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Background: Antipsychotic drugs (APs) are increasingly used to treat a variety of

psychiatric disorders in children and adolescents. However, their safety and tolerability

profiles, when used in a developmental age context, show different characteristics from

the ones observed in adult patients. Treatment with APs in pediatric patients is often

long-term. However, the tolerability data regarding these patients mostly derive from

short-term studies.

Methods: Starting from April 2017, for a 1-year period, patients between 4 and

18 years of age followed by five units of developmental age neuropsychiatry, who

initiated a treatment with at least an AP (ATC class N05A) were included into the study.

Patient-related data have been collected at baseline and regularly thereafter, as allowed

by the clinical routine. Changes to continuous variables over time have been analyzed

using a linear mixed model in subsamples of our population treated with risperidone

or aripiprazole.

Results: During the observation period, 158 patients were initially enrolled, but only

116 completed 12 months of therapy with an AP. Risperidone was the most used AP

(n= 52) followed by aripiprazole (n= 44) and olanzapine (n= 7). For both the aripiprazole

and risperidone groups, the mean body mass index (BMI) (P < 0.001 for both groups)

and heart rate (P = 0.026 for aripiprazole group and P < 0.001 for the risperidone

one) values significantly increased over time. The mean prolactin concentration value

significantly increased over time only in the risperidone group (P = 0.04). Eighty-six

patients experienced at least one adverse drug reaction (ADR), accounting for a total

of 238 specific reactions, with the most frequent being weight gain (n = 34), increased

serum prolactin levels (n= 21), hyperphagia (n= 20), and hypercholesterolemia (n= 14).

Among these, only 24 ADRs were classifiable as serious.
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Conclusions: The results of this study confirm that risperidone and aripiprazole are

relatively well-tolerated therapeutic options for the treatment of a variety of psychiatric

disorders in pediatric patients. However, in findings such as statistically significant

increments of BMI and heart rate mean values, the variations over time in prolactin

levels observed with risperidone and the differences between the two drugs remark the

necessity of systematic monitoring.

Keywords: antipsychotics, pediatric patients, long-term monitoring, naturalistic setting, adverse drug reaction

(ADR), tolerability

INTRODUCTION

Antipsychotic drugs (APs) are the mainstay of treatment for
schizophrenia. This class of medications can be divided into two
groups, those referred to as typical or first-generation APs (FGAs)
and the more recently developed agents, known as atypical or
second-generation APs (SGAs) (1). Several improvements have
beenmade to the pharmacodynamic profile of these drugs during
the development of the SGAs, such as the lower dopamine
receptor occupancy and the blockage of serotonin receptors
in the cortical limbic pathways. These modifications reduced
the incidence of important adverse drug reactions (ADRs)
such as the excessive sedation and extrapyramidal symptoms
contributing to a higher perceived safety over the FGAs (2).
This is one of the most important factors that has led to a
substantial increase in the use of APs, especially of the SGAs,
over the past two decades, to treat children and adolescent
patients in most developed countries (3, 4). Today, APs are an
important therapeutic option in the treatment of schizophrenia
as well as of a variety of disorders such as aggression and
irritability secondary to autism spectrum disorders or intellectual
disabilities, tics or Tourette disorders, and mood and conduct
disorders (5–7). The growing use of these agents has also been
associated with an extensive off-label use (8–10) caused by the
lack of premarketing registration studies and, by consequence,
of approved use cases for APs in pediatric patients. Moreover,
the efficacy and safety of APs when used in this particular
population are still supported by few studies often plagued by
several methodological limitations such as a short observational
period, a relatively low number of involved subjects, and the
exclusion of patients (such as those presenting comorbidities or
being treated with more than one drug) that will eventually be
treated with APs. Young patients affected by bipolar disorder,
psychosis, or schizophrenia have been shown to be particularly
prone to experiencing ADRs due to APs (11). Also, children
and adolescents seem to present a higher sensitivity to several
ADRs such as neurologic disturbances, hyperprolactinemia,
cardiovascular-related adverse events, weight gain, and related
metabolic features in comparison to adult patients (12–14).
These are consequences of the physiological variations typical
of the developmental age, which could interfere with both the
pharmacodynamic and pharmacokinetic profiles of the APs (15).
Antipsychotic drugs also differ from each other across a wide
range of pharmacokinetic and pharmacodynamic properties and
by consequence in their safety and tolerability profiles (14,
16). Taking as an example the metabolic-related ADRs, the

highest risk of weight gain in pediatric patients seems to be
associated with the administration of olanzapine and clozapine
followed by risperidone, quetiapine, haloperidol, aripiprazole,
and ziprasidone. On the other hand, ziprasidone and clozapine
are more commonly associated with the onset of cardiovascular
adverse events, such as electrocardiogram (ECG) abnormalities
and hypertension (17, 18). As far as hyperprolactinemia is
concerned, risperidone seems to induce it quite frequently,
whereas aripiprazole does not seem to show any effects on
prolactin (PRL) levels (14, 16). Treatment with APs in pediatric
patients is often long-term (19). However, a chronic exposure
to APs during the developmental age could potentially lead to
dysfunctional modifications of both metabolic and neurological
processes, for example, a prolonged hyperprolactinemia can
cause a delay in pubertal maturation, menstrual disturbances,
gynecomastia, and sexual dysfunction, making it far more
distressing for an adolescent than for an adult subject (20).
Indeed, to date, the safety of these medications for long-term
treatments in pediatric patients remains a subject of debate,
and several important safety concerns previously highlighted in
literature are still not yet resolved (13, 15, 21–23). Therefore,
it is clear that close and long-term monitoring of pediatric
patients treated with APs in a real-world setting could be
useful to clinicians in the process of tailoring the therapies
for the single patient and for the identification and treatment
of therapy-related conditions (e.g., metabolic dysregulation) as
previously stated by other authors (24). In addition to that,
such monitoring could be helpful for a better definition of the
safety and tolerability profiles of these drugs especially in the
long term, as highlighted by previous studies based in a real-
world setting (25). For these reasons, we carried out a 1-year
naturalistic study involving pediatric patients treated with APs.
We evaluated the changes in the main clinical, cardiovascular,
and laboratory parameters that according to the guidelines
published by the National Institute for Clinical Excellence
(NICE) (26) should be monitored regularly and systematically
throughout treatment with antipsychotic medication. These
observations were integrated with a descriptive analysis of
identified ADRs.

METHODS

Study Design
This observational prospective cohort study was conducted as
part of the operational framework of an active pharmacovigilance
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project focused on the evaluation of the safety and tolerability
of APs in children and adolescents. The study was notified to
and then approved by the ethical committee of the coordinating
center, the University Hospital “AOU Policlinico G. Martino”
of Messina on August 1, 2016. Five neuropsychiatry units
specialized in diagnosis and treatment of psychiatric disorders
in children and adolescents took part in the project coordinated
by a unit of clinical pharmacology. In the period from April
2017 to April 2018, pediatric patients (aged ≤ 18 years),
both inpatients and outpatients, who started treatment with
any antipsychotic agent within the participating centers were
included in the study. No restrictions were applied in terms
of sex, type of psychiatric condition affecting the patient, and
use of concomitant drugs. Patients were enrolled only after
their parents or guardians, informed about the methods and
aims of the project, agreed for them to participate by signing
an informed consent form. After the treatment initiation,
follow-up visits were planned according to the normal clinical
routine. During the follow-up visits, the patients were monitored
performing neuropsychiatric examinations, ECG, blood tests,
and, if necessary, a pharmacological reevaluation (in terms of
dose adjustment, discontinuation, or switch to another drug).
Moreover, the assessment of eventual ADR(s) that occurred
during the therapy was also performed.

Data Collection
The clinicians involved into the study were supplied with
a standardized electronic form, divided into sections
corresponding to the different type of data recorded, and
proceeded with the data collection. Once collected in anonymous
form, the data were sent to the coordinating center, the
participating staff of which took care of transferring them
into a custom database developed using Microsoft Access R©.
In order to establish a comprehensive baseline, at the time
of treatment initiation, data on patient’s characteristics such
as the type of patient service (inpatient or outpatient), age,
sex, and psychiatric diagnosis were collected. The primary
psychiatric diagnoses were coded based on the fifth edition
of the Diagnostic and Statistical Manual of Mental Disorders
(DSM-5) and the 10th revision of the International Statistical
Classification of Diseases and Related Health Problems (ICD-10).
Moreover, information regarding the AP(s) administered,
administration route, dosage, and treatment duration was also
recorded. Given the observational nature of the study, no
limitations were imposed on clinicians concerning eventual dose
adjustments or therapy discontinuation. Data collected from
patient examination such as height, body mass index (BMI),
systolic and diastolic blood pressure, heart rate and values of
the mean QT interval, and concentrations of fasting glucose,
cholesterol, high- and low-density lipoproteins, triglycerides,
PRL, free triiodothyronine, free thyroxine, thyroid-stimulating
hormone, and white blood cells and the neutrophils percentage
were all recorded. Once the baseline was established, the data
collection continued regularly thereafter concurrently with
the follow-up visits. If during the therapy clinicians observed
an adverse event possibly related to the AP administration, a
description of the ADR, including symptoms, date of occurrence,

seriousness, and outcome, was recorded into a dedicated section
of the monitoring form. An ADR was classified as serious if it
was definable as an untoward medical occurrence that resulted
in death, was life-threatening, required inpatient hospitalization
or prolongation of existing hospitalization, resulted in persistent
or significant disability or incapacity, or resulted in a congenital
anomaly/birth defect or clinically relevant conditions based on
the Important Medical Event list (27) or on clinical judgments,
all of this in accordance to what was stated in the International
Conference on Harmonization of Technical Requirements for
Registration of Pharmaceuticals for Human Use, clinical safety
data management: definitions and standards for expedited
reporting E2A guideline (28). The ADR outcomes were classified
into four categories: fully recovered, improved, not resolved, and
worsened. The reported ADRs were coded using the Medical
Dictionary for Regulatory Activities hierarchical classification
at preferred term (PT) level and grouped at system organ class
(SOC) level. In accordance to the current European legislation
on pharmacovigilance, clinicians compiled the appropriate ADR
reporting form made available by the Italian Medicine Agency
(Agenzia Italiana del Farmaco [AIFA]) and sent that to a qualified
person responsible for pharmacovigilance of their respective
health structures who took care of the ADR report uploading
into the Italian Pharmacovigilance Network (Rete Nazionale
di Farmacovigilanza). Of note, only the clinicians, without any
solicitation, made the decision to report the suspected ADRs.
The strength of the relationship between the suspected drug
therapy and the onset of an ADR was established by applying
the Naranjo algorithm (29). The ADRs were recorded during
the entire observation period for all the patients enrolled as
long as they were in treatment with an AP independently from
the treatment duration or the eventual switch from an AP
to another.

Data Analysis
The sociodemographic characteristics of the study population,
as well as the characteristics of the recorded ADRs, were
evaluated with a descriptive analysis. Mean and standard
deviation (SD) values were calculated for the anthropometric
values, laboratory tests, and cardiovascular examination results.
Changes to continuous variables over time were analyzed using a
linear mixed model in subsamples of our population, determined
according to the AP received and presenting an adequate number
of subjects to execute the analysis properly. The time factor
for the model was set at baseline and months 6 and 12.
Differences between the values recorded at the time points were
considered significant if the associated P value was <0.05. For
statistical analyses, the data processing software R: A Language
and Environment for Statistical Computing, version 3.5.3, plus
the Ime4 package, was used.

RESULTS

Starting from April 2017, 158 eligible patients who met the
enrollment conditions entered into the study. Among these, 116
completed 12 months of monitoring. These patients had a mean
± SD age of 11.4 ± 3.5 years and were mainly of male sex
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(n = 82, 71%). Ninety were followed as outpatients, 20 were
initially enrolled into the study as inpatients, and 6 have initiated
the treatment while in day hospital service. Considering the
primary diagnoses groups, the disruptive behavioral disorders (n
= 39) was the most represented, followed by autistic spectrum
disorders (n = 31) and psychotic disorders (n = 11) (see Table 1
for more details). In terms of ICD-10, the most frequently
observed pathologies, alone or as a part of a more complex
clinical picture, were attention-deficit hyperactivity disorders
(code F90, n= 36), followed by autistic spectrum disorders (code
F84, n = 35), conduct disorders (code F91, n = 20), and tic
disorders (code F95, n = 19). Patients received for the most
part (n = 104, 89.7%) an initial treatment with a single AP;
however, a minority of patients (n = 12, 10.3%) were treated
with two APs, of which half were initiated at the same time,
whereas for the remaining half of subjects an add-on strategy
was followed for the therapy. The APs used as first treatments
were, in order, risperidone (n = 52, doses ranging from 0.25 to
7.5mg), aripiprazole (n = 44, 2–20mg), olanzapine (n = 7, 2–
20mg), haloperidol (n = 6, 0.4–4.8mg), levomepromazine (n
= 5, 37.5–75mg), clozapine and quetiapine (both n = 4, 25–
300mg for clozapine and 25–250mg for quetiapine), periciazine
(n= 3, 0.5–4.5mg), clotiapine (n= 2, 40–90mg), and promazine
(n = 1 with a dose of 90mg). The evaluation of the impact
of the AP administration over time on the anthropometrical
measurements and laboratory and cardiologic parameters was
carried out only on the subpopulations of patients being treated
with risperidone (n= 52) and aripiprazole (n= 44), as those were
the only ones with a sufficient number of subjects to perform the
analysis correctly.

The patients treated with risperidone were mainly of male sex
(n= 40, 76.9%), and the observedmean± SD age was of 9.7± 3.3
years. As far as the anthropometrical and metabolic parameters
variations were concerned (Table 2), a significant increase in BMI
was observed over time (P < 0.001). Also, the PRL concentration
levels significantly increased during the study period (P = 0.04),
whereas no significant differences were observed in values of
fasting glucose, cholesterol, and triglycerides. In relation to the
cardiologic examinations, a statistically significant increase was
observed in the heart rate measurements values (P = 0.04).
No statistically significant variations were observed in corrected
QT (QTc) interval values. Nevertheless, two patients experienced
prolongation of the QTc interval <450ms, leading to treatment
withdrawal. Stratifying the sample in two age groups (4–11 and
12–18 years), the observed increase in BMI and heart rate values
remained significant in both age groups. Conversely, the increase
in PRL concentrations levels remained significant only for the
12–18 year age group (P= 0.036) but not for the 4–11 year group
(P = 0.066).

The aripiprazole group was mainly composed of male patients
(n = 32, 72.7%) with a mean ± SD age of 11.9 ± 2.8 years.
Considering the anthropometrical and metabolic parameters
(Table 3), the BMI significantly increased over time (P < 0.001).
A slight, but not statistically significant, decrease in PRL levels
over time was observed. No significant differences were observed
in fasting glucose, cholesterol, and triglycerides values during the
study period. With regard to cardiologic examinations, the heart

TABLE 1 | Characteristics of patients who completed 12 months of treatment.

Characteristics n %

Number of patients 116 –

SEX

Male 82 71

Female 34 29

AGE GROUPS

13–18 y 47 41

7–12 y 56 48

0–6 y 13 11

TYPE OF PATIENTS

Outpatients 90 78

Inpatients 20 17

Day hospital 6 5

PRIMARY PSYCHIATRIC DIAGNOSIS (DSM-5)

Disruptive behavior disorders (conduct disorder, oppositional

defiant disorder, attention-deficit/hyperactivity disorder)

39 34

Autistic spectrum disorders 31 27

Psychotic disorders (childhood schizophrenia, other psychotic

disorders)

11 9

Tourette syndrome and tic disorders 7 6

Eating disorders (anorexia, bulimia) 6 5

Anxiety disorders (posttraumatic stress disorder,

obsessive-compulsive disorder, generalized anxiety)

6 5

Cognitive impairments (with behavior disturbances) 6 5

Mood disorders (unipolar depression, bipolar disorder,

dysthymia)

5 4

Personality disorders 3 3

Developmental disorders 1 1

Specific learning disabilities 1 1

rate measurements showed a statistically significant increase (P
= 0.026) over time. No statistically significant variations in QTc
values were observed. The observed increase in BMI and heart
rate values remained significant for both groups (4–11 and 12–
18 years).

With regard to ADRs, 86 patients experienced at least one
ADR, of which 61 were males (70.9%) and 25 (29.1%) were
females, and 76 were treated with a single AP, whereas 10
were treated with 2 APs. Adverse drug reactions were most
common with clozapine; all of the patients initially treated with
this AP presented at least one ADR. Adverse drug reactions
were also caused, in decreasing order, by levomepromazine
(n = 5, 63%), aripiprazole (n = 36, 58%), risperidone (n =

39, 57%), olanzapine (n = 6, 50%), promazine (n = 1, 50%),
quetiapine (n = 2, 40%), and haloperidol (n = 2, 29%). A
total of 238 specific ADRs were observed (Table 4) with a
mean of 2.8 reactions per patient. Reported ADRs were mostly
(n = 213, 89.5%) classifiable as non-serious, and more than
half of them showed a positive outcome (38.2% improved,
and 17.6% fully recovered) (Table 5). Concerning serious
ADRs (n = 25, 10.5%), only one required a prolongation of
the hospitalization period for the patient, whereas the others
were classified as other relevant conditions based on clinical
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TABLE 2 | Anthropometric and laboratory parameters variations in patients treated with risperidone.

Parameter Baseline 6 months 12 months Over time variation

n Mean ± SD n Mean ± SD n Mean ± SD p

BMI (kg/cm2 ) 52 20.02 ± 3.71 52 21.05 ± 3.78 52 22.01 ± 3.55 <0.001

Fasting glucose (mg/dL) 52 85.55 ± 8.13 48 87.94 ± 8.92 50 88.48 ± 9.85 0.271

Total cholesterol (mg/dL) 52 155.95 ± 24.32 48 153.19 ± 27.28 50 164.68 ± 32.1 0.494

Triglycerides (mg/dL) 52 68.11 ± 41.46 48 64.83 ± 17.93 50 70.95 ± 21.03 0.154

Prolactin (ng/mL) 52 15.24 ± 9.37 47 26.58 ± 19.71 47 19.78 ± 13.94 0.04

Systolic pressure (mmHg) 52 97.35 ± 11.11 50 104.48 ± 15.17 51 101.61 ± 10.38 0.528

Diastolic pressure (mmHg) 52 59.22 ± 8.92 50 63.27 ± 7.86 51 64 ± 8.9 0.93

Heart rate (BPM) 52 83.92 ± 16.5 50 89.29 ± 16.55 51 87.11 ± 14.46 0.04

QT interval corrected 52 408.3 ± 22.74 46 403.1 ± 20.42 45 412 ± 20.24 0.695

White blood cells (µL) 52 8,385.67 ± 3,301.14 46 7,367.03 ± 2,144.29 47 7,362.22 ± 4,170.37 0.273

Neutrophil count (%) 52 48.73 ± 14.92 46 49.96 ± 10.99 47 52.11 ± 13.97 0.416

TABLE 3 | Anthropometric and laboratory parameters variations in patients treated with Aripiprazole.

Parameter Baseline 6 months 12 months Over time variation

n Mean ± SD n Mean ± SD n Mean ± SD p

BMI (kg/cm2 ) 44 20.02 ± 3.71 44 21.05 ± 3.78 44 22.01 ± 3.55 <0.001

Fasting glucose (mg/dL) 44 85.55 ± 8.13 41 87.94 ± 8.92 43 88.48 ± 9.85 0.402

Total cholesterol (mg/dL) 44 152.46 ± 20.47 41 155.87 ± 23.7 43 159.52 ± 24.72 0.125

Triglycerides (mg/dL) 44 76.69 ± 46.41 41 87.6 ± 66.42 43 72.52 ± 33.76 0.9

Prolactin (ng/mL) 44 9.57 ± 9.96 41 3.92 ± 4.66 39 2.63 ± 3.1 0.072

Systolic pressure (mmHg) 44 104.97 ± 11.23 42 104.75 ± 13.53 43 107.2 ± 13.72 0.107

Diastolic pressure (mmHg) 44 60.31 ± 7.55 42 63.15 ± 8.43 43 63.03 ± 8.54 0.704

Heart rate (BPM) 44 76.29 ± 13.76 42 82.11 ± 12.44 43 82.69 ± 12.97 0.026a

Qt interval corrected 44 402.76 ± 29.65 40 392.87 ± 43.67 38 402.01 ± 20.72 0.687

White blood cells (µL) 44 6,625.6 ± 1,721.33 39 6,167.22 ± 2,446.49 41 7,182.76 ± 3,194.2 0.882

Neutrophil count (%) 44 49.84 ± 8.77 39 52.98 ± 13.29 41 56.5 ± 10.23 0.223

aThe difference was statistically significant for baseline vs. 6 months and baseline vs. 12 months but not for 6 vs. 12 months.

judgment. Among these serious ADRs, those classifiable as
psychiatric events (irritability, drowsiness, insomnia, tics,
and visual hallucinations) were most common. A few other
serious ADRs affected the cardiovascular (QTc interval
prolongation, tachycardia, leukopenia, and increased arteriosus
pressure), endocrine (creatine phosphokinase increased,
hyperprolactinemia, amenorrhea), gastrointestinal (diarrhea,
drooling, abdominal pain), metabolic (hypercholesterolemia,),
and nervous systems (dystonia). Stratifying the ADRs by SOC,
the most commonly reported one was “investigations” (n = 63,
26.5%) with PTs such as weight gain, increased serum PRL, QTc
interval elongation, and blood creatine phosphokinase increased.
Other frequent SOCs were “metabolism and nutrition disorders,”
with terms such as hyperphagia, hypercholesterolemia, and
hypertriglyceridemia (n = 39, 16.4%); “psychiatric disorders”
including reactions such as insomnia, enuresis, irritability,
and aggression (n = 39, 16.4%); nervous system disorders (n
= 30, 12.6%), with terms like tremor, somnolence/sedation,
headaches, and extrapyramidal disorder; and lastly, the SOC
general disorders and administration site conditions, with PTs

such as drug ineffective, condition worsened, and therapeutic
response decreased (n= 24, 10.1%).

DISCUSSION

Children and adolescents are not only small adults, but they
are individuals in a state of dynamic physiological development
that can be negatively impacted by ADRs (30). The use of
APs in pediatrics is frequently long-term. However, the clinical
evidence supporting the tolerability in these patients is derived
from short-term studies that do not reflect the reality of
common clinical practice accurately (19). For these reasons, we
monitored pediatric patients with a follow-up period of 1 year.
We evaluated the changes in the main clinical, cardiovascular,
and laboratory parameters in accordance to the NICE guidelines
and integrated these observations with a descriptive analysis
of identified ADRs. Most of the patients who completed 12
months of continuous therapy with an AP were treated either
with risperidone or aripiprazole. Therefore, the analysis was
conducted on these subgroups.
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TABLE 4 | Frequently observed ADRs stratified by PT.

ADRsa n

Weight gain 34

increased Serum prolactin 21

Hyperphagia 20

Hypercholesterolemia 14

Drug ineffective 9

Enuresis 8

Tremor 8

Insomnia 8

Condition worsened 7

Somnolence 7

Reduced therapeutic response 6

Abdominal pain 4

aADRs observed <3 times have been excluded from the table.

TABLE 5 | Observed ADR characteristics.

na %

SERIOUSNESS

Not serious 213 89.5

Serious—other clinically relevant condition 24 10.1

Serious—hospitalization 1 0.4

OUTCOME

Improved 91 38.2

Not reported 56 23.6

Not yet resolved 49 20.6

Fully recovered 42 17.7

SUSPECTED DRUGSb

Risperidone 102 38.1

Aripiprazole 96 35.8

Olanzapine 14 5.2

Clozapine 13 4.9

Quetiapine 17 6.3

Levomepromazine 14 5.2

Haloperidol 8 3

Promazine 4 1.5

aThe total number of adverse drug reactions (ADRs) (n = 238) exceeds the number

of cases because several reports contained more than one ADR, and some patients

experienced more than one of these several times.
bThe ADR distribution stratified by drug is not mutually exclusive.

Monitoring of Parameters Over Time
Concerning anthropometric variables, we observed a statistically
significant increase in BMI for both risperidone and aripiprazole
treatment groups. This is in line with results from a previous
open-label, randomized controlled study (31) and a number
of retrospective observational investigations (32–34). A higher
mean BMI was observed in patients treated with aripiprazole.
This difference is likely due to the fact that risperidone is
considered to cause more weight gain than aripiprazole. Indeed,
this antipsychotic is prescribed with caution to children and

adolescents presenting an elevated BMI prior to treatment (32).
In addition to that, a placebo-controlled study on aripiprazole
concluded that weight gain was more likely among young
children already being overweight (35).

The increase in PRL levels is a common adverse effect that
occurs when using both conventional and atypical APs (36). In
patients treated with risperidone, a significant increase in PRL
levels over time was observed, the highest mean value of which
was observed at 6 months, and then the levels decreased between
the 6th and 12th month of treatment. The mean PRL value,
however, remained above the normality range (2–18 ng/mL) even
at 12 months, and the difference between this value and the
one recorded at baseline was still statistically significant. The
lower levels of PRL observed at 12 months were more likely
the result of preventive measures adopted by the clinicians such
as dose reduction or addition of a dopamine agonist, rather
than the product of a physiological adaptation to the treatment.
Previous studies have also indicated the eventual development of
tolerance to treatment as a factor contributing to the decrease
of PRL values over time (37). Following the stratification of the
sample in two age groups, the increase PRL levels remained
significant only in patients in the 12–18-year age range. This is
in agreement with a previous study indicating that adolescent
patients seem to be more sensitive to increments in PRL levels
after the initiation of a therapy with risperidone (38). Serum
PRL increase with risperidone has been mostly asymptomatic
in our sample. Indeed, of the 17 cases reported, only one was
associated with clinical symptoms (amenorrhea). However, in
6 cases, a therapy discontinuation has been decided by the
clinicians. In patients treated with aripiprazole, a slight and
not statistically significant decrease in PRL values was observed
during the observation period. In particular, three patients in the
aripiprazole group had PRL level below the normal range (2–
18 ng/mL). This is consistent with findings obtained by a previous
investigation (31).

Our study has found no statistically significant differences
in patients treated continuously for 1 year with risperidone or
aripiprazole in relation to fasting glucose, total cholesterol, and
triglycerides, as well as in white blood cell concentration and
neutrophil percentage. These findings are in agreement with
scientific literature (25, 31) and support the relative safety of these
two APs in terms of these metabolic parameters.

Tachycardia is a well-known class effect for SGAs also reported
in the Summaries of Product Characteristics of both risperidone-
and aripiprazole-based formulations (39, 40). Our results show
a slight but statistically significant increase in heart rate values
for both treatment groups. The increase was more noticeable at
6 months, in line with previously reported literature (31). These
changes in heart rate associated with the administration of APs
are unlikely to be clinically significant. However, in our study
population, one patient treated with risperidone experienced
severe tachycardia and its clinical sequelae.

Concerning ECG evaluation, our study showed that the
treatment with aripiprazole and risperidone was related with
a mostly unmodified mean QTc. This study underlines the
relative cardiac safety of aripiprazole and risperidone in children
and adolescents, even after 1 year of therapy, as reported in
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previous investigations (41, 42). However, two of the enrolled
patients treated with risperidone had a QTc exceeding 450ms
that led to the discontinuation of therapy before 12 months. This
highlights the importance of monitoring QTc parameters during
AP treatment in the pediatric population as indicated by NICE
guidelines (26).

Adverse Drug Reactions
Of the 158 initially enrolled patients, more than 54% experienced
at least one ADR. The antipsychotic associated with the highest
ADR incidence was clozapine. Indeed, the five patients who
initiated treatment with clozapine developed at least one ADR.
Several clinical trials in literature described significantly higher
adverse event rates for clozapine when compared to other
APs (43–45). Moreover, a recent study on the evaluation of
clozapine use in pediatric patients pointed out a substantial
rate of adverse events (46). However, the limited number of
patients treated in the present study precludes us from drawing
any conclusions in this sense. Among patients who experienced
ADRs, 42% had more than one. In total, 238 specific ADRs
have been observed. Most of the reported ADRs were already
known for this class of drugs (e.g., weight gain, increased serum
PRL, and hyperphagia), and most of them were classifiable as
non-serious. Only 10.5% of the ADRs were either clinically
relevant or, only in one case of an acute dystonia, required
the patient to be hospitalized. No cases of life-threatening
ADRs were observed. Among the serious ADRs, psychiatric
effects have been the most represented ones (34.6%). Concerning
these psychiatric ADRs, it is difficult to assign causality to APs
with great certainty because of a potential worsening of the
underlying condition. Only 56% of the ADRs showed a positive
outcome (namely, an improvement in the 38.24% and a complete
remission in the 17.7%). This is in line with what was reported
in literature about long-term antipsychotic therapies that are
often maintained without the appropriate safety measures (47).
Although the ADRs recorded in our sample were mostly well-
known effects, some of the long-term consequences of these
ADRs on the neurodevelopment are still not entirely clear.
One such example is the case of sustained levels of high or
low PRL concentrations. Furthermore, even if classified as not
serious, ADRs seem also to increase the rate of antipsychotic
discontinuation (48–50).

Strengths and Limitations
This is one of the few studies, in the context of pediatric
psychiatry, to present real-world long-term monitoring data
covering most of the parameters considered to be of clinical
relevance by international guidelines for the monitoring of
metabolic and cardiac tolerability, combined with a descriptive
analysis of the ADRs recorded for the same population.

However, the results of our study should be interpreted
keeping in mind its limitations, which are mainly related to its
observational and naturalistic nature, such as the high variability
within the sample, the lack of randomization and information

on the drug naivety of the subjects included in the study. The
relatively small sample size is also a limitation to consider.
Despite our best efforts to recruit more patients, poor adherence
to metabolic monitoring, and discontinuation of AP treatment
limited enrollment. Our findingsmust be considered exploratory,
and more conclusive evidence should be provided, in our
opinion, using an interventional approach.

CONCLUSIONS

This study provides information on the long-term tolerability
of two of the most commonly used APs in the pediatric
setting, combined with an overview of the tolerability and safety
of APs in a naturalistic setting. The findings of this study
confirm that risperidone and aripiprazole are relatively well-
tolerated therapeutic options for the treatment of a variety of
psychiatric disorders, even after 1 year of therapy. However,
observational studies such as the present may suffer from
selection bias, which tends to exclude patients with a lower
tolerance or suboptimal compliance to the therapy (e.g., the two
QTc prolongations discussed). Furthermore, findings such as the
statistically significant relation between the exposure to these
drugs, the increase in mean values of the BMI, the increase in
heart rate values, and the variations over time in PRL levels for
risperidone highlight the need for a systematic monitoring of the
tolerability of APs in the pediatric population.

DATA AVAILABILITY STATEMENT

The datasets for this article are not publicly available because they
contain sensitive data of pediatric patients. Requests to access the
datasets should be directed to Edoardo Spina, espina@unime.it.

ETHICS STATEMENT

The study was approved by the Ethical Committee of Messina.

AUTHOR CONTRIBUTIONS

ES: project coordination. GC, MB, CT, PVC, FV, FD, CR, AG,
and EG: acquisition of data. GC, VS, and EG: analysis and
interpretation of data. EG and ES: clinical evaluation of data. GC
and EG: writing of the paper. PMC and ES: critical revision. ES:
final approval of the version to be published. All authors listed
have sufficiently made contributions to the entire content of the
manuscript and have given their consent for publication.

FUNDING

This research was funded in the context of the regional
pharmacovigilance project AIFA 2010/2011 Valutazione del
Profilo di Tollerabilità e Sicurezza dei Farmaci Antipsicotici in
Età Pediatrica.

Frontiers in Psychiatry | www.frontiersin.org 7 March 2020 | Volume 11 | Article 152

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Cicala et al. Antipsychotic Drugs in Pediatric Patients

REFERENCES

1. Stahl SM. Antipsychotic agents. In: Stahl’s Essential Psychopharmacology.
New York, NY: Cambridge University Press (2014). 129–236.
doi: 10.2989/17280583.2014.914944

2. Pringsheim T, Panagiotopoulos C, Davidson J, Ho J, Belanger S, Casselman
L, et al. Evidence-based recommendations for monitoring safety of second-
generation antipsychotics in children and youth. Paediatr Child Health.

(2011) 16:581–9.
3. Kalverdijk LJ, Bachmann CJ, Aagaard L, Burcu M, Glaeske G, Hoffmann F,

et al. A multi-national comparison of antipsychotic drug use in children and
adolescents, 2005-2012. Child Adolesc Psychiatry Ment Health. (2017) 11:1–9.
doi: 10.1186/s13034-017-0192-1

4. Verdoux H, Pambrun E, Cortaredona S, Tournier M, Verger P.
Antipsychotic prescribing in youths: a French community-based
study from 2006 to 2013. Eur Child Adolesc Psychiatry. (2015)
24:1181–91. doi: 10.1007/s00787-014-0668-y

5. Masi G, Liboni F. Management of schizophrenia in children and adolescents.
Drugs. (2011) 71:179–208. doi: 10.2165/11585350-000000000-00000

6. Olfson M, Blanco C, Wang S, Laje G, Correll CU. National trends
in the mental health care of children, adolescents, and adults
by office-based physicians. JAMA Psychiatry. (2014) 71:81–90.
doi: 10.1001/jamapsychiatry.2013.3074

7. Findling RL, Steiner H, Weller EB. Use of antipsychotics in children and
adolescents. J Clin Psychiatry. (2005) 66:29–40.

8. Carnovale C, Conti V, Perrone V, Antoniazzi S, Pozzi M, Merlino L, et al.
Paediatric drug use with focus on off-label prescriptions in Lombardy and
implications for therapeutic approaches. Eur J Pediatr. (2013) 172:1679–85.
doi: 10.1007/s00431-013-2111-7

9. Shah C, Sharma TR, Kablinger A. Controversies in the use of second
generation antipsychotics as sleep agent. Pharmacol Res. (2014) 79:1–8.
doi: 10.1016/j.phrs.2013.10.005

10. Bachmann CJ, Lempp T, Glaeske G, Hoffmann F. Antipsychotika-
verordnungen bei kindern und jugendlichen: auswertung von daten einer
gesetzlichen krankenkasse für den zeitraum 2005-2012. Dtsch Arztebl Int.
(2014) 111:25–34. doi: 10.3238/arztebl.2014.0025

11. Lambert M, Niehaus V, Correll C. Pharmacotherapy in children and
adolescents at clinical-high risk for psychosis and bipolar disorder.
Pharmacopsychiatry. (2016) 49:229–44. doi: 10.1055/s-0042-116668

12. Carnovale C, Brusadelli T, Zuccotti G, Beretta S, Sullo MG, Capuano
A, et al. The importance of monitoring adverse drug reactions in
pediatric patients: the results of a national surveillance program in
Italy. Expert Opin Drug SafI. (2014) 13:S1–8. doi: 10.1517/14740338.2014.
928692

13. De Hert M, Dobbelaere M, Sheridan EM, Cohen D, Correll CU. Metabolic
and endocrine adverse effects of second-generation antipsychotics in children
and adolescents: a systematic review of randomized, placebo controlled
trials and guidelines for clinical practice. Eur Psychiatry. (2011) 26:144–58.
doi: 10.1016/j.psiq.2011.10.002

14. Caccia S. Safety and pharmacokinetics of atypical antipsychotics
in children and adolescents. Pediatr Drugs. (2013) 15:217–33.
doi: 10.1007/s40272-013-0024-6

15. Caccia S, Clavenna A, Bonati M. Antipsychotic drug toxicology
in children. Expert Opin Drug Metab Toxicol. (2011) 7:591–608.
doi: 10.1517/17425255.2011.562198

16. Leucht S, Cipriani A, Spineli L, Mavridis D, Örey D, Richter F,
et al. Comparative efficacy and tolerability of 15 antipsychotic drugs in
schizophrenia: a multiple-treatments meta-analysis. Lancet. (2013) 382:951–
62. doi: 10.1016/S0140-6736(13)60733-3

17. Pillay J, Boylan K, Carrey N, Newton A, Vandermeer B, Nuspl M, et al. First
and second generation antipsychotics in children and young adults: systematic
review update comparative effectiveness. Agency Healthc Res Qual. (2017)
184:11–188.

18. Pramyothin P, Khaodhiar L. Type 2 diabetes in children and
adolescents on atypical antipsychotics. Curr Diab Rep. (2015) 15:53.
doi: 10.1007/s11892-015-0623-4

19. Vitiello B, Correll C, van Zwieten-Boot B, Zuddas A, Parellada M, Arango
C. Antipsychotics in children and adolescents: increasing use, evidence for

efficacy and safety concerns. Eur Neuropsychopharmacol. (2009) 19:629–35.
doi: 10.1016/j.euroneuro.2009.04.008

20. Kinsella C, Landfair A, Rottgers SA, Cray JJ, Weidman C, Deleyiannis FWB,
et al. The psychological burden of idiopathic adolescent gynecomastia. Plast
Reconstr Surg. (2012) 129:1–7. doi: 10.1097/PRS.0b013e3182361efd

21. Correll CU, Manu P, Olshanskiy V, Napolitano B, Kane JM, Malhotra
AK. Cardiometabolic risk of second-generation antipsychotic medications
during first-time use in children and adolescents. JAMA. (2009) 302:1765–73.
doi: 10.1001/jama.2009.1549

22. Maayan L, Correll CU. Weight gain and metabolic risks associated with
antipsychotic medications in children and adolescents. J Child Adolesc

Psychopharmacol. (2011) 21:517–35. doi: 10.1089/cap.2011.0015
23. Safer DJ. A comparison of risperidone-induced weight gain

across the age span. J Clin Psychopharmacol. (2004) 24:429–36.
doi: 10.1097/01.jcp.0000130558.86125.5b

24. Rafaniello C, Pozzi M, Pisano S, Ferrajolo C, Bertella S, Sportiello L, et al.
Second generation antipsychotics in ‘real-life’ paediatric patients. Adverse
drug reactions and clinical outcomes of drug switch. Expert Opin Drug Saf.
(2016) 15:1–8. doi: 10.1080/14740338.2016.1229301

25. Ronsley R, Nguyen D, Davidson J, Panagiotopoulos C. Increased risk
of obesity and metabolic dysregulation following 12 months of second-
generation antipsychotic treatment in children: a prospective cohort study.
Can J Psychiatry. (2015) 60:441–50. doi: 10.1177/070674371506001005

26. National Institute for Clinical Excellence. NICE Guidelines on Monitoring for

Side Effects of Antipsychotic Medication (2015). Available online at: https://
www.nice.org.uk/guidance/qs102/chapter/Quality-statement-6-Monitoring-
for-side-effects-of-antipsychotic-medication (accessed October 15, 2019).

27. EudraVigilance Expert Working Group. Important Medical Event List (2018).
Available online at: https://www.ema.europa.eu/en/documents/other/
important-medical-event-terms-list-version-meddra-version-221_en.xls
(accessed September 15, 2019).

28. International Council for Harmonisation. ICH-E2A Guidelines (1994).
Available online at: https://www.ich.org/fileadmin/Public_Web_Site/ICH_
Products/Guidelines/Efficacy/E2A/Step4/EA_Guideline.pdf (accessed August
18, 2019).

29. Naranjo CA, Busto U, Sellers EM, Sandor P, Ruiz I, Roberts EA, et al. Amethod
for estimating the probability of adverse drug reactions. Clin Pharmacol Ther.
(1981) 30:239–45. doi: 10.1038/clpt.1981.154

30. De Prado DML, Dias RG, Trombetta IC. Cardiovascular, ventilatory,
and metabolic parameters during exercise: differences between
children and adults. Arq Bras Cardiol. (2006) 87:e149–55.
doi: 10.1590/s0066-782x2006001700035

31. Lamberti M, Siracusano R, Italiano D, Alosi N, Cucinotta F, Di Rosa G, et al.
Head-to-head comparison of aripiprazole and risperidone in the treatment of
ADHD symptoms in children with autistic spectrum disorder and ADHD: a
pilot, open-label, randomized controlled study. Pediatr Drugs. (2016) 18:319–
29. doi: 10.1007/s40272-016-0183-3

32. Schoemakers RJ, Van Kesteren C, Van Rosmalen J, Eussen MLJM, Dieleman
HG, Beex-Oosterhuis MM. No differences in weight gain between risperidone
and aripiprazole in children and adolescents after 12 months. J Child Adolesc

Psychopharmacol. (2019) 29:192–6. doi: 10.1089/cap.2018.0111
33. Wink LK, Early M, Schaefer T, Pottenger A, Horn P, McDougle CJ, et al. Body

mass index change in autism spectrum disorders: comparison of treatment
with risperidone and aripiprazole. J Child Adolesc Psychopharmacol. (2014)
24:78–82. doi: 10.1089/cap.2013.0099

34. Yoon Y, Wink LK, Pedapati EV, Horn PS, Erickson CA. Weight gain effects
of second-generation antipsychotic treatment in autism spectrum disorder. J
Child Adolesc Psychopharmacol. (2016) 26:822–7. doi: 10.1089/cap.2016.0049

35. Mankoski R, Stockton G, Manos G, Marler S, McQuade R, Forbes RA,
et al. Aripiprazole treatment of irritability associated with autistic disorder
and the relationship between prior antipsychotic exposure, adverse events,
and weight change. J Child Adolesc Psychopharmacol. (2013) 23:572–6.
doi: 10.1089/cap.2012.0075

36. Sogawa R, Shimomura Y, Minami C, Maruo J, Kunitake Y, Mizoguchi Y,
et al. Aripiprazole-associated hypoprolactinemia in the clinical setting. J Clin
Psychopharmacol. (2016) 36:385–7. doi: 10.1097/JCP.0000000000000527

37. Migliardi G, Spina E, D’Arrigo C, Gagliano A, Germanò E, Siracusano R,
et al. Short- and long-term effects on prolactin of risperidone and olanzapine

Frontiers in Psychiatry | www.frontiersin.org 8 March 2020 | Volume 11 | Article 152

https://doi.org/10.2989/17280583.2014.914944
https://doi.org/10.1186/s13034-017-0192-1
https://doi.org/10.1007/s00787-014-0668-y
https://doi.org/10.2165/11585350-000000000-00000
https://doi.org/10.1001/jamapsychiatry.2013.3074
https://doi.org/10.1007/s00431-013-2111-7
https://doi.org/10.1016/j.phrs.2013.10.005
https://doi.org/10.3238/arztebl.2014.0025
https://doi.org/10.1055/s-0042-116668
https://doi.org/10.1517/14740338.2014.928692
https://doi.org/10.1016/j.psiq.2011.10.002
https://doi.org/10.1007/s40272-013-0024-6
https://doi.org/10.1517/17425255.2011.562198
https://doi.org/10.1016/S0140-6736(13)60733-3
https://doi.org/10.1007/s11892-015-0623-4
https://doi.org/10.1016/j.euroneuro.2009.04.008
https://doi.org/10.1097/PRS.0b013e3182361efd
https://doi.org/10.1001/jama.2009.1549
https://doi.org/10.1089/cap.2011.0015
https://doi.org/10.1097/01.jcp.0000130558.86125.5b
https://doi.org/10.1080/14740338.2016.1229301
https://doi.org/10.1177/070674371506001005
https://www.nice.org.uk/guidance/qs102/chapter/Quality-statement-6-Monitoring-for-side-effects-of-antipsychotic-medication
https://www.nice.org.uk/guidance/qs102/chapter/Quality-statement-6-Monitoring-for-side-effects-of-antipsychotic-medication
https://www.nice.org.uk/guidance/qs102/chapter/Quality-statement-6-Monitoring-for-side-effects-of-antipsychotic-medication
https://www.ema.europa.eu/en/documents/other/important-medical-event-terms-list-version-meddra-version-221_en.xls
https://www.ema.europa.eu/en/documents/other/important-medical-event-terms-list-version-meddra-version-221_en.xls
https://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E2A/Step4/EA_Guideline.pdf
https://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E2A/Step4/EA_Guideline.pdf
https://doi.org/10.1038/clpt.1981.154
https://doi.org/10.1590/s0066-782x2006001700035
https://doi.org/10.1007/s40272-016-0183-3
https://doi.org/10.1089/cap.2018.0111
https://doi.org/10.1089/cap.2013.0099
https://doi.org/10.1089/cap.2016.0049
https://doi.org/10.1089/cap.2012.0075
https://doi.org/10.1097/JCP.0000000000000527
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Cicala et al. Antipsychotic Drugs in Pediatric Patients

treatments in children and adolescents. Prog Neuro-Psychopharmacology Biol

Psychiatr. (2009) 33:1496–1501. doi: 10.1016/j.pnpbp.2009.08.009
38. Margari L, Matera E, Petruzzelli MG, Simone M, Lamanna AL, Pastore A,

et al. Prolactin variations during risperidone therapy in a sample of drug-
naive children and adolescents. Int Clin Psychopharmacol. (2015) 30:103–8.
doi: 10.1097/YIC.0000000000000063

39. European Medical Agency. Abilify Summary of Product Characteristics.

(1995). Available online at: https://www.ema.europa.eu/en/documents/
product-information/abilify-epar-product-information_en.pdf (accessed
October 23, 2019).

40. European Medicines Agency. Risperdal Summary of Product Characteristic

(2008). Available online at: https://www.ema.europa.eu/en/documents/
referral/risperdal-article-30-referral-annex-i-ii-iii-iv_en-0.pdf

41. Germanò E, Italiano D, Lamberti M, Guerriero L, Privitera C, D’Amico G,
et al. ECG parameters in children and adolescents treated with aripiprazole
and risperidone. Prog Neuro-Psychopharmacol Biol Psychiatry. (2014) 51:23–7.
doi: 10.1016/j.pnpbp.2013.10.020

42. Alda JA, Muñoz-Samons D, Tor J, Merchán-Naranjo J, Tapia-Casellas C,
Baeza I, et al. Absence of change in corrected QT interval in children
and adolescents receiving antipsychotic treatment: a 12 month study. J

Child Adolesc Psychopharmacol. (2016) 26:449–57. doi: 10.1089/cap.2015.
0151

43. Lewis SW, Barnes TRE, Davies L, Murray RM, Dunn G, Hayhurst KP, et al.
Randomized controlled trial of effect of prescription of clozapine versus other
second-generation antipsychotic drugs in resistant schizophrenia. Schizophr
Bull. (2006) 32:715–23. doi: 10.1093/schbul/sbj067

44. Kumra S, Frazier JA, Jacobsen LK, McKenna K, Gordon CT, Lenane
MC, et al. Childhood-onset schizophrenia: a double-blind clozapine-
haloperidol comparison. Arch Gen Psychiatry. (1996) 53:1090–7.
doi: 10.1001/archpsyc.1996.01830120020005

45. Kumra S, Kranzler H, Gerbino-Rosen G, Kester HM, DeThomas C,
Kafantaris V, et al. Clozapine and “high-dose” olanzapine in refractory
early-onset schizophrenia: a 12-week randomized and double-blind
comparison. Biol Psychiatry. (2008) 63:524–9. doi: 10.1016/j.biopsych.2007.
04.043

46. Steinauer LM, Leung JG, Burkey BW, McGrane IR, Letts V, Goren
JL, et al. A retrospective multicenter evaluation of clozapine use in
pediatric patients admitted for acute psychiatric hospitalization. J

Child Adolesc Psychopharmacol. (2018) 28:615–9. doi: 10.1089/cap.20
18.0036

47. Rodday AM, Parsons SK, Mankiw C, Correll CU, Robb AS, Zima BT, et al.
Child and adolescent psychiatrists’ reported monitoring behaviors for second-
generation antipsychotics. J Child Adolesc Psychopharmacol. (2015) 25:351–
61. doi: 10.1089/cap.2014.0156

48. Pozzi M, Bertella S, Cattaneo D, Molteni M, Perrone V, Carnovale C, et al.
Are non-serious adverse reactions to psychiatric drugs really non-serious?
J Child Adolesc Psychopharmacol. (2013) 23:394–400. doi: 10.1089/cap.
2012.0094

49. Pozzi M, Pisano S, Bertella S, Capuano A, Rizzo R, Antoniazzi S, et al.
Persistence in therapy with risperidone and aripiprazole in pediatric
outpatients: a 2-year naturalistic comparison. J Clin Psychiatry. (2016)
77:e1601–9. doi: 10.4088/JCP.15m10247

50. Baeza I, De La Serna E, Calvo-Escalona R, Morer A, Merchán-Naranjo
J, Tapia C, et al. Antipsychotic use in children and adolescents: a
1-year follow-up study. J Clin Psychopharmacol. (2014) 34:613–9.
doi: 10.1097/JCP.0000000000000190

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

The reviewer CP declared a past co-authorship with one of the authors AG.

Copyright © 2020 Cicala, Barbieri, Santoro, Tata, Colucci, Vanadia, Drago, Russo,

Cutroneo, Gagliano, Spina and Germanò. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org 9 March 2020 | Volume 11 | Article 152

https://doi.org/10.1016/j.pnpbp.2009.08.009
https://doi.org/10.1097/YIC.0000000000000063
https://www.ema.europa.eu/en/documents/product-information/abilify-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/abilify-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/referral/risperdal-article-30-referral-annex-i-ii-iii-iv_en-0.pdf
https://www.ema.europa.eu/en/documents/referral/risperdal-article-30-referral-annex-i-ii-iii-iv_en-0.pdf
https://doi.org/10.1016/j.pnpbp.2013.10.020
https://doi.org/10.1089/cap.2015.0151
https://doi.org/10.1093/schbul/sbj067
https://doi.org/10.1001/archpsyc.1996.01830120020005
https://doi.org/10.1016/j.biopsych.2007.04.043
https://doi.org/10.1089/cap.2018.0036
https://doi.org/10.1089/cap.2014.0156
https://doi.org/10.1089/cap.2012.0094
https://doi.org/10.4088/JCP.15m10247
https://doi.org/10.1097/JCP.0000000000000190
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Safety and Tolerability of Antipsychotic Drugs in Pediatric Patients: Data From a 1-Year Naturalistic Study
	Introduction
	Methods
	Study Design
	Data Collection
	Data Analysis

	Results
	Discussion
	Monitoring of Parameters Over Time
	Adverse Drug Reactions
	Strengths and Limitations

	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


