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Abstract

Objective: The aim of this study was to investigate the prevalence of clinical and laboratory metabolic abnormalities
during long-term risperidone treatment in children and adolescents.
Methods: Medically healthy 7- to 17-year-old children chronically treated, in a naturalistic setting, with risperidone
were recruited through child psychiatry clinics. Anthropometric measurements and laboratory testing were con-
ducted. Developmental and medication histories were obtained from medical records.
Results: In 99 patients treated with risperidone for an average of 2.9 years, a significant increase in age- and gender-
adjusted weight and body mass index (BMI) (i.e., z-scores) was observed. Concomitant treatment with psychos-
timulants did not attenuate this weight gain. Risperidone-associated weight gain was negatively correlated with
the BMI z-score obtained at the onset of risperidone treatment. Compared to lean children, overweight and obese
children had higher odds of metabolic abnormalities, including increased waist circumference, hypertriglycer-
idemia, and low high-density lipoprotein cholesterol (HDL-C). They also tended to have a higher insulin level and
homeostasis model assessment insulin resistance (HOMA-IR) index. As a result, upon recruitment in the study,
children with excessive weight were 12 times more likely to have at least one laboratory metabolic abnormality and
seven times more likely to have at least one criterion of the metabolic syndrome compared to lean subjects. In
contrast to excessive weight status, gaining�0.5 BMI z-score point during risperidone treatment was not associated
with a significantly higher occurrence of metabolic disturbances.
Conclusions: The long-term use of risperidone, especially when weight is above normal, is associated with a
number of metabolic abnormalities but a low prevalence of the metabolic syndrome phenotype. Future studies
should evaluate the stability of these abnormalities over time.

Introduction

With the dramatic increase in the use of atypical
antipsychotics (AAPs) in youths over the last decade

(Olfson et al. 2006), concerns have been raised regarding their
safety (American Diabetes Association 2004; Correll and
Carlson 2006; Newcomer and Haupt 2006). Most worrisome
among the long-term adverse events associated with AAPs is
their potential to cause significant weight gain, dyslipidemia,
insulin resistance, and hyperglycemia (American Diabetes
Association 2004; Correll and Carlson 2006; Newcomer and
Haupt 2006). The impact of these metabolic abnormalities on
morbidity and mortality is well established (Daniels et al.
2005).

Weight gain was common in short-term and extension
pediatric clinical trials of various AAPs (Aman et al. 2002;

Sikich et al. 2004; Croonenberghs et al. 2005). For example,
over 6 weeks of treatment, the weight of children receiving
risperidone increased by around 7% compared with baseline
(Aman et al. 2002; Sikich et al. 2004; Croonenberghs et al.
2005). Although weight gain eventually plateaus, during ex-
tended treatment, patients continue to maintain an elevated
weight compared to their same-age peers (Croonenberghs
et al. 2005; Reyes et al. 2006).

AAPs have been reported to increase triglycerides by up to
45% in adults (Meyer and Koro 2004; Newcomer and Haupt
2006). Likewise, total cholesterol, low-density lipoprotein
cholesterol (LDL-C), and high-density lipoprotein cholesterol
(HDL-C) are negatively affected by antipsychotic treatment,
albeit to a lesser extent (Meyer and Koro 2004). However,
although much research has been conducted in adults, to our
knowledge little is known about the nature and prevalence of
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the lipid abnormalities that follow prolonged antipsychotic
treatment in youths (Martin and L’Ecuyer 2002; McGlashan
et al. 2006; Laita et al. 2007). Similarly, data regarding the
development of insulin resistance, glucose intolerance, and
diabetes in children treated with AAPs remain scant
(Croonenberghs et al. 2005; McGlashan et al. 2006; Laita et al.
2007).

In a longitudinal study of youths prescribed risperidone,
we set out to evaluate the prevalence of metabolic distur-
bances during long-term treatment. We hypothesized that
risperidone will be associated with significant weight gain
and that excessive weight will increase the risk of metabolic
abnormalities.

Methods

Subjects

Children and adolescents 7–17 years old and receiving
risperidone for a minimum of 6 months were enrolled, irre-
spective of their primary psychiatric diagnosis or indication
for risperidone treatment. Subjects either responded to ad-
vertisements in outpatient psychiatric clinics or to letters in-
viting them to participate. Patients with mental retardation,
traumatic brain injury, or other neurological disorders were
excluded. Participants could have been receiving, concomi-
tantly, other psychotropics but not other antipsychotics.
Pregnant females and those receiving hormonal contraception
were not eligible. Finally, medical conditions that could con-
found the metabolic assessments, such as hypertension, diabe-
tes mellitus, hypercholesterolemia, corticosteroid-dependent
diseases (e.g., severe asthma and autoimmune disorders), and
significant hormonal abnormalities (e.g., growth hormone
deficiency) also led to exclusion. Subjects with minor, un-
treated thyroid-stimulating hormone (TSH) elevation were
enrolled due to the unlikely clinical significance of their ab-
normality (Surks et al. 2004) (TSH <7.0 mIU=mL; normal
range, 0.27–4.20).

Procedures

This study was approved by the local Institutional Review
Board. Assent was obtained from children �11 years old and
consent was obtained from adolescents and parents or
guardians. Subjects were compensated for their participation.

The clinical diagnoses were based on chart review. We
extracted anthropometric measurements from the medical
records and recorded the start and stop dates of each medi-
cation as well as changes in the dosage and formulation. This
documentation, confirmed by a physician, also reflected any
potential deviation from the prescribed treatments. All dos-
ages of psychostimulants were expressed in methylphenidate
(MPH) equivalents for amphetamines (�2) (Swanson et al.
2007). On the basis of the comprehensive psychiatric treat-
ment history of each patient, we summed the duration of
exposure to various psychotropics (excluding risperidone and
psychostimulants), divided into those with a definite poten-
tial to induce weight gain or weight loss (following Vanina
et al. 2002 and the extant literature). For example, atomoxetine
was considered a weight-reducing agent and olanzapine a
weight-inducing one. Benzodiazepines, a-2 agonists, selective
serotonin reuptake inhibitors, trazodone, venlafaxine, nor-
triptyline, carbamazepine, oxcarbazepine, gabapentin, lamo-

trigine, tiagabine, and anticholinergics were considered
weight neutral.

Upon enrollment, vital signs were obtained in the sitting
position, after 15 minutes of rest. Height was measured to the
nearest 0.1 cm using a stadiometer (Holtain Ltd., UK) while
subjects were standing erect, and weight was recorded to the
nearest 0.1 kg using a digital scale (Scaletronix, Wheaton, IL)
while subjects were wearing indoor clothes without shoes.
Triceps and subscapular skinfold thickness was measured
with a Lange skinfold caliper to the nearest 0.1 mm (Centers
for Disease Control 2000). Waist circumference was mea-
sured, to the nearest 0.1 cm, with the measuring tape placed at
the uppermost lateral border of the right iliac crest (Centers
for Disease Control 2000). The intraclass correlation coeffi-
cient between the two dietitians who collected the waist cir-
cumference and triceps and subscapular skinfold thickness
was>0.95 for each of the three variables (n¼ 16). The average
of two measurements was used.

Pubertal stage was evaluated by a physician. Indepen-
dently, the subjects, with parental help when necessary,
completed a self-assessment form that included age-
appropriate instructions and pictures depicting Tanner stages
I through V (Marshall and Tanner 1969; Marshall and Tanner
1970). Interrater agreement between the physician and self-
rating was high (weighted kappa¼ 0.81, 95% confidence
interval [CI]¼ 0.74–0.88, n¼ 74). Self-rating was used for pa-
tients (n¼ 18) who declined to undergo the physical exam.

During the visit, the parent was asked to compare the
child’s usual level of physical activity to peers using a 5-point
Likert scale, and the child and the parent were asked to esti-
mate screen time (i.e., the daily time spent watching television
or playing video games).

A morning blood sample was obtained after at least a 9-
hour overnight fast and before risperidone was administered,
to measure TSH, glucose, total insulin, total cholesterol, HDL-
C, triglycerides, risperidone, and 9-hydroxyrisperidone con-
centrations. In 11% of the sample, the participants were not
fasting and their laboratory data were excluded from the
analyses. Except in 1 patient, where it was measured directly,
LDL-C was calculated following the Friedewald estimation
formula (Friedewald et al. 1972).

Data analysis

Weight, height, and body mass index (BMI; kg=m2) mea-
surements were converted into z-scores using the 2000 Center
for Disease Control growth norms (Ogden et al. 2002). Blood
pressure and waist circumference measurements were con-
verted into percentile ranks using published normative data
(National Blood Pressure Working Group of High Blood
Pressure in Children and Adolescents 2004; McDowell et al.
2005).

To test whether risperidone contributed to weight gain, we
used a linear mixed model with BMI z-score as the dependent
variable and baseline BMI z-score (obtained within 1 month
before the initiation of risperidone), time, risperidone treat-
ment status (i.e., whether the measurement was collected
before or after the onset of risperidone treatment), MPH
treatment, and the interactions between them as the inde-
pendent variables. This model includes two random effects: A
random intercept term and a random time by treatment status
interaction to account for possible baseline differences across
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subjects and the fact that measurements were not conducted
at preset intervals, this being a naturalistic study. Between 2.0
and 5.5 years of age, BMI declines before it ‘‘rebounds’’ (Ogden
et al. 2002). Thus, to minimize the confounding effect of this
developmental phenomenon, BMI measurements recorded
before age 5.5 were excluded. Because we anticipated a qua-
dratic effect of the duration of risperidone treatment on
weight gain and to accurately model the growth curve of each
participant, we required that a minimum of three BMI mea-
surements before or three after the onset of risperidone treat-
ment be available for a participant to contribute to this
analysis. Also, participants previously treated with other an-
tipsychotics were excluded. Finally, to estimate the effect of
co-treatment with stimulants, we computed for each child the
average daily dose of MPH equivalent per kilogram of body
weight over the course of his=her treatment. Patients were
then divided into three groups, which were entered as an
independent variable in the mixed model: (1) Those who
received, on average, less than 0.2 mg=kg per day of MPH
equivalent (No-MPH group, n¼ 12, with 7 having never
received psychostimulants); (2) those who received between
0.2 and 1.2 mg=kg per day (Low-MPH group, n¼ 26); and (3)
those who received �1.2 mg=kg per day (High-MPH group,
n¼ 23).

Body fat was estimated using skinfold thickness measure-
ments following Slaughter et al. (Slaughter et al. 1988). The
homeostasis model assessment insulin resistance index
(HOMA-IR) was estimated by the formula (insulin mUI=ml�
glucose [mg=dL])=405 (Matthews et al. 1985).

To evaluate the rate of metabolic abnormalities in relation
to weight, we divided the sample based on whether the BMI
percentile was elevated (i.e., corresponding to overweight
[85�BMI percentile <95] and obese [BMI percentile �95]) or
not. Differences across the two groups were compared using a
Student t-test for continuous variables and Fisher exact test
for categorical ones. We used the Wilcoxon rank sum test
whenever the t-test assumption of normality was violated. The
Satterthwaite approximation was used to calculate the t sta-
tistic when the two groups had different variances. Finally, we
computed the odds ratios (OR) and the 95% CI to evaluate the
association between the presence of one or more laboratory
metabolic abnormalities or metabolic syndrome criteria and
the two patient groups (Stokes et al. 2000; Agresti 2002).

All of the statistical tests performed were two tailed. Given
the number of comparisons, we divided the outcomes of in-
terest into four categories of eight related outcomes each (i.e.,
clinical diagnoses, pharmacotherapy, metabolic measures, and
metabolic abnormalities) (Pocock et al. 1987). We then used a
Bonferroni adjustment and set the statistical significance at
a¼ 0.05=8¼ 0.006. We performed all of the analyses using
SAS version 9.1.3 for Windows (SAS Institute Inc., Cary, NC).

Results

Sample characteristics

Of 101 recruited participants (88% males), 2 were excluded
due to undetectable risperidone blood levels, reflecting
medication nonadherence. One other child, who refused the
blood draw, was omitted from those analyses involving the
laboratory measures. Nineteen percent of the sample was
overweight and 15% was obese (referred to as overweight=
obese, henceforth).

Table 1 summarizes the demographic and clinical data of
the participants divided in two groups based on the presence
of excessive weight (i.e., overweight=obese versus lean group).
No demographic differences were found across the two
groups. Risperidone was used to target irritability and ag-
gression in 68% of the overweight=obese group and in 80% of
the lean group, a nonsignificant difference. In addition to
risperidone, psychostimulants, a2-agonists, and selective sero-
tonin reuptake inhibitors were the most commonly prescribed
medications. Compared to the lean group, overweight=obese
subjects took a 36% lower dose per kilogram of body weight
of psychostimulants. Other psychotropics included: nortrip-
tyline, venlafaxine, buspirone, topiramate, lamotrigine, car-
bamazepine, and oxcarbazepine used in 1 patient each.
Divalproex, lithium, and bupropion were prescribed to 2
participants each and trazodone to 5 participants. There were
no significant differences across the two groups in the use of
these medications. In addition, when all the potentially
weight-altering agents (Vanina et al. 2002) were combined
(excluding risperidone and psychostimulants), the median
exposure was�2.3% of the total period of observation and not
different between the two groups.

Risperidone treatment and weight gain

As expected based on group allocation, the weight and BMI
z-scores were higher in the overweight=obese subjects who
also had a higher percent body fat (Table 2). Their weight and
BMI z-scores at baseline (i.e., obtained in the month prior to
risperidone treatment onset) were also higher. However, we
found a negative correlation between the baseline BMI z-score
and gain in BMI z-score after risperidone was started (Pearson
r¼�0.54, n¼ 63, p< 0.0001). In other terms, the lower a child’s
BMI z-score was at the onset of risperidone treatment, the
more weight he=she gained. This last analysis was restricted
to patients not treated with other antipsychotics to avoid the
confounding effect of prior treatment on weight gain.

Psychostimulants and risperidone-associated
weight gain

We then investigated the effect of concomitant psychosti-
mulant treatment on weight gain associated with risperidone.
Following the restrictions described in the data analysis sec-
tion, 61 participants were included in the analysis comparing
the change in BMI z-score over time, as a function of risper-
idone treatment, across the three psychostimulant groups.
After controlling for the effect of baseline BMI z-score (F[1,
46.1]¼ 269.7, p< 0.0001), we found no main effect for the psy-
chostimulant dose groups but only a significant interaction
with quadratic time (F[2, 622]¼ 5.5, p¼ 0.004). As depicted in
Fig. 1, this latter interaction reflects the fact that, over the ob-
servation period, the BMI z-score changed at a different rate for
the high-MPH group than for the other two groups. However,
at end point, the BMI z-score was similar regardless of con-
comitant psychostimulant treatment status (F[2, 59]¼ 0.92,
p¼ 0.4).

After including patients who had had prior treatment with
antipsychotics other than risperidone and controlling for that
in the model, this analysis was repeated with similar findings.
In addition, as expected, prior antipsychotic treatment sig-
nificantly altered the BMI z-score curves (F[1, 944]¼ 11.6,
p¼ 0.0007).
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Metabolic abnormalities

Compared to the lean group, overweight=obese partici-
pants had a 14% lower mean HDL concentration (Table 2). In
addition, there was a trend for their median insulin level and
HOMA-IR index to be higher by 35% and 27%, respectively.

We then investigated the prevalence of the metabolic syn-
drome criteria, as defined by Cook et al. (Cook et al. 2003), in
fasting participants across the two groups. Following the new
guidelines of the American Diabetes Association (2004), we
used a cutoff of 100 mg=dL for fasting blood glucose. As
shown in Table 3, compared to lean subjects, the over-
weight=obese participants were more likely to have a waist
circumference �90th percentile, a triglyceride concentration
�110 mg=dL, and an HDL-C concentration�40 mg=dL. There
was also a trend for overweight=obese participants to have
impaired fasting blood glucose, elevated insulin concentra-
tion, and insulin resistance more frequently (Lee et al. 2006).

There was no difference across the groups in the rate of hy-
pertension. As a result, the odds of having one or more lab-
oratory metabolic abnormalities was nearly 12 times for the
overweight=obese group that of the lean one (OR¼ 11.5, 95%
CI¼ 3.3–40.5, p< 0.0001) and the odds of having at least one
metabolic syndrome criteria was seven times (OR¼ 6.8; 95%
CI, 2.5–18.4, p¼ 0.0002). The prevalence of the metabolic syn-
drome (i.e., having�3 abnormalities), on the other hand, was
low in both groups, although the only case identified was in
the overweight=obese group. When the analysis was repeated
after excluding patients who had previously received other
antipsychotics, prior to the initiation of risperidone, we found
a similar overall pattern of results.

Correll and Carlson have proposed that an increase in BMI
z-score of �0.5 point in children treated with AAPs should be
considered clinically significant (Correll and Carlson 2006).
Thus, we evaluated the prevalence of the metabolic syndrome
criteria in those patients who gained more than 0.5 BMI

Table 1. Demographic and Psychiatric Characteristics Of Lean and Overweight=Obese Subjects

Normal BMI
percentile (n¼ 65)

Overweight=obese
(n¼ 34) Statistical analysis p Value

Age, median (quartiles), years 11.9 11.3 Wilcoxon p¼ 0.2
(9.4–14.4) (9.1–13.4) S¼ 1535

Males, % (n) 86 (56) 91 (31) Fisher exact p¼ 0.5
Pubertal status, % at 41=19=5=23=11 35=26=12=18=9 Wilcoxon p¼ 0.9

Tanner stage I, II, III, IV, V S¼ 1695

Clinical diagnoses
Attention-deficit=hyperactivity disorder % (n) 91 (59) 82 (28) Fisher exact p¼ 0.3
Disruptive behavior disorder, % (n) 65 (42) 65 (22) Fisher exact p¼ 1.0
Pervasive developmental disorder, % (n) 12 (8) 24 (8) Fisher exact p¼ 0.2
Depressive disorder, % (n) 25 (16) 9 (3) Fisher exact p¼ 0.07
Bipolar disorder, % (n) 2 (1) 6 (2) Fisher exact p¼ 0.3
Anxiety disorder, % (n) 29 (19) 53 (18) Fisher exact p¼ 0.03
Psychotic disorder, % (n) 3 (2) 0 Fisher exact p¼ 0.5
Tic disorder, % (n) 18 (12) 24 (8) Fisher exact p¼ 0.6

Total diagnoses, mean� SD 2.6� 0.9 2.8� 1.0 Fisher exact p¼ 0.4

Pharmacotherapy
Risperidone dose, median 0.03 (0.02–0.04) 0.02 (0.02–0.04) Wilcoxon p¼ 0.5
(quartiles), (mg=kg=per day) S¼ 1618
Risperidone treatment duration, 2.9 (1.7–3.8) 2.0 (0.7–3.9) Wilcoxon p¼ 0.3

median (quartiles), years S¼ 1545
Psychostimulants, % (n) 77 (50) 1.4� 0.5 50 (17) 0.9� 0.3 Fisher exact p¼ 0.01
mean� SD, (mg=kg=per day) t¼ 4.8, df¼ 50.9 p< 0.0001
Psychostimulants treatment duration, median 4.0 (2.3–6.1) 2.2 (1.7–5.7) Wilcoxon p¼ 0.4

(quartiles), years S¼ 515
a-2 Agonists, % (n) 25 (16) 47 (16) Fisher exact p¼ 0.02

a-2 Agonists treatment duration, 2.3 (1.4–3.3) 2.4 (1.7–5.1) Wilcoxon p¼ 0.3
median (quartiles), years S¼ 532

Selective serotonin reuptake 52 (34) 53 (18) Fisher exact p¼ 1.0
inhibitors (SSRI), % (n)

SSRI treatment duration, median 2.1 (1.5–3.1) 2.7 (2.0–3.8) Wilcoxon p¼ 0.4
(quartiles), years S¼ 240

Prior antipsychotic treatment, % (n) 17 (11) 21 (7) Fisher exact p¼ 0.8
Antipsychotic treatment duration, 1.2 (0.9–2.7) 0.5 (0.1–1.4) Wilcoxon p¼ 0.1

median (quartiles), years S¼ 50
Activity level, median (quartiles) 2.0 (1.0–3.0) 3.0 (2.0–3.0) Wilcoxon p¼ 0.04

S¼ 1354
Screen time, median (quartiles), hours=day 2.5 (1.5–4.0) 2.8 (1.0–4.5) Wilcoxon p¼ 0.9

S¼ 1719

Statistically significant results after Bonferroni correction are in bold (i.e., �0.006) and trends are in bolded italics.
Abbreviations: SD¼ standard deviation; df¼degrees of freedom.
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z-score point (n¼ 31) and those who did not (n¼ 26). Here, we
restricted the analysis to those subjects with a BMI measure-
ment obtained within 30 days before starting risperidone and
who had not received other antipsychotics because this could
mask the effect of risperidone on weight gain. The findings
across those who gained �0.5 BMI z-score and those who did
not, none of which reached statistical significance, were as
follows: 10% (n¼ 3) versus 8% (n¼ 2) for waist circumference
�90th percentile, 9% (n¼ 3) versus 22% (n¼ 6) for systolic
blood pressure �90th percentile, 3% (n¼ 1) versus 0% for

systolic blood pressure �90th percentile, 14% (n¼ 4) versus
5% (n¼ 1) for impaired fasting glucose, 10% (n¼ 3) versus 0%
for triglycerides �110 mg=dL, and 14% (n¼ 4) versus 5%
(n¼ 1) for HDL-C �40 mg=dL.

Discussion

To our knowledge, this is the largest study to investigate
the prevalence of metabolic abnormalities in children and
adolescents in extended risperidone treatment. Over an

Table 2. Clinical and Laboratory Measurements in Lean and Overweight=Obese Subjects

Metabolic measures
Normal BMI percentile

(n¼ 65)
Overweight=obese

(n¼ 34) Statistical analysis p Value

Baseline weight z-score, mean� SD �0.3� 0.8 [n¼ 47]a 0.9� 1.0 [n¼ 24] t¼�5.3, df¼ 69 p< 0.0001
Baseline height z-score, mean� SD �0.2� 0.8 [n¼ 45] 0.4� 1.0 [n¼ 23] t¼�2.8, df¼ 66 p¼ 0.006
Baseline BMI z-score, mean� SD �0.4� 0.9 [n¼ 45] 0.9� 1.0 [n¼ 23] t¼�5.2, df¼ 66 p< 0.0001
Baseline BMI z-score �85 7 (3) [n¼ 45] 48 (11) [n¼ 23] Fisher exact p¼ 0.0007
Percentile, % (n)
Weight z-score, mean� SD 0.0� 0.7 1.6� 0.6 t¼�10.6, df¼ 97 p< 0.0001
Height z-score, mean� SD 0.0� 0.9 0.5� 0.9 t¼�2.8, df¼ 97 p¼ 0.0005
BMI z-score, mean� SD 0.1� 0.7 1.6� 0.4 t¼�13.3, df¼ 96 p< 0.0001
Percent body fat, median (quartiles) 16.5 (12.2–21.3) [n¼ 62] 30.3 (25.3–38.2) [n¼ 32] Wilcoxon S¼ 2340 p< 0.0001
Glucose, median (quartiles), mg=dL 91.0 (84.0–95.0) [n¼ 57] 91.0 (88.0–97.5) [n¼ 28] Wilcoxon S¼ 1310 p¼ 0.3
Insulin, median (quartiles), mIU=Ml 4.9 (3.4–6.6) [n¼ 57] 6.6 (4.2–9.9) [n¼ 27] Wilcoxon S¼ 1397 p< 0.02
HOMA-IR, median (quartiles) 1.1 (0.7–1.4) [n¼ 57] 1.4 (0.9–2.6) [n¼ 27] Wilcoxon S¼ 1390 p¼ 0.02
Total cholesterol, mean� SD, mg=dL 159.0� 23.7 [n¼ 57] 160.2� 27.9 [n¼ 28] t¼�0.2, df¼ 83 p¼ 0.9
LDL, mean� SD, mg=dL 87.0� 21.7 [n¼ 57] 88.5� 24.5 [n¼ 28] t¼�0.3, df¼ 83 p¼ 0.8
HDL-C, mean� SD, mg=dL 61.3� 11.7 [n¼ 57] 53.9� 14.2 [n¼ 28] t¼ 2.6, df¼ 83 p¼ 0.01
Triglycerides, mean� SD, mg=mLb 57.0� 23.2 [n¼ 57] 76.1� 46.0 [n¼ 27] t¼�2.0, df¼ 32.4 p¼ 0.05
Elevated TSH, % (n) 16 (10) 12 (4) Fisher exact p¼ 0.8

Only laboratory tests for patients who were fasting for at least 9 hours are reported. Statistically significant results after Bonferroni
correction are in bold (i.e., �0.006) and trends are in bolded italics.

aBetween brackets is the number of subjects for whom data were available, when different from the total number in the subgroup.
bOne patient with triglycerides levels >600mg=dL was excluded from this analysis.
Abbreviations: SD¼ standard deviation; df¼degrees of freedom; BMI¼ body mass index; HOMA-IR¼homeostasis model assessment of

insulin resistance; LDL-C¼ low-density lipoprotein cholesterol; HDL-C¼high-density lipoprotein; TSH¼Thyroid-stimulating hormone.

FIG. 1. Estimated BMI z-scores over time for three levels of MPH doses. Subjects who had a baseline BMI within 1 month
before the onset of risperidone treatment, at least 3 BMI observations before or 3 after risperidone initiation, and who had
never been treated with antipsychotic medications, other than risperidone, were included in this analysis (n¼ 61). They were
divided into three subgroups based on their average daily dose per kilogram of body weight of psychostimulants. While
there was no change to a minor change in BMI z-score prior to risperidone initiation, all three groups equally gained weight
after treatment outset. BMI, Body mass index; MPH, methylphenidate equivalent.
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average 2.9 years of treatment, we found that the participants
gained a mean 0.6 BMI z-score point and 35% had at least one
criterion of the metabolic syndrome phenotype (Cook et al.
2003).

Before discussing the results, we will review the study
limitations. First, this study is observational; thus, unlike
controlled studies, it cannot establish causality. In fact, be-
cause adverse events often result in attrition (Aman et al. 2005;
Croonenberghs et al. 2005), our cross-sectional design likely
underestimates the actual rate and severity of weight gain and
metabolic abnormalities during risperidone treatment. Con-
versely, it is also possible that our recruitment method led to
self-selection bias, exaggerating the metabolic risks. In addi-
tion, although risperidone was the first AAP to have pediatric
Food and Drug Adminstration (FDA) indications, other an-
tipsychotics are widely prescribed in youths (Olfson et al.
2006). Because these drugs vary with regard to their receptor-
binding profiles (Richelson and Souder 2000) and their po-
tential to cause metabolic abnormalities in adults (American
Diabetes Association 2004; Newcomer and Haupt 2006), our
findings might not be generalizable to other AAPs. Third,
most of the anthropometric data were collected from chart
review and were not measured in a standardized manner.
Nevertheless, measurement errors are equally likely to occur
in either group, which reduces their potential impact on the
findings. Fourth, we included patients with minor TSH ele-
vation because that is unlikely to have clinical significance
(Surks et al. 2004); in fact, excluding them did not alter the
prevalence of the metabolic abnormalities across the two
groups. Also, in our analysis, we controlled for the effect of
risperidone and psychostimulants, but the patients had re-
ceived a variety of other drugs, some of which could poten-
tially affect weight. This effect might be considered negligible,
however, because the overall exposure to weight-altering
psychotropics, other than risperidone and psychostimulants,
was short relative to the total duration of treatment (medi-

an� 2.3%). Sixth, our sample was not evaluated using a
standardized clinical assessment. Although weight gain as-
sociated with AAPs has been described in various clinical
samples (Aman et al. 2002; Sikich et al. 2004), it is possible that
psychopathology exerts a moderating effect on this adverse
drug event, as we discuss below. Last, our findings could
have been strengthened by the use of invasive metabolic
studies directly evaluating insulin resistance or lipolysis.
However, the clinical utility of such studies would have been
limited because the current definitions of the metabolic syn-
drome in children do not involve such measurements (Zim-
met et al. 2007; Ford and Li 2008).

Extended risperidone pediatric clinical trials have de-
scribed a significant increase in weight beyond that expected
for normal development (Aman et al. 2005; Croonenberghs
et al. 2005; Reyes et al. 2006). In agreement with these reports,
54% of our participants gained at least 0.5 BMI z-score point,
with 34% being either overweight or obese. These findings are
particularly striking when one considers that, after adjusting
for the effects of age and gender, the rate of excessive weight
was only 22% prior to the initiation of risperidone and that,
over the course of the treatment, the prevalence of obesity
nearly doubled with that of overweight increasing by 35%.

Our longitudinal analysis also revealed that once risper-
idone is initiated, concomitant psychostimulant treatment
may not protect against weight gain. Although this finding
might be due to a type II error, similar results have been re-
ported by Aman et al., who pooled data from two identically
designed pediatric trials and found that, on average, the
children gained 2.2 kg over the 6-week duration of the study,
regardless of whether they were also taking psychostimulants
(Aman et al. 2004). The appetite-suppressing effect of psy-
chostimulants is dose-related and might contribute to the
growth delay observed during extended treatment (Swanson
et al. 2007). On the other hand, emerging evidence suggests a
stimulating effect of AAPs on appetite (Gothelf et al. 2002).

Table 3. Prevalence of Metabolic Abnormalities Across Lean and Overweight=Obese Subjects

Metabolic abnormality
Normal BMI percentile

(n¼ 65)
Overweight=obese

(n¼ 34) Statistical analysis p Value

Waist circumference �90th percentile, % (n) 0 [n¼ 63]a 25 (8) [n¼ 32] Fisher exact p< 0.0001
SBP �90th percentile, % (n) 16 (10) [n¼ 64] 12 (4) Fisher exact p¼ 0.8
DBP �90th percentile, % (n) 3 (2) [n¼ 64] 3 (1) Fisher exact p¼ 1.0
Glucose �100 mg=dL, % (n)b 7 (4) [n¼ 57] 21 (6) [n¼ 28] Fisher exact p¼ 0.07
Insulin >20 mIU=mL, % (n) 0 [n¼ 57] 11 (3) [n¼ 27] Fisher exact p¼ 0.03
HOMA-IR >4.39, % (n)c 0 [n¼ 27] 18 (2) [n¼ 11] Fisher exact p¼ 0.08
Triglycerides �110 mg=dL, % (n) 0 [n¼ 57] 18 (5) [n¼ 28] Fisher exact p¼ 0.003
HDL-C �40 mg=dL, % (n) 0 [n¼ 57] 21 (6) [n¼ 28] Fisher exact p¼ 0.0008
�1 Laboratory metabolic abnormalities, % (n)d 7 (4) [n¼ 57] 46 (13) [n¼ 28] Fisher exact p< 0.0001
�1 Metabolic syndrome criteria, % (n)e 21 (12) [n¼ 57] 64 (18) [n¼ 28] Fisher exact p¼ 0.0002
Metabolic syndrome, % (n) 0 [n¼ 57] 4 (1) [n¼ 28] Fisher exact p¼ 0.3

Statistically significant results after Bonferroni correction are in bold (i.e., �0.006) and trends are in bolded italics.
aBetween brackets is the number of subjects for whom data were available, when different from the total number in the subgroup. Only

laboratory data for patients who were fasting for at least 9 hours are reported.
bIn no instances was fasting blood glucose >126 mg=dL.
cHOMA-IR was defined categorically (i.e., >4.39) in adolescent subjects (age �12) only (Lee et al. 2006).
dThis variable includes abnormal glucose, total insulin, triglycerides, or HDL-C as defined in Table 1. HOMA-IR was not included because

the 2 adolescents with elevated values also had total insulin concentration >20mIU=mL.
eThis variable includes abnormal waist circumference, SBP and DBP, glucose, triglycerides, or HDL-C as defined in Table 1.
Abbreviations: SBP¼ Systolic blood pressure; DBP¼diastolic blood pressure; HOMA-IR¼homeostasis model assessment of insulin

resistance; HDL-C¼high-density lipoprotein cholesterol.
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This likely occurs through the modulation of histaminergic
H1 receptors, activating the phosphokinase messenger in the
hypothalamus (Kim et al. 2007). Thus, not only does it appear
that psychostimulants and antipsychotics modulate different
pathways of appetite regulation (Woods et al. 1998), the data
presented here and elsewhere (Aman et al. 2004) suggest that
the weight-inducing effect of antipsychotics also overrides the
weight-suppressing effect of stimulants. That physiological
mechanisms promoting energy storage, through weight gain,
are more potent than those preventing it should not be sur-
prising because evolutionary pressures are geared toward
avoiding starvation (Woods et al. 1998).

Although our findings suggest that psychostimulants do
not attenuate the amount of weight gain associated with ris-
peridone, it is nevertheless significant that, compared to
the overweight=obese group, lean children received a higher
dose of psychostimulants per kilogram of body weight,
even though they were as likely to have attention-deficit=
hyperactivity disorder (ADHD). Correcting psychostimulant
dose for weight might not be appropriate for obese children
(Spencer et al. 2003). In fact, this could underlie the differences
in dosage across the two subgroups. Alternatively, it is pos-
sible that the leaner group had more severe ADHD symp-
toms, requiring higher psychostimulant doses. We did not
administer any psychiatric rating scales; thus, it is not possible
to determine to what extent the participants’ symptoms were
well controlled. We speculate that poorly controlled hyper-
activity may have attenuated risperidone-induced weight
gain due to the resultant increase in nonexercise activity
thermogenesis (Levine et al. 1999). This refers to thermogen-
esis associated with physical activity other than volitional
exercise, such as fidgeting (Levine et al. 1999). In fact, com-
pared to overweight=obese participants, leaner children were
rated as more active by their parents (Table 1). On the other
hand, the two groups were not different with regard to the
number of hours they watch television or play video games.

The excessive weight we found during risperidone treat-
ment appears associated with metabolic disturbances. As a
group, children and adolescents who were overweight=obese
had higher percentage of body fat and lower HDL-C levels
than the lean group. In addition, their insulin level and
HOMA-IR index reflected a higher level of insulin resistance.
When the metabolic disturbances were defined categorically,
allowing a more direct clinical application, these participants
were nearly seven times more likely to have at least one
metabolic syndrome criterion. It has been suggested that
when obesity develops in childhood, compensatory mecha-
nisms might operate, resulting in ‘‘metabolically healthy’’
obesity (Karelis et al. 2004). Metabolically healthy obese in-
dividuals account for up to 20% of the obese population and
appear more resistant to the development of the metabolic
disturbances associated with excessive weight (Karelis et al.
2004). In our sample, most overweight=obese children and
adolescents exhibited metabolic abnormalities, placing them
at higher risk for future cardiovascular morbidity (Daniels
et al. 2005). Longitudinal monitoring is required to determine
whether adaptation to this risperidone-associated excessive
weight develops over time, and our group is currently car-
rying out such monitoring. This issue is particularly signifi-
cant because the precise definition of the metabolic syndrome
in children and its long-term sequelae continue to be debated
(Zimmet et al. 2007; Ford and Li 2008).

Despite finding a significant increase in weight, two rela-
tively long-term studies identified no lipid abnormalities in
youths and young adults treated with risperidone (Martin
and L’Ecuyer 2002) or olanzapine (McGlashan et al. 2006).
However, these reports involved small samples. In addition,
one of them suffered from significant attrition during the
year-long pharmacological intervention, whereas the second
group of recruited youths was treated with risperidone for an
average duration of only 4.9 months (Martin and L’Ecuyer
2002; McGlashan et al. 2006). On the other hand, a recent
study comparing patients treated with various antipsychotic
medications for less than 1 month with those treated for more
than a year revealed significantly elevated weight and BMI in
the chronically medicated group. These patients also had
higher LDL and total cholesterol levels (Laita et al. 2007). Si-
milarly, in hospitalized youths treated with a variety of anti-
psychotics for at least 1 month, Patel et al. found that 51% had
one or more lipid abnormalities (Patel et al. 2007).

Insulin resistance could ensue secondary to weight gain,
change in body fat composition, or could be due to a direct
effect of the antipsychotics on insulin sensitivity (American
Diabetes Association 2004; Amamoto et al. 2006). Data are
again scant in children and adolescents. In the olanzapine trial
cited earlier, no abnormalities in glucose metabolism were
found (McGlashan et al. 2006), which is similar to the finding
from the Spanish study comparing short- and long-term ex-
posure to antipsychotics (Laita et al. 2007). The divergence
between these studies and ours is likely due to differences in
design, sample size, duration of risperidone treatment, prior
exposure to other antipsychotics, and age of the patients. In
addition, these studies did not measure insulin concentration,
which increases years before hyperglycemia develops (Leahy
1990).

Clinical trials are establishing the efficacy of AAPs in an
increasing number of pediatric psychiatric disorders. Thus,
the use of these psychotropics will likely continue to rise.
Although only some have been found to be associated with
excessive weight gain in adults, preliminary evidence sug-
gests that all psychotropics could cause this side effect in
AAP-naı̈ve children (Correll et al. 2005). In addition, as our
data show, youths maintained in extended risperidone treat-
ment frequently present with metabolic abnormalities, espe-
cially if they are obese (Correll et al. 2005). Thus, clinicians
have a pivotal role to play in carefully evaluating the extant
literature regarding efficacy and safety of AAPs when pre-
scribing them to children and adolescents and in closely
monitoring the treatment to minimize the morbidity and mor-
tality associated with their adverse events, including weight
gain, diabetes, and dyslipidemia (American Diabetes Asso-
ciation 2004; Correll and Carlson 2006).

Due to ethical and practical considerations, it will likely
never be possible to conduct long-term, placebo-controlled
trials to investigate the safety of AAPs in a pediatric popula-
tion. Nevertheless, future research could compare different
antipsychotics with regard to their potential to cause weight
gain and metabolic disturbances.
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