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Background
Effective treatments for adolescent schizophrenia are
needed.
Aims
To compare efficacy and safety of two dosing regimens of
risperidone.
Method
Double-blind, 8-week study. Patients, 13–17 years, with an
acute episode of schizophrenia, randomised 1:1 to
risperidone 1.5–6.0 mg/day (regimen A; n=125) or 0.15–
0.6 mg/day (regimen B; n=132). Trial registration number:
NCT00034749.
Results
Mean total Positive and Negative Syndrome Scale (PANSS)
score improved significantly (P<0.001; effect size=0.49) from
baseline to end-point for regimen A (mean=96.4 (s.d.=15.39)
to mean=72.8 (s.d.=22.52)) compared with regimen B

Schizophrenia is a devastating, chronic neurodevelopmental
disorder that is currently understood as a complex interplay of
genetic, epistatic and environmental factors1,2 that produce a
temporally dynamic pattern of illness and progressive structural
brain abnormalities. Early-onset schizophrenia, first described by
Homburger in 1926,3 refers to the onset of first sustained positive
psychotic symptoms before 18 years of age.4 Although there is
some debate as to true incidence5 by time, place and person, onset
of schizophrenia is typically during adolescence or young
adulthood.
Generally, the symptoms of adolescent-onset psychosis are
similar to those of adult-onset psychosis6 and diagnosis has been
determined using the same criteria (DSM–IV and ICD–104) as
adults. However, recent studies of early-onset psychosis suggest
that onset in adolescence may be associated with more neurological soft signs and more neuropsychological deficits,5 more
negative symptoms7 and substance use at baseline,8 a lower level
of premorbid functioning as well as a longer duration of untreated
psychosis than onset in adulthood.9 Duration of untreated
psychosis has been clearly associated with poorer clinical
outcome.7,9
Atypical antipsychotics are often considered the treatment of
choice for children and adolescents with schizophrenia.10
However, at the time of initiation of this study in 2000, the
efficacious and safe doses of risperidone were unknown.
Armenteros assessed the short-term efficacy of risperidone (2–
10 mg/day) in ten adolescents (11–18 years) with schizophrenia
in an open-label pilot study.11 Several case studies had reported
efficacy using doses largely consistent with the approved dose
range for adults.12,13 There were no data available from
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(mean=93.3 (s.d.=14.14) to mean=80.8 (s.d.=24.33)).
Treatment-emergent adverse events occurred in 74%
(regimen A) and 65% (regimen B) of patients; 4% of patients
overall discontinued for adverse events. Mean change in
body weight was 3.2 kg (s.d.=3.49) for regimen A and 1.7 kg
(s.d.=3.29) for regimen B.
Conclusions
Adolescent patients in the regimen A group showed greater
improvement in total PANSS compared with the regimen B
group. Treatment was well tolerated.
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double-blind trials or those that examined lower dose ranges in
this population.
Risperidone is a benzisoxazole derivative with potent
serotonin 5-HT2A and dopamine D2 receptor-blocking properties.
In adults, there is clear evidence that risperidone is an effective
antipsychotic, ameliorating both positive and negative symptoms
of schizophrenia and exhibiting a low rate of extrapyramidal
side-effects (EPS).14,15 A risperidone study for first-onset
psychosis in adults demonstrated that low doses (1–4 mg/day;
modal dose of 3 mg/day) showed similar efficacy to haloperidol
in acute symptom amelioration, but better efficacy in the
prevention of relapse.16 Data from paediatric studies in conduct
disorders and autism suggested that doses from 0.25 mg/day to
1.5 mg/day were well tolerated, safe and effective in the treatment of disruptive behavioural symptoms associated with these
disorders.17–20
Given the reluctance to conduct a placebo-controlled trial in
an adolescent population with schizophrenia during this time
before the Best Pharmaceuticals Children Act and Paediatric
Research Equity Act, the best approach was judged to be a
dose–response study, having based the higher dose range on the
doses shown to be efficacious in adults (1.5–6.0 mg/day) and then
using a tenfold lower dose (0.15–0.60 mg/day) as a control. Our
study assesses the antipsychotic efficacy, safety and tolerability of
two dose regimens of risperidone in adolescents with schizophrenia over an 8-week treatment period. It was postulated that
risperidone 1.5–6.0 mg/day would provide statistically significant
higher efficacy based on Positive and Negative Syndrome Scale
(PANSS)21 scores than the lower dose range of risperidone 0.15–
0.60 mg/day.
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Method
The study was conducted from 24 April 2001 to 13 March 2006 at
41 centres in Belgium (n=6), Bulgaria (n=16), the Czech Republic
(n=10), Estonia (n=17), Germany (n=6), Poland (n=92), Romania
(n=33) and the USA (n=77).
Participants
Adolescents 13–17 years of age with a DSM–IV diagnosis of
schizophrenia, currently hospitalised for an acute episode (PANSS
total score between 60 and 120 inclusive) were recruited into the
study. A trained child psychiatrist established diagnosis using the
Semi-Structured Clinical Interview for DSM–IV for Children of
the Kiddie-Schedule for Affective Disorders and Schizophrenia –
Present and Lifetime22 administered individually to parents and
children in separate interviews.
The study consisted of a screening phase, during which
prohibited psychotropic medications and substances of misuse
were washed out for at least 7 days, and an 8-week double-blind
treatment phase. If patients worsened during the screening phase,
it could be shortened to 3 days with notification to the sponsor.
Investigators could administer up to two doses of any psychotropic drug otherwise prohibited by the protocol without
requiring a washout period. All patients were hospitalised at study
start, after which adequately stabilised patients could be discharged from hospital and continue the study as out-patients.
After receiving a complete description of the study, patients’
parents or legal guardians signed an informed consent document.
The patients also provided written assent. During the consent
process, the difference in the two doses was explained to patients
and their caregivers. It was explained that the lower dose, although
expected to have some activity, might be an ineffective treatment.
An independent ethics committee or institutional review board
reviewed the study protocol and amendment. The study was
conducted in accordance with the ethical principles of the
Declaration of Helsinki, and was performed consistent with good
clinical practices and applicable regulatory requirements.
Female patients of childbearing potential were required to
have a negative serum pregnancy test at screening. Sexually active
female patients agreed to use adequate contraception throughout
the trial. A responsible person was available to accompany the
patient to the investigational site to provide information for the
PANSS and other evaluations, and to dispense the study
medication as directed.
Patients believed by the investigator to be at significant risk for
suicidal or violent behaviour during the study were excluded, as
were patients with a history of neuroleptic malignant syndrome,
tardive dyskinesia, or a known or suspected seizure disorder.
Patients with a body mass index (BMI) that was 55th percentile
or 495th percentile using the standardised percentile curves for
children and adolescents23 were also excluded to ensure that drug
exposure was within defined limits.
Rescue medications for agitation (lorazepam, diazepam,
hydroxyzine) or insomnia (zolpidem or zopiclone) were allowed
during the washout period and for the first 3 weeks of doubleblind treatment.
Antiparkinsonian medications and propranolol were permitted
for documented treatment-emergent EPS and akathisia, respectively,
after baseline.
Randomization and dosing
Patients were randomised to either risperidone 1.5–6.0 mg/day
(regimen A) or risperidone 0.15–0.6 mg/day (regimen B)

treatment on day 1 of the double-blind treatment phase using a
computer-generated schedule. Risperidone was administered as
an oral solution once or twice daily in a divided dose. The starting
dose for regimen A was 0.5 mg/day for patients weighing 550 kg
or 0.01 mg/kg/day for patients weighing 550 kg (treated with a
1.0 mg/ml solution). The starting dose for regimen B was
0.05 mg/day for patients weighing 550 kg or 0.001 mg/kg/day
for patients weighing 550 kg (treated with a 0.1 mg/ml solution).
Proposed upward titration schedules were provided for both dose
regimens, but investigators were required per protocol to adjust
up to the maximum tolerated dose over a period of 12 days to
ensure that a full dose range would be explored for safety. The
dose was to remain stable during the last 4 weeks of the doubleblind period.
The dose range of both arms (in association with psychotherapy and psychoeducation) was believed to provide potential
for benefit such that no patient would be deprived of psychiatric
treatment and careful clinical monitoring. Additionally, selection
criteria were set to exclude high-risk patients, and, although there
was a brief washout period at the beginning of the study, risks of
exacerbation of symptoms during this period and exposure to
subtherapeutic treatment were minimised by allowance of rescue
medication and clearly delineated withdrawal criteria.
Assessments
The primary efficacy measure was the baseline-adjusted mean
change in the PANSS21 total score from baseline to end-point.
The PANSS was administered on the basis of a semi-structured
interview guide by an adequately trained clinician who did not
provide psychotherapy or psychoeducation to the participant.
Individual patient ratings were made, when possible, at approximately the same time of day at each visit. If possible, the same
person administered the scale at all visits.
To ensure the consistent administration and scoring of the
PANSS in the adolescent study population, the sponsor, in
consultation with thought leaders, developed and implemented
PANSS administration guidelines, a training programme, and an
annual certification process for investigators that utilised training
tapes with adolescents who showed positive and negative
symptoms. The PANSS was translated (and back-translated) to
the language(s) of each participating country.
Secondary efficacy measures included:
(a) change in total PANSS score from baseline at days 7, 14, 28
and 42
(b) change in PANSS factor scores24 from baseline to end-point
(c) the number and percentage of patients achieving a clinical
response (i.e. at least 20% improvement compared with baseline at each visit and at end-point on the total PANSS score)
(d) change in Clinical Global Impression – Severity25 (CGI–S)
score from baseline at each visit and at end-point
(e) Clinical Global Impression – Improvement25 (CGI–I) score at
each post-baseline visit and at end-point.
In addition, the onset of sustained response (i.e. time until a
percentage change in PANSS total score 520% was achieved
and was sustained for all subsequent visits) was calculated. Posthoc analyses also examined the percentage of patients achieving
a clinical response of at least 30% and 40% improvement in
PANSS total score.
Safety assessments included adverse events (coded using the
World Health Organization – Adverse Reaction Terminology
(WHOART) dictionary);26 EPS scales: Abnormal Involuntary
Movement Scale,27 Barnes Akathisia Rating Scale28 and
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Simpson-Angus Scale;29 fasting clinical laboratory testing (including haematology, serum chemistry, prolactin levels and urinalysis);
body weight; vital sign measurements; electrocardiograms; urine
drug screening; physical examination; and self-assessed Tanner
staging. The QT intervals were corrected for heart rate using the
Fridericia correction (QTcF) and a linear correction (QTcLD) based
on the estimated slope from a regression of QT on heart rate using
pretreatment values.

Data analyses
The study was designed so that with approximately 117 evaluable
patients (with a baseline efficacy assessment and at least one postbaseline efficacy assessment) per group there would be 90% power
to detect a clinically relevant difference of 9 points in change from
baseline to end-point between the two groups. The sample size
calculation was based on the assumption that the standard deviation of the change from baseline to end-point in PANSS score
would be 21.5 points, the standard deviation derived from risperidone studies in adult patients. The intention-to-treat analysis set
was defined as all patients randomised (children and adolescents;
with schizophrenia or schizophreniform disorder) who took at
least one dose of study medication. Because the target population
of the study was adolescents with schizophrenia, a modified
intention-to-treat analysis set was defined consistent with the
criteria outlined in study amendment number two: all randomised
adolescents with schizophrenia, age 513 years and 417 years at
baseline, who took at least one dose of study medication. Modified
intention-to-treat analysis was used for all efficacy analyses and
safety summaries. Data from two patients were excluded from

the efficacy analyses because of irregularities noted during an
audit. The exclusion had no effect on the efficacy conclusions.
All statistical tests were two-sided and were interpreted at the
5% level of significance. The last observation carried forward
method was applied for missing efficacy data imputation. The
change from baseline to end-point in total PANSS score was
assessed by an analysis of covariance (ANCOVA) model with treatment and country as the fixed effects and baseline total PANSS as
a covariate. Between-group differences in the PANSS-derived
response rates were analysed using the Cochrane–Mantel–Haenszel
test for general association controlling for country. Changes from
baseline in PANSS factor scores and in CGI–S were assessed using
a similar ANCOVA model as described above. Between-treatment
differences for CGI–I were evaluated using an analysis of variance
model with treatment and country as factors. No statistical tests
were performed to evaluate between-group differences for any
safety parameter.
Results
Demographic and baseline characteristics
A total of 343 patients were screened (Fig. 1). The intention-totreat analysis set consisted of 279 patients, but 22 of these were
excluded from the modified intention-to-treat analyses as they
were younger than 12 years at baseline or diagnosed with schizophreniform disorder. Of the 257 patients in the modified
intention-to-treat analysis set, 125 received regimen A and 132
received regimen B; 67% of patients in this analysis completed
the study (Fig. 1). Mean patient age was 15.6 years (range 13–
17). There were slightly more males in the regimen B group;

Consent to screening, n=343

Do not meet screen criteria, n=64
Ineligible (n=51)
Withdrew consent (n=7)
Other (n=5)
7
Lost to follow-up (n=1)

6
Randomly allocated, n=279

Patients 513 years old or with
7 schizophreniform disorder,a
n=22

6
Modified intention-to-treat population

6

6
b

Regimen A, n=125

Regimen B,c n=132

6

6

Reasons for discontinuation
Adverse event n=5 (4%)
Insufficient response 1 n=19 (15%)
Not eligible to continue n=2 (2%)
Lost to follow-up n=0
Withdrew consent n=5 (4%)
Non-adherent n=1 (1%)
Other n=3 (2%)

Reasons for discontinuation
Adverse event n=6 (5%)
Insufficient response n=26 (20%)
Not eligible to continue n=3 (2%)
Lost to follow-up n=3 (2%)
Withdrew consent n=8 (6%)
Non-adherent n=0
Other n=4 (3%)

6

6

Completed, n=90 (72%)

Fig. 1

Completed, n=82 (62%)

Flow of participants through the study.

a. By Amendment 2 of the protocol, patient age-range changed from ‘2–18 years’ to ‘13–17 years’ and the diagnostic category ‘schizophreniform disorders’ was added to the
exclusion criteria.
b. Patients 550 kg, risperidone 1.5–6.0 mg/day; patients <50 kg, risperidone 0.03–0.12 mg/kg/day.
c. Patients 550 kg, risperidone 0.15–0.6 mg/day; patients <50 kg, risperidone 0.003–0.012 mg/kg/day.
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Table 1

PANSS total symptom score: change from baseline to end-point (modified intention-to-treat population) a
Regimen Ab (n=124)

Total PANSS
Baseline, mean (s.d.)
End-point, mean (s.d.)
Change from baseline, mean (s.d.)

Regimen Bc (n=131)

96.4 (15.39)
72.8 (22.52)
723.6 (22.83)

Between-group comparison, change from baselined
Between-group difference (95% CI)e
Effect sizef

93.3 (14.14)
80.8 (24.33)
712.5 (20.32)
P50.001
710.31 (715.53 to 75.09)
0.49

PANSS, Positive and Negative Syndrome Scale.
a. Data from two participants excluded from analysis because of irregularities noted in a quality assurance audit; exclusion had no effect on the efficacy conclusions.
b. Risperidone 1.5–6.0 mg/day.
c. Risperidone 0.15–0.60 mg/day.
d. Test for no difference between treatment groups from ANCOVA model with factors for treatment group and country and baseline value as covariate.
e. Difference (regimen A – regimen B) in least squares means and 95% CI from ANCOVA model.
f. Difference in least squares means divided by the square root of the mean square error from the ANCOVA model.

Participant disposition
Fewer patients in the regimen A group (n=35, 28%) than in the
regimen B group (n=50; 38%) discontinued prematurely from
the study for any reason. The most common reason for discontinuation was insufficient response, reported by 19 (15%) patients
in the regimen A group v. 26 (20%) patients in the regimen B
group (Fig. 1).
Efficacy results
The median mode dose of risperidone (including days off drug)
was 4.00 mg/day (range 1.50–6.00) in the regimen A group and
0.40 mg/day (range 0.15–0.60) in the regimen B group. The
median duration of risperidone treatment was 56 days in both
groups.
About a half of the patients received rescue medications (52%,
n=133) for insomnia or agitation during the study. Rescue
medication use was higher in the regimen B group.
Statistically and clinically significant improvement in mean
total PANSS scores (P50.001) (Table 1) from baseline to endpoint was observed for the regimen A group compared with the
regimen B group. The least squares mean change from baseline
over time for total PANSS scores (Fig. 2) showed statistically
significant superiority of regimen A from the first time point
(day 7, P50.01) through to the end of the study (day 56,
P50.001). Similar results were obtained with an observed case
analysis at day 56 showing a difference of 7.5 points on the mean
total PANSS score in favour of the regimen A group (P=0.007).
The regimen A group had significantly improved compared with
the regimen B group on both the positive (P50.001) and negative
(P=0.003) symptom scores (online Table DS2). From baseline to
end-point, mean PANSS scores for the other three symptom
clusters decreased (improved) in both treatment groups. There

was a statistically significant difference indicating greater improvement from baseline in two of the three clusters (P50.001 for
disorganised thoughts; P=0.002 for uncontrolled hostility/
excitement) in the regimen A group compared with the regimen
B group (online Table DS2). For the anxiety/depression factor,
the difference in improvement between groups was not
statistically significant (P=0.058) (online Table DS2). The CGI–S
score (online Table DS2) improved from baseline to end-point
in both groups, but improvement in the regimen A group was
significantly greater (P50.001) compared with the regimen B
group. The CGI–I score was significantly lower (P50.001) in
the regimen A group (online Table DS2), confirming greater
overall improvement. The percentage of patients with a clinical
response (520% improvement) at end-point was significantly
higher in the regimen A group (73%) than in the regimen B group
(50%, P50.001). Post hoc analyses of more stringent response
criteria showed a similar trend. In the regimen A group, 61% of
patients showed at least a 30% improvement in PANSS total scores
v. 50% (P50.001) of patients in the regimen B group, and 43% of
patients in the regimen A group showed at least a 40% change in
PANNS total scores compared with 30% (P50.02) in the regimen
B group.
Sustained response (P50.001) at the end of the 8-week
treatment period was attained in 80 (64.5%) patients in the
regimen A group compared with 52 (39.7%) in the regimen B
group.
0
Treatment group
RIS high
RIS low

75
LS mean + s.e.

otherwise, demographics were comparable across the dosing
groups (online Table DS1). The majority of patients (68%) had
a diagnosis of paranoid schizophrenia. Baseline psychiatric characteristics were similar between dose groups (online Table DS1). The
mean baseline PANSS total, positive and negative symptoms, and
factor scores (Table 1 and online Table DS2) and CGI–S (online
Table DS2) scores indicated a population with a marked to severe
level of symptoms. In the modified intention-to-treat population,
most patients (73%) were receiving medication prior to the study;
68% were treated with psychotropics. Of these, the most common
were olanzapine (23%), lorazepam (19%) and haloperidol (13%).
Among patients in this analysis set, the median mode dose of risperidone was 0.40 mg/day in the regimen B group and 4.00 mg/
day in the regimen A group.

710
715
720
725
**

**

***

***

Day 28

Day 42

***

730
Baseline Day 7 Day 14

Day 56
End-point

Time

Fig. 2 Least square (LS) mean changes from baseline (and s.e.)
in total Positive and Negative Syndrome Scale over time (last
observation carried forward, modified intention-to-treat analysis).
RIS high, risperidone 1.5–6.0 mg/day; RIS low, risperidone 0.15–0.60 mg/day. **P<0.01;
***P<0.001.
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Safety results
Overall, risperidone was well tolerated in this population. Few
patients discontinued because of adverse events either in the
regimen A (n=5, 4.0%) or regimen B group (n=6, 5.0%). With
the exception of treatment-limiting events that were each reported
for a single patient (abnormal electrocardiogram, abnormal
electroencephalogram and upper respiratory infection in the
regimen A group; hypertension, cerebral oedema, tachycardia,
increased serum glutamate oxaloacetic transaminase and increased
serum glutamate pyruvate transaminase in the regimen B group)
the adverse events resulting in treatment discontinuation
comprised signs and symptoms associated with the underlying
psychiatric disorder.
The proportion of patients experiencing one or more
treatment-emergent adverse events was higher among patients
who received regimen A (n=93, 74.4%) v. regimen B (n=86,
65.2%) (online Table DS3). In the regimen A group, 24 (19%)
patients had their dose adjusted because of an adverse event of
somnolence, 8 (6%) because of hypertonia and 8 (6%) because of
tremor. No other event led to dose adjustment in more than four
patients in the regimen A group. In the regimen B group, four
(3%) patients had their dose adjusted because of an adverse event
of somnolence. No other event led to dose adjustment in more than
two patients this group. Adverse events reported at an incidence at
least 5% higher in the regimen A group v. regimen B were: hypertonia, hyperkinesia, somnolence, tremor and weight increase.
Five (4%) patients in the regimen A group and four (3%)
patients in the regimen B group experienced serious adverse events,
most commonly related to worsening of psychiatric symptoms
(reported as ‘psychosis’). There was a single case of cerebral oedema.
Two patients in the regimen B group were reported to have had
suicidal ideation. There were no suicide attempts reported,
although four patients (regimen B, n=3; regimen A, n=1) had events
of self-injury and aggression. There were no deaths in the study.
Overall, more patients in the regimen A group (n=41, 33%)
experienced EPS-related adverse events compared with the
regimen B group (n=13, 10%). The most common EPS-related
events were hypertonia, tremor and hyperkinesia (Table 2). None
was severe or led to treatment discontinuation. Among patients
with EPS-related adverse events, concomitant antiparkinsonian
medications were taken transiently by 23 (56%) patients in the
regimen A group and by 5 (38%) patients in the regimen B group.
There were no clinically relevant changes in vital signs in
either group and no patient had an increase of 460 ms in QT
interval by either Fredericia (QTcF) or linear-derived (QTcLD)
methods of heart-rate correction or for LD at any time point.
One female patient experienced an increase from normal baseline
QTcLD (433 ms) to a prolonged QTcLD (472 ms) post-baseline.

No clinically significant mean changes in glucose, cholesterol
or triglyceride plasma levels were observed. Eleven patients who
had glucose values below the upper limit of normal at baseline
had values above the upper limit post-baseline. None of these
patients had two consecutive fasting glucose measurements above
the clinically significant limit, findings considered by the
American Diabetes Association as diagnostic for diabetes.30
Elevations in prolactin levels beyond the upper limit of normal
at the end of treatment were observed in 70 (97%) patients in the
regimen A group and 55 (64%) patients in the regimen B group.
Elevation of serum prolactin is an expected adverse event with
risperidone, because of D2 blockade. Elevations in prolactin to
levels 4100 ng/ml were observed in 45 (18%) patients: 40 females
and 4 males in the regimen A group, and 1 female in the regimen
B group. Nine patients with elevations in prolactin level above
100 ng/ml experienced potentially prolactin-related events: one
male (gynaecomastia) and one female (galactorrhoea) in the regimen B group and five females (three with galactorrhoea, one each
with amenorrhoea and hyperprolactinaemia) and two males
(one with hyperprolactinaemia and one with breast pain) in the
regimen A group. Most of these events occurred after 2 weeks of
treatment.
More patients in the regimen A group showed weight gain
(82%, n=102) compared with the regimen B group (70%,
n=87). The mean change from baseline to end-point in body
weight was 3.2 kg (s.d.=3.49) in the regimen A group and 1.7 kg
(s.d.=3.29) in the regimen B group. At baseline, about 6% of
patients in the regimen B group and 3% in regimen A were at
or above the 95th percentile for BMI. Four of 17 patients in the
regimen A group and 3 of 25 patients in the regimen B group
had shifted from the 85th to <95th (overweight) BMI percentile
at baseline to the 595th percentile (obese) at end-point. No
patients increased from the <85th percentile to the 595th
percentile.
The proportion that experienced weight gain as an adverse
event was also higher in the regimen A group (18%, n=22,)
compared with the regimen B group (5%, n=7). None of these
events was considered serious or led to risperidone discontinuation. In order to assess incremental weight gain in excess of
normal growth, z-score analysis was performed using the 30
May 2000 US Centers for Disease Control growth charts
(www.cdc.gov/nchs/about/major/nhanes/growthcharts/charts.htm)
matched for age. The z-score indicates how many standard deviations an observed value is away from the expected weight or BMI,
based on an individual’s age and gender. For patients in the
regimen A group, the mean baseline weight z-score was 0.21
(s.d.=0.86) and the mean change at end-point was 0.26
(s.d.=0.34). For patients in the regimen B group, the mean
baseline weight z-score was 0.35 (s.d.=0.96) and the mean change

Table 2 Incidencea of treatment-emergent adverse events related to extrapyramidal side-effects
Adverse event

Regimen Ab (n=125), n (%)

Regimen Bc (n=132), n (%)

Dystonia
Hypertonia
Dystonia
Muscle contractions (involuntary)
Oculogyric crisis

23
18
5
1
1

Tremor

13 (10.4)

4 (3.0)

Akathisia (hyperkinesia)

11 (8.8)

2 (1.5)

Dyskinesia

7 (5.6)

2 (1.5)

Parkinsonism (extrapyramidal disorder)

5 (4.0)

0

(18.4)
(14.4)
(4.0)
(0.8)
(0.8)

a. Incidence is based on the number of patients experiencing at least one adverse event, not the number of events.
b. Risperidone 1.5–6.0 mg/day.
c. Risperidone 0.15–0.60 mg/day.
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6
1
2

(6.1)
(4.5)
(0.8)
(1.5)
0
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Treatment group

1.00

RIS high
Mean changes + s.e.

0.75

RIS low

0.50
0.25
0.00
70.25
70.50
70.75
71.00
Baseline Day 7 Day 14

Fig. 3

Day 28
Time

Day 42

Day 56

Body weight z-scores:a mean changes over time.

RIS high, risperidone 1.5–6.0 mg/day; RIS low, risperidone 0.15–0.60 mg/day.
a. 30 May 2000 US Centers for Disease Control growth charts (www.cdc.gov/nchs/
about/major/nhanes/growthcharts/charts.htm).

was 0.10 (s.d.=0.27) (Fig. 3). One half standard deviation from
expected age- and gender-matched weight may potentially be used
as a proxy for clinically meaningful weight gain, since it
compensates for expected change in weight. The end-point change
in z-score was >0.5 in 27 (22%) patients in the regimen A group
and in 10 (8%) patients in the regimen B group.
Discussion
This is the first adequately powered (n=257) controlled study to
examine the efficacy, safety and tolerability of two dose regimens
of risperidone in adolescent patients with schizophrenia. The
higher dose range of risperidone (1.5–6.0 mg/day; regimen A)
demonstrated statistically and clinically significantly greater
efficacy compared with the lower-dose regimen (0.15–0.6 mg/
day; regimen B). Separation in total PANSS scores between the
two groups was noted at the first observation, after 1 week of
treatment, and was maintained throughout the study. Changes
in CGI–S, clinical response and the PANSS factor scores were consistent with the result for the primary end-point, demonstrating
that regimen A resulted in statistically and clinically significant
improvement compared with regimen B.
Consistent with studies of early-onset psychosis, there was a
higher representation of males v. females in this cohort. Symptom
severity was marked to severe at presentation, with relatively high
negative symptoms scores based on the PANSS negative subset
and low functioning based on the CGI–S.
Only one prior published controlled study has examined the
effectiveness and tolerability of risperidone in an adolescent
population with schizophrenia.11 In this earlier study, where very
high doses of risperidone were used (mean=6.6 mg/day, range
4–10), response rates were comparable to those reported here
for regimen A (mean=4.0 mg/day, range 1.5–6). Recently
published open-label data for olanzapine suggest that, although
effective, treatment is associated with marked weight gain and
laboratory metabolic abnormalities (cholesterol, triglycerides) in
adolescent populations.31 The weight gain observed in our study
was more modest.
Both regimens used in this study were well tolerated and the
adverse events that occurred were qualitatively similar to those
in studies of risperidone treatment in adults32 and children.33
Additionally, there was a low incidence of treatment discontinuation for adverse events. None of the EPS-related events was severe
or led to treatment discontinuation.

Prolactin elevations are commonly observed with the use of D2
receptor antagonists34 in adults and warrant greater evaluation in
developing adolescents. In our study, nearly 20% of patients
showed elevations in prolactin levels above 100 ng/ml, which were
more common in the regimen A than the regimen B group. Only
9 (3.5%) patients experienced potentially prolactin-associated
adverse events. In a review of three long-term studies of
risperidone treatment for disruptive behaviour disorders in
children and adolescents,33 a relatively rapid rise to mean peak
prolactin levels above the normal range at 4–6 weeks was followed
by a steady decline to mean levels at the upper end of the normal
range. Similar patterns were seen in boys and girls. In these
studies, few prolactin-related adverse events were observed. In
contrast, the emergence of prolactin-related adverse events was
higher in adolescent females in our study, which may be
attributable to the higher doses utilised. The long-term impact
of these changes warrants further study.
Strengths and limitations
This study is the first report on a large population of adolescents
with schizophrenia treated with risperidone in a double-blind
study. The overall findings complement those from the studies
of risperidone monotherapy in adults with schizophrenia.32
However, several limitations of the study should be noted. First,
this study was not placebo controlled. Substantial decreases in
PANSS scores compared with baseline were observed in both dose
groups. This study, therefore, does not exclude the possibility that
the lower doses were also effective. Additionally, because this was
not a fixed-dose study and patients were required to be titrated to
the maximally tolerated dose within the two dose ranges, interpretations regarding the most effective dose and the reported
adverse events must be made cautiously. Results of this study do
not allow determination of the optimal effective dose for
individual patients. The earliest onset of the antipsychotic effects
of risperidone could not be accurately assessed, as efficacy was
already significant at the first study time point (day 7).
Additionally, a substantial majority of the patients were White,
limiting the ability to generalise the results to other ethnic groups.
Given that patients believed to be at risk for suicidal or violent
behaviour were excluded, caution should be used when
extrapolating these results to this sub-population with more severe
illness.
Conclusions
Our data suggest that the treatment with risperidone 1.5–6.0 mg/
day offers a favourable benefit-to-risk profile for treating
adolescents with schizophrenia, a severe psychiatric disorder with
potential for long-term disability and with limited treatment
options currently available. Improvement was demonstrated
across a wide range of specific symptoms, as well as in global
functioning, and treatment was associated with acceptable
tolerability and safety profiles. Replication of these findings in
the presence of a placebo control is warranted.
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