannot occur [33]. It has been shown that drug dispensation
data give valid information on drug use in Germany [23, 34]. Since no information about inpatient drug
treatment is available in GePaRD, we were only able to analyze outpatient treatment. However, since all
examined APs are available by prescription only, the database provides complete and valid information on
outpatient AP dispensations. Misclassification of drug exposure is rather unlikely as drug prescriptions were
available with the exact date of dispensation. Yet, outpatient diagnoses were only related to a quarter of a year
which makes some misclassification possible regarding underlying diagnoses. Besides, patients' adherence to

drug prescriptions is not known.

Conclusions
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Our results show that in minors, APs are mainly prescribed to patients diagnosed with hyperkinetic disorder.
While this explains the high share of off-label prescriptions, it also raises concerns since the efficacy and safety
of APs in managing impulsive and aggressive behavior in hyperkinetic disorder patients have not been
sufficiently investigated. The marked decrease of AP use in younger children and the high proportion of AP
users with one-time prescriptions are remarkable. The reasons for and the adequacy of the short treatment

durations should be examined in future studies.
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Tab. 1 Characteristics of the study population in 2011

N (%)

Study population 2,090,135 (100.0)
Male 1,068,606 (51.1)
Female 1,021,529 (48.9)
Age (years):

<1 112,200 (5.4)

1-2 212,454 (10.2)

3-5 304,486 (14.6)

6-11 683,307 (32.7)

12-14 405,782 (19.4)

15-17 371,906 (17.8)

Mean (SD) 8.9(5.2)

Q1 4

Median 9

Q3 13

Tab. 2 The ten most frequently prescribed antipsychotics to minors aged 0-17 years in 2004 and 2011 (values

are expressed as %)

2004 (n=4,815) 2011 (n=5,459)
Promethazine (T) 33.6 Risperidone (A) 54.1
Risperidone (A) 19.1 Pipamperone (T) 14.9
Pipamperone (T) 15.0 Promethazine (T) 14.1
Promazine (T) 13.0 Tiapride (A) 7.7
Tiapride (A) 10.6 Quetiapine (A) 5.6
Chlorprothixene (T) 3.5 Chlorprothixene (T) 3.5
Levomepromazine (T) 2.3 Aripiprazole (A) 3.5
Olanzapine (A) 23 Melperone (T) 2.4
Melperone (T) 1.9 Levomepromazine (T) 1.8
Sulpiride (A) 1.5 Olanzapine (A) 1.7

Columns may add up to more than 100% because one patient can contribute to more than one line.
Abbreviations: A = Atypical antipsychotic; T = Typical antipsychotic



Tab. 3 The ten most frequent diagnoses” for pediatric antipsychotic users in 2011

Diagnosis (ICD-10-GM code) n (%)
Antipsychotic users 5,459 (100.0)
Hyperkinetic disorder (F90)° 2,676 (49.0)
Conduct disorder (F91) 1,169 (21.4)
Restlessness & agitation (F43, R45.0, R45.1, R45.4, R46.3) 1,126 (20.6)
Other behavioral and emotional disorder (F98) 883 (16.2)
Mental retardation (F70-F79) 874 (16.0)
Mixed disorder of conduct and emotions (F92) 817 (15.0)
Specific developmental disorder of speech and language (F80) © 733 (13.4)
Autism (F84.0, F84.1, F84.5) 699 (12.8)
Emotional disorder with onset specific to childhood (F93) 669 (12.3)
Mixed specific developmental disorder (F83) ¢ 655 (12.0)
Number of diagnoses”:
One 1,510 (27.7)
Two 1,717 (31.5)
More than two 1,607 (29.4)
None 625 (11.4)
Antipsychotic users with one single prescription 1,583 (100.0)
Hyperkinetic disorder (F90)° 506 (32.0)
Restlessness & agitation (F43, R45.0, R45.1, R45.4, R46.3) 275 (17.4)
Conduct disorder (F91) 185 (11.7)
Sleep disorder (F51, G47) 184 (11.6)
Depression (F20.4, F32, F33) 163 (10.3)
Emotional disorder with onset specific to childhood (F93) 152 (9.6)
Mixed disorder of conduct and emotions (F92) 147 (9.3)
Other behavioral and emotional disorder (F98) 138 (8.7)
Mental retardation (F70-F79) 116 (7.3)
Mixed specific developmental disorder (F83) ¢ 109 (6.9)

Columns add up to more than 100% because one patient can contribute to more than one line.

* Among the analyzed comorbidities during the quarter of the antipsychotic prescription.

® Related to the ten most frequent diagnoses.

¢ None of the antipsychotic agents under study was licensed for the treatment of this disorder during the study
period.



Figure captions
Fig 1 Prevalence of antipsychotic prescriptions in minors aged 0-17 years from 2004 to 2011

Abbreviations: AP = antipsychotic
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Fig. 2 Incidence of antipsychotic prescriptions in minors aged 0-17 years from 2005 to 2011 by age group
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