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Objective: The authors examined the developmental impact
and temporal characteristics of risperidone-associated weight
change.

Method: Weight change was measured for 63 children and ad-
olescents with autism treated with risperidone for 6 months.
Change in serum leptin levels after 2 months was examined as
a predictor of final weight gain in mixed regression models that
controlled for site, gender, age, and risperidone dose.

Results: Age- and gender-standardized weight increased after
6 months of treatment (gross: mean=5.6 kg [SD=3.9]; standard-
ized: mean=0.6 z [SD=0.5]) and was positively correlated with
weight gained after 1 month. Change in leptin levels after 2
months of treatment (mean=–0.3 ng/ml, SD=6.2) (N=48) did
not predict final weight gain.

Conclusions: Chronic risperidone exposure in children with au-
tism causes weight gain in excess of developmentally expected
norms that follows a curvilinear trajectory and decelerates over
time. Serum leptin change does not reliably predict risperidone-
associated weight gain.

(Am J Psychiatry 2004; 161:1125–1127)

Weight gain is a common adverse effect of treatment
with antipsychotic drugs, especially atypical antipsychot-
ics. A meta-analysis of 26 cohorts of risperidone-treated
adults documented a mean increase of 2.1 kg (95% confi-
dence interval=1.69–2.51) after 10 weeks (1), but less is
known about the impact of risperidone or other atypical
antipsychotic treatment on children, particularly during
long-term exposure. Based on small samples (2) or retro-
spective chart reviews confounded by multiple drug use
(3, 4), mean risperidone weight gains observed in children
have varied from 0.8 to 3.2 kg/month.

Atypical antipsychotic-associated weight gain in child-
hood may set the stage for serious health risks such as
hypertension, cardiovascular illness, or diabetes, but
children pose a particular challenge in distinguishing nor-
mative from medication-related weight gain. In addition,
there may be age effects on atypical antipsychotic-associ-
ated weight gain. For example, a pharmacovigilance study
described a greater likelihood of excessive weight gain
with olanzapine among children and adolescents than
among adults (risk ratios of 4.3 and 3.2, respectively) (5).

There are no clinical or laboratory variables currently
available to identify subjects at higher risk of accelerated
weight gain during atypical antipsychotic treatment. Lep-
tin, a hormone secreted by differentiated adipocytes in di-
rect proportion to body fat stores, is a marker of excessive
weight gain. It exerts negative feedback on hypothalamic
appetite regulation. Rapid increases in serum leptin levels
have been associated with clozapine (6) or olanzapine (7)

among adults, but there are no comparable data for pedi-
atric populations. Moreover, early leptin level change has
not been examined as a potential predictor of eventual
weight gain.

This report describes prospectively collected data on
weight and leptin levels among youths treated with ris-
peridone for 6 months.

Method

Children with autism (ages 5 to 17) accompanied by aggres-
sion, agitation, or self-injurious behaviors were treated with ris-
peridone or placebo as part of a previously described randomized
controlled trial (8). Nonresponders to placebo were openly treated
with risperidone. Positive responders in the acute phase were
treated openly for an additional 4 months for a total of 6 months
of risperidone treatment in all 63 subjects (9). The protocol was
approved by the institutional review board at each site and the
National Institute of Mental Health Data and Safety Monitoring
Board, and written informed consent (and assent, when feasible)
was obtained from a parent or guardian prior to enrollment. Of
the 101 outpatients randomized, monthly measures of weight,
height, and body mass index were available for those 63 complet-
ing the 6-month treatment course (mean age=8.6 years, SD=2.9;
racial breakdown was 70% white, 30% minority). Nonfasting se-
rum leptin levels were available at baseline, 2 months, and end-
point for 45 of these children. In addition to absolute measures,
weight and body mass index were transformed to standardized z
scores using anthropometric indices based on the 2000 Centers
for Disease Control and Prevention age- and gender-normed
growth charts (http://www.cdc.gov/growthcharts/). Unlike per-
centile scores, which group outliers (<5th or >95th percentile), z
scores permit the quantitative tracking of all individuals, regard-
less of their degree of obesity.
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Paired t tests were used to assess change between baseline and
6-month values in weight, body mass index, and leptin levels.
Pearson coefficients were calculated for the correlation between
weight gained at months 0 to 1 and 1 to 6. A mixed regression
model was fit using change in z score for weight as outcome, and
change in leptin levels between baseline and 2 months as predic-
tor. The independent variables of site, gender, age, weight z score,
and mean risperidone dose were used as covariates.

Results

Absolute weight and body mass index increased by 16.7%
(mean=5.6 kg, SD=3.9) and 10.6% (mean=2.0 kg/m2, SD=
1.9), respectively, after 6 months of treatment with risperi-
done. There was wide individual variation in the changes
in weight seen (range=–4.0 to 15.3 kg). Weight gain was not
explained on the basis of developmentally normative
growth alone, as reflected by a steady change in standard-
ized z scores for weight (Figure 1). Further, the rate of
weight gain was not stable over time, and the introduction
of a quadratic effect significantly improved the curve’s fit,
consistent with a polynomial (curvilinear), rather than a
constant (linear), temporal course. Stated alternatively,
the average weight gain of 0.88 kg/month (5.8 kg over 6
months) was significantly lower than that of 1.4 kg/month
seen during the first 2 months of treatment (mean=2.8 kg,
SD=2.9), suggesting a decreasing rate of excess weight gain
with chronic treatment.

The mean change in serum leptin levels after 6 months
of risperidone treatment was small (mean=–0.6 [SD=7.4];
mean baseline leptin concentration=6.5 ng/ml [SD=6.7]),

and the change in level between 0 and 2 months was sim-
ilar in the risperidone- and placebo-treated groups (t=0.7,
df=73, p=0.48). Moreover, among the 45 treated youths
with levels available at 2 months, leptin change between
baseline and 2 months (mean change=–0.3 ng/ml, SD=
6.2) did not significantly predict weight gain at 6 months
(β=0.03, SE=0.03; t=1.07, df=446, p=0.29). Regression anal-
yses using change in z score over time as the outcome
showed no significant effects for age (mean for the entire
sample=8.8 years, SD=2.8), dose (mean=1.8 mg/day, SD=
0.5), gender (78% male), site, or baseline weight z score
(mean=0.4, SD=1.4). Predictably, change in weight after 1
month was correlated with change in weight between
months 1 and 6, whether the change was expressed as
kilograms (mean 1-month change=1.7 kg [SD=1.4]; r=0.50,
p<0.001) or as z scores (mean 1-month change=0.3 z [SD=
0.2]; r=0.37, p<0.01).

Discussion

These data provide accurate estimates of weight gain as-
sociated with risperidone treatment in children and ado-
lescents. In contrast to previous reports, these findings are
based on prospectively collected data and are not con-
founded by concomitant medication use. Moreover, using
standardized measures of weight and body mass index
change distinguishes developmentally normative from
medication-related weight gain. These prospectively de-
rived estimates for absolute and standardized weight gain
at 6 months (mean=5.6 kg [SD=3.9] and 0.5 z [SD=0.6], re-
spectively) are slightly lower than those seen in an earlier,
retrospective study with the heretofore largest pediatric
sample size (mean=7.0 kg [SD=5.2] and 0.7 z [SD=1.3]; N=
37) (4). Our results also indicate that, in the group as a
whole, there is a curvilinear chronology for drug-induced
weight gain, with gradual slowing over time.

Accurate estimates of risperidone-associated weight
gain are relevant to clinical risk-benefit analysis. Early
identification of youths at high risk for extreme weight
gain (for example, >1 z at 6 months) could allow minimiz-
ing drug exposure, considering alternative treatments, or
initiating aggressive diet and exercise regimens. Notably,
weight gain at 1 month emerged as a powerful predictor of
later weight gain in this study. Clinicians may want to
seriously consider discontinuing risperidone or switching
to an alternative agent when faced with excessive early
weight gain. By contrast, baseline characteristics, risperi-
done dose, and serum leptin level changes failed to predict
extreme weight gain at 6 months, although nonfasting
sample collection may have contributed to our null find-
ing for leptin.

The pathophysiology of atypical antipsychotic-associ-
ated weight gain remains poorly understood and probably
involves increased appetite rather than changed metabo-
lism (10). The results reported here suggest that the high
leptin levels reported in the literature in association with

FIGURE 1. Standardized Weight Change Over 6 Months
Among 63 Children and Adolescents With Autism Treated
With Risperidonea

a Weight was transformed to standardized z scores by using anthropo-
metric indices based on the 2000 Centers for Disease Control and
Prevention age- and gender-normed growth charts. The dotted line
represents the best fit (upon including a quadratic term) for the ob-
served data (R2=0.96; –2 log likelihood change=41.4, df=1, p<0.001).
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atypical antipsychotic exposure may be an effect rather
than the cause of weight gain. A possible mechanism of
atypical antipsychotic-induced weight gain may be desen-
sitization of leptin receptors so that the feedback from the
adipocytes is not “heard” by the satiety center. Preliminary
studies suggest an association between genetic factors
(such as 5-HT2C receptor gene loci) and vulnerability to
weight gain (11) and warrant further examination.
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