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Abstract: Disruptive behaviour disorders (DBDs) in childhood, such as conduct disorder (CD) and
oppositional defiant disorder (ODD) are characterized by high levels of irritability and aggression.
Though psychological management is considered the first-line approach for these disorders, many
children and adolescents require adjunctive pharmacotherapy for the control of specific symptoms.
Several prior systematic reviews have examined the evidence for the use of antipsychotics in the
symptomatic management of DBDs, but have concluded that their efficacy is marginal and limited
by significant adverse effects. This paper updates existing reviews of this field by reviewing clinical
trials of antipsychotics in children and adolescents with DBDs published in the period 2-1-2017 to
2-10-2022. The PubMed, Scopus and ScienceDirect databases were searched for relevant citations.
Six relevant trials were identified during this period. These trials were critically evaluated in terms
of outcome measures, efficacy and safety. Overall, the data from these trials suggests that certain
atypical antipsychotics, such as risperidone and clozapine, are effective in the short-term manage-
ment of aggression in DBDs. They have no apparent effect on cognition, but are associated with
significant metabolic adverse effects. The results of these trials, and of the earlier systematic reviews,
are discussed in the light of global trends towards increasing off-label prescription of antipsychotic
medication in children and adolescents, and of recent literature on the neuropharmacology of ag-
gression in this patient population. The need for rational, short-term use of these drugs is high-
lighted, as well as the importance of post-marketing surveillance for long-term or severe adverse
events.

Keywords: disruptive behavior disorders; conduct disorder; oppositional defiant disorder; aggres-
sion; atypical antipsychotics; risperidone; clozapine

1. Introduction

Disruptive behavior disorders of childhood and adolescence (DBDs) include opposi-
tional defiant disorder (ODD) and conduct disorder (CD). These conditions are character-
ized by persistent irritability, disregard for social norms, and recurrent aggression. CD is
the more severe subtype of DBD, characterized by unconcern for the rights of others, rule-
breaking, aggression and other forms of dissocial behavior such as theft or truancy. ODD
is generally milder in severity and more circumscribed in scope than CD, and is charac-
terized by defiant and hostile patterns of behavior towards authority figures, temper tan-
trums, and less overt aggression. However, the boundary between these two conditions
is fluid, and many children initially diagnosed with ODD may later qualify for a diagnosis
of CD. To qualify for a diagnosis of DBD, such patterns of behavior must be persistent,
severe, and occur in multiple settings; occasional episodes of defiance or aggression are
frequently seen in normal children and do not by themselves justify a diagnosis of DBD
[1-3]. DBDs are of considerable clinical and public health importance, as they are associ-
ated with a number of significant adverse outcomes in adulthood, including mood
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disorders, adult antisocial personality disorder, substance abuse and dependence, prem-
ature discontinuation of education, unemployment, unstable relationships, and criminal-

ity [4-6].

The etiology of DBDs is currently conceptualized in terms of gene-environment in-
teractions resulting in disturbed emotion regulation and abnormal fear processing. Emo-
tional dysregulation, which reflects altered prefrontal cortical functioning, is linked to
symptoms of irritability, while abnormal fear processing, which is related to altered func-
tioning of limbic structures such as the amygdala, is linked to symptoms of unconcern for
others and violation of rules and social norms [7]. Genetic factors that have been linked to
DBDs include functional polymorphisms of the genes encoding the enzymes monoamine
oxidase A (MAOA) and catechol O-methyltransferase (COMT), the type 2 and 4 dopamine
receptor (DRD2 and DRD#4), the serotonin transporter (SLC6A4) and — more recently — the
genes encoding brain-derived neurotrophic factor (BDNF) and the oxytocin receptor
(OXTR) [8, 9]. These loci do not act as isolated risk factors; rather, they influence the vul-
nerability of a given child to various forms of environmental adversity, including physical
and sexual abuse, maternal depression, paternal criminality, harsh parenting practices,
and socioeconomic disadvantage [10].

Psychosocial interventions are considered to be the most effective form of treatment
for DBDs, particularly when these include multiple components and involve both the
child and their parents [11]. However, the availability of these interventions remains a
matter of concern; it has been observed that even in high-income countries, up to 70% of
children and adolescents do not receive these interventions as needed [12]. In addition,
several of the familial and social factors that play a role in the pathogenesis of DBDs can
themselves interfere with engagement and retention in psychosocial interventions. These
include economic deprivation, parental unemployment, parental criminality and parental
substance abuse [13, 14].

The discovery of the first antipsychotic medications in the 1950s, beginning with
chlorpromazine in 1952, led to a paradigm shift in the practice of clinical psychiatry [15,
16]. The serendipitous discovery that chlorpromazine reduced symptom severity in pa-
tients with schizophrenia led to a drastic change in the way in which this disorder was
understood by the medical profession, leading to a reduction in long-term hospitaliza-
tions and a shift towards biological theories of schizophrenia [17]. At first, the mechanism
of action of these drugs was not well understood, leading them to be described as “major
tranquilizers” or “neuroleptics”. Subsequently, it was found that the efficacy of these
medications appeared to correlate with their antagonist potency at dopamine receptors,
and most particularly the type 2 dopamine receptor (D2). Besides relieving psychotic
symptoms in a significant number of patients, antipsychotic drugs were soon found to
reduce the agitation and aggression associated with other psychiatric conditions, such as
acute mania, personality disorders, and substance-induced behavioral disorders [18-20].

As a result of these findings, several tentative attempts were made to examine the
efficacy of these medications in childhood disruptive behavior disorders (DBDs), dating
back to 1955. Initial reports examined the effect of antipsychotics such as fluphenazine,
trifluoperazine and chlorprothixene on children and adolescents with DBDs, either with
or without comorbid intellectual disability (ID) [21-23]. Subsequently, small clinical trials
examined the effects of more high-potency antipsychotics such as haloperidol in this pop-
ulation [24]. While these publications were largely of an anecdotal nature, interest in the
use of antipsychotics in DBD received a further impetus from research on genetic risk
factors for this group of disorders. Most of the vulnerability alleles identified in this re-
search were related to monoaminergic neurotransmission, particularly involving the do-
paminergic and serotonergic systems [10, 25]. As these systems are the locus of the phar-
macological actions of most antipsychotic medications, it is biologically plausible that
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antipsychotics may alleviate some of the clinical manifestations of DBDs. Atypical anti-
psychotics, which are characterized by selective antagonism of both dopamine and sero-
tonin receptor subtypes [26], represent a theoretically attractive treatment option. The first
controlled clinical trial of an atypical antipsychotic for the symptomatic management of
DBDs was conducted in 2000, involving children with DBDs and comorbid attention-def-
icit/hyperactivity disorder (ADHD). The subsequent decades saw a marked increase in
the off-label use of atypical antipsychotics for the treatment of specific DBD symptoms,
such as aggression and impulsivity; however, relatively little was known about the long-
term efficacy and safety of this treatment approach [27-29]. A meta-analysis conducted in
the year 1999 found that only three studies, all involving children with both ID and DBD,
fulfilled the criteria for inclusion, and none of these studies provided firm evidence for
the use of typical antipsychotics in the symptomatic management of this patient group
[30].

2. Systematic reviews of antipsychotic therapy for DBDs

In view of the gaps in the evidence base mentioned above, three systematic re-
views, published in the period 2012-2017, attempted to synthesize the available evidence
from controlled clinical trials of antipsychotic drugs in DBDs [31-33]. These reviews are

summarized in Table 1.

Table 1: Earlier systematic reviews of clinical trials of antipsychotics in children and

adolescents with DBDs
Review Year of | Number of | Drugs in- | Number Results Comments
publica- | trials re- | cluded of patients
tion viewed included
Prings- 2012 8 Risperidone | 640 Risperi- Only atypi-
heim & (7), quetiap- done > pla- | cal antipsy-
Gorman ine (1) cebo (0.25- | chotics in-
[31] 2.9 mg/day) | cluded; re-
for DBD | viewers
symptoms | noted un-
in 5 of 7 tri- | derreport-
als; queti- | ing of ad-
apine (294 | verse  ef-
mg/day) > | fects, in-
placebo for | dustry
CD symp- | funding of
toms in 1 | all studies,
trial short-term
duration of
trials.
Prings- 2015 11 Risperidone | 896 Moderate All antipsy-
heim et al. (8), quetiap- to good | chotics in-
[32] ine (1), quality evi- | cluded; re-
haloperidol dence for | viewers
(1), thiori- short-term | noted the
dazine (1) risperidone | need  for
in manag- | head-to-
ing DBD | head com-
symptoms; | parisons of
insufficient | different
or low- | medication
quality and of
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evidence medication

for  other | with psy-

drugs chosocial
therapies,

as well as
the need for

long-term
trials and
discontinu-
ation stud-
ies.
Loy et al. | 2017 10 Risperidone | 896 Low to | Reviewers
[33] (8), quetiap- moderate noted sig-
ine (1), quality evi- | nificant
ziprasidone dence for | weight gain
1) short-term | and ele-

risperidone | vated pro-
in manag- | lactin with
ing  DBD | risperi-
symptoms; | done; rec-
insufficient | ommended
evidence use only in
for  other | children
drugs aged 6 and
above, with
concurrent
psychoso-
cial thera-
pies and
weight
monitor-
ing.

In the first of these reviews (2012), Pringsheim and Gorman examined the results of
eight controlled clinical trials of antipsychotics in the management of DBDs, either with
or without comorbid ADHD or ID [31]. This review included only trials of atypical anti-
psychotics; covering a total of 640 children and adolescents (mean sample size = 80,
range, 13 — 335). Seven of these eight trials involved risperidone, administered at a mean
dose of 0.25 to 2.9 mg/day. Five of the seven trials of risperidone found that this drug
was superior to placebo in terms of primary outcomes, usually defined as reduction in
scores on a standard rating scale of DBD symptomatology or aggression; the other two
found no significant difference on primary outcomes, though both of these had small
sample sizes. All the five trials reporting positive outcomes involved children with ID. A
single trial examined the efficacy of quetiapine (mean dose 294 mg/day) in a small sam-
ple of adolescents, and found that this drug had a small but significant impact on symp-
toms of conduct disorder (mean decrease in symptom scores of 2.5 with quetiapine vs
0.5 with placebo). Most of these trials were short in duration, involving a study period of
4-10 weeks. Only one trial, involving adolescents with ID and DBD, examined the effi-
cacy of risperidone (0.25-1.5 mg/day) over a period of 6 months. This study involved an
inherent bias as it recruited only prior responders to risperidone treatment; these sub-
jects were randomized to receive either risperidone or placebo as continuation treat-
ment. It was found that the symptom recurrence rate was significantly higher for pla-
cebo (42%) than for risperidone (27%). The authors of this review noted several limita-
tions of the available data, such as underreporting of adverse effects, a lack of research
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that was not industry-funded, and a lack of long-term data on efficacy; they also high-
lighted the need for concurrent psychosocial interventions.

The second review, conducted in 2015 by Pringsheim et al. [32] and included stud-
ies of both typical and atypical antipsychotics, covering a total of 11 trials involving 896
children and adolescents (mean sample size = 81, range, 13 — 335). This review also in-
cluded a meta-analysis of efficacy. Eight of the trials included in this review (7 of risperi-
done and 1 of quetiapine) were the same as those included in the 2012 review and have
been discussed above. The three additional trials covered in this review assessed the use
of haloperidol, thoridazine, and risperidone. In the first of these, children with CD were
randomized to receive either haloperidol (1-6 mg/day), lithium or placebo for 4 weeks.
Both haloperidol and lithium were superior to placebo in reducing CD symptoms, but
haloperidol was poorly tolerated compared to lithium. This study was rated as being of
“very low” quality by the reviewers, and it was noted that the magnitude of the treat-
ment effects was not reported. In the second, 27 children with ID and comorbid ADHD
or CD were randomized to receive either thioridazine (1.5 mg/kg), methylphenidate (0.4
mg/kg) or placebo for a period of three weeks. Though the study reported that thiori-
dazine was superior to placebo in reducing CD symptoms, this was not the primary out-
come of the trial; the study was primarily designed to assess the effects of these drugs on
cognitive and motor performance. This trial was also rated as being of “very low qual-
ity”. In the third, adjunctive risperidone (mean dose 1.65 mg/day) was compared to pla-
cebo in a sample of children with ADHD and comorbid DBD already receiving stimu-
lant therapy and psychosocial interventions. Over a period of 9 weeks, risperidone was
found to be superior to placebo in reducing ODD symptoms and aggression towards
peers, but not in reducing ADHD or CD symptoms. Synthesizing the available evidence,
the authors concluded that there was moderate to good evidence for the short-term use
of risperidone in reducing the disruptive and aggressive behavior associated with DBDs,
regardless of the presence of comorbid ID or ADHD. However, they also noted the need
for better data regarding drug safety, and the lack of significant evidence for other anti-
psychotics or for longer-term treatment. They also highlighted the problem posed by
unpublished studies that may have yielded negative results, thus leading to an over-
estimation of the efficacy of antipsychotics.

Despite the limitations of the available data, off-label use of antipsychotics in this
patient population continued to increase significantly in the decade 2005-2014 [29, 34].
To address this, a subsequent systematic review and meta-analysis, published as part of
the Cochrane Database of Systematic Reviews, was conducted by Loy et al. in 2017 [33].
This paper represents the most recent synthesis of data on the efficacy and safety of anti-
psychotics in the management of DBDs in the available literature. This review included
a total of 10 trials covering 896 children (mean sample size = 90, range, 13 — 335). Of
these, the 8 trials of risperidone and the single trial of quetiapine have already been de-
scribed as part of the preceding two reviews. The single additional study included in
this review was a controlled clinical trial comparing the atypical antipsychotic ziprasi-
done (20-40 mg/day) with placebo over a period of 9 weeks, in children with DBD and
an IQ of 55 or above (indicating mild or no ID). At study termination, no significant dif-
ference was identified between ziprasidone and placebo either in terms of efficacy or
adverse effects. It is notable that this study, although conducted in 2011, has not been
published in a peer-reviewed journal to date, and the authors of the review had to base
their analysis on unpublished data obtained through a direct request to the researchers.
The authors concluded that there was low to moderate quality evidence for the use of
risperidone in treating aggression and conduct problems in DBDs, but no adequate evi-
dence for the use of any other antipsychotic. This review also included an in-depth cov-
erage of safety and tolerability issues. It was found that patients receiving risperidone
experienced a mean weight gain of 2.37 kg greater than those receiving placebo; in trials
where risperidone was administered in combination with stimulants, this figure was
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slightly lower (2.14 kg) but still significantly higher than the weight gain observed with
placebo. It was also observed that hyperprolactinemia was significantly more likely to
occur with antipsychotic treatment than with placebo; however, reporting of other ad-
verse events was inconsistent across trials and direct comparisons could not be made.
The final recommendation made by the review authors was that there was short-term
efficacy for the use of risperidone in DBDs in children aged 5 and above, but that this
treatment should be administered only along with psychosocial interventions, and that
the risk of weight gain remained a significant clinical concern.

Table 2: Limitations of existing clinical trials of antipsychotics in DBDs

Limitation

Consequences

The majority of controlled clinical trials
involve a single antipsychotic, namely
risperidone

Inadequate evidence or rationale for the
prescription of other antipsychotics in
DBDs, though this practice is frequent in
real-world settings.

Heterogeneity in patient populations, in-
cluding age distribution, gender, comor-
bid ID and / or ADHD

Uncertainty related to the effect of antipsy-
chotics on DBDs per se, as opposed to ef-
fects on ADHD; lack of evidence on the use
of antipsychotic treatment for DBDs with-
out comorbidity

Publication bias may lead to the non-pub-
lication of antipsychotic trials in DBDs
with negative results (as observed with
ziprasidone)

Over-estimation of the beneficial effects of
antipsychotics on DBDs; lack of access to
valuable data on safety and efficacy
measures

Inconsistent or poor reporting of adverse
events

Lack of adequate data on safety to guide
clinicians as well as patients and caregiv-
ers

Short-term nature of most clinical trials

Inadequate evidence regarding the safety
or efficacy of antipsychotics beyond 8-10
weeks, though use for months or years is
frequent in real-world settings; lack of ev-
idence on when and how to discontinue
antipsychotics in DBDs

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; DBD, disruptive behavior disor-

der; ID, intellectual disability

Certain common themes can be identified across these reviews (Table 2). First, the
vast majority of the published evidence is related to a single drug — risperidone - sug-
gesting that the off-label use of other antipsychotics in DBDs is unsupported by evi-
dence. Second, there is significant heterogeneity in patient populations (comorbid ID,

comorbid ADHD, age groups, concurrent use of other medications or psychosocial inter-
ventions) as well as outcome measures, posing significant problems when attempting to
compare or synthesize individual study results. Third, the concern regarding un-
published data flagged by Pringsheim et al. [32] proved to be valid, as shown by the fact
that one of the clinical trials included in the Cochrane review has not been published to
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date [33]. Fourth, reporting of adverse events is generally inconsistent and of low quality
across trials. Finally, there is a lack of data on efficacy beyond a period of 4-10 weeks.

3. Recent clinical trials of antipsychotics in the management of DBDs

Has the situation outlined above changed substantially in the five years since the
publication of the last review? In other words, have controlled clinical trials of antipsy-
chotics in the management of DBDs, addressing one or more of the five concerns raised in
Table 2? To address this question, a comprehensive literature search was conducted, in-
volving all controlled clinical trials of antipsychotics published in the period January 2,
2017 to date (October 10, 2022). The date January 2, 2017 was selected as the starting point
because the most recent review included all papers published up to January 1, 2017. The
PubMed / MEDLINE, EMBASE and ScienceDirect databases were searched for all relevant
clinical trials involving antipsychotic therapy, either alone or as an adjunctive treatment,
in children and adolescents with DBDs.

The search strategy involved the following terms: “disruptive behavior disorder”,
“disruptive behavior disorders”, “oppositional defiant disorder”, “conduct disorder”,
“conduct disorders” in conjunction with “antipsychotic”, “antipsychotics”, both alone
and in combination with “typical” or “atypical”, as well as the generic names of all the
antipsychotics covered by the most recent review and those recently approved for the
treatment of other psychiatric disorders (“amisulpride”, “aripiprazole”, “asenapine”,
“clozapine”, “lurasidone” “olanzapine”, “paliperidone”, “quetiapine”, “risperidone”,
“sertindole”, “ziprasidone”, “zotepine”). Of a total of 290 unique citations received using
these search terms, 243 were excluded based on the title and abstract. The full texts of the
remaining 47 papers were examined. Studies were included only if they fulfilled the fol-
lowing criteria:

a) prospective clinical trials (i.e., no retrospective chart reviews or case series)

b) studies involving children or adolescents (age 0 — 18)

c) studies involving patients with a diagnosis of DBD (ODD or CD), with or
without comorbid ID or ADHD

d) clear reporting of outcomes (efficacy, adverse events or both) using a stand-

ardized measure, such as a valid rating scale or equivalent instrument.

The reference lists of the studies retrieved using this method were checked for further
citations of interest, but no trial fulfilling the above inclusion criteria was identified
through this method. The review process is depicted graphically in Figure 1. A total of six
studies fulfilled these criteria, and are summarized in chronological order in Table 3 [35-
40]. The detailed characteristics of these studies are described below.
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Citations retrieved through
database searches (n = 507)

PubMed - 75
Scopus - 119
ScienceDirect — 313

Duplicate citations

i (n=217)

Citations screened for inclusion
in the scoping review, based on
title and abstract

(n = 290)
Papers unrelated to the
- review topic
v (n=243)

Full-text articles screened for
inclusion in the review update
(n=47)

Full-text articles excluded
(n=41)

v

Full-text articles included in the
scoping review (n = 6)

Full-text articles retrieved
through reference search of the
above articles (n = 0)

v

Papers included in the final
review
(n=86)

Randomized controlled trials - 5
Naturalistic trial - 1

Figure 1: Flow diagram depicting the selection of articles for the current review update

In addition to the above, the ClinicalTrials.gov website was searched to examine if
any unpublished trials of relevance could be identified for the period 2017-22. Of 27 rec-
ords retrieved using the search terms “Disruptive Behavior Disorder” or “Childhood Dis-
ruptive Behavior Disorder” (diagnosis) and “Antipsychotic”, only one study was identi-
fied in the time period 2017-22. This trial (identifier: NCT02063945) was a head-to-head,
open-label comparison of risperidone and methylphenidate in children and adolescents
with DBDs and comorbid ADHD. Only five subjects were recruited for the study, and it
was prematurely terminated as of 2020 due to difficulty in recruiting participants; no re-
sults have been posted to date [41].

Table 3: Clinical trials of antipsychotics in children and adolescents with disrup-
tive behavior disorders included in the current review (2017-22)

Study de- | Study Sample char- | Intervention Dura- Primary | Results Jadad
tails design acteristics tion outcome score
measure
Farmer et | Random- | Children Adjunctive 6 Cogni- No signifi- | 3
al., 2017 | ized, aged  6-12; | risperidone weeks | tive per- | cant differ-
[35] con- DBD  with | (mean dose 1.7 formance | ence in CPT-
trolled, comorbid mg/day) vs as as- | I or Digit
double- ADHD; pres- | placebo; all pa- sessed by | Span perfor-
blinded ence of se- | tients received CPT-II mance
vere physical | ongoing and Digit
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aggression; methylpheni- Span between
1Q>70 date and par- Subscale | groups.
(n=165) ent training. of
Weschler
Intelli-
gence
Scale
(Child-
hood
Version)
Findling Random- | Children Maintenance 12 Disrup- No  signifi- | 4
etal., 2017 | ized, aged 6-12; | risperidone weeks tive be- | cant differ-
[36] con- DBD  with | (mean dose havior as | ence in
trolled, comorbid 156 mg/day) meas- NCBRE-D to-
double- ADHD; pres- | vs placebo; all ured by | tal score be-
blinded ence of se- | patients  re- NCBREF- | tween
exten- vere disrup- | ceived ongoing D total | groups.
sion tive behav- | methylpheni- score
ior; IQ > 70; | date and par-
previous ent training
good acute
response to
risperidone
(n=103)
Ja- Random- | Children Adjunctive 8 ADHD Risperidone 5
hangard ized, aged  7-10; | risperidone weeks | and ODD | > placebo on
etal., 2017 | con- ODD  with | (0.5mg/day) vs symp- CPRS-R
[37] trolled, comorbid placebo; all pa- toms, scores for in-
double- ADHD; no | tients received meas- attention, hy-
blinded history of in- | ongoing ured by | peractivity,
tellectual dis- | methylpheni- CPRS-R and opposi-
ability date 1 subscale | tional prob-
mg/kg/day) scores lems.
(n=284)
Juarez- Random- | Children and | Risperidone 16 Aggres- Risperidone 3
Trevino et | ized, adolescents (0.05 weeks sion as | =clozapinein
al, 2017 | con- aged  6-16; | mg/kg/day) vs meas- terms of re-
[38] trolled, CD with sig- | clozapine (0.6 ured by | duction in
double- nificant ag- | mg/kg/day) MOAS MOAS total
blinded gression; 1Q > total score.
70 score
(n =24)
Masi et | Natural- | Children and | Risperidone 6 ADHD Risperidone | N/A
al, 2017 | istic adolescents (mean dose 1.5 | months | and ODD | =
[39] aged  6-16; | mg/day) Vs symp- methylpheni-
ODD  with | methylpheni- toms, as | date in terms
comorbid date (mean meas- of reduction
ADHD; dose 20 ured by | in CBCL
1Q>70; drug- | mg/day); no CBCL at- | rule-break-
naive concurrent tention, ing, aggres-
(n=40) treatment rule- sive, ODD
breaking, | and CD
aggres- scores;
sive, methylpheni-
ADHD, date > risper-
ODD and | idone in
CD sub- | CBCL atten-
scales tion and
ADHD
scores.
Blader et | Random- | Children Risperidone 8 Aggres- Risperidone | 5
al.,, 2021 | ized, aged 6-12; | (0.5-2.5 weeks sion, as | > divalproex
[40] con- DBD  with | mg/day) vs di- meas- and placebo
trolled, comorbid valproex (375- ured by | in terms of
double- ADHD and | 1000 mg/day) R-MOAS | reduction in
blind significant vs placebo; all total R-MOAS to-
aggression; patients re- score tal score
non-response | ceived ongoing
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to prior opti- | methylpheni-
mization of | date
methylpheni-
date  treat-
ment

(n=45)

3.1. Study design and quality

Of the included studies, 4 were placebo-controlled trials of adjunctive antipsychotic
therapy, one was a randomized controlled trial of antipsychotic monotherapy involving
an active comparator, and one was a naturalistic trial involving an active comparator but
no specific process of randomization and blinding. None of the trials involved children
or adolescents with intellectual disability; however, five of six trials (83.3%) included
subjects with comorbid ADHD. These six studies covered a total of 461 participants
(mean sample size, 77; range, 24 — 165), spanning an age range of 6-16 years. Trial
duration ranged from 6 weeks to 6 months.

For all randomized controlled trials, study quality was assessed using the Jadad scale
[42], which is a well-established and valid method to assess the quality of reporting in
such trials [43]. One trial could not be rated using this scale as it was a naturalistic trial
which did not involve randomization or blinding. The Jadad score ranged from 3 to 5 for
the five randomized controlled clinical trials (mean score = 4) indicating a moderate to
good quality for these studies.

Of the included trials, one was a continuation conducted in patients who had shown a
prior good response to antipsychotic medication, raising the possibility of a bias towards
positive trial outcomes [36]; on the other hand, the most recent trial included subjects
who were still symptomatic after the optimization of other medication, indicating an
attempt to minimize bias and include participants with significant symptoms [40]. No
other significant sources of bias were identified in the other trials.

3.2 Efficacy

Five of the six studies included examined the efficacy of antipsychotic therapy in
reducing DBD symptomatology; the remaining study examined safety in terms of effects
on cognition as the chief outcome measure and is discussed in Section 3.3. Among these
trials, four included children and adolescents with comorbid ADHD and DBD [36, 37,
39, 40], and one included only children with CD and significant levels of aggression [38].

In a single naturalistic study involving only male participants with ADHD and ODD (n
= 40), monotherapy with risperidone (mean dose 1.5 mg) was compared with the
stimulant methylphenidate (20 mg/kg) over a period of 6 months. At the conclusion of
the study, both drugs were found to be equally effective in managing symptoms of
ODD, but methylphenidate was superior to risperidone in reducing symptoms of
inattention and hyperactivity [39].

In two short-term, placebo-controlled studies of comorbid ADHD and DBD, both lasting
8 weeks, adjunctive risperidone (0.5 — 2.5 mg) was superior to placebo in the
management of specific symptoms — aggression in one trial, and oppositional symptoms
in the other [37, 40]. All subjects in these studies were receiving stimulant therapy with
methylphenidate at standard doses. In one of these trials, both risperidone and
divalproex were evaluated as active drugs; in this trial, risperidone was superior to both
divalproex and placebo in reducing aggression [40].
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In a single continuation trial of prior responders to adjunctive risperidone, involving
children with a mean age of 9.2 years studied over a period of 12 weeks, participants
randomized to risperidone (mean dose 1.56 mg) did not differ from those receiving
placebo on primary outcome measures. However, risperidone appeared to be superior
on certain secondary outcome measures, such as positive social behaviour and reactive
aggression [36].

Finally, in a single randomized trial of children and adolescents with CD, clozapine (0.6
mg/kg/day) was comparable to risperidone (0.05 mg/kg/day) on the primary outcome
measure of overt aggression. Clozapine appeared superior to risperidone on the
secondary outcomes of global functioning and delinquent behaviour [38].

3.3 Safety and tolerability

All six trials included in this review reported data on safety and tolerability, including
serious adverse events and drop-out rates. Significant weight gain was reported in all
but one of the trials of risperidone, ranging from 1.4-2.2 kg at 8 weeks [37, 40] to 3.6 kg at
6 months [39]. Over a period of 6 months, it was observed that 25% of participants
receiving risperidone experienced an increase in body weight greater than 5%; however,
this figure is based on a single trial [39]. In a continuation trial in which all participants
had received prior risperidone treatment for 9 weeks; in this study, there was no
subsequent difference in weight change between risperidone and placebo over a period
of 12 weeks [36]. A trial comparing risperidone with clozapine over 4 weeks found a
mean weight gain of 4.1 kg with risperidone and 2.8 kg with clozapine; this difference
was significant with respect to time but not treatment group, indicating that the
observed difference between groups was not significant [38].

Table 4: Adverse drug reactions reported in recent clinical trials of antipsychotics for
patients with disruptive behavior disorders

Adverse event Frequency in antipsychotic group Frequency in control group®
Neurological

Dizziness 0-13% 22%
Extrapyramidal 0-8% N/A
Headache 11-21% 44%
Insomnia 4-39% 67%
Nightmares 11% 22%
Sedation 6-17% N/A
Somnolence 10-63% 11%
Syncope 8% N/A
Tics 0-11% 33%
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Behavioural

Anxiety 6-33% N/A
Apathy 22% 33%
Crying 39% 67%
Decreased speech 17% 22%
Depression 33% 56%
Euphoria 17% 22%
Increased speech 33% 78%
Irritability 58-61% 89%
Restlessness 56% 56%
Digestive

Abdominal pain 6-13% 33%
Constipation 4-11% 0%
Decreased appetite 0-33% 89%
Dry mouth 6% 22%
Dyspepsia 11% 44%
Increased appetite 11-42% 22%
Nausea 13% N/A
Sialorrhea 4% N/A
Respiratory

Cough 4% N/A
Nasal congestion 4% N/A
Rhinorrhea 6% N/A
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Dermatological
Bruising 11% 22%
Rash 17% 11%

Genito-urinary

Menstrual irregularity 6% 0%
Nocturnal enuresis 6-13% 11%
Other / unspecified

Fatigue 11% 11%
Lack of energy 22% 44%

" Patients were receiving stimulant therapy (methylphenidate) with adjunctive placebo.

N/A, data not available.

Common adverse effects reported with antipsychotics, along with their frequency, were
reported in five trials. In one of these, adverse effects were listed but no data on their
frequency was provided [37]; in the others, frequencies of each adverse effect were
provided in the article text or supplementary material [36, 38-40]. These are summarized
in Table 4. Adverse events that were reported to occur more frequently with
antipsychotic than with placebo included somnolence or sedation, syncope,
extrapyramidal adverse effects (tremors or stiffness), anxiety, constipation, increased
appetite, skin rash, menstrual irregularity and nocturnal enuresis. However, the placebo
group in these trials was receiving concurrent medication (usually with
methylphenidate), making direct comparisons of the frequency of these events difficult.

Serious adverse effects reported in these trials included neutropenia and suspected
drug-induced dyskinesia. In a trial comparing adjunctive risperidone, divalproex and
placebo, 1 of 18 subjects receiving risperidone (5.6%) developed neutropenia [40]; in a
trial comparing risperidone and clozapine, 2 of 12 subjects receiving clozapine (16.7%)
developed neutropenia, but this was not observed in any of the subjects receiving
risperidone [38]. Suspected dyskinesia severe enough to warrant treatment
discontinuation was reported in 1 of 54 (1.8%) of participants receiving risperidone over
a period of 12 weeks [36].

Changes in laboratory parameters were monitored in five studies [36-40]. Risperidone
use was associated with significant elevations in serum prolactin in two trials [36, 37].
Risperidone was also associated with elevated total cholesterol when administered over
6 months [39]; however, this effect was not noted in a shorter (8 week) trial [37]. No
significant changes were reported in plasma glucose, renal function tests (urea and
creatinine), or liver enzymes.

Given the concerns related to cognitive blunting and dulling with the use of older
antipsychotics in children [44], a single clinical trial examined the effects of adjunctive
risperidone (mean dose 1.7 mg/day), compared to placebo, on two measures of cognition
— the Continuous Performance Test-II (CPT-1I) and the Digit Span subscale of the
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Weschler Intelligence Scale for children. Over a period of six weeks, no significant
differences were identified between the two groups in terms of cognitive performance
on either measure [35]. However, all participants in this study were receiving concurrent
methylphenidate, as well as psychosocial intervention in the form of parent training.

An examination of drop-out rates across all included studies revealed that antipsychotic
therapy was not associated with a significant increase in study discontinuation, both in
general and for specific or severe adverse events.

4. Discussion

The use of atypical antipsychotics in children and adolescents has increased mark-
edly in the past two decades [27-29, 34, 45]. Most of the data on antipsychotic prescribing
patterns comes from high-income countries, as there is a lack of published data on the use
of these drugs among youth from low- and middle-income countries [34]. For example, a
study of over 180,000 youth with ADHD found that 2.6% were prescribed antipsychotics
in the year following their diagnosis; among those receiving an antipsychotic, almost 48%
were not treated with stimulants. In many cases, these drugs were used for the manage-
ment of comorbid DBDs, particularly ODD [46]. Off-label prescription of antipsychotics
for DBDs is also frequent; a study of children aged 2-7 receiving antipsychotics in the
United States found that, in the period 2009-2017, the proportion of these children with a
diagnosis of ODD or CD rose from 15% to 21% [47]. Similarly, a study of Canadian chil-
dren found that 44% of prescriptions for risperidone and almost 50% of prescriptions for
aripiprazole were for a diagnosis of CD [48]. A study of children (aged 1-17 years) receiv-
ing antipsychotic prescriptions found that 19% of the children with DBDs did not receive
appropriate psychosocial treatment [49]. In populations at a higher risk of developing
DBDs, such as children in foster care, the over-prescription of antipsychotics for children
and adolescents with these disorders may be more frequent. In a study of 128 children in
foster care, up to 16% were receiving antipsychotics for various indications; of these chil-
dren, 29% received a DBD diagnosis. Drugs used in these children included aripiprazole,
asenapine, paliperidone, olanzapine and risperidone. It was noted that many of these pre-
scriptions did not follow accepted practice guidelines; moreover, none of these drugs, ex-
cept risperidone, has been evaluated for the management of DBDs in controlled clinical
trials [50]. Another issue of concern related to the use of these drugs is the duration of
treatment. Though most controlled clinical trials of antipsychotics in children with DBDs
are of short duration (4-10 weeks), a study of 316 young children from a lower-income
group (age < 6 years) receiving antipsychotics reported a mean duration of treatment of
2.6 years, with 27% having taken these medications for over four years [51]. Finally, de-
spite the fact that all controlled trials of antipsychotics in children involve single drugs,
antipsychotic polypharmacy is frequently encountered in real-world settings [51, 52].
These concerns have been flagged by the authors of earlier systematic reviews, and
though there is some evidence of a gradual decline in antipsychotic prescription in
younger children in more recent research [53], the above results highlight the need for
more robust evidence on the efficacy and safety of antipsychotics in children and adoles-
cents with DBDs [33, 54].

It was with the above considerations in mind that the current review was undertaken.
The six studies reviewed in this paper represent a significant addition to the literature:
they are of generally good methodological quality, provide valuable information on cer-
tain unanswered clinical questions, and have excluded children with intellectual disabil-
ity in whom aggression may have a distinct neurobiological basis and may not respond
well to this drug class [55]. With regards to efficacy, two of the reviewed studies provide
further support for the short-term use of risperidone in the management of DBDs in chil-
dren with comorbid ADHD; both these studies were of good quality [37, 40]. On the other
hand, the maintenance study conducted by Findling et al. suggests that, among children
with DBDs and ADHD who have responded to an initial trial of risperidone, this drug can
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be discontinued over the next three months without a substantial risk of symptomatic
worsening [36]. Though the latter result requires replication, it does provide some support
for a more time-limited use of these medications in this vulnerable population. These re-
sults also highlight the need for appropriate concurrent treatment with stimulants and
psychosocial interventions, as these treatments may have contributed substantially to the
favorable outcomes described above.

In contrast with these results, the results of the naturalistic study conducted by Masi
et al. suggest that antipsychotic monotherapy may be inferior to stimulant therapy, at least
in some respects, in the initial management of DBDs with comorbid ADHD [39]. This re-
sult, though provisional and based on a less rigorous research protocol, suggests that ini-
tial prescription of antipsychotics following a diagnosis of ADHD is best avoided [46].

Though there is a reasonable level of evidence for the use of antipsychotics in youth
with comorbid ADHD and DBDs, there is as yet no substantial evidence for the use of this
drug class in DBDs alone. The single relevant trial published in the period 2017-2022
should be interpreted with caution, as it was of a somewhat lower methodological quality
and did not include a placebo group [38]. Moreover, one of the drugs used in this trial —
clozapine — was associated with emergent neutropenia in 17% of those receiving it, which
would be considered an unacceptable level of risk. In addition, both drugs in this trial
were associated with high rates of emergent behavioral adverse effects, such as irritability
and anxiety. While is it unclear to what extent these effects were causally related to the
drugs used, these results suggest that the conclusions reached by earlier reviewers remain
valid, and these drugs should be avoided in the management of CD or ODD pending
further evidence.

With regards to safety concerns, weight gain was identified as a consistent adverse
effect across trials. Given the potential long-term hazards associated with weight gain,
particularly in youth, this remains a matter of concern. Moreover, the mean weight gain
reported in the above trials may not reflect the actual risks associated with antipsychotic
monotherapy in children or adolescents. Many of the trial participants were receiving con-
current stimulant therapy, which is associated with reduced appetite and possible weight
loss, particularly in younger children [56]. The observation that around one-fourth of trial
participants gained over 5% of their baseline body weight over a longer treatment period
is a cause for greater concern, though this figure was based on a single trial and requires
replication [39]. Likewise, the elevations in serum cholesterol and prolactin represent a
significant adverse effect, as they could contribute to subsequent medical conditions such
as metabolic syndrome [57] or osteoporosis [58] if antipsychotic therapy is administered
for a prolonged period. A severe adverse effect of particular concern identified in recent
study data was neutropenia, which was specifically associated with clozapine but was
also reported in association with a child receiving risperidone therapy [38, 40]. Given that
younger age is a risk factor for clozapine-induced neutropenia, this drug is best avoided
in this population, and careful monitoring of white cell counts would also be warranted
if risperidone is being prescribed. The evidence from these short- to medium-term trials
suggests that the risk of extrapyramidal adverse effects or cognitive impairment is low or
minimal [35-38]. However, it must be borne in mind that these results were obtained in
the context of low-dose antipsychotic use in carefully selected and monitored study pop-
ulations; it is possible that extrapyramidal or cognitive adverse effects could appear when
antipsychotics are prescribed for DBDs at higher doses or longer durations [59]. Adverse
effects such as sedation and enuresis, though not listed as “severe” by study authors, can
also cause significant distress and social and academic dysfunction in this age group, and
should also be taken into account when prescribing antipsychotics to children with DBDs
[60].
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An important limitation of earlier research in this field is that it was largely based on
trials conducted in high-income countries. In contrast, two of the studies included in this
review were from middle-income countries (Iran and Mexico). This is a welcome trend,
as there is an urgent need to examine the safety and efficacy of these drugs in ethnically
diverse populations. Given that antipsychotics are often used “off-label” in these coun-
tries, sometimes in formulations that are not approved in this age group [61], the results
of this research should stimulate more rational prescribing practices in these settings.

When examining the results of this updated review in the light of the five concerns
raised in Table 2, a mixed picture emerges. The first point — the preponderance of risper-
idone as the study drug in clinical trials, remains a significant concern. The only other
antipsychotic evaluated was clozapine, which was associated with significant safety con-
cerns. Though several others antipsychotic drugs (aripiprazole, olanzapine, quetiapine,
ziprasidone) are used off-label for the management of DBDs, the available literature still
does not permit any clear recommendations to be made regarding their safety and effi-
cacy. The current state of the literature in this field highlights the urgent need for ethically
and methodologically sound, controlled clinical trials of other antipsychotics in children
and adolescents with DBDs, covering both shorter and longer treatment durations and
evaluating both safety and efficacy. Regarding the confounding effects of comorbidity
(point 2), the more recent trials included in this review addressed this issue partially —
children with intellectual disability were excluded, but most trial participants still had
comorbid ADHD. When considering publication bias (point 3), an examination of un-
published trials revealed only a single unpublished study of risperidone, which was
prematurely terminated due to difficulties in subject recruitment and involved only five
subjects at the time of termination; it is unlikely that the non-inclusion of this trial was a
significant source of bias. When compared with earlier trials, the reporting of adverse
events (point 4) was of superior quality in recent trials, and one of the published reports
was solely concerned with cognitive adverse events. Finally, the duration of clinical trials
(point 5) remained a matter of concern, with no trial lasting longer than 6 months; how-
ever, a positive finding in this respect was the publication of one discontinuation trial,
which suggested that antipsychotic discontinuation was not associated with significant
deterioration following successful short-term treatment. It can be concluded that the re-
cent literature in this area does represent a meaningful improvement over earlier research
in two of five aspects, and a partial improvement in the remaining three.

It is possible that further breakthroughs in this field may come not just from improve-
ments in trial methodology, but from advances in three fields of research: the neurobiol-
ogy of disruptive behavior disorders, the pharmacogenomics of antipsychotic response
and adverse events, and the availability of antipsychotics acting through novel molecular
mechanisms. Understanding the molecular mechanisms associated with DBD sympto-
matology — both dopaminergic and other targets, such as as oxytocin, the oxytocin recep-
tor and diverse serotonin receptor subtypes (5-HT1s, 5-HT3) — could lead to the develop-
ment of alternative pharmacotherapies, or more rational use of currently available anti-
psychotics [9, 10]. For example, antipsychotics that act at the aforementioned serotonin
receptors, such as asenapine or quetiapine, could represent alternatives to risperidone.
Pharmacogenomic methods could also be used to identify children or adolescents who
might respond better to antipsychotic therapy, or who are at a higher risk of specific ad-
verse effects. There is preliminary evidence of the potential utility of this approach in chil-
dren and adolescents with other behavioural disorders [62, 63]. Changes in the methyla-
tion of specific genes linked to these pathways, which have been identified in DBDs, could
also serve as potential biomarkers of treatment response, though this approach has not
yet been fully evaluated in youth [64]. Finally, antipsychotics acting through non-dopa-
minergic and non-serotonergic mechanisms have recently been evaluated and found ef-
fective in the management of adults with psychotic disorders. These include drugs acting
through glutamatergic and cholinergic mechanisms [65]. As both of these pathways have
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been associated with specific aspects of DBD symptomatology [66, 67], it is possible that
these novel drugs may offer advantages in safety and efficacy over commonly used anti-
psychotics.

The current review is subject to certain limitations. Apart from those already dis-
cussed earlier, these include: (a) the lack of studies examining specific dimensions or more
precise phenotypes of DBD symptomatology, (b) the remaining possibility of missing data
from unpublished trials, (c) the absence of pooled outcome measures of drug efficacy, due
to the heterogeneity in the included trials, (d) the paucity of data on behavioral adverse
effects, when compared with the availability of data on metabolic adverse events, (e) the
absence of clinical trials comparing antipsychotics with more evidence-based forms of
treatment, such as parent training or school-based interventions, and (f) the lack of data
on predictors of response, whether biological (e.g., genotype or epigenetic changes) or
psychosocial (e.g., family environment, socioeconomic status, or history of abuse or ne-
glect).

5. Conclusions

The history of antipsychotic usage for the management of DBDs in childhood and
adolescence is almost as old as that of antipsychotics themselves, spanning the period
from 1955 to date. However, it is only in the past two decades (1999-2022) that randomized
controlled trials of good quality have been conducted to evaluate the safety and efficacy
of these drugs. Recent clinical trials of antipsychotics in children and adolescents with
DBDs represent a slight increase in study quality over earlier research. The results of these
trials support earlier trial data and recommendations on the use of risperidone in the spe-
cific clinical scenario of DBD symptoms in children and adolescents with comorbid
ADHD, but also highlight the attendant risks of weight gain and prolactin elevation. De-
spite forty years of clinical trials in this area, there is as yet no sufficient evidence to rec-
ommend the use of antipsychotics in DBDs in general. The findings of this review will be
of use to researchers involved in the design of subsequent interventional studies. It is also
hoped that the evidence summarized in this paper will serve to guide to clinicians towards
more rational, short-term prescribing of these drugs, and to due attention to psychosocial
factors and their management in children and adolescents with these challenging behav-
ioral disorders.

Supplementary Materials: None.
Funding: The work presented in this paper received no external funding.
Institutional Review Board Statement: Not applicable, as this is a literature review.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The author declares no conflict of interest.

References

1.  Tandon, M.; Giedinghagen, A. Disruptive behavior disorders in children 0 to 6 years old. Child Adolesc. Psychiatr. Clin. N. Am.
2017, 26, 491-502. https://doi.org/10.1016/j.chc.2017.02.005

2. Viding, E.; McCrory, E. Disruptive behavior disorders: the challenge of delineating mechanisms in the face of heterogeneity.
Am. . Psychiatry 2020, 177, 811-817. https://doi.org/10.1176/appi.ajp.2020.20070998

3.  Petitclerc, A.; Tremblay, R.E. Childhood disruptive behavior disorders: review of their origin, development, and prevention.
Can. |. Psychiatry 2009, 54, 222-231. https://doi.org/10.1177/070674370905400403

4. Copeland, W.E.; Wolke, D.; Shanahan, L.; Costello, E.J. Adult functional outcomes of common childhood psychiatric problems:
a prospective, longitudinal study. JAMA Psychiatry 2015, 72, 892-899. https://doi.org/10.1001/jamapsychiatry.2015.0730



https://doi.org/10.1016/j.chc.2017.02.005
https://doi.org/10.1176/appi.ajp.2020.20070998
https://doi.org/10.1177/070674370905400403
https://doi.org/10.1001/jamapsychiatry.2015.0730
https://doi.org/10.20944/preprints202210.0327.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 October 2022 d0i:10.20944/preprints202210.0327.v1

5. Burke, ].D.; Rowe, R.; Boylan, K. Functional outcomes of child and adolescent oppositional defiant disorder symptoms in young
adult men. J. Child Psychol. Psychiatry 2014, 55, 264-272. https://doi.org/10.1111/jcpp.12150

6. Olino, T.M,; Seeley, ].R.; Lewinsohn, P.R. Conduct disorder and psychosocial outcomes at age 30: adult psychopathology as a
potential mediator. J. Abnorm. Child Psychol. 2010, 38, 1139-1149. https://doi.org/10.1007/s10802-010-9427-9

7.  Wakschlag, L.S.; Perlman, S.B.; Blair, R.J.; Leibenluft, E.; Briggs-Gowan, M.].; Pine, D.S. The neurodevelopmental basis of early
childhood disruptive behavior: irritable and callous phenotypes as examples. Am. |. Psychiatry 2018, 175, 114-130.
https://doi.org/10.1176/appi.ajp.2017.17010045

8.  Azeredo, A.; Moreira, D.; Barbosa, F. ADHD, CD, and ODD: systematic review of genetic and environmental risk factors. Res.
Dev. Disabil. 2018, 82, 10-19. https://doi.org/10.1016/j.ridd.2017.12.010

9.  Moore, A.A,; Blair, R.J.; Hettema, ].M.; Roberson-Nay, R. The genetic underpinnings of callous-unemotional traits: a systematic
research review. Neurosci. Biobehav. Rev. 2019, 100, 85-97. https://doi.org/10.1016/j.neubiorev.2019.02.018

10. Weeland, J.; Overbeek, G.; de Castro, B.O.; Matthys, W. Underlying mechanisms of gene-environment interactions in external-
izing behavior: a systematic review and search for theoretical mechanisms. Clin. Child. Fam. Psychol. Rev. 2015, 18, 413-442.
https://doi.org/10.1007/s10567-015-0196-4

11.  Boldrini, T.; Ghiandoni, V.; Mancinelli, E.; Salcuni, S.; Solmi, M. Systematic review and meta-analysis: psychosocial treatments
for disruptive behavior symptoms and disorders in adolescence. . Am. Acad. Child Adolesc. Psychiatry 2022, May 9, S0890-
8567(22)00253-2. https://doi.org/10.1016/j.jaac.2022.05.002

12. Waddell, C.; Schwartz, C.; Andres, C.; Barican, J.L.; Yung, D. Fifty years of preventing and treating childhood behaviour disor-
ders: a systematic review to inform policy and practice. Evid. Based Mental Health 2018, 21, 45-52. https://doi.org/10.1136/eb-
2017-102862

13. Comer, J.S.; Chow, C.; Chan, P.T.; Cooper-Vince, C.; Wilson, L.A.S. Psychosocial treatment efficacy for disruptive behavior
problems in very young children: a meta-analytic examination. J. Am. Acad. Child Adolesc. Psychiatry 2013, 52, 26-36.
https://doi.org/10.1016/j.jaac.2012.10.001

14. Kolko, D.J.; Campo, J.V.; Kelleher, K.; Cheng, Y. Improving access to care and clinical outcome for pediatric behavioral prob-
lems: a randomized trial of a nurse-administered intervention in primary care. . Dev. Behav. Pediatr. 2010, 31, 393-404.
https://doi.org/10.1097/dbp.0b013e3181d£f307

15. Ban, T.A. Pharmacotherapy of mental illness — a historical analysis. Prog. Neuropsychopharmacol. Biol. Psychiatry 2001, 25, 709-
727. https://doi.org/10.1016/s0278-5846(01)00160-9

16. Jasovic-Gasic, M.; Vukovic, O.; Pantovic, M; Cvetic, T.; Maric-Bojovic, N. Antipsychotics — history of development and field of
indication, new wine — old glasses. Psychiatr. Danub. 2012, 24, S42-545.

17.  Remington, G.; Hahn, M.K.; Agarwal, S.M.; Chintoh, A.; Agid, O. Schizophrenia: antipsychotics and drug development. Behav.
Brain Res. 2021, 414, 113507. https://doi.org/10.1016/j.bbr.2021.113507

18. Lehmann, H.E.; Hanrahan, G.E. Chlorpromazine; new inhibiting agent for psychomotor excitement and manic states. AMA
Arch. Neurol. Psychiatry 1954, 71, 227-237.

19. Greenfield, A.R. Use of phenothiazines in alcoholic agitation. Med. Ann. Dist. Columbia 1961, 30, 726-728.

20. Appleton, W.S. The snow phenomenon: tranquilizing the assaultive. Psychiatry 1965, 28,  88-93.
https://doi.org/10.1080/00332747.1965.11023418

21. Bair, H.V.; Herold, W. Efficacy of chlorpromazine in hyperactive mentally retarded children. AMA Arch. Neurol. Psychiatry 1955,
74, 363-364. https://doi.org/10.1001/archneurpsyc.1955.02330160013003

22. Harman, C.; Winn, D.A. Clinical experience with chlorprothixene in disturbed children. A comparative study. Int. . Neuropsy-
chiatry 1966, 2, 72-77.

23. Ojeda, P.A. Treatment with thioridazine of emotionally disturbed children in a day hospital. Mich. Med. 1970, 69, 215-217.

24. Campbell, M.; Small, A.M.; Green, W.H.; Jennings, S.J.; Perry, R.; Bennett, W.G.; Anderson, L. Behavioral efficacy of haloperidol
and lithium carbonate. A comparison in hospitalized aggressive children with conduct disorder. Arch. Gen. Psychiatry 1984, 41,
650-656. https://doi.org/10.1001/archpsyc.1984.01790180020002

25.  Kim-Cohen, J.; Caspi, A; Taylor, A.; Williams, B.; Newcombe, R.; Craig, LW.; Moffitt, T.E. MAOA, maltreatment, and gene-
environment interaction predicting children’s mental health: new evidence and a meta-analysis. Mol. Psychiatry 2006, 11, 903-
13. https://doi.org/10.1038/sj.mp.4001851

26. Findling, R.L.; Schulz, S.C.; Reed, M.D.; Blumer, ]J.L. The antipsychotics. A pediatric perspective. Pediatr. Clin. North Am. 1998,
45, 1205-1232. https://doi.org/10.1016/s0031-3955(05)70070-5

27. Doey, T.; Handelman, K,; Seabrook, ].A.; Steele, M. Survey of atypical antipsychotic prescribing by Canadian child psychiatrists
and developmental pediatricians for patients aged wunder 18 vyears. Can. ]. Psychiatry 2007, 52, 363-368.
https://doi.org/10.1177/070674370705200605

28. Crystal, S.; Olfson, M.; Huang, C.; Pincus, H.; Gerhard, T. Broadened use of atypical antipsychotics: safety, effectiveness, and
policy challenges. Health Aff. 2009, 28, w770-781. https://doi.org/10.1377/hlthaff.28.5.w770

29. Alexander, G.C.; Gallagher, S.C.; Mascola, A.; Moloney, R.M.; Stafford, R.S. Increasing off-label use of antipsychotic medications
in the United States, 1995-2008. https://doi.org/10.1002/pds.2082

30. Brylewski, J.; Duggan, L. Antipsychotic medication for challenging behaviour in people with intellectual disability: a systematic
review of randomized controlled trials. ] Intellect. Disabil. Res. 1999, 43, 360-371. https://doi.org/10.1046/j.1365-
2788.1999.043005360.x



https://doi.org/10.1111/jcpp.12150
https://doi.org/10.1007/s10802-010-9427-9
https://doi.org/10.1176/appi.ajp.2017.17010045
https://doi.org/10.1016/j.ridd.2017.12.010
https://doi.org/10.1016/j.neubiorev.2019.02.018
https://doi.org/10.1007/s10567-015-0196-4
https://doi.org/10.1016/j.jaac.2022.05.002
https://doi.org/10.1136/eb-2017-102862
https://doi.org/10.1136/eb-2017-102862
https://doi.org/10.1016/j.jaac.2012.10.001
https://doi.org/10.1097/dbp.0b013e3181dff307
https://doi.org/10.1016/s0278-5846(01)00160-9
https://doi.org/10.1016/j.bbr.2021.113507
https://doi.org/10.1080/00332747.1965.11023418
https://doi.org/10.1001/archneurpsyc.1955.02330160013003
https://doi.org/10.1001/archpsyc.1984.01790180020002
https://doi.org/10.1038/sj.mp.4001851
https://doi.org/10.1016/s0031-3955(05)70070-5
https://doi.org/10.1177/070674370705200605
https://doi.org/10.1377/hlthaff.28.5.w770
https://doi.org/10.1002/pds.2082
https://doi.org/10.1046/j.1365-2788.1999.043005360.x
https://doi.org/10.1046/j.1365-2788.1999.043005360.x
https://doi.org/10.20944/preprints202210.0327.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 October 2022 d0i:10.20944/preprints202210.0327.v1

31. Pringsheim, T.; Gorman, D. Second-generation antipsychotics for the treatment of disruptive behaviour disorders in children:
a systematic review. Can. J. Psychiatry 2012, 57, 722-727. https://doi.org/10.1177/070674371205701203

32. Pringsheim, T.; Hirsch, L.; Gardner, D.; Gorman, D.A. The pharmacological management of oppositional behaviour, conduct
problems, and aggression in children and adolescents with attention-deficit hyperactivity disorder, oppositional defiant disor-
der, and conduct disorder: a systematic review and meta-analysis. Part 2: antipsychotics and traditional mood stabilizers. Can.
J. Psychiatry 2015, 60, 52-61. https://doi.org/10.1177/070674371506000203

33. Loy, J.H;; Merry, S.N.; Hetrick, S.E.; Stasiak, K. Atypical antipsychotics for disruptive behaviour disorders in children and
youths. Cochrane Database Syst. Rev. 2017, 8, CD008559. https://doi.org/10.1002%2F14651858.CD008559.pub3

34. Halfdanarson, O.; Zoega, H.; Aagaard, L.; Bernardo, M.; Brandt, L.; Fuste, A.C.; Furu, K,;...... Bachmann, C.J. International
trends in antipsychotic use: a study in 16 countries, 2005-2014. Eur. Neuropsychopharmacol. 2017, 27, 1064-1076.
https://doi.org/10.1016/j.euroneuro.2017.07.001

35. Farmer, C.A,; Epstein, ].N.; Findling, R.L.; Gadow, K.D.; Arnold, L.E.; Kipp, H.; Kolko, D.J.; Butter, E.; Schneider, J.; Bukstein,
0O.G.; McNamara, N.K.; Molina, B.S.G.; Aman, M.G. Risperidone added to psychostimulant in children with severe aggression
and attention-deficit/hyperactivity disorder: lack of effect on attention and short-term memory. J. Child. Adolesc. Psychopharma-
col. 2017, 27, 117-124. https://doi.org/10.1089/cap.2016.0040

36. Findling, R.L.; Townsend, L.; Brown, N.V.; Arnold, L.E.; Gadow, K.D.; Kolko, D.J.; McNamara, N.K,; Gary, D.S.; Kaplin, D.B.;
Farmer, C.A,; Kipp, H.; Williams, C.; Butter, E.M.; Bukstein, O.G.; Rice, R.; Buchan-Page, K.; Molina, B.S.G.; Aman, M.G. The
treatment of severe childhood aggression study: 12 weeks of extended, blinded treatment in clinical responders. J. Child. Adolesc,
Psychopharmacol. 2017, 27, 52-65. https://doi.org/10.1089/cap.2016.0081

37. Jahangard, L.; Akbarian, S.; Haghighi, M.; Ahmadpanah, M.; Keshavarzi, A.; Bajoghli, H.; Bahmani, D.S.; Holsboer-Traschler,
E.; Brand, S. Children with ADHD and symptoms of oppositional defiant disorder improved in behavior when treated with
methylphenidate and adjuvant risperidone, though weight gain was also observed - results from a randomized, double-blind,
placebo-controlled trial. Psychiatry Res. 2017, 251, 182-191. https://doi.org/10.1016/j.psychres.2016.12.010

38. Juarez-Trevino, M.; Esquivel, A.C.; Isida, L.M.L.; Delgado, D.A.G.; de la O Cavazos, M.E.; Ocanas, L.G.; Sepulveda, R.S. Clozap-
ine in the treatment of aggression in conduct disorder in children and adolescents: a randomized, double-blind, controlled trial.
Clin. Psychopharmacol. Neurosci. 2017, 17, 43-53. https://doi.org/10.9758/cpn.2019.17.1.43

39. Masi, G,; Manfredi, A.; Nieri, G.; Muratori, P.; Pfanner, C.; Milone, A. A naturalistic comparison of methylphenidate and risper-
idone monotherapy in drug-naive youth with attention-deficit/hyperactivity disorder comorbid with oppositional defiant dis-
order and aggression. ]. Clin. Psychopharmacol. 2017, 37, 590-594. https://doi.org/10.1097/]CP.0000000000000747

40. Blader, J.C,; Pliszka, S.R.; Kafantaris, V.; Foley, C.A.; Carlson, G.A.; Crowell, ].A.; Bailey, B.Y.; Sauder, C.; Daviss, W.B.; Sinha,
C.; Matthews, T.L.; Margulies, D.M. Stepped treatment for attention-deficit/hyperactivity disorder and aggressive behavior: a
randomized, controlled trial of adjunctive risperidone, divalproex sodium, or placebo after stimulant medication optimization.
J. Am. Acad. Child. Adolesc. Psychiatry 2021, 60, 236-251. https://doi.org/10.1016/j.jaac.2019.12.009

41. Methylphenidate vs. risperidone for the treatment of children and adolescents with ADHD and disruptive disorders. Available
online: https://clinicaltrials.gov/ct2/show/NCT02063945 (accessed on 18-10-2022)

42. Jadad, A.R.; Moore, R.A; Carroll, D.; Jenkinson, C.; Reynolds, D.J.; Gavaghan, D.J.; McQuay, H.J. Assessing the quality of re-
ports of randomized clinical trials: is blinding necessary? Control. Clin. Trials 1996, 17, 1-12. https://doi.org/10.1016/0197-
2456(95)00134-4

43. Olivo, S.A.; Macedo, L.G.; Gadotti, I.C.; Fuentes, J.; Stanton, T.; Magee, D.].; Scales to assess the quality of randomized controlled
trials: a systematic review. Phys. Ther. 2008, 88, 156-175. https://doi.org/10.2522/ptj.20070147

44. Aman, M.G.; Singh, N.N. The usefulness of thioridazine for treating childhood disorders — fact or folklore? Am. ]. Ment. Defic.
1980, 84, 331-338.

45. Nakane, S.; Tanaka-Mizuno, S.; Nishiyama, C.; Kochi, K.; Yamamoto-Sasaki, M.; Takeuchi, M.; Ogawa, Y.; Doi, Y.; Arai, M,;
Fujii, Y.; Matsunaga, T.; Furukawa, T.A.; Kawakami, K. Trends in prescribing antipsychotics for children and adolescents in
Japan: a descriptive epidemiological study using a large-scale pharmacy dataset. Child Psychiatry Hum. Dev. 2022, Feb 24.
https://doi.org/10.1007/s10578-022-01330-x

46. Sultan, R.S.; Wang, S.; Crystal, S.; Olfson, M. Antipsychotic treatment among youths with attention-deficit/hyperactivity disor-
der. JAMA Network Open 2019, 2, €197850. https://doi.org/10.1001/jamanetworkopen.2019.7850

47. Bushnell, G.A.; Crystal, S.; Olfson, M. Trends in antipsychotic medication use in young privately insured children. ]. Am. Acad.
Child Adolesc. Psychiatry 2021, 60, 877-886. https://doi.org/10.1016/j.jaac.2020.09.023

48. Chen, W.; Cepoiu-Martin, M.; Stang, A.; Duncan, D.; Symonds, C.; Cooke, L.; Pringsheim, T. Antipsychotic prescribing and
safety monitoring practices in children and youth: a population-based study in Alberta, Canada. Clin. Drug Investig. 2018, 38,
449-455. https://doi.org/10.1007/s40261-018-0626-4

49. Shenkman, E.A.; Huo, T.; Li, Q.; Bussing, R.; Forrest, C.B.; Xu, H.; Woodard, J.; Muller, K.E. Florida Medicaid children’s receipt
of first-line psychosocial care prior to antipsychotic initiation. Acad. Pediatr. 2022, 22, S100-S107.
https://doi.org/10.1016/j.acap.2021.11.014

50. Bush, H.; Rapp, J.T.; Kierce, E. Combining stimulants with antipsychotics for foster children and adolescents: do prescribers
adhere to guidelines? Child. Youth Serv. Rev. 2021, 121, 105902. https://doi.org/10.1016/j.childyouth.2020.105902

51. Lohr, D.W,;Jawad, K,; Feygin, Y.; Le, J.; Creel, L.; Pasquenza, N.; Williams, P.G.; Jones, V.F.; Myers, ].; Davis, D.W. Antipsychotic
medications for low-income preschoolers: long duration and psychotropic medication polypharmacy. Psychiatr. Serv. 2022, 73,
510-517. https://doi.org/10.1176/appi.ps.202000673



https://doi.org/10.1177/070674371205701203
https://doi.org/10.1177/070674371506000203
https://doi.org/10.1002%2F14651858.CD008559.pub3
https://doi.org/10.1016/j.euroneuro.2017.07.001
https://doi.org/10.1089/cap.2016.0040
https://doi.org/10.1089/cap.2016.0081
https://doi.org/10.1016/j.psychres.2016.12.010
https://doi.org/10.9758/cpn.2019.17.1.43
https://doi.org/10.1097/JCP.0000000000000747
https://doi.org/10.1016/j.jaac.2019.12.009
https://clinicaltrials.gov/ct2/show/NCT02063945
https://doi.org/10.1016/0197-2456(95)00134-4
https://doi.org/10.1016/0197-2456(95)00134-4
https://doi.org/10.2522/ptj.20070147
https://doi.org/10.1007/s10578-022-01330-x
https://doi.org/10.1001/jamanetworkopen.2019.7850
https://doi.org/10.1016/j.jaac.2020.09.023
https://doi.org/10.1007/s40261-018-0626-4
https://doi.org/10.1016/j.acap.2021.11.014
https://doi.org/10.1016/j.childyouth.2020.105902
https://doi.org/10.1176/appi.ps.202000673
https://doi.org/10.20944/preprints202210.0327.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 October 2022 d0i:10.20944/preprints202210.0327.v1

52.  Varimo, E.; Saastamoinen, L.K.; Ratto, H.; Aronen, E.T. Polypharmacy in children and adolescents initiating antipsychotic drug
in 2008-2016: a nationwide register study. Nord. |. Psychiatry 2022, Mar 9, 1-9. https://doi.org/10.1080/08039488.2022.2042597

53. Candon, M.; Shen, S.; Fadeyibi, O.; Smith, J.L.; Rothbard, A. Trends in antipsychotic prescribing for approved and unapproved
indications to Medicaid-enrolled youth in Philadelphia, Pennsylvania between 2014 and 2018. BMC Psychiatry 2021, 21, 524.
https://doi.org/10.1186/s12888-021-03533-3

54. Burcu, M.; Safer, D.J.; Zito, ].M. Antipsychotic prescribing for behavioral disorders in US youth: physical specialty, insurance
coverage, and complex regimens. Pharmacoepidemiol. Drug Saf. 2016, 25, 26-34. https://doi.org/10.1002/pds.3897

55.  Willner, P. The neurobiology of aggression: implications for the pharmacotherapy of aggressive challenging behaviour by peo-
ple with intellectual disabilities. J. Intellect. Disabil. Res. 2015, 59, 82-92. https://doi.org/10.1111/jir.12120

56. Childress, A.C.; Foehl, H.C.; Newcorn, ].H.; Faraone, S.V.; Levinson, B.; Adjei, A.L. Long-term treatment with extended-release
methylphenidate treatment in children aged 4 to <6 years. |. Am. Acad. Child Adolesc. Psychiatry 2022, 61, 80-92.
https://doi.org/10.1016/j.jaac.2021.03.019

57. Man, KK.C,; Shao, S.C.; Chang, Y.C,; Chi, M.H,; Jeong, H.E.; Lin, S.J.; Su, C.C.; Shin, J.Y.; Wong, K.H.; Wong, I.CK,; Yang,
Y.HK;; Yang, Y.K,; Lai, E.C.C. Cardiovascular and metabolic risk of antipsychotics in children and young adults: a multina-
tional self-controlled case series study. Epidemiol. Psychiatr. Sci. 2021, 30, e65. https://doi.org/10.1017/s2045796021000494

58. Rice, ].N.; Gillett, G.B.; Malas, N.M. The impact of psychotropic medications on bone health in youth. Curr. Psychiatry Rep. 2018,
20, 104. https://doi.org/10.1007/s11920-018-0960-5

59. Pringsheim, T.; Lam, D.; Ching, H.; Patten, S. Metabolic and neurological complications of second-generation antipsychotic use
in children: a systematic review and meta-analysis of randomized controlled trials. Drug Saf. 2011, 34, 651-668.
https://doi.org/10.2165/11592020-000000000-00000

60. Ramdour, S.; Duxbury, J.A.; Becket, G.; Wilson, S. A cross-sectional observational study of healthcare professional views of
factors affecting teenage adherence with antipsychotic medication. |. Psychiatr. Ment. Health Nurs. 2015, 22, 491-501.
https://doi.org/10.1111/jpm.12210

61. Demirkaya, S.C.; Aksu, H.; Ozgur, B.G. A retrospective study of long acting risperidone use to support treatment adherence in
youth with conduct disorder. Clin. Pharmacol. Neurosci. 2017, 15, 328-336. https://doi.org/10.9758/cpn.2017.15.4.328

62. Rossow, K.M.; Oshikoya, K.A.; Aka, I.T.; Maxwell-Horn, A.C.; Roden, D.M.; Van Driest, S.L. Evidence for pharmacogenomic
effects on risperidone outcomes in pediatrics. J. Dev. Behav. Pediatr. 2021, 42, 205-212.
https://doi.org/10.1097/dbp.0000000000000883

63. Dodsworth, T.; Kim, D.D.; Procyshyn, R.M.; Ross, C.J.; Honer, W.G.; Barr, A.M. A systematic review of the effects of CYP2D6
phenotypes on risperidone treatment in children and adolescents. Child Adolesc. Psychiatry Ment. Health 2018, 12, 37.
https://doi.org/10.1186/s13034-018-0243-2

64. Lisoway, A.J.; Chen, C.C,; Zai, C.C.; Tiwari, A.K.; Kennedy, J.L. Toward personalized medicine in schizophrenia: genetics and
epigenetics of antipsychotic treatment. Schizophr. Res. 2021, 232, 112-124. https://doi.org/10.1016/j.schres.2021.05.010

65. Spark, D.L.; Fornito, A.; Langmead, C.J.; Stewart, G.D. Beyond antipsychotics: a twenty-first century update for preclinical
development of schizophrenia therapeutics. Transl. Psychiatry 2022, 12, 147. https://doi.org/10.1038/s41398-022-01904-2

66. Bauer, L.O.; Covault, ]. M. GRMS8 genotype is associated with externalizing disorders and greater inter-trial variability in brain
activation during a response inhibition task. Clin. Neurophysiol. 2020, 131, 1180-1186. https://doi.org/10.1016/j.clinph.2020.02.031

67. Williams, N.M.; Franke, B.; Mick, E.; Anney, R.J.L.; Freitag, C.M.; Gill, M.; Thapar, A.; O’'Donovan, M.C., Owen, M.].; Holmans,
P.; Kent, L.; Middleton, F.; Zhang-James, Y.; Liu, L;.....Faraone, S.V. Genome-wide analysis of copy number variants in attention
deficit hyperactivity disorder: the role of rare variants and duplications at 15q13.3. Am. |. Psychiatry 2012, 169, 195-204.
https://doi.org/10.1176/appi.ajp.2011.11060822



https://doi.org/10.1080/08039488.2022.2042597
https://doi.org/10.1186/s12888-021-03533-3
https://doi.org/10.1002/pds.3897
https://doi.org/10.1111/jir.12120
https://doi.org/10.1016/j.jaac.2021.03.019
https://doi.org/10.1017/s2045796021000494
https://doi.org/10.1007/s11920-018-0960-5
https://doi.org/10.2165/11592020-000000000-00000
https://doi.org/10.1111/jpm.12210
https://doi.org/10.9758/cpn.2017.15.4.328
https://doi.org/10.1097/dbp.0000000000000883
https://doi.org/10.1186/s13034-018-0243-2
https://doi.org/10.1016/j.schres.2021.05.010
https://doi.org/10.1038/s41398-022-01904-2
https://doi.org/10.1016/j.clinph.2020.02.031
https://doi.org/10.1176/appi.ajp.2011.11060822
https://doi.org/10.20944/preprints202210.0327.v1

