
J Clin Psychiatry 69:7, July 2008 1167PSYCHIATRIST.COM

FOCUS ON CHILDHOOD AND ADOLESCENT MENTAL HEALTH

rescription of second-generation antipsychotics
(SGAs) has become a widely accepted practice
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Objective: The aim of this study was to eval-
uate metabolic and hormonal side effects in chil-
dren and adolescents after 6 months of treatment
with 3 different second-generation antipsychotics
(SGAs).

Method: 66 children and adolescents
(44 male [66.7%], mean ± SD age = 15.2 ± 2.9
years) treated for 6 months with risperidone (N =
22), olanzapine (N = 20), or quetiapine (N = 24)
composed the study sample. 34 patients (51.5%)
suffered from schizophrenia or other psychosis
(according to DSM-IV criteria). Patients were
consecutively attending different programs from
March 2005 to October 2006. Prior to enrollment
in the study, patients were either antipsychotic-
naive (37.9%, N = 25) or had been taking an
antipsychotic drug for fewer than 30 days.
Significant weight gain was defined as a ≥ 0.5
increase in body mass index (BMI) z score (ad-
justed for age and gender) at 6 months. Based on
recent criteria for pediatric populations, patients
were considered “at risk for adverse health out-
come” if they met at least 1 of the following crite-
ria: (1) ≥ 85th BMI percentile plus presence of
1 or more negative weight-related clinical out-
comes, or (2) ≥ 95th BMI percentile.

Results: After the 6 months, BMI z scores
increased significantly in patients receiving olan-
zapine and risperidone. At the 6-month follow-up,
33 patients (50.0%) showed significant weight
gain. The number of patients at risk for adverse
health outcome increased from 11 (16.7%) to 25
(37.9%) (p = .018). The latter increase was sig-
nificant only in the olanzapine group (p = .012).
Total cholesterol levels increased significantly in
patients receiving olanzapine (p = .047) and que-
tiapine (p = .016). Treatment with quetiapine was
associated with a significant decrease in free
thyroxin (p = .011).

Conclusion: Metabolic and hormonal side
effects of SGAs in children and adolescents
should be carefully monitored when prescribing
these drugs.
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P
in the treatment of children and adolescents with psy-
chotic disorders1 and many other psychiatric conditions.2,3

In fact, prescription of SGAs has increased dramatically
in recent years in the pediatric population (160% between
1990 and 2000).4 However, although treatment with
SGAs is associated with a lower risk of extrapyramidal
symptoms and tardive dyskinesia than treatment with
first-generation antipsychotics,5 there is increasing con-
cern about SGAs having serious metabolic side effects
such as weight gain, hyperglycemia, and dyslipidemia6,7

that could account for some of the excess morbidity and
mortality in patients with mental illness.8

Childhood obesity is increasing worldwide and is
associated with an increase in other cardiovascular risk
factors in childhood, such as dyslipidemia, hypertension,
and impaired glucose tolerance.9–11 This constellation of
metabolic disturbances has been defined as metabolic
syndrome,6 which has been related to clinical changes re-
ported in children and adolescents treated with psycho-
tropic medications and includes such symptoms as weight
gain, hypertension, dyslipidemia, and hyperglycemia.12

Therefore, patients with these features have been consid-
ered to be at high risk for adverse health outcomes.6 In
this sense, concern about weight gain and other metabolic
side effects of SGAs has currently been focusing on chil-
dren and adolescents,13 primarily since recent studies on
the metabolic effects of SGAs in children and adolescents
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suggest that the metabolic effects of SGAs, and weight
gain in particular, are greater in the pediatric population
than in adults.14,15 Due to this concern, Correll et al.12 and
Correll and Carlson6 proposed a set of criteria, based on
weight and metabolic disturbances, for children and ado-
lescents treated with psychotropic drugs who might be
considered “at risk for adverse health outcome.”

There are few published studies to date directly com-
paring weight, obesity-related complications, and met-
abolic and hormonal side effects of different SGAs in
this age group.14–18 An 8-week randomized double-blind
trial15 compared weight gain, glycemia, and lipid profile
in patients treated with risperidone (19 subjects), olanza-
pine (16 subjects), and haloperidol (16 subjects). Signifi-
cant weight gain was reported in all treatment groups,
although this increase was significantly greater in the
olanzapine group than in the risperidone or haloperidol
groups. A nonsignificant increase in glycemia was also
noted with olanzapine. In this study, no change was re-
ported in the lipid profile. In an 8 to 12 week open trial,14

weight gain was compared among adolescents treated
with risperidone (21 subjects), olanzapine (21 subjects),
and haloperidol (8 subjects). Olanzapine and risperidone
caused a significant increase in weight, which was not
present in patients treated with haloperidol. In addition,
side effects of clozapine (15 subjects), olanzapine (15
subjects), and risperidone (15 subjects) in hospitalized
child and adolescent psychiatric patients were compared
in a 6-week open-label study.16,18 Patients on olanzapine
treatment gained more weight that patients in the other 2
groups. On the other hand, an 8-week randomized double-
blind trial comparing clozapine (12 subjects) and olan-
zapine (13 subjects) found no significant difference in
weight gain between the treatments.17

Our objective was to evaluate metabolic and hormonal
changes and the change in risk for adverse health outcome
in children and adolescents with no or little prior exposure
to antipsychotics after 6 months of treatment with 1 of the
3 most commonly prescribed antipsychotics in our con-
text: risperidone, olanzapine, or quetiapine. We hypoth-
esized that patients would gain weight with all 3 antipsy-
chotics and that the increase would be more pronounced
in patients receiving olanzapine.

METHOD

Subjects
This naturalistic longitudinal study was conducted in

the Adolescent Unit of the Psychiatric Department at Hos-
pital General Universitario Gregorio Marañón, Madrid,
Spain. Child and adolescent patients consecutively at-
tending our different programs from March 2005 to Octo-
ber 2006 who met the criteria of both receiving a new pre-
scription of olanzapine, risperidone, or quetiapine from
their psychiatrist within the 30 days prior to enrollment

and having no history of prior lifetime antipsychotic treat-
ment were invited to participate in this study. Olanzapine,
risperidone, and quetiapine are the 3 most commonly pre-
scribed antipsychotics in children and adolescents in our
context.19

At the time of the baseline assessment, patients
were either antipsychotic-naive (defined as no days of
prior treatment with antipsychotic medication) or quasi–
antipsychotic-naive (defined as fewer than 30 days’ prior
treatment with any of the study antipsychotics). None of
the patients had a history of antipsychotic treatment be-
fore the study antipsychotic was prescribed. Patients re-
ceiving more than 1 antipsychotic or who needed another
antipsychotic during follow-up were excluded from the
study. Treatment adherence was judged by the treating
psychiatrist. For the purpose of this study, treatment ad-
herence has been collapsed into either good or poor. Cat-
egorization of adherence as either good or poor was based
on parents’ and patients’ reports. Patients with an average
compliance (percentage of prescribed doses taken) below
80% were regarded as having poor adherence. Those pa-
tients with poor treatment adherence were withdrawn
from follow-up.

The study sample was composed of the 66 patients
who uninterruptedly received the same antipsychotic drug
for 6 months. Data were obtained on these 66 patients
both at baseline and at 6 months. Figure 1 shows the par-
ticipant flowchart.

Concomitant treatment with antidepressants, anticho-
linergics, and benzodiazepines was allowed. Substance
abuse over the 6 months of treatment was evaluated ac-
cording to Diagnostic and Statistical Manual of Mental

Eligible
(N = 92)

Total
Withdrawna

(N = 16)

Total
Withdrawnb

(N = 5)

Total
Withdrawnc

(N = 5)

Baseline
Risperidone

(N = 38)

Baseline
Olanzapine

(N = 25)

Baseline
Quetiapine

(N = 29)

Completed
6-Month Follow-Up,

Risperidone
(N = 22)

Completed
6-Month Follow-Up,

Olanzapine
(N = 20)

Completed
6-Month Follow-Up,

Quetiapine
(N = 24)

aRisperidone. Reasons for withdrawal: loss to follow-up (N = 4),
poor treatment adherence (N = 3), change of treatment (N = 9).

bOlanzapine. Reasons for withdrawal: loss to follow-up (N = 0),
poor treatment adherence (N = 2), change of treatment (N = 3).

cQuetiapine. Reasons for withdrawal: loss to follow-up (N = 2),
poor treatment adherence (N = 1), change of treatment (N = 2).

Figure 1. Participant Flowchart
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Disorders, Fourth Edition (DSM-IV) criteria. Diagnoses
were established by the patients’ treating psychiatrists
according to DSM-IV criteria. Given the sample size, the
diagnostic groups were dichotomously defined as having
or not having schizophrenia or any other disorder with
psychotic symptoms (hallucinations and delusions).
Written informed consent was obtained separately from
patients and a parent or legal guardian prior to patient en-
rollment. The study was approved by the Hospital Gen-
eral Universitario Gregorio Marañón, Madrid, Clinical
Research Ethics Committee.

Measurements
Assessments included weight, height, plasma fasting

glucose, triglycerides, total cholesterol, high-density
lipoprotein (HDL) cholesterol, low-density lipoprotein
(LDL) cholesterol, thyroid-stimulating hormone (TSH),
free thyroxin (FT4), hemoglobin A1c (HbA1c, as a per-
centage), and blood pressure (BP). Only results from
fasting morning blood samples were included in the
analyses. Plasma glucose, total cholesterol, HDL choles-
terol, LDL cholesterol, and triglyceride levels were deter-
mined by enzymatic procedures, using the Boehringer
Mannheim/Hitachi 714 automated chemistry analyzer
(Boehringer Mannheim Diagnostics, Inc., Indianapolis,
Ind.) and standard Glucose/HK (Roche Diagnostics,
Mannheim, Germany) and Cholesterol/HP (cholesterol
HP enzymatic assay, Boehringer Mannheim Diagnostics,
Indianapolis, Ind.) kits. HbA1c was measured by means
of an Adams HA-8186 automated HPLC analyzer
(Menarini, Zaventem, Belgium). Serum TSH (normal
range = 0.5–4.5 µU/mL) and FT4 (normal range =
0.8–2.0 ng/dL) were measured by radioimmunoassay
(Diagnostic Product Corporation, Los Angeles, Calif.).
Weight and height measurements were always taken on
the same Roman type scale (Asimed S.A., Sos Panduri,
Bucharest). Weight is reported in kilograms (kg) and in
body mass index (BMI) (weight in kilograms/height in
meters squared [kg/m2]). Because BMI varies according
to age and gender, we adjusted the BMI value for age and

gender, using conversion to a z score with Spanish nor-
mative charts.20 Sitting BP was measured with a Delta 1
Plus Digital Electrocardiogram, Version Base (Cardioline,
Renco, Italy). The BP values were evaluated using the
percentiles of the International Task Force for BP.21

According to Correll et al.,12 significant weight gain
was defined as a ≥ 0.5 increase in BMI z score during the
6 months. An increase in BMI z score of ≥ 0.5 was pro-
posed because this degree of growth-adjusted weight gain
was found to increase the risk for metabolic syndrome by
more than 50%.6,10 Table 1 summarizes the criteria of be-
ing at risk for adverse health outcome as proposed by
Correll et al.12 and Correll and Carlson.6

Data Analysis
Sociodemographic variables were compared across

treatment groups by means of an analysis of variance
(ANOVA), followed by Tukey’s honestly significant dif-
ference (HSD) post hoc test to identify intergroup differ-
ences when needed. Metabolic measurements were com-
pared across treatment groups by means of an analysis of
covariance (ANCOVA). Analyses of differences in base-
line measurements between treatment groups were done
by means of ANCOVA (Sidak post hoc test adjusted for
multiple comparisons), controlling for age, baseline BMI
z score (except for weight measures), psychosis (yes/no),
and duration of total prior lifetime antipsychotic usage
(days). Analyses of differences in change scores (6-
month–baseline) between treatment groups were done
by means of ANCOVA (Sidak post hoc test adjusted for
multiple comparisons), controlling for age, baseline BMI
z score, psychosis (yes/no), duration of total prior lifetime
antipsychotic usage, and baseline value of each respective
change score variable. Chi-square tests (χ2), or Fisher ex-
act tests when needed, were performed to analyze cat-
egorical variables. Spearman’s rank correlation coeffi-
cient (r) was used to calculate the degree to which the
continuous variables were related. The Wilcoxon signed-
rank test for continuous variables or the McNemar test of
marginal homogeneity for dichotomous variables was
used to assess the differences between baseline and 6-
month measurements within subjects.

The influence of sociodemographic and clinical factors
on both significant weight gain (≥ 0.5 increase in BMI
z score) and being at risk for adverse health outcome was
assessed by means of 2 regression analyses. The depen-
dent variables of these regression analyses were (1) sig-
nificant weight gain for the first analysis and (2) being at
risk for adverse health outcome at month 6 for the second.
Regression analyses were controlled for treatment groups
(as 3 dichotomous variables: treatment with olanzapine
yes/no, treatment with risperidone yes/no, treatment with
quetiapine yes/no), age, gender, diagnosis (as a dichoto-
mous variable: psychosis yes/no), BMI z score at baseline
(for the first analysis), being at risk for adverse health out-

Table 1. Criteria for Definition of Being “At Risk for Adverse
Health Outcome”a

Patients were considered “at risk for adverse health outcome” if they
met at least 1 of the 2 following criteria:

(1) ≥ 85th BMI percentile plus:
Hypertension (BP > 90th percentile adjusted for gender and age), or
Fasting cholesterol ≥ 200 mg/dL, or
LDL cholesterol > 130 mg/dL, or
HDL cholesterol < 40 mg/dL, or
Triglycerides ≥ 150 mg/dL, or
Hyperglycemia (fasting glucose ≥ 110 mg/dL)

(2) ≥ 95th BMI percentile
aBased on Correll et al.12 and on Correll and Carlson.6

Abbreviations: BMI = body mass index, BP = blood pressure,
HDL = high-density lipoprotein, LDL = low-density lipoprotein.
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come at baseline (for the second analysis), and those vari-
ables that, in the bivariate analyses, had a significant re-
lationship or a trend toward a significant relationship
(p < .1) with the dependent variables. Then, in order to in-
form about the percent of the variance that is explained by
the final model of the relevant variables, 2 new regression
analyses, including only those variables with p < .05 in
the first regression analyses as regressors, were con-
ducted. All of these statistical tests were 2-tailed, with
p < .05 considered statistically significant. SPSS for Win-
dows version 14.0 (SPSS, Inc., Chicago, Ill.) was used to
code the statistical analysis algorithms.

RESULTS

Subjects
A total of 92 patients were enrolled in the study. How-

ever, 26 of these patients did not complete the 6-month
follow-up (6 patients were lost to follow-up, 6 were with-
drawn due to poor treatment adherence, and 14 had their
antipsychotic treatment changed or a new antipsychotic
added by their psychiatrist). Patients who were followed
until endpoint (completers) had longer total lifetime
antipsychotic usage at baseline than those who did not
complete the follow-up (noncompleters) (mean ± SD =
13.9 ± 9.8 vs. 6.2 ± 5.3 days, p = .006).

Of these 26 noncompleters, 16 subjects had started
treatment with risperidone, 5 with olanzapine, and 5
with quetiapine (p = .046). The risk for becoming a non-
completer was highest with risperidone (risperidone:
OR = 3.2, 95% CI = 1.3 to 8.2, p = .015; olanzapine:
OR = 0.548, 95% CI = 0.181 to 1.658, p = .287; quetia-
pine: OR = 0.417, 95% CI = 0.139 to 1.248, p = .118).
However, reasons for withdrawal (loss to follow-up, poor
treatment adherence, and change of treatment) were not
significantly different among treatment groups (p = .592).
On the other hand, comparisons of other baseline vari-
ables between completers and noncompleters showed
nonsignificant differences: gender (p = .813), age (p =
.538), race (p = .287), diagnosis (as a dichotomous vari-
able: psychosis yes/no) (p = .355), antipsychotic-naive
status (p = .154), baseline BMI (p =.072), baseline BMI
z score (p = .256), and being at risk for adverse health out-
come (p = .750). The characteristics of the 66 patients
who composed the study sample are shown in Table 2.

Twenty-five subjects (37.9%) were antipsychotic-
naive. Of those, 8 were in the risperidone group, 9 in the
olanzapine group, and 8 in the quetiapine group (χ2 =
0.663, df = 2, p = .718). Patients with prior antipsychotic
treatment had a total lifetime usage (mean ± SD) of
13.9 ± 9.8 days (range, 1–29). By drug treatment,
total prior lifetime antipsychotic usage (mean ± SD)
was 10.8 ± 7.7 days (range, 4–29) for the risperidone
group, 9.5 ± 8.7 days (range, 1–28) for the olanzapine
group, and 19.4 ± 10.0 days (range, 3–29) for the

quetiapine group (ANOVA F = 5.16, df = 2,39; p =
.011; Tukey’s HSD, risperidone-olanzapine: p = .935,
risperidone-quetiapine: p = .031, olanzapine-quetiapine:
p = .023). In other words, quasi-naive patients had a
longer exposure to quetiapine than to risperidone or
olanzapine.

Length of inpatient treatment (mean ± SD) during the 6
months was 19.4 ± 21.2 days. Patients taking olanzapine
had longer inpatient treatment (25.3 ± 23.9 days) than
patients taking risperidone (13.8 ± 24.8) or quetiapine
(19.7 ± 13.5), although this difference was not significant
(p = .218). Data on concomitant treatments and substance
abuse are reported in Table 2.

Baseline Measurements
Baseline BMI z score was not significantly related to

gender (p = .078), race (p = .548), age (p = .102), or treat-
ment group (p = .208). Table 3 summarizes the baseline
and follow-up measurements. After controlling for age,
baseline BMI z score (except for weight measures), psy-
chosis (yes/no), and duration of total prior lifetime anti-
psychotic usage, there were no significant differences in
baseline measurements between treatment groups (p > .1).

Table 4 shows risk for adverse health outcome. At
baseline, a total of 11 patients fulfilled the given criteria.
There was no significant difference in baseline risk for
adverse health outcome between treatment groups (p =
.631). Furthermore, no significant differences in (1) BP >
90th percentile, total cholesterol ≥ 200 mg/dL, LDL cho-
lesterol > 130 mg/dL, HDL cholesterol < 40 mg/dL, trig-
lycerides ≥ 150 mg/dL, or glucose ≥ 110 mg/dL or (2)
≥ 95th BMI percentile were found between treatment
groups at baseline.

In addition, as thyroid function has recently been
associated with lipid levels in euthyroid subjects,22 we
assessed the relationship between thyroid function and
dyslipidemia in our sample. This analysis showed that, at
baseline, FT4 levels were significantly associated with
both having total cholesterol ≥ 200 mg/dL and LDL cho-
lesterol > 130 mg/dL in a negative relationship, i.e., FT4
levels were lower in patients who had total cholesterol
≥ 200 or LDL cholesterol > 130 mg/dL (p = .017 and p =
.041, respectively) but not in patients who had abnormal
HDL cholesterol or triglyceride levels.

Outcome Measurements
Weight gain. At the 6-month follow-up, there was a

significant increase in BMI z scores in patients receiving
olanzapine (p < .001) or risperidone (p = .008) but not in
patients receiving quetiapine (p = .137). Table 3 summa-
rizes these results.

There was a significant trend for males gaining more
weight (greater increase in BMI z score) than females
(mean ± SD increase in BMI z score: male, 0.71 ± 0.14;
female, 0.36 ± 0.20; p = .090).
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Increases in BMI z scores during the 6-month follow-
up were not related to race (p = .205), age (p = .383),
diagnosis (as a dichotomous variable: psychosis yes/no)
(p = .324), length of inpatient treatment during the 6
months (p = .240), alcohol abuse (p = .999), or cannabis
abuse (p = .879).

After controlling for age, baseline BMI z score,
psychosis (yes/no), and duration of total prior lifetime
antipsychotic usage, the ANCOVA analysis showed that
patients who received olanzapine gained more weight (in-
crease in BMI z score) than patients who received quetia-
pine (p = .001); there were no significant differences in
weight gain (increase in BMI z score) between patients

taking risperidone and both those taking olanzapine
(p = .092) and quetiapine (p = .487).

Table 4 shows that 33 patients (50.0%) had significant
weight gain (≥ 0.5 increase in BMI z score) at the 6-month
follow-up. Of those, 11 patients were in the risperidone
group, 15 in the olanzapine group, and 7 in the quetiapine
group (df = 2, p = .010; post hoc χ2 df = 1 comparisons:
risperidone-olanzapine, p = .096; risperidone-quetiapine,
p = .148; olanzapine-quetiapine, p = .002).

Significant weight gain (≥ 0.5 increase in BMI z score)
was unrelated to gender (p = .296), diagnosis (psychosis
yes/no) (p = .622), antipsychotic-naive status (p = .205),
total antipsychotic lifetime usage (p = .453), length of

Table 2. Sociodemographic Characteristics of the Sample (N = 66)
Subjects Receiving Subjects Receiving Subjects Receiving

Risperidone Olanzapine Quetiapine All Subjects Differences Between
Characteristic (N = 22) (N = 20) (N = 24)  (N = 66) Treatment Groups

Gender, male, N (%) 17 (77.3) 13 (65.0) 14 (58.3) 44 (66.7) p = .389
Age, y p = .001a

Mean ± SD 13.4 ± 4.0 15.9 ± 1.5 16.3 ± 1.3 15.2 ± 2.9
Range 4–17 12–17 13–18 4–18

Race, white, N (%)b 18 (81.8) 18 (90.0) 23 (95.8) 59 (89.4) p = .491
Psychosis, N (%) 6 (27.3) 14 (70.0) 14 (58.3) 34 (51.5) p = .015c

List of diagnoses (DSM-IV criteria), N (%) …
Schizophrenia 2 (9.1) 3 (15.0) 4 (16.7) 9 (13.6)
Brief psychosis/schizophreniform disorder 0 5 (25.0) 4 (16.7) 9 (13.6)
Psychosis NOS 3 (13.6) 5 (25.0) 4 (16.7) 12 (18.2)
Depression with psychotic symptoms 1 (4.5) 1 (5.0) 2 (8.3) 4 (6.1)
Bipolar disorder 1 (4.5) 2 (10.0) 5 (20.8) 8 (12.1)
Obsessive-compulsive disorder 2 (9.1) 0 2 (8.3) 4 (6.1)
Attention-deficit/hyperactivity disorder 4 (18.2) 0 0 4 (6.1)
Conduct disorder 7 (31.8) 0 1 (4.2) 8 (12.1)
Pervasive developmental disorder 1 (4.5) 1 (5.0) 0 2 (3.0)
Eating disorders 1 (4.5) 3 (15.0) 2 (8.3) 6 (9.1)

Length of inpatient treatment p = .218
during the 6 months, d

Mean ± SD 13.8 ± 24.8 25.3 ± 23.9 19.7 ± 13.5 19.4 ± 21.2
Range 0–92 0–103 0–45 0–103

Antipsychotic-naive patients, N (%)d 8 (36.4) 9 (45.0) 8 (33.3) 25 (37.9) p = .718
Total prior lifetime antipsychotic usage p = .011f

in quasi–antipsychotic-naive patients, de

Mean ± SD 10.8 ± 7.7 9.5 ± 8.7 19.4 ± 10.0 13.9 ± 9.8
Range 4–29 1–28 3–29 1–29

Dose during the 6 months, mean ± SD, mg/d 3.5 ± 3.1 9.8 ± 5.6 390.8 ± 321.2 … …
Concomitant treatment, N (%)g

Antidepressants 9 (40.9) 3 (15.0) 9 (37.5) 21 (31.8) p = .189
Benzodiazepines 11 (50.0) 14 (70.0) 12 (50.0) 37 (56.1) p = .322
Biperiden 6 (27.3) 4 (20.0) 4 (16.7) 14 (21.2) p = .671

Substance use, N (%)g

Tobacco 7 (31.8) 7 (35.0) 10 (41.7) 24 (36.4) p = .777
Alcohol 5 (22.7) 4 (20.0) 8 (33.3) 17 (25.8) p = .556
Cannabis 8 (36.4) 8 (40.0) 10 (41.7) 26 (39.4) p = .933

aPatients receiving quetiapine or olanzapine were older than those receiving risperidone (Tukey’s honestly significant difference [HSD] post hoc,
p = .001 and p = .009, respectively). No significant differences in age were found between patients receiving olanzapine or quetiapine (p = .841).

bRace: White (N = 59, 89.4%), Hispanic (Latin American) (N = 6, 9.1%), African (N = 1, 1.5%).
cPatients receiving olanzapine or quetiapine had higher rates of psychosis than those receiving risperidone (p = .006 and p = .034, respectively),

while no significant differences in rates of psychosis were found between patients receiving olanzapine and quetiapine (p = .423).
dAntipsychotic-naive patients: defined as having no days of prior treatment with antipsychotic medication.
eQuasi–antipsychotic-naive patients: defined as having fewer than 30 days’ prior treatment with any of the study antipsychotics.
fTotal prior lifetime antipsychotic usage, Tukey’s HSD post hoc: risperidone-olanzapine, p = .935; risperidone-quetiapine, p = .031;

olanzapine-quetiapine, p = .023.
gAnalyses of the differences in concomitant treatment and substance abuse between groups were done by means of a χ2 test (df = 2).
Symbol: … = not applicable.
Abbreviations: DSM-IV = Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; NOS = not otherwise specified.
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inpatient treatment during the 6 months (p = .594),
treatment with benzodiazepines (p = .804), alco-
hol abuse (p = .398), cannabis abuse (p = .314),
or tobacco use (p = 1.000). However, it was in-
versely related to treatment with antidepressants
(mean ± SD increase in BMI z score in patients re-
ceiving antidepressants, 0.08 ± 0.82; in patients
not receiving antidepressants, 0.83 ± 0.80; p =
.004). Assessment of the contribution of each indi-
vidual antidepressant (3 patients taking paroxe-
tine, 7 taking fluoxetine, 2 taking citalopram, 3
taking venlafaxine, 4 taking fluvoxamine, and 2
taking mirtazapine) to weight gain showed that
none of the antidepressants contributed signifi-
cantly to increasing the BMI z score ≥ 0.5 (p > .1).

Metabolic and hormonal parameters. Total
cholesterol levels increased significantly in pa-
tients receiving olanzapine (p = .047) and que-
tiapine (p = .016), but not in patients receiving
risperidone (p = .813). Treatment with quetiapine
was associated with a significant decrease in FT4
(p = .011). The decrease in FT4 was greater in
patients who received quetiapine than in those
who received risperidone (p < .001), while the dif-
ference in FT4 change scores between the quetia-
pine and olanzapine groups was not significant
(p = .161).

The ANCOVA analysis showed that, after
controlling for baseline systolic BP, age, baseline
BMI z score, psychosis (yes/no), and duration of
total prior lifetime antipsychotic usage, the in-
crease in systolic BP was greater in patients taking
olanzapine than in those taking risperidone (p =
.011). Table 3 presents these and other outcome
measurement data as change scores (difference
between 6-month and baseline scores).

The significant associations between FT4 lev-
els and both total cholesterol ≥ 200 mg/dL and
LDL cholesterol > 130 mg/dL at baseline were not
maintained at the 6-month assessment.

“At risk for adverse health outcome.” As
shown in Table 4, after 6 months, the number
of patients at risk for adverse health outcome
increased from 11 (16.7%) to 25 (37.9%) (p =
.001). This increase was significant only in the
olanzapine group (p = .012), while it did not
achieve significance in the risperidone (p = .250)
or quetiapine (p = .625) groups. Between treat-
ment groups, the proportion of patients who were
at risk for adverse health outcome at month 6 was
significantly greater in the olanzapine group than
in the quetiapine group (p = .022).

Being at risk for adverse health outcome at the
6-month assessment was significantly unrelated to
diagnosis (as a dichotomous variable: psychosisTa
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FOCUS ON CHILDHOOD AND ADOLESCENT MENTAL HEALTH

yes/no) (p = .281), antipsychotic-naive status (p = .570),
total lifetime antipsychotic usage (p = .826), length of
inpatient treatment during the 6 months (p = .887), treat-
ment with antidepressants (p = .107), treatment with
benzodiazepines (p = .604), treatment with anticholin-
ergics (p = .292), tobacco use (p = .632), alcohol abuse
(p = .745), or cannabis abuse (p = .937). There was a non-
significant trend toward a higher percentage of males than
females being at risk for adverse health outcome at the
6-month assessment (males, N = 20 of 44 males, 45.5%;
females, N = 5 of 22 females, 22.7%; p = .073).

Analysis of Confounding Factors
Table 5 shows that the only variables significantly

associated (p < .05) with weight gain during the 6-month
follow-up (≥ 0.5 increase in BMI z score) were treatment
with olanzapine and being on antidepressant treatment.
In particular, treatment with olanzapine increased the risk
of weight gain (OR = 7.913, 95% CI = 1.836 to 34.097,
p = .006), while being on antidepressant treatment de-
creased that risk (OR = 0.161, 95% CI = 0.034 to 0.757,
p = .021). Treatment with olanzapine and being on antide-
pressant treatment accounted for 16.6% (p = .001) of the
variance of weight gain during the 6-month follow-up.

Furthermore, the only variables significantly associ-
ated with being at risk for adverse health outcome at
month 6 were being at risk for adverse health outcome
at baseline (OR = 26.927, 95% CI = 3.494 to 207.487,
p = .002), and treatment with olanzapine (OR = 7.864,
95% CI = 1.556 to 39.737, p = .013). Treatment with
olanzapine and being at risk for adverse health outcome
at baseline accounted for 23.4% (p < .001) of the variance
of being at risk for adverse health outcome at month 6.

DISCUSSION

To our knowledge, this is the first study that directly
compares weight gain and other metabolic and hormonal
risk factors after treatment with any of 3 different SGAs
in children and adolescents. Our results showed that after
only 6 months of follow-up, BMI z scores increased sig-
nificantly in patients receiving olanzapine and risperi-
done, and total cholesterol levels increased significantly
in patients receiving olanzapine and quetiapine. Indeed,
treatment with olanzapine was associated with both
weight gain (≥ 0.5 increase in BMI z score) and increased
risk of adverse health outcome. These findings warrant
careful monitoring for at least some side effects of SGAs
when prescribing these drugs to children and adolescents.

In particular, fifty percent of the patients in our sample
(composed of either antipsychotic-naive patients or those
with lifetime antipsychotic usage of fewer than 30 days)
had a significant weight gain (≥ 0.5 increase in BMI
z score) after 6 months of treatment. Assessment by type
of antipsychotic showed that BMI z scores increasedTa
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significantly in patients receiving olanzapine and risperi-
done but not quetiapine. As reported in previous studies in
both children and adolescents14–17 and adults,23,24 we found
that olanzapine caused greater weight gain than the other
SGAs. However, this difference was significant only be-
tween olanzapine and quetiapine but not between olanza-
pine and risperidone.

It has been previously reported that overweight children
tend to remain overweight or become obese in adulthood,25

and that they constitute an at-risk population for hyperten-
sion, impaired vascular function, dyslipidemia, atheroma,
type 2 diabetes, systemic inflammation, and oxidative
stress.26 Therefore, our findings are pertinent to the risk for
adverse health outcomes involved in treatment with SGAs.
More importantly, our study showed that, after 6 months,
the number of patients at risk for adverse health outcome12

increased from 11 (16.7%) to 25 (37.9%) and that this in-
crease was significant only in the olanzapine group.

Total cholesterol levels increased significantly in pa-
tients receiving olanzapine and quetiapine but not in pa-
tients receiving risperidone. The increase in cholesterol in
patients treated with olanzapine was mainly due to in-
creases in LDL cholesterol, although this increase did not
achieve significance. Olanzapine had been reported to
cause an increase in total cholesterol in a study of 5 adoles-
cent patients.5 However, previous findings on the effects of
olanzapine, risperidone, and quetiapine on cholesterol lev-
els among adolescents are not conclusive.13,15 On the other
hand, contrary to some previous findings in adults,27–30

total cholesterol change scores in the sample as a whole
did not correlate significantly with BMI z score change
scores (r = 0.145, p = .277). However, by treatment
groups, the cholesterol change score positively correlated
with weight gain (increase in BMI z score) in the olanza-
pine group (r = 0.485, p = .042), but not in the risperidone

(r = –0.126, p = .629) or quetiapine (r = 0.167, p = .446)
groups.

In the present study, the weight gain through the
6-month follow-up period (increase of 11.1 ± 7.8 kg in
the olanzapine group, 5.0 ± 4.8 in the risperidone group,
and 2.5 ± 6.8 kg in the quetiapine group) was greater
than in other 8- to 12-week follow-up studies with pa-
tients previously exposed to antipsychotics.14–16,31 The
longer follow-up time, the high percentage of antipsy-
chotic-naive patients (37.9%, N = 25), or the low prior
exposure in the rest of the sample (total lifetime antipsy-
chotic usage: 8.4 ± 10.2 days) may have contributed to
our results.6

In keeping with previous studies in adult32 and
adolescent31,33,34 patients, treatment with quetiapine was
associated with a significant decrease in FT4. This
effect might possibly be related to competitive metabo-
lism of thyroid hormones and quetiapine by UDP-
glucuronosyltransferase.32 Although none of the patients
had FT4 levels below the normal range and there were
no clinical implications, we believe that this finding
needs further replication and its importance should be
determined.

Interestingly, we found that the proportion of diag-
noses of psychosis was lower in patients taking risperi-
done than in patients taking olanzapine or quetiapine.
It is known that SGAs are increasingly being used in chil-
dren and adolescents with a variety of different psychiat-
ric diagnoses,3,35 and our data support that risperidone
constitutes the most commonly used antipsychotic treat-
ment for nonpsychotic disorders, including attention-
deficit/hyperactivity disorder and conduct disorder, and
also that it seems to be preferred in younger patients.
This factor could underlie the difference in the rates
of psychosis among treatment groups. However, as the

Table 5. Analysis of Confounding Variables
Significant Weight Gain At Risk for Adverse Health

(≥ 0.5 increase in BMI z score during the 6 months)a  Outcome at Month 6b

Variable Bc OR 95% CI p Bc OR 95% CI p

BMI z score at baseline –0.243 0.784 0.489 to 1.258 .313 … … … …
At risk for adverse health outcome at baseline … … … … 3.293 26.927 3.494 to 207.487 .002
Treatment with olanzapined 2.068 7.913 1.836 to 34.097 .006 2.062 7.864 1.556 to 39.737 .013
Treatment with risperidoned 1.420 4.138 0.784 to 21.831 .094 0.128 1.137 0.192 to 6.736 .888
Age 0.122 1.129 0.899 to 1.419 .297 –0.178 0.837 0.654 to 1.071 .158
Gender (male) 0.326 1.385 0.342 to 5.618 .648 1.548 4.695 0.961 to 23.256 .056
Psychosis (DSM-IV)d –0.655 0.520 0.128 to 2.115 .361 0.505 1.657 0.356 to 7.709 .520
Treatment with antidepressantsd –1.828 0.161 0.034 to 0.757 .021 … … … …
aBinary logistic regression analysis: significant weight gain (≥ 0.5 increase in BMI z score) (dependent variable). Variables entered in the model:

BMI z score at baseline; treatment with olanzapine, risperidone, or quetiapine; age; gender; diagnosis; and treatment with antidepressants.
Treatment with quetiapine did not enter into the equation.

bBinary logistic regression analysis: “at risk for adverse health outcome at month 6” (dependent variable). Variables entered in the model: at risk for
adverse health outcome at baseline; treatment with olanzapine, risperidone, or quetiapine; age; gender; and diagnosis. Treatment with quetiapine
did not enter into the equation.

cNegative B scores indicate an inverse relationship.
dAs a dichotomous variable (yes/no).
Abbreviations: BMI = body mass index; DSM-IV = Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition.
Symbol: … = not applicable.
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regression analyses showed, this difference was not a
confounding factor in SGA-induced weight gain.

Additionally, it is worth noting that, contrary to what
occurred in the olanzapine group, the risperidone group
showed a lack of metabolic changes, despite weight gain,
and the quetiapine group showed significant metabolic
changes (increase in cholesterol and decrease in FT4)
without significant weight gain. This raises the question
of the pathophysiologic meaning of antipsychotic-
induced weight gain and metabolic changes. It has previ-
ously been pointed out that both weight gain and meta-
bolic changes induced by antipsychotic treatment share
some pathophysiologic pathways.6,36 Thus, a rough cor-
relation between antipsychotic-induced weight gain and
metabolic changes would be expected. In fact, our study
showed that patients who received olanzapine had both
weight gain and metabolic changes. However, that was
not the case for patients in the risperidone and quetiapine
groups. Previous studies accept that weight gain and met-
abolic changes after treatment with antipsychotics are not
always concurrent.36 Our results could be mediated by
noncontrolled variables. Yet, pathophysiologic pathways
of antipsychotic-induced weight gain and metabolic
changes may vary from one antipsychotic to another.
Drug-specific pathways of antipsychotic-induced weight
gain, including drug-related pharmacogenetic factors,
may underlie this matter.37–39

There were several methodological limitations to this
study that need to be stated. First, we used a nonrandom-
ized, open-label design, which may introduce a selection
bias and limit the generalization of our results. In this
sense, it is worth noting that total prior lifetime antipsy-
chotic usage was longer in patients receiving quetiapine
(19.4 ± 10.0 days) than in those receiving olanzapine
(9.5 ± 8.7) or risperidone (10.8 ± 7.7).

Second, as shown in Figure 1, not all of the patients
completed the follow-up. Although specific reasons
for discontinuation (loss to follow-up, poor treatment
adherence, and change of treatment) were not signifi-
cantly different among treatment groups, patients who
started treatment with risperidone were more likely to
drop out than patients who started treatment with olanza-
pine or quetiapine. The between treatment group assess-
ment of BMI z score and being at risk for adverse health
outcome at baseline did not show significant differences
(p = .500 and p = .736, respectively). The literature sup-
ports the higher rate of extrapyramidal side effects with
risperidone, which could partially explain this result, as
psychiatrists are more used to assessing this type of side
effect than metabolic ones.19 Nevertheless, we do not
know why patients who started treatment with risperi-
done were more prone to discontinue treatment than
other patients. Of course, the nonsignificant difference in
specific reasons for discontinuation among treatment
groups could be due to type II error. Therefore, our re-

sults could be partially mediated by these patient with-
drawal rates.

Third, patients who received quetiapine had lower
baseline BMI z scores than those who received olanza-
pine and risperidone. Although this difference was non-
significant, it may have been a bias in sample selection.

Fourth, the small sample size of our groups may limit
the study’s ability to detect moderate to small differences
between treatments that may be clinically significant
(type II error). In addition, this makes it difficult to do
any sort of subgroup analyses, for instance, between dif-
ferent diagnoses.

Fifth, a variety of concomitant medications were used.
An assessment of the contribution of concomitant medi-
cations to weight gain showed that treatment with antide-
pressants was associated with lower rates of significant
weight gain (≥ 0.5 increase in BMI z score). Interest-
ingly, patients receiving olanzapine were less likely to
receive antidepressants, although this difference was not
significant (p = .189). Weight loss secondary to loss of
appetite is typically associated with depressive symp-
tomatology. Even though depression-related loss of ap-
petite may have contributed to the smaller weight gain
found in patients who took antidepressants compared
with those who did not take antidepressants, this is not an
unambiguous finding and more research is needed.
Nonetheless, it is important to note that the antidepres-
sant group was composed of different drugs whose in-
dividual contribution to weight gain was found to be
nonsignificant. In spite of this, our results could be influ-
enced by the effect of adjunctive medication or might be
diagnostically mediated rather than solely due to the role
of antipsychotics.

Sixth, the dose in the risperidone group (3.5 mg/day)
was relatively higher than the clinical equivalent doses in
the olanzapine (9.8 mg/day) and in the quetiapine (390.8
mg/day) groups. This was an unavoidable feature, since
this was naturalistic study, and doses were chosen by the
treating psychiatrists, based on clinical criteria.

Finally, we used a heterogeneous sample of diagnoses,
which in turn may be important in terms of generaliza-
tion of the results.

Despite these limitations, it is important to state that
patients at risk for adverse health outcome are considered
to require either close monitoring of weight, dyslipi-
demia, glucose intolerance, and hypertension or clinical
intervention in these variables to reduce the risk.6 Conse-
quently, our findings highlight the influence of drug
treatment history on metabolic parameters and reinforce
the importance of monitoring the metabolic effects of
SGAs in children and adolescents, especially when ad-
ministering risperidone or olanzapine.

Drug names: biperiden (Akineton), citalopram (Celexa and others),
clozapine (Clozaril, FazaClo, and others), fluoxetine (Prozac and
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others), haloperidol (Haldol and others), mirtazapine (Remeron and
others), olanzapine (Zyprexa), paroxetine (Paxil, Pexeva, and others),
quetiapine (Seroquel), risperidone (Risperdal), venlafaxine (Effexor
and others).
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