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Abstract

Objective: The purpose of this study was to investigate associations between body weight and illness characteristics,
including weight gain and therapeutic efficacy, in adolescents with schizophrenia.

Methods: Adolescents ages 13—17 years (n=107) with American Psychiatric Association, Diagnostic and Statistical Manual
of Mental Disorders, 4th ed. (DSM-IV) schizophrenia enrolled in a 6 week, double-blind, placebo-controlled trial comparing
olanzapine and placebo. Therapeutic response was assessed by the Brief Psychiatric Rating Scale for Children (BPRS-C).
Secondary outcomes included the Clinical Global Impressions-Severity (CGI-S) scale and Positive and Negative Syndrome
Scale (PANSS). Obesity was defined as sex-/age-adjusted body mass index (BMI) >95th percentile. Linear regression was
used to analyze the relationship between weight gain and psychiatric symptom improvement; logistic regression was
conducted to identify predictors of baseline obesity.

Results: Weight gain was significantly correlated with greater BPRS-C reduction among olanzapine-treated subjects
(r=-0.31, p<0.01), whereas a trend was observed among placebo-treated subjects (r= —0.31, p=0.08). However, this
relationship became nonsignificant when analyses were controlled for duration of olanzapine treatment (p=0.12), and a
treatment by weight gain interaction did not emerge in a repeated-measures mixed model analysis that included time in the
study (r=1.27, p=0.21). Additionally, weight gain >7% was not significantly associated with response or remission.
Among 17 adolescents (16%) with obesity at study entry, obesity was not significantly associated with endpoint BPRS-C
illness severity. However, girls (p=0.03), individuals hospitalized within the past year (p=0.02), and those with less
severe overall (p=0.03) and negative symptoms (p=0.003) according to the CGI-S and PANSS negative subscale,
respectively, were more likely to be obese at baseline.

Conclusion: Baseline obesity was associated with lower illness severity, which could be mediated by greater treatment
adherence, leading to more weight gain. Olanzapine-related weight gain was not independently associated with symptomatic
outcome when controlling for treatment duration. Additional studies are needed to extend these findings to other disorders and
medications.
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2009a), risperidone (Haas et al. 2009), aripiprazole (Findling et al.
2008), paliperidone (Singh et al. 2011), and quetiapine (Findling
et al. 2012). However, safety concerns have arisen related to SGA
use in youth with mental illness, including the development of
weight gain, hyperglycemia, and dyslipidemia (Theisen et al. 2001;
Correll 2008).

Some studies suggest that adolescents are more susceptible than
adults to developing adverse events from SGA administration, in-
cluding weight gain and extrapyramidal symptoms (Keepers et al.
1983; Krishnamoorthy and King 1998; Theisen et al. 2001; Ratzoni
et al. 2002; Correll 2008; Goldstein et al. 2008; Kumra et al. 2008;
Correll et al. 2009). From 1993 to 2002 there was an approximate
sixfold increase in the number of office-based visits by children and
adolescents that included prescription of antipsychotic medica-
tions, therefore an increased risk for adverse events in this popu-
lation is concerning (Olfson et al. 2006).

Although obesity is associated with several adverse health
consequences, some reports have identified an association between
antipsychotic-induced weight gain and improved therapeutic out-
comes in adults with schizophrenia (Leadbetter et al. 1992; Czobor
et al. 2002; Ascher-Svanum et al. 2005b; Bai et al. 2006). On the
other hand, the independence from confounds, such as adherence
and treatment duration, and the clinical significance of such a re-
lationship has also been questioned (Correll et al. 2011; De Hert
et al. 2011; Hermes et al. 2011). However, little information is
available about whether a relationship between weight gain and
clinical efficacy exists in youth with schizophrenia. Using data
from a double-blind trial comparing olanzapine and placebo, we
sought to examine for the first time whether a relationship exists
between weight gain and treatment outcome in adolescent schizo-
phrenia. It was hypothesized that a significant relationship would be
found between weight gain and response to treatment with olan-
zapine but not placebo, even when taking into account the length of
study participation. We also investigated whether baseline obesity
was associated with various illness characteristics, including
baseline symptom severity.

Method

Data were derived from an acute (6 week), randomized, double-
blind study comparing olanzapine and placebo in adolescent
schizophrenia (Kryzhanovskaya et al. 2009a). This industry-
sponsored study was conducted as part of a randomized, multisite,
multinational controlled trial as a requisite for receiving United
States Food and Drug Administration (FDA) approval in a popu-
lation with adolescent schizophrenia. Olanzapine is indicated by
the FDA for the treatment of schizophrenia in adults and adoles-
cents ages 13—17, whereas olanzapine is not currently indicated by
the European Medicines Agency for use in the treatment of children
and adolescents. Participants were ages 13—17 and diagnosed with
schizophrenia according to American Psychiatric Association,
Diagnostic and Statistical Manual of Mental Disorders, 4th ed.,
Text Revision (DSM-IV-TR) (American Psychiatric Association
2000) and confirmed by the Schedule for Affective Disorders and
Schizophrenia for School-Age Children-Present and Lifetime
(Kaufman et al. 1997). Prior to beginning the acute study phase,
participants entered a 2—14 day washout period to taper off all
psychotropic medications.

Participants

Subjects were both inpatients and outpatients recruited from the
United States and Russia. Participants were required to have a total
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score of =35 or higher on the anchored version of the Brief Psy-
chiatric Rating Scale for Children (BPRS-C) (Overall and Pfef-
ferbaum 1982), with a score of >3 or higher on at least one of the
following BPRS-C items at enrollment and randomization: hallu-
cinations, delusions, or peculiar fantasies. Participants meeting
DSM-IV-TR criteria for substance dependence within the last 30
days or those with a current comorbid psychiatric or developmental
disorder were excluded from participation. Eligible participants
were randomly assigned in a 2:1 ratio to either olanzapine (2.5—
20.0 mg/day) or placebo at night. The dose was titrated to at least
10.0mg/day by the 3rd week. Thereafter, investigators were in-
structed to increase the dose of study medication to the highest
tolerated dose, provided there were no tolerability concerns. Study
visits occurred at baseline, day 3.5, and weeks 1, 2, 3, 4, 5, and 6.
Data on medication adherence were not available. Additional de-
tails of the parent study have been previously published (Kryzha-
novskaya et al. 2009a).

The present post-hoc analyses included 107 subjects randomized
to the olanzapine (n=72) or placebo (n=35) arms who had a
baseline and at least one postbaseline assessment of body weight
and of BPRS-C. The primary efficacy measure was the mean
change from baseline-to-endpoint in the BPRS-C total score. Body
weight and symptom severity according to the BPRS-C were used
to investigate the link between weight gain and therapeutic re-
sponse. Level of psychopathology was also measured by the Po-
sitive and Negative Syndrome Scale (PANSS) (Kay et al. 1987) and
the Overt Aggression Scale (OAS) (Yudofsky et al. 1986). Re-
sponse was defined as a 230% reduction in the BPRS-C total score
from baseline to endpoint and a Clinical Global Impressions-
Severity (CGI-S) score of <3 at the last measurement. Applying the
definition of Andreasen et al. (2005) cross-sectionally, remission
was defined as a score <3 on seven BPRS-C variables (items 4, 7, 8,
11, 12, 15, and 16) at the end of the double-blind phase. Sex- and
age-adjusted body mass index (BMI) z-scores were used to define
overweight/obesity (Krebs et al. 2007) and were calculated using a
Web-based program (http://www.kidsnutrition.org/bodycomp/
bmiz2.html).

Statistical analysis

Pearson product moment correlations were used to examine the
association between weight change and BPRS-C total score change
for each treatment group. The relationship between weight gain and
overall improvement in psychiatric symptom severity was inves-
tigated by separate linear regression models for the olanzapine and
placebo groups. Percentage change in symptom severity over the 6
week study period as measured by the BPRS-C total score, was the
dependent variable. Independent variables included age, gender,
race, age at illness onset, change in BMI z-score, and the baseline
values for BMI z-score, blood pressure, high density lipoprotein
cholesterol (HDL), low density lipoprotein cholesterol (LDL),
BPRS-C total score, and CGI-S score. The effect of adding treat-
ment duration to models evaluating percentage change in BPRS-C
total score was also assessed. Additionally, a single mixed effects
repeated measures regression model with change in BPRS-C from
baseline at each time point as outcome was examined (Fitzmaurice
et al. 2004). Predictors included treatment, time, weight change,
and both a treatment by time interaction and a treatment by weight
change interaction.

Potential clinical variables associated with obesity status were
assessed using Fisher’s exact test for categorical measures and ¢
tests for continuous measures. A logistic regression analysis was
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also conducted to identify variables predictive of obesity at study
entry. Candidate variables included country of origin, race, gender,
lifetime and current psychotic features, psychiatric hospitalization
within the past year, atypical antipsychotic use prior to study entry,
age of onset, and baseline scores on the CGI-S, OAS, PANSS and
BPRS-C. Statistical significance was set at o=0.05. Statistical
analyses were performed using SAS 9.2.

Results

A total of 107 participants entered the double-blind trial and
were randomized to olanzapine (n="72) or placebo (n=35). Post-
baseline assessments of body weight and symptom change were not
available in one subject randomized to placebo. The completion
rate for this 6 week trial was 68.1% (n=49) and 42.9% (n=15) in
the olanzapine and placebo groups, respectively (p=0.02).

Associations between obesity and clinical
characteristics

At baseline, 16% of the sample (n=17) met criteria for obesity
according to a BMI percentile 295%. Clinical illness characteristics
and their association with obesity at baseline are reported in Table
1. As the trial enrolled participants from both the United States and
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Russia, overweight and obesity status were compared by country of
enrollment. A significantly higher percentage of United States
adolescents were overweight (=85th percentile) or obese (=95th
percentile) as compared with Russian adolescents (44% [n=25] vs.
20% [n=10], p<0.01 and 23% [n=13] vs. 8% [n=4], p=0.04,
respectively).

A logistic regression found female gender (p =0.01), a psychiatric
hospitalization within the past year (p=0.04), lower symptom se-
verity as measured by the CGI-S (p=0.02), and less severe negative
symptoms according to the PANSS to be significantly associated
with obesity status at study entry (Table 2). There was no significant
relationship between the CGI-S score or PANSS negative subscale
score and having a psychiatric hospitalization within the past year.

Associations between weight gain
and clinical response

Baseline body weight and BMI percentiles were 67.0+ 13.3 kg or
70th percentile for the olanzapine group and 68.9+16.9 kg or 70th
percentile for the placebo groups (p=0.47). Olanzapine-treated
subjects gained 4.3+3.3kg, whereas placebo-treated subjects
gained 0.1+2.8kg (p<0.001). Significantly more olanzapine-
treated versus placebo-treated subjects gained >7% of their body

TABLE 1. RELATIONSHIP BETWEEN CLINICAL CHARACTERISTICS AND OBESITY AT BASELINE

Obese (=95th percentile for BMI)

Variable No Yes % p*
Therapy
Olanzapine (n="72) 62 10 139
Placebo (n=35) 28 7 20 0.41
Race
White (n=77) 67 10 13
Non-white (n=30) 23 7 23.3 0.24
Gender
Female (n=32) 23 9 28.1
Male (n=175) 67 8 10.7 0.04
Psychiatric hospitalization (previous year)
No (n=47) 43 4 8.5
Yes (n=60) 47 13 21.7 0.11
Psychotic features (current)
No (n=80) 69 11 13.8
Yes (n=27) 21 6 222 0.36
Psychotic features (lifetime)
No (n=179) 68 11 13.9
Yes (n=28) 22 6 21.4 0.38
Mean (SD) Mean (SD) t p Effect size®
n="70 n=15
Previous episodes 2.41 (3.81) 2.53 (2.13) -0.17 0.87 0.03
n=90 n=17
Onset age 12.73 (3.15) 13.29 (2.69) -0.69 0.49 0.18
CGI Severity 4.92 (0.74) 4.59 (0.62) 1.75 0.08 0.46
OAS total score 1.91 (2.52) 2.94 (3.78) —1.08 0.29 0.38
PANSS total score 96.38 (14.11) 89.33 (12.46) 1.77 0.08 1.31
Positive total 22.73 (5.04) 22.65 (4.08) 0.07 0.95 0.02
Negative total 25.64 (5.37) 20.59 (6.25) 347 <.01 0.91
BPRS-C Total Score 50.63 (9.06) 47.94 (11.62) 1.07 0.29 0.29

“Fisher’s exact test.
Cohen’s d effect size.

BMI, body mass index; BPRS-C, Brief Psychiatric Rating Scale for Children; CGI, Clinical Global Impressions Scale; OAS, Overt Aggression Scale;

PANSS, Positive and Negative Syndrome Scale.
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TABLE 2. LOGISTIC REGRESSION ANALYSIS: ODDS OF OBESITY AT BASELINE
Odds ratio (OR) estimates
Effect Estimate SE p OR 95% LCL 95% UCL
Gender (Male) -1.567 0.614 0.011 0.209 0.063 0.695
Psychiatric hospitalization® 1.395 0.674 0.038 4.034 1.078 15.101
CGI Severity —1.181 0.501 0.018 0.307 0.115 0.819
PANSS Negative Subscale -0.175 0.059 0.003 0.839 0.747 0.943

“Previous year

CGI, Clinical Global Impressions Scale; LCL, lower control limit; PANSS, Positive and Negative Syndrome Scale; UCL, upper control limit.

weight at any time during treatment (45.8% [n=33] versus
14.7% [n=5]; p=0.002). The overall improvement at study end-
point, as measured by the total score on the BPRS-C, was signifi-
cantly greater for olanzapine- than for placebo-treated subjects
(p=0.003).

The percentage decrease in BPRS-C scores was marginally
greater among participants who experienced clinically significant
weight gain in both the olanzapine and placebo groups. Among
olanzapine-treated participants, BPRS-C scores decreased by
45.6% for those with a clinically significant weight increase as
compared with a 31.9% reduction in those without a clinically
significant weight increase (p=0.04). In the placebo group, the
BPRS-C total score decreased by 34.1% among participants ex-
periencing a clinically significant weight increase, whereas a 16.8%
decrease occurred among participants without significant weight
gain (p=0.36). In addition, no significant differences occurred in
the likelihood of achieving categorical response or remission in
association with clinically significant weight gain for either the
olanzapine or placebo groups (Table 3).

Figure 1 demonstrates that greater percent weight gain was sig-
nificantly correlated with symptom improvement among olanzapine-
treated subjects (r=-0.31, p<0.01, 95% CI=[-0.50, —0.08]),
whereas a trend was observed for subjects receiving placebo
(r=-0.31, p=0.08, CI=[-0.58, 0.04]). A significant correlation
also occurred between change in BMI z-score and symptom im-
provement with olanzapine treatment (r= —0.29, p=0.015, CI=
[-0.48, —0.06]) but did not reach statistical significance with
placebo (r=-0.33, p=0.06, CI=[-0.59, 0.02]), although the
magnitude of the correlations was similar.

Separate linear regression models for the olanzapine and placebo
groups assessed for clinical factors that could predict percent
change in BPRS-C score at study endpoint. In the final model for
olanzapine-treated subjects, the only variable significantly associ-
ated with treatment response was change in BMI z-score (p=0.01).
However, change in BMI z-score was strongly correlated with
treatment duration. When time on treatment was entered into the
model, change in BMI z-score was no longer significant (p=0.12).
Among placebo-treated subjects, treatment duration (p<0.001)
and baseline diastolic blood pressure (p=0.01) were the only vari-
ables predictive of symptom improvement. Although statistically
significant, the effect of diastolic blood pressure was small and
lacked clinical significance (regression coefficient=1.410.54).
Finally, a mixed effects repeated measures regression model
analysis of response profiles with change in BPRS-C from baseline
at each time point as the dependent variable was examined. In-
cluded in the model were the treatment by time interaction, weight
change, and the overall interaction between treatment and weight
change. The interaction between treatment and time was significant
at week 3 (r=—2.45, p=0.02) and at week 5 (1= —2.26, p=0.03),
favoring greater decreases from baseline to end of treatment in the
olanzapine group. There was no significant interaction between
treatment and weight change (r=1.27, p=0.21) during the ran-
domized treatment phase.

Olanzapine dose and weight gain

There was no significant correlation between the modal dose of
olanzapine per subject (overall mean: 12.6+4.6 mg) and percentage

TABLE 3. SYMPTOM IMPROVEMENT AMONG OLANZAPINE- AND PLACEBO-TREATED PATIENTS
WITH CLINICALLY SIGNIFICANT WEIGHT GAIN

Outcome >7% weight gain <7% weight gain

Olanzapine (n=33) % (n=39) % OR 95% CI
Response® 67 54 1.71 (0.66-4.47)
Remission® 61 56 1.19 (0.46-3.05)
Early response® 76 56 2.42 (0.87-6.68)
Placebo m=5) % (m=29) %

Response® 60 45 3.33 (0.47-23.54)
Remission® 60 38 2.45 (0.35-17.08)
Early response® 80 71 5.67 (0.56-57.23)

#>30% Improvement in BPRS-C (LOCF) at endpoint
°<3 on items 4, 7, 8, 11, 12, 15, and 16 of BPRS-C at endpoint
“>20% Improvement in BPRS-C at week 2

BPRS-C, Brief Psychiatric Rating Scale for Children; LOCEF, last observation carried forward.
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FIG. 1.

Correlations between percent weight change and percent change in Brief Psychiatric Rating Scale for Children (BPRS-C) total

score from baseline to study endpoint (Week 6; last observation carried forward). Olanzapine r= —0.309 (p=0.008) and placebo r=

—-0.306 (p=0.079)

weight gain (r= —0.008, p=0.95). When prescribed in the range of
2.5-20 mg/day, the results suggest that higher doses of olanzapine
were not associated with greater weight gain than lower doses.

Discussion

To our knowledge, this is the first published study evaluating the
relationship between weight gain and therapeutic outcome on
olanzapine treatment in a sample of adolescents with any psychi-
atric condition. A significant inverse correlation was observed
between percent change in body weight and percent change in
BPRS-C severity among those receiving olanzapine, whereas a
trend was observed among placebo-treated subjects. However, this
relationship became nonsignificant when analyses were controlled
for duration of olanzapine treatment, which was both significantly
related to weight gain and symptomatic improvement. In addition,
time was modeled directly as a repeated-measures variable using a
mixed effects repeated measures regression approach that included
change in weight as a time-varying covariate and change in the
BPRS-C severity score as the dependent variable. The findings
suggest that adolescents who improve with olanzapine may be
more likely to remain on treatment and secondarily experience

greater weight gain, although it remains possible that adolescents
who gain weight are more likely to improve and therefore remain
on treatment. However, the lack of a significant interaction effect
by treatment group between weight gain and outcome as well as the
lack of significant differences in the likelihood of achieving cate-
gorical response or remission in association with clinically signif-
icant weight gain makes the latter assumption less likely.

We also explored whether obesity at baseline was associated with
certain demographic and clinical characteristics. Adolescents with
obesity were more likely to be female and have experienced a psy-
chiatric hospitalization within the past year. They also presented with
less severe negative symptoms and overall illness acuity according to
the PANSS negative subscore and CGI total score, respectively.

Although to our knowledge this is the first study to report on the
association between weight gain and therapeutic efficacy in a pla-
cebo-controlled sample of adolescents with schizophrenia, an asso-
ciation was identified between weight gain and improved clinical
response to antipsychotics more than four decades ago (Singh et al.
1970). Among 187 olanzapine-treated adults with schizophrenia, a
moderately large correlation was observed between treatment effi-
cacy and corresponding weight change (r= —0.43) (Ascher-Svanum
et al. 2005b). A much larger study involving 1337 olanzapine- or
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haloperidol-treated patients with schizophrenia spectrum disorders
also found that weight gain was associated with improvement in the
core symptoms of schizophrenia (Ascher-Svanum et al. 2005a).
However, all three of these studies were limited by a 6 week study
duration. This may represent an important limitation, as a prior study
involving olanzapine identified treatment duration as the key variable
mediating the relationship between symptom reduction and weight
gain in a 6 month study (Hennen et al. 2004).

In contrast to the short-term acute trials, the relationship between
weight gain and therapeutic response in schizophrenia has also been
evaluated over 18 months in a post-hoc analysis of the Clinical Anti-
psychotic Trials of Intervention Effectiveness (CATIE) study (Hermes
et al. 2011). A statistically significant association occurred between
change in PANSS total score and change in BMI, with no significant
differences among the various antipsychotic treatments. However,
despite achieving statistical separation, the relationship was deter-
mined to be too small to be clinically meaningful, as change in BMI
accounted for <3% of the variance in PANSS change scores (Hermes
et al. 2011). Consistent with CATIE, the present analysis found the
correlation between weight change and symptom improvement to
approach significance among placebo-treated participants, but the
absolute change in body weight was clinically insignificant.

Additional synthesis of existing studies in adult samples sug-
gests that a potential or, at least, statistical association between
weight gain and greater therapeutic response is not observed across
all antipsychotic medications. In a study of clozapine, the per-
centage change in weight from baseline significantly predicted
BPRS total and positive symptoms subscale improvement at 6
weeks and 6 months (Meltzer et al. 2002). Czobor and colleagues
(2002) found that greater therapeutic responses to olanzapine and
clozapine were associated with greater weight gain, but this asso-
ciation was not observed with risperidone or haloperidol. Another
study comparing olanzapine with haloperidol found the correlation
between weight gain and therapeutic response to be numerically
larger for olanzapine (—0.24) than for haloperidol (—0.10), al-
though both analyses were statistically significant (Ascher-Svanum
et al. 2005a). However, weight gain was not correlated with re-
sponse in two open trials of clozapine (Umbricht et al. 1994;
Hummer et al. 1995) and a controlled trial of clozapine and halo-
peridol (Bustillo et al. 1996). In two large studies comparing
olanzapine with haloperidol and risperidone, patients with better
clinical outcomes gained significantly more weight than those with
poorer clinical outcomes, but the effect size was relatively modest
(Basson et al. 2001). A complicating factor in evaluating the results
from these studies is that adherence was rarely assessed in any
detail and that treatment duration was often not considered as a
confounding factor, although both these variables are associated
with greater weight gain and therapeutic efficacy.

Although the exact mechanisms remain unclear, olanzapine may
lead to weight gain through histamine H1 receptor binding, serotonin
2A receptor antagonism, and inverse agonist effects at serotonin 2C
receptors (Rauser et al. 2001; Roerig et al. 2011). Dopamine D1 and
D2 receptor antagonism through their impact on the reward system
may also play a role, as it has recently been shown there is an
increased anticipatory reward responsivity toward food reward in the
inferior frontal cortex, striatum, and anterior cingulate cortex during
olanzapine treatment (Mathews et al. 2012).

In the context of existing studies, it can be assumed that weight
gain is neither sufficient nor necessary to produce an antipsychotic
treatment response. Atypical antipsychotics characterized by more
benign weight and cardiometabolic profiles are often found to have
few efficacy differences in comparison with weight-promoting
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antipsychotics when evaluating their long-term effectiveness in
adult patients with schizophrenia (Johnsen and Jgrgensen 2008).
Moreover, the strategy of switching to a medication with a lower
liability for weight gain can result in significant loss of body weight
without an accompanying increase in efficacy failures or substan-
tial worsening of symptoms (Stroup et al. 2011). In the Treatment
of Early-Onset Schizophrenia study, the atypical antipsychotics
olanzapine and risperidone were similar in efficacy when compared
with the conventional antipsychotic molindone; however, both
atypical antipsychotics were associated with greater degrees of
weight gain (Sikich et al. 2008).

Sustained weight gain often leads to medical complications and
difficulties with long-term treatment adherence (Ross et al. 2003).
Among children and adolescents in the United States, ~17% are
>the 95th percentile for BMI (Ogden et al. 2010). The 23% rate of
obesity among United States adolescents with schizophrenia in the
present sample is already higher than the rate of obesity in the
general population and would be expected to increase even further
after treatment with olanzapine. In a pooled safety analysis from
four clinical trials of adolescents 13—17 years old, olanzapine
treatment for up to 32 weeks was associated with significant in-
creases in body weight (Kryzhanovskaya et al. 2009b). The mag-
nitude of weight gain was greater in adolescents than in adults,
averaging a mean of 7.4kg versus 3.2kg, respectively. These
findings, although unadjusted for expected growth in the pediatric
sample, suggest a need for greater emphasis on weight and cardio-
metabolic monitoring among youth and emphasize the importance of
balancing efficacy with tolerability.

Relationship between schizophrenia and obesity

Little is known about how obesity and cardiometabolic illnesses
affect treatment response to antipsychotics. No association was
identified between the metabolic syndrome and symptom severity or
neurocognitive dysfunction in CATIE (Meyer et al. 2005). In youth
with bipolar disorder, obesity was independently associated with
younger age, non-white race, a history of psychiatric hospitalization,
and treatment with medications from 22 classes associated with
weight gain (Goldstein et al. 2008). A lifetime history of physical
abuse and substance use disorder were associated with nearly a
threefold increased prevalence of overweight and obesity, suggesting
increased psychiatric burden may be related to body weight status.

In the present report, obesity at study entry was associated with
being female, having a psychiatric hospitalization within the past
year, and lower overall and negative symptom severity as measured
by the CGI-S and PANSS negative subscore, respectively. The
finding of lower symptom severity among obese youth with
schizophrenia runs counter to our initial hypothesis, as greater
symptom severity has been linked to obesity in adults with bipolar
disorder (Thompson et al. 2006). Additionally, studies of adult and
pediatric patients with mood disorders have found obesity to be
associated with higher rates of attempted suicide, poorer response to
medication treatments, earlier rates of relapse, and overall increased
psychiatric burden (Fagiolini et al. 2003, 2005; Thompson et al.
2006; Kloiber et al. 2007; Goldstein et al. 2008; Kemp et al. 2010). It
is possible that the pathophysiological underpinnings of obesity may
overlap with those of schizophrenia, affecting changes in neuro-
transmitters and cytokines relevant to psychopathology. Alter-
natively, the study inclusion and exclusion criteria, as well as
differences in prior medication exposure, may account for the lower
severity scores in this sample, although atypical antipsychotic
treatment status prior to enrollment was not found to predict baseline
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obesity. Information about treatment adherence and symptom re-
duction prior to baseline and randomization was not available. It is
possible that participants with baseline obesity had potentially been
more adherent to antipsychotic treatment and gained more weight,
leading to greater symptom reduction and less illness severity than
participants without obesity at baseline. However, future studies of
baseline characteristics should assess the nature, effects, and ad-
herence to treatments prior to study baseline more carefully.

Limitations

These findings should be considered in the context of several
limitations. The analyses were conducted post-hoc, as the trial was
not designed to examine the role of obesity and weight change in
relationship to symptom improvement. The sample size was mod-
erate, and the study may not have been powered to detect significant
associations in the exploratory outcomes. With regard to generaliz-
ability, the strict inclusion and exclusion criteria may limit applica-
tion of the findings to the larger population of patients with early onset
schizophrenia accompanied by comorbid substance dependence or
other psychiatric disorders. Also, neither medication adherence nor
dietary intake was systematically assessed. Outcomes were only
evaluated during the acute phase of illness and may not generalize to
longer treatment periods. This is notable, as some studies suggest that
weight gain may not plateau until several months after initiating
olanzapine (Ross et al 2003; Maloney and Sikich 2010).

As the analyses were restricted to olanzapine, additional studies
are needed to determine if these relationships are replicated with
other antipsychotics. Future studies of interest in adolescent popu-
lations might assess sensitivity to weight gain as a predictor of long-
term adherence and whether genetic polymorphisms contribute to
severe antipsychotic-induced weight gain. Also, the association be-
tween obesity and treatment outcomes warrants further study in other
pediatric populations, such as those with bipolar disorder.

Conclusion

To our knowledge, this is the first study to examine the association
between acute weight gain and symptom improvement in adoles-
cents with schizophrenia treated with an antipsychotic in a ran-
domized, placebo-controlled study. Greater weight gain during the
first 6 weeks of olanzapine treatment, and to a lesser extent treatment
with placebo, was found to be an indicator of improved therapeutic
efficacy. However, this relationship was eliminated when duration in
the study was included as a covariate in the analysis. Additionally, a
treatment by weight gain interaction did not emerge in a repeated
measures mixed model analysis that controlled for time in the study,
suggesting that the association between weight gain and symptom
improvement might reflect the longer administration of a weight-
promoting medication. Participants with obesity at study entry had a
greater number of psychiatric hospitalizations within the past year
and were less severely ill on some, but not all, measures of symptom
severity. Additional studies are needed to determine if similar rela-
tionships exist in adolescents with bipolar disorder and during
treatment with other antipsychotic drugs. Given the high rate of
clinically significant weight gain observed in this trial, clinicians
must closely balance improvement in efficacy with the potential for
long-term adverse cardiometabolic side effects.

Clinical Significance

In adults with schizophrenia, some reports suggest an associa-
tion between antipsychotic-induced weight gain and improved
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therapeutic outcomes. Using data from a double-blind trial com-
paring olanzapine and placebo, we examined whether a relationship
exists between weight gain and treatment outcome in adolescent
schizophrenia. A significant inverse correlation was observed be-
tween percent change in body weight and percent change in BPRS-C
severity among those receiving olanzapine, whereas a trend was
observed among placebo-treated subjects. However, this relationship
became nonsignificant when analyses were controlled for duration of
olanzapine treatment, which was both significantly related to weight
gain and symptomatic improvement. Additionally, when time was
modeled directly using a mixed effects repeated measures regression
approach, no significant interaction effect was observed by treatment
group between weight gain and outcome. These findings suggest that
adolescents who improve with olanzapine may be more likely to
remain on treatment and secondarily experience greater weight gain.
Future studies assessing the relationship between weight gain and
improved outcome should assess adherence and treatment duration
as potential confounding factors, as both of these variables may be
associated with greater weight gain and therapeutic efficacy with
antipsychotic treatment.
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