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Abstract Efficacy and safety of 2 risperidone doses were

evaluated in children and adolescents with autism. Patients

(N = 96; 5–17 years), received risperidone (low-dose:

0.125 mg/day [20 to \45 kg], 0.175 mg/day [[45 kg] or

high-dose: 1.25 mg/day [20 to \45 kg], 1.75 mg/day

[[45 kg]) or placebo. Mean baseline (range 27–29) to

endpoint change in Aberrant Behavior Checklist-Irritability

(primary endpoint) was significantly greater in the high-

dose—(-12.4 [6.5]; p \ 0.001), but not low-dose (-7.4

[8.1]; p = 0.164) group, versus placebo (-3.5 [10.7]).

Clinical Global Impressions-Severity and Children’s Yale-

Brown Obsessive Compulsive Scale scores improved sig-

nificantly only in the high-dose group, consistent with ABC-I

results. Somnolence, sedation and increased appetite

occurred more frequently in high-versus low-dose groups.

Overall, increased appetite occurred most frequently.

Keywords Autistic disorder � Double-blind �
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Introduction

Autistic disorder is a neurological and developmental dis-

order that develops early in childhood and usually persists

throughout life. It manifests as a deficit in reciprocal social

interaction, and verbal and nonverbal communication,

along with restricted or stereotyped behaviors (Schultz

2005; Libbey et al. 2005).

Recent studies have suggested some probable contribut-

ing factors for the occurrence of autism in children, including

genetic predisposition (Freitag 2007), exposure to possible

environmental risk factors (Szpir 2006; Persico and Bour-

geron 2006) and early fetal brain injury (Limperopoulos et al.

2007).

Risperidone is a second generation antipsychotic (SGA)

approved in the United States for the treatment of irrita-

bility in children and adolescents with autistic disorder

(Risperdal� prescribing information, revised version

2012). Risperidone was flexibly dosed (0.5–3.5 mg/day) in

all of the studies in children and adolescents (5–16 years of

age) that established the efficacy of risperidone in the

treatment of irritability associated with autistic disorder

(Nicolson et al. 1998; McCracken et al. 2002; Malone

et al. 2002; Mc Dougle et al. 2003; RUPP 2005; Troost et al.

2005; Arnold et al. 2003; Shea et al. 2004; Gagliano et al.

2004; Pandina et al. 2007). The literature cited here captures

the major studies of risperidone in autism; some smaller
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studies are not included. Long-term safety and tolerability in

autism is a major concern associated with SGAs. Given the

need for long-term use of these drugs, it is essential to

determine the lowest effective dose in order to minimize the

potential for treatment-related adverse events, such as met-

abolic adverse events (including weight gain, dyslipidemia

and hyperglycemia), as well as sedation and tardive dyski-

nesia. The initial confirmatory studies of risperidone for the

treatment of autism did not effectively establish the lowest

effective dose (McCracken et al. 2002; Shea et al. 2004);

therefore, the current study was designed to explore a lower

dose range.

This was the first study designed to evaluate the efficacy

and safety of risperidone at a dose lower (based on US

Food and Drug Administration recommendation) than the

minimum currently recommended dose (target dose, 1 mg/

day [for patients C20 kg]; effective dose range, 0.5–3 mg/

day) for the treatment of irritability associated with autistic

disorder in children and adolescents aged 5–16 years

weighing C20 kg (Risperdal� prescribing information,

revised version 2012). In addition, the study assessed the

effect of risperidone in children on a number of metabolic

variables of interest, including insulin resistance and glu-

cose metabolism, and the growth hormone axis.

Methods

Study Population

Patients were screened at an initial screening appointment

according to the inclusion and exclusion criteria. Several

efficacy and safety assessments (e.g., electrocardiograms,

laboratory assessments, extrapyramidal symptoms (EPS)

scales, etc) were also performed. Up to 3 weeks were

allowed to obtain the results of all assessments and to

permit tapering or discontinuation of prohibited medica-

tions before the baseline assessment.

Children and adolescents enrolled in this study were of

either sex, aged 5 to 17 years (inclusive), weighing at least

20 kg, with a diagnosis of autistic disorder (using Diag-

nostic and Statistical Manual of Mental Disorders, Fourth

Edition [DSM-IV] criteria). The diagnosis was corrobo-

rated by standard cut-off scores on the Autism Diagnostic

Interview-Revised; patients had parent-rated scores of at

least 18 for Aberrant Behavior Checklist-Irritability (ABC-

I) subscale of the ABC-community (a revision of the ABC

that eliminates references to residential placement and

focuses on the community setting), hereafter referred to as

‘‘ABC’’ in this report (Aman et al. 1985a, b; Aman and

Singh 1994). All patients had scores of at least 4 (moder-

ately ill) for Clinical Global Impressions-Severity (CGI-S)

scale (Guy 1976a), at screening and baseline. Patients were

also required to have a mental age of more than 18 months,

documented at any time before or at screening (measured

and documented by Leiter International Performance

Test—Revised or another standardized, individualized, test

of intelligence).

Additionally, patients with a history of seizures were

required to be seizure-free for at least 6 consecutive months

or on a stable dosage of antiepileptic drugs for at least

4 weeks before screening. All patients were also prohibited

from taking psychotropic medications for at least 1 week

(4 weeks for fluoxetine, and 8 weeks for depot medica-

tions) before baseline. Patients were also to have normal

fasting glucose and creatinine, and liver function test levels

less than 1.5 times the upper limit of normal.

Exclusion criteria were a previous or current DSM-IV

diagnosis of psychotic disorder or Pervasive Develop-

mental Disorders other than autism, determined by history

and clinical interview. Neurologic disorders, moderate or

severe extrapyramidal symptoms or tardive dyskinesia, and

lack of response to risperidone treatment in the past were

also exclusionary. Finally, girls who were pregnant or

breast feeding were excluded.

Patients were recruited from the investigators’ practices;

however, recruitment from outside their practices was also

allowed.

The Independent Ethics Committee or Institutional

Review Board at each study site approved the protocol, and

the study was conducted in accordance with the ethical

principles originating in the Declaration of Helsinki and in

accordance with ICH Good Clinical Practice guidelines,

applicable regulatory requirements, and in compliance with

the respective protocol. All parents (or their legally

authorized representatives) of the children and adolescents

fully understood the potential risks/benefits with the pro-

tocol and provided written informed consent.

Study Design

This was a randomized, 6-week, double-blind, placebo-

controlled, fixed-dose, multicenter study (16 sites [con-

solidated to 9 pooled centers for analysis], composed of

both clinical and investigative settings) conducted in the

United States between 3 December, 2007 and 9 March,

2010. The study consisted of a 3-week screening phase, a

6-week randomized double-blind phase (day 1 to day 42),

and a 6-month open-label extension. The details of the

6-month open-label extension will be published separately.

During the double-blind phase, eligible patients were

randomized (1:1:1 ratio) to one of two fixed-dose, weight-

based, regimens of risperidone or to placebo. The ran-

domization was conducted by using randomly permuted

blocks, and was stratified by center and baseline weight (20

to \45 kg or C45 kg). To maintain blinding, the study
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drugs supplied were identical in appearance and packed in

identical child-resistant containers. Patients, parents or

primary caregivers, and the site personnel were all blinded

to treatment assignment.

Study Medication

Risperidone and its matching placebo were provided as

oral solutions in glass bottles containing 100 mL of solu-

tion. Two oral solutions, one containing 0.1 mg/mL and

one containing 1.0 mg/mL of risperidone were used.

Risperidone was administered at two dose levels. The

low dose 0.125 mg/day (lower than those currently rec-

ommended) was selected based on US Food and Drug

Administration recommendation. The high dose 1.25 mg/

day was selected based on prior studies (McCracken et al.

2002; Shea et al. 2004). As the efficacious dose would vary

as per the patient’s weight, for each dose levels, two dose

regimens were selected as per 2 weight classes (20 to

\45 kg and C45 kg). Assuming that the average weight of

the patients in the higher weight group will be approxi-

mately 1.4 times higher than that of the patients in the

lower weight group, the 2 fixed doses in the higher weight

class were to be approximately 1.4 times those of the lower

weight class.

For the low-dose group, patients weighing 20 to\45 kg

received 0.125 mg/day, and those weighing C45 kg

received 0.175 mg/day. For the high-dose group, patients

weighing 20 to \45 kg received 1.25 mg/day and those

weighing C45 kg received 1.75 mg/day. In both groups,

risperidone was titrated up from day 1 to day 4 (initial dose

was given on days 1 to 3 and increased on day 4) according

to the following: in the low-dose group, from 0.05 to

0.125 mg (20 to\45 kg) and 0.075 to 0.175 mg (C45 kg);

and in the high-dose group, from 0.5 to 1.25 mg (20 to

\45 kg) and 0.75–1.75 mg (C45 kg). Study medication

was administered once daily in the morning (or evening, if

sedation occurred).

Concomitant Medication

Anticholinergics and antihistamines for the treatment of

emergent EPS were restricted to the lowest dose and for the

shortest duration possible. Similarly, hypnotic or sedative

medications (lorazepam, 0.25–2 mg; or diphenhydramine

up to 50 mg) were allowed if the patient had been stable on

a particular dose for at least 30 days before study start.

Efficacy Assessments

The primary efficacy parameter was the mean change from

baseline to double-blind endpoint (last postbaseline

assessment) in the ABC-I subscale score from the ABC. The

ABC is used to evaluate treatment response for aberrant

behavior in patients with autism and consists of 5 subscales:

Irritability, Social Withdrawal, Stereotypic Behavior,

Hyperactivity/Noncompliance, and Inappropriate Speech. In

all, 58 items are rated across these subscales: each scored as

0 = no problem, 1 = slight problem, 2 = moderate prob-

lem, or 3 = severe problem.

Secondary efficacy parameters included: change from

baseline to endpoint in the other ABC subscale scores

(Social Withdrawal, Stereotypic Behavior, Hyperactivity/

Noncompliance, and Inappropriate Speech); change from

baseline to endpoint in CGI-S score (investigator assess-

ment of illness severity and functional impairment using a

7-point scale); and change from baseline to endpoint in the

Children’s Yale-Brown Obsessive Compulsive Scale (CY-

BOCS) compulsions subscale score (investigator assess-

ment of symptom severity of obsessive-compulsive

behavior, using a 5-point scale) (Scahill et al. 1997).

Additionally, response rate (response was defined as at

least 25 % improvement in ABC-I subscale score) and

percentage of patients with Clinical Global Impression of

Improvement (CGI-I) ratings of ‘‘much improved’’ or

‘‘very much improved’’ at endpoint were evaluated.

For all efficacy scales, reduction in scores reflects

improvement in symptoms.

Pharmacokinetic Assessment

Two blood samples (before and at least 1 h after dosing)

were collected at week 6 visit to determine the plasma

concentrations of risperidone and 9-hydroxyrisperidone.

Safety Assessments

Safety assessments included evaluation of treatment-

emergent adverse events (TEAEs), clinical laboratory

parameters, vital sign measurements, physical examination

findings, 12-lead electrocardiograms, and EPS rating

scales: Simpson-Angus Rating Scale (Simpson and Angus

1970), Barnes Akathisia Rating Scale, (Barnes 1989), and

Abnormal Involuntary Movement Scale (Guy 1976b).

Additionally, changes from baseline to double-blind end-

point in growth hormone-related factors, prolactin and

insulin resistance (homeostatic model assessment of insulin

resistance [HOMA-IR] formula: glucose [mmol/L] 9 insulin

[lU/mL]/22.5) were assessed.

Efficacy and safety evaluations were completed during

the visits at baseline, day 4, and weeks 1, 2, 4 and 6, or at

the time of early withdrawal.

Plasma concentrations of risperidone and 9-hydroxy-ris-

peridone, the active metabolite, were determined at week 6

as a measure of exposure.
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Statistical Methods

Thirty-one patients were randomized per group in order to

have 80 % power (with a standard deviation of 8 and a

2-sided significance level of 0.05) to detect a between-

group difference of 6 on the ABC-I subscale, assuming that

5 % of randomized patients would have no postbaseline

ABC-I assessment.

For the primary efficacy endpoint, a prespecified step-

down testing procedure was employed in which the ris-

peridone high-dose group was compared to placebo first. If

the difference was statistically significant (p \ 0.05), then

the risperidone low-dose group was compared with

placebo.

The change from baseline in ABC-I at intermediate time

points (day 4 and weeks 1–6) and at endpoint was assessed

using an analysis of covariance (ANCOVA) model with

dose level, baseline weight group and center as factors and

baseline ABC-I subscale score as covariate.

Eleven small centers (\3 patients in either baseline

weight group) were combined to form 4 pooled centers

according to a plan specified before randomization dis-

closure. Pooled center was the center factor in all analyses.

Change from baseline in other ABC subscales, CGI-S, and

CY-BOCS were analyzed using a similar ANCOVA

model. A Cochran–Mantel–Haenszel test controlling for

center and baseline weight group was used to analyze

response and CGI-I.

Efficacy analyses included all patients who had received

at least 1 dose of study medication and had both baseline

and postbaseline efficacy measurements (intent-to-treat

[ITT] population).

All safety analyses included all patients who received at

least 1 dose of the study medication. Pharmacokinetic and

safety results were summarized.

Results

Patient Disposition and Characteristics

Overall, 80 % of the randomized patients (n = 77 of 96)

completed the 6-week double-blind phase. Most frequent

reasons for early withdrawal during the study were insuf-

ficient response (7 %) and patient choice (5 %). A higher

percentage of patients in the placebo group than in either

risperidone group discontinued due to insufficient response

(Fig. 1).

The study population was predominantly boys (88 %).

Patients had a mean (SD) age of 9 (3.1) years, 77 % were

\12 years of age. More than 90 % of patients were naı̈ve

to antipsychotics (Table 1). Baseline ADI-R scores were

generally similar across treatment groups. The median

mental age across treatment groups was 5.5 years. The

median duration of treatment ranged from 42 to 43 days

across the 3 groups. Antihistaminic drugs were the most

commonly used concomitant medication; a higher per-

centage of patients in placebo (20 %; n = 7) than risperi-

done group (low-dose group; 7 %, n = 2 and high-dose

group; 3 %, n = 1) were treated with these drugs.

Efficacy Results

Irritability scores, as measured by the ABC-I, improved

significantly in the risperidone high-dose group (p \ 0.001),

but not in the risperidone low-dose group (p = 0.164)

compared with placebo (Table 2). Separation between the

risperidone high-dose and placebo groups was observed

from day 8 (Fig. 2).

Secondary Efficacy Results

Response rates were significantly higher in the risperidone

high-dose group (83 %; p = 0.004), but not in the low-

dose group (52 %; p = 0.817), compared with placebo

(41 %). Similarly, improvements on CGI-S were signifi-

cant in the high-dose-, but not in the low-dose group,

compared with placebo (Table 2). The number of patients

showing much or very much improvement on the CGI-I

scores, was significantly higher in the risperidone high-

dose group (63 %, p \ 0.001), but not in the low-dose

group (17 %, p = 0.985), compared with placebo (15 %).

For the ABC subscales, patients in the risperidone high-

dose group showed significant improvement (p = 0.019)

on the hyperactivity subscale score, and patients in the

risperidone low-dose group demonstrated significant

improvement on the stereotypic behavior subscale scores

(p = 0.008), compared with placebo. Neither risperidone

group showed significant improvement on the inappropri-

ate speech or social withdrawal subscale scores (risperi-

done low-dose group p = 0.716, high-dose group

p = 0.511), compared with placebo.

Consistent with the other efficacy measurements, only

patients in the risperidone high-dose group showed sig-

nificant improvement compared with placebo in the CY-

BOCS compulsions subscale scores (risperidone high-dose

group, p = 0.003; risperidone low-dose group, p = 0.454

vs. placebo).

Pharmacokinetic Results

Pharmacokinetic samples were available for 81 patients.

The dose-normalized (to 1.25 mg/day), and the dose-

normalized bodyweight corrected (to 0.02 mg/kg/day)

plasma concentrations of active antipsychotic fraction
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(risperidone ? 9-hydroxy-risperidone) of risperidone were

similar across the low- and the high-dose risperidone group

(Table 3).

Safety

Overall, the incidence of TEAEs was higher in the risperi-

done high-dose group (87 %) than in either the risperidone

low-dose (60 %) or placebo (80 %) groups. The most com-

mon events in the combined low-and high-dose risperidone

groups included: increased appetite (26 %), sedation (15 %),

somnolence (11 %), and weight increase (11 %). Adverse

events that occurred in at least 2 patients in the risperidone

high-dose group and with twice the frequency of the

risperidone low-dose group were sedation (26 vs. 3 %),

somnolence (23 vs. 0 %), and increased appetite (35 vs.

17 %) (Fig. 3). Adverse events that were more common in

the placebo group than either of the risperidone groups were

headache (11 %), abdominal discomfort (9 %), aggression

(9 %), and insomnia (6 %) (Fig. 3).

There were no deaths in this study. Aggression was

reported as a treatment-emergent serious adverse event in

one patient in the placebo group, and this resulted in study

discontinuation. The only other TEAE resulting in study

discontinuation was sedation in one patient in the risperi-

done high-dose group.

The incidence of TEAEs related to somnolence

(including sedation and hypersomnia) was higher in the

Screening (21 days) 
N=145 

Double-Blind Phase (up to 6 weeks) 
Randomized in 1:1:1 ratio 

n=96

Total withdrawal, n=8 (23%) 

Adverse event, 
 n= 0
Lost to follow up, 
n=0 
Withdrawal of consent, 
n=1(3%) 
Insufficient response, 
 n=6 (17%) 
Study medication non-
compliance, n=1 (3%) 
Other, n=0 

Total withdrawal, n=6 (19%) 

Adverse event, n=1 (3%) 
Lost to follow up, n=1 (3%) 
Withdrawal of consent, n=3 (10%)
Insufficient response, 
n=0  
Study medication non-compliance, 
n=0 
Other n=1 (3%) 

Completed, n=27 (77%)  

ITT analysis set (n= 35) 
Safety analysis set (n=35) 

Completed, n=25 (81%) 

ITT analysis set (n=31) 
Safety analysis set (n=31) 

Total withdrawal, n=5 (17%) 

Adverse event, 
 n=0 
Lost to follow up, 
 n=1, (3%) 
Withdrawal of consent, n=1 (3%)
Insufficient response, 
n=1 (3%) 
Study medication non-
compliance, n=0 
Other, n=2 (7%) 

Completed, n=25 (83%) 

ITT analysis set (n=30) 
Safety analysis set (n=30) 

Placebob

(n=35) 
RIS-low dose groupb (n= 30) 

Doses:  
0.125 mg/day and 0.175 mg/day 

RIS-high dose groupb (n=31) 
Doses: 

1.25 mg/day and 1.75 mg/day 

Exclusion, n=49 (34%) 

Screening failures, n=45 (31%) 
Adverse events, n=3 (2%) 
Other, n=42 (29%)a

Withdrew consent, n=4 (3%) 

Fig. 1 Patient disposition. RIS risperidone. aReason not specified on case report form. bPatients were stratified based on weight into two groups,

20 kg to \45 kg and C45 kg
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risperidone high-dose group (55 %; n = 17) than in the

risperidone low-dose group (3 %; n = 1) or the placebo

group (6 %; n = 2). Extrapyramidal symptom-related

adverse events during the study were most frequent in the

risperidone high-dose group (16 %; n = 5) and were

mostly akathisia (13 %; n = 4). No incidences of tardive

dyskinesia were reported during the study.

Further, there were no clinically relevant changes from

baseline in the mean AIMS total score or in BARS and

SARS rating scale scores.

Mean change from baseline to double-blind endpoint in

serum prolactin levels was greater in the risperidone high-

dose group (20.23 ng/mL) than in the risperidone low-dose

group (2.58 ng/mL) or placebo group (1.27 ng/mL). One

potentially prolactin-related TEAE of oligomenorrhea

was reported in one patient in the risperidone high-dose

group.

Glucose metabolism-related adverse events reported

were increased appetite, increased weight, and thirst

(Fig. 3). The incidences of increased appetite (35 %) and

increased weight (13 %) were highest in the risperidone

high-dose group (Fig. 3). The change from baseline to

double-blind endpoint in mean fasting glucose level was

similar across all groups (-0.1 to -0.4 mg/dL; baseline

values: 87–92 mg/dL). Insulin levels increased from

baseline and were highest in the high-dose group from

Table 1 Demographic and baseline characteristics (safety population)

Parameters Placebo (N = 35) RIS low-dose (N = 30) RIS high-dose (N = 31) Total (N = 96)

Age (years)

Category, n (%)

0–12 30 (86) 20 (67) 24 (77) 74 (77)

[12 5 (14) 10 (33) 7 (23) 22 (23)

Mean (SD) 9 (2.6) 10 (3.4) 9 (3.1) 9 (3.1)

Sex, n (%)

Boys 31 (89) 25 (83) 28 (90) 84 (88)

Girls 4 (11) 5 (17) 3 (10) 12 (13)

Race, n (%)

White 21 (60) 21 (70) 25 (81) 67 (70)

Black 10 (29) 6 (20) 3 (10) 19 (20)

Asian 3 (9) 3 (9) 1(3) 7 (7)

Other 1 (3) 0 2 (6) 3 (3)

Baseline body mass index (kg/m2)

Category, n (%)

Normal \ 25 31 (89) 25 (83) 30 (97) 86 (90)

Overweight 25–30 3 (9) 2 (7) 0 5 (5)

Obese C 30 1 (3) 3 (10) 1 (3) 5 (5)

Mean (SD) 19.5 (5.00) 20.5 (5.73) 19.2 (4.43) 19.7 (5.05)

Age at first diagnosis of autism

Median (range) 3 (2,11) 3 (2, 14) 3 (2, 10) 3 (2, 14)

Previous antipsychotic use, n (%)

Yes 3 (9) 4 (13) 2 (6) 9 (9)

No 32 (91) 26 (87) 29 (94) 87 (91)

Baseline autism diagnostic interview—domain total scores

N 34 30 31 95

Reciprocal social interaction

Mean (SD) 24.0 (5.26) 23.5 (5.15) 23.9 (5.77) 23.8 (5.34)

Communication

Mean (SD) 15.6 (4.03) 17.5 (4.62) 15.6 (4.89) 16.2 (4.55)

Restricted, repetitive behavior and interests

Mean (SD) 8.0 (2.22) 7.8 (2.56) 7.8 (2.71) 7.9 (2.47)

RIS risperidone
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baseline to double-blind endpoint [mean [SD] change (lU/

mL)]: placebo group, -0.04 [13.10]; risperidone low-dose

group, 0.74 [3.09]; risperidone high-dose group, 2.36

[3.53]). Similarly, insulin resistance increased from base-

line to double-blind endpoint (mean [SD] change from

baseline: placebo group, -0.01 [3.05]; risperidone low-

dose group, 0.14 [0.79]; risperidone high-dose group, 0.55

[0.89]). No clinically relevant change from baseline was

observed in insulin growth factor-1 during the study.

Mean [SD] change from baseline to double-blind end-

point in fasting lipid values was also assessed. Triglyceride

levels increased (baseline range: 65–81 mg/dL) in both

risperidone low-(mean change [SD] 17.4 [40.24] mg/dL);

and high-dose groups (12.4 [55.61] mg/dL), while levels

decreased in the placebo group (-2.0 [28.62] mg/dL).

Cholesterol levels increased (baseline values: 155–171 mg/

dL) in placebo (mean change [SD] 5.6 [25.77] mg/dL) and

risperidone high-dose groups (2.3 [19.37] mg/dL), and

Table 2 Change in Aberrant

behavior checklist—irritability

subscale scores and clinical

global impression of severity

scores (intent-to-treat analysis

set)

Results for value at baseline and

change from baseline are based

on patients with both baseline

and endpoint data, placebo:

n = 34, risperidone low dose:

n = 29, risperidone high dose:

n = 29

SD standard deviation, RIS

risperidone, CI confidence

interval

*p \ 0.05 indicates significant

reduction

Effect size: placebo-subtracted

mean divided by pooled

standard deviation

Parameters Placebo

(N = 35)

RIS low dose

(N = 30)

RIS high dose

(N = 31)

Abberant behavior checklist

Baseline

Mean (SD) 28.9 (6.10) 27.1 (6.26) 28.0 (7.81)

Change from baseline

Mean (SD) -3.5 (10.67) -7.4 (8.12) -12.4 (6.52)

Placebo-subtracted mean (95 % CI) -3.0 (-7.36, 1.27) -7.9 (-12.19, -3.52)

p value 0.164 \0.001*

Effect size 0.36 0.94

Clinical global impression-severity scores

Baseline

Mean (SD) 4.9 (0.67) 5.1 (0.92) 5.0 (0.78)

Change from baseline

Mean (SD) -0.3 (0.79) -0.4 (0.73) -1.0 (0.78)

Placebo-subtracted mean (95 % CI) -0.1 (-0.39, 0.29) -0.7 (-1.02, -0.33)

p value 0.769 \0.001*

Effect size 0.08 1.02

Fig. 2 Least-Square Mean

Change from Baseline Over

Time in ABC Irritability

Subscale Score (LOCF) (Intent-

to-Treat Population). LOCF last

observation carried forward,

ABC Aberrant Behavior

Checklist. A significant

improvement in ABC Irritability

subscale scores (p = 0.005) was

observed with risperidone low

dose versus placebo only on day

8. For risperidone high-dose

group, the ABC Irritability

subscale scores were

significantly (p \ 0.001)

improved on all days, except

day 4
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decreased (-3.8 [18.90] mg/dL) in the risperidone low-

dose group. Similarly, low density lipoprotein (LDL) levels

increased (baseline values: 89–97 mg/dL) in placebo

(mean change [SD] 3.7 [23.34] mg/dL) and risperidone

high-dose groups (0.5 [13.88] mg/dL), and decreased (-6.9

[18.37] mg/dL) in the risperidone low-dose group. High

density lipoprotein (HDL) levels increased (baseline val-

ues: 54 to 56 mg/dL) in placebo (mean change [SD] 1.6

[8.85] mg/dL), but decreased in the risperidone low—

(-0.2 [9.64] mg/dL) and high-dose groups (-1.9 [9.59]

mg/dL).

Mean weight (SD) increased from baseline (baseline

values: 36–40 kg) to double-blind endpoint for all groups:

placebo, 0.7 (1.19) kg; risperidone low dose, 1.2 (1.13) kg;

risperidone high dose, 2.4 (2.07) kg. Mean (SD) body mass

index increased from baseline (baseline values: 19–20 kg/

m2) to double-blind endpoint for all groups: placebo, 0.1

(0.67) kg/m2; risperidone low dose, 0.4 (0.70) kg/m2; and

risperidone high dose, 1.1 (1.35) kg/m2.

No clinically relevant treatment-emergent changes in

mean growth related factors were observed during the

study. There were no clinically relevant changes in mean

ECG parameters and physical examination findings.

Discussion

Long-term treatment with SGAs, such as risperidone, is

associated with a variety of potentially serious adverse

events such as metabolic adverse events (including weight

gain, dyslipidemia and hyperglycemia), as well as sedation

and tardive dyskinesia, and possible effects on growth and

maturation. Hence, it is essential that children who need

antipsychotic medications are treated with the lowest

effective dose as they grow and mature. This study com-

pared the effect of risperidone at doses less than the rec-

ommended dose with the currently recommended dose

under controlled trial conditions in children with autistic

disorder. This is the first time a placebo-controlled study

has been conducted with such a low dose of risperidone

and thus offers valuable information to clinicians and

researchers.

Risperidone high-dose, which fell within the effective

dose range of 0.5–3 mg/day (recommended in the current

product label), was effective in the treatment of irritability in

children and adolescents with autistic disorder. This finding

is consistent with the results observed in previous studies of

risperidone in children with autism (Nicolson et al. 1998;

McCracken et al. 2002; Malone et al. 2002; Arnold et al.

2003). Improvement in the severity of illness and functional

impairment, assessed by CGI-S, and symptoms of obsessive-

compulsive behavior, assessed by CY-BOCS, was also

observed in patients treated with high dose (1.25 or 1.75 mg/

day) risperidone treatment. Risperidone, when used at doses

Table 3 Plasma concentrations of the active antipsychotic fraction of risperidone (pharmacokinetic analysis set)

Plasma concentrations (ng/mL) Low dose High dose

n 0.125 mg/day n 0.175 mg/day n 1.25 mg/day n 1.75 mg/day

Dose normalized (to 1.25 mg/day)

Trough 16 10.4 ± 7.18 8 5.31 ± 5.66 18 8.31 ± 5.95 7 5.26 ± 3.85

Postdose 16 37.2 ± 14.8 7 24.2 ± 20.9 15 40.2 ± 22.4 6 18.4 ± 11.0

Dose normalized and body weight corrected (to 0.02 mg/kg/day)

Trough 16 5.17 ± 4.05 8 5.84 ± 5.12 18 4.16 ± 3.41 7 5.76 ± 4.94

Postdose 16 17.8 ± 7.09 7 26.8 ± 18.8 15 18.0 ± 9.99 6 20.0 ± 14.9

Active antipsychotic fraction = risperidone ? 9-hydroxyrisperidone

Fig. 3 Treatment-emergent adverse events experienced by at least

two patients in any treatment group (safety analysis set). Figure shows

distribution of incidence rate (percentage) by adverse event for each

treatment group. Symbols overlap for identical incidence rates:

Risperidone low-and high-dose group; abdominal discomfort, aggres-

sion, insomnia, psychomotor hyperactivity, enuresis, headache,

vomiting. Placebo group and risperidone low-dose group: ear

infection, depression, epistaxis, pyrexia, thirst. Placebo group and

risperidone high-dose group rash. TEAE treatment-emergent adverse

event
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less than those currently recommended (0.125 or 0.175 mg/

day), did not demonstrate efficacy. Statistically significant

improvement occurred only in the stereotypic behavior

subscale scores.

Pharmacokinetic investigations were conducted to

ensure that appreciable plasma levels were reached to aid

in corroborating any noted treatment response. The sys-

temic exposure of the active antipsychotic fraction (ris-

peridone and 9-hydroxy risperidone) was similar in this

study to those observed in a previous risperidone study in

patients with autistic disorder (Aman et al. 2007; Thyssen

et al. 2010).

Increased appetite, sedation, somnolence and weight

increase were the most commonly reported treatment-

emergent adverse events, consistent with the known profile

of risperidone (Risperdal� prescribing information, revised

version 2012). There were no EPS-related serious adverse

events; also no incidences of tardive dyskinesia were

reported.

Risperidone treatment is known to be associated with

elevation of prolactin levels (Findling et al. 2003; Reyes

et al. 2006; Anderson et al. 2007; Risperdal� prescribing

information, revised version 2012). In the present study,

increases in prolactin levels from baseline to endpoint were

observed to be higher in the risperidone high-dose group,

than in either the risperidone low-dose group or placebo.

However, reports of potentially prolactin-related adverse

events were rare (oligomenorrhea; n = 1).

Treatment–related metabolic adverse effects have

always been a major concern associated with use of anti-

psychotics (Tschoner et al. 2007; Lieberman 2004). Most

of the literature describes these effects in adult patients

with schizophrenia. In the present study, risperidone did

not show any clinically meaningful change in fasting glu-

cose, cholesterol, LDL, or HDL levels from baseline to

endpoint. However, the duration of the study was only

6 weeks and insulin levels and insulin resistance increased

with increasing risperidone dose.

Atypical antipsychotics as a class are associated with

weight gain (Turgay et al. 2002). In several trials con-

ducted in children with autism, risperidone treatment has

been associated with weight gain ranging from 2.7 to

3.7 kg (Gagliano et al. 2004; Shea et al. 2004; Malone et al.

2002; McCracken et al. 2002). In the present study,

increase in mean body weight was higher in the risperidone

high-dose group than in either the risperidone low-dose- or

placebo groups. Psychoeducation and instituting a dietary

regimen and a plan of physical activity may help in pre-

venting or diminishing the weight gain associated with

risperidone treatment (Turgay et al. 2002). Increases in

mean body weight that occurred in the risperidone groups

were consistent with the product labeling (Risperdal�

prescribing information revised version 2012).

Any inference about the effect of risperidone on the

growth hormone axis, as well as growth and sexual matu-

ration, is limited due to the comparatively small sample

size and brief study duration. Generally, safety results

(including results on glucose homeostasis, metabolic

parameters, and growth and sexual maturation) from the

double-blind phase of this study were consistent with the

known safety profile of risperidone (Risperdal� prescribing

information revised version 2012) and with that of other

risperidone studies in patients with autistic disorder

(Nicolson et al. 1998; McCracken et al. 2002; Malone et al.

2002; Arnold et al. 2003; Aman et al. 2005).

This study has several limitations. The controlled clin-

ical setting and specific criteria for patient enrollment may

not reflect the same patients treated in other clinical set-

tings, hence limiting the generalizability of the findings.

Due to the short duration (6 weeks) of the study, the

findings do not inform us about risperidone’s long-term

effects in this population. Longer-term studies in this

population are required to more fully assess the adverse

events and metabolic changes associated with risperidone

treatment. Also, studies are needed to evaluate mainte-

nance of risperidone’s efficacy over time in children with

autism.

Collectively, the data from this study demonstrate that

risperidone at higher doses of 1.25 and 1.75 mg/day were

efficacious; however, risperidone at doses \0.25 mg did

not demonstrate significant efficacy in the treatment of

irritability and related behaviors associated with autistic

disorder in children and adolescents, consistent with cur-

rent labeling.
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