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IMPORTANCE Antipsychotic medications are commonly used to treat nonpsychotic disruptive
behavioral disorders in youths.

OBJECTIVE To characterize the metabolic effects of first exposure to antipsychotics in youths
using criterion standard assessments of body composition and insulin sensitivity.

DESIGN, SETTING, AND PARTICIPANTS This randomized clinical trial recruited
antipsychotic-naive youths aged 6 to 18 years in the St Louis, Missouri, metropolitan area
who were diagnosed with 1 or more psychiatric disorders and clinically significant aggression
and in whom antipsychotic treatment was considered. Participants were enrolled from June
12, 2006, through November 10, 2010. Enrolled participants were randomized (1:1:1) to 1 of 3
antipsychotics commonly used in children with disruptive behavioral disorders and evaluated
for 12 weeks. Data were analyzed from January 17, 2011, through August 9, 2017.

INTERVENTIONS Twelve weeks of treatment with oral aripiprazole (n = 49), olanzapine
(n = 46), or risperidone (n = 49).

MAIN OUTCOMES AND MEASURES Primary outcomes included percentage total body fat
measured by dual-energy x-ray absorptiometry (DXA) and insulin sensitivity in muscle
measured via hyperinsulinemic clamps with stable isotopically labeled tracers. Secondary
outcomes included abdominal adiposity measured by magnetic resonance imaging (MRI) and
adipose and hepatic tissue insulin sensitivity measured via clamps with tracers.

RESULTS The intention-to-treat sample included 144 participants (98 males [68.1%]; mean [SD]
age, 11.3 [2.8] years); 74 (51.4%) were African American, and 43 (29.9%) were overweight or
obese at baseline. For the primary outcomes, from baseline to week 12, DXA percentage total
body fat increased by 1.18% for risperidone, 4.12% for olanzapine, and 1.66% for aripiprazole
and was significantly greater for olanzapine than risperidone or aripiprazole (time by treatment
interaction P < .001). From baseline to week 12, insulin-stimulated change in glucose rate of
disappearance increased by 2.30% for risperidone and decreased by 29.34% for olanzapine and
30.26% for aripiprazole, with no significant difference across medications (time by treatment
interaction, P < .07). This primary measure of insulin sensitivity decreased significantly during
12 weeks in the pooled study sample (effect of time, F = 17.38; P < .001). For the secondary
outcomes from baseline to week 12, MRI measured abdominal fat increased, with subcutaneous
fat increase significantly greater for olanzapine than risperdone or aripiprazole (time by
treatment, P = .003). Behavioral improvements occurred with all treatments.

CONCLUSIONS AND RELEVANCE Adverse changes in adiposity and insulin sensitivity were
observed during 12 weeks of antipsychotic treatment in youths, with the greatest fat
increases on olanzapine. Such changes, likely attributable to treatment, may be associated
with risk for premature cardiometabolic morbidity and mortality. The results inform
risk-benefit considerations for antipsychotic use in youths.
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T reatment with antipsychotics is associated with risks for
weight gain, type 2 diabetes (T2D), and related condi-
tions, including incident diabetes in children.1-4 Al-

though antipsychotics are first-line treatments for conditions
like pediatric-onset schizophrenia, they are more commonly
prescribed off-label for attention-deficit/hyperactivity disor-
der and disruptive behavior disorders,5 with greater use in pub-
licly insured youths.6 Although youths with these most com-
monly treated disorders might benefit from antipsychotic
treatment, careful consideration of risks and benefits is war-
ranted, particularly risks such as overweight, obesity, and in-
sulin resistance, for which childhood onset can have greater
effects on risk for T2D and cardiovascular disease compared
with adult onset.7,8

Prior studies of antipsychotics in children9-11 have relied
on weight-based surrogate or indirect measures of adiposity
(eg, weight, body mass index [BMI] percentile or z score) and
insulin sensitivity (eg, fasting plasma insulin or triglyceride lev-
els), commonly in the context of secondary analyses among
children who were not antipsychotic naive. These studies have
been interpreted to suggest that antipsychotics adversely affect
adiposity and insulin sensitivity. That we know of, direct mea-
sures of adiposity and insulin sensitivity have not been used
together as primary outcomes in any published studies of pro-
spective randomized antipsychotic treatment in youth, lim-
iting understanding of key treatment-induced risks. Acute
treatment-induced changes in insulin sensitivity have been re-
ported in adults.12 Of importance, antipsychotic-induced
weight increases may not be fully interpretable without a di-
rect measure of body composition.13 Direct measurement of
treatment effects on adiposity is critical, because increased adi-
posity, particularly abdominal adiposity, is a known contribu-
tor to insulin resistance in adults and children.14-16

Dual-energy x-ray absorptiometry (DXA) and magnetic
resonance imaging (MRI) provide validated quantification of
adiposity in children.17,18 The hyperinsulinemic-euglycemic
clamp method provides validated measures of insulin sensi-
tivity in muscle, liver, and adipose tissue.19-21 This study is, to
our knowledge, the first randomized, prospective clinical trial
designed to test the hypothesis that antipsychotic treatment
adversely effects adiposity and insulin sensitivity in previ-
ously antipsychotic-naive youths using criterion standard mea-
sures of primary outcomes. We hypothesized that all tested an-
tipsychotics would produce adverse effects on adiposity and
insulin sensitivity, supporting current US Food and Drug Ad-
ministration class labeling of antipsychotics for metabolic risk,
and that adverse effects would be greater with olanzapine.

Methods
Study Population
Participants were antipsychotic-naive youths aged 6 to 18 years
with 1 or more Axis I DSM IV-TR diagnosis22 and clinically sig-
nificant aggression defined by a score of at least 18 on the
Irritability subscale of the Aberrant Behavior Checklist (scores
range from 0 to 45, with higher scores indicating greater symp-
tom severity).23 Recruitment targeted youths from the St Louis,

Missouri, metropolitan area whose clinicians and parents had
already decided to initiate antipsychotic treatment, so that
study participation offered safety monitoring beyond the scope
of clinical practice. All participant screening, study proce-
dures, and data collection were conducted at Washington
University School of Medicine in St Louis. The study was ap-
proved by the institutional review board of Washington Uni-
versity in St Louis, and all participants or parents or guard-
ians provided written informed consent or assent as required.

The trial protocol is found in Supplement 1. Recruitment
for the study took place from June 12, 2006, through Novem-
ber 10, 2010 (eFigure 1 in Supplement 2). Treatment with at
least 4 weeks of stable doses of stimulants, atomoxetine hy-
drochloride, α-adrenergic agents, and selective serotonin reup-
take inhibitors was allowed to increase study generalizabil-
ity. No exclusions were based on sex, race/ethnicity, with
targeted enrollment reflecting the sex distribution of males
to females for externalizing disorders (ie, 2.5:1).24 Race/
ethnicity was determined by self-report and parent or guard-
ian report using open-ended questions.

Exclusions included substance use disorders and an IQ of
less than 70; more than 1 week of lifetime antipsychotic ex-
posure; attention-deficit/hyperactivity disorder, depression,
or anxiety without a prior trial of stimulant or selective sero-
tonin reuptake inhibitor treatment; and diabetes (fasting
plasma glucose level ≥126 mg/dL [to convert to millimoles per
liter, multiply by 0.0555] or hemoglobin A1c level ≥6.5% [to con-
vert to a proportion of total hemoglobin, multiply by 0.01]).

Clinical Evaluation and Psychiatric Symptom Assessment
Detailed medical history, anthropomorphic measurements
(height, weight, and waist circumference), vital signs (blood
pressure, temperature, and heart rate), clinical laboratory tests
(fasting metabolic panel, complete blood cell count, thyrotro-
pin level, fasting plasma lipid panel, hemoglobin A1c level,
and high-sensitivity C-reactive protein level), and resting 12-
lead electrocardiography were obtained for all participants.
Pubertal status was assessed using the Duke Pubertal Status

Key Points
Question What is the effect of first exposure to antipsychotics on
adiposity and insulin sensitivity in youths?

Findings In this randomized clinical trial, 144 youths aged 6 to
18 years with disruptive behavior disorders who were randomized
to receive aripiprazole, olanzapine, or risperidone experienced
clinically significant increases in total and abdominal adiposity
during 12 weeks of treatment. Increases were greater for
olanzapine vs risperidone or aripiprazole; decreases in insulin
sensitivity and improvements in behavior were also noted.

Meaning Antipsychotic medications are commonly used in
children for the treatment of disruptive behavior disorders, but
potential benefits should be carefully weighed against the risk for
adverse changes in total and abdominal adiposity and insulin
sensitivity, known contributors to the development of early-onset
type 2 diabetes, cardiovascular disease, and other illnesses
associated with premature morbidity and mortality.
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Questionnaire.25 Safety monitoring, including laboratory, an-
thropomorphic, and electrocardiographic measures and vital
signs, was conducted at baseline and 6 and 12 weeks.

Consensus diagnoses were determined by semistruc-
tured Missouri Assessment of Genetics Interview for Children26

and assessment by board-certified child psychiatrists (includ-
ing G.E.N.). Youths with untreated or undertreated psychiat-
ric conditions were referred back to treating clinicians for first-
line medication trials (eg, stimulants or antidepressants).
Symptom severity was assessed at baseline and 12 weeks with
the Aberrant Behavior Checklist,23 Clinical Global Impres-
sion Severity and Improvement subscales,27 and the Child
Global Assessment Scale.28,29 Adverse events were rated at
baseline and 6 and 12 weeks using a 33-item adverse event re-
porting scale (eFigure 2 in Supplement 2), the Abnormal In-
voluntary Movements Scale,30 the Barnes Akathisia Scale,31 and
the Simpson Angus Scale.32

Randomization and Treatment Administration
Randomization was generated by the study statistician (K.B.S.)
in blocks of 10, implemented by the study coordinator (J.A.S.),
and stratified by age (6-12 vs 13-18 years) to allow exploratory
analysis of age effects, with open-label treatment assign-
ment. Group composition was monitored for sex, race/
ethnicity, and concurrent use of stimulant medication. The
Clinical Global Impression scale and Child Global Assessment
Scale raters were blinded to randomization and not involved
in treatment. Antipsychotics for this project were chosen to
evaluate outcomes in adiposity and insulin sensitivity, with use
in child populations supported by current literature and/or pre-
scribing patterns indicating increasing use in children. At study
initiation, olanzapine and risperidone were the most fre-
quently prescribed antipsychotics for aggression in children,
with aripiprazole use increasing. We used flexible titration of
antipsychotic doses based on clinical response and tolerabil-
ity, aiming for minimally effective doses,33-35 with terminal
doses attained by 6 weeks. Adherence to the medication regi-
men was facilitated at follow-up visits through self-report and
reports by a parent or a guardian, with pill counts as needed.

Primary and Secondary Outcomes
The per-protocol primary outcome measures were to evaluate
antipsychotic treatment effects over 12 weeks on total body fat
as well as insulin sensitivity at muscle (glucose disposal). Sec-
ondary outcomes included effects over 12 weeks on abdomi-
nal fat and insulin sensitivity at liver (glucose production) and
adipose tissue (lipolysis). Clinical and routine laboratory fol-
low up was scheduled at 6 months. In this article, we report the
12 week findings of the effects on body fat and insulin sensitiv-
ity. The 6-month outcomes will be reported elsewhere.

Study Procedures
The percentage total body fat and total lean body mass were
determined by DXA (QDR 1000 w; Hologic, Inc)36 at baseline
and 6 and 12 weeks. Abdominal 1.5-T MRI scans (Siemens) were
performed at baseline and 12 weeks to quantify subcutaneous
and visceral abdominal adiposity37 (eMethods in Supplement
2). All participants presented to the research unit at approxi-

mately 6 AM after an overnight fast starting at 10 PM (including
medications) and underwent a single-stage hyperinsulinemic-
euglycemic clamp procedure (40 mU × m−2 × min−1) at base-
line and 12 weeks using tracer infusion of 6,6-2H2–labeled glu-
cose to measure glucose uptake in muscle (glucose rate of
disappearance) and hepatic glucose production (glucose rate
of appearance) and 1,1,2,3,3-2H5–labeled glycerol to measure
lipolytic rate (glycerol rate of appearance). The clamp proce-
dure is based on well-established methods previously per-
formed in nonpsychiatric pediatric samples (eMethods in
Supplement 2).19,38,39

Insulin-stimulated percentage change for glucose and glyc-
erol kinetics (glucose rates of appearance and disappearance
and glycerol rate of appearance) was calculated as the abso-
lute value of the difference between the kinetic rate calcu-
lated during insulin-stimulated vs basal conditions. The re-
sulting value was divided by the basal condition and multiplied
by 100%. For all insulin sensitivity measures, exploratory analy-
ses corrected for (nonsignificant) variation in clamped insu-
lin concentrations by dividing each measure by the mean
clamped insulin concentration. Exploratory analyses were con-
ducted with whole-body insulin sensitivity, calculated as [(D20
mL/h ×0.2/60) × (0.2/60)] × [1000/participant DXA fat per-
centage], where D20 represents the rate of infusion and 0.2
accounts for urinary glucose loss, to provide commonly re-
ported values in milligrams per kilogram per minute.19,40

Statistical Analysis
Data were analyzed from January 17, 2011, through August 9,
2017. Primary and secondary analyses for adiposity and insu-
lin sensitivity outcomes were conducted using intention-to-
treat analyses and SPSS software (version 24; IBM, Inc), in-
cluding all randomized participants. Primary outcomes were
change in DXA-measured adiposity (DXA percentage total fat)
and clamp-derived insulin sensitivity in muscle (percentage
change in the glucose rate of disappearance), with secondary
outcomes of change in MRI-measured adiposity and percent-
age change in glucose and glycerol rates of appearance. Pri-
mary analysis for change in DXA percentage total fat used a like-
lihood-based mixed-effects model with time (0, 6, and 12
weeks) and medication group as independent variables and To-
eplitz covariance structure specified, based on Bayesian in-
formation criteria. The primary outcome analysis for insulin
sensitivity, as well as the secondary outcome analyses for adi-
posity and insulin sensitivity, used repeated-measures analy-
ses of covariance (ANCOVA) with baseline values of the de-
pendent variables as the covariate (to address potential baseline
influence on outcomes) and time and treatment condition as
independent factors, with testing for time by treatment con-
dition as well as covariate interactions. When time by treat-
ment interactions were significant, contrasts were used to test
comparisons of interest; when not significant, treatment con-
dition was removed from the model to calculate the main ef-
fect of time and any interactions. The models for MRI abdomi-
nal fat were run with compartment (subcutaneous vs visceral)
as an additional 2-level factor to test for time by compart-
ment and time by treatment by compartment interactions. Ex-
ploratory analyses tested whether the effects of age, stimu-
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lant use, sex, and race/ethnicity altered primary results, with
the primary analyses rerun with an additional 2- or 3-level
factor (eg, yes/no stimulant); these exploratory analyses were
corrected for multiple tests (Bonferroni adjustment, where
0.05/4 = 0.0125). Other exploratory analyses used ANCOVA as
above (weeks 0 and 12) to support interpretation of primary
and secondary measures (eg, DXA percentage lean tissue,
clamped insulin concentration) or for clinical context (eg, BMI
percentile, clinical laboratory test results, and psychiatric
symptoms), with analysis of variance used to test the effect
of time within individual treatment groups. Effect sizes (Cohen
d) were calculated for primary and secondary outcomes.

The original enrollment target was based on power analyses
to detect between-group differences in DXA-measured whole-
body adiposity and clamp-measured whole-body insulin sensi-
tivity (approximating muscle insulin sensitivity) using projected
screen failure and dropout rates. Data from first-exposure stud-
ies suggested differential increases in body weight across drugs,
with weight gain predominantly accounted for by increases in
adiposity.41,42 Expected mean (SD) percentage body fat was 20%
(10%) at baseline with projected increases above baseline dur-
ing the 12-week study of approximately 10% (4%) for olanzapine,
5% (4%) for risperidone, and 0 (4%) for aripiprazole. Based on
thisexpectation,thepowerfora2-sidedtestatasignificancelevel
of P = .05 to compare treatment groups on change in DXA per-
centage fat was determined to be greater than 0.9 using a sample
size of 80 per group. Prior data on likely between-group differ-
ences in the glucose disappearance rate were unavailable. Thus,
we applied the same 2-sided test and significance level with a tar-
get sample size of 80 per group and determined this would al-

low detection of a between-group difference in the mean disap-
pearance rate equal to an SD of 0.5 with a power of 0.88.

Results
Participant Characteristics
Theintention-to-treatsampleincluded144participants(98males
[68.1%] and 46 females [31.9%]; mean [SD] age, 11.4 [2.8] years).
Seventy-four participants (51.4%) were African American. Study
flow and demographics of the intention-to-treat sample are
presented in Figure 1 and Table 1, respectively. Mean (SD) final
antipsychotic doses were representative of pediatric practice
patterns and below the doses typically used to treat psychosis
(risperidone, 1.0 [0.6] mg; olanzapine, 6.3 [3.2] mg; aripiprazole,
6.0 [4.5] mg).33-35 Eighty participants (55.6%) had a primary
diagnosis of attention-deficit/hyperactivity disorder with irrita-
bility and aggression insufficiently responsive to prior therapy
(eFigure 3 in Supplement 2). Clinically and statistically significant
improvements in irritability, aggression, and overall symptoms
occurred during treatment, with similar results across medica-
tions(eTable3inSupplement2).Seventy-sevenof127participants
(60.6%) reported at least 1 school suspension in the 12 months be-
fore the study; suspensions decreased by 43% during the study.

Outcomes
Adiposity
The primary outcome of mean DXA percentage total body fat
increased significantly during 12 weeks for all study treat-
ments (Figure 2, Table 2, and eFigure 4 in Supplement 2), with

Figure 1. CONSORT Diagram
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9 Declined after screening 
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risperidone
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completers included in 
analysis of primary and 
secondary end points
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larger increases for olanzapine. A significant time by treat-
ment condition interaction was observed for DXA percentage
total fat (F = 6.17; P < .001) (Table 2 lists only weeks 0 and 12
data for comparability), with greater mean (SD) increases for
olanzapine (4.12% [3.10%]) compared with risperidone (1.81%

[95% CI, 0.91%-2.71%]; t = 4.05; P < .001; Cohen d = 0.74) or
aripiprazole (1.66% [95% CI, 0.86-2.46%]; t = 4.34; P < .001;
Cohen d = 0.85).

The secondary outcome of abdominal fat measured by
MRI increased significantly in visceral and subcutaneous

Figure 2. Change in Adiposity During Initial Antipsychotic Exposure in the Study Participants

32

30

28

26

24

22

200

160

120

80

40

0
Baseline 12 wk

DX
A 

To
ta

l F
at

, %

Time of Assessment
6 wk

Change in percentage of total body fatA

Risperidone
Olanzapine
Aripiprazole

P < .001a

Baseline 12 wk

M
RI

 F
at

, c
m

2

Time of Assessment

Change in visceral and subcutaneous fatB

Subcutaneous-risperidone
Subcutaneous-olanzapine
Subcutaneous-aripiprazole

Visceral-risperidone
Visceral-olanzapine
Visceral-aripiprazole

P < .001b

A, Baseline and 6- and 12-week mean
percentage total body fat measured
by dual-energy x-ray absorptiometry
(DXA) for each group treated with
risperidone, olanzapine, or
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magnetic resonance imaging (MRI)
for each treatment group. Error bars
indicate SE.
a Indicates time by treatment

condition.
b Indicates time by treatment

condition by compartment.

Table 1. Baseline Demographic and Clinical Characteristics of the Intention-to-Treat Sample

Baseline Variable

Treatment Groupa

Pooled
(n = 144)

Risperidone
(n = 49)

Olanzapine
(n = 46)

Aripiprazole
(n = 49)

Demographic Variables

Age, mean (SD), y 11.4 (2.8) 11.3 (3.0) 11.1 (2.5) 11.6 (2.9)

Aged 6-11 y 89 (61.8) 29 (59.2) 30 (65.2) 30 (61.2)

Female 46 (31.9) 13 (26.5) 18 (39.1) 15 (30.6)

Race/ethnicity

White 65 (45.1) 24 (49.0) 22 (47.8) 19 (38.8)

Hispanic 4 (2.8) 2 (4.1) 1 (2.2) 1 (2.0)

Clinical Variables

Primary diagnosis

ADHD 80 (55.6) 28 (57.1) 23 (50.0) 29 (59.2)

Disruptive behavior disorder 32 (22.2) 8 (16.3) 11 (23.9) 13 (26.5)

Mood disorder 16 (11.1) 7 (14.3) 5 (10.9) 4 (8.2)

Autism spectrum disorder 10 (6.9) 3 (6.1) 4 (8.7) 3 (6.1)

Psychosis 4 (2.8) 2 (4.1) 2 (4.3) 0

Obsessive-compulsive disorder 1 (0.7) 0 1 (2.2) 0

Tourette syndrome 1 (0.7) 1 (2.0) 0 0

Use of stimulants 72 (50.0) 29 (59.2) 21 (45.7) 22 (44.9)

Use of SSRIs 17 (11.8) 8 (16.3) 5 (10.9) 4 (8.2)

Self-reported first-degree relative
with blood glucose level problems

16 (11.1) 5 (10.2) 9 (19.6) 2 (4.1)

Abbreviations:
ADHD, attention-deficit/
hyperactivity disorder;
SSRI, selective serotonin reuptake
inhibitors.
a Unless otherwise indicated, data are

expressed as number (percentage)
of participants.
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compartments, with a similar mean increase in visceral fat
during all treatments (6.85 [95% CI, 2.92-10.78] cm2 for ris-
peridone; 10.73 [95% CI, 5.16-16.30] cm2 for olanzapine; and
12.04 [95% CI, 6.63-17.45] cm2 for aripiprazole), but greater
subcutaneous mean fat increase with olanzapine (34.27
[95% CI, 23.81-44.73] cm2) compared with risperidone (18.21
[95% CI, 10.24-26.18] cm2) and aripiprazole (15.84 [95% CI,
9.03-22.65] cm2) (Figure 2, Table 2, and eFigure 4 in Supplement
2). A significant time by compartment by treatment condi-
tion interaction (F = 8.60; P < .001) was observed, explained
by a significant time by treatment condition interaction for
subcutaneous (F = 6.44; P = .003) but not visceral (F = 1.27;
P = .29) fat (Table 2), with olanzapine increasing subcutane-
ous fat more than risperidone (t = 3.02; P = .003; Cohen
d = 0.65) or aripiprazole (t = 3.26; P = .002; Cohen d = 0.78).

Baseline rates of overweight (BMI of 85th-94th percen-
tiles) and obesity (BMI≥95th percentile) among those who com-
pleted the study were 17 of 129 (13.2%) and 23 of 129 (17.8%),
respectively, similar to rates in the intention-to-treat sample
(20 of 144 [13.9%] and 23 of 144 [16.0%], respectively), and simi-
lar to rates in the general population.43,44 At 12 weeks, 27 of
129 (20.9%) and 33 of 129 (25.6%) met criteria for overweight
or obesity (46.5% combined), respectively.

Insulin Sensitivity
Reductions in insulin sensitivity from baseline—larger in those
with higher baseline sensitivity (ie, time by baseline interac-
tion)—were observed in the pooled study sample for the pri-
mary outcome of change during 12 weeks in the insulin-
stimulated glucose rate of disappearance (F = 17.38; P < .001;
Cohen d = 0.22), as well as for the secondary outcomes of glu-
cose rate of appearance (F = 6.25; P = .01; Cohen d = 0.32), and
glycerol rate of appearance (F = 59.65; P < .001; Cohen
d = 0.20) (Figure 3 and eFigure 5 in Supplement 2). Changes
in insulin sensitivity measured by rates of glucose disappear-
ance and appearance and glycerol appearance did not differ
significantly across treatment groups (Table 2).

Exploratory Outcomes
Change values and exploratory analyses for clinical variables
are provided in eTable 3 in Supplement 2. Psychiatric symp-
toms improved significantly, but small adverse changes in
mean glucose levels and some lipid and hepatic measures were
observed. No participants developed diabetes or dyslipid-
emia during the study; 9 developed impaired fasting glucose
levels (100-125 mg/dL) by the end point (2 in the olanzapine,
5 in the risperidone, and 2 in the aripiprazole groups).

The introduction of age group, Tanner stage, stimulant use,
sex, or race/ethnicity into the models for our primary out-
comes did not change the significance of reported results or yield
relevant interactions, with 2 exceptions. Age group was asso-
ciated with differences in the magnitude of change in DXA per-
centage total body fat (time × age: F = 7.97; P < .001), with
younger children experiencing greater increases in percentage
total body fat. A trend-level interaction between time and treat-
ment condition for glucose rate of disappearance became
statistically significant (F = 3.74; P = .03) with the addition of
age group into the model. However, this finding was not stable Ta
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when Tanner stage was substituted for age in that model, in
which case the interaction returned to a trend-level result.

Adverse Events
Treatment-related adverse events were similar to those in US
prescribing information (eTable 1 in Supplement 2). No signifi-
cant effects of time or time by treatment group interactions
for neurologic adverse events were measured by the
Abnormal Involuntary Movements Scale, Barnes Akathisia Scale,
or Simpson Angus Scale. The clamp procedure was well toler-
ated, with no study discontinuations due to adverse effects
associated with the procedure (eTable 2 in Supplement 2).

Discussion
The results of this randomized clinical trial that used crite-
rion standard measures of adiposity and insulin sensitivity in-
dicate that 12 weeks of antipsychotic treatment with olanza-
pine in previously antipsychotic-naive youths produces greater
adverse effects on DXA-measured whole-body adiposity—
with no larger psychiatric symptom benefit—compared with
treatment with risperidone or aripiprazole. Similar greater in-
creases in subcutaneous abdominal adiposity were observed
with olanzapine compared with risperidone or aripiprazole. In
contrast to stable or progressive reductions in percentage body
fat observed in the general pediatric population across the age
range in this study,45 increases in whole-body and abdominal
adiposity were observed in all treatment groups.

Reductions from baseline in insulin sensitivity in 1 or more
tissues were also observed in each group, with the pooled study
sample indicating reduced sensitivity in all tissues. Although the
absence of a placebo group prevents experimental clarity on
whether within-group changes are attributable to antipsychotic
treatment, no prior evidence suggests that rapid-onset, adverse
changes in adiposity and insulin sensitivity are associated with
normal childhood or untreated disruptive behavioral disorders.

Of interest, these adverse effects occurred at low doses and with
medications categorized as lower, as well as higher, metabolic
risk. Of note, all treatment groups had similar worsening of MRI-
measured visceral abdominal adiposity, a constrained compart-
ment, with greater adverse effects of olanzapine observed in the
more expandable subcutaneous space. Based on prior observa-
tions of progressive antipsychotic-induced weight gain during
1 year or more with some medications and with no evidence that
adversemetaboliceffectsofantipsychoticsroutinelyreversewith
long-term treatment, the present study likely underestimates
longer-term treatment effects.

Substantial off-label use of antipsychotics in pediatric popu-
lations with nonpsychotic disorders and prior reports of
treatment-related risk for hyperglycemia2,3 and weight gain11

using surrogate measures of body composition such as the BMI
z score10,11 established the need for direct assessment of anti-
psychotic treatment effects on adiposity and insulin sensitiv-
ity in children. Results from direct assessments of treatment ef-
fects on adiposity and insulin sensitivity can be interpreted using
knowledge of the contribution of adiposity and insulin resis-
tance to the risk for development of T2D and cardiovascular
disease,14 prevalent conditions in psychiatric populations.1 Risk
for T2D commonly involves increased adiposity with in-
creased hepatic fat and circulating lipid levels, eventually lead-
ing to decreases in insulin sensitivity,46 such that reliably mea-
sured changes in insulin sensitivity may lag behind changes in
adiposity. The study sample was highly representative of youths
who receive antipsychotic treatment, including the most com-
monly treated diagnoses,6 frequent stimulant use (for which no
protective metabolic effect was observed), appropriate racial/
ethnic and sex diversity, and baseline rates of overweight and
obesity matching those of the general pediatric population.43,44

The inclusion of antipsychotic-naive participants allow ob-
served changes to be better attributed to assigned medications
and avoided metabolic effects associated with switching be-
tween antipsychotics, for example weight and lipid improve-
ments that can occur when switching from higher- to lower-

Figure 3. Insulin Sensitivity During Initial Antipsychotic Exposure in the Study Participants
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Data are represented by baseline and 12-week mean values for insulin-stimulated percentage change in glucose rates of disappearance (A) and appearance (B) and
glycerol rate of appearance (C) for the total study sample. Error bars indicate SE.
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risk medications.47 In this study, the combined rates of
overweight and obesity increased in the 129 participants who
completed the study from the general population rate of 31.0%
(40 participants) to 46.5% (60 participants) in just 12 weeks.
Finally, the use of validated measures of adiposity and insulin
sensitivity increase our understanding of treatment effects rel-
evant to the pathophysiologic features of T2D, contributing to
the explanation of previously reported increases in incident
T2D in antipsychotic-treated youth.2

Limitations
The study was 12 weeks in duration, shorter than the long-
term treatment received by many patients. For feasibility and
ethical reasons, we had no placebo group, and treatment as-
signment was open-label with the exception of psychiatric rat-
ings, limiting the interpretation of results. With the excep-
tion of the planned exploratory analyses of age, stimulant, sex,
and race/ethnicity on primary results, we did not correct for
multiple tests. This study did not collect measures of activity,
nutrition, cortisol, or antipsychotic levels. Based on com-
monly observed within- and between-participant variance in
insulin sensitivity, including variability during puberty, the
power to detect medication-induced changes in insulin sen-
sitivity may have been limited. Power calculations targeted
a larger sample than was achieved owing to higher-than-
expected screen failures, but low (approximately 10%) post-
randomization attrition and stronger-than-expected effects al-

lowed detection of within-group effects on insulin sensitivity
in the pooled sample if not between-group differences across
medications. To limit participant burden, a single- rather than
2-stage clamp was used, which may have reduced the ability
to characterize hepatic vs peripheral insulin sensitivity.

Conclusions
The present results inform risk-benefit considerations for the
use of antipsychotics in children and adolescents. Adverse ef-
fects on adiposity—greater for olanzapine—and on 1 or more
tissue-related measures of insulin sensitivity were associ-
ated with all medications tested, suggesting that in youths, the
decision to use an antipsychotic in the first place may be as im-
portant as the decision to select lower-risk medications. Fu-
ture studies should explore clinical indicators of risk. Al-
though strong evidence motivates the use of antipsychotic
medications for certain conditions (eg, childhood schizophre-
nia), most pediatric antipsychotic use is for off-label treat-
ment of nonpsychotic, disruptive behavior disorders.5,6 The
potential psychiatric benefits of antipsychotic use in this popu-
lation, evident in this trial and others, should be carefully
weighed against the potential for childhood onset of abdomi-
nal obesity and insulin resistance that—compared with adult
onset—further increases long-term risk for T2D, cardiovascu-
lar disease, and related conditions.7
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