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Abstract

Objective: Use of risperidone in preschool-aged children is growing, with rising concerns
of adverse metabolic consequences. Longitudinal data on risperidone-related weight gain in
preschoolers are scarce. We aimed to evaluate changes in body mass index (BMI) that are
associated with risperidone treatment in preschoolers.

Method: We analyzed naturalistic, longitudinal data on 141 preschool children (112 boys, 29
girls) receiving psychiatric care. Mean patient age at baseline was 5.0 years (SD=0.8) and average
follow-up period was 1.3 years (SD=0.8), with >8 mean BMI measurements per patient. We
studied the effect of risperidone exposure (/7=78) on age-and-sex-standardized BMI (BMI Z-score)
implementing mixed models with random subject intercepts to account for repeated measures,
covarying for multiple confounders including demographics, stimulant treatment and psychiatric
diagnoses. We employed similar models to study dose and duration effects.
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Results: Risperidone treatment was significantly associated with an increase in BMI (effect size
of exposure=0.45 SD (SE=0.06), #(949)=7.7, p<0.001) covarying for stimulant exposure and other
confounders, independent of treatment indication. Females exhibited stronger effects (risperidone
treatment x sex interaction £2.32, p=0.02)). Risperidone daily dose was associated with increase
in BMI (for each additional 1 mg, effect size=0.28 SD (SE=0.07), {419)=3.76, p<0.001).

Conclusion: Similar to older populations, risperidone treatment in preschoolers is associated
with significant weight gain, with evidence for dose effects. Findings provide critical data that can
inform clinicians.

Keywords
Preschool age; risperidone; weight gain; dose response

Introduction

Recently, second-generation antipsychotics (SGAS) have been increasingly prescribed to
very young children (Olfson et al., 2010; Patel et al., 2005; Pringsheim et al., 2019), with
increasing concern regarding adverse metabolic effects (Kauffman et al., 2017). The annual
National Ambulatory Medical Care Survey conducted by the Center for Health Statistics
showed that there was a six-fold increase in the number of office visits with children and
adolescents obtaining a prescription for antipsychotics from 1993 to 2002 (Olfson et al.,
2012). SGAs are prescribed to paediatric patients for a variety of indications, including
schizophrenia (Kennedy et al., 2007), mood disorders (Consoli et al., 2007), autism
spectrum disorder (ASD) (DeVane et al., 2019) and conduct disorder (Croonenberghs et
al., 2005; Gorman et al., 2015). One of the most commonly prescribed SGAs is risperidone a
D2, 5HT-2, NE alpha-2 antagonist (Ronsley et al., 2013). Since its introduction, risperidone
has been used in a wide range of paediatric populations, above and beyond its use for
psychosis and bipolar disorders (Anderson et al., 2007; Cascade et al., 2009). Off-label use
of SGAs, most commonly risperidone, occurs frequently in daily practice, and a published
survey of child and adolescent psychiatrists revealed that one third of the responding
psychiatrists prescribed SGAs for off-label indications (Anderson et al., 2007).

The use of SGAs correlates with weight gain and metabolic syndrome (Bak et al., 2014;
Correll et al., 2015; Findling et al., 2010; Parsons et al., 2009; Ronsley et al., 2015; Taylor
et al., 2018), posing a major concern for patients, their families and physicians, both in
paediatric and adult populations (Correll et al., 2009; Gothelf et al., 2002). Scarce data
exist on SGA-related weight gain in early childhood populations (Arango et al., 2014;
Kauffman et al., 2017; Martin et al., 2000), especially longitudinal studies. The only data in
preschool-aged children receiving SGA exists from a limited number of studies in children
with ASD, where risperidone is indicated to treat irritability (Aman et al., 2015; Yoon et al.,
2016). To our knowledge, no longitudinal data exists on preschool-aged children receiving
SGA:s off-label for heterogeneous psychiatric presentations beyond ASD.

In the current study, we aimed to investigate risperidone-related weight gain in a clinical
population of very young children (mean age 5 years at beginning of follow-up) who
were treated and routinely monitored for weight gain in a psychiatric preschool ward. We
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hypothesized that similar to older populations, risperidone use would be associated with
weight gain in preschool age, regardless of treatment indication, with a moderating effect for
stimulant use. We also tested sex effects and conducted exploratory analyses to study effects
of duration and dosage on weight gain.

Participants and setting

Variables

The cohort included preschoolers who were admitted to the Preschoolers’ Department at
Geha Mental Health Center (GMHC), a regional mental health center in Israel with a
catchment area of approximately 900,000 inhabitants. The department provides assessment,
diagnostic services and intervention programmes for children between 3 and 6 years of

age. Children are referred to the Preschoolers’ Department for a variety of presentations,
including aggression and attention difficulties. Referred children receive a diagnostic
evaluation by a senior child psychiatrist. The evaluation includes a semi-structured interview
of the child’s parents, a set of parents’ and teachers’ questionnaires and a psychiatric
examination. While children with mild to moderate symptoms and functional impairment
are treated on an outpatient basis, children with severe maladjustment are assigned to be
treated by a multidisciplinary team in a day-hospitalization setting at the Preschool Unit.
Patients do not spend the night on the department but participate in daytime programming on
a daily basis. The Preschoolers’ Department includes a therapeutic kindergarten. Each child
is assigned to an individually tailored therapeutic program for at least 3 months and up to 3
years.

Patients on the Preschoolers’ Department are routinely monitored for weight gain and
growth as part of standard practice. Throughout the study period, patients were measured
on the same digital weight and height scale (DETECTO cardinal model 750, Cardinal Scale
MFG. Co., Webb City, MO, US) and by the same nurse (co-author IS), after shoes and
jackets were removed. Importantly, administration of psychotropic medication (risperidone
and stimulants) is done on the Preschoolers’ Department by clinical nursing staff.

In the current analysis, we included all preschoolers hospitalized between 2008 and 2018
that underwent repeated (at least two) measurements of body mass index (BMI) measured
during hospitalization. We excluded patients with severe eating disorders and extreme low
weight (>3 SD below expected BMI Z-score) at baseline.

The study was approved by the Geha Mental Health Center Institutional Review Board.
Owing to the chart review retrospective nature of the study, the need for obtaining informed
assent/consent from participants and their parents was waived.

Data were retrospectively collected from the patients’ electronic health record. Exposures
included administration of psychotropic medications. Outcome measure included change in
BMI over time. In contrast to adults, the BMI in children changes according to age and
gender (Martinez-Ortega et al., 2013). It is therefore critical to account for developmental
effects when monitoring changes in weight in this population (Correll et al., 2006). In the
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present study we used age- and sex-standardized BMI (BMI z) to account for developmental
effects. BMI values were normalized to patients’ age and sex, using the Children’s Hospital
of Philadelphia (CHOP) BMI Z-score calculator (https://zscore.research.chop.edu/).

We collected baseline information on each child including: age at admission, sex and final
psychiatric diagnoses at the time of discharge based on the International Classification

of Diseases (ICD) 10th edition. Additionally, we collected sociodemographic data on the
parents, including marital status, country of birth and years of education.

Only children treated with risperidone for more than 2 weeks during the hospitalization
period were considered risperidone-treated patients (/7=78). Information regarding dose and
duration of treatment was also recorded.

To allow specificity of findings to risperidone, we excluded from the analysis five children
who received other SGAs (olanzapine (/7=2) and quetiapine (/=3)). Stimulants included
methylphenidate, a dopamine and norepinephrine reuptake inhibitor, or amphetamine, a
dopamine and norepinephrine reuptake inhibitor and dopamine releaser. Participants were
not treated with other psychotropic drugs that are associated with weight gain like valproate
and lithium.

Statistical analysis

To assess the association of risperidone treatment with change in BMI Z-score, we
implemented mixed models with random subject intercepts to account for repeated
measures. In all models, effect size of risperidone exposure on change in BMI Z-score
is represented by standardized beta values.

A major strength of the mixed model framework is that it benefits from data of all
time-points. Thus for each BMI measurement point, the model includes data on multiple
factors that could have potentially confounded the relationship between risperidone and
BMI, including effects of sex (Martinez-Ortega et al., 2013) and effects of baseline BMI
(Calarge et al., 2009; Gebhardt et al., 2009).

In addition, the mixed model accounts for all baseline characteristics, including use of
risperidone at baseline and its dose (that was reported for 7=21).

The first model included age and sex as covariates, plus an interaction between sex and
risperidone use. The second model included the same variables as the first, but with the
addition of stimulant use as well as mother education and patient birth weight as covariates.
The third model included the same variables as the second model, but with the addition of
clinical diagnoses as covariates.

Next, in the subgroup of children who received risperidone treatment (/7=78), we examined
the association of change in BMI Z-score with treatment duration and dose. These analyses
— also mixed models accounting for repeated measures — included BMI Z-score as the
dependent variable, treatment duration or daily dose in milligrams (mg) as the primary
independent variable, and the interaction of sex with duration or with dose. Age, stimulant
use, mother’s education and patient birth weight were included as covariates.
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Of the 151 patients admitted to the preschool ward during the study period, 148 (98%)
patients met inclusion criteria (three patients had fewer than two BMI measurements).

Two patients (one boy and one girl) with a primary diagnosis of eating disorder were
excluded from the final analyses due to extremely low baseline BMI Z-score (-5.02 and
-3.47, respectively). The final sample was composed of 141 preschoolers (112 boys and

29 girls) with a mean baseline age of 5.0 years (SD=0.8) and mean follow-up period of

1.3 years (SD=0.8), and participants had mean 8.3 (SD=5.4) BMI measurements during

the study period. Demographic and clinical characteristics are detailed in Table 1. The
sample was overall homogeneous in terms of sociodemographics, with most participants
from two-parent families, with an average of over 12 years of mean parental education and
non-immigration status (Israel born). Pregnancy characteristics were typical with mean 38
weeks of gestation and mean birthweight of 3 kg. Clinically, the most common psychiatric
diagnoses were: attention deficit hyperactivity disorder (ADHD) (76.7%); mixed specific
developmental disorder (35.6%); oppositional defiant disorder (30.8%); and autism (16.4%),
with most patients having more than one psychiatric diagnosis (/7=84, 57.5%). A minority of
the children were on risperidone at baseline (7=21, 14.9% of sample), and 7=11 (7.5%) on
stimulants. Baseline standardized BMI Z-score was 0.07, as expected.

of risperidone exposure and change in BMI Z-score

Throughout the study period, 83 patients were treated with SGAs. The majority of them
were treated with risperidone (=78, 94% of SGA-exposed patients), three with quetiapine
and two with olanzapine. Owing to the small sample of non-risperidone SGAs, only
risperidone-treated children were included in the final analyses. Exposure to risperidone was
associated with significant increase in BMI (repeated measures-mixed model effect size was
0.42 (SE=0.06), £(1081)=5.78, p<0.001), covarying for sex and age at risperidone exposure.
Addition of stimulant exposure (/7=79, 54% of sample) did not confound the association

of risperidone with BMI score (effect size=—0.24, model covaried for maternal education
and patient birthweight). As expected, exposure to stimulants was associated with decrease
in BMI score (effect size=—0.24). The risperidone-related BMI increase was independent

of psychiatric diagnoses (effect size for risperidone=0.45, similar to previous models). Full
model statistics are presented in Table 2.

Sex effects on SGA-associated BMI Z-score increase

The study cohort included 112 boys and 29 girls, allowing investigation of sex effects in
association with risperidone BMI Z-score increase. While risperidone was associated with
increase in BMI Z-score in both sexes, the increase in girls was more pronounced (Figure 1,
risperidone x sex interaction £(1076)=2.56, p=0.011). This interaction remained significant
in models covarying for stimulant use, demographics and psychiatric diagnoses (Table 2).

Dose and duration associations of risperidone and change in BMI Z-score

We investigated effects of dose and duration of treatment on BMI Z-scores within the
population that received SGA. Since the majority of children received risperidone (/7=78,
94% of children receiving SGA), we limited the analyses of dose and duration effects to
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risperidone. We employed two repeated measures-mixed models (one for dose and one for
duration effects), covarying for age, sex, stimulant use, maternal education and patient birth
weight.

Among the children receiving risperidone, the mean daily dose was 1.01 mg (SD=0.57,
range 0.125-5 mg). We found a significant main effect for risperidone dose in association
with BMI Z-score increase (for each additional 1 mg, effect size=0.28 (SE=0.07),
X(419)=3.76, p<0.001). Dose effect was slightly stronger in females (Figure 2, dose x sex
interaction, £=2.012, p=0.045). Evaluation of duration effect revealed no significant main
effect for duration of risperidone treatment on increase in BMI Z-score (for each additional
week on risperidone, p=0.24).

Discussion

The metabolic consequences of SGA treatment pose a major health concern, especially

in young populations. Here we describe the association of increase in BMI Z-score with
risperidone exposure in preschoolers in a dose-dependent manner for risperidone treatment.
Risperidone-related BMI Z-score increase was independent of multiple confounders
including demographics, concomitant stimulant treatment and the child’s diagnoses. To

our knowledge this study is the first to longitudinally evaluate association of risperidone
treatment with change in BMI in preschoolers (mean age at beginning of follow-up was

5). In addition, as the population received daily care for the entire follow-up period, we
were able to longitudinally follow (1.3 years) a relatively large sample composed of 141
children (29 girls), with multiple BMI measurements (more than eight on average), across a
dynamic period with frequent dosage changes. This allowed a unique opportunity to study
sex effects and treatment dose and duration effects, while not having the confounding effect
of adherence that is a problem in outpatient settings (i.e., in our study all children received
risperidone at the hospital in the presence of a nurse).

To our knowledge, there is only one study that reported SGA-associated metabolic effects
in preschoolers (Kauffman et al., 2017), which focused on the implementation of metabolic
monitoring and follow-up on a group of 40 preschool (nine girls) outpatients. This study had
limited baseline weight monitoring as only 23 out of the 40 children had baseline weight
measurements prior to risperidone prescription. The only literature to report more careful
metabolic follow-up in children treated with SGA comes from older populations (6.9-14
years), mostly focusing on children and adolescents with ASD and disruptive behaviours
(Aman et al., 2015; Arango et al., 2014; Martin et al., 2000; Pozzi et al., 2019; Reyes et al.,
2006; Scahill et al., 2016; Yoon et al., 2016). Our findings add to the literature concerning
SGA-induced weight gain in older populations (Correll et al., 2015; Gothelf et al., 2002;
Ratzoni et al., 2002; Spertus et al., 2018) and add to the scarce data reporting SGA-related
weight gain in young children with autism (Aman et al., 2015; Yoon et al., 2016).

Most preschoolers who are treated with SGAs are boys (Baird et al., 2006; Croonenberghs
et al., 2005; Demmer et al., 2017; Johnson et al., 2007). This is primarily because the

most common indications for SGA treatment in childhood is ASD, and the most common
off-label indication is externalizing behaviour — both predominantly affect boys of preschool
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age. Thus, our sample (29 girls and 112 boys) provided a unique opportunity to study

sex effects in SGA-related weight gain. We found that female sex was associated with
greater risperidone-related BMI Z-score increase, and that this BMI Z-score increase in
females had greater sensitivity to dose (evaluated only for risperidone). Little data exist

on sex differences in SGA-related weight gain. A recent meta-analysis of adult samples
reported no difference in weight gain between male and female patients treated with SGAs
(Schoretsanitis et al., 2018), and a similar result was reported in adolescent patients treated
with risperidone (Kelly et al., 1998), and in children and adolescents with early-onset
schizophrenia spectrum disorders (Taylor et al., 2018). In contrast, a single study reported
that male sex is a risk factor for weight gain in adolescents treated with risperidone and
olanzapine (Ratzoni et al., 2002). It is possible that there is a developmental aspect of

the sex effects in risperidone-induced weight gain, which may explain the discrepancy

of our findings with existing literature. More research is needed to better understand the
sex-specific developmental effects of SGA use in children and adolescents.

Dose effects of SGA-related weight gain have been described in adult populations (Simon et
al., 2009; Spertus et al., 2018). Data on dose effects in the paediatric population are scarce.
The Second-Generation Antipsychotic Treatment Indications, Effectiveness and Tolerability
in Youth (SATIETY) study reported that risperidone treatment in children (#7=168) in doses
higher than 1.5 mg per day is associated with weight gain in a dose-dependent manner
(Correll et al., 2015). We report here that risperidone is associated with a dose-dependent
increase in BMI Z-score. Notably, the vast majority of our patients received doses lower than
1.5 mg per day (mean risperidone dose in our sample was 1.01 mg per day). It is possible
that the longer follow-up (1.3 years in our study and 12 weeks in SATIETY) with multiple
BMI measurements in our study allowed us to detect the risperidone dose effects associated
with BMI Z-score increase. In summary, our findings support the notion that paediatric
risperidone treatment is associated with BMI increase in a dose-dependent manner.

Relatively strong evidence exists regarding weight gain upon initiation of SGA treatment.
The typical trajectory in adult patients treated with SGAs shows a rapid increase in the
first 12 weeks of treatment gradually reaching a plateau within 1 year (Correll et al., 2015).
Children and adolescent patients show a similar vulnerability to SGA-induced weight gain
(Taylor et al., 2018). In both children and adults, drug-naive patients may be more likely

to gain weight compared to chronic patients. Patients younger than 7 years may be more
vulnerable than children older than 7 years (Correll et al., 2015; Scahill et al., 2016). In our
study, we found no significant effect of duration of treatment on weight gain. We suggest
that our findings regarding duration effects should be interpreted with caution. Because our
study was a retrospective analysis of naturalistically collected data, it is likely that those
who showed rapid weight gain following risperidone initiation were soon taken off the
medication. The longitudinal measurements are therefore biased to include children who
did not suffer risperidone-related weight gain, and consequently no duration effect emerged.
Future prospective studies should aim to clarify the duration effects.

Given the growing use of SGA in young populations for off-label indications (Olfson et
al., 2010, 2012; Patel et al., 2005; Pringsheim et al., 2019; Ronsley et al., 2013), our
findings have critical clinical implications. First, when considering risk and benefits of SGA
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treatment in young age groups, and particularly when discussing with parents, physicians
often find themselves in a difficult position as they have limited data to rely on. In that
sense, our study in preschoolers with longitudinal follow-up fills a much-needed clinical
gap. Second, once the decision to prescribe an SGA like risperidone has been made,

our data suggest that the dosage is a variable that should be considered when discussing
the metabolic risks of treatment. Notably, in the absence of data showing dose response
association with weight gain, clinicians find themselves in a situation whereby the metabolic
risks of dose increase are relatively unknown compared to the initiation of SGA treatment.
Our findings provide initial evidence that keeping dosage as low as possible when treating
young children with risperidone is warranted. Third, our findings suggest that special
attention should be given to female preschoolers as they may be at particularly high risk
for antipsychotic-related weight gain.

To balance the concerns discussed above, it is important to note the context in which

data were collected for this study. We included preschoolers who were at the extreme end

of the clinical spectrum that resulted in day-hospitalization of children at a very young

age. It is evident that for this population, treatment with risperidone was offered after all
other psychosocial and educational interventions had taken place, and that the risks of not
treating the children were substantial for the long-term developmental trajectory (e.g., severe
maladjustment, violence, social rejection). Therefore, we emphasize that risk and benefit
consideration concerning SGA treatments should always be made on a case-by-case basis.

Strengths of our study include the large sample size and the long follow-up compared to
existing literature in young populations. In addition, the setting in which the data were
collected inherently controls for multiple biases and confounders: (1) the children were in a
hospital setting on a daily basis, hence the administration of the risperidone was done by the
nursing staff resulting in high adherence to the SGA medications; (2) the children included
in the study spent the majority of the day in the Preschoolers’ Department and had similar
meal options and daily activities for the entire study period; and (3) the children’s BMI
measurements were conducted by the same nurse using the same procedure for the entire
study period.

Our findings should be interpreted in the context of study limitations. The major limitation
is the study’s naturalistic retrospective design, which could result in a bias related to
maintenance of SGA treatment based on observed weight gain (i.e., if a child gains weight,
he/she will be taken off the drug and will have fewer measurements showing increase in
weight, whereas the dataset may be enriched for those who did not gain weight). This

type of bias suggests that risperidone-associated weight gain may be more severe than

our findings. In addition, the naturalistic design results in inconsistent numbers of BMI
measurements (and their time intervals) and varied follow-up durations. We tried to address
this limitation through the employment of the repeated measure mixed model that best
handles missing values (i.e. no need for listwise deletion). Last, even though we had a large
sample relative to the extant literature, the numbers limit the type of analyses that can be
performed; specifically, the sample included only 29 girls, limiting our ability to study sex
effects, especially in the models studying dose and duration effect of risperidone.
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In conclusion, we report the association of risperidone treatment in preschoolers with
increase in BMI. Our findings suggest that preschool-aged patients should be routinely
evaluated for weight gain and metabolic profile throughout follow-up. Careful consideration
should be given to increases in risperidone doses. Parental education regarding the risk for
weight gain (and potentially corresponding metabolic complications) and available weight
management programmes (Taylor et al., 2017) is warranted.
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Figure 1: Association of risperidone use and BM| across sexes.
Sex differences stratified by stimulant use. Sample included 117 males (mean 7.7 BMI

measurements per patient) and 29 females (mean 10.6 BMI measurements per patient).
BMI=Body mass index.
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Figure 2: Association of risperidone dose with BMI.
Risperidone dose effects in preschoolers (n=78). Sample included 66 males and 12 females

(mean 6.5 and 8.3 BMI measurements per patient on risperidone, respectively). BMI=Body

mass index.
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Sociodemographic and clinical characteristics of study population.

Samplesize N=141
Demographics Mean (1)  SD (%)
Age, years 5 0.8
Mother education, years 13.2 2.6
Father education, years 12.4 3
Sex

Male 112 79.4
Female 29 20.6
Parents’ marital status

Married 103 73
Divorced 27 19.1
Single parent 11 7.8
Parents’ place of birth

Father Israel born 111 78.7
Mother Israel born 110 78
Baseline medication

On risperidone 21 14.9
On methylphenidate 10 7.1
Baseline growth

Weight, kg 194 4.1
Height, cm 110 75
BMI Z-score” 01 L4
Follow-up characteristics

Duration, years 13 0.8
Number of BMI measurements 8.3 5.4
Clinical diagnoses

Hyperkinetic disorder (ADHD) 108 76.6
Mixed specific developmental disorders 50 355
Oppositional defiant disorder 45 30.8
Autism 23 16.3
Anxiety disorders 17 12.1
Post-traumatic stress disorder 6 43
Mood disorders 4 2.8

ADHD: attention deficit hyperactivity disorder; BMI: body mass index; SD: standard deviation.

aAge— and sex-standardized body mass index.
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Table 2.

Association of risperidone treatment with change in BMI.

Page 15

Model a Mode b Mode ¢
Effect Std t p-value Effect Std t p-value Effect Std t p-value
size error size error size error
Risperidone 0.42 0.06 7.31 <0.001 0.46 0.06 7.78 <0.001 0.45 0.06 7.7 <0.001
Sex 0.22 0.25 0.87 0.384 0.33 0.27 1.25 0.213 0.36 0.29 13 0.21
. a -0.24 0.05 -451 <0.001 -0.24 0.05 -455 <0.001
Stimulants
Risperidone x 2.57 0.01 2.26 0.024 2.32 0.02

sex interaction

Model a covaries for age.

Model b covaries for age, mother education, patient birth weight and stimulant use.

Model ¢ includes all covariates from model b with the addition of clinical diagnoses.

aStimuIants include methylphenidate (7=70) and amphetamines (/=9).

J Psychopharmacol. Author manuscript; available in PMC 2022 September 01.



	Abstract
	Introduction
	Methods
	Participants and setting
	Variables
	Statistical analysis

	Results
	Association of risperidone exposure and change in BMI Z-score
	Sex effects on SGA-associated BMI Z-score increase
	Dose and duration associations of risperidone and change in BMI Z-score

	Discussion
	References
	Figure 1:
	Figure 2:
	Table 1.
	Table 2.

