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Abstract

Objective: Only few psychotropic drugs are approved to treat tic disorders. The aim was to describe use of tic-suppressing
medication and other psychotropic drugs in children with tics.

Methods: Using nationwide registries, we identified children receiving a tic diagnosis in Denmark during 2006-2017 and
extracted data on tic-suppressing medication and other psychotropic drugs.

Results: Antipsychotics were used by 12%. Use of tic-suppressing medication increased with age and varied according to sex.
Over time less children with tics were medicated (from 44% to 38% in the total use of psychotropic drugs) mainly due
to decreased use of antipsychotics (from 18% to 6.4%). In recent years, use of aripiprazole exceeded that of risperidone
(38% vs. 35%), although risperidone was most often first choice (34%) followed by aripiprazole (22%). Most children stayed
on their initial treatment. Attention-deficit/hyperactivity disorder medication (27%) was the most common additional psy-
chotropic drug class used. Regional variations were found in the treatment of tics. Hospital specialists were mainly re-
sponsible for treatment.

Conclusions: Most children with tics do not use tic-suppressing or other psychotropic drugs. The use of aripiprazole
superseded risperidone, however risperidone remains the most common first-choice treatment. Treatment was mainly han-
dled by specialists, which is reassuring given the lack of national guidelines, however, regional variations merit further
attention as do the variation in treatment between young girls and boys.

Keywords: tic disorders, drug utilization, psychotropic drugs, antipsychotics, pediatrics

Introduction antidopaminergic properties, antipsychotics, especially the typical
first-generation antipsychotics (FGA), haloperidol and pimozide,
THE PHARMACOLOGICAL TREATMENT of children and adoles- and the newer second-generation antipsychotics (SGA) risperidone

cents with tic disorders (TD), predominantly Tourette’s syn-  and aripiprazole, is one of the few drug classes where evidence

drome (TS) and chronic tic disorders (CTD), is complex and
focuses on reducing tics and treating comorbid disorders (Plessen
2013); most commonly attention-deficit/hyperactivity disorder
(ADHD) and obsessive—compulsive disorder (OCD) (Robertson
2012). Only very limited evidence based on randomized controlled
trials (RCTs) is available to guide the choice of treatment of tics
(Roessner et al. 2011, 2013; Mogwitz et al. 2018), and the risk of
adverse effects often outweighs the evidence of efficacy (Pring-
sheim et al. 2012). The treatment of tics thus mostly relies on
clinical experience and the preferences of the individual prescriber
(Roessner et al. 2011, 2013; Mogwitz et al. 2018). Due to their

indicates a beneficial effect in tic suppression (Roessner et al. 2011,
2013). However, alpha agonists and benzamides (e.g., sulpiride and
tiapride) have also been shown to have tic-suppressing effects
(Roessner et al. 2011; Hollis et al. 2016; Mogwitz et al. 2018). In
most European countries, including Denmark, however, only hal-
operidol is formally approved to treat tics (Roessner et al. 2011),
while use of the other drugs to treat tics are used off-label.
Despite the off-label status of most drugs used in tic disorders, a
wide range of different tic-suppressing medications are used
(Roessner et al. 2011; Bachmann et al. 2015; Carulla-Roig et al.
2018; Mogwitz et al. 2018). Studies conducted before the
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introduction of a European clinical guideline on the treatment of
tics (Roessner et al. 2011) showed variations in European pre-
scribing practices for the treatment of tics (Rickards et al. 2012) and
in the frequency of use between countries (Freeman et al. 2000).
Recent studies show that the use of drugs to treat comorbid disor-
ders in tic populations, for example, ADHD medication and anti-
depressants, also varies greatly between countries (Bachmann et al.
2015; Carulla-Roig et al. 2018).

In this study, we aimed to describe the use of pharmacological
treatment in children and adolescents with a newly diagnosed TD in
Denmark. Specifically, we described (1) children and adolescents
with tics according to psychiatric comorbidities, (2) the use of tic-
suppressing medication and other psychotropic drugs, changes over
time, and according to type of TD, (3) use of tic-suppressing
medications according to age and sex, (4) variations in the choice of
first-line treatment for tics, (5) regional variations in use of tic-
suppressing medication, and (6) the profile of prescribers who
initiate and maintain treatment with tic-suppressing medication as
well as other psychotropic drugs.

Methods

Using the nationwide Danish health registries, we identified
children and adolescents 6-17 years of age with TD in Denmark.
We constructed three cohorts comprising patients receiving a tic
diagnosis 2006-2009, 2010-2013, and 2014-2017. For these co-
horts, we extracted data on prescriptions filled during the 1st years
after receiving the TD diagnosis.

Data sources

Information from the Danish National Patient Registry (Schmidt
et al. 2015) [including data from the Danish Psychiatric Central
Register (Mors et al. 2011)] was used to identify children and
adolescents with a TD diagnosis and psychiatric comorbidities. By
using the unique civil person registration number, we linked data
from the Patient Registry with data from the Danish National
Prescription Registry (Pottegérd et al. 2016) to obtain information
on dispensed prescriptions. Information on prescribers were ob-
tained through the Danish registry of health care providers within
the primary sector (Sundhedsdatastyrelsen n.d.). Information on
death and migrations was obtained by using the Danish Civil Re-
gistration system (Pedersen 2011). For a detailed description of the
registries used (Supplementary Data S1).

Study population

We constructed three different cohorts of children and adolescents
6-17 years old with an administrative TD diagnosis, defined as having
a record of one of the following International Classification of
Diseases-10 codes: F95.0 (transient tic disorder [TTD]), F95.1
[chronic motor or vocal tic disorder (CTD)], F95.2 (combined vocal
and multiple motor TD/TS), and F95.8 (other TD). Children and
adolescents who only had an unspecified tic diagnosis (F95.9) was not
included based on clinical knowledge about diagnostic practice in
Denmark, as this code is mainly used as a preliminary diagnosis
before thorough assessment. The three cohorts consisted of children
having an incident record of a TD diagnosis in 2006-2009, 2010—
2013, and 20142017, respectively. A child could only be included in
one cohort according to the first TD diagnosis received. Children were
excluded if they migrated or died within the 1st year after inclusion. In
the supplementary stratified analyses, the cohorts were grouped by
sex and by three age categories: 6-9, 10-14, and 15-17 years.
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Drugs of interest

In this study, we distinguished between tic-suppressing med-
ication and psychotropic drugs presumably used to treat comorbid
disorders. Tic-suppressing medication included antipsychotics
(FGA and SGA), clonidine and tetrabenazine. While haloperidol
is the only drug formally approved to treat tics in Denmark,
however, clonidine is recommended in case of mild tics and
either risperidone, aripiprazole, pimozide, or tetrabenazine in
case of more severe tics (Dansk selskab for neuropaediatri 2015).
Other psychotropic drugs presumably used to treat comorbid
disorders included ADHD medication, antiepileptics, anxiolyt-
ics, antidepressants, hypnotics, and sedatives. Many of these
drug classes are known from previous research to be commonly
used in children with tics (Freeman et al. 2000; Debes et al. 2009;
Olfson et al. 2011; Bachmann et al. 2015; Farag et al. 2015;
Carulla-Roig et al. 2018) either to treat comorbid disorders or
symptoms of tics.

Melatonin, included as a hypnotic, was not systematically cap-
tured in the Danish National Prescription Registry before 2012, and
therefore use of melatonin could only be considered complete in the
2014-2017 cohort. Furthermore, lisdexamphetamine and guanfa-
cine, included as ADHD medication, were only available in Den-
mark from April 2014 to September 2015, respectively.

For a detailed list of drugs included (Supplementary Table S1).

Analysis
Characteristics of the study cohorts

We described the three study cohorts according to age, sex,
type of TD, and psychiatric comorbidities recorded in our data
within 2 years before and up to 1 year after the date of TD diagnosis.
The comorbidities were ADHD, OCD, autism spectrum disorders
(ASD), mental retardation, anxiety disorders, and other psychiatric
disorders. A detailed description of how we defined these co-
morbidities is provided in Supplementary Table S2. Baseline
characteristics were presented overall, for each cohort and stratified
by type of TD and sex. In a supplementary analysis, we described
baseline characteristics in children with tics who did not have re-
cords of psychiatric comorbidities (“‘pure TD”").

One-year prevalence proportion for the use
of tic-suppressing medication and other
psychotropic drugs

To investigate the use and changes in the prevalence of use of
tic-suppressing medication and other psychotropic drugs over
time, we calculated the 1-year prevalence proportion for the use
of drugs in the three cohorts. The numerator was the number of
children in the cohort filling at least one prescription during the
Ist year after receiving the tic diagnosis, and the denominator
was the total number of children in the cohort. The 1-year
prevalence was calculated in all three cohorts and stratified by
type of TD. In supplementary analyses, we calculated the 2- and
5-year prevalence proportion, respectively. In these analyses,
children who did not have at least 2 or 5 years follow-up time
were excluded. Furthermore, as the studied drugs may be used on
a trial-and-error basis, we performed a sensitivity analysis,
where we required the filling of two prescriptions within 1 year to
define use.

To consider the effect psychiatric comorbidities might have on
the use of tic-suppressing medication and other psychotropic
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drugs, we repeated the analysis above only in children with
tics who did not have records of psychiatric comorbidities
(““pure TD’?). Also, we calculated the 1-year prevalence pro-
portions stratified by psychiatric comorbidity.

Time from tic diagnosis until treatment initiation

For children included in the 2014-2017 cohort who at some
point, based on all our available prescription data (both before and
after tic diagnosis), was dispensed antipsychotics, we calculated the
days from filling the first prescription and until the date of diagnosis
and depicted this graphically.

Use of tic-suppressing medication according
to age and sex

To describe differences in use by age and sex, we described use
of tic-suppressing medication by age and sex for children included
in the 2014-2017 cohort.

The five most common tic-suppressing medications

To identify changes in the use of the five most common tic-
suppressing medications over time, we identified the top 5 most
commonly prescribed single-drug substances based on the 1-year
prevalence proportion in each of the three cohorts. For each drug
we then calculated the proportion of children dispensed the given
drug based on the total number of children using tic-suppressing
medication.

Regional differences

To describe regional differences in the treatment of tics, we
repeated the analysis above for children in the 2014-2017 cohort by
stratifying by region of residence by the 1st of January of the year of
tic diagnosis, that is, 2014, 2015, 2016, or 2017.

The choice of tic-suppressing medication

We described the variation in the choice of tic-suppressing
medication and the flow between different treatments for children
included in the 2014-2017 cohort who filled at least one pre-
scription for a tic-suppressing medication. We did this by identi-
fying the first 5 dispensed prescriptions in each child within a
2-year period after inclusion, that is, the date of receiving the first
diagnosis of tics. We categorized the prescriptions according to the
top 5 drugs identified in the analysis above and included a category
with other tic-suppressing medications that did not appear on the
top 5 list. We depicted the flow of children in a river plot and
censored children if they failed to fill a new prescription within the
2-year period. We performed two analyses; one where we included
children who upon the tic diagnosis were naive to tic-suppressing
medications based on a 2-year run-in period and another analysis
where we included all children regardless of whether they were
treated before receiving the tic diagnosis.

Prescriber profile

To describe the prescribers issuing prescriptions for tic-
suppressing medication and other psychotropic drugs in children
included in the 2014-2017 cohort, we calculated the distribution
of tic-suppressing medication (excluding clonidine, tetrabenazine
and haloperidol due to too few prescriptions) and other psycho-
tropic drugs issued by general practitioners (GPs), hospital spe-
cialists, relevant private practicing specialists, and other private
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practicing specialists. Relevant private practicing specialist in-
cluded specialists in child and adolescent psychiatry, neurolo-
gists, or pediatricians. We considered the prescriber profile of
incident and prevalent prescriptions separately. Incident pre-
scriptions were defined as first prescribed prescriptions (within
the last 2 years from the date of tic diagnosis), whereas prevalent
prescriptions excluded these.

Statistical analysis

Descriptive statistics, including medians with interquartile ran-
ges (IQR) and frequencies were reported. We reported changes in
1-year prevalence proportions with positive values indicating in-
creases and negative values indicating decreases. We used chi-
square to test for difference between prevalence proportions in the
2010-2013 and 2014-2017 cohort.

All calculations were performed using STATA Release 15.1
(StataCorp, College Station, TX). Graphics were performed using
STATA Release 15.1 (StataCorp), R version 3.5.2 (R Core Team,
2018) and the riverplot package version 0.6.

Ethics approval

In terms of data protection, the study was registered at the
University of Southern Denmark’s inventory (record no. 10.080).
According to Danish law, purely registry-based studies does not
need approval from an Ethics Committee (Thygesen et al. 2011).

Results

We identified a total of 5958 children and adolescents who
received an incident TD diagnosis between 2006 and 2017. The
majority was male (78%) and the median age at TD diagnosis
was 10 years (IQR: 8-12). The most common comorbidities were
ADHD (34%) and ASD (17%), but the prevalence of other
psychiatric disorders was also high (33%) (Table 1). The fre-
quency of comorbidities varied between boys (M) and girls (F):
ADHD (M/F: 37%/23%), OCD (M/F: 5.1%/11%), anxiety (M/F:
4.3%/7.4%), and ASD (M/F: 19%/12%) (Supplementary
Table S3). Except for moderate differences in the frequency of
ASD and other comorbidities, there was no substantial differ-
ences in comorbidity between TD types (Supplementary
Table S4). Children and adolescents with “‘pure TD’’ were
slightly younger at TD diagnosis (mean 9 years) (data not shown
in full).

Antipsychotics were used by 12% of children and adolescents
with tics while there was no or only limited use of clonidine (2.6%)
and tetrabenazine (<5 users) (Table 2). ADHD medication (27%)
and melatonin (9.4%) was the other two psychotropic drug classes
most commonly used 1 year after diagnosis. The most marked
difference in use between different TD types was noted for anti-
psychotics, as children with TS (14.5%) had a markedly higher use
of atypical antipsychotics than children with TTD (5.2%), CTD
(7.1%) or other TD (7.9%) (Supplementary Table S5).

In children and adolescents with ““pure TD”’ across all cohorts
(n=1437), 4.9% used antipsychotics (3.5% atypical antipsychot-
ics) (Supplementary Table S6). In the 2014-2017 cohort of children
with “‘pure TD,”” 1.8% used antipsychotics, all being atypical, and
the use of ADHD medication was low (1.2%) (Supplementary
Table S6). ADHD medications were mainly used by children with
comorbid ADHD (70%) and antidepressants mainly by children
with comorbid OCD (28%) and anxiety (18%) (Supplementary
Table S7). Compared with children with “‘pure TD,” use of
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TABLE 1. CHARACTERISTICS OF CHILDREN AND ADOLESCENTS WITH Tics OVERALL AND BY COHORT

All

(n=5958), n (%)

2006-2009

(n=1631), n (%)

2010-2013

(m=2181), n (%)

2014-2017
(n=2146), n (%)

Type of TD

TTD
CTD
TS
Other

Median age (years, IQR)

6-9 years
10-14 years
15-17 years

Sex (%)
Male
Female

Psychiatric comorbidities
ADHD
OCD
ASD
Anxiety disorder
Mental retardation
Other

574 (9.6)
1163 (19.5)
4082 (68.5)
139 (2.3)
10 (8-12)
2825 (47.4)
2602 (43.7)
531 (8.9)

4652 (78.1)
1306 (21.9)

2009 (33.7)
383 (6.4)
1026 (17.2)
298 (5.0)
249 (4.2)
1982 (33.3)

110 (6.7)
192 (11.8)
1300 (79.7)
29 (1.8)
9 (8-12)
818 (50.2)
689 (42.2)
124 (7.6)

1325 (81.2)
457 (21.0)

768 (35.2)
132 (6.1)
404 (18.5)
110 (5.0)
117 (5.4)
780 (35.8)

176 (8.1)
456 (20.9)
1493 (68.5)

56 (2.6)
10 (8-12)
981 (45.0)
999 (45.8)

201 (9.2)

1724 (79.0)
457 (21.0)

769 (35.3)
133 (6.1)
404 (18.5)
110 (5.0)
118 (5.4)
780 (35.8)

288 (13.4)
515 (24.0)
1289 (60.1)
54 (2.5)

10 (8-12)
1026 (47.8)
914 (42.6)
206 (9.6)

1603 (74.7)
543 (25.3)

746 (34.8)
162 (7.5)
416 (19.4)
138 (6.4)
54 (2.5)
754 (35.1)

ADHD, attention-deficit’/hyperactivity disorder; ASD, autism spectrum disorder; CTD, chronic tic disorder; IQR, interquartile ranges; OCD,
obsessive—compulsive disorder; TD, tic disorders; TS, Tourette’s syndrome; TTD, transient tic disorder.

TABLE 2. ONE-YEAR PREVALENCE PROPORTION (%) FOR THE USE OF PSYCHOTROPIC DRUGS AND TIC-SUPPRESSING MEDICATIONS
IN CHILDREN AND ADOLESCENTS WITH TICS OVERALL AND BY COHORT

All 2006-2009 2010-2013 2014-2017 Change from 2010
(n=5958) (n=1631) (n=2181) (n=2146) to 2013 to 2014-2017
Any 42.1 43.8 44.6 383 —6.3"
More than one drug 13.5 12.1 14.5 13.5 -1.0
Tic-suppressing medication 13.6 19.8 14.8 7.8 7.0
Antipsychotics 12.0 17.6 13.3 6.4 6.9
Typical 3.1 48 33 1.4 -1.97
Haloperidol (n<5) (n<5) (n<5) (n<5) —
Pimozide 1.9 35 1.9 0.7 -1.27
Other 1.1 1.2 1.5 0.7 -0.8"
Atypical 10.2 14.7 11.3 5.6 =577
Risperidone 6.4 11.3 6.3 2.7 -3.6"
Aripiprazole 42 4.4 52 3.0 —2.2f
Other 1.1 1.3 1.0 1.1 +0.1
Clonidine 2.6 43 2.4 1.6 -0.8
Tetrabenazine (n<5) (n<5) (n<5) (n<5) —
Other psychotropic drugs 355 323 38.0 353 2.7
ADHD medication 27.2 25.4 29.3 26.5 -2.8"
Stimulants 24.1 22.7 25.8 234 247
Dexamphetamine 0.3 (n<5) 0.4 0.4 0.0
Methylphenidate 23.7 22.7 25.5 22.6 —2.9T
Lisdexamphetamine 2.1 (n<5) 1.1 4.6 +3.5"
Nonstimulants 7.6 6.3 8.3 8.0 -0.3
Atomoxetine 7.5 6.3 8.3 7.7 -0.6
Guanfacine 0.2 (n<5) (n<5) 0.4 —
Antiepileptics 1.4 1.6 1.9 0.8 -1.1"
Anxiolytics 0.8 1.0 0.7 0.8 +0.1.
Antidepressants 5.0 6.5 5.4 3.5 -1.9"
SSRI 4.9 6.4 5.0 3.4 -1.6"
TCA (n<9) (n<s) (n<5) (n<9) —
Hypnotics/sedatives™* - - - 15.0 —
Melatonin* - - - 14.8 —
Other 0.2 (n<5) 0.2 0.2 0.0

*Data on melatonin not complete before 2012.

TChange statistical significant.

ADHD, attention-deficit/hyperactivity disorder; SSRI, selective serotonin reuptake inhibitors; TCA, tricyclic antidepressants.
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FIG. 1. Cumulative proportion of patients receiving the first prescription antipsychotics relative to the date of tic diagnosis

(2014-2017 cohort). Color images are available online.

antipsychotics were markedly higher in children with psychiatric
comorbidities ranging from 15% (TD and ADHD) to 32% (TD and
mental retardation) (Supplementary Table S7).

The number of children who were using any psychotropic drug
(at least one tic-suppressing medication or other psychotropic drugs)
decreased over time from 42% in the 2006—-2009 cohort to 38% in the
2014-2017 cohort with the largest decrease observed for atypical an-
tipsychotics (from 18% to 6.4%) (Table 2). The 2- and 5-year preva-
lence proportions for the use of any psychotropic drug were higher

124 Haloperidol
B Pimozide
- [ Other typical antipsychotics
B Risperidone
B Aripiprazole
8| Other atypical antipsychotics
B Clonidine
Tetrabenazine

One-year prevalence proportion (%)

Female Male Female
n=224 n=802 n=236
6-9 years old

10-15 years old

(48% and 57%, respectively) compared with the 1-year prevalence
proportion (42%), but otherwise showed similar trends (Supplemen-
tary Tables S8 and S9). No substantial changes were observed when
requiring two prescriptions to define use (data for this not shown).

There was a steep increase in the proportion of children initiating
antipsychotics during the first 180 days after tic diagnosis. How-
ever, 37% of children using antipsychotics at some point in our data
were already treated with antipsychotics before they received a
hospital-based tic diagnosis (Fig. 1).

Male Female Male
n=678 n=83 n=123
15-17 years old

FIG. 2. One-year prevalence proportion for the use of tic-suppressing medication in children and adolescents with tics stratified by age

and sex (2014-2017 cohort). Color images are available online.
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TABLE 3. NUMBER AND PROPORTION OF CHILDREN RECEIVING THE FIVE MosT COMMONLY USED TiIC-SUPPRESSING
MEDICATIONS AMONG THE TOTAL NUMBER OF CHILDREN RECEIVING TIC-SUPPRESSING MEDICATION
(ANTIPSYCHOTICS, CLONIDINE, TETRABENAZINE) IN EACH COHORT (N)

2006-2009 2010-2013 2014-2017

(n=323), n (%) (n=322), n (%) (n=167), n (%)
Risperidone 184 (57.0) Risperidone 137 (42.5) Aripiprazole 64 (38.3)
Aripiprazole 71 (22.0) Aripiprazole 113 (35.1) Risperidone 59 (35.3)
Clonidine 70 (21.7) Clonidine 52 (16.1) Clonidine 34 (20.4)
Pimozide 57 (17.6) Pimozide 42 (13.0) Quetiapine 21 (12.6)
Chlorprothixene 16 (5.0) Chlorprothixene 31 (9.6) Chlorprothixene 16 (9.6)

The use of tic-suppressing medications increased with advanc-
ing age and the choice of medication varied according to sex
(Fig. 2). The use of risperidone was twice as frequent in girls 6-9
years of age as in boys (2.2% vs. 1.1%), whereas the opposite was
the case for aripiprazole (0.45% vs. 0.87%). Aripiprazole was the
preferred drug in boys (11%) and girls 15-17 years of age (8.4%)
and there was a marked difference in the use of risperidone (M/F:
7.3% vs. 2.4%) (Fig. 2).

Over time, aripiprazole was preferred over risperidone among
children using tic-suppressing medication (aripiprazole increased
from 22% to 38%; risperidone decreased from 57% to 35%). The
use of clonidine was stable around 16%—-22% (Table 3).

There were regional variations in the choice of tic-suppressing
medication and in the frequency of use. The greatest variation was
observed for clonidine, where the 1-year prevalence ranged be-
tween 0.51% and 4.1%. However, variation was also noted for the
use of aripiprazole (ranging between 1.3% and 5.2%) and risper-
idone (ranging between 1.3% and 5.0%). In all regions, except one,
risperidone and aripiprazole were the preferred treatment (Sup-
plementary Fig. S1).

In most treatment-naive children with tics, risperidone was the
first prescription dispensed (32%) followed by aripiprazole (22%)
and clonidine (21%) (Fig. 3). The majority of children stayed on
their initial treatment for the subsequent prescriptions (Fig. 3;
Supplementary Table S10). For the minority who changed treat-
ment, the change most often occurred between the first and third
prescription and mostly from risperidone to aripiprazole and vice
versa. The pattern was consistent in children non-naive to treatment
(Supplementary Fig. S2).

Hospital specialists most often initiated and maintained treat-
ment with tic-suppressing medications and other psychotropic
drugs, however, GPs also played a role in the maintenance of
treatment (Table 4).

Discussion

We found that only a limited proportion of children and ad-
olescents with a hospital-based TD diagnosis use tic-suppressing
medication during the 1st year after diagnosis. This corresponds
well with the watchful waiting strategy that is often applied in the
clinical management of TD (Roessner et al. 2011). During the 1st
year, children with TD are mainly using drugs targeting psy-
chiatric comorbidities, especially ADHD. Furthermore, use of
tic-suppressing medication has decreased over time but with an
increasing preference for using aripiprazole. Risperidone re-
mains, however, the most common medication of first-line
choice in tics. Hospital specialists are mainly responsible for
treatment and most children stay on their initial tic-suppressing

medication. There are regional variations in the treatment of TD,
which raise the question of whether the pharmacological treat-
ment of TD needs to be harmonized.

Some limitations should be acknowledged. First and foremost,
our study was nested in children and adolescents who received a TD
diagnosis at a hospital. This means that an unknown number of
children and adolescents who receive a TD diagnosis in the primary
care sector only, for example, by a child and adolescent psychiatrist
or a pediatrician, are not included in our study. This potentially
limits the generalizability of our study and this should be taken into
consideration when interpreting the results as the patients included
in our study might represent patients with more severe TD and also
likely higher levels of psychiatric comorbidity. The fact that 37% of
children and adolescents using antipsychotics already initiated

Aripiprazole

Risperidone

Clonidine

Quetiapine

Chlorprothixene

Other 5m9%

FIG. 3. River plot illustrating variations in the choice of tic-
suppressing medications in the first 5 prescriptions dispensed after
receiving a tic diagnosis in children naive to treatment (2014—
2017 cohort). The size of the nodes corresponds to the proportion
of children within each category. The width of the links between
categories reflects the extent of flow between different treatments,
that is, the proportion of users of a specific drug who subsequently
filled a prescription for another drug. The difference in volume
between links and nodes reflects the number of children who do
not fill an additional prescription. Percentages indicate the pro-
portion of children being prescribed the given drug at the first
prescription. Color images are available online.
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TABLE 4. THE PRESCRIBER PROFILE (GENERAL PRACTITIONER, HOSPITAL SPECIALISTS, PRIVATE SPECIALISTS)
OF INCIDENT AND PREVALENT PRESCRIPTIONS FOR PSYCHOTROPIC DRUGS AND TIC-SUPPRESSING MEDICATIONS
IN CHILDREN AND ADOLESCENTS WITH Tics (2014-2017 COHORT)
New treatment/incident prescriptions (%) Maintenance treatment/prevalent prescriptions (%)
GP Hospital ~ Specialist*  Other GP Hospital Specialist* Other
ADHD medication 7(0.9) 597 (74.5) 75 (9.4) 6 (0.7) 2888 (12.3) 15,270 (65.2) 1954 (8.3) 285 (1.2)
Antidepressants 15 (8.5) 112 (63.6) 18 (10.2) 5(2.8) 347 (19.7) 983 (55.8) 153 (8.7) 82 (4.7)
Melatonin 103 (17.5) 293 (49.7) 70 (11.9) 18 (3.1) 1466 (30.8) 2026 (42.6) 345 (7.3) 171 (3.6)
Clonidine (n<5) 50 (76.9) 11 (16.9) (n<)5) (n<5) 152 (46.3) 24 (7.3) (n<5)
Antipsychotics 28 (9.5) 176 (59.9) 39 (13.3) 5(1.7) 927 (22.0) 2114 (50.2) 579 (13.7) 26 (0.6)
Pimozide (n<5) (n<5) 19 (73.1) (n<)5) (n<5) (n<5) 203 (46.0) (n<5)
Other typical (FGA) 6 (12.5) 34 (70.8) (n<5) (n<5) 14 (21.9) 48 (75.0) (n<5) (n<5)
Risperidone 9 (6.6) 101 (74.3) 13 (9.6) (n<5) 396 (24.4) 935 (57.6) 151 (9.3) (n<5)
Aripiprazole (n<5) 107 (72.8) 18 (12.2) (n<)5) (n<5) 740 (56.3) 199 (15.1) (n<5)
Other atypical (SGA) 12 (13.5) 64 (71.9) (n<5) (n<5) 77 (13.4) 455 (79.0) (n<5) (n<5)

*Private specialists in child and adolescent psychiatry, neurologists, or pediatricians.
ADHD, attention-deficit/hyperactivity disorder; FGA, first-generation antipsychotics; GP, general practitioner; NB, numbers in rows do not sum up to
100% due to missing prescriber information; SGA, second-generation antipsychotics.

these drugs before being diagnosed at a hospital might indicate that
some of these children already had received a TD diagnosis in the
primary sector first (or that they were treated for comorbidities).
Second, the TD diagnoses have not been validated in the Danish
National Patient Registry. However, we excluded patients only
having an unspecified TD diagnosis, which should decrease the risk
of having included patients who do not have a TD. Third, the
Danish National Prescription Registry holds no information on
indication so we can only assume that the drugs were actually used to
treat TD or related comorbidity. The fact that we only looked at
prescriptions prescribed after the TD diagnosis, and in one analysis
also looked at treatment-naive patients, makes it more likely that the
drugs were actually used to treat TD or related comorbidity. Speci-
fically, for the use of antipsychotics, we cannot rule out that these
were also used to treat other indications than TD. Finally, we used the
filling of prescriptions as a proxy for consumption. The fact that our
results did not vary substantially when requiring two prescriptions to
define use of a drug suggest that this is not a major limitation.

Our study is strengthened by the fact that we relied on data from
registries with good validity and a high completeness. Furthermore,
by relying on filled prescriptions from an automated database we do
not have recall bias.

Our results can be compared with findings from two recent
European pharmacoepidemiological studies. Bachmann et al.
(2015) described the use of tic-suppressing medication in German
children with TD and found that 6.7% used antipsychotics and
2.7% used risperidone in 2011, however, with marked variations
according to TD type. In children with TS, 31% used antipsychotics
and 11% used risperidone (Bachmann et al. 2015). Carulla-Roig
et al. (2018) described the use of tic-suppressing medication in
Swedish children with TD and found that 23% used antipsychotics,
14% used risperidone, 9.6% used aripiprazole, and 3.0% used
clonidine in 2013. Unlike our study, and the study by Bachmann
et al. (2015), Carulla-Roig et al. (2018) did not describe use ac-
cording to TD type. Based on findings from these two studies, the
use of tic-suppressing medication in Danish children and adoles-
cents with TD is seemingly markedly lower than in peers from
neighboring countries. It is likely that methodological differences
explain the variations in prevalence between our study and the
study by Bachmann et al. (2015) and Carulla-Roig et al. (2018). As

an example, unlike the two previous studies, we considered the use
of medication during the 1st year after a TD diagnosis and when we
extend this period, more children initiate tic-suppressing medica-
tion. In fact, when considering the use of tic-suppressing medica-
tion during the first 5 years in Danish children and adolescents with
TD, the results are similar to those for Swedish peers, except that
we observe no use of clonidine.

The use of antipsychotics (both FGA and SGA) in children with
tics decreased over time, which is in accordance to the decreasing
use of antipsychotics observed in the general pediatric population
in Denmark (source: medstat.dk). Whether the decreasing use of
antipsychotics in children with TD is mirrored by an increase in the
use of nonpharmacological treatment options, such as psychoedu-
cation and behavior therapy, is unknown. In Swedish patients with
TD, the overall use of antipsychotics decreased between 2006 and
2013, but the use of aripiprazole and quetiapine increased (Carulla-
Roig et al. 2018). In German children with TD, the overall use of
antipsychotics increased slightly from 2006 to 2011 with an in-
crease in the use of SGA (e.g., risperidone) and a decrease in the use
of FGA (Bachmann et al. 2015).

Over time, the use of aripiprazole increased while the use of
risperidone and pimozide decreased. This change is consistent with
results from a survey of members of the European Society for the
Study of Tourette Tourette’s syndrome between 2013 and 2017
(Mogwitz et al. 2018). In 2011, a European clinical guideline on
treatment of tics was published (Roessner et al. 2011). Based on
available evidence at that time and clinical experience, risperidone
was recommended as first-choice treatment, but with pimozide,
benzamides, clonidine, and aripiprazole mentioned as well (Roess-
ner et al. 2011). In line with the recommendations in this guideline,
risperidone was the preferred drug for the treatment of tics in the
earliest of our cohorts and importantly, risperidone is still the most
common first-choice medication used by Danish clinicians in
children and adolescents with tics. The increasing use of ar-
ipiprazole corresponds with the emerging evidence after 2012 from
two placebo-controlled RCTs on the efficacy of aripiprazole to
suppress tics, which consequently led to the approval of ar-
ipiprazole to treat tics by the U.S. Food and Drug Administration in
2014 (Sallee et al. 2017). Interestingly, we note that aripiprazole
was used in children and adolescents with TD already before the
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placebo-controlled RCTs were published (Yoo et al. 2013; Sallee
et al. 2017), which most likely reflects the already promising effi-
cacy established through nonplacebo-controlled RCTs (Ghaniza-
deh 2012; Mogwitz et al. 2018), also in children refractory to other
treatments (Mogwitz et al. 2018), and the lower risk of weight gain
of aripiprazole compared with risperidone (Roessner et al. 2011;
Dayabandara et al. 2017).

Aripiprazole was recently put forward currently as the most
promising drug for the treatment of tics (Mogwitz et al. 2018). In line
with this, aripiprazole and risperidone are the main tic-suppressing
medications used in Danish children and adolescents with TD. The
recommendations for specific treatment in TD vary internationally,
although this must be seen in the context of new evidence that has
emerged since the formulation of many guidelines. European experts
recommend risperidone as first-choice treatment, whereas in Cana-
da, alpha agonists (clonidine and guanfacine) are recommended over
antipsychotics due to lower risk of side effects (Pringsheim et al.
2012). Accordingly, a recent study showed that the recommenda-
tions for the use of clonidine to treat tics in Canada has increased
while it has decreased for risperidone (Cothros et al. 2019). In
Germany, tiapride is recommended as first-choice treatment
(Roessner et al. 2011) and accordingly, tiapride was the most pre-
scribed tic-suppressing medication in German children with TD in
2011 (Bachmann et al. 2015). Recently, the American Academy
of Neurology recommended alpha agonists over antipsychotics
(Pringsheim et al. 2019). In Denmark, the Danish Society of
Neuropeadiatrics has put forward recommendations for clonidine
in case of mild tics and aripiprazole, risperidone, pimozide, or
tetrabenazine in case of more severe tics. Despite this, use of
clonidine and tetrabenazine is very limited in Danish children
with TD. While clonidine is recommended in children with TD
and comorbid ADHD (Roessner et al. 2011), this does not seem to
be the common practice in Denmark, or at least not among those
diagnosed at a hospital. The regional variations in both the spe-
cific choice of tic-suppressing medication and also in the fre-
quency of tic-suppressing medication use may reflect a need for
harmonizing the treatment of tics through development of na-
tional guidelines. However, importantly, this analysis was based
on a few number of patients for some drugs, for example, cloni-
dine with only 34 patients in the 2014-2017 cohort.

The variation in the treatment of tics between boys and girls is
surprising, but it is possible that some of the variation, at least in
the 15- to 17-year-olds, is explained by the use of tic-suppressing
medication, especially antipsychotics, to treat comorbid disor-
ders. Besides tics, antipsychotics may be used to treat severe
aggression/irritability related to ASD, bipolar disorder, psy-
chosis, and schizophrenia. In our study, more boys than girls had
comorbid ASD, and this could explain the higher use of risper-
idone in adolescent boys. Our data showed that 7.4% of those
using antipsychotics had ASD. However, our data did not allow
us to see whether boys with ASD also had severe aggres-
sion/irritability as there is not one specific code used for this in
clinical practice. Indeed, the finding of a very low use of anti-
psychotics in children with “‘pure TD”’ of 5% and a higher use in
children with TD and comorbidities ranging from 15% to 32%
indicate that these drugs are also used to treat comorbidities other
than tics or that the need for antipsychotics is higher in children
who have comorbid disorders, perhaps due to more severe TD.
However, contrasting our results, in a clinical cohort of children
with TS, the use of antipsychotics did not vary between ‘‘pure
TS’ and TS with comorbid ADHD or OCD (Debes et al. 2009)
thus indicating the former.
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The finding that the use of tic-suppressing medication increased
with advancing age has also been noted in German children and
adolescents with TD (Bachmann et al. 2015). This finding may
seem surprising as the symptoms of tics tend to decrease in ado-
lescence (Cohen et al. 2013) and the need for tic-suppressing
medication decreases. However, this finding is most likely ex-
plained by a mixture of several factors. First, as noted above,
tic-suppressing medication, may be used to treat comorbidities.
Second, we described medication use in patients with newly di-
agnosed TD. Thus, the oldest children included in our study were
included because they received a hospital-based TD diagnosis in
adolescence. TD typically starts before adolescence (Plessen 2013)
and therefore adolescents included in our study might be included
at a time when they needed medication or they were included at the
time when they were seeking treatment for psychiatric disorders
other than tics, for example, ADHD. However, we provide no ex-
planation for the fact that risperidone was used twice as much by
young girls compared with young boys as differences in co-
morbidities in this specific age group seemingly could not explain
such a discrepancy.

Farag et al. (2015) showed that many children with tics try a
number of different pharmacological treatment options before a
successful treatment is found. As such, only 22% of children with
TS from a specialized TS clinic in United Kingdom had suc-
cessive response to the first medication tried (Farag et al. 2015).
Debes et al. (2009) described a clinical cohort of Danish children
with TS in 2005 and found that insufficient effect and side effects
were the reasons for changes in pharmacological treatment in
23%-43% of children, and only around one third of children had
not changed their treatment during their medical history (Debes
et al. 2009). Contrary to this, we found that most Danish children
and adolescents with TD, or Danish clinicians, are loyal to the
first treatment tried, in most cases risperidone and aripiprazole, at
least for the first five consecutive prescriptions filled during the
first 2 years.

Hospital specialists are mainly responsible for treatment in
Danish children and adolescents with TDs, which is reassuring,
considering the lack of a national guideline. However, this finding
is not as surprising as our study was nested in patients with a
hospital-based TD diagnosis. In this cohort, GPs only rarely ini-
tiate tic-suppressing medication, but they play a role in the
maintenance of treatment which is most likely, and according to
guidelines (Sundheds- og Aldreministeriet 2019), coordinated
with specialists.

Conclusion

Tic-suppressing medication is only used in a small number of
children and adolescents with TD and is limited to the use of
risperidone and aripiprazole. One third of children with TD use
ADHD medication, seemingly explained by the presence of co-
morbid ADHD. In line with the emerging evidence for ar-
ipiprazole’s efficacy, the use of aripiprazole has exceeded that of
risperidone, however, risperidone is still the most common first
choice in line with European guidelines from 2011. Reassur-
ingly, hospital specialists are mainly responsible for treatment
and most children stay on their initial tic-suppressing medica-
tion. There are regional variations in the treatment of TD raising
questions on whether the pharmacological treatment of TD needs
to be harmonized. Furthermore, the difference in the use of tic-
suppressing medication between the youngest girls and boys
deserves attention.
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Clinical Significance

This national study found that the use of tic-suppressing medi-
cation is limited in children and adolescents with TD. The use
of tic-suppressing medication is dominated by atypical antipsy-
chotics, risperidone, and aripiprazole, which is in accordance with
European guidelines and current evidence. This is important con-
sidering that these medications are in many countries used off-label
to treat TD and considering the lack of national guidelines on the
use of tic-suppressing medication in Danish children and adoles-
cents with TD. Other medications prescribed to patients with TD
are almost exclusively driven by registered comorbidity.

Disclosures

L.R. reports grants from Jascha Fonden, during the conduct of
the study; A.P. reports grants from Alcon, Almirall, Astellas, Astra-
Zeneca, Boehringer-Ingelheim, Novo Nordisk, Servier, and LEO
Pharma, outside the submitted work; N.B. reports grants from
Tryg-foundation, Lundbeck-foundation, and Novo-Nordisk foun-
dation, outside the submitted work. M.T.E. and J.M.T. have noth-
ing to disclose.

Supplementary Material

Supplementary Table S1
Supplementary Table S2
Supplementary Table S3
Supplementary Table S4
Supplementary Table S5
Supplementary Table S6
Supplementary Table S7
Supplementary Table S8
Supplementary Table S9
Supplementary Table S10
Supplementary Figure S1
Supplementary Figure S2

References

Bachmann C, Roessner V, Glaeske G, Hoffmann F: Trends in psy-
chopharmacologic treatment of tic disorders in children and ado-
lescents in Germany. Eur Child Adolesc Psychiatry 24:199-207,
2015.

Carulla-Roig M, Isomura K, Pérez-Vigil A, Larsson H, Hellner C,
Mataix-Cols D, Fernandez de la Cruz L: Pharmacoepidemiology of
Tourette and Chronic Tic Disorders in Sweden 2005-2013. J Child
Adolesc Psychopharmacol 28:637-645, 2018.

Cohen S, Leckman JF, Bloch MH: Clinical assessment of tourette syn-
drome and tic disorders. Neurosci Biobehav Rev 37:997-1007, 2013.

Cothros N, Martino D, McMorris C, Stewart D, Tehrani A, Pring-
sheim T: Prescriptions for alpha agonists and antipsychotics in
children and youth with tic disorders: A pharmacoepidemiologic
study. Tremor Hyperkinetic Mov 9, 2019.

Danish Society for Neuropediatrics: Tourette Syndrome. 2015. Available
at:  http://dnps.dk/wp-content/uploads/2017/03/DNPS-vejledning_
Tourette_161215.pdf (accessed August 26, 2020).

Dayabandara M, Hanwella R, Ratnatunga S, Seneviratne S, Suraweera
C, de Silva VA: Antipsychotic-associated weight gain: Manage-
ment strategies and impact on treatment adherence. Neuropsychiatr
Dis Treat 13:2231-2241, 2017.

Debes NMMM, Hjalgrim H, Skov L: The presence of comorbidity in
tourette syndrome increases the need for pharmacological treat-
ment. J Child Neurol 24:1504-1512, 2009.

RASMUSSEN ET AL.

Farag M, Stern JS, Simmons H, Robertson MM: Serial pharmaco-
logical prescribing practices for tic management in Tourette syn-
drome: Serial pharmacological prescribing practices for tic
management in.... Hum Psychopharmacol Clin Exp 30:435-441,
2015.

Freeman RD, Fast DK, Burd L, Kerbeshian J, Robertson MM, Sandor
P: An international perspective on Tourette syndrome: Selected
findings from 3,500 individuals in 22 countries. Dev Med Child
Neurol 42:436-447, 2000.

Ghanizadeh A: Systemic review of aripiprazole for the treatment of
children and adolescents with tic disorders. Neurosci Riyadh Saudi
Arab 17:200-204, 2012.

Hollis C, Pennant M, Cuenca J, Glazebrook C, Kendall T, Whit-
tington C, Stockton S, Larsson L, Bunton P, Dobson S, Groom M,
Hedderly T, Heyman I, Jackson GM, Jackson S, Murphy T,
Rickards H, Robertson M, Stern J: Clinical effectiveness and
patient perspectives of different treatment strategies for tics in
children and adolescents with Tourette syndrome: A systematic
review and qualitative analysis. Health Technol Assess 20:1-450,
2016.

Mogwitz S, Buse J, Wolff N, Roessner V: Update on the pharmaco-
logical treatment of tics with dopamine-modulating agents. ACS
Chem Neurosci 9:651-672, 2018.

Mors O, Perto GP, Mortensen PB: The Danish psychiatric central
research register. Scand J Public Health 39:54-57, 2011.

Olfson M, Crystal S, Gerhard T, Huang C, Walkup JT, Scahill L,
Walkup JT: Patterns and correlates of tic disorder diagnoses in
privately and publicly insured youth. J Am Acad Child Adolesc
Psychiatry 50:119-131, 2011.

Pedersen CB: The Danish civil registration system. Scand J Public
Health 39:22-25, 2011.

Plessen K: Tic disorders and Tourette’s syndrome. Eur Child Adolesc
Psychiatry 22:55-60, 2013.

Pottegard A, Schmidt SAJ, Wallach-Kildemoes H, Sgrensen HT,
Hallas J, Schmidt M: Data resource profile: The Danish national
prescription registry. Int J Epidemiol 46:798f-798f, 2017.

Pringsheim T, Doja A, Gorman D, McKinlay D, Day L, Billinghurst
L, Carroll A, Dion Y, Luscombe S, Steeves T, Sandor P: Canadian
guidelines for the evidence-based treatment of tic disorders: Phar-
macotherapy. Can J Psychiatry Rev Can Psychiatr 57:133-143,
2012.

Pringsheim T, Okun MS, Miiller-Vahl K, Martino D, Jankovic J,
Cavanna AE, Woods DW, Robinson M, Jarvie E, Roessner V,
Oskoui M, Holler-Managan Y, Piacentini J: Practice guideline
recommendations summary: Treatment of tics in people with
Tourette syndrome and chronic tic disorders. Neurology 92:896—
906, 2019.

Rickards H, Cavanna AE, Worrall R: Treatment practices in Tourette
syndrome: The European perspective. Eur J Paediatr Neurol 16:
361-364, 2012.

Robertson MM: The Gilles De La Tourette syndrome: The current
status. Arch Dis Child Educ Pract 97:166-175, 2012.

Roessner V, Plessen KJ, Rothenberger A, Ludolph AG, Rizzo R, Skov
L, Strand G, Stern JS, Termine C, Hoekstra PJ, ESSTS Guidelines
Group: European clinical guidelines for Tourette syndrome and
other tic disorders. Part II: Pharmacological treatment. Eur Child
Adolesc Psychiatry 20:173-196, 2011.

Roessner V, Schoenefeld K, Buse J, Bender S, Ehrlich S, Miinchau A:
Pharmacological treatment of tic disorders and Tourette syndrome.
Neuropharmacology 68:143-149, 2013.

Sallee F, Kohegyi E, Zhao J, McQuade R, Cox K, Sanchez R, van
Beek A, Nyilas M, Carson W, Kurlan R: Randomized, double-
blind, placebo-controlled trial demonstrates the efficacy and safety
of oral aripiprazole for the treatment of Tourette’s disorder in


http://dnps.dk/wp-content/uploads/2017/03/DNPS-vejledning_Tourette_161215.pdf
http://dnps.dk/wp-content/uploads/2017/03/DNPS-vejledning_Tourette_161215.pdf

Downloaded by UNIVERSITY OF SOUTHERN DENMARK from www.liebertpub.com at 10/30/20. For personal use only.

DRUG USE IN CHILDREN AND ADOLESCENTS WITH TICS

children and adolescents. J Child Adolesc Psychopharmacol 27:
771-781, 2017.

Schmidt M, Schmidt SAJ, Sandegaard JL, Ehrenstein V, Pedersen L,
Sgrensen HT: The Danish National Patient Registry: A review of
content, data quality, and research potential. Clin Epidemiol 7:449—
490, 2015.

Sundheds- og ZAldreministeriet: Guideline on the use of medicine in
children and adolescents with psychiatric disorders [in Danish].
2019. Available at: https://www.sst.dk/da/udgivelser/2019/vejledning-
om-medikamentel-behandling-af-boern-og-unge-med-psykiske-lidelser
(accessed August 26, 2020).

Sundhedsdatastyrelsen: The registry of health care providers [in Danish]. n.d.
Available at: https:/sundhedsdatastyrelsen.dk/da/registre-og-services/
om-de-nationale-sundhedsregistre/personoplysninger-og-sundhedsfaglig-
beskaeftigelse/yderregisteret (accessed August 26, 2020).

Thygesen LC, Daasnes C, Thaulow I, Brgnnum-Hansen H: In-
troduction to Danish (nationwide) registers on health and social

485

issues: Structure, access, legislation, and archiving. Scand J Public
Health 39:12-16, 2011.

Yoo HK, Joung YS, Lee J-S, Song DH, Lee YS, Kim J-W, Kim B-N,
Cho SC: A multicenter, randomized, double-blind, placebo-
controlled study of aripiprazole in children and adolescents with
Tourette’s disorder. J Clin Psychiatry 74:e772-e780, 2013.

Address correspondence to:

Lotte Rasmussen, MSc Pharm, PhD
Clinical Pharmacology and Pharmacy
Department of Public Health
University of Southern Denmark

JB Winslpws Vej 19, 2

5000 Odense C

Denmark

E-mail: lorasmussen @health.sdu.dk


https://www.sst.dk/da/udgivelser/2019/vejledning-om-medikamentel-behandling-af-boern-og-unge-med-psykiske-lidelser
https://www.sst.dk/da/udgivelser/2019/vejledning-om-medikamentel-behandling-af-boern-og-unge-med-psykiske-lidelser

