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ABSTRACT 

Treatment-emergent adverse events (AEs) were monitored during an 8-week, double-blind, 
placebo-controlled trial of risperidone (0.5-3.5 mg/day) in 101 children and adolescents with 
a lifetime diagnosis of autistic disorder. In addition, 37 placebo nonresponders received 
open-label risperidone for another 8 weeks. Of all the risperidone responders (n = 65), 63 en
tered an open extension of another 16 weeks (6 months total risperidone exposure), and 32 of 
them were rerandomized to either continued risperidone therapy (n = 16) or gradual replace
ment with placebo (n = 16) over 8 weeks. We collected the following measures of safety and 
tolerability: (1) laboratory blood assessments (CBC with differential, electrolytes, and liver 
function tests) and urinalyses, (2) vital signs, (3) Side Effects Review of AEs thought to be as
sociated with risperidone, (4) sleep records, (5) Simpson Angus Neurological Rating Scale 
(SARS), (6) Abnormal Involuntary Movement Scale (AIMS), and (7) height and weight. No 
clinically significant changes were found on the lab tests. During the 8-week acute trial, the 
most common AEs on the Side Effects Review, scored as moderate or higher, were as follows 
(placebo and risperidone, respectively): Somnolence (12% and 37%), enuresis (29% and 33%), 
excessive appetite (10% and 33%), rhinitis (8% and 16%), difficulty waking (8% and 12%), and 
constipation (12% and 10%). "Difficulty falling asleep" and anxiety actually favored the 
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risperidone condition at statistically significant levels. The same AEs tended to recur through 
6 months of treatment, although often at reduced levels. Using Centers for Disease Control 
(CDC) standardized scores, both weight and body mass index (BMI) increased with risperi
done during the acute trial (0.5 and 0;6 SDs, respectively, for risperidone; 0.0 and 0.1 SDs, re
spectively, for placebo) and into open-label extension (0.19 and 0.16 SDs, respectively), 
although the amount of gain decelerated with time. Extrapyramidal symptoms, as assessed 
by the SARS, were no more common for drug than placebo, although drooling was reported 
more often in the risperidone group. There were no differences between groups on the 
AIMS. Two subjects had seizures (one taking placebo), but these were considered unrelated 
to active drug. Most AEs were mild to moderate and failed to interfere with therapeutic 
changes; there were no unanticipated AEs. The side effects of most concern were somnolence 
and weight gain. 

INTRODUCTION 

RECENT YllAR~ HAVE witnessed a major in
crease in the use of all psychotropic medi

cines, including antipsychotics, in children 
and adolescents (Zito et al. 2003). This has also 
been quite noticeable in young people with 
pervasive developmental disorders, where a 
50% increase in psychotropic medicine use has 
been observed over the last 8-10 years (Aman 
et al., 2003; Langworthy-Lam et al. 2002). 
There is a large and growing database on ad
verse events (AEs) with antipsychotics in 
adult patients, but the information available 
from trials with children is quite limited 
(Stigler et al. 2001). 

There are special issues in monitoring AEs 
in children and adolescents (especially those 
with disabilities), as discussed by Vitiello et 
al. (2003). Such patients may have limited 
verbal capacity to report AEs not visible to 
the treating clinician, even though detection 
of AEs may be more important in young pa
tients whose central nervous systems are in 
the process of maturing. Children and adoles
cents may be at greater risk for certain side ef
fects (e.g., enuresis) than adults. Uncertain 
dosing standards and strategies for young 
patients make vigilance necessary. Because 
fewer children than adults are treated with 
most types of psychotropic medicines, the 
available database is diminished. Finally, 
there have been reports of apparently in
creased sensitivity to psychotropic agents in 
young people with developmental disabili
ties (Handen et al. 1991). 

Ioannidis and Lau (2001) reviewed safety re
porting in adult clinical trials and concluded 
that little space was given in publications to 
AEs. Greenhill et al. (2003) reviewed safety 
data in pediatric psychopharmacology stud
ies, and they observed that most reports of 
multisite clinical trials devoted less than one 
page to AEs. Recently, the Research Units on 
Pediatric Psychopharmacology (RUPP) Au
tism Network (2002) reported clinical (and, 
briefly, some AE) findings in a sample of 
101 children with a lifetime diagnosis of autis
tic disorder accompanied by tantrums, aggres
sion, and self-injury. These children were 
followed acutely for 8 weeks of treatment, and 
63 clinical responders to risperidone were fol
lowed for an additional 4 months (RUPP 
2004). In light of risperidone's wide preva
lence, we felt that a fine-grained analysis of its 
side effects is in order, especially as we had 
data on side effects for 6 months of exposure. 
In this paper, we report detailed findings for 
laboratory tests, vital signs, height and weight, 
a side effects review tailored to risperidone, 
sleep duration, extrapyramidal symptoms, 
and dyskinetic movements. 

METHOD 

Design 

Acute double-blind study 

Briefly, Protocol I entailed an acute parallel
group, double-blind comparison of matching 
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placebo and risperidone. Each participant was 
assessed for inclusionary and exclusionary cri
teria during a "screen" visit. They were then 
reassessed on key instruments at baseline 
(within 4 weeks of screen) and weekly for 
8 weeks thereafter. Dosage was titrated indi
vidually, based on a schedule determined by 
the subject's weight and by time in the study. 
Subjects weighing 20-44.9 kg began risperi
done at 0.5 mg at night and were titrated to a 
maximum dose of 2.5 mg/ day (Scahill et al. 
2001). Children under 20 kg followed essen
tially the same schedule, except that dosing 
was slower. Subjects weighing 45 kg or more 
were started at 0.5 mg nightly and were 
titrated to a maximum of 3.5 mg/ day in di
vided doses. 

All adverse events instruments and vital 
signs were assessed weekly for the first 8 
weeks. Subjects in the risperidone group who 
were classified as risperidone responders (see 
RUPP Autism Network 2002) were invited to 
participate in Protocol 2. Subjects in the 
placebo group who were not responders (des
ignated as "Placebo Nonresponders," (PNR)) 
were offered an 8-week trial of open risperi
done with the same dose schedule as during 
the double blind. Each PNR child who was 
classified as a risperidone responder in the 
open-label trial was invited into Protocol 2, 
along with the responders, to randomly as
signed risperidone (Scahill et al. 2001). 

Open-label extension with 
randomized discontinuation 

This entailed a 16-week extension on open
label risperidone for all risperidone respon
ders who wished to participate (total exposure 
to risperidone = 2 months + 4 months, or 6 
months total). Following the 16-week exten
sion, participants were rerandomized to either 
continued risperidone or gradual placebo 
substitution over 8 weeks. For the placebo sub
stitution group, the risperidone dose was de
creased weekly by 25% of the 6-month dose. 
Children assigned to placebo substitution re
ceived placebo only from weeks 4 through 8 of 
the discontinuation. The participants were as
sessed every 4 weeks during the 16-week ex
tension and weekly during the 8 weeks that 

followed rerandomization. Subjects who met 
preset relapse criteria were withdrawn, and 
risperidone treatment was resumed (see RUPP 
Autism Network 2004; Scahill et al. 2001 for 
further details). 

The statistician, in concert with the National 
Institute of Mental Health (NIMH) Data Safety 
and Monitoring Board (DSMB), conducted in
terim analyses after the first 16 and 32 partici
pants were enrolled, with the rationale that we 
should not continue to randomize subjects if 
withdrawal of risperidone was shown to cause 
significant relapse (p < 0.01, two-tailed). After 
32 subjects completed rerandomization, the in
terim analysis showed that significantly more 
children assigned to placebo substitution than 
risperidone relapsed (62.5% and 12.5%, respec
tively; Yates' corrected x2; = 6.53, p = 0.01), and 
we ceased entering children into the reran
domization from then on. However, all posi
tive responders whose parents were willing 
continued to be followed for the 16 weeks of 
the open extension. 

Subjects 

Double-blind comparison 

Briefly, the inclusionary criteria were as fol
lows: (1) Age 5-17 years 2 months; (2) male and 
female; (3) Aberrant Behavior Checklist (Aman 
and Singh 1994) Irritability subscale score of at 
least 18, as completed by a parent; and CGI
Severity (CGI-S; NIMH 1985b) score of at least 4 
(see Arnold et al. 2000); (4) Diagnostic and Statis
tical Manual of Mental Disorders, 4th edition 
(DSM-IV) (American Psychiatric Association, 
1994) lifetime diagnosis of autistic disorder; 
(5) free of all psychotropic drugs at least 2 weeks 
prior to randomization (4 weeks for antipsy
chotics and fluoxetine); and (6) for participants 
with epilepsy, seizure free for at least 6 months 
and receiving stable antiepileptic dosage for at 
least 4 weeks. The lifetime diagnosis of autistic 
disorder was based on a clinical evaluation, 
which included direct observation of the partici
pants, by an experienced clinical team and 
DSM-IV interview with a parent. The clinical di
agnosis was corroborated by a structured inter
view of one or more parents, using the Autism 
Diagnostic Interview-Revised (Lord et al., 
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1994). Exclusionary criteria included: (1) Mental 
age less than 18 months on individually admin
istered IQ tests; (2) positive Beta HCG test for 
girls; (3) significant medical condition; (4) prior 
adequate trial with risperidone; (5) past history 
of neuroleptic malignant syndrome; and ( 6) be
cause of dosing considerations, weight less than 
15 kg. This study was approved by the institu
tional review boards at all sites, and parents and 
guardians signed consent forms before the chil
dren were enrolled. Subjects received routine 
electrocardiographs, routine blood and urine 
laboratory tests, and a physical examination be
fore enrollment. 

In all, 101 children and adolescents were 
randomized to treatment in Protocol 1. Fifty
two (52) were randomly assigned to placebo 
and 49 to risperidone in the double-blind trial. 
The mean age was 8.8 years (±2.7); 82 were 
boys and 19 were girls. Eighty-eight (88) (87%) 
were prepubertal, based on Tanner Staging. 
Four (4) subjects (2 in each group) were taking 
antiepileptic drugs. Three (3) children with
drew from the risperidone group because of 
lack of efficacy. Seventeen (17) withdrew early 
from the placebo group before the 8 weeks ex
pired for the following reasons: withdrawal of 
consent (n = 1), nonadherence (n = 1), loss to 
follow-up (n = 3), and lack of efficacy (n = 12). 

Open-label treatment 
for placebo nonresponders 

In all, 37 of the PNR subjects subsequently 
received an 8-week trial of open-label risperi
done. Their mean age was 8.8 (± 2.6) years.; 29 
(78.4%) were boys and 8 (21.6%) were girls. 
Thirty-one (31) (83.8%) were prepubertal and 6 
(16.2%) were postpubertal. 

Open-label extension 

A total of 63 children showed a positive re
sponse to risperidone and wished to continue 
into Protocol 2. Thirty (30) of these were origi
nally in the double-blind risperidone group, 
and 30 were originally in the PNR group. Dur
ing the data analysis, we learned that an 
additional 3 participants were enrolled into 
Protocol2, without meeting all response crite-
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ria. These 3 children were originally assigned 
to risperidone. As inclusion of these 3 partici
pants did not alter clinical results for any of 
the clinical outcome variables (RUPP Autism 
Network 2004), they were retained for all 
analyses in this paper. There were no differ
ences in symptom severity or in response 
between subjects originally assigned to the 
risperidone group and those in the PNR 
group. We also compared the 63 subjects who 
enrolled in Protocol 2 with the 38 who did not 
and found that they did not differ on any of 
the primary outcome variables. 

The mean age on entry was 8.6 years (±2.8; 
range, 5.00-17.33 years). The educational 
placements were as follows: Regular class, 
4 (6.4%); regular school/special class, 47 
(74.6%); special school, 11 (17.5%); other, 
1 (1.6%). Other characteristics of both the chil
dren who entered the extension and those who 
did not are described in detail elsewhere 
(RUPP Autism Network 2004). 

Procedures 

All subjects were seen weekly during Proto
col 1 (n = 101), every 4 weeks during the 16-
week extension, and weekly during the 
discontinuation. If subjects experienced signifi
cant deterioration for 2 successive weeks of the 
discontinuation, they were withdrawn from the 
study, and risperidone treatment was resumed 
if it had been discontinued. All participants 
were seen by two clinicians. Blinded clinicians 
were not permitted to inquire about adverse 
events or to be present during breaking of the 
blind. Their role was exclusively to monitor ex
tent of therapeutic change. Primary clinicians 
were responsible for monitoring adverse events, 
adjusting dosage, and making clinical recom
mendations as participants exited the study. 

Outcome measures 

The following laboratory and side-effect 
measures were gathered. 

Laboratory. This consisted of a complete 
blood count with automated differential, liver 
function tests (SGOT, SGPT, total and direct 
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bilirubin), electrolytes, BUN, creatinine, CPK, 
and urinalysis (macroscopic and microscopic). 
These were obtained at screen, after 8 weeks of 
treatment or the open-label treatment for PNR 
subjects (all Protocol 1), and after 24 weeks of 
exposure to risperidone (Protocol2). 

ECGs and prolactin. These were obtained at 
screen, end of 8 weeks of risperidone treat
ment (Protocol 1), and after 6 months of ex
posure to risperidone (Protocol 2). These 
measures will be the subject of a separate 
report. 

Vital signs. Heart rate (recorded over 30 sec
onds) and blood pressure were obtained at 
each visit, preferably with the participant 
seated and at rest. 

Height and weight. These were obtained at 
each visit. Heights were measured by sta
diometer with subjects in their stockings. 
Weights were obtained to the nearest 0.1 kg on 
balance scales after subjects removed outer 
wear and shoes. 

Side effects review. A list of 29 adverse events 
was compiled based on commonly reported 
events in prior risperidone studies (including 
those in the package insert) and prior experi
ences of the investigators. The Side Effects Re
view Form covered physical and behavioral 
events commonly related to atypical antipsy
chotics recorded on a scale ranging from 0 (not 
present) to 3 (severe, requires immediate inter
vention). Side effects were reviewed by the 
primary clinician at each week during acute 
treatment (8 weeks), 4-weekly during the 
open-label extension (16 weeks), and weekly 
during the discontinuation phase. Unlike our 
original report (RUPP Autism Network 2002), 
symptoms are reported in this paper if they oc
curred at all. We did not attempt to establish 
relation of the symptom to treatment on this 
form, and, hence, previously reported changes 
(RUPP Autism Network 2002) do not exactly 
match those printed in this paper. 

Sleep log. This form was completed at each 
visit to record the time at which subjects rose 

in the morning and fell asleep at night. We 
used it to calculate sleep duration on and off 
risperidone. 

Simpson-Angus Neurological Rating Scale (SARS). 
This 10-item scale, which assesses extrapyra
midal symptoms, has been shown to be sensi
tive and reliable in previous studies (Simpson 
and Angus 1970). Its items assess rigidity, sali
vation, glabellar reflex, and tremor; the total 
score was analyzed. 

Abnormal Involuntary Movement Scale (AIMS). 
The AIMS is commonly used to rate neurologi
cal side effects, particularly dyskinetic symp
toms, including withdrawal dyskinesias and 
tardive dyskinesia (NIMH 1985a). Its 12 ques
tions cover anatomic location (face, extrem
ities, trunk), global severity, and global 
judgment of incapacitation and awareness of 
abnormality. The AIMS includes a clinician
driven interview and a physical examination. 

Statistical analyses 

Findings for laboratory data were simply 
tabulated. Results for the Side Effects Review 
Form were presented by severity and analyzed 
by chi-square. Interval-level results (blood 
pressure, heart rate, weight, AIMS scale, SARS, 
and time spent sleeping) were analyzed by 
mixed effects linear regression models as a 
function of drug (risperidone versus placebo), 
time (baseline and endpoint), the interaction of 
drug by time, and site. We also looked for pos
sible predictors of weight gain at the end of 
open-label extension (6 months). This was 
done by regression analysis in which baseline 
weight z-score or body mass index (BMI) 
z-score were entered as covariates, and site 
was included as a class predictor. 

RESULTS 

Laboratory findings 

The means for the hematology, blood chem
istry, and liver function tests appear in Table 1. 
Statistically (but not clinically) significant 
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TABLE 1. CLINICAL LABORATORY FINDINGS 

Abnormal** 

Placebo Risperidone PBO RIS 

Variable BL (52) WB (43) BL (49) WB (46) p BL EP BL EP 

White blood cell 7.5 7.0 8.0 7.3 1 
Red blood cell 4.6 4.7 4.6 4.6 
Platelets 304.1 308.2 313.4 316.1 
Hemoglobin 13.1 13.1 13.2 13.0 
Hematocrit 37.9 37.9 38.1 38.0 
Neutrophil 48.5 48.1 48.5 51.1 * 
Lymphocyte 39.8 39.7 39.2 36.3 * 
Monocytes 7.7 7.8 7.9 8.8 
Eosinophils 3.5 3.5 3.8 3.3 2 1 
Basophils 0.6 0.7 0.5 0.6 
Sodium 139.4 139.0 139.4 138.1 
BUN 11.1 11.8 12.3 11.2 
Potassium 4.0 4.0 3.9 4.0 
Chloride 103.2 102.8 103.7 102.8 
Creatinine 0.5 0.5 0.5 0.5 
AST/SGOT 34.0 33.6 48.0 37.4 * 1 
Bilirubin total 0.5 0.5 0.4 0.5 
Bilirubin direct 0.1 0.1 0.1 0.1 
CPK 149.8 137.4 152.7 148.6 1 1 
ALT/SGPT 18.1 19.0 18.5 23.7 2 

prefers to the probability for the interaction.* p < 0.05. Sample sizes for abnormal values: PBO/BL, n ,;:: 52; 
PBO/W-8, n,;:: 40; RIS/BL, n,;:: 49; RIS/W-8, n,;:: 44. There was only one case with abnormal laboratory findings at 
the 4-month extension; this was a subject with elevated WBC and neutrophils. **=extreme values >2 times the nor-
mal reference range. BL, baseline; w8, week 8; PBO, placebo; RIS, risperidone. 

group-by-drug interaction changes were found 
for red blood cells, neutrophil, and lymphocyte 
counts, and for SGPT /SGOT. The last four 
columns of Table 1 provide the numbers of sub
jects with extreme values on any of the blood 
tests, with "extreme" defined as any lab that was 
greater than twice or more the normal reference 
range. The low and high reference ranges varied 
from site to site. Therefore, the overall lowest 
value was used as the low reference range, and 
the highest value was cited as the upper refer
ence range for each lab test that was performed. 
There were few abnormal values that seemed 
evenly distributed across baseline and drug for 
risperidone subjects. There was only one case 
with abnormal laboratory findings at the 
4-month extension; this was a subject with ele
vated WBC and neutrophils at endpoint. 

Results from the urinalyses were reviewed. 
With the exception of one case showing occult 
2+ blood at baseline and reduction to 1 + on 
risperidone at week 8 in the acute trial, no clin
ically significant changes were observed. 

Side effects review 

Mild to moderately severe side effects are re
ported in Table 2. Basal rates of the various 
symptoms appear under the baseline (BL) col
umn for each drug condition; they are pre
sented for any level of severity (1 (mild), 2 
(moderate), or 3 (severe)). These basal rates 
were often quite high, and no attempt was 
made to correct for them in this analysis. Re
sults are set out for the placebo group, the ran
domly assigned risperidone group, and the 
PNR subjects given an open trial of risperi
done. Whereas symptom severity was not 
presented at baseline (to conserve space), 
symptoms were classed as either mild (1) or 
moderate/severe (2/3) during the placebo and 
risperidone conditions. The following side ef
fects were significantly more common in the 
risperidone group: Tired during the day (p < 
0.0001), excessive appetite (p < 0.0001), diffi
culty waking (p = 0.05), excessive saliva or 
drooling (p = 0.04), and dizziness or loss of 
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TABLE 2. PERCENT SIDE EFFECTS APPEARING FOR 8% OR MORE OF SAMPLE IN THE DOUBLE-BLIND COMPARISON 
AND OPEN 8-WEEK TRIAL FOR PLACEBO NONRESPONDERS (PNR) 

Placebo (n = 52) Risperidone (n = 49) PNR (n = 37) 

During 8 weeks During 8 weeks During 8 weeks 

Side effect BL Mild Mod/Sev BL Mild Mod/Sev p Mild Mod/Sev 

Difficulty falling asleep 50.0 30.8 34.6 32.7 24.5 22.4 0.02 54.1 10.8 
Tired during day 23.1 42.3 11 .5 14.3 57.1 36.8 * 83.8 2.7 
Enuresis 32.7 19.2 28.8 40.8 32.7 32.7 0.11 43.2 0.0 
Anxiety 32.7 32.7 15.4 20.4 18.1 14.2 0.05 35.1 2.7 
Rhinitis 17.3 36.5 7.7 12.2 38.8 16.3 45.9 0.0 
Excessive appetite 11.5 28.8 9.6 12.2 49.0 32.6 * 73.0 0.0 
Coughing 19.2 21.2 15.4 8.2 40.8 6.1 35.1 0.0 
Dry mouth 11.5 26.9 1.9 12.2 40.8 2.0 0.15 37.8 0.0 
Nausea/vomiting 5.8 23.1 5.8 4.1 36.7 4.0 0.20 27.0 0.0 
Diarrhea 9.6 19.2 9.6 8.2 26.5 4.1 32.4 0.0 
Difficulty waking 19.2 19.2 7.7 14.3 34.7 12.2 0.05 54.1 10.8 
Constipation 11.5 13.5 11.5 16.3 28.6 10.2 0.14 18.9 2.7 
Skin rash 7.7 15.4 1.9 8.2 24.5 2.0 18.9 0.0 
Headaches 5.8 11.5 5.8 10.2 18.4 4.1 13.5 2.7 
Dyspepsia 1.9 11 .5 5.8 0.0 10.2 0.0 0.19 8.1 0.0 
Excessive saliva 7.7 9.6 1.9 4.1 24.5 4.0 0.04 35.1 0.0 
Dizziness/loss of balance 1.9 7.7 0.0 0.0 16.3 6.1 0.04 13.5 2.7 
Tachycardia 1.9 7.7 0.0 2.0 6.1 2.0 10.8 0.0 
Muscles appear stuck 5.8 3.8 1.9 0.0 4.1 4.1 5.4 2.7 
Tongue movements 3.8 3.8 0.0 4.1 6.1 4.0 2.7 0.0 

Note. The p values are derived from chi-square tests comparing the placebo and risperidone 8-week trials. * p < 
0.0001. BL =baseline; PNR =placebo nonresponders treated openly with risperidone; Mod/Sev, moderate/severe. 
Figures under the BL headings represent the "basal" rate for the symptom occurring at time of study entry. The 
chi-square tests did not adjust for basal levels. 

balance (p = 0.04). Two problems were signifi
cantly less common in the risperidone group: 
Difficulty falling asleep (p = 0.02) and anxiety 
(p = 0.05). 

Our data were derived from two groups who 
were treated with an identical dosing strategy 
but under different conditions, namely the 
originally assigned risperidone subjects (n = 
49) and the PNR subjects later treated with 
risperidone (n = 37). On average, slightly more 
PNR participants reported mild side effects 
(mean, 32.4%) than originally assigned risperi
done subjects (mean, 26.9%) (summing across 
all AEs). However, on average,fewer PNR sub
jects reported moderate/severe side effects 
(1.9%) than observed for the originally as
signed risperidone group (11.0%). 

In Table 3, we have summarized the most 
common parent-reported side effects that oc
curred during the open-label 4-month exten
sion of risperidone (n = 63). "BL" refers to 

observations in the 8th week of the blinded 
trial or the 8th week of open treatment for 
PNR risperidone responders. There was a 
fairly constant occurrence of side effects across 
time until month 4 (equal to 6 months of expo
sure to risperidone). The sample size de
creased from 63 to 57 participants at month 4 
(possibly with subjects experiencing the most 
serious adverse events dropping out). This 
may explain why several side effects declined 
at this point. Parents typically reported 
drowsiness during the day for slightly more 
than 20% of subjects, excessive salivation for 
approximately 13%, and a rather low rate of 
difficulty falling asleep (4.8%- 9.5%). 

We also plotted side effects as a function of 
drug condition (placebo, RIS, PNR-RIS) and 
time. Figures 1, 2, and 3, respectively, show the 
percentages who: (1) Were tired during the 
day, and (2) were regarded as having excessive 
appetite during the acute trial and PNR, and 
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TABLE3. SIDE EFFECT'S RECORDED DURING OPEN-LABEL EXTENSION (%) 

Side effect BL Month 1 Month 2 Month 3 Month4 
(n) (63) (63) (61) (61) (57) 

Excessive appetite 54.0 60.3 62.3 55.7 49.1 
Enuresis 41.3 54.0 44.3 42.6 35.1 
Tired during day 22.2 20.6 14.8 23.0 21.1 
Dry mouth 20.6 19.0 14.8 19.7 15.8 
Coughing 19.0 9.5 19.7 23.0 12.3 
Anxiety 19.0 17.5 13.1 16.4 14.0 
Rhinitis 15.9 14.3 14.8 14.8 15.8 
Excess saliva 12.7 9.5 11.5 16.4 15.8 
Nausea/vomiting 6.3 6.3 6.6 13.1 10.5 
Difficulty falling asleep 6.3 7.9 6.6 4.9 10.5 
Gynecomastia 3.2 4.8 6.6 8.2 7.0 
Difficulty waking 4.8 4.8 11.5 1.6 5.3 
Diarrhea 6.3 3.2 3.3 11.5 3.5 
Constipation 6.3 3.2 6.6 6.6 3.5 
Skin rash 1.6 3.2 6.6 6.6 8.8 
Muscles "stuck" 3.2 3.2 6.6 6.6 3.5 

Note. BL (baseline) refers to the last week of risperidone in the acute trial (originally assigned risperidone subjects) 
or last week of open-label risperidone for PNR subjects. 

"Month 1" = 12 weeks risperidone exposure; "Month 2" = 16 weeks; "Month 3" = 20 weeks; and "Month 4" = 24 
weeks of risperidone exposure. 
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FIG. 1. Percent of participants rated as tired during the day during the double-blind and open-label PNR risperi
done intervals. BL, baseline; PBO, placebo; PNR, placebo nonresponder; RIS, risperidone. 
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FIG. 2. Percent of subjects reported to have excessive appetite during the double-blind and open-label PNR risperi
done intervals. BL, baseline; PBO, placebo; PNR, placebo nonresponder; RIS, risperidone. 
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FIG. 3. Percent of subjects reported to have excessive appetite during the randomized discontinuation study (n = 32). 
BL, baseline; PBO, placebo; PNR, placebo nonresponder; RIS, risperidone. 
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TABLE 4. CDC STANDARD SCORES FOR BMI, WEIGHT, AND HEIGHT (ACUTE TRIAL) 

BMI Weight Height 

Time PBO RIS PNR PBO RIS PNR PBO RIS PNR 

Baseline M 0.7 0.4 0.4 0.5 0.3 0.3 -0.1 -0.1 0.0 
SD 1.3 1.4 1.4 1.4 1.3 1.5 1.3 1.2 1.4 

Week2 M 0.7 0.7 0.6 0.5 0.5 0.5 -0.1 -0.1 0.0 
SD 1.3 1.3 1.3 1.4 1.4 1.5 1.4 1.2 1.3 

Week4 M 0.8 0.8 0.8 0.6 0.6 0.6 -0.1 0.0 -0.1 
SD 1.3 1.4 1.2 1.5 1.4 1.4 1.4 1.2 1.3 

Week6 M 0.8 0.9 0.8 0.6 0.7 0.5 -0.1 0.0 -0.1 
SD 1.2 1.3 1.2 1.5 1.3 1.5 1.4 1.1 1.3 

WeekS M 0.8 1.0 0.8 0.5 0.8 0.6 -0.2 0.1 0.0 
SD 1.2 1.3* 1.2 1.5 1.3* 1.4 1.4 1.1 1.4 

Note. BMI (body mass index), weight, and height are all standardized scores based on Centers for Disease Control 
(CDC) norms and are corrected for age and gender. The national mean is 0 and the standard deviation is 1.00. PBO, 
placebo; RIS, risperidone; PNR, placebo nonresponder in open-label treatment; M, mean; SD, standard deviation; 
BMI, body mass index. *p < 0.001. 

(3) showed excessive appetite in the discontin
uation study. Figures 1 and 2 show essentially 
parallel curves for the acute RIS and PNR-RIS 
conditions. It appears that risperidone
induced drowsiness with antipsychotic treat
ment did, in fact, dissipate somewhere 
between weeks 6 and 8 (Fig. 1). Excessive ap
petite was clearly evident by around week 3 
for the RIS and PNR-RIS groups, and it ap
peared to increase slightly in subsequent 
weeks (Fig. 2). Figure 3 shows a diminution in 
excessive appetite during the placebo substitu
tion of the discontinuation phase, whereas ap
petite was rated fairly consistently for children 
who continued to receive risperidone. 

Weight and height 

Centers for Disease Control (CDC) standard 
scores for BMI, weight, and height appear in 
Table 4, where the acute trial and PNR risperi
done findings are presented. Whereas the 
weight figures were essentially flat for the 
placebo condition, there was an increase of 0.6 
standard deviation (SD) for BMI and 0.5 SD for 
weight for subjects receiving acute risperi
done. Mixed effects linear modeling revealed 
significant drug-by-time interaction terms for 
these measures (p < 0.001), indicating signifi
cant weight gain within the risperidone group. 
During the open-label treatment phase, BMI 

TABLE 5. CDC STANDARDIZED SCORES FOR BMI, WEIGHT, AND HEIGHT (OPEN-LABEL EXTENSION) 

Time BMI* Weight** Heightt 

(sample size) M SD M SD M SD 

Baseline (62) 1.04 1.13 0.72 1.24 -0.11 0.04 
1 month (59) 1.17 1.12 0.85 1.24 -0.17 1.10 
2 months (56) 1.19 1.03 0.88 1.22 -O.D7 1.10 
3 months (54) 1.20 1.03 0.91 1.26 -0.06 1.12 
4 months (53) 1.17 1.11 0.89 1.28 -0.04 1.15 

Note. BMI (body mass index), weight, and height are all standardized scores based on Centers for Disease Control 
(CDC) norms and are corrected for age and gender. The national mean is 0 and the standard deviation is 1.00. *p < 
0.009; **p < 0.0004; tp = 0.25. BMI, body mass index; M, mean; SD, standard deviation. 

"1 month" = 12 weeks of risperidone exposure; "2 months" = 16 weeks; "3 months" = 20 weeks; and "4 months" = 
24 weeks of risperidone exposure. 
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increased 0.4 SD and weight increased by 0.3 
SD for the PNR group. 

Standardized height and weight measures, 
based on CDC norms, for the 4-month open
label extension appear in Table 5. Statistical 
comparisons with baseline were conducted by 
mixed effects linear model analyses as a func
tion of site and time. Both BMI and weight 
analyses showed continued weight gain, 
whereas height showed no changes relative to 
the norms. The gain in BMI was 0.16 SD, 
whereas for weight it was 0.19 SD. 

We attempted to identify variables that 
might predict differential weight gain, using 
multiple regression analyses, with baseline 
weight and BMI z-scores entered as covariates. 
The following variables, assessed at baseline, 
were entered as possible predictors of weight z 
and BMI scores: IQ (functional level), Tanner 
stage, age, gender, ABC subscale scores, sub
scale scores on the Child Symptom Inventory 
(Gadow et al. 1994), CY-BOCS score, dose, 
heart rate, and blood pressure. No variable or 
combination of variables predicted weight 
gain. 

Vital signs 

Heart rate, body temperature, and blood 
pressure did not change as a function of drug 
condition during: (1) The acute double-blind 
trial, (2) open-label treatment for placebo 
nonresponders, or (3) 4-month open-label ex
tension. Heart rate (p = 0.65), body tempera
ture (p = 0.50), and systolic (p = 0.15) and 
diastolic blood pressure (p = 0.51) showed no 
placebo-risperidone differences in the acute 
trial. 

Simpson Angus Rating Scale 
(SARS) and AIMS 

Ratings failed to change throughout the 
study. On the SARS, the possible range for 
the Total score extends from 0.00 to 40.00. Be
ginning and week 8 values for SARS. Total 
Scores for the acute double-blind trial were 
as follows (placebo and risperidone, respec
tively): Baselines, 0.54 (±1.60) and 0.27 
(±0.70); week 8, 0.69 (±2.48) and 0.52 (±1.33), 
p = 0.43. Mean SARS Total reached a maxi-

mum of 0.71 (±2.67) during the 4-month 
open-label extension. However, during the 
acute trial, benztropine mesylate (Cogentin) 
was prescribed to 1 subject (for motor rest
lessness), and at least 1 subject had dose
dependent cogwheel rigidity with risperidone. 
On the AIMS, the possible range on the Total 
score extends from 0.00 to 28.00. Beginning 
and week 8 values for AIMS Total scores for 
the acute trial were (placebo and risperidone, 
respectively): baseline, 0.23 (±1.02) and 0.36 
(±0.99); week 8, 0.22 (±0.73) and 0.17 (±0.57), 
p = 0.88. Mean Total scores never exceeded 
0.11 (±0.50) in the open-label extension. 
Thus, all of these mean Total scores were 
very low. The drug-by-time interaction was 
not significant during the acute or open-label 
phases for SARS Total score (p > 0.25) and 
AIMS Total score (p = 0.63). 

Sleep log 

In the acute double-blind trial, placebo
treated subjects experienced an increased 
sleep time from 9.42 hours/ day to 9.70 
hours/ day (mean increase of about 17 min
utes). The risperidone-treated subjects experi
enced an increase in sleep time from 9.66 
hours/ day to 10.33 hours/ day (a mean in
crease of 40 minutes). As assessed by mixed 
effects linear modeling, average sleep times 
did not differ between groups during the 
acute trial. The PNR group experienced a 
mean increase of 29 minutes of sleep per day 
after risperidone therapy was instituted. 
There was essentially no change in duration 
of sleep ( + 1 minute) during the 4-month 
open-label extension. 

DISCUSSION 

Laboratory tests 

The slight increase in neutrophil count, 
slight decrease in lymphocyte count, and de
crease in SCOT with risperidone, although sta
tistically significant, were of no clinical 
significance. There were a few isolated cases of 
abnormal lab values, and these occurred 
equally often at baseline and at week 8. 
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Side effects review 

The most noticeable side effects were tired
ness during the day (54% and 94%, "at all"; 
12% and 37%, "moderate to severe"; placebo 
and risperidone, respectively). These rates ex
ceeded those found by Aman et al. (2002), who 
assessed risperidone in 118 children and ado
lescents with borderline IQ or mental retarda
tion and disruptive behavior disorders (DBDs) 
(including conduct disorder, oppositional dis
order, or DBD not otherwise specified). Aman 
et al. (2002) found rates of somnolence of 10% 
and 51% (placebo and risperidone), respec
tively. Snyder et al. (2002) also compared 
placebo and risperidone in 110 young people 
with DBDs, using an identical design to that 
employed by Aman et al. (2002). The observed 
prevalence of somnolence was 14% and 42%, 
respectively. An important difference between 
the current study and the Aman et al. 
(2002)/Snyder et al. (2002) studies was that we 
elicited AEs by direct inquiry, whereas the 
studies of children with DBDs and borderline 
IQ/ intellectual handicap relied on sponta
neous caregiver reports. Hence, it is not sur
prising that higher prevalences were found, 
both for placebo and risperidone, in our study. 

Excessive appetite was observed in 38% of 
placebo-treated and 82% of risperidone
treated children (10% and 33% at moderate or 
greater severity, respectively). This compares 
with 6% and 11% for Aman et al. (2002) and 4% 
and 15% for Snyder et al. (2002). Other promi
nent AEs reported in this paper and in the 
DBD /low IQ studies were as follows: Nausea 
or vomiting were reported for 29% and 41% 
(placebo and risperidone, respectively), 
whereas vomiting (only) was reported for 6% 
and 20% (Aman et al. 2002) and for 7% and 
11% (Snyder et al. 2002). Excessive saliva oc
curred for 16% and 29% (placebo and risperi
done, respectively) and for 2% and 11%, 
respectively, in Snyder et al. (2002; not re
ported by Aman et al. 2002). Dizziness/loss of 
balance was observed for 8% and 22%, respec
tively, in our study, whereas it was so infre
quent that it was not reported by Aman et al. 
(2002) and Snyder et al. (2002). Interestingly 
two AEs were reported to decline with risperi-
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done in this study: Difficulty falling asleep, 
65% and 47% (placebo and risperidone, re
spectively); and anxiety, 48% and 32%, respec
tively. It appears that risperidone may have 
diminished some of the sleep problems often 
observed in children with autism. 

It is possible that the higher rates of side 
effects may well be accounted for by elicitation 
(used here) versus spontaneous reporting 
(used elsewhere). However, it is also possible 
that young people with autism (many with in
tellectual handicaps) may be more sensitive to 
AEs from risperidone than children and ado
lescents with DBDs and borderline IQ or men
tal retardation. 

Figure 1 shows the changes in sedation. One 
often hears clinicians assert that antipsychotic
induced sedation is time limited, but we are 
not aware of previously published data on the 
issue. Figure 1 clearly indicates that such seda
tion tends to decline markedly sometime be
tween weeks 6 and 8, provided that the 
dose-adjustment phase is completed by week 
4, as was done in our study. Taken together, 
Figures 1 and 2 illustrate that the PNR group 
(which was subsequently given open-label 
risperidone) "replicated" the AE findings 
noted for the acutely treated risperidone 
group. Analysis of AEs is often not very pow
erful (small sample sizes, low frequency 
events, or nonparametric statistical methods). 
This opportunity to replicate findings may en
hance our ability to disentangle signal from 
noise when assessing AEs. 

However, there were also some apparent 
differences in how parents reacted to AEs 
within the acute-risperidone group and in the 
PNR risperidone-treated subjects. Whereas the 
overall rate of reporting AEs was similar for 
the two groups, there were more mild AEs re
ported for the PNR group (32% versus 27%) 
and fewer moderate/severe AEs reported (2% 
versus 11%, averaged across all AE categories 
in Table 4). This raises an interesting method
ological question, namely whether knowledge 
of treatment somehow influences the appraisal 
of AEs as severe or not. An alternative expla
nation could be that placebo responders tend 
to experience more severe AEs when given the 
active drug. Because the randomized risperi-
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done group included those who would have 
been placebo responders, they could have in
creased the severity of AEs reported in that 
group relative to the PNR group, which had 
been purged of placebo responders. On the 
other hand, the rate of placebo responders was 
only 10%. 

Figure 3 shows a systematic decline in ap
petite among the 16 subjects assigned to 
placebo discontinuation, whereas appetite was 
essentially steady among those assigned to 
risperidone continuance. The issue arises as 
to whether weight would eventually return to 
baseline if medication· were permanently with
held. Lindsay et al. (2004) followed 14 subjects, 
in the DBD studies alluded to above, who 
discontinued medication either because of ex
cessive weight gain or insufficient clinical re
sponse. Although these participants had made 
excessive weight gains with risperidone, when 
followed up 12-24 months later, their weights 
returned to the same (baseline) z-score relative 
to CDC norms. 

Weight and height 

In the acute 8-week trial, risperidone-treated 
children gained approximately 0.6 standard
ized BMI units, as compared with 0.1 for 
placebo-treated subjects. PNR risperidone
treated subjects gained approximately 0.4 SO 
BMI units. During open-label treatment, the 
maximum BMI increase was 0.16 SDs. There 
were no significant changes in standardized 
height scores, either in the acute trial or in the 
4-month open-label extension. Standardized 
weight scores showed significant gains for 
risperidone-treated children, both in the 
double-blind trial and in the open-label exten
sion (previously reported by Martin et al. 
2004). Whereas the placebo group showed no 
weight gain, the risperidone group gained 0.5 
SO units in weight over 8 weeks. Subjects con
tinued to gain weight in the open-label exten
sion, but the amount of maximum gain (to 4 
months following the trial) was only 0.19 SO 
units. As pointed out in Martin et al. (2004), 
this suggests decelerating weight gain over 
time. In the DBD studies mentioned earlier, 
weight gain over 6 weeks amounted to 0.9 kg 

for the placebo group and 2.2 kg for the 
risperidone group (Aman et al. 2002). Snyder 
et al. (2002) reported a 0.2 kg gain for the 
placebo group and a 2.2 kg gain for the risperi
done group. 

Our attempt to predict weight gain using a 
large variety and number of biological and be
havioral measures (beyond those already re
ported by Martin et al. 2004) failed. We 
included numerous variables as possible pre
dictors: level of mental retardation (n = 1 vari
able), ABC subscales (n = 5), Child Symptom 
Inventory (n = 14), vital signs (3), gender (1), 
and Tanner stage (n = 1) (25 variables in total). 
This inability to predict is unfortunate, and it 
suggests that clinicians will need to be vigilant 
for excessive weight gain in all children treated 
with risperidone, not just a high-risk subgroup. 

Vital signs 

Whereas there have been isolated reports of 
tachycardia with risperidone and other atypical 
antipsychotics (Tandon 2002; Stigler et al. 2001), 
no changes were observed in heart rate. How
ever, there was often a high rate of overactivity 
and/ or limited compliance with these assess
ments, which may have obscured any changes. 
Other vital signs were unchanged as well. 

Extrapyramidal symptoms (EPS) 

Tandon (2002) considered risperidone and 
olanzapine as about equally likely to cause 
EPSs and more likely than the remaining atyp
ical antipsychotics to cause EPSs. In this trial, 
there were no differences between the placebo 
and risperidone conditions on the Simpson
Angus Rating Scale or on the AIMS. In fact, the 
SARS total mean scores were all less than 1.0, 
and mean risperidone scores were lower than 
placebo scores. The mean AIMS scores were 
also less than 1.0 (maximum possible= 28). In 
the open-label extension, the AIMS mean total 
score never exceeded 0.11. Of course, risperi
done treatment for 6 months at a mean dose of 
2.08 mg/day is not a high exposure. Neverthe
less, these observations are somewhat reassur
ing about short- and medium-term treatment 
of children with risperidone. 
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Serious adverse events (SAEs) 

Two SAEs occurred in this trial, both involv
ing seizures. One SAE involved a 13-year-old 
boy with hydrocephalus with severe mental 
retardation. Shortly after birth, ventriculoatrial 
shunts were surgically implanted to drain off 
the fluid. At the age of 10 years (3 years prior 
to the trial), this boy had one seizure. In the 7th 
week of the double-blind trial, he had a 10-
minute seizure, which coincided with a shunt 
failure. The valve was replaced surgically, and 
the boy had no additional seizures. On break
ing the blind, it was found that he was taking 
placebo. 

The second SAE occurred in a 9-year-old boy 
who failed to respond to placebo in the double
blind trial. On entering the open-label risperi
done condition, he had a seizure, lasting 
approximately 1 minute, after his second dose 
of risperidone (0.5 mg, nightly). No risperi
done was given thereafter, and he had a second 
seizure lasting approximately 2%; minutes, 
6 days later. A checkup 1 month later revealed 
no more recurrences. On reviewing this boy's 
medical record further, we found that he had 
taken 0.5 mg/day risperidone for 1-3 months, 
approximately 1 year before entering this trial. 
There were no seizures at that time. 

Limitations 

There were at least two limitations to this in
vestigation. Firstly, although the sample size of 
101 children is large for autism clinical trials, 
the sample was too small to capture infrequent 
or rare AEs (Vitiello et al. 2003). Secondly, the 
trial (although longer than most pediatric ran
domized clinical trials) was still only 6 months 
in duration. Therefore, although there is inter
est in the rates of tardive dyskinesia and, cur
rently, much concern about the possibility of 
obesity and diabetes as possible sequelae of 
atypical antipsychotics (American Diabetes As
sociation et al. 2004), the time of observation 
used in this study may be inadequate to assess 
these issues. We conducted a safety and tolera
bility follow-up some 20 months after entry to 
this study, and it is possible that the follow-up 
will help to address changes that may occur 
with longer-term treatment. 
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This 6-month study showed higher rates of 
AEs than have been reported in other multi
site risperidone studies of children with bor
derline IQ or mental retardation and DBDs. It 
is likely that this was owing, in large part, to 
systematic elicitation in this study, but the 
possibility of greater sensitivity of children 
with autistic disorder to risperidone cannot be 
discounted. Most side effects were mild, and 
they were often time limited. Although som
nolence was reported as moderate or severe 
for 33% of the risperidone group, it largely 
disappeared between 6 and 8 weeks of treat
ment. Significantly, two symptoms that ap
pear to be quite common in autism (difficulty 
falling asleep and anxiety) appeared to de
cline with risperidone. 

As in previous studies, increased appetite 
and weight were problems for some of our sub
jects, although the mean amount of weight 
gain was not large overall. The weight gains 
were not accompanied by analogous gains in 
height as witnessed by essentially flat temporal 
curves for height-standardized scores and by 
rising scores for BMI with risperidone treat
ment. Inability to predict weight gain suggests 
that all children treated with risperidone 
should be monitored for height and weight 
during treatment, and, when significant weight 
gains occur, the patient should be tested for 
triglycerides and fasting glucose. The best pro
tection from undue weight gain is probably an
ticipatory guidance, perhaps accompanied by 
conservative dosing. 

CONCLUSIONS 

All in all, tolerability was quite good in this 
study, shown by the fact that only 3 children 
( 6.1%) discontinued risperidone in the acute 
trial and 6 subjects (9.5%) discontinued in the 
open-label extension because of AEs. This 
should be viewed in the context of very sub
stantial reductions in volatile behavior with 
risperidone (RUPP Autism Network 2002). No 
unexpected AEs occurred, and the two in
stances of severe AEs (the 2 boys who had 
seizures) did not appear to be linked to 
risperidone. 



SAFETY OF RISPERIDONE IN AUTISTIC CHILDREN 883 

ACKNOWLEDGMENTS 

This project was supported by funds from 
the National Institute of Mental Health, Na
tional Institutes of Health, under contracts 
N01MH70010 (PI: James T. McCracken, M.D.), 
N01MH70009 (PI: Lawrence Scahill, MSN, 
Ph.D.), N01MH70001 (PI: Christopher J. Mc
Dougle, M.D.), and N01MH80011 (PI: Michael 
G. Aman, Ph.D.). Study medications were do
nated by Janssen Pharmaceutica. This re
search was also supported by the NIH/NCRR 
General Clinical Research Centers grants at 
Indiana University, MOl RR00750; Johns Hop
kins University, M01RR00052; Ohio State Uni
versity, MOl RR00034; and Yale University, 
MOl RR06022, Korczak Foundation-Or. 
Scahill, and by a grant MH01805 from NIMH 
(Dr. McCracken). 

REFERENCES 

Aman MG, DeSmedt G, Derivan A, Lyons B, Find
ling RL, Risperidone Disruptive Behavior Study 
Group: Double-blind, placebo-controlled study 
of risperidone for the treatment of disruptive be
haviors in children with subaverage intelligence. 
Am J Psychiatry 159:1337-1347, 2002. 

Aman MG, Lam KSL, Callier-Crespin A: Preva
lence and patterns of use of psychoactive medi
cines among individuals with autism in the 
Autism Society in Ohio. J Autism Dev Disord 
33:527-534, 2003. 

Aman MG, Singh NN: Aberrant Behavior Checklist 
Manual. East Aurora, NY: Slosson Educational 
Publications, 1994. 

American Diabetes Association, American Psy
chiatric Association, American Association of 
Clinical Endocrinologists, North American Asso
ciation for the Study of Obesity: Consensus de
velopment conference on antipsychotic drugs 
and obesity and diabetes. Diab Care 27:596-601, 
2004. 

American Psychiatric Association. Diagnostic and 
Statistical Manual of Mental Disorders, 4th ed. 
(DSM-IV). Washington, DC: American Psychi
atric Association, 1994. 

Arnold LE, Aman MG, Martin A, Callier-Crespin 
A, Vitiello B, Tierney E, Asarnow R, Bell
Bradshaw F, Freeman BJ, Gates-Ulanet P, Klin A, 
McCracken JT, McDougle CJ, McGough JJ, Posey 
OJ, Scahill L, Swiezy NB, Ritz L, Volkmar F: As
sessment in multisite randomized clinical trials of 
patients with autistic disorder: The Autism RUPP 
Network. J Autism Dev Disord 30:99-111, 2000. 

Gadow KD, Sprafkin J: Manual for Stony Brook 
Child Symptom Inventories. Child Symptom 
Inventory: Parent Checklist. Child Symptom In
ventory: Teacher Checklist. Stony Brook, NY: 
Checkmate Plus, 1994. 

Greenhill LL, Vitiello B, Riddle MA, Fisher P, 
Shockey E, March JS, Levine J, Fried J, Abikoff H, 
Zito JM, McCracken JT, Findling RL, Robinson 
J, Cooper TB, Davies M, Varipatis E, Labellarte 
MJ, Scahill L, Walkup JT, Capasso L, Rosengarten 
J: Review of safety assessment methods used in 
pediatric psychopharmacology. JAm Acad Child 
Adolesc Psychiatry 42:627-633,2003. 

Handen BL, Feldman H, Gosling A, Breaux AM, 
McAuliffe S: Adverse side effects of methyl
phenidate among mentally retarded children 
with ADHD. J Am Acad Child Adolesc Psychia
try 30:241-245, 1991. 

Joannidis JPA, Lau J: Completeness of safety re
porting in randomized trials: An evaluation of 
seven medical areas. JAMA 285:437-443, 2001. 

Langworthy-Lam KS, Aman MG, Van Bourgondien 
ME: Prevalence and patterns of use of psychoac
tive medicines in individuals with autism in the 
Autism Society of North Carolina. J Child Ado
lese Psychopharmacol12:311-321, 2002. 

Lindsay RL, Leone S, Aman MG: Discontinuation 
of risperidone and reversibility of weight gain in 
children with disruptive behavior disorders. Clin 
Pediatr 43:437-444, 2004. 

Lord C, Rutter M, LeCouteur A: Autism Diagnostic 
Interview-Revised: A revised version of a diag
nostic interview for caregivers of individuals 
with possible pervasive developmental disor
ders. J Autism Dev Disord 24:659-685,1994. 

Martin A, Scahill L, Anderson GM, Aman M, 
Arnold LE, McCracken J, McDougle CM, Tierney 
E, Chuang S, Vitiello B, and the Research Units 
on Pediatric Psychopharmacology Autism Net
work: Weight and leptin changes among risperi
done-treated youths with autism: Six-month 
prospective data. Am J Psychiatry 161(6):1125-
1127,2004. 

National Institute of Mental Health: Abnormal In
voluntary Movement Scale (AIMS). Psychophar
macol Bull (Special feature: Rating scales and 
assessment instruments for use in pediatric psy
chopharmacology research) 21:1077-1080, 1985a. 

National Institute of Mental Health: CGI (Clinical 
Global Impression Scale). Psychopharmacol Bull 
21:839-844, 1985b. 

Research Units on Pediatric Psychopharmacology 
Autism Network: Risperidone in children with 
autism and serious behavioral problems. N Engl J 
Med 347:314-321,2002. 

Research Units on Pediatric Psychopharmacology 
Autism Network: Risperidone treatment of autis
tic disorder: Longer-term benefits and blinded 
discontinuation after 6 months. Am J Psychiatry 
162:1361-1369,2005. 



884 

Scahill L, McCracken J, McDougle CJ, Aman M, 
Arnold LE, Tierney E, Cronin P, Davies M, Ghu
man J, Gonzalez N, Koenig K, Lindsay R, Mar
tin A, McGough J, Posey DJ, Swiezy N, Volkmar 
F, Ritz L, Vitiello B: Methodological issues in 
designing a multisite trial of risperidone in chil
dren and adolescents with autism. J Child Ado
lese Psychopharmacol11:377-388, 2001. 

Simpson GM, Angus JW: A rating scale for ex
trapyramidal side effects. Acta Psychiatr Scand 
212:11-19, 1970. 

Snyder R, Turgay A, Aman M, Binder C, Fisman S, 
Carroll A, and the Risperidone Conduct Study 
Group: Effects of risperidone on conduct and 
disruptive behavior disorders in children with 
subaverage IQs. J Am Acad Child Adolesc Psy
chiatry 41:1026-1036, 2002. 

Stigler KA, Potenza MN, McDougle CJ: Tolerability 
profile of atypical antipsychotics in children and 
adolescents. Paediatr Drugs 3:927-942, 2001. 

Tandon R: Safety and tolerability: How do newer 
generation "atypical" antipsychotics compare? 
Psychiatr Q 73:297-311,2002. 

AMANETAL. 

Vitiello B, Riddle MA, Greenhill LL, March JS, 
Levine J, Schachar RJ, Abikoff H, Zito JM, Mc
Cracken JT, Walkup JT, Findling RL, Robinson J, 
Cooper TB, Davies M, Varipatis E, Labellarte MJ, 
Scahill L, Capasso L: How can we improve the 
assessment of safety in child and adolescent psy
chopharmacology? J Am Acad Child Adolesc 
Psychiatry 42:634-641, 2003. 

Zito JM, Safer DJ, dosReis S, Gardner JF, Magder L, 
Soeken K, Boles M, Lynch F, Riddle MA: Psycho
tropic practice patterns for youth. Arch Pediatr 
Adolesc Med 157:17-25, 2003. 

Address reprint requests to: 
Michael Aman, Ph.D. 
The Nisonger Center 

Ohio State University 
1581 Dodd Drive 

Columbus, Ohio 43210-1296 

E-mail: aman.l@osu.edu 



This article has been cited by: 

1. Emma L. Burrows, Liliana Laskaris, Lynn Koyama, Leonid Churilov, Joel C. Bornstein, Elisa L. Hill-Yardin, Anthony J. 
Hannan. 2015. A neuroligin-3 mutation implicated in autism causes abnormal aggression and increases repetitive behavior in 
mice. Molecular Autism 6 .. [ CrossRefj 

2. Maren Carbon, Sandeep Kapoor, Eva Sheridan, As eel AI-J adiri, Sally Azzo, Tania Sarkaria, John M. Kane, Em a Saito, Christoph 
U. Correll. 2015. Neuromotor Adverse Effects in 342 Youth During 12 Weeks of Naturalistic Treatment With 5 Second
Generation Anti psychotics. journal of the American Academy of Child & Adolescent Psychiatry 54, 718-727.e3. [ CrossRd] 

3. Aman Michael, Rettiganti Mallikarjuna, Nagaraja Haikady N., Hallway Jill A., McCracken James, McDougle Christopher J., 
Tierney Elaine, Scahill Lawrence, Arnold L. Eugene, Hellings Jessica, Posey David J., Swiezy Naomi B., Ghuman Jaswinder, 
Grados Marco, Shah Bhavik, Vitiello Benedetto. 2015. Tolerability, Safety, and Benefits of Risperidone in Children and 
Adolescents with Autism: 21-Month Follow-up After 8-Week Placebo-Controlled Trial. journal of Child and Adolescent 
Psychopharmacology 25:6, 482-493. [Abstract] [Full Text HTML] [Full Text PDF] [Full Text PDF with Links] 

4. Emily Simonoffintellectual disability 719-737. [CrossRefj 

5. Olivia]. Veatch, Angela C. Maxwell-Horn, Beth A. Malow. 2015. Sleep in Autism Spectrum Disorders. Current Sleep Medicine 
Reports 1, 131-140. [CrossRe~ 

6. Nora D.B. Friedman, Laura C. Politte, Lisa A. Nowinski, Christopher J. McDougleAutism Spectrum Disorder 722-747. 
[CrossRe~ 

7. Olga Pefiagarikano. 2015. New Therapeutic Options for Autism Spectrum Disorder: Experimental Evidences. Experimental 
Neurobiology 24, 301. [CrossRet] 

8. Jennifer A. Accardo, Beth A. Mal ow. 2014. Sleep, epilepsy, and autism. Epilepsy & Behavior . [ CrossRefj 

9. Giulia Vannucchi, Gabriele Masi, Cristina Toni, Liliana Dell#Osso, Andreas Erfurth, Giulio Perugi. 2014. Bipolar disorder in 
adults with Asperger#s Syndrome: A systematic review. Journal of Affective Disorders 168, 151-160. [CrossRet] 

10. Hilary L. Adams, Johnny L. Matson, JinaJang. 2014. The relationship between sleep problems and challenging behavior among 
children and adolescents with autism spectrum disorder. Research in Autism Spectrum Disorders 8, 1024-1030. [ CrossRe~ 

11. Maloney Ann, Mick Eric 0., Frazier Jean. 2014. Aripiprazole Decreases Irritability in 12 out of14 Youth with Autism Spectrum 
Disorders. Journal of Child and Adolescent Psychopharmacology 24:6, 357-359. [Citation] [Full Text HTML] [Full Text PDF] 
[Full Text PDF with Links] 

12. Roberto Canitano. 2014. New Experimental Treatments for Core Social Domain in Autism Spectrum Disorders. Frontiers in 
Pediatrics 2 .. [ CrossRefj 

13. Ahmad Ghanizadeh, Aliakbar Sahraeizadeh, Michael Berk. 2014. A Head-to-Head Comparison of Aripiprazole and Risperidone 
for Safety and Treating Autistic Disorders, a Randomized Double Blind Clinical Trial. Child Psychiatry & Human Development 
45, 185-192. [CrossRefj 

14. L. Beherec, G. Quilici, A. Rosier, P. Gerardin, D. Campion, 0. Guillin. 2014. Efficacite des traitements pharmacologiques dans 
les troubles envahissants du developpement : une revue de Ia litterature. L 'Encephale 40, 188-196. [ CrossRefj 

15. Darragh P. Devine. 2014. Self-injurious behaviour in autistic children: a neuro-developmental theory of social and environmental 
isolation. Psychopharmacology 231, 979-997. [CrossRet] 

16. Hilary L. Adams, Johnny L. Matson, Paige E. Cervantes, Rachel L. Goldin. 2014. The relationship between autism symptom 
severity and sleep problems: Should bidirectionality be considered?. Research in Autism Spectrum Disorders 8, 193-199. [ CrossRd] 

17. Roberto Canitano, Valeria Scandurra. 2014. Glutamatergic agents in Autism Spectrum Disorders: Current trends. Research in 
Autism Spectrum Disorders 8, 255-265. [CrossRef] 

18. Vitharon Boon-yasidhi, PantipaJearnarongrit, Patnaree Tulayapichitchock, Jariya Tarugsa. 2014. Adverse Effects ofRisperidone 
in Children with Autism Spectrum Disorders in a Naturalistic Clinical Setting at Siriraj Hospital, Thailand. Psychiatry journal 
2014, 1-4. [CrossRe~ 

19. Inmaculada Palanca-Maresca, Belen Ruiz-Antoran, Gustavo Centeno-Soto, Sara Jimenez-Fernandez, Lourdes Garda-Murillo, 
Ana Siles, Sandra Villagra, Hilario Blasco-Fontecilla, Luis Iruela-Cuadrado, Enriqueta Roman-Riechman, Cristina Avendaiio
Sola, Christoph U Correll. 2014. SENTIA: a systematic online monitoring registry for children and adolescents treated with 
antipsychotics. SpringerPlus 3, 187. [CrossRefj 

20. Carol Curtin, MirjanaJojic, Linda G. Bandini. 2014. Obesity in Children with Autism Spectrum Disorder. Harvard Review of 
Psychiatry 22, 93-103. [ CrossRefj 



21. Laura C. Politte, Charles A. Henry, Christopher J. McDougle. 2014. Psychopharmacological Interventions in Autism Spectrum 
Disorder. Harvard Review of Psychiatry 22, 76-92. [CrossRd] 

22. Young-Hui Yang, Ji-Hoon Kim, Jin-Seong Lee. 2013. Sleep Problems in Autism Spectrum Disorder. Sleep Medicine and 
Psychophysiology 20, 53-58. [ CrossRefj 

23. Brian Reichow, Fred R. Volkmar, Michael H. Bloch. 2013. Systematic Review and Meta-analysis of Pharmacological Treatment 
of the Symptoms of Attention-Deficit/Hyperactivity Disorder in Children with Pervasive Developmental Disorders. journal of 
Autism and Developmental Disorders 43, 2435-2441. [CrossReO 

24. Justine M. Kent, Stuart Kushner, Xiaoping Ning, Keith Karcher, Seth Ness, Michael Aman, Jaskaran Singh, David Hough. 2013. 
Risperidone Dosing in Children and Adolescents with Autistic Disorder: A Double-Blind, Placebo-Controlled Study. journal of 
Autism and Developmental Disorders 43, 1773-1783. [ CrossRefj 

25.Jose Maria Martinez-Ortega, Silvia Funes-Godoy, Francisco Diaz-Atienza, Luis Gutierrez-Rojas, Lucia Perez-Costillas, Manuel 
Gurpegui. 2013. Weight gain and increase of body mass index among children and adolescents treated with anti psychotics: a 
critical review. European Child & Adolescent Psychiatry 22, 457-479. [CrossRet] 

26. Laura C. Politte, Christopher J. McDougle. 2013. Atypical antipsychotics in the treatment of children and adolescents with 
pervasive developmental disorders. Psychopharmacology . [ CrossRefj 

27. Kathryn Yuill, Carlo Carandang. 2013. Safety Methodology in Pediatric Psychopharmacology Trials. journal of Child and 
Adolescent Psychopharmacology 23:3, 148-162. [Abstract] [Full Text HTML] [Full Text PDF] [Full Text PDF with Links] 

28. Arshya Vahabzadeh, David Buxton, Christopher J McDougle, Kimberly A Stigler. 2013. Current state and future prospects of 
pharmacological interventions for autism. Neuropsychiatry 3, 245-259. [CrossRel] 

29. Arianna Benvenuto, Barbara Battan, Maria Cristina Porfirio, Paolo Curatolo. 2013. Pharmacotherapy of autism spectrum 
disorders. Brain and Development 35, 119-127. [Cross Ref] 

30. Myriam Harfterkamp, Gigi van de Loo-Neus, Ruud B. Minderaa, Rutger-Jan van der Gaag, Rodrigo Escobar, Alexander Schacht, 
Sireesha Pamulapati, Jan K. Buitelaar, Pieter J. Hoekstra. 2012. A Randomized Double-Blind Study of Atomoxetine Versus 
Placebo for Attention-Deficit/Hyperactivity Disorder Symptoms in Children With Autism Spectrum Disorder. journal of the 
American Academy of Child & Adolescent Psychiatry . [Cross ReO 

31. Deborah G. Hirtz, Ann Wagner, Pauline A. FilipekAutistic Spectrum Disorders 638-663. [CrossRd] 

32. Lawrence Maayan, Christoph U. Correll. 2011. Weight Gain and Metabolic Risks Associated with Antipsychotic Medications 
in Children and Adolescents. journal of Child and Adolescent Psychopharmacology 21:6, 517-535. [Abstract] [Full Text HTML] 
[Full Text PDF] (Full Te-xt PDF with I ,inks] 

33. M. de Hert, M. Dobbelaere, E.M. Sheridan, D. Cohen, C.U. Correll. 2011. Efectos adversos metab6licos y endocrinos de los 
antipsic6ticos de segunda generaci6n en niiios y adolescentes: una revision sistematica de ensayos aleatorizados, controlados con 
placebo y guias de practica clinic a. Psiquiatria Biol6gica . [ CrossRd] 

34. Daniel J. Safer. 2011. Age-Grouped Differences in Adverse Drug Events from Psychotropic Medication. journal of Child and 
Adolescent Psychopharmacology 21:4, 299-309. [Abstract] [Full TeX[ HTML] [Full Text PDF] [full Text PDF with Links] 

35. Amir Hossein Memari, Ramin Kordi, Vahid Ziaee, Fatemeh Sadat Mirfazeli, Mohammad S. Setoodeh. 2011. Weight status 
in Iranian children with autism spectrum disorders: Investigation of underweight, overweight and obesity. Research in Autism 
Spectrum Disorders . [Cross Rei] 

36. M. De Hert, M. Dobbelaere, E.M. Sheridan, D. Cohen, C.U. Correll. 2011. Metabolic and endocrine adverse effects of second
generation anti psychotics in children and adolescents: A systematic review of randomized, placebo controlled trials and guidelines 
for clinical practice. European Psychiatry 26, 144-158. [CrossRet] 

3 7. Akanksha Sharma, Steven R. Shaw. 2011. Efficacy ofRisperidone in Managing Maladaptive Behaviors for Children With Autistic 
Spectrum Disorder: A Meta Analysis. Journal of Pediatric Health Care . [ CrossRefj 

38. Lynne C. Huffman, Trenna L. Sutcliffe, lma S. D. Tanner, Heidi M. Feldman. 2011. Management ofSymptoms in Children With 
Autism Spectrum Disorders: A Comprehensive Review ofPharmacologic and Complementary-Alternative Medicine Treatments. 
journal of Developmental & Behavioral Pediatrics 32, 56-68. [ CmssRefj 

39. Pieter J. Hoekstra, Pieter W Troost, Bertine E. Lahuis, Hans Mulder, ErikJ. Mulder, Barbara Franke, Jan K. Buitelaar, George 
M. Anderson, Lawrence Scahill, Ruud B. Minderaa. 2010. Risperidone-Induced Weight Gain in Referred Children with Autism 
Spectrum Disorders Is Associated with a Common Polymorphism in the 5-Hydroxytryptamine 2C Receptor Gene. journal of 
Child and Adolescent Psychopharmacology 20:6, 473-477. [Abstract] [Full Text HTMI ,] [Full Text PDF] [Full Text PDF with 
Links] 



40. Ayten Erdogan, Mehmet Goksin Karaman, Esra Ozdemir, Nihal Yurteri, Ali Evren Tufan, Mehmet Ali Kurcer. 2010. Six Months 
of Treatment with Risperidone May Be Associated with Nonsignificant Abnormalities of Liver Function Tests in Children 
and Adolescents: A Longitudinal, Observational Study from Turkey. journal of Child and Adolescent Psychopharmacology 20:5, 
407-413. [Abstmn] [Full Text HTML] [Full Text PDF] [Full Text PDF with Links] 

41. Garry Walter, Simon Byrne, Oren Griffiths, Glenn Hunt, Nerissa Soh, Michelle Cleary, Paul Duffy, Geoff Crawford, Peter 
Krabman, Patrick Concannon, Gin Malhi. 2010. Can young people reliably rate side effects oflow-dose antipsychotic medication 
using a self-report survey?. Acta Neuropsychiatrica 22:10.1111/acn.2010.22.issue-4, 168-173. [CrossRet] 

42. Lewis Mehi-Madrona, Brenda Leung, Carla Kennedy, Sarah Paul, Bonnie]. Kaplan. 2010. Micronutrients Versus Standard 
Medication Management in Autism: A Naturalistic Case-Control Study. journal of Child and Adolescent Psychopharmacology 20:2, 
95-103. [Abstract] [Full Text HTML] [Full Text PDF] [Full Text PDF with Links] 

43. Simon Byrne, Garry Walter, Glenn Hunt, Nerissa Soh, Michelle Cleary, Paul Duffy, Geoff Crawford, Peter Krabman, Patrick 
Concannon, Gin Malhi. 2010. Self-reported side effects in children and adolescents taking risperidone. Australasian Psychiatry 
18, 42-45. [CrossRd] 

44.Jefferson B. Prince, Timothy E. WilensTRATAMIENTO FARMACOLOGICO DEL TDAH Y LAS COMORBILIDADES 
339-384. [Cross ReG 

45. Jan Frolich, Gerd Lehmkuhl, Manfred Dopfner. 2010. Medikamentose Behandlungsalgorithmen bei Aufmerksamkeitsdefizit
Hyperaktivitatsstorungen unter Beriicksichtigung spezifischer Komorbiditaten. Zeitschrift for Kinder- und jugendpsychiatrie und 
Psychotherapie 38, 7-20. [ CrossReG 

46. Children and adolescents 251-283. [ Cro:;sReG 

47. Chadi A. Calarge, Laura Acion, Samuel Kuperman, Michael Tansey, Janet A. Schlechte. 2009. Weight Gain and Metabolic 
Abnormalities During Extended Risperidone Treatment in Children and Adolescents. journal of Child and Adolescent 
Psychopharmacology 19:2, 101-109. [Abstract] [Full Text PDF] [Full Text PDF with Links] 

48. Gagan Joshi, Timothy Wilens. 2009. Comorbidity in Pediatric Bipolar Disorder. Child and Adolescent Psychiatric Clinics of North 
America 18,291-319. [CrossReG 

49. Molly McVoy, Robert Findling. 2009. Child and Adolescent Psychopharmacology Update. Psychiatric Clinics of North America 
32, 111-133. [ CrossReG 

50. Claire Chevreuil, Jean-Michel Reymann, Tanya Fn!maux, Elisabeth Polard, Tanguy Seveno, Daniele Bentue-Ferrer. 2008. 
Prescription de Ia risperidone chez )'enfant et )'adolescent. Therapie 63, 359-375. [CrossRef] 

51. Michael G. Am an, Jill A. Hollway, Christopher]. McDougle, Lawrence Scahill, Elaine Tierney, James T. McCracken, L. Eugene 
Arnold, Benedetto Vitiello, Louise Ritz, Allison Gavaletz, Pegeen Cronin, Naomi Swiezy, Courtney Wheeler, Kathleen Koenig, 
Jaswinder K. Ghuman, David J. Posey. 2008. Cognitive Effects ofRisperidone in Children with Autism and Irritable Behavior. 
journal of Child and Adolescent Psychopharmacology 18:3, 227-236. [Abstract] [Full Text HTML] [Full Text PDF] [Full Text 
PDF with Links] 

52. Ayten Erdogan, Nuray Atasoy, Hanife Akkurt, Devrim Ozturk, Elif Karaahmet, Irem Yalug, Kivanc Yalug, Handan Ankarali, 
Ibrahim Balcioglu. 2008. Risperidone and liver function tests in children and adolescents: A short-term prospective study. Progress 
in Neuro-Psychopharmacology and Biological Psychiatry 32, 849-857. [CrossRef] 

53. David ]. Posey, Kimberly A. Stigler, Craig A. Erickson, Christopher ]. McDougle. 2008. Antipsychotics in the treatment of 
autism. journal of Clinical Investigation 118, 6-14. [Cross ReG 

54. Luc Lecavalier, Kenneth GadowPharmacology Effects and Side Effects 221-263. [Cross ReG 

55. CHRISTOPH U. CORRELL, Christopher]. Kratochvil. 2008. Antipsychotic Use in Children and Adolescents: Minimizing 
Adverse Effects to Maximize Outcomes. journal of the American Academy of Child & Adolescent Psychiatry 47, 9-20. [Cross ReG 

56. Sabri Hergliner, Nahit Motavalli Mukaddes. 2007. Risperidone-Induced Enuresis in Two Children with Autistic Disorder. journal 
of Child and Adolescent Psychopharmacology 17:4, 527-530. [Abstract] [Full Text PDF] [Full Text PDF with Links] 

57. James E. Carr, Linda A. LeBlanc. 2007. Autism Spectrum Disorders in Early Childhood: An Overview for Practicing Physicians. 
Primary Care: Clinics in Office Practice 34, 343-359. [Cross ReG 

58. ROBERT L. FINDLING, JEFFREY H. NEWCORN, RICHARD P. MALONE, AYESHA WAHEED, JEFFERSON B. 
PRINCE, CHRISTOPHER]. KRATOCHVIL, Christopher]. Kratochvil. 2007. Pharmacotherapy of Aggression in a 9-Year
Oid With ADHD.journal of the American Academy of Child & Adolescent Psychiatry 46, 653-658. [CrossRd] 

59. Ora S Jesner, Mehrnoosh Aref-Adib, Esther CorenRisperidone for autism spectrum disorder. [CrossRet] 

60. Lesley J Scott, Sohita Dhillon. 2007. Risperidone. Pediatric Drugs 9, 343-354. [CrnssReG 



61. Benjamin Chavez, Mapy Chavez-Brown, Michael A Sopko, Jose A Rey. 2007. Atypical Anti psychotics in Children with Pervasive 
Developmental Disorders. Pediatric Drugs 9, 249-266. [Cross Ref] 

62. Thomas Gunther, Be ate Herpertz-Dahlmann, J ellemer J olles, Kerstin Konrad. 2006. The Influence ofRisperidone on Attentional 
Functions in Children and Adolescents with Attention-Deficit/Hyperactivity Disorder and Co-Morbid Disruptive Behavior 
Disorder. journal of Child and Adolescent Psychopharmacology 16:6, 725-735. [Abstract] [Full Text PDF] [Full Text PDF with 
Links] 

63. Pieter W Troost, Monika Althaus, Bertine E. Lahuis, Jan K. Buitelaar, Ruud B. Minderaa, Pieter J. Hoekstra. 2006. 
Neuropsychological Effects ofRisperidone in Children with Pervasive Developmental Disorders: ABlinded Discontinuation Study. 
journal of Child and Adolescent Psychopharmacology 16:5, 561-573. [Abstract] [Full Text PDF] [Full Text PDF with Links] 

64. GahanJ. Pandina, Michael G. Aman, Robert L. Findling. 2006. Risperidone in the Management ofDisruptive Behavior Disorders. 
journal of Child and Adolescent Psychopharmacology 16:4, 379-392. [Abstract] [Full Text PDF] [Full Text PDF with Links] 

65.2006. Current awareness: Pharmacoepidemiology and drug safety. Pharmacoepiderniology and Drug Safety 15:10.1002/pds.v15:7, 
i-xii. [ CrossRet] 

66. John S. Carlson, Tara Brinkman, Amy Majewicz-Hefley. 2006. Medication Treatment Outcomes for School-Aged Children 
Diagnosed with Autism. The California School Psychologist 11, 21-30. [ CrossRefj 


