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Objective: To assess weight and metabolic effects of 6 months of treatment with second-
generation antipsychotics in naïve/quasi-naïve youths. Method: This study looked at a
nonrandomized, naturalistic, multicenter, inception cohort study of 279 patients aged 4 to 17
years (mean ¼ 14.6 � 2.9 years). Of those, 248 (88.8%) received a single antipsychotic (risper-
idone, olanzapine, or quetiapine) and completed 2 visits, and 178 (63.8%) completed the
6-month follow-up. Patients had schizophrenia-spectrum disorders (44.5%), mood-spectrum
disorders (23.2%), disruptive behavioral disorders (17.3%), or other disorders (15.1%). Fifteen
age- and gender-matched, healthy, nonmedicated individuals served as a comparison
group. Results: From baseline to 1 month, 3 months, and 6 months, all anthropometric
measures increased significantly with each antipsychotic, that is, 6-month changes with ris-
peridone (n ¼ 157; 7.1 kg and 0.66 body mass index [BMI] z score), olanzapine (n ¼ 44; 11.5 kg
and 1.08 BMI z score), and quetiapine (n ¼ 47; 6.3 kg and 0.54 BMI z score), but not in healthy
control participants (�0.11 kg and 0.006 BMI z score). Fasting metabolic parameters increased
significantly with risperidone (glucose [3.8] mg/dL, insulin [4.9] mU/L, homeostasis model
assessment of insulin resistance [HOMA-IR: 1.2], triglycerides [15.6] mg/dL), and olanzapine
(glucose [5.0] mg/dL, total cholesterol [21.2] mg/dL, and low-density lipoprotein cholesterol [44.6]
mg/dL), but not with quetiapine or in healthy control participants. The percentage of research
participants considered to be “at risk of adverse health outcome” increased during the 6 months
from 8.9% to 29.2% for risperidone (p < .0001), 6.8% to 38.1% for olanzapine (p < .0001), and
6.3% to 4.0% for quetiapine (p ¼ .91). Conclusion: Olanzapine, quetiapine, and risperidone
increase body weight but have different cardiometabolic side effect profiles and different
temporal side effect patterns. J. Am. Acad. Child Adolesc. Psychiatry, 2014;53(11):
1179–1190. Key Words: youth, metabolic syndrome, olanzapine, risperidone, quetiapine
n recent decades, the prevalence of overweight
and obesity has increased alarmingly in the
I pediatric population and is expected to in-

crease further.1 Several studies have shown that
second-generation antipsychotics (SGAs) are
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associated with significant cardiometabolic side
effects (CSE), such as age-inappropriate weight
gain, obesity, hypertension, and lipid and glucose
abnormalities.2-7 Although the relationship be-
tween antipsychotics, especially SGAs,8-10 and
weight gain is well documented in adults, longi-
tudinal safety and tolerability data are lacking in
children and adolescents. Young people are
especially vulnerable to SGA-induced CSE,4,5,11,12

and childhood CSE adversely affect adult car-
diovascular outcomes13-16 through a series of
persistent risk factors17 or accelerated mecha-
nisms.18 The scarcity of safety data is of particular
concern, as SGAs are increasingly prescribed to
Y
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treat psychotic and nonpsychotic disorders in
young people.19-22

Most studies assessing weight gain and meta-
bolic syndrome (MetS) in pediatric populations
have short follow-up periods (median, 8 weeks;
interquartile range, 6–12 weeks)23,24 and include
patients previously exposed to other SGAs,
potentially resulting in underestimation of related
adverse events.25 Consequently, longer-term data
with drug-naïve and/or quasi-naïve (<30 days of
lifetime exposure) young people are urgently
needed.4,11,23

The primary aim of this study was to assess
weight change in a large sample of pediatric
patients during the first 6 months of treatment
with antipsychotics. Secondary aims were to
analyze metabolic changes and new cases of
individuals considered to be “at risk for adverse
health outcome” (defined as [a] body mass index
[BMI] �85th percentile plus at least 1 of the
following: blood pressure [BP] >90th percentile,
total cholesterol �200 mg/dL, low-density
lipoprotein cholesterol [LDLc] >130 mg/dL,
high-density lipoprotein cholesterol [HDLc]
<40 mg/dL, triglycerides �150 mg/dL, or
glucose �100 mg/dL; or [b] BMI �95th percen-
tile),6,26 and to describe differences in weight and
metabolic parameters with the SGAs most
commonly prescribed for our patients: namely,
risperidone, olanzapine, and quetiapine.

We hypothesized that antipsychotic-related
weight gain would increase significantly and
continue beyond the first 3 months of treatment.
We also hypothesized that the magnitude and
temporal pattern of weight increase and meta-
bolic changes would be different for the 3 SGAs
assessed.
METHOD
Study Design and Research Participants
Research participants and control participants enrolled in
this study were drawn from a naturalistic, multicenter,
longitudinal inception cohort study conducted in
4 Spanish pediatric psychiatry units from May 2005 to
February 2009. Patients were treated at the clinicians’
discretion. Inclusion criteria were age 4 to 17 years, �30
days of lifetime exposure to SGAs, and DSM-IV psychi-
atric diagnosis other than a primary eating disorder. The
healthy control group comprised 15 individuals with the
first inclusion criterion (i.e., age 4 to 17 years) only.
Control participants were recruited from the same
schools as patients andwerematched for age andgender.

Altogether 328 research participants were
approached and eligible, and 303 (92.4%) consented to
JOURN
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this study. Of 303 enrolled individuals, 9 did not
complete a postbaseline visit; therefore, data for
294 participants (279 patients treated with antipsy-
chotics and 15 healthy control participants) were
analyzed. Of the 279 patients, whom we will call the
“all patients” group, 157 were on risperidone at base-
line, 44 were on olanzapine at baseline, 47 were on
quetiapine at baseline, and 31 were on other antipsy-
chotics at baseline. If a patient was switched to a
different antipsychotic or another was added, only the
previous visits were included in the analysis (Figure 1).

Institutional review board approval was obtained at
all centers. After a complete explanation of the study,
parents or guardians and research participants gave
their written informed consent. For research
participants <12 years of age, parents or guardians
gave written informed consent, and research partici-
pants assented to participate in the study.
Clinical Assessment
Each patient was scheduled for 4 visits: at baseline and
at 1 month, 3 months, and 6 months. During the
baseline visit, demographic characteristics and per-
sonal and family history were collected, and diagnosis
was established by the treating psychiatrist according
to DSM-IV criteria.

At baseline, 3 months, and 6 months, assessments
included substance use, SGA dosage, concomitant
medications, height (to nearest 0.1 cm, using a SECA 220
stadiometer), body weight (to nearest 0.2 kg, wearing
light clothes and no shoes, using platform scales),
standing waist circumference (to nearest 0.1 cm, using a
nonelastic flexible tape measure at the level of the um-
bilicus), sitting BP (International Task Force for Blood
Pressure percentile27), and fasting blood workup. At
the 1-month visit, only height, weight, waist circum-
ference, BP, and treatment adherence were assessed.

Research participants and control participants had
fasting blood drawn for analysis of plasma glucose,
insulin, total cholesterol, HDLc, LDLc, and tri-
glycerides. Enzyme assays were performed using the
Boehringer Mannheim/Hitachi 714 automated chem-
istry analyzer (Boehringer Mannheim Diagnostics,
USA), as follows: standard glucose (Glucose/HK,
Roche Diagnostics, Germany); cholesterol (Choles-
terol/HP, Boehringer Mannheim Diagnostics, USA);
HDLc (HDLC3, Roche Diagnostics, Germany); and
triglycerides (Tg, Roche Diagnostics, Germany). LDLc
was calculated using the Friedewald formula.28 Insulin
was measured using a solid-phase, 2-site chemilumi-
nescent immunometric assay (IMMULITE 2000 Insulin,
CPS). Insulin resistance was determined using the ho-
meostasis model of assessment (HOMA-IR: fasting in-
sulin [mIU/mL] � glucose [mg/dL]/405)29 and was
defined as HOMA-IR >3.8, the cut-off point for the
Spanish population.30

Body mass index adjusted for age and gender was
calculated by conversion to z score with Spanish
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FIGURE 1 Participant flowchart.
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normative charts.31 Overweight was defined as a
BMI �85th to <95th percentile, and obesity as a
BMI �95th percentile for age and gender.32,33 A BMI z
score increase of �0.5 points and weight increase
of �7% from baseline were considered clinically
significant.3,26,31

Metabolic syndrome was defined according to the
modified Cook criteria as �3 of the following: obesity
with BMI �95th percentile, BP �90th percentile,
triglycerides �110 mg/dL, HDLc �40 mg/dL, and
glucose �100 mg/dL.26,34 “At risk for adverse health
outcome” was defined as BMI �85th percentile plus
at least 1 negative weight-related clinical outcome
(BP >90th percentile, total cholesterol �200 mg/dL,
LDLc >130 mg/dL, HDLc <40 mg/dL, triglycerides
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�150 mg/dL, or glucose �100 mg/dL), or as BMI
�95th percentile.6,26,35

Medications were tracked, and SGA doses were
converted to chlorpromazine equivalents.36

The treating psychiatrist assessed treatment
adherence at each visit, and plasma SGA levels (at
baseline, 3 months, and 6 months) were obtained
from 30.1% of patients (n ¼ 84) because only 2 of the
4 centers had high-performance liquid chromatog-
raphy equipment (Alliance HPLC System). Three
patient visits (1.3%) were excluded because of non-
detectable SGA plasma levels (2 with risperidone and
1 with quetiapine). Two visits for which plasma levels
were not available were excluded for nonadherence
determined by the treating psychiatrists based on
Y
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patient and caregiver interview (both patients on
risperidone).

Statistical Analyses
Statistical analyses were performed with individuals
who had �1 postbaseline visit (N ¼ 294). A subgroup
analysis (quetiapine, olanzapine, or risperidone as sole
antipsychotic treatment) was performed to evaluate
weight gain and other metabolic changes in each anti-
psychotic monotherapy group (olanzapine, quetiapine,
and risperidone).

Baseline values were compared across treatment
groups using c2 and Fisher exact tests for categorical
variables and an analysis of variance for continuous
variables. A Pearson correlation was performed to
explore the antipsychotic dose effect by assessing the
relationship between mean dose from baseline to
3 months (sum of the doses at baseline, 1 month, and
3 months divided by 3) and from baseline to 6 months
(sum of the doses at baseline, 1 month, 3 months, and
6 months divided by 4), and increase in weight gain
and BMI z score during those periods.

Changes in body composition variables, metabolic
parameters, and BP were analyzed by treatment sub-
group and for all research participants and control
participants using a linear mixed-effects model for lon-
gitudinal data (PROC MIXED). Body composition,
metabolic, and BP values were included in the model as
continuous variables, whereas treatment group and visit
were considered categorical. The model also included
each baseline dependent variable studied at each visit.
Demographic and metabolic variables that were signif-
icantly different between groups at baseline were
included in the model. An unstructured covariance
matrix was used with a random subject effect. Summary
statistics for mixed repeated measures analysis are
expressed as adjusted least-square means and 95% CI.
Differential changes in BMI z score and metabolic pa-
rameters at 6 months were assessed for risperidone
patients <12 and >12 years of age. Linear regression
analyses were performed for each age group, controlling
for presence of psychotic symptoms and cumulative
exposure to chlorpromazine equivalents, with BMI z
score and metabolic parameters as dependent variables.

All statistical comparisons were 2 tailed, with sta-
tistical significance set at p< .05. SAS 9.3 (SAS Institute,
Cary, NC) was used for the analysis.

RESULTS
Sample Characteristics
The final sample comprised 279 research partici-
pants and 15 healthy control participants. At 1
month, 3 months, and 6 months, 237 (84.9%), 227
(81.4%), and 178 patients (63.8%) were evaluable.
Fifteen control participants completed the 1- and
3-month visits, and 13 (86.7%) completed the 6-
month visit. At baseline, 200 patients (72%)
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were hospitalized and 79 (28%) were outpatients.
The reasons for withdrawal from the study are
shown in Figure 1.

At baseline, 126 of 279 patients (45.2%) were
antipsychotic-naïve and 153 (54.8%) were quasi-
naïve (<30 days of lifetime exposure). Quasi-
naïve patients had a total of 9.98 (SD 7.26) prior
days of antipsychotic exposure.

The baseline characteristics of the research
participants and control participants have been
reported elsewhere37 and are shown in Table 1.

Differences in Weight and Metabolic Outcome
From Baseline to 6 Months for All Research
Participants and Control Participants
Statistically significant differences were found in
the mixed model analyses in the whole group of
patients for anthropometric (weight, BMI, and
BMI z score) and metabolic variables between
baseline and 6 months, with the exception of
changes in HDLc and BP. No differences were
found in the control group (Table S1, available
online).

In research participants, normal weight status
decreased from 84.5% at baseline to 64.4% after 6
months (p < .0001), and the incidence of obesity
increased from 5.0% to 18.6% (p < .0001). No
changes in weight status were found in the con-
trol group. No significant differences were found
between patients with or without psychosis (de-
lusions or hallucinations) at baseline with regard
to increase in BMI z score between baseline and 6
months (p ¼ .21).

Weight and Metabolic Differences From Baseline
to 1, 3, and 6 Months and From 3 to 6 Months, by
Treatment Subgroups
In the mixed model analysis, all anthropometric
variables increased significantly in the 3 SGA
groups at the 3 time periods (baseline to 1 month,
3 months, and 6 months; see Table S2, available
online). From 3 to 6 months, a further increase
was seen in patients receiving risperidone and
olanzapine.

Systolic and diastolic blood pressure or HDLc
did not change significantly with any of the
SGAs; however, specific metabolic changes were
observed with individual SGAs (Table S2, avail-
able online). For example, at 6 months, with ris-
peridone (n ¼ 157), significant increases were
observed in fasting glucose (3.8; 1.12–6.45
mg/dL), insulin (4.9; 0.4–9.4 U/L), HOMA-IR
(1.2; 0.07–2.4), and triglycerides (15.6; 1.1–30.1
mg/dL). With olanzapine (n ¼ 44), significant
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TABLE 1 Sociodemographic and Metabolic Characteristics of the Sample

Characteristic

Control
Participants
(n ¼ 15)

All Research
Participants
(N ¼ 279)

Diff. Between All Research
Participants and Control
Participants (p Value)

Patients on
Risperidone
(n ¼ 157)

Patients on
Olanzapine
(n ¼ 44)

Patients on
Quetiapine
(n ¼ 47)

Diff. Between
Treatment Subgroups

(p Value)

Gender, male, n (%) 10 (66.67) 171 (61.29) 0.67 101 (64.33) 28 (63.64) 25 (53.19) .37
Age, y, mean (SD) 14.4 (2.82) 14.6 (2.88) 0.79 14.03 (3.25) 15.36 (1.81) 15.74 (1.63) <.001a

Age <12 years 2 (13.33) 38 (13.98) 32 (20.38) 2 (4.54) 2 (4.25)
Race/ethnicity, white, n (%) 10 (66.67) 245 (87.81) 0.008 133 (84.71) 41 (93.18) 42 (89.36) .52
List of diagnoses (DSM-IV
criteria), n (%)
Schizophrenia spectrum 107 (39.34) 48 (31.37) 15 (34.88) 21 (46.67) <.001b

Mood spectrum disorders 77 (28.31) 34 (22.22) 17 (39.53) 21 (46.67)
Behavioral disorders 47 (17.28) 42 (27.45) 5 (11.63) 0 0
Other diagnosesc 41 (15.07) 29 (18.95) 6 (13.95) 3 (6.67)

Presence of at least 1
psychotic symptom

144 (51.61) 67 (42.68) 24 (54.55) 26 (55.32) .17

Antipsychotic-naïve
patients, n (%)

126 (45.16) 80 (50.96) 14 (31.82) 24 (51.06) <.001d

Total prior days of
antipsychotic usage in
quasi-naïve patients,
mean (SD)

9.98 (7.26) 9.67 (7.22) 10.37 (6.18) 9.38 (6.63) .99

Cumulative dose of
antipsychotic, mean (SD)
(mg/day)
(chlorpromazine
equivalent dose)

118.4 (172.43) 91.50 (140.44) 143.52 (137.77) 78.00 (133.92) .94

BMI, n (percentile)
Underweight (<5th ) 1 (6.67) 3 (1.08) 0.19 0 0 0 0 2 (4.26) .01e

Normal (�5the<85th) 12 (80.00) 235 (84.53) 0.71 129 (82.17) 41 (87.23) 39 (90.70) .33
Overweight (�85th

e<95th)
0 0 26 (9.35) 0.37 19 (12.10) 2 (4.65) 3 (6.38) .23

Obese (�95th) 2 (13.33) 14 (5.04) 0.19 9 (5.73) 2 (4.65) 1 (2.13) .60
Concomitant treatment,
n (%)
Antidepressants 41 (14.70) 14 (8.92) 14 (31.82) 11 (23.91) <.001f

Benzodiazepines 77 (27.60) 40 (25.48) 18 (40.91) 12 (26.09) .12
Mood stabilizers 35 (12.54) 19 (12.10) 7 (15.91) 7 (15.22) .74
Stimulants 1 (2.13) 1 (5.00) 0 0 0 0 .43
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TABLE 1 Continued

Characteristic

Control
Participants
(n ¼ 15)

All Research
Participants
(N ¼ 279)

Diff. Between All Research
Participants and Control
Participants (p Value)

Patients on
Risperidone
(n ¼ 157)

Patients on
Olanzapine
(n ¼ 44)

Patients on
Quetiapine
(n ¼ 47)

Diff. Between
Treatment Subgroups

(p Value)

Substance use, n (%)
Tobacco 1 (6.67) 98 (37.26) 0.01 57 (36.31) 13 (37.14) 14 (35.00) .98
Alcohol 7 (46.67) 85 (30.58) 0.19 46 (29.30) 12 (27.91) 14 (29.80) .97
Cannabis 5 (33.3) 95 (34.17) 0.94 50 (32.05) 13 (29.55) 21 (44.68) .21

BMI z score 0.11 (0.93) �0.14 (1.18) 0.40 �0.02 (1.25) �0.36 (1.08) �0.40 (1.05) .02
Weight, kg 54.76 (15.07) 54.48 (14.34) 0.94 53.91 (16.12) 54.57 (13.05) 56.41 (10.55) .31
Waist circumference, cm 73.06 (12.14) 74.36 (10.45) 0.64 74.30 (11.84) 72.70 (7.78) 73.41 (8.03) .50
Diastolic blood
pressure, mm Hg

66.46 (8.78) 65.43 (11.97) 0.74 64.65 (13.48) 66.75 (11.17) 64.53 (8.54) .84

Systolic blood
pressure, mm Hg

121.80 (19.22) 114.44 (16.21) 0.09 112.44 (17.30) 115.60 (14.90) 115.37 (12.04) .20

Glucose, mg/dL 79.66 (8.65) 82.23 (10.73) 0.36 83.24 (10.92) 81.50 (10.41) 79.33 (9.27) .02
Total cholesterol, mg/dL 144.60 (34.52) 151.54 (29.41) 0.37 154.50 (30.86) 150.50 (26.89) 145.22 (25.26) .05
HDL cholesterol, mg/dL 58.20 (12.06) 51.91 (12.83) 0.06 52.30 (13.45) 53.01 (15.01) 51.00 (9.32) .66
LDL cholesterol, mg/dL 74.73 (24.70) 85.40 (24.50) 0.10 88.16 (24.35) 83.20 (24.22) 79.69 (23.76) .03
Triglycerides, mg/dL 58.40 (23.15) 72.44 (38.83) 0.16 69.39 (41.36) 75.97 (26.91) 75.03 (34.42) .28

Note: International System of Units (SI) conversion factors: to convert glucose to mmol/L, multiply values by 0.0555; to convert insulin to pmol/L, multiply values by 7.715; to convert total cholesterol and HDL-C to mmol/L,
multiply values by 0.0259; to convert triglycerides to mmol/L, multiply values by 0.0113. Schizophrenia spectrum includes schizophreniform disorder, brief psychotic disorder, psychotic disorder not otherwise specified,
schizophrenia, or schizoaffective disorder. Mood spectrum disorders include bipolar disorder, depression with and without psychotic features. Behavioral disorders include attention-deficit/hyperactivity disorder (ADHD)
and conduct disorder (CD)/oppositional defiant disorder (ODD). OCD ¼ obsessive-compulsive disorder; PDD ¼ pervasive developmental disorder; SUD ¼ substance use disorder. Post-hoc comparisons:
aDifference in age: risperidone-olanzapine p ¼ .0409; risperidone-quetiapine p ¼ .0015; olanzapine-quetiapine p ¼ .3148.
bDifference in diagnoses: risperidone-olanzapine p ¼ .046; risperidone-quetiapine p<.0001; olanzapine-quetiapine p ¼ .0060.
cOther diagnoses: tic disorders (risperidone n ¼ 10), PDD (risperidone n ¼ 7; olanzapine n ¼ 1), adaptive disorder (risperidone n ¼ 6; olanzapine n ¼ 2; quetiapine n ¼ 2), SUD (risperidone n ¼ 5; olanzapine n ¼ 1)

and OCD (risperidone n ¼ 1; olanzapine n ¼ 2; quetiapine n ¼ 1).
dDifference in naı̈ve patients: risperidone-olanzapine p<0.0001; risperidone-quetiapine p<.0001; olanzapine-quetiapine p<.0001.
eDifference in underweight status: risperidone-olanzapine p value not applicable; risperidone-quetiapine p ¼ .00914; olanzapine-quetiapine p ¼ .3095.
fDifference in antidepressants: risperidone-olanzapine p ¼ .0001; risperidone-quetiapine p ¼ .0065; olanzapine-quetiapine p ¼ .4026.
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ANTIPSYCHOTIC USE IN CHILDREN AND ADOLESCENTS
increases were found in glucose (5.0; 0.3–9.7
mg/dL), total cholesterol (21.2; 7.9–34.4 mg/dL),
and LDLc (44.6; 21.2–67.8 mg/dL). In contrast, no
metabolic changes were statistically significant
with quetiapine (n ¼ 47) at 6 months.

Each of the SGAs was associated with a sig-
nificant increase in patients gaining 7% weight or
0.5 BMI z score points at 1 month, 3 months, and
6 months (with the exception of BMI z score at 1
month, p ¼ .054). At 3 months, olanzapine was
associated with a significantly higher proportion
of patients gaining 7% than risperidone, and at 6
months both olanzapine and risperidone were
associated with a significantly higher proportion
of patients gaining 0.5 BMI z score points than
quetiapine (Table S3, available online).

At baseline, 82.1% of patients on risperidone,
90.7% on olanzapine, and 87.2% on quetiapine
had a normal weight status. After 6 months of
treatment, these values showed a statistically
significant decrease to 60.4% for risperidone (p ¼
.001) and 62.5% for olanzapine (p ¼ .008). The
percentage of individuals with normal weight
status did not significantly change from baseline
to 6 months for quetiapine (p ¼ .72); however,
patients on quetiapine were noted to have a mean
weight increase of 6.3 kg and BMI z score
increase of 0.54 kg/m2.

In patients taking risperidone, a relationship
was detected between increase in BMI z score
from baseline to 6 months and mean daily dose in
the first 3 months of treatment (1.93 [1.61] mg)
(Pearson coefficient, 0.26; p ¼ .03). For patients
taking quetiapine, increase in BMI z score from
baseline to 3 months was related to mean dose
during the same period (323.90 [210.41] mg)
(Pearson coefficient, 0.55; p ¼ .03). No relation-
ship was found between dosage and weight gain
for olanzapine (all p values >.16).
“At Risk for Adverse Health Outcome” Status
and MetS
The percentage increase in patients fulfilling MetS
criteria in the overall group of patients was sig-
nificant over time (p ¼ .009). The percentage of
patients considered to be “at risk for adverse
health outcome” increased significantly over time
with olanzapine (p < .0001) and risperidone (p <
.0001) but not with quetiapine (p ¼ .91) (Table 2).
Given the small number of patients fulfilling
MetS criteria, a comparison between antipsy-
chotics could not be performed.
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Patients on Risperidone Less Than and More Than
12 Years of Age
The number of patients on risperidone allowed us
to assess whether there were differential changes
in these 2 age subgroups. There were 157 patients
on risperidone, 32 below the age of 12 years. The
2 groups did not differ in gender, race/ethnicity,
or naïve status at baseline, but there were more
patients with conduct disorder in the lower age
group (p < .0001), and more patients with
schizophrenia spectrum disorder (p < .0001) and
mood spectrum disorders (p < .0001) in the
higher age group. Patients in the lower age group
were also less likely to have psychotic symptoms,
to smoke tobacco, or to use alcohol or cannabis
(all p < .001). After controlling for cumulative
chlorpromazine-equivalent exposure during the 6
months and presence of psychotic symptoms, the
younger group of patients showed a significant
increase in glucose in comparison to the older
group (p < .0001).
DISCUSSION
Our results show that children and adolescents
exposed to SGAs for the first time experience
significant weight gain starting early after initia-
tion of treatment and continuing for at least 6
months. In addition, this study demonstrates
significant differences among olanzapine, risper-
idone, and quetiapine not only in the magnitude
of weight and metabolic changes at 6 months
(which were greatest with olanzapine, followed
by risperidone and then quetiapine), but also in
the pattern of the changes, with only quetiapine
not further increasing anthropometric variables
after the first 3 months.

In a shorter inception cohort study of anti-
psychotic-naïve patients,4 10% to 36% of patients
progressed to overweight or obese status within
a median of 10.8 weeks. Patients taking olanza-
pine, quetiapine, and risperidone gained an
average of 8.5, 6.1, and 5.3 kg, respectively,4 which
was similar to our results at 3 months. In a
6-month studywith 66 antipsychotic-naïve/quasi-
naïve patients, the mean weight increase was
11.1 kg with olanzapine, 5.0 with risperidone, and
2.5 with quetiapine, and the percentage of patients
“at risk for adverse health outcome” increased
from 16.7% to 37.9% (p ¼ .001) at 6 months.6

In the present study, with a much larger
sample size, the comparative drug profile after 6
months shows that weight gain is greatest with
Y
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TABLE 2 Prevalence of “At Risk for Adverse Health Outcome” Status, Metabolic Syndrome, and Metabolic
Abnormalities

Baseline 3 Months 6 Months

p (intra-group)

Difference
Between Groups

p valuedn % n % n %

At risk for adverse health outcomeb

Control Participants 2 13.33 2 13.33 1 7.69 .69 0.07
All research participantsa 25 8.90 48 21.10 49 27.50 <.001***
Risperidone 14 8.97 28 23.73 24 29.27 <.001*** 0.9
Olanzapine 3 6.82 6 17.65 8 38.10 <.001***
Quetiapine 3 6.38 3 9.38 1 4.0 .91

Metabolic syndromec

Control participants 1 6.67 0 0 0 0 .20 0.27
All patientsa 7 2.5 12 5.7 13 7.9 .009**
Risperidone 4 2.58 6 5.66 5 6.76 .11 0.9
Olanzapine 2 4.55 2 5.88 2 10.53 .44
Quetiapine 1 2.13 0 0 0 0 .29

Hyperglycemia (�100e125 mg/dL)
Control participants 0 0 0 0 0 0 1
All patientsa 10 3.64 20 9.95 16 9.88 .009**
Risperidone 5 2.98 10 9.09 8 9.64 .04*
Olanzapine 4 8.33 6 15.00 5 19.23 .37
Quetiapine 0 0 2 5.88 0 0 .08

Diabetes (�126 mg/dL)
Control participants 0 0 0 0 0 0 1
All patientsa 1 0.36 2 1.00 1 0.62 .68
Risperidone 1 0.60 2 1.82 1 1.20 .63
Olanzapine 0 0 0 0 0 0 1
Quetiapine 0 0 0 0 0 0 1

HOMA-IR (> 3.8)
Control participants 1 6.67 1 7.14 0 0 .59
All patientsa 21 9.05 28 14.97 24 17.40 .04
Risperidone 16 11.11 16 15.69 12 17.65 .37
Olanzapine 0 0 4 16.00 4 23.53 .007**
Quetiapine 2 5.88 1 4.35 0 0 .60

Hypercholesterolemia (�170 mg/dL)
Control participants 4 26.67 3 21.43 3 23.08 .94
All patientsa 71 26.49 82 39.81 49 30.06 .08
Risperidone 50 30.30 45 40.54 27 32.93 .20
Olanzapine 10 22.22 18 45.00 10 38.46 .07
Quetiapine 7 14.00 12 32.43 7 20.59 .11

Hypertriglyceridemia (�110 mg/dL)
Control participants 1 6.67 1 7.14 0 0 .62
All patientsa 27 10 38 18.72 33 20.25 .004**
Risperidone 16 9.64 18 16.36 15 18.07 .11
Olanzapine 6 13.04 12 31.58 6 24.00 .12
Quetiapine 5 10.00 7 18.92 7 20.59 .34

Systolic blood pressure >90th percentile
Control participants 3 20.00 3 20.00 3 23.08 1
All patientsa 45 19.40 35 21.88 21 18.58 .92
Risperidone 33 22.60 28 25.00 11 14.10 .33
Olanzapine 6 14.63 4 16.00 4 23.53 .49
Quetiapine 6 13.33 3 13.04 6 33.33 .14

Dyslipidemia (cholesterol �170 mg/dL
and/or triglycerides �110 mg/dL)
Control participants 4 26.67 3 21.43 3 23.08 .94
All patientsa 89 32.96 98 47.34 66 40.00 .006
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TABLE 2 Continued

Baseline 3 Months 6 Months

p (intra-group)

Difference
Between Groups

p valuedn % n % n %

Risperidone 58 34.94 52 46.85 35 41.67 .13
Olanzapine 16 34.78 24 60.00 13 50.00 .06
Quetiapine 11 22.00 15 39.47 10 29.41 .20

Ratio of triglycerides to HDL �2
Control participants 1 6.67 2 14.29 1 7.69 .75
All patientsa 58 21.48 58 28.57 54 33.33 .02*
Risperidone 37 22.29 27 24.55 26 31.71 .27
Olanzapine 12 26.09 15 39.47 11 44.00 .24
Quetiapine 9 18.00 12 32.43 10 29.41 .26

Note: Percentages are based on the number of patients with data available. BMI ¼ body mass index; HDL ¼ high-density lipoprotein; HOMA-IR ¼
homeostasis model assessment of insulin resistance.
a“All patients” refers to patients on risperidone (n ¼ 157 at baseline), olanzapine (n ¼ 44 at baseline), quetiapine (n ¼ 47 at baseline), or other

antipsychotics (n ¼ 31 at baseline). Therefore, the sum of the patients on risperidone, olanzapine, and quetiapine may be lower than “all patients.”
bRisk for adverse health outcome has been defined as having 1) �85th BMI percentile plus presence of at least 1 negative weight-related clinical

outcome (blood pressure >90th percentile, total cholesterol �200 mg/dL, LDL cholesterol >130 mg/dL, HDL cholesterol �40 mg/dL,
triglycerides �150 mg/dL, or glucose �100 mg/dL); or 2) �95th BMI percentile.

cMetabolic syndrome defined with modified Cook criteria.
dc2 Test.
*p � .05; **p � .01; ***p � .001.

ANTIPSYCHOTIC USE IN CHILDREN AND ADOLESCENTS
olanzapine, followed by risperidone and quetia-
pine. Specifically, our data suggest that weight
gain may have at least 2 phases in these anti-
psychotics. During the first phase (first 3 months
of treatment), weight increases markedly in all
treatment groups, most prominently in the olan-
zapine group (8.7 kg). During the second phase
(3–6 months of treatment), olanzapine (2.72 kg)
and risperidone (2.09 kg) are associated with a
considerable decline in the magnitude of weight
gain compared with the first 3 months (i.e., about
one third with olanzapine and one half with ris-
peridone). With quetiapine, on the other hand,
weight gain almost stabilized (0.47 kg) after 3
months of treatment. This finding is of interest to
clinicians who make decisions about antipsy-
chotic treatment based on observations at 3
months and expectations for the following 3
months of treatment. However, this finding has
to be interpreted with caution, as patients on
quetiapine already gained 6.3 kg in the first 3
months in our study. In addition, previous re-
ports have linked quetiapine with metabolic and
cardiovascular concerns.38 Specifically, in the
Second-Generation Antipsychotic Treatment
Indication Effectiveness and Tolerability in Youth
(SATIETY) study, patients on quetiapine gained
6.1 kg in 10.8 months, and there was a significant
increase in total cholesterol and tryglicerides.4

Quetiapine may also increase blood pressure
JOURNAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATR
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and heart rate (>110 beats/min) in children
and adolescents to a greater extent than in
adults.38 No relationship was detected between
administered olanzapine dose and increase
in BMI z score (as opposed to risperidone), a
finding that is consistent with previous reports4

and could prove useful for clinicians, who may
be able to minimize side effects by reducing the
dose with some antipsychotics but not with
others.

As with weight gain, most of the metabolic
abnormalities in each subgroup developed dur-
ing the first 3 months of treatment; then,
depending on the antipsychotic, some abnor-
malities continued to increase from 3 to 6 months.
However, our findings suggest that at 6 months
of treatment, olanzapine significantly increases
all lipid parameters except for HDLc and tri-
glycerides. Treatment with quetiapine did not
significantly increase any metabolic parameters,
whereas treatment with risperidone was associ-
ated with a significant increase in triglyceride
values and glucose and insulin resistance. How-
ever, the risperidone group was almost 3 times as
large as each of the other 2 SGA groups,
increasing the power to show significant differ-
ences over time in metabolic parameters that had
considerable variance. Nevertheless, as in other
published studies, olanzapine carried the greatest
risk of adversely affecting lipid metabolism.4,7,39
Y
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Our results show that SGA-induced weight
gain and significant elevations in glucose and
lipid metabolism parameters developed during
6 months of exposure, but that new cases of
MetS emerge only rarely during this subacute
treatment period. However, alarmingly, the per-
centage of patients “at risk for adverse health
outcome” increased significantly, mainly because
patients met the second criterion (95th BMI
percentile), as obese status increased from 5.0% of
patients at baseline to 18.6% at the end of the
study (p < .0001). Because childhood obesity is a
reliable risk factor for future cardiovascular
morbidity and mortality14-18 even after weight is
lost during adulthood,16 this is of concern. The
lack of significant increases in MetS may reflect
differences in the way it is defined in children
and adolescents, as the concept was developed
for adults and may not be sufficiently sensitive
for young people, at least during short follow-up
periods. It may also reflect the fact that, in our
sample, the majority of patients were of white
ethnicity, whereas more at-risk patients of different
ethnicities were included in previous studies.

Risperidone is 1 of the most prescribed anti-
psychotics, and especially in children (<12 years
of age) is often used off label in conduct disorders
without intellectual disability.20,40 Our results
suggest that this population is at higher risk for
glucose-related abnormalities. During the first 6
months of treatment, however, no significant
differences were found in BMI z score changes
between patients with and without psychosis, in
keeping with a previous 3-month follow-up
study published by our group.35

Although this study is the largest 6-month
study to date in antipsychotic-naïve/quasi-naïve
youth, it is subject to several limitations. First, it
did not randomize patients to different treat-
ments and allowed co-medications, thus intro-
ducing potential selection bias. However, patient
metabolic parameters were mostly well balanced
at baseline, and variables that were significantly
different between groups at baseline were
included as covariates in the mixed model ana-
lyses. Second, only 2 patients started aripiprazole,
an antipsychotic that is now widely used in this
age group but was not prescribed to pediatric
patients in Spain at the time of the study. In
addition, many more patients were treated with
risperidone than with the 2 other antipsychotics
included in the analyses. This means that nega-
tive findings with olanzapine and quetiapine
groups have to be interpreted more cautiously
JOURN
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because of sample size, because of the possibility
of a Type II error. Third, the 6-month duration is
still relatively short, considering that many pa-
tients have severe chronic psychiatric disorders
and are usually treated for much longer.

A potentially important bias could be that
drugs were switched or discontinued because of
metabolic or weight issues (e.g., if substantial
weight gain at 3 months resulted in discontinu-
ation, patients with 6 months of treatment could
be more likely to have tolerable metabolic pro-
files). However, this does not seem to be the case,
as seen in Figure 1. Most research participants
dropped out of the study because they did not
want to continue the medication, there was
symptom remission, or they were not adherent to
medication. Only 25 research participants drop-
ped out of the study because their antipsychotic
was switched or because of side effects. Of those
patients, weight gain or metabolic changes were
the reason for switching in only 5 cases (3 ris-
peridone, 1 olanzapine, and 1 quetiapine). How-
ever, weight gain or metabolic changes, although
not recorded as the primary reason for discon-
tinuation, may have been a contributing factor to
patient or clinician decisions when the medica-
tion was stopped because of another primary
reason, and should be regarded as an important
source of potential bias.

Although findings at 6 months provide rele-
vant clinical information, longer studies are
needed, as long-term effects may differ and as
certain outcomes, such as MetS or diabetes,
require longer follow-up. However, it is ex-
tremely difficult to follow antipsychotic-naïve/
quasi-naïve patients on the same antipsychotic, as
switches due to problems with efficacy and/or
tolerability are common during this early phase.
Nevertheless, we retained 64% of our sample for
6 months. A further limitation is that we have a
predominantly white population (88% of the pa-
tient sample), as opposed to previous studies.4 As
it has been reported that people from other ethnic
backgrounds are more prone to develop diabetes
and obesity-related illnesses, this may explain
our lower transition rates to metabolic syndrome
as compared to previous studies with presence
of higher representation of other ethnic back-
grounds (e.g., African American). Finally, al-
though the naturalistic design is a limitation, it
has few patient selection restrictions and closely
resembles routine practice; therefore, our results
are more generalizable than those of randomized
or controlled studies.
AL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
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In summary, our results clearly indicate that
close screening and monitoring of CSE is imper-
ative, at least during the initial months of treat-
ment, and suggest that there are differences in
CSE risk and temporal pattern with olanzapine,
risperidone, and quetiapine. This information is
important to clinicians, as it facilitates decisions
about treatment and indicates if and when some
of these side effects are expected to stabilize. &
Clinical Guidance

� Olanzapine, quetiapine, and risperidone
significantly increase body weight in the first 6
months after initiation of treatment in children and
adolescents.

� After the first 3 months, patients on olanzapine and
risperidone continue to gain weight through
month 6.

� No relationship was detected between administered
olanzapine dose and increase in BMI z score. This
is in contrast to the relationship between higher
risperidone doses and greater BMI increase.

� At 6 months of treatment, olanzapine significantly
increases almost all lipid parameters.

� Patients under 12 years of age on risperidone may
be at higher risk for glucose intolerance than older
patients.

� Close screening and monitoring is necessary when
prescribing risperidone, quetiapine, and
olanzapine, as many of the side effects continue to
develop during the first 6 months of treatment.
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TABLE S1 Change in Body Composition and Metabolic Parameters Over Time

Outcome Variable Estimate Baselinee6 Months (95% CI) p Valuea

Weight, kg
Patients 2.97 2.55 3.39 <.001
Controls �0.11 �1.78 1.57 .89

BMIb

Patients 1.08 0.90 1.25 <.001
Controls 0.05 (e0.63 to 0.75) .87

BMI z score
Patients 0.28 (0.23 to 0.33) <.001
Controls 0.006 (e0.17 to 0.19) .94

Waist circumference, cm
Patients 6.58 (5.28 to 7.88) <.001
Controls 2.50 (e0.75 to 5.75) .13

DBP, mm Hg
Patients �0.34 (e1.30 to 0.62) .48
Controls 1.67 (e1.78 to 5.13) .34

SBP, mm Hg
Patients 0.05 (e1.31 to 1.41) .94
Controls 3.82 (e1.23 to 8.88) .13

Glucose, mg/dL
Patients 2.96 (1.54 to 4.37) <.001
Controls �0.12 (e3.15 to 2.90) .92

Insulin, mIU/mL
Patients 1.65 (0.50 to 2.78) .004
Controls �2.6 (e4.58 to e0.60) .01

HOMA-IR
Patients 0.46 (0.19 to 0.74) .001
Controls �0.60 (e1.15 to e0.04) .03

Total cholesterol, mg/dL
Patients 9.48 (6.15 to 12.81) <.001
Controls �3.25 (e14.83 to 8.35) .53

HDL cholesterol, mg/dL
Patients 1.36 (e0.80 to 3.54) .21
Controls �0.52 (e2.76 to 1.70) .61

LDL cholesterol, mg/dL
Patients 7.96 (4.73 to 11.20) <.001
Controls �4.40 (e13.70 to 4.90) .31

Triglycerides, mg/dL
Patients 10.09 (4.62 to 15.56) <.001
Controls �6.38 (e20.53 to 7.75) .31

Note: International System of Units (SI) conversion factors: to convert glucose to mmol/L, multiply values by 0.0555; to convert insulin to pmol/L, multiply
values by 7.715; to convert total cholesterol and HDL-C to mmol/L, multiply values by 0.0259; to convert triglycerides to mmol/L, multiply values by
0.0113. BMI ¼ body mass index; DBP ¼ diastolic blood pressure; HDL ¼ high density lipoprotein; HOMA-IR ¼ homeostasis model assessment of
insulin resistance; LDL ¼ low density lipoprotein; SBP ¼ systolic blood pressure.
aLeast-square means and p value from repeated-measures analysis for the change from baseline scores at 1-month, 3-month, and 6-month visits, with an

unstructured covariance structure, and including baseline as a covariate.
bBMI calculated as weight in kilograms divided by height in meters squared.

JOURNAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY

VOLUME 53 NUMBER 11 NOVEMBER 2014 www.jaacap.org 1190.e1

ANTIPSYCHOTIC USE IN CHILDREN AND ADOLESCENTS

http://www.jaacap.org


TABLE S2 Change in Body Composition and Metabolic Parameters Over Time (All Time Ranges, 95% CI)

Outcome Variable Mean

Baseline to 1 Month

p
Valuea Mean

Baseline to 3 Months

p
Valuea Mean

3 to 6 Months

p
Valuea Mean

Baseline to 6 Months

p
Valuea

Lower
Limit

Upper
Limit

Lower
Limit

Upper
Limit

Lower
Limit

Upper
Limit

Lower
Limit

Upper
Limit

Weight, kg
RI 2.66 2.05 3.27 <.001 5.20 4.29 6.10 <.001 2.09 1.32 2.85 <.001 7.08 5.62 8.53 <.001
OL 3.25 1.98 4.52 <.001 8.64 7.04 10.24 <.001 2.72 1.34 4.10 <.001 11.52 8.83 14.20 <.001
QU 2.98 1.57 4.39 <.001 5.73 3.90 7.55 <.001 0.47 �1.02 1.97 .53 6.27 3.46 9.06 <.001

BMIb

RI 0.92 0.69 1.13 <.001 1.80 1.44 2.15 <.001 0.67 0.39 0.95 <.001 2.33 1.80 2.86 <.001
OL 1.12 0.65 1.58 <.001 2.96 2.32 3.60 <.001 0.78 0.27 1.29 .002 3.91 2.93 4.88 <.001
QU 0.90 0.37 1.42 <.001 1.81 1.08 2.53 <.001 0.15 �0.39 0.70 .57 1.95 0.93 2.97 <.001

BMI z score
RI 0.26 0.19 0.33 <.001 0.50 0.40 0.60 <.001 0.17 0.09 0.25 <.001 0.66 0.50 0.82 <.001
OL 0.33 0.18 0.47 <.001 0.82 0.65 1.00 <.001 0.21 0.06 0.36 .006 1.08 0.79 1.37 <.001
QU 0.26 0.09 0.42 <.001 0.50 0.30 0.71 <.001 0.05 �0.11 0.21 .55 0.54 0.24 0.85 <.001

Diastolic Blood
Pressure, mm Hg
RI �0.63 �2.43 1.17 .49 1.45 �0.44 3.35 .13 1.06 �1.05 3.17 .32 0.71 �1.41 2.82 .50
OL 1.19 �2.54 4.92 .52 �4.25 �8.34 �0.15 .04 4.03 �0.89 8.95 .10 2.10 �2.30 6.52 .34
QU �1.15 �4.90 2.60 .54 �5.31 �9.71 �0.91 .01 3.13 �1.80 8.07 .21 0.12 �4.30 4.55 .95

Systolic Blood
Pressure, mm Hg
RI 0.34 �1.77 2.46 .74 2.29 �0.46 5.05 .10 �2.44 �5.5 0.60 .11 �1.32 �4.73 2.10 .44
OL 2.90 �1.48 7.29 .19 0.20 �5.73 6.13 .94 1.88 �5.25 9.02 .60 4.14 2.87 11.16 .24
QU 0.33 �4.07 4.74 .88 �3.87 �10.24 2.50 .23 6.91 �0.13 13.97 .05 4.60 �2.54 11.73 .20

Glucose, mg/dL
RI 4.93 1.94 7.92 .001 �0.14 �2.7 2.40 .90 3.79 1.12 6.45 .005
OL 3.47 �1.60 8.53 .17 2.28 �1.90 6.44 .28 5.02 0.29 9.75 .03
QU �4.36 �10.19 1.47 .14 �1.85 �6.42 2.72 .42 �1.74 �6.5 3.01 .46

Insulin, mIU/mL
RI 1.22 �0.08 2.53 .06 3.28 �0.81 7.37 .11 4.93 0.45 9.40 .03
OL 1.85 �0.82 4.52 .17 �1.33 �9.87 7.20 .75 0.51 �9.88 10.91 .92
QU �0.75 3.86 2.36 .63 �1.94 �10.19 6.30 .63 �4.40 �14.06 5.26 .36

Homeostatic Model
Assessment of Insulin
Resistance HOMA-IR
RI 0.42 0.10 0.75 .009 0.85 �0.33 2.03 .15 1.24 0.07 2.41 .03
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TABLE S2 Continued

Outcome Variable Mean

Baseline to 1 Month

p
Valuea Mean

Baseline to 3 Months

p
Valuea Mean

3 to 6 Months

p
Valuea Mean

Baseline to 6 Months

p
Valuea

Lower
Limit

Upper
Limit

Lower
Limit

Upper
Limit

Lower
Limit

Upper
Limit

Lower
Limit

Upper
Limit

OL 0.43 �0.22 1.10 .19 �0.30 �2.76 2.16 .80 0.16 �2.55 2.87 .90
QU �0.38 �1.15 0.37 .31 �0.26 �2.67 2.13 .82 �1.06 �3.58 1.45 .40

Total Cholesterol, mg/dL
RI 8.30 2.90 13.70 .002 �3.90 �11.03 3.21 .27 5.80 �1.74 13.32 .13
OL 12.04 2.89 21.19 .01 �0.10 �11.55 11.35 .98 21.16 7.95 34.37 .002
QU 9.63 �0.88 20.15 .07 �7.38 �19.81 5.05 .24 9.52 �3.86 22.90 .16

HDL Cholesterol, mg/dL
RI 1.87 �2.30 6.75 .44 �2.03 �7.92 3.84 .49 1.13 �3.73 6.00 .64
OL 7.80 �0.56 16.15 .06 �2.53 �12.08 7.01 .59 0.61 �8.57 9.80 .89
QU 1.27 �8.91 11.45 .80 �1.21 �11.6 9.16 .81 3.68 �5.70 13.06 .43

LDL Cholesterol, mg/dL
RI 5.08 0.31 �9.84 .03 �3.47 �17.70 10.75 .62 3.03 �9.26 15.32 .62
OL 6.16 �2.41 14.73 .15 30.8 8.51 53.06 .007 44.58 21.19 67.97 <.001
QU 8.73 �1.42 18.89 .09 �4.8 �29.66 20.1 .70 6.91 �17.07 30.90 .56

Triglycerides, mg/dL
RI 5.00 �3.40 13.20 .24 10.19 �5.32 25.71 .19 15.60 1.07 30.11 .03
OL 20.99 6.89 35.08 .003 9.73 �16.53 36.00 .46 25.08 �1.46 51.62 .06
QU 0.14 �5.40 15.69 .98 0.09 �26.3 26.45 .99 1.35 �24.51 27.21 .91

Note: International System of Units (SI) conversion factors: to convert glucose to mmol/L, multiply values by 0.0555; to convert insulin to pmol/L, multiply values by 7.715; to convert total cholesterol and HDL-C to mmol/L,
multiply values by 0.0259; to convert triglycerides to mmol/L, multiply values by 0.0113. BMI ¼ body mass index; HDL ¼ high density lipoprotein; HOMA-IR ¼ homeostasis model assessment of insulin resistance; LDL ¼
low density lipoprotein; OL ¼ olanzapine; QU ¼ quetiapine; RI ¼ risperidone.
aLeast-square means and p value are based on visits at 3 months and 6 months from repeated-measures analysis for the change from baseline scores, with an unstructured covariance structure, and including as covariates

baseline, age, treatment, diagnosis, antidepressant, and naı̈ve status.
bBMI calculated as weight in kilograms divided by height in meters squared.
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TABLE S3 Significant Weight Gain From Baseline for Controls, All Patients, and Treatment Subgroups

Outcome Variable
Controls
(n ¼ 15)

All Patients
(N ¼ 279) p Valuea

Patients on
Risperidone
(n ¼ 157)

Patients on
Olanzapine
(n ¼ 44)

Patients on
Quetiapine
(n ¼ 47) p Valuea

�7% Weight Increase, n (%)
Baseline to 1 month 0 (0) 77 (32.77) .007 35 (32.11) 10 (47.62) 10 (43.48) .28
Baseline to 3 months 1 (6.67) 150 (67.26) <.001 74 (63.25) 28 (87.50) 22 (68.75) .03b

Baseline to 6 months 2 (15.38) 127 (73.00) <.001 56 (69.14) 18 (90.00) 18 (72.00) .17
�0.5 Increase in BMI
z score, n (%)
Baseline to 1 month 0 (0) 47 (20.09) .054 23 (21.10) 7 (33.33) 4 (18.18) .41
Baseline to 3 months 0 (0) 115 (51.60) <.001 56 (47.86) 22 (68.75) 14 (43.75) .07
Baseline to 6 months 2 (15.38) 103 (59.20) .002 49 (60.49) 16 (80.00) 9 (36.00) .01c

Note: Percentages are based on the number of patients with data available: baseline to 1 month, baseline to 3 months, and baseline to 6 months (109,
117, and 81 in the risperidone group; 21, 32, and 20 in the olanzapine group; 23, 32, 25 in the quetiapine group; 235, 223, and 174 in the all
patients group; and 15, 15, and 13 in the control group). BMI ¼ body mass index.
aChi-square test.
bDifference in weight gain (�7% weight increase) post-hoc comparisons (Fisher exact test when needed): risperidone-olanzapine, p ¼ 0.0095;

risperidone-quetiapine, p ¼ 0.56; olanzapine-quetiapine, p ¼ 0.12.
cDifference in weight gain (�0.5 increase in BMI z score) post-hoc comparisons (Fisher exact test when needed): risperidoneeolanzapine, p ¼ .123;

risperidoneequetiapine, p ¼ .03; olanzapineequetiapine, p ¼ .006.
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