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Abstract

Objective: The purpose of this study was to assess change in body mass index (BMI) and age- and gender-adjusted BMI

Z-score in subjects ages 2–20 years with autism spectrum disorders (ASD), who were treated longitudinally with risperidone

or aripiprazole at a tertiary care ASD clinic.

Method: As part of a larger project involving longitudinal drug treatment data in ASD, detailed demographic and treatment

data were collected for 142 subjects ages 2–20 years who had been started on risperidone or aripiprazole for treatment of

irritability. Mean age at start of treatment, treatment duration, final Clinical Global Impressions-Improvement Scale score,

BMI change per year of treatment, and BMI Z-score change per year of treatment (primary outcome measure) were calculated

for each drug treatment group. Group means were compared using t tests and Wilcoxon rank sum tests.

Results: There was a statistically significant BMI and BMI Z-score increase in the risperidone and aripiprazole treatment

groups individually. No statistically significant difference between the two treatment groups was noted in mean BMI change

per year of treatment or BMI Z-score change per year of treatment.

Conclusions: In our review of long-term naturalistic treatment of irritability using risperidone versus aripiprazole in persons

with ASD, a significant increase in both BMI and age- and gender-adjusted BMI Z-score was noted for each treatment group.

No significant difference in BMI or BMI Z-score change was noted when the two treatment groups were compared. We

conclude that in our patient population at a tertiary care ASD clinic, the effects of risperidone and aripiprazole on body weight

gain in naturalistic long-term treatment are no different.

Introduction

Since Kanner’s original description of autistic disorder

in 1943 (Kanner 1943), interfering behavioral symptoms as-

sociated with autism spectrum disorders (ASD) have been a major

focus of pharmacotherapy research. Irritability (aggression, self-

injury, and severe tantrums) is a frequent and disruptive behavioral

symptom cluster in persons with ASD, often limiting access to

educational and community programming and causing significant

parent and caregiver stress (McDougle et al. 2008). To date,

treatment of ASD-associated irritability with atypical antipsy-

chotics has proven successful (Wink et al. 2010). However, use of

risperidone or aripiprazole, the two United States Food and Drug

Administration (FDA)-approved atypical antipsychotics for treat-

ment of irritability in youth with autistic disorder, is at times limited

by significant adverse effects such as weight gain. Extensive re-

search has been conducted on the efficacy, safety, and tolerability

of risperidone and aripiprazole both in short- and longer-term use in

ASD. Despite the frequency of weight gain noted with use of each

drug for treating irritability in persons with ASD, comparison of

body mass index (BMI) and age- and gender-adjusted BMI Z-score

change associated with risperidone versus aripiprazole has not been

undertaken (Maayan and Correll 2011).

The efficacy of risperidone, a dopamine type 2 (D2) and sero-

tonin type 2A (5-HT2A) receptor antagonist, for the treatment of

irritability in youth with autism is supported by multiple placebo-

controlled studies (McCracken et al. 2002; Erickson et al. 2007). In

an 8-week double-blind, placebo-controlled trial of 101 children

and adolescents with autism (ages 5–17 years), the Research Units

on Pediatric Psychopharmacology (RUPP) Autism Network dem-

onstrated a significant risperidone effect marked by a 69% drug

treatment response versus a 12% response in those receiving pla-

cebo (McCracken et al. 2002). In this report, mean weight gain was

2.7 kg for the treatment group compared with 0.8 kg for the placebo

group ( p < 0.001) (McCracken et al. 2002). The work of the RUPP

Autism Network was replicated when Shea et al. (2004)
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demonstrated in an 8 week double-blind, placebo-controlled trial of

79 children (ages 5–12 years) with ASD that risperidone treatment

was associated with significant improvement compared with pla-

cebo on several outcome measures (Shea et al. 2004). Significant

weight gain was again seen in this study, with mean weight gain of

2.7 kg for the risperidone group and 1.0 kg for the placebo group

( p £ 0.001) (Shea et al. 2004). Additionally, nearly every placebo

controlled trial of risperidone for treatment of pediatric behavior,

mood, and psychotic disorders has demonstrated significant weight

gain over placebo, suggesting that weight effects of risperidone are

not associated solely with ASD diagnosis (Maayan and Correll

2011).

Aripiprazole, a D2 and 5-HT1A receptor partial agonist and

5-HT2A receptor antagonist (Potkin et al. 2003), has been shown to

be effective in two double-blind, placebo-controlled studies, as

well as in several open-label studies in the treatment of irritability

in youth with autistic disorder (Marcus et al. 2009; Owen et al.

2009). In an 8 week double-blind, placebo-controlled study in-

volving 98 youth with autistic disorder (ages 6–17 years), Owen

et al. (2009) reported a significant effect of aripiprazole on irrita-

bility, marked by a 52.2% drug treatment response rate compared

with a 14.3% placebo response rate (Owen et al. 2009). At 8 weeks,

the increase in mean BMI was 0.7 kg/m2 for the aripiprazole group

and 0.1 kg/m2 for the placebo group ( p < 0.05) (Owen et al. 2009).

Also in 2009, Marcus et al. reported on a fixed dose (15 mg/day;

10 mg/day; 5 mg/day vs. placebo) four arm 8 week double-blind,

placebo-controlled study of aripiprazole targeting irritability in 218

children and adolescents with autism (ages 6–17 years). Treatment

response was seen in all three treatment arms compared with pla-

cebo ( p < 0.05 for the 15 mg/day group compared with placebo).

Mean weight gain in this study was 1.5 kg with the 15 mg/day dose,

1.3 kg with the 10 mg/day or 5 mg/day dose, and 0.3 kg with pla-

cebo ( p < 0.05 for each dose of aripiprazole compared to placebo)

(Marcus et al. 2009). In a recent systematic review of placebo-

controlled antipsychotic studies in youth regardless of diagnosis,

De Hert et al. demonstrated that aripiprazole was associated with

average weight gain of 0.79 kg (CI: 0.54–1.04 kg), suggesting that

weight gain with aripiprazole is not solely related to ASD diagnosis

(De Hert et al. 2011).

In addition to weight gain noted in controlled short-term ASD

studies, longer-term studies of aripiprazole and risperidone in youth

with ASD have demonstrated significant weight gain in excess of

developmental norms. In a 2004 study of 63 youth with autism

receiving risperidone for 6 months, excessive weight gain was

shown to occur more rapidly with the initiation of treatment, al-

though the gain continued throughout the period of risperidone use

marked by a mean increase in BMI Z-score of 0.6 (Martin et al.

2004). In an open-label continuation study of aripiprazole in youth

with autistic disorder, those receiving aripiprazole for > 9 months

(n = 220) had a mean increase in BMI Z-score of 0.31 (Marcus et al.

2011). Additionally, studies have also demonstrated significant

increase in BMI Z-score in youth treated longitudinally with

atypical antipsychotics compared with controls, regardless of

psychiatric diagnosis(de Hoogd et al. 2012).

In this review, we hypothesized that use of either risperidone or

aripiprazole would be associated with a significant mean increase in

raw BMI and BMI Z-scores during treatment. Furthermore, based

upon weight change data from other disorders in which risperidone

and aripiprazole are FDA-approved (Stroup et al. 2011; Ben Amor

2012; Cohen et al. 2012), data from a large scale treatment study in

atypical antipsychotic naive children and adolescents with a variety

of psychiatric diagnoses (Correll et al. 2009), and short-term data

from autism trials (McCracken et al. 2002; Martin et al. 2004; Shea

et al. 2004; Marcus et al. 2011), we hypothesized that risperidone

use would be associated with a greater increase in mean raw BMI

and BMI Z-score per year of treatment compared with aripiprazole.

Method

As part of a larger ongoing comprehensive assessment of med-

ication management in ASD, we analyzed data drawn from indi-

viduals with ASD evaluated and treated at the Christian Sarkine

Autism Treatment Center (CSATC) from July 2004 through April

2012. From our RedCap medication management database, we

identified subjects ages 2–20 years newly started on risperidone or

aripiprazole for treatment of irritability. For each subject, data were

collected including age, race, gender, ASD diagnostic subtype,

presence of intellectual disability, concomitant medication use,

duration of risperidone or aripiprazole treatment, end dose of re-

spective medication, Clinical Global Impressions-Improvement

(CGI-I) rating at last recorded visit (rating anchored to change in

irritability), BMI prior to initiation of treatment with risperidone or

aripiprazole, and BMI at last recorded treatment visit. BMI values

were transformed into BMI Z-scores based on Center for Disease

Control growth charts to account for BMI variation in children

caused by age, gender, height, and weight relative to a reference

distribution (Flegal and Ogden 2011).

ASD diagnosis (autistic disorder, pervasive developmental dis-

order not otherwise specified [PDD-NOS], or Asperger’s disorder)

was made by clinicians with expertise in ASD diagnosis (C.A.E.,

C.J.M.) using diagnostic criteria from the Diagnostic and Statis-

tical Manual of Mental Disorders, 4th ed., Text Revision (DSM

IV-TR) (American Psychiatric Association 2000). Intellectual

disability data collected were based on review of neuropsycholo-

gical testing and school reports when available, combined with

elements of the clinical interview focused on adaptive functioning

and cognition. Because of inconsistency in whether degree of in-

tellectual disability (mild, moderate, severe, profound) was speci-

fied in the evaluation notes, we limited our intellectual disability

data analysis to whether intellectual disability was present or ab-

sent. Subjects were excluded from this study if risperidone or ar-

ipiprazole use was initiated prior to evaluation at the CSATC, if an

individual received multiple antipsychotics at any time during

treatment, or if < 2 BMI data points were available.

For each treatment group, the mean age at baseline, treatment

duration, final CGI-I, BMI change, BMI change per year of treat-

ment, and age- and gender-adjusted BMI Z-score change and

change per year of treatment was determined. We chose BMI

Z-score per year of treatment as our primary outcome measure,

given that this measure controls for age- and gender-associated

BMI differences while also accounting for differences in treatment

duration in a naturalistic treatment setting. Group means for all

variables were compared using independent sample two tailed

t tests, as well as Wilcoxon rank sum tests. Potential group differ-

ences in race, gender, ASD subtype, presence of intellectual dis-

ability, and concomitant drug use (by drug class), were evaluated

using Fisher’s exact tests. This project was approved by our local

institutional review board.

Results

Seventy-two subjects treated with risperidone and 70 treated

with aripiprazole met study inclusion criteria. On average, subjects

started on aripiprazole were older at baseline (Table 1). Baseline

mean BMI Z-scores were 0.67 – 1.44 and 0.64 – 1.94 for
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risperidone and aripiprazole, respectively, indicating a relatively

overweight population at treatment initiation. No statistically sig-

nificant difference in gender, race, ASD diagnostic subtype, or

presence of intellectual disability was identified between treatment

groups. Concomitant medication use rates defined by drug class

were also similar between groups (Table 2). Subjects in the ris-

peridone group had a longer average treatment duration

(2.37 – 2.55 years for risperidone vs. 1.47 – 1.21 years for ar-

ipiprazole [p = 0.01]) (Table 3). Final drug doses were well within

the approved dose range for use in ASD targeting irritability

(2.23 – 1.30 mg/day for risperidone and 11.85 – 7.23 mg/day for

aripiprazole). Final CGI-I scores between groups were similar. As

expected, mean raw BMI and calculated BMI Z-scores increased

with use of both risperidone and aripiprazole (Table 4). No statis-

tically significant difference between the two treatment groups was

noted in raw BMI change per year or in our primary outcome

measure BMI Z-score change per year of treatment (Table 3).

Further, Wilcoxon rank sum tests were conducted to look for

treatment differences for the variables in Tables 3 and 4. These

results are not reported because they concur with those of the t test

provided in the tables.

Based upon our data, we additionally completed a post-hoc

analysis to determine how many patients per group would be

necessary to detect, with 80% power (actual a = 0.05), a statistically

significant difference in BMI Z-score change per year of treatment

using a two-sample t test, assuming that the variances of the two

populations were not equal. Given our results, we would need to

conduct a study with 46,308 subjects per treatment group to detect a

difference in BMI Z-score change per year of treatment when

comparing risperidone and aripiprazole use in this population. (The

Power and Sample Size module, PASS, from SAS � Version 9.3

was used for this calculation.)

We also completed a post-hoc robust analysis-of-covariance,

ANCOVA, analysis (ROBUSTREG procedure in SAS) to assess

the impact of potential covariates on our primary outcome measure

of change in BMI Z score per year of treatment. A robust approach

was used in order to minimize the impact of potential outliers in the

data. No potentially significant covariates (age at baseline, race,

gender, diagnosis of intellectual disability, concomitant drug use,

duration of treatment, baseline BMI/Z-score) were identified when

analyzing both drug treatment populations combined. When as-

sessing the risperidone and aripiprazole groups individually, no

potentially significant covariates were identified for risperidone

use. For aripiprazole, a minor finding (R2 = 0.03) was noted for an

interaction between presence of intellectual disability and age

where a positive association (slope) was found in persons with

intellectual disability and a slightly negative association with

Table 1. Baseline Subject Characteristics

Risperidone Aripiprazole Comparison

Male n = 60 (83.3%) n = 56 (80%) p = 0.67a

Female n = 12 (16.7%) n = 14 (20%) p = 0.67a

Caucasian n = 56 (77.8%) n = 53 (75.7%) p = 0.84a

African American n = 6 (8.3%) n = 5 (7.1%) p = 1.00a

Hispanic n = 1 (1.4%) n = 1 (1.4%) p = 1.00a

Other race/ethnicity n = 1 (1.4%) n = 1 (1.4%) p = 1.00a

Autistic disorder n = 40 (55.6%) n = 44 (62.9%) p = 0.40a

PDD-NOS n = 29 (40.3%) n = 19 (27.1%) p = 0.12a

Asperger’s disorder n = 3 (4.1%) n = 7 (10%) p = 0.21a

Presence of
intellectual
disability

n = 34 (49%) n = 30 (44%) p = 0.61a

Age at initiation 8.41 – 3.59
years

9.74 – 3.46
years

p = 0.03b

Baseline BMI 19.05 – 4.90 20.41 – 5.53 p = 0.12b

Baseline Z-score 0.67 – 1.44 0.64 – 1.94 p = 0.93b

aFisher’s exact test.
bTwo tailed t test.
Race/ethnicity data missing in risperidone group (n = 7) and aripiprazole

group (n = 10).
PDD-NOS, pervasive developmental disorder – not otherwise specified;

BMI, body mass index.

Table 2. Concomitant Medication Use

Concomitant
drug/drug class

Risperidone
group

(total n = 72)

Aripiprazole
group

(total n = 70)

Fisher’s exact
test result

(2 by 2
contingency

table)

Selective serotonin
reuptake inhibitor

n = 20 (28%) n = 21 (30%) p = 0.85

Antiepileptic n = 5 (7%) n = 4 (6%) p = 1.00
Stimulant n = 15 (21%) n = 10 (14%) p = 0.38
Metformin n = 4 (6%) n = 2 (3%) p = 0.68
a 2-agonist n = 27 (37%) n = 22 (31%) p = 0.48
Benzodiazepine n = 0 (0%) n = 2 (3%) p = 0.24
Other medication use

not specified above
n = 26 (36%) n = 24 (34%) p = 0.86

Free of concomitant
medication

n = 19 (26%) n = 20 (29%) p = 0.85

Table 3. Treatment Results: Group Comparisons

Risperidone Aripiprazole

Two
tailed
t test

Treatment
duration

2.37 – 2.55 years 1.47 – 1.21 years p = 0.01

Final dose 2.23 – 1.30 mg/day 11.85 – 7.23 mg/day NA

Final CGI-Ia 3.2 – 1.2 2.9 – 1.2 p = 0.32

BMI change
per year
of treatment

2.36 – 3.80 2.05 – 5.02 p = 0.68

BMI Z-score
change per
year of
treatment

0.53 – 1.21 0.56 – 2.21 p = 0.91

aClinical Global Impressions – Improvement (CGI-I) scale ranges from1
to 7 with 1 = very much improved and 7 = very much worse.

BMI, body mass index.

Table 4. Treatment Results: Within-Group BMI Change

Risperidone Baseline End-point Two tailed t test

BMI 19.05 – 4.90 21.37 – 5.28 p < 0.0001
BMI Z-score 0.67 – 1.44 0.96 – 1.30 p = 0.05

Aripiprazole
BMI 20.41 – 5.53 22.51 – 5.59 p < 0.0001
BMI Z-score 0.64 – 1.94 1.12 – 1.07 p = 0.01

BMI, body mass index.
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Z score per year of treatment was noted in persons without intel-

lectual disability. However overall, we conclude that no significant

factors gathered in our analysis contributed significantly to BMI

Z-score change per year of risperidone or aripiprazole treatment.

Discussion

Both short- and longer-term studies of risperidone and ar-

ipiprazole use for treatment of irritability in youth with ASD have

demonstrated weight gain as a significant adverse effect. However,

to date there has been no comparison of the impact on body weight

of risperidone versus aripiprazole use in ASD in a long-term nat-

uralistic setting. Our study begins to provide some answers to this

question with unanticipated results. The similarity in BMI Z-score

change with both treatment groups is unexpected, given data from

other disorders suggesting that less weight gain is associated with

aripiprazole use than with other atypical antipsychotics in both

youth and adults (Correll et al. 2009; Stroup et al. 2011; Ben Amor

2012; Cohen et al. 2012; Doey 2012). Weight gain is a primary

adverse effect of concern with atypical antipsychotics in ASD. It

must be balanced with the degree of interference from behavioral

symptoms. We believe this comparison of the two first-line treat-

ments for irritability in children and adolescents with ASD, which

occurred in a naturalistic treatment setting, may be useful for

clinical decision making.

The findings of this report must be taken in the context of the

limitations of the analysis. The results are based on review of

longitudinal clinical data, which limits our ability to control for

baseline differences such as ASD diagnostic subtype, presence of

intellectual disability, and concomitant medication use. For-

tunately, these factors may not have impacted the study results,

given the lack of group differences, with the exception of age, at

baseline (Table 1). The naturalistic design of this study also limits

our ability to control for medication starting dose, dosage range,

and rapidity of dosage change. The dosages of risperidone and

aripiprazole prescribed to the individuals in this project were well

within FDA-approved dosage guidelines, but were slightly higher

than mean dosages reported in the studies leading to FDA-approval

of both medications (risperidone: 2.23 – 1.30 mg/day in this review

vs. 1.8 – 0.7 mg/day in RUPP 2002 study; aripiprazole: 11.85 –
7.23 mg/day in this review vs. 8.9 mg/day in Owen 2009 flexible

dose trial). It is unclear what impact this may have had on BMI

change in our population.

This study is limited to the age range for which Z scores

are available. In ASD, the weight effects of atypical antipsychot-

ics may differ in youth and adults, particularly given report of

no significant risperidone-associated weight gain in placebo-

controlled study in adults with ASD (McDougle et al. 1998). In-

dividuals in this study were also above average weight at the time of

treatment initiation, which may have impacted their BMI change

with treatment. We did not have access to information regarding

family metabolic history or the diet and exercise habits of study

participants, which may have influenced BMI change with treat-

ment. We also cannot account for factors such as parental obesity,

which may have influenced clinician medication choice.

Additional limitations include lack of standardized diagnostic

and intellectual functioning testing for the individuals included in

this review. Diagnosis of ASD was made solely based upon DSM-

IV-TR criteria without use of gold standard diagnostic measures

such as the Autism Diagnostic Interview-Revised (ADI-R) or the

Autism Diagnostic Observation Schedule (ADOS). Intellectual

functioning was estimated based on clinician report and supporting

chart documents rather than direct standardized assessment. Fur-

thermore, the sample is biased toward individuals with potentially

more severe pathology and previous treatment failures, therefore

requiring referral to a tertiary care treatment center with expertise

in ASD. The retrospective nature of this study limited our ability to

control for variation in treatment duration between treatment

groups. Subjects in the risperidone treatment group received the

drug for a significantly longer period of time than did those taking

aripiprazole. Our primary outcome measure of BMI Z-score change

per year of treatment limits some of the impact of this difference.

However, considering data from Martin et al. (2004) indicating that

risperidone treatment is associated with early weight gain which

slows over time, the longer risperidone treatment duration may

have lowered the mean BMI Z-score change with risperidone, per

year of treatment.

The minor finding for the aripiprazole treatment group sug-

gesting a combined impact of age and intellectual disability in

which older persons with intellectual disability may be more prone

to weight gain with aripiprazole use, deserves further investigation.

The significance of this finding is unclear, and would require larger

study to determine the relevance of the subgroup analysis suggested

by this possible association. This may be the result of multiple

comparisons that arise naturally when multiple post-hoc models are

examined, and is of minor significance given the associated lower

R2 value. We did not feel that this finding significantly impacted the

overall results of our analysis.

Conclusions

Our results warrant further investigation using a prospective

random assignment study design. Greater control of baseline

characteristics, tracking detailed historical and lifestyle factors, use

of methodical dosing guidelines, and limiting treatment duration

may impact the results of such a study. Furthermore, including

detailed metabolic analysis, such as laboratory testing for fasting

glucose and lipid panels, will be important for comparison of the

impact of BMI change with risperidone versus aripiprazole. Such a

prospective study may be able to generate data on factors predictive

of body weight gain.

Clinical Significance

Our report comparing weight change with risperidone versus

aripiprazole in persons ages 2–20 years with ASD supports the idea

that the weight effects of the drugs may not be clearly differentiated

in a long-term naturalistic treatment setting. This finding is im-

portant for clinical decision making, given the frequent use of these

drugs as the only FDA-approved agents for treating irritability in

this population.
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