
AJP in Advance. Published September 15, 2008 (doi: 10.1176/appi.ajp.2008.08050756)

Article

Double-Blind Comparison of First- and Second-Generation
Antipsychotics in Early-Onset Schizophrenia and Schizo

affective Disorder: Findings From the Treatment of Early
Onset Schizophrenia Spectrum Disorders (TEOSS) Study

linmarie Sikich, M.D.

jean A. Frazier, M.D.

jon McClellan, M.D.

Robert L. Findling, M.D.

Benedetto Vitiello, M.D.

louise Ritz, M.B.A.

Denisse Ambler, M.D.

Madeline Puglia, B.A.

Ann E. Maloney, M.D.

Emily Michael, B.A.

Sandra De jong, M.D.

Karen Slifka, R.N., C.S.

Nancy Noyes, C.P.N.P. , C.S.

Stefanie Hlastala, Ph.D.

leslie Pierson, M.P.H.

Nora K. McNamara, M.D.

Denise Delporto-Bedoya, M.A.

Robert Anderson, B.S.

Robert M. Hamer, Ph.D.

jeffrey A. lieberman, M.D.

Objective: Atyp ical (second-generat ion)
antipsychotics are considered standard
treatment for ch ild ren and ado lescents
with early-onset schi zophrenia and
schizoaffective d isorder. However, the su
periority of second-generation antipsy 
chotics over first-generation antipsychot
ics has not been demonstrated. This study
compared the efficacy and safety of two
second -gene ration ant ipsychotics (olanza
pine and risperidone) with a f irst-genera
tion antipsychot ic (m oli ndo ne) in the
treatment of early-o nset schizophrenia
and schizoaffective disorder.

Method: This double-blind multisite trial
randomly assigned pediatric pat ients wi th
early-onset schizop hren ia and schizoaf
fective disorder to treatment with either
olanzapine (2.5-20 mg/day), risperidone
(0.5-6 mg /day). or molindone (10-140
mg/day, plus 1 mg/day of benztropine) for
8 weeks. The primary outcome was re
sponse to treatment, def ined as a Clinical
Global Impression (CGI) improvement
score of 1 or 2 and ~20% reduction in

Posit ive and Negative Syndrome Scale
(PANSS) total score after 8 weeks of treat·
ment.

Results: In total , 119 youth were ran 
dom Iy assigned to treatment. Of these
subjects, 116 received at least one dose of
treatment and thus were available for
analysis. No significant differences were
found among treatment groups in re 
sponse rates (m o lindone: 50 %; olanza
pine : 34%; risperidone : 46%) or ma gn i
tude of symptom reduction . Olanzapine
and risper idone were associated wit h sig
nif icantly greater weight gain. Olanzapine
showed the greatest r isk of we ight gain
and signifi cant increases in fasting choles
terol , low density lipoprotein, insu lin, and
liver transam inase levels. Molindone led
to more self-reports of akathisia .

Conclusions: Risperidone and olanza
pine d id not demonstrate superior effi
cacy over mol indone for treating early
onset schizophren ia and schizoaffective
d isorder. Adverse effects were frequent
but d iffered am ong med ications. The re
sults question the nearly exclusive use of
second -generation antipsychotics to treat
early-onset schizophrenia and schizoaf
fect ive disorder. The safety findings re
lated to weight gain and metabolic prob
lems raise i m po rt a nt public health
con cerns, given the widespread use of
second-generation anti psychotics in
youth for non psychotic disorders.

(Am J Psychiotry Sikich et 01.; AiA:1-13)

Early-onset schizophrenia and schizoaffective disor
der occurring prior to 18 years of age are associated with
debilitating psychotic symptoms and psychosocial dys
function 0 , 2). Prognosis appears to be substantively
worse than in adult-onset schizophrenia (1, 3-7). Safe and
effective treatments are needed for these vulnerable youth.
Most clinicians prescribe atypical (second-generation) an
tipsychotics based on assumptions of superior efficacyand
tolerability (8). However,for adult s with schizophrenia, the
results of studies such as the Clinical Antipsychotic Trials
of Intervention Effectiveness (CATIE) (9), the Cost Utility of

the Latest Antipsychotic Drugs in Schizophrenia Study
(10), and the European First Episode Schizophrenia Trial
(11) raise questions as to whether second-generation an
tipsychotics truly have superior efficacy over first-genera 
tion (typical) antipsychotic s. Studies specifically compar
ing second-generation to first -generation anti psychotics
for first -episode schizophrenia have had mixed results,
with advantages for second-generation antipsychotics of
ten small or limited to secondary outcomes (12-16).

There are few randomized, controlled trials comparing
treatments for early-onset schizophrenia and schizoaffec-
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tive disorder. First-generation antipsychotics, such as ha
loperidol and loxapine, have shown efficacy (17, 18), but
younger patients may be at higher risk for extrapyramidal
side effects (19) and less responsive to these agents than
adults (20). Among second-generation antipsychotics, re
cent randomized, controlled trials found that olanzapine
(21), risperidone (22), and aripiprazole (23, 24) have
shown efficacy in the acute treatment of adolescents with
schizophrenia. Risperidone and aripiprazole have been
approved by the U.S. Food and DrugAdministration (FDA)
for the treatment of adolescents with schizophrenia. Clo
zapine, a second-generation antipsychotic, was found to
be superior to both haloperidol (25) and olanzapine (26)
in youth with treatment-resistant schizophrenia. How
ever, clozapine's side effect profile (27) limits its use to pa
tients who have tried and failed other antipsychotics.

The publicly funded study Treatment of Early-Onset
Schizophrenia Spectrum Disorders (TEOSS) was de
signed to rigorously compare the efficacy and safety of a
first-generation antipsychotic, molindone, with two sec
ond-generation antipsychotics, olanzapine and risperi
done, in the treatment of early-onset schizophrenia and
schizoaffective disorder. The primary hypothesis was that
treatment with olanzapine and risperidone would be
associated with greater treatment response and greater
tolerability than treatment with molindone. The safety in
formation gained may also inform the widespread use of
second-generation antipsychotics for pediatric behav
ioral and mood disorders.

Method

Study Setting and Design
The rationale and design of TEOSShave been detailed previ

ously (28). Eligible subjects were randomly assigned to either
molindone, olanzapine, or risperidone treatment under double
blind conditions for 8 weeks. The study was designed to have a to
tal of 168 subjects equally distributed among three groups (N=56
in each treatment group) and to have 80%power to detect differ
ences in response rates of 45% (molindone), 60% (risperidone),
and 75% (olanzapine). The sample size available for analysis was
116 subjects, limiting our power to detect between-group differ
ences less than 18%.

From February 2002 to May 2006, youth were screened at four
academic sites: University of North Carolina at Chapel Hill,
McLean Hospital and Cambridge Health Alliance at Harvard
Medical School, University of Washington, and Case Western Re
serve University. The study was reviewed and approved by the in
stitutional review board at each site. Participant safety was also
monitored regularly throughout the study by the National Insti
tute of Mental Health (NIMH) Data and Safety Monitoring Board.

Participants
Eligible participants were 8-19 years old, with a focus on pri

marily younger participants, so that 30%or fewer of subjects were
between 16 and 19 years old. Participants had a diagnosis of
schizophrenia, schizoaffective disorder, or schizoph reniform dis
order and had current positive psychotic symptoms of at least
moderate intensity, as rated on the Positive and Negative Syn
drome Scale (PANSS) (29). DSM-IV diagnoses were made by a
child psychiatrist and confirmed with the Children's Structured

Clinical Interview for DSM-N (KID-SCIDl (30) and a teleconfer
ence among the principal investigators. The KID-SCID uses the
same mood, psychosis, and substance abuse modules as the
Structured Clinical Interview for DSM-IV(SCID) (31). It was used
to provide continuity with adult studies, which frequently use the
SCID,and because its psychosis module has been used in studies
of the longitudinal course of early-onset schizophrenia and
schizoaffective disorder (6,32). The initial diagnosis was reviewed
upon completion of the study and revised as indicated, including
reclassifying all those initially diagnosed with schizophreniform
disorder. Individuals with prior evidence of mental retardation;
current major depressive episode; active substance abuse; history
of intolerance or nonresponse to any of the study treatments dur
ing a prior episode; history of an adequate trial ofany of the study
treatments during the current episode (defined as at least 8weeks
of treatment, including at least 2 weeks at the maximal dose al
lowed in the current study), or those individuals felt to be at im
minent risk of harming themselves or 0 thers were excluded from
the study, Allparticipants with prior exposure to one of the study
medications had the opportunity for greater drug exposure dur
ing the trial. Allparticipants and their guardians provided written
informed consent.

Interventions

Study medications were packaged in identical color-coded
capsules. Dosing was flexible, allowing for clinician judgment
within the following dose ranges: molindone, 10-140 mg/day;
olanzapine, 2.5-20 mg/day; and risperidone, 0.5-6 mg/day. Med
ications were initiated at the lowest dose within the range and
typically increased to the middle of the dose range within 10days
for those subjects age 12 years and older and within 14 days for
those ages 8-11 years, according to the age-specific schedules
provided elsewhere (28).Allparticipants treated with molindone
also received 1.0 mg benztropine; all others received a placebo
identical in appearance.

Antipsychotics and side effect medications in use at the time of
random assignment were cross-tapered during the first 2 weeks of
study treatment. Individuals whose mood symptoms had been
well controlled on a stable dose of antidepressants or nonantipsy
chotic mood stabilizers for at least 4 weeks prior to study entry
were allowed to continue those treatments during the study. Con
comitant treatments with anticholinergic agents, propranolol,
and benzodiazepines were guided by algorithms (28).

Outcomes

The primary outcome was responder status at the end of the
acute trial. Responder status was defined a priori as a Clinical
GlobalImpression (CGl)(33)improvement score of! ("verymuch
improved") or 2 ("much improved"), plus ~20% reduction in base
line PANSS score and the ability to tolerate 8 weeks of treatment.
Individuals who withdrew prior to 8 weeks were considered non
responders.

Additional efficacy measures included the PANSS positive and
negative symptom subscales (an assessment of schizophrenia
symptoms widely used in adults), the Brief Psychiatric Rating
Scale for Children (BPRS-C) (34), and the Child and Adolescent
Functional Assessment Scale (35). In each of these measures,
higher scores reflect more severe symptoms. A combination of
adult measures and child measures was used to fully assess psy
chotic symptoms and to establish validity of adult measures in
this population.

Secondary safety and tolerability outcomes included neurolog
ical side effects, changes in weight and stature, vital signs, labora
tory analyses, ECGanalyses, and incidence of systematically elic
ited adverse events (36), serious adverse events, and treatment
discontinuation for any reason. The Simpson-Angus Rating Scale
(37), Barnes Rating Scale for Drug-Induced Akathisia (38), and
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TABLE 1 . Baseline Demographic and Clinical Characteristics of Subjects With Early-Onset Schizophrenia and Schizoaffective
Disorder

Mol indone Group Olanzapine Group Risperidone Group All Subjects
Characteristi c (N=40) (N=35) (N=41) (N= 116)

Demographic Characteristics N % N % N % N %
Age (years)

8-11 7 18 7 20 6 15 20 17
12-15 23 58 20 57 22 54 65 56
16-19 10 25 8 23 13 32 31 27

Male 23 58 25 71 27 66 75 65
Female 17 43 10 29 14 34 41 35
Race

White 28 70 21 60 25 61 74 64
Black 8 20 12 34 14 34 34 29
Other 4 10 2 6 2 5 8 7

Hispanic ethnicity 0 0 2 6 3 7 5 4
Mean Range Mean Range Mean Range Mean Range

Baseline IQ 93.8 60-127 90.9 54-128 94.4 55-158 91.6 54-158
Psychiatric History N % N % N % N %

Final diagnosis: Schizophrenia 26 65 22 63 28 68 76 66
Final diagnosis: Schizoaffect ive disorder 14 35 13 37 13 32 40 34
Prior diagnoses (excluding final diagnosis)

None 14 35 17 49 15 37 46 40
Psychosis not otherwise specified 7 18 4 11 6 15 17 15
At tention deficit disorder 12 30 13 37 9 22 34 29
Affective disorder 9 23 7 20 12 29 28 24
Anxiety disorder 6 15 9 26 12 29 27 23
Disruptive behavior disorder 4 10 6 17 10 24 20 17
learning disability 7 18 1 3 2 5 10 9
Autism spectrum disorder 2 5 2 6 3 7 7 6
Substance abuse 4 10 2 6 2 5 8 7

First psychotic episode 35 88 33 94 40 98 108 93
Antipsychotic-naive 16 40 13 37 9 22 38 33
Hospitalized at baseline 4 10 2 6 6 15 12 10
Outpatient treatment only 22 55 21 60 16 39 59 51

Mean Range Mean Range Mean Range Mean Range
Number of prior psychiatric admissions ' 0.6 0-3 0.8 0-4 0.9 0-3 0.8 0-4

Baseline Medications N % N % N % N %
Antipsychotics

Olanzapine 2 5 2 6 6 15 10 9
Risperidone 17 43 13 37 15 37 45 39
Other second-generation antipsychotics 4 10 8 23 9 22 21 18
First-generation ant ipsychotics 1 3 0 0 1 2 2 2

Antidepressants 4 10 4 11 5 12 13 11
Mood stabilizers? 3 7 2 6 4 10 9 8
Both antidepressants and mood stabilizers" 0 0 0 0 1 2 1 1
8enzodiazepine 3 7 3 9 6 15 12 10

Baseline Clinical Characteristics Mean SD Mean SD Mean SD
PANSS total score 99.7 20.3 100.3 17.4 103.3 21.6

PANSS positive subscale score 26.0 5.1 26.4 5.9 26.7 6.4
PANSS negative subscale score 24.2 8.3 25.0 6.8 25.9 8.6

BPRS-C total score 41.8 10.2 42.0 11.4 45.0 12.5
CAFAS 8-item total scored 91.1 27.3 101.2 40.4 100.8 34.6
CGI severity score 5.6 0.9 5.5 0.7 5.7 1.0
Weight (kg) 65.5 23 .2 62.7 16.7 62.8 16.4
Body mass index (kg/m 2) 24.0 5.9 23.5 4.5 23.2 5.3
Fasting glucose (mg/dl) 84.0 10.6 86.9 12.0 83.8 8.0
Fasting total cholesterol (mg/dL) 166.5 31.6 170.2 43.6 175.2 45.5
Fasting low density lipoprotein cholesterol 93.6 23.9 97.8 36.0 108.9 41.8

(mg/dl)
Fasting high den sity lipoprotein 53.2 16.8 51.8 9.6 50.6 13.4

cholesterol (mg/ dl )
Fasting trigl ycerides (mg/dl) 99.0 61.7 102.5 52.6 96.3 43.6
Fasting insu lin (mUl l ) 10.0 7.9 16.2 18.0 14.6 17.2
HOMA-IR (mUmMoI/L2)e 2.4 1.9 2.1 0.8 2.3 2.2
Prolactin (J.tg/ l ) 24.4 22.3 18.9 18.3 25.0 24.0
Aspartamine transferase (U/ l) 27.9 10.5 24.2 7.5 25.4 10.2
Alanine transferase (U/ l) 29.8 18.6 27.9 18.5 31.6 20.6
QTc(msec) 406 .6 17.1 403 .9 18.4 408.3 23.4

a Includes any current hosp ital izat ion .
b Includes lithium, valproic acid, carbamazepine, and other anti convulsants (and excludes second-generation anti psychotics).
C Includes subjects counted under ant idepressants and under mood stabilizers.
dCAFAS=Children and Adolescent Functional Assessment Scale.
e HOMA-IR=Homeostasis Model Assessment.
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Safety and Tolerability

Adverse events. Two participants (one receiving molin
done and one receiving risperidone) required hospitaliza
tion after random assignment and prior to study treatment
(for suicidality and worsening psychosis, respectively).
Eight participants were hospitalized a total of nine times

Treatment Response

Response was observed in 50% of subjects treated with
molindone, 34% of subjects treated with olanzapine, and
46% of subjects treated with risperidone. There was no dif
ference in the time course of treatment discontinuation
(Figure 2A).Total PANSS scores, PANSS positive and nega
tive symptom subscale scores, BPRS-C total scores, and
Child and Adolescent Functional Assessment Scale 8-item
total scores all showed significant improvement posttreat
ment, with average declines of210/0-47%. Symptom reduc
tion was most pronounced during the first 2 weeks of treat
ment (Figure 2B). There were no significant differences
among treatment groups on any last observation carried
forward symptom measures. Furthermore, a supplemen
tary mixed models analysis failed to find a between-group
difference in PANSS total score. Exploratory analyses with
out correction for multiple comparisons found that youth
without prior psychiatric diagnoses other than schizophre
nia had greater reductions in PANSS scores (-28.6, SD=2.8)
than those with prior nonschizophrenia diagnoses (-21.2,
SD=2.2; p=0.0376), both across all treatment groups and
within the risperidone group (p=O.OI55). These same anal
yses did not detect any significant differences in response
rate related to prior diagnosis. Exploratory analyses did not
detect any significant differences related to site, diagnosis,
duration of psychosis, prior antipsychotic treatment, pre
vious treatment with risperidone, previous treatment with
olanzapine, concomitant treatments, age, or gender within
treatment groups or in the study as a whole.

Results

Discontinuation of Olanzapine Treatment
Random assignment to olanzapine treatment was dis

continued in spring 2006 by NIMH's Data and Safety Mon
itoring Board following their review of the interim data,
which showed a greater increase in weight with olanzapine
than molindone or risperidone, without evidence of
greater efficacy. Participants being treated with olanzapine
at the time of the decision continued their participation,
and the integrity of the study blind was maintained (28).

Characteristics and Disposition of Participants
The baseline characteristics of participants in each of

the three treatment groups are shown in Table 1. Most par
ticipants were experiencing an acute exacerbation of a
chronic illness and were severely ill. More detailed base
line information is reported elsewhere (2). Figure 1 depicts

Statistical Analyses
After90participants had completed the acute trial, an interim

analysis of responder status and key safety variables was made
available to NIMH's Data and SafetyMonitoring Board, but not
other study personnel. Participants with at least one assessment
after taking study medication comprised the intent-to-treat
analysis population. In both the interim and final analyses, a
Mantel-Haenszelchi-square test was used for the primary analy
sis of responder status . A three-way test was used rather than
three separate pairwise comparisons to maximize statistical
power,given the limited sample size. Statisticalanalyses forcon
tinuous secondary endpoints used last observation carried for
ward paired t tests to explorewithin-treatment effects and one
wayanalysisofvariance (ANOVA) on last observation carriedfor
ward endpoints to compare groups.Asa sensitivityanalysis, we
used a mixed model approach to repeated measures for the
PANSS total score. Each distinct inference domain (e.g., symp
toms, neurologicaleffects,weight,and laboratory analyses) was
analyzedindependently. Considerationofmultiple comparisons
should be made within the given inference domain, such that
significanceshould be assumed only ifp<0.05/number ofassess
ments in that domain. Metabolic analyses included only those
laboratory results obtained whileyouth were fasting.Differences
in the ability to sustain treatment were examined using Kaplan
Meier survival curves. Allanalyses included site as a covariate.
Proportions of each group experiencingspecific adverse events
were compared with chi-square tests. To avoid overlookingpo
tentially important adverse events, no corrections for multiple
comparisons were made.

Abnormal Involuntary Movement Scale (AIMS) (18)were em- participation in each phase ofthe study protocol and rea -
ployed to monitor extrapyramidal symptoms. Fasting metabolic sons for withdrawal.
parameters, prolactin levels, and routine blood and urine chem-
istries were monitored at weeks 0, 4, and B.Allother outcome The mean endpoint dose for molindone was 59.9 mgt
measures, except the Child and Adolescent Functional Assess- day (SD=33.5). For olanzapine and risperidonc, the mean
ment Scale, were assessedweekly. endpoint doses were 11.4 mgt day (SD=5.0) and 2.8 mgt

Diagnosticand outcome assessmentswereperformed byclini- day (SD=IA), respectively. Adjunctive benzodiazepine
------- cians blind to study treatment with experience in working with - was-ad m in istered to 39% o[subjects treatedWlth- molin- --------

psychoticyouth; these cliniciansestablished and maintained in- . ..
terrater reliability on the KID -SCID, CGI, PANSS, and BPRS-C, done, 20% of subjects treated WItholanzapme, and 41% of
with an intraclass correlation of ~0.80 at in-person, cross-site subjects treated with risperidone. Forty-five percent of the
meetings at the beginning and midpoint of the trial and within molindone group received benztropine in excess of the
each site every 6 months. Reliability on the KID-SCID and CGI prophylactic blinded dose. Benztropine was also provided
scale was assessed usin? vignette~; reli~bility on the PANSS and to 14% of subjects on olanzapine and 34% of subjects on
BPRS-C was assessed using taped interviews. . ld P I I ib d < k hi .nspen one. roprano 0 was prescn e lor a at ISla m

13% of subjects in the molindone group, 11% of subjects in
the olanzapine group, and 7% of subjects in the risperi
done group. The total dose of benztropine was signifi
cantly greater in the molindone group than in the other
two groups, with no group differences in benzodiazepine,
propranolol, or added benztropine doses.
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FIGURE 1. CONSORT Diagram
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IAssessed for eligibility (N=47B)

1
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IIneligible (N=74):

,

•Did not meet diagnostic criteria IRandomly assignedto treatment (N=119) I(N=46)
Prior treatment with study medications
(N=l7) IClinical or safety reasons (N=6)

Withdrew consent (N=5)

fWithdrew before treatment (N=l)~IWithdrew before treatment (N=l~t-- Withdrew before treatment {N=l) r

I I

Treated with molindone (N=40): Treated with olanzapine (N=35): Treated with risperidone (N=41):
Did not complete treatment (N=15): Did not complete treatment (N=l B): Did not complete treatment (N=13):

Noncompliance (N=2) Lost to follow up (N=2) Noncompliance (N=4)
Inadequate efficacy {N=5} Noncompliance (N=7) Inadequate efficacy (N=4)
Adverse effects (N=8): Inadequate efficacy (N=3) Adverse effects (N=5):

Parkinsonian symptoms (N=4) Adverse effects (N=6): Parkinsonian symptoms (N=3)
Akathisia (N=2) Weight gain (N=3) Akathisia (N=l)
Sedation (N=2) Insomnia (N=2) Sedation (N=l)

Sedation (N=l)

1 1!
Completed treatment (N=25) I Completed treatment (N=17) I ICompleted treatment (N=2B) I

during acute treatment: two (5%) in the molindone group,
two (6%) in the olanzapine group, and four (10%) in the ris
peridone group. Reasons for hospitalization were worsen
ing psychosis (N=6), anticholinergic-induced urinary
retention (N=I), and suicidalityfollowed byworseningpsy
chosis (N=I).

Adverse effects led to premature treatment discontinua
tion in eight patients in the molindone group, six patients
in the olanzapine group, and five patients in the risperi
done group (Figure I). Frequent adverse events included
sedation, irritability, and anxiety (data supplement Table
I). Participants in the molindone group reported signifi
cantly higher rates of drug-induced akathisia (p<0.0008),
participants in the olanzapine group reported signifi
cantly higher rates of weight gain and increased appetite
(p<O.OOOI and p<0.0019, respectively), and those in the
risperidone group reported significantly higher rates of
constipation (p<0.021). Most patients experienced at least
one adverse effect (molindone: N=36; olanzapine: N=26;
risperidone: N=35).

Body mass and metabolic changes. Changes in weight
and body mass index differed significantly among all three

groups (Figure 3Aand Table 2). Youth treated with olanza
pine gained an average of6.1 kg (SD=3.6) and increased
their body mass index by an average 2.2 kg/rn'' (SD=1.2)
over the 8-week trial. Those subjects treated with risperi
done gained 60% as much weight, whereas those subjects
receiving molindone showed no changes in body mass. The
olanzapine group also showed increases relative to the
other groups in total cholesterol, low density lipoprotein
cholesterol, insulin, alanine aminotransferase, and aspar
tate aminotransferase levels (Figure 3B). These changes
suggest heightened risk for metabolic syndrome and acute
steatohepatitis with olanzapine treatment.

Neurological side effects. The prevalence, severity, and
functional consequences of neurological side effects are
shown in Figure 3C. Few and generally mild extrapyrami
dal side effects were observed. Scores on the Barnes Rating
Scale for Drug- Induced Akathisia increased significantly in
the molindone group (p<0.027), with 18% experiencing
moderate or severe akathisia. The presence and severity of
akathisia appeared independent of dose or treatment re
sponse. However, there were no between-group differ
ences in maximum ratings on the Barnes scale. Akathisia
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Discussion

FIGURE 2. Symptom Improvement and Treatment Discon
tinuation in an 8-Week Study of Antipsychotics in Subjects
With Early-Onset Schizophrenia and SchizoaffectiveDisorder

pants failed to achieve an adequate response after 8 weeks
of therapy. The response rates were generally lower than
those reported in studies of young adults with first-epi
sode schizophrenia using similar criteria (13, 16,40,41).
The response rate was similar to what has been reported
in three recent studies of olanzapine in early-onset schizo
phrenia and schizoaffective disorder lasting 8, 12, and 6
weeks, respectively (26, 42, 43), but lower than what has
been reported to the FDA for a 6-week trial of risperidone
(22). The mean reductions in psychotic symptoms were
modest, ranging from 20%-34% on the PANSS and 34%
41% on the BPRS-C.Furthermore, 10 participants (8%)re
quired hospitalization during the acute trial, primarily as a
result of increased psychotic symptoms. Doses of all med
ications were in the middle of the permitted ranges and
generally considered moderate doses. Olanzapine and ris
peridone mean doses were comparable to those reported
to the FDAfor pediatric exclusivity studies and in studies
of first-episode schizophrenia, but olanzapine doses were
lower than those used in treatment-resistant samples (26,
42) or in chronic samples, such as those used in the Cost
Utility of the Latest Antipsychotic Drugs in Schizophrenia
Study and CATIE.

The three treatments did have significantly different
safety profiles. Olanzapine resulted in more weight gain
than either of the other medications and was uniquely as
sociated with increases in lipid and insulin levels and liver
function tests. Clinically significant changes in fasting glu
cose levels were not observed over the 8 weeks of treat
ment. This is not surprising, given that youth have large
insulin reserves. The risks of obesity, dyslipidemia, and
hyperinsulinemia associated with acute treatment gener
ate considerable long-term risks for diabetes and cardio
vascular disease. Prolactin levels were uniquely elevated
with risperidone treatment, although the long-term
health consequences of this are unclear. Subjects receiv
ing molindone did report the adverse effect of akathisia
more than those receiving second-generation antipsy
chotics. However, molindone treatment was not associ
ated with more parkinsonian or dystonic symptoms than
olanzapine or risperidone, likely due to prophylactic
benztropine treatment. Although it is difficult to rank the
clinical importance of different adverse effects, those as
sociated with olanzapine and risperidone are likely to
have persistent effects on long-term physical health, while
those associated with molindone seem more likely to im
pact adherence to antipsychotic medication. However, in
this trial, there was no greater attrition in the molindone
group, despite more reports of akathisia.

The sample included youth with both first-episode and
chronic early-onset schizophrenia and schizo affective dis
order, both treatment-naive and antipsychotic-exposed in
dividuals, and some individuals taking concomitant mood
disorder medications. Although very few of the patients
were hospitalized at the time of enrollment, many had
been hospitalized previously (2). However, the sample did

B762
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-- Risperidone

3 4 5
Weeks

B. Observed PANSS Total Score by Weekof Treatment

20

50 -e- Molindone

40
~ Olanzapine
- Risperidone
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0 2 3 4 5 6 7 B

Weeks

A. Time Course of Treatment Discontinuation

~1::~
>
.~ 60
Vl

1:
QJ 40
~

&

A: The proportion of each treatment group continuing treatment
during each week ofthe trial.B: Mean PANSS totalscores ofobserved
cases during each week of the trial.The minimal possible score on
the PANSS is30; scores >60 are typically viewed as problematic.

led to treatment discontinuation in two participants re
ceiving molindone and in one participant receiving ris
peridone. Three subjects, one in each treatment group, de
veloped involuntary movements suggesting mild tardive
dyskinesia.

Other analyses. Prolactin levels were significantly ele
vated in the risperidone group, which differed markedly
from each of the other treatment groups. Rate-corrected QT
intervals measured by ECG increased significantly by 11.2
msec (mean endpoint=423 rnsec, SD=16.8;p=0.00l9) in the
olanzapine group but not in the molindone (1.2 msec, SD=
21.3) or risperidone (0.5 msec, SD=29.5) groups. Although
changes were significant in the olanzapine group, differ
ences were not detected across the three treatments.

Second-generation antipsychotics olanzapine and ris
peridone did not demonstrate superior efficacy to molin
done in the treatment of children and adolescents with
early-onset schizophrenia and schizoaffective disorder.
Across all three treatments, more than half the partici-
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FIGURE 3. Adverse Effects of Antipsychotic Treatment Experienced in Subjects With Early-Onset Schizophrenia and
Schizoaffective Disorder
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body mass index percentile in the molindone group was -2.3 percentile (SD=8.0); in the olanzapine group: 10.8 percentile (SD=14.4); and in
the risperidone group: 6.8 percentile (SD=10.3). Differences among treatment groups were significant at p<0.0001. B: Only participants with
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TABLE 2. Outcomes of Antipsychotic Treatment in Subjects With Early-Onset Schizophrenia and Schizoaffective Disordera

Outcome Measures Molindone Group (N=40) Olanzapine Group (N=35)

4.7 to 35.1

2.8 to 26.6

-2.1 to 33.5

-9.4 to 10.6

-0.2 to 2.6

-1.4 to 17.5
1.9 to 7.5

-9.8 to 6.9
4.5 to 17.8

4.9 to 7.4
1.8t02.6
5.8 to 15.8

0.26 to 0.51

--4.2 to 6.3

-1.1 to 0.6

-0.3 to 1.1
-0.6 to 1.0

-8.0 to -2.6

-19.9 to 63.1

-58.9 to -21.1

-21.3to-13.3

-11.1 to-6.8

1.9

8.3

2.3

1.9
2.1

7.6

6.0

0.4

24.4
7.4

20.2
16.8

38.1

65.3

23.9

15.7

18.7

3.6
1.2

14.4
0.37

42.7

11.2

0.4
0.2

19.9*
12
1.1

12
14.7*
12
21.6
12

0.6
12
15.7
20

1.2
10
8.0
4.7

-1.5
11.2*

-0.2

6.1***
2.2***

10.8***
0.39***

-0.4 to 1.5

--4.3 to 6.1

-2.0 to 4.3

--4.4 to 5.0

-6.1 to 7.1

-7.0 to 6.9

-1.0 to 0.5

-0.6 to 0.8
0.1 to 2.3

--B.3to 2.7
-6.8 to 0.4

-18.1 to 0.5
-6.4 to 8.9

-26.2 to 14.6

-0.6 to 1.3
-0.3 to 0.6
--4.8 to 0.3

-0.13 to 0.03

7.1

1.9

2.9
1.26
8.0
0.25

2.2

2.2
3.3

14.8
10.0
24.9
21.3

44.7

12.0

14.5

16.0

10.6

0.1
1.2*

0.3
0.25

-2.3
-0.05

-0.2

N % 95% CI N % 95% (I
20 50 34 to 66 12 34 18 to 51
24 60 44 to 76 17 49 31 to 66

Mean SD 95% CI Mean SD 95% (I
-27.0*** 17.7 -32.7 to -21.4 -26.6*** 17.8 -32.9 to -0.3
ll% ll%
--B.8*** 5.4 -10.5 to -7.1 --B.9***
34% 34%
-5.8*** 6.8 -8.0 to -3.6 -5.3**
24% 21%

-16.3*** 10.2 -19.6 to -13.0 -17.3***
39% 41%

-29.3*** 36.4 --42.9 to -15.7 --40.0**
~% ~%

5.9 0.4 5.9

Response
CGI improvement

PANSS total change
Percent decrease from baseline

PANSS positive subscale change
Percent decrease from baseline

PANSS negative subscale change
Percent decrease from baseline

BPRS-(total change
Percent decrease from baseline

CAFAS B-item total change"
Percent decrease from baseline

Duration of treatment (weeks)
Extrapyramidal symptoms

Simpson-Angus Rating Scalechange
Barnes Rating Scalefor Drug-Induced Akathisia

change
AIMSchange

Weight parameters
Weight change (kg)
Body mass index change (kg/m 2)

Body mass index percenti Ie change
Body mass index z-scorechange

Laboratory parameters
Total cholesterol change (mg/dl) 0.0

Number available for analysis 23
HDl cholesterol change (mg/dl) 0.3

Number available for analysis 22
LDl cholesterol change (mg/dl) 0.48

Number available for analysis 21
Triglycerides change (mg/dl) -5.8

Number available for analysis 21
Glucose change (rng/dt) 0.9

Number available for analysis 23
Insulin change (mU/l)C 1.2

Number available for analysis 22
HOMA-IRchange (mUmMoI /L2)U 0.5

Number available for analysis 17
Alanine aminotransferase change (U/L) -2.8
Aspartate aminotransferase change (U/l) -3.2
Prolactin change (~g/l) -8.8
QTcchange (msec) 1.2

a Significant within-group differences are denoted by asterisks.
b CAFAS=(hildren and Adolescent Functional AssessmentScale.
CThe American Heart Association (AHA)considers normal insulin levels in children and adolescents to be <15 rnu/t, borderline high levels to

be 15-20 rnll/L, and high levels to be >20 mUll (39). Baseline insulin levels in the molindone and risperidone groups were normal and levels
in the olanzapine group were borderline. The mean increase in the olanzapine group was double the baseline value and exceeded AHA's high
threshold value.

d HOMA-IR=Homeostasis Model Assessment.
*p~0.05. **p~0.001. ***p~0.0001.

fully reflect the racial and ethnic populations of the study
sites. African American subjects were overrepresented
(29% rather than the expected 15%), and Hispanic subjects
may have been underrepresented (4%rather than the ex
pected 6%-7%). This may reflect economic biases among
Caucasian and African American individuals regarding
willingness to participate in clinical research, as well as
some cultural or language barriers in the Hispanic com
munity. Nonetheless, the results should generalize well to
community settings. The overall low rates of response have
significant clinical and public health implications.

This study may also inform the design of future treat
ment studies in early-onset schizophrenia and schizoaf-

fective disorder. Such studies will likely need to involve a
large number of sites with outpatient services to recruit a
sufficient number of participants. Furthermore, with the
increasing use of antipsychotics for multiple indications,
it will likely be difficult to recruit a large proportion of an
tipsychotic-naive patients. This may be particularly true
for younger patients. who are more likely to have signifi
cant behavioral problems prior to onset of clear psychotic
symptoms. This may suggest the need for establishing
drug-free baselines, although the ethical considerations
and potential impact on recruitment would need to be
carefully considered. It also may be important to conduct
trials of longer duration to determine the prevalence of
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RisperidoneGroup (N=41)
N % 95%(1
19 46 30 to 62
19 46 30 to 62

Mean SD 95%CI
-23.7*** 25.5 -31 .8 to -15.7

23%
-8.4*** 8.1 -10 .9 to -5 .8
32%
-5 .1*** 7.8 -7 .5 to-2.6
20%

-15.4*** 19.6 -21 .6 to -9.2
34%

--47.5*** 41.8 -63 .7 to -31 .3
47%
6.4 0.4

0.6 2.5 -0 .2 to 1.5
0.4 2.4 -0 .3 to 1.2

-0.2 1.8 -Q.7 to -0.4

3.6*** 4.0 2.4 to 4.9
1.3*** 1.5 0.8 to 1.8
6.8*** 10.3 3.5 to 10.1
0.23*** 0.29 0.14 to 0.32

-10 .2 26.7 -22 .0 to 1.7
22
--4.0 9.4 -8.3 to 0.3
21
-9.6 22.2 -20 .0 to 0.8
20
7.1 33.3 -7.4 to 22.9

21
1.2 7.3 -2.0 to 4.4

22
-2.4 19.4 -9 .8 to 5.0
29
0.0 1.7 -0 .9 to 0.8

18
-5.2 19.5 -11 .9 to 1.5
-2 .8 9.7 -6 .1 to 0.6
19.5*** 21.5 12.1 to 27.3
0.5 29.5 -9 .3 to 10.3

Between-Group Differences

Overall : F=25.61, p<0.0001; O>R, M; R>M
Overall : F=21.48. p<0.0001; O>R, M; R>M
Overall : F=13.93. p<0.0001 ; O>R. M; R>M
Overall: F=31 .53. p<0.0001 ; O>M; R>M

Overall : F=7.05. p<0.0019; O>R, M

Overall : F=6.35. p=0.0035; O>R

Overall : F=3.55. p=0.034; O>R

Overall : F=3.78. p=0.027;O>R
Overall : F=7.15. p=0.0013; O>R, M

Overall : F=13.71. p<0.0001; R>M. 0

slow response to treatment in this pediatric population,
although again, the ethical ramifications of this would
need to be considered.

Limitations

The most significant weakness ofthis studywas the sam
ple size, which was sufficient only to detect large differ
ences across the three treatments and limited our ability to
identify predictors of response or adverse effects. Although
the study was designed to have sufficien t power to detect
moderate treatment effects , we were not able to achieve
the designed sample size. Furthermore, only small differ
ences among treatments emerged, which was not what we

predicted. We did not find any evidence of superiority of
the two second-generation antipsychotics, risperidone
and olanzapine, over the first-generation antipsychotic,
molindone. Since current community standards generally
consider second-generation antipsychotics to be the first
line treatment for early-onset schizophrenia and schizo
affective disorder, the failure to demonstrate superiority of
risperidone and olanzapine is an important finding.

The decision to provide prophylactic benztropine to all
youth treated with molindone may have minimized differ
ences in extrapyramidal symptoms among the medications.
In addition, anticholinergics like benztropine may have sig
nificant adverse neurocognitive effects. However, the ad-
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ministration of prophylactic benztropine with first-genera
tion anti psychotics is common practice. The duration of
treatment in the study did not provide information about
side effects that appear later, such as tardive dyskinesia.

Finally,different choices could have been made with re
gard to the specific medications studied. At the time the
trial was initiated, olanzapine was widelyused in the pedi 
atric population, whereas qu etiapine had a small market
share. Ziprasidone and aripiprazole, both of which may
have fewer metabolic side effects, were introduced subse
quent to the initiation of the study. Efforts to introduce
them partway through the study were not supported by
the FDAor NIMH. We also considered utilizing a placebo
for comparison, as opposed to a first-generation antipsy
chotic. We expected that this would increase the demon
strated efficacy of the second-generation antipsychotics,
but it would not address the fundamental comparative
questions. Distributing the sample among four treatment
conditions rather than three would also have reduced sta
tistical power. We also considered requiring a drug-free
baseline to minim ize the likelihood of finding no apparent
benefit of substituting one partially effective treatment for
another. However, concerns about the long-term conse
quences of delaying effective treatment and associated re
cruitment difficulties argued against including a placebo
treatment group or a drug-free baseline. At the time the
studywas initiated, there were significant ethical concerns
about utilizing any first-generation antipsychotic in com
parison with second-generation antipsychotics, because
second-generation antipsychotic treatment was the stan
dard of care for early-onset schizophrenia and schizoaf
fective disorder. We felt an y traditional medication se
lected as a comparator would have to provide a strong
potential advantage to maintain therapeutic equipoise.
MoJindone was chosen as the best option among first
generation antipsychotics bas ed on its low propensity for
both weight gain and extrapyramidal side effects. Despite
this advantage, molindone is not commonly used in clini
cal practice. A more frequently used medication, such as
perphenazine or haloperidol, might have facilitated com
parison with adult studies and acceptance in the commu
nity. Failure to require a drug-free baseline may have
reduced response rates and led to earlier treatment dis
continuation.

Another potential limitation of the study is the 8-week
duration of treatment. Different patterns of response or
risk of side effects might have emerged over a longer trial.
Some young people may require more extended therapy
to adequately respond, and it is likely that some aspects of
the illness, such as negative symptoms, neurocognitive
function, and associated anxiety, may require longer peri
ods to recover (44,45) . However, published standards of
care for early-onset schizophrenia and schizoaffective
disorder recommend the use of 6- to 8-week trials 0) . A
longer acute phase trial would have increased the risk of
exposing subjects to prolonged ineffective treatment. Fur-

thermore, antipsychotic medication trials in adults with
schizophrenia sugge st that nonresponse as early as 2-4
weeks after initiating treatment predicts nonresponse up
to 12weeks later (46-49).

Conclusions

The results of this study do not support the widely held
assumption that risperidone and olanzapine, two of the
most widely used second-generation antipsychotics, are
superior to an advantageous first-generation antipsy
chotic for the treatment of early-onset schizophrenia and
schizo affective disorder. The safety data underscore the
risks of weight gain and metabolic side effects with some
second-generation antipsychotics, particularly olanza
pine, and the importance of closely monitoring weight,
glucose and lipid levels, and liver functioning.

These findings have broad public health implications.
In the long term, the metabolic side effects of olanzapine
and risperidone may place many youth at risk for diabetes
and cardiovascular problerns. Second-generation antipsy
chotics are now widely used to treat nonpsychotic mood
and behavioral disorders in youth. The balance between
potential therapeutic benefits and risk of adverse events
needs to be carefully considered in this age group.

Further analyses from the Treatment of Early-Onset
Schizophrenia Spectrum Disorders study will examine the
outcomes and adverse effects of these treatments over 1
year. Additional studies with larger sample sizes are criti
cally needed to compare the efficacy and side effect pro
files of other widely used second-generation antipsychot
ics and midpotency first-generation antipsychotics in
youth. Strategies to reduce weight gain and metabolic im
pact of antipsychotics must be developed and evaluated.
The limited response in this study to all three medications,
with fewer than 50% of subjects completing 8 weeks of
treatment, emphasizes the need to develop more effective
treatments for early-onset schizophrenia and schizoaffec
tive disorder.
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