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Objective: To review the metabolic consequences of second-generation antipsychotics in youth 

and current monitoring and intervention guidelines for optimal treatment.

Background: Second-generation antipsychotics have largely replaced the use of first-generation 

antipsychotics in treating psychotic disorders in youth. In addition, there has been a dramatic 

increase in using these medications to treat a variety of nonpsychotic disorders. These medica-

tions have significant metabolic side effects, including weight gain. This raises concern, given 

the problem of pediatric obesity.

Materials and methods: A review of current literature looking at prescribing practices and 

possible reasons for the increased use of second-generation antipsychotics in children and 

adolescents was conducted. Review of the mechanisms for why youth may be particularly vul-

nerable to the metabolic consequences (particularly weight gain) was similarly completed. In 

addition, data supporting the efficacy, rationale, and unique side-effect profile of each individual 

second-generation drug were evaluated to help inform providers on when and what to prescribe, 

along with current monitoring practices. The current evidence base for possible interventions 

regarding the management of antipsychotic-induced weight gain was also evaluated.

Results and conclusion: On the basis of the literature review, there are several speculated reasons 

for the increase in prescriptions of second-generation antipsychotics. The choice of antipsychotic for 

youth should be based upon the disorder being treated along with the unique side-effect profile 

for the most commonly used second-generation antipsychotics. Monitoring strategies are also 

individualized to each antipsychotic. The current interventions recommended for antipsychotic-

induced weight gain include lifestyle management, switching medication to a drug with a lower 

propensity for weight gain, and pharmacologic (particularly metformin) treatment.
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Introduction
There has been a dramatic increase in prescription of second-generation antipsychot-

ics (SGAs) for children and adolescents.1,2 The clinical utility of these medications 

has been demonstrated for a number of psychiatric disorders affecting youth, includ-

ing autism, schizophrenia, bipolar disorder, and Tourette’s syndrome, and in clinical 

practice these medications are routinely prescribed off-label for the management of 

aggression in children with externalizing behaviors.1–3 Unfortunately, these medications 

are also associated with significant side effects, including risk for prolactin elevation, 

extrapyramidal movements, tardive dyskinesia, effects on cardiological function, 

weight gain, and metabolic disorders.4 Of these side effects, weight gain and metabolic 

disorders are highly prevalent, difficult to manage, and could have potential long-term 

consequences.5 Although some guidelines have been developed for the monitoring 

A
do

le
sc

en
t H

ea
lth

, M
ed

ic
in

e 
an

d 
T

he
ra

pe
ut

ic
s 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/AHMT.S49807
mailto:kumra002@umn.edu


Adolescent Health, Medicine and Therapeutics 2014:5submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

172

Krill and Kumra

of these adverse events, adherence to these guidelines by 

practitioners has been suboptimal.6 In addition, there have 

been few evidence-based approaches developed to manage 

these side effects.7 However, in response to the alarming 

increase in antipsychotic prescriptions for youth in Canada, 

a panel entitled Canadian Alliance for Monitoring Effective-

ness and Safety of Antipsychotics in Children (CAMESA) 

was formed to review systematically the side-effect burden 

of the most common SGAs.8 The expert panel made their 

findings and monitoring/management recommendations 

available to the public. In efforts to summarize concisely 

and build upon the current knowledge base, the purpose of 

this article is threefold: 1) review available data suggesting 

that youth may be particularly susceptible to development 

of metabolic side effects, 2) review the efficacy and safety 

profile of the most commonly prescribed SGAs to guide the 

initial choice in prescribing, and 3) encourage utilization of 

current monitoring and management guidelines suggested 

by CAMESA and discuss potential interventions to combat 

metabolic side effects (specifically weight gain).

Clinical scenario
Jordan is a 16-year-old boy admitted to the inpatient child and 

adolescent psychiatric unit after his family notices a decline 

in his functioning over the past several months. He has 

become increasingly withdrawn, with poor hygiene, and he 

is afraid that his food is being poisoned. Upon admission, he 

is aggressive with providers, and reports somatic complaints 

and delusions that he may in fact already be dead. His admis-

sion weight and body mass index (BMI) are 145 lb (65.77 kg) 

and 22.7, respectively. He is started on an SGA, and over 

the course of several weeks he is less paranoid, his somatic 

complaints have diminished, and he is discharged to a lower 

level of care to help him transition back to school. Parents 

continue reporting sustained improvement to the outpatient 

psychiatrist. Ten months after his initial hospitalization, 

Jordan has gained 20 pounds, with a corresponding increase 

in BMI, and his lipid panel reveals diminished high-density 

lipoprotein. He reports feeling a constant insatiable hunger. 

His parents report, “We finally feel like we have our son back, 

but what should we do about his weight gain?”

Trends in antipsychotic  
use for youth with severe  
emotional disturbances
The US Food and Drug Administration (FDA) has approved 

antipsychotics for use in several disorders in children and 

adolescents that include schizophrenia, bipolar disorder, 

Tourette’s syndrome, and associated aggression/irritability 

in autism-spectrum disorder. SGAs largely replaced first-

generation antipsychotics (FGAs) in the past two decades, 

due to their perceived lower risk for acute and chronic 

extrapyramidal side effects (EPSEs), for which youth are 

thought to be more susceptible than adults.9 EPSEs include 

akathisia, parkinsonism, acute and tardive dystonia, and 

tardive dyskinesia. The introduction of SGAs did not fully 

ameliorate these side effects, but diminished them greatly, 

due to their lower D
2
-receptor affinity and faster dissociation 

from the D
2
 receptor.10

Today, antipsychotic prescriptions are among the most 

commonly prescribed medications.1,2 For every 100 office-

based visits in 2005–2009, an antipsychotic was prescribed 

at a rate of 1.83 for a child and 3.76 for an adolescent.1 

There are several probable reasons for this increase, which 

are outlined in a recent paper by Correll et al.11 There is a 

greater recognition that severe mental disorders frequently 

begin in childhood and adolescence, are chronic in nature, 

and require long-term medication use. As such, there has been 

a subsequent increase in the evidence base and indications 

for antipsychotic use in this population. Another possible 

contributor has been the overreliance on pharmacologic 

management to achieve symptom reduction in the cur-

rent environment, which focuses on expedience and cost, 

particularly for inpatient settings. This is coupled with a 

regional shortage of services and trained professionals in 

psychosocial interventions, especially for behaviorally chal-

lenged children. The substantial proportion of antipsychotic 

use in youth with attention deficit/hyperactivity disorder 

(ADHD) and other disruptive behavioral disorders could be 

a consequence of this. 

Specific trends for antipsychotic use in youth reflect these 

challenges. A recent study by Birnbaum et al found that from 

the early 1990s through the late 2000s, 30.5% (±18.5%) of 

antipsychotic treated youth had a diagnosis of ADHD.2 This 

was secondary only to those with disruptive behavioral 

disorders (31.3%±22.6%), followed by mood disorders 

(24.0%±27.3%) and psychotic disorders (8.8%±5.9%).1 For 

adolescents, the corresponding rates were highest for bipolar 

disorder not otherwise specified (14.9%), anxiety disorder 

not otherwise specified (12.6%), and ADHD (11.4%).1 

Overall, there was also a marked increase in antipsychotic 

visits in youth with a diagnosis of mood disorder (31.3% in 

2005–2009 versus 6.6% in 1993–1998).1 A similar trend was 

found in youth carrying an anxiety disorder (16.3% versus 

5.3%).1 The most common SGAs prescribed for children from 

2005 to 2009 were risperidone (42.1%), aripiprazole (28.0%), 
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quetiapine (19.2%), and olanzapine (4.4%). For adolescents, 

aripiprazole was the most commonly prescribed (29.0%), 

followed by quetiapine (26.8%), risperidone (23.0%), and 

olanzapine (9.3%).1

Susceptibility for youth to develop 
antipsychotic-induced weight gain
In spite of SGAs’ efficacy, it has only been in the past decade 

that their metabolic side-effect profile has been carefully 

studied in adults, and much less so in youth.12 Extension of 

adult findings toward guiding clinical practice in children 

and adolescents may not be appropriate. Compared with 

adults, children have rapid tissue growth, higher ratio of 

liver organ to tissue mass, greater extracellular tissue water 

and glomerular filtration rates, lower protein binding, 

reduced fat-tissue mass, and more active hormone release 

in adolescence.13 Thus, children may require different dos-

ing strategies and experience more frequent and unique side 

effects than adults.

In a large naturalistic cohort study conducted from 

2001 to 2007 entitled Second-Generation Antipsychotic 

 Treatment Indications, Effectiveness and Tolerability in Youth 

(SATIETY), data collected from antipsychotic-naïve youth 

demonstrated weight gain over the first 3 months of treatment 

with all SGAs in the following order from most weight gain to 

least: olanzapine (8.5 kg) . quetiapine (6.1 kg) . risperidone 

(5.4 kg) . aripiprazole (4.4 kg).12 This is in contrast to psy-

chiatrically ill youth who refused or stopped SGA treatment 

within 4 weeks and gained only 0.2 kg. De Hert et al completed 

a systematic review of placebo-controlled studies of SGAs 

in youth regardless of diagnosis and abstracted data from over 

3,000 patients. Based on the results, the weight-gain potential 

appeared similar to the SATIETY results:  olanzapine $ 

clozapine .  risperidone $  quetiapine . aripiprazole = 

ziprasidone.14

In the SATIETY study, SGA-treated youth gained $7% 

of their baseline weight within the first few months, with 

continued weight gain indefinitely. This finding is even 

more alarming against the backdrop of the current obesity 

epidemic in the US among children. According to the lat-

est statistics from the US Centers for Disease Control and 

Prevention, approximately 17% (or 12.5 million) of children 

and adolescents aged 2–19 years are obese.15

Mechanisms underlying weight gain
While the exact mechanism of weight gain and dyslipidemia 

from SGAs in either children or adults is poorly under-

stood and complex, several theories have been studied and 

 proposed. There are increasing data that dyslipidemias and 

glucose intolerance can occur independently of weight gain.12 

In a comprehensive review of possible explanations, Maayan 

and Correll16 cite research supporting the view that antipsy-

chotics may decrease physical activity and interfere with the 

body’s utilization of energy stores and energy expenditures. 

In addition, there is significant evidence that points to 

increased caloric intake as the major cause of weight gain. 

Mechanisms for the increased appetite and decreased satiety 

may involve complex interactions with serotonergic, dop-

aminergic, and histaminergic receptors and hypothalamic 

peptides and hormones involved in energy homeostasis 

that are perturbed by antipsychotic medications. This may 

explain in part why medications with strong hypothalamic 

H
1
-receptor affinity are correlated with a higher propensity 

for weight gain.

There is concern that children and adolescents may be 

at greater risk for unhealthy weight gain with SGAs than 

adults.17 Weight susceptibility in youth may result from 

differences in drug metabolism and immaturity of the pre-

frontal cortex compared to adults, resulting in decreased 

top-down regulation of the hypothalamus. This could lead 

to increased appetite and caloric intake.16 It also may be the 

result of an artifact of prior drug treatment. Youth enrolled in 

clinical trials often have less prior exposure to antipsychotic 

medications than adults with chronic illness, who likely 

have longer durations of antipsychotic exposure, leading to 

an attenuated signal in registered trials.16 This hypothesis is 

supported by similar findings found in first-episode adults 

with psychosis, who were observed to have a more significant 

propensity to gain weight compared to adults with chronic 

mental illness.12

Initial selection of  
antipsychotic medication
One of the most important decisions providers make is select-

ing which antipsychotic to initiate. Most of the evidence 

base for SGAs in youth comes from research in psychotic 

disorders, bipolar disorder, and disruptive behavior disor-

ders (including autism-associated irritability and conduct 

disorder), with the majority of studies looking at risperidone 

in the latter category. SGAs have also been examined in the 

treatment of Tourette’s syndrome. These studies were con-

ducted in populations with varying levels of illness severity 

(inpatient, outpatient, or combination). Also, while the rating 

scales used to measure symptomatic improvement proved to 

be statistically significant in these studies, one should keep 

in mind how this translates clinically.
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With the exception of clozapine, systematic analysis 

trends toward superiority of SGAs over FGAs in terms of 

symptomatic improvement,18 but as mentioned earlier, FGAs 

have largely fallen out of favor due to EPSEs. There are a 

few comparative studies of nonclozapine SGAs in treating 

psychotic disorders in youth, and they all appear to perform 

similarly.3,19

For bipolar disorder, all SGAs likewise appear the same 

in terms of efficacy when compared with placebo.3,19,20 There 

are few head-to-head studies looking at conventional mood 

stabilizers (anticonvulsants/lithium) versus SGAs for bipolar 

disorder. Limited evidence thus far however points to SGAs 

as superior for pediatric mania, based on meta-analysis when 

compared to placebo.21 The authors of the study cautioned, 

however, that SGAs have a greater side-effect burden than 

mood stabilizers. The use of SGAs for bipolar depression is 

unclear, as some studies have demonstrated no difference in 

depressive symptoms when comparing SGAs to placebo.3

Unfortunately, there is a dearth of comparative studies 

investigating pharmacologic versus nonpharmacologic treat-

ments alone and in combination for behaviorally disruptive 

children. Likewise, there are no studies in youth directly 

looking at SGA use for anxiety, nor the commonly diagnosed 

mood disorder not otherwise specified. Clinicians are often 

left to rely heavily on anecdotal experience and/or evidence 

from adult studies to make treatment decisions. In addi-

tion, there are few studies looking at SGAs for Tourette’s 

syndrome. Meta-analysis supported the use of risperidone and 

ziprasidone, with moderate strength of evidence for both.3

Clinicians ought to base their choice on eff icacy 

(balancing both the evidence base with clinical experience), 

a well-established safety profile, and data supporting the 

long-term use of a medication to guide informed consent. 

In the following sections, we review data supporting the 

effectiveness of the most commonly used SGAs in youth.

Risperidone
Risperidone is approved by the FDA for treating schizo-

phrenia in adolescents aged 13–17 years, bipolar disorder in 

those 10–17 years, and autism-related aggression/irritability 

in children 5–17 years of age. In Europe, it is approved for 

children with aggression in conduct disorder. It was the most 

often-prescribed SGA in the longitudinal Child and Adolescent 

First Episode Psychosis Study (CAFEPS), followed by olan-

zapine and quetiapine in children 9–17 years of age.22

Approval to treat adolescent schizophrenia came from 

two short-term, double-blind controlled trials (6 and 8 weeks, 

respectively) of patients (combination of inpatients and 

outpatients) experiencing acute onset of symptoms con-

sistent with schizophrenia.23,24 Both studies demonstrated 

superiority compared to placebo (n=36) and low-dose 

risperidone (0.15–0.6 mg, n=82). There was no difference 

in outcomes in those patients taking 1–3 mg/day (n=45) 

versus 4–6 mg/day (n=44) in the first study. The dose range 

in the second study was 1.5–6.0 mg/day (n=90). Those in 

the higher-dose group from the first study experienced more 

EPSEs, dizziness, and hypotonia. A US National Institute 

of Mental Health-funded comparison of risperidone with 

olanzapine and molindone did not find it superior to either 

medication in treating psychosis.17

Approval for treatment of bipolar disorder came from 

efficacy demonstrated in a 3-week, randomized, double-

blind, placebo-controlled, multicenter trial of patients ranging 

in ages from 10 to 17 years (n=169).25 The efficacy on the 

primary parameter in those taking 3–6 mg/day (n=61) was 

comparable to those taking 0.5–2.5 mg/day (n=50). When 

studied head to head in outpatient youth with bipolar disorder 

against valproic acid (n=66, 33 in each arm), it was found to 

be superior to the mood stabilizer.26

Approval for the treatment of irritability associated 

with autism came from efficacy established in two 8-week, 

placebo-controlled trials in children and adolescents (aged 

5–16 years, combined study total n=134, 67 in each arm).27,28 

The primary outcome measure in both trials was the change 

from baseline to end point in the irritability subscale of 

the Aberrant Behavior Checklist (ABC)-I. The ABC-I 

 subscale measures the emotional and behavioral symptoms 

of irritability in autistic disorder, including aggression toward 

others, deliberate self-injuriousness, temper tantrums, and 

quickly changing moods. In these studies, both demonstrated 

superiority when compared to placebo. However, there was 

no effect on core symptoms of autism.

In a meta-analysis of eff icacy in autism-spectrum 

disorders (one of the FDA-cited studies above was not 

included28), risperidone repeatedly demonstrated improve-

ments in the ABC-I, Autism Rating Scale, and obsessive–

compulsive symptoms compared to placebo.3 When 

compared head to head with haloperidol, there was no 

significant difference on the ABC-I. In placebo-controlled 

relapse-prevention studies (up to 1 year), risperidone was 

superior to placebo in maintaining efficacy in the ABC-I 

subscore. In spite of the proposed benefit, the authors of 

the analysis concluded that overall the strength of evidence 

in these studies was low.3 Most recently, when studied head 

to head against aripiprazole (n=59 total), neither outper-

formed the other.29
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In a meta-analysis looking at effectiveness of SGAs for 

aggressive behaviors associated with oppositional defiant 

disorder and conduct disorder, all but one study included 

risperidone against placebo. Moderate strength of evidence 

was found for risperidone, based upon greater improvement 

on various measures of behavior symptoms and the Clinical 

Global Impression scale compared with placebo, but it did 

not differ significantly for aggression.3

In a meta-analysis, risperidone had a significantly higher 

rate of EPSEs, with a corresponding odds ratio of 3.55 and 

corresponding higher rates of treatment with  anticholinergic 

medications.8 In regard to metabolic consequences, a meta-

analysis of randomized controlled trials (RCTs) with ris-

peridone lasting less than 12 weeks demonstrated a 1.72 kg 

weight increase compared to placebo, with continued weight 

gain in RCTs lasting 6 months (2.09 kg) and up to 2 years.8 

There was a mean increase in waist circumference of 5.1 cm 

and an increase in triglyceride levels after 10.8 weeks of 

therapy.8 There are case reports of risperidone associated 

with diabetes and hyperglycemia in children.8 Risperidone 

also demonstrated a significant increase in prolactin levels 

that appeared to then decrease over time.8 Adverse events 

related to hyperprolactinemia are much more common in 

girls than boys.20 In a more recent study (2013) by Margari 

et al, risperidone was studied in an open-label observational 

study lasting 6 months to verify tolerability in antipsychotic-

naïve children (n=22) ages 6–17 years. Results demonstrated 

a significant increase in weight, BMI, BMI percentile, and 

normal weight distribution (z score), with a trend demon-

strating increases in prolactin, glucose, cholesterol, and 

liver-enzyme levels.30

Aripiprazole
Aripiprazole is a partial D

2
/D

3
 and serotonin 5-HT

1A
 agonist 

approved for pediatric schizophrenia (13–17 years, FDA), 

bipolar disorder (10–17 years, FDA; .13 years in Europe), 

and irritability associated with autism-spectrum disorders 

(6–17 years, FDA). It is sometimes referred to as a “third-

generation antipsychotic”, due to its differing mechanism of 

action than other SGAs.20

The approval for use in pediatric schizophrenia came 

from one 6-week, placebo-controlled trial of outpatients 

(n=302, 13–17 years) comparing two fixed doses of 10 mg 

and 30 mg.31 Though no differences were found between 

these two dosages, both were superior to placebo.

Approval for the treatment of bipolar I disorder in pedi-

atric patients (10–17 years of age) was evaluated in one 

4-week, placebo-controlled trial (n=296) of outpatients, 

using two fixed doses of 10 mg/day or 30 mg/day.32 Again, 

both doses were superior to placebo, with no difference in 

efficacy between the two. Thus far, there do not appear to 

be any comparative studies of aripiprazole with other SGAs 

for bipolar disorder.

The efficacy of aripiprazole in the treatment of irrita-

bility associated with autistic disorder was established in 

two 8-week, placebo-controlled trials in pediatric patients 

(n=316 combined, 6–17 years of age).33,34 Both trials dem-

onstrated significant change from baseline to end point in 

the Irritability subscale of the ABC. The average end-point 

dose in one trial was 8.6 mg. There was significant change 

found in all three fixed doses of 5, 10, and 15 mg in the 

second trial. As with risperidone, in a meta-analysis, there 

was overall benefit with aripiprazole, but strength of evi-

dence was low in supporting its use.3 A very recent study 

of autistic patients taking aripiprazole investigated time 

to relapse in those randomized to either continuous use of 

aripiprazole or placebo (n=85). The authors found no sta-

tistically significant difference in time to relapse (16 weeks) 

during maintenance therapy.35

Compared to other SGAs (with the exception of ziprasi-

done), aripiprazole has the least weight gain.8,20 When compared 

with placebo, however, it demonstrated higher mean weight 

gain and increases in BMI and waist circumference (0.85 kg, 

0.27 k/m2, and 5.4 cm, respectively).8 However, increased 

body weight with aripiprazole may reach a plateau within 

3–6 months.20  Aripiprazole also has been found to significantly 

decrease prolactin levels, and like risperidone has higher odds 

of EPSEs when compared to placebo (odds ratio 3.70).8,20

Quetiapine
Quetiapine is approved for schizophrenia (13–17 years, FDA) 

and bipolar disorder (10–17 years, FDA). Efficacy for pediat-

ric schizophrenia was established in a 6-week, double-blind, 

placebo-controlled, randomized, multicenter parallel-group 

trial of two target doses of quetiapine in pediatric patients: 

400 mg/day (n=73) and 800 mg/day (n=74).36 It demonstrated 

superiority over placebo (n=75). Head to head in a sample of 

32 first-episode psychosis (FEP) patients (n=16 in each arm), 

it did not yield any superiority over olanzapine in an open-

label 6-month period,37 nor did it outperform olanzapine or 

risperidone in a separate comparative pilot study in children 

with schizophrenia (n=21 of 30 completed).38

Efficacy for approval in the treatment of bipolar dis-

order was established in a 3-week, double-blind, placebo-

controlled, randomized, multicenter, parallel-group trial of 

two target doses in pediatric patients (10–17 years) of 400 
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mg/day (n=95) and 600 mg/day (n=98).39 It demonstrated 

superiority over placebo (n=91). It has been studied in 

adolescents as an adjunct to valproic acid versus valproic 

acid monotherapy, and led to quicker reduction in manic 

symptoms at 450 mg/day.40

A randomized controlled pilot study looked at its use 

in conduct disorder (dose range 200–600 mg/day). Results 

found improvement in clinician-assessed measures and on 

the parent-assessed quality-of-life rating scale, with no dif-

ferences in other parent-rating or aggression scales.41

Quetiapine is known to carry more sedation and hypoten-

sion than its counterparts, presumably secondary to its affinity 

for histamine and α-adrenergic receptors, respectively.20 In a 

meta-analysis, quetiapine was not found to carry significant 

risk for developing EPSEs when compared to placebo.8 

Weight gain was found to increase by an average of 1.41 kg 

in RCTs lasting less than 8 weeks compared to placebo and 

was not dose-dependent. Evidence also points to significant 

changes in triglyceride levels compared to placebo. The same 

meta-analysis8 points to significant changes in triglyceride 

levels compared to placebo. In addition, trials lasting longer 

than 3 months report continued weight gain and increase in 

BMI, as well as increases in thyroid- stimulating hormone 

and decreases in free thyroxine.8 There are case reports of 

quetiapine-associated hyperglycemia and diabetes.8

Olanzapine
Olanzapine is approved for the treatment of schizophre-

nia and bipolar disorder in adolescents (13–17 years, 

FDA). Establishment of efficacy for acute treatment of 

schizophrenia in adolescents came from a 6-week, double-

blind, placebo-controlled, randomized trial of inpatients 

and outpatients with schizophrenia.42 An average dose of 

11.1 mg/day was significantly more effective than placebo. 

More olanzapine-treated youth (n=71) completed the trial 

than placebo (n=35).

Establishment for approval of treatment of bipolar disor-

der came from a 3-week, double-blind, placebo-controlled, 

randomized trial of adolescent inpatients and outpatients 

(n=107).43 As a flexible-dose trial, an average of 8.9 mg/day 

for patients in the olanzapine group demonstrated statistically 

significantly greater improvement than in the placebo group.

Olanzapine has been included in several comparison 

studies for the treatment of psychosis without demonstrat-

ing any superiority over FGAs or other SGAs (risperidone, 

quetiapine), nor against clozapine using “high doses” (up to 

30 mg).19 It has been evaluated for treating disruptive behav-

iors (including autism) without clear benefit.3

Of all the SGAs, olanzapine remains the biggest offender 

overall in terms of weight gain and increases in fasting 

cholesterol, low-density lipoprotein, insulin, and liver 

transaminase levels.8 Caccia cites one study implying that 

dissolving tablets appear to induce less weight gain (possibly 

due to shorter interaction with digestive serotonin receptors, 

which mediate satiety).20 Adolescents have been found to 

gain more weight than adults on olanzapine, but have fewer 

adverse metabolic changes in terms of moving from normal 

or impaired glucose to high blood glucose and less developed 

borderline dyslipidemias.20

Clozapine
Clozapine is unique in its relatively low aff inity for 

D
2
  receptors, making it the least risky of the SGAs in terms 

of extrapyramidal symptoms. Review of this medication 

heralds it as being the only antipsychotic with superior 

efficacy in comparison to both haloperidol and olanzapine 

in adolescents, especially in regard to early onset schizo-

phrenic disorders and treatment-refractory psychosis.20,44 It is 

approved in Europe for use in youth with treatment-refractory 

schizophrenia.

Despite the superiority of clozapine, there are substantial 

incidences of adverse effects, including risk for decrease 

in absolute neutrophil count.19 Evidence also demonstrates 

significant increase in weight and BMI and elevations in 

cholesterol and triglycerides.8,20,45 In a recent systematic 

review of the efficacy and tolerability of clozapine in youth 

with early onset schizophrenia, the authors reported on 

additional adverse reactions. These included persistent seda-

tion, seizures (average of up to 3%), akathisia (15%–31%), 

nocturnal enuresis (up to 15%), hypersalivation (80%–90%), 

and constipation (30%–50%). Of importance in regard to 

cardiological function, tachycardia and hypertension may 

persist beyond the initial months of treatment. Also, though 

they did not review any cases of reported myocarditis, they 

cautioned clinicians to remain vigilant, given other literature45 

reports of rates of up to 3% in all clozapine-treated patients. 

In spite of the various side effects, clozapine overall was 

found to be tolerable, with low discontinuation rates in youth. 

However, because of the host of potentially fatal drug reac-

tions, clozapine remains a third-line medication in spite of its 

efficacy, due to neutropenia, rare but fatal agranulocytosis, 

and significant weight gain and dyslipidemia.20

Ziprasidone
Ziprasidone is approved in Europe for bipolar disorder in 

those 10–17 years of age, but has no approval yet in the US 
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for youth. Approval for the treatment of bipolar disorder in 

this age-group was based upon results of a 4-week, double-

blind, placebo-controlled trial (n=149 treatment versus 

n=88 in placebo).46 Though it was approved for adults with 

schizophrenia, a review of recent trials showed a lack of 

efficacy in youth with early onset schizophrenia.19

In meta-analyses, unlike its SGA counterparts, zip-

rasidone has not shown any differences in weight when 

compared to placebo in RCTs lasting 8 weeks, and has not 

demonstrated adverse changes in glucose, cholesterol, or 

triglycerides in open-label studies up to 6 months.8,20 The 

same study demonstrating efficacy for bipolar disorder in 

youth looked at effects of a 26-week open-label extension 

(n=193 in treatment, n=90 placebo) to assess tolerability and 

long-term effects. Ziprasidone was found to be metabolic-

neutral. Adverse events reported included somnolence and 

extrapyramidal disorders, and during open-label extension 

it was somnolence only. There has been controversy regard-

ing its propensity to prolong the cardiac QT interval. Caccia 

reports a case study of a patient with Tourette’s who died 

suddenly during a clinical trial of ziprasidone, but the remain-

der of large studies examining the risk of life-threatening 

arrhythmias on this medication conclude that it is likely to 

be clinically irrelevant.20,47,48

Paliperidone
Paliperidone was the newest SGA approved by the FDA 

to treat schizophrenia in adolescents aged 12–17 years 

in 2011. Paliperidone is an active risperidone metabolite 

(9-hydroxyrisperidone), and has an osmotically controlled-

release delivery system with low peak-to-trough fluctuations. 

Approval for the treatment of schizophrenia came from a 

6-week, double-blind, parallel-group study of participants 

(n=201) 12–17 years in age.49 They were randomly allocated 

to four groups to receive either placebo or one of three weight-

based, fixed doses of paliperidone extended release (1.5 mg, 

3 mg, 6 mg or 12 mg). The 3–6 mg range resulted in sig-

nificant improvement versus the other treatment groups and 

placebo. Weight-based dosing did not appear necessary.

Unlike its atypical counterparts, paliperidone is excreted 

unchanged in the urine, and is thus prescribed with caution 

in those with renal function impairment.20

Paliperidone was included in a meta-analysis of the 

newer SGAs to examine its metabolic profile.50 Data were 

based mostly on adults, but included the adolescent study 

mentioned earlier.49 Short-term and longer-term studies 

(up to 1 year) demonstrated statistically significant weight 

gain $7% when compared to placebo. In addition, there 

appeared to be a dose–weight response. There were no clini-

cally relevant differences in cholesterol or triglyceride levels 

compared to placebo in both short- and longer-term trials, but 

there were relevant changes in glucose levels compared to 

placebo (long-term only). Likewise with weight gain, events 

related to EPSEs were also found to be dose-dependent, 

without any prolactin-related events.20 The authors of these 

reported findings cautioned there is still a relative paucity of 

long-term data needed to make decisive conclusions about 

its safety profile.

Asenapine, lurasidone, and iloperidone
Similar to paliperidone, the newer SGAs are limited in terms 

of their robust data base, especially in regard to where they 

land relative to older SGAs in terms of their safety profile. 

None of these agents appears to have published studies of 

use in youth with psychotic disorders.

In a meta-analysis of their metabolic profiles (paliperidone 

included) with short-term and longer-term trials, $7% weight 

gain was statistically significant for asenapine, followed 

by iloperidone and paliperidone, but not for lurasidone.50 

However, statistically significant weight gain relative to 

placebo was found for all four agents. Iloperidone (short 

term) and asenapine (long term) were the only two agents 

with statistically significant differences in total cholesterol 

compared to placebo. Also, with the exception of iloperidone 

and lurasidone, there were statistical but likely irrelevant dif-

ferences in high-density and low-density lipoprotein levels. 

In addition to paliperidone, relevant glucose changes were 

seen with asenapine and iloperidone. With the exception of 

paliperidone, none had significant changes in triglycerides.

Monitoring and management  
of antipsychotic-induced  
metabolic side effects
After an appropriate initial choice is made, the next step is 

to implement monitoring procedures. With the exception 

of paliperidone and the newer SGAs, CAMESA has made 

available monitoring spreadsheets to the public based on 

their rigorous analysis of each individual SGA safety profile 

(http://camesaguideline.org/information-for-doctors).8

Once significant weight gain has occurred, there are 

three possible interventions for management: 1) behavioral 

interventions, 2) switching to a more weight-neutral anti-

psychotic, and 3) adding a pharmacologic weight-loss agent. 

Though research has been done in adults examining these 

strategies, it is nearly absent in youth. To date, the only 

systematic study examining these interventions head to head in 
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youth is under way as an open-label community study called 

Improving Metabolic Parameters of Antipsychotic Child 

Treatment (IMPACT).7 Because weight gain is a prominent and 

burdensome side effect and weight reduction has the potential 

also to ameliorate dyslipidemias, specific discussion of these 

three implementation strategies will be the primary focus.

Behavioral interventions
There has been considerable efficacy of behavioral inter-

ventions for SGA-related weight gain conducted in adults. 

A 2012 meta-analysis and systematic review of nonpharma-

cological interventions was completed in adults specifically 

with psychotic disorders.51 Thirteen studies were included and 

the interventions lasted between 2 and 12 months, with three 

studies including 2- to 3-month follow-up periods. Results 

demonstrated an effect toward the experimental group. At the 

end of the intervention phase, there was a 0.98 kg/m2 reduc-

tion in the mean BMI. This corresponded to a 3.12% loss of 

initial weight. The authors noted that even though a weight 

loss of 5%–10% is the criterion for response proposed by the 

World Health Organization guidelines, they cited research 

suggesting it may be sufficient to improve weight-related 

complications. There were no statistically significant dif-

ferences between therapeutic approaches, either individual 

compared with group interventions, or cognitive behavioral 

therapy compared with nutritional counseling.

In efforts to assess the long-term impact of behavioral 

interventions as a preventative strategy, a recent study inves-

tigated 2-year effects of an early behavioral intervention 

(EBI) designed to prevent antipsychotic-induced weight 

gain in mostly drug-naïve patients (96.8% of total subjects) 

with FEP.52 In the control group, patients were informed 

about potential weight gain and advised to increase their 

exercise and limit food intake. Sixty-one FEP patients were 

randomized to receive either EBI or treatment as usual. EBI 

was manualized and comprised 10–14 individual sessions in 

which several intervention modules (assessment, psychoedu-

cation, dietary counseling, exercise program, and behavior 

therapy) were implemented up to 3 months. Those in the EBI 

group gained significantly less weight than those allocated to 

routine care at intervention, with treatment effects maintained 

over 3 months. Differences between groups were no longer 

significant by 12 months, leading the authors to conclude that 

weight-management interventions may need to be offered for 

longer periods to maintain preventative effects.

In a more recent study attempting to address this issue, 

291 adults from a community psychiatric rehabilitation 

program underwent longer-term intervention.53 Psychiatric 

illnesses consisted mostly of schizophrenia (58.1%) and 

bipolar disorder (22.0%). Intervention consisted of three 

contact types: 1) group weight-management sessions, 

2) individual weight-management sessions, and 3) group-

exercise sessions. Intervention was incentivized with points 

they could earn for small rewards and lasted for 18 months. 

Those in the control group received standard nutrition and 

physical activity  information. Those in the intervention 

group at 18 months had a mean difference in body weight 

of -3.2 kg, with 37.8% of those in the intervention group 

losing $5% of initial body weight.

To date, it appears there have been no studies of utilizing 

behavioral interventions to prevent or reduce weight gain 

in pediatric populations treated with SGAs. The current 

intervention being utilized in the IMPACT study is using 

various pediatric weight-loss guidelines from the American 

Medical Association.54

The following conclusions and strategies may be 

helpful:

1. Initiating early and fairly aggressive intervention at the 

initiation of antipsychotics appears to prevent weight 

gain in the short term, but likely needs to continue for at 

least the first year of treatment.

2. Implementing these strategies in group settings appears 

to be just as effective as an individual approach, which 

could ease some financial burden.

3. Involving a family-based strategy is likely to ensure 

the best chance of success and promote healthy role-

modeling.

4. Consideration of small incentives or reward system for 

families may lead to greater and sustained gains to rein-

force healthy, adaptive patterns.

Switching agents
Unless antipsychotics can be tapered and discontinued in the 

child or adolescent, it is logical to switch to a less orexigenic 

agent. There are complications when switching, as it may 

worsen outcomes and cause relapse in symptoms. Maayan 

and Correll summarized these findings nicely in their review 

of management of antipsychotic-related weight gain.16 They 

cited the large multicenter treatment Clinical Antipsychotic 

Trials of Intervention Effectiveness (CATIE), which demon-

strated that patients were more likely to discontinue treatment 

prematurely after switching than when blindly rerandomized 

back to the prebaseline antipsychotic. In spite of this, studies 

have demonstrated significant decrease in weight and other 

cardiometabolic risk factors when switching to an agent 

with a better metabolic side-effect profile. For example, 
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adult patients switched off risperidone and olanzapine lost 

an average of 6.9 kg and 9.8 kg, respectively. The authors 

also point to a 2010 Cochrane review of four RCTs looking 

at this issue, which deemed switching to a lower-risk agent 

to be an effective strategy.

The IMPACT study chose as part of its switch protocol to 

include aripiprazole and perphenazine based on the CATIE 

study with adults.7 The researchers did not choose ziprasi-

done based on the burden of electrocardiogram monitoring. 

Because the problem of EPSEs remained with perphenazine, 

IMPACT clinicians are providing prophylactic treatment with 

benztropine for youth prescribed greater than 8 mg.

There is no one dosing/switching strategy recommended, 

and it depends on the receptor profiles of the pre- and post-

switch medications and illness severity. There is concern 

for relapse in symptoms and other side effects associated 

with tapering and titrating, such as EPSEs and withdrawal, 

and to date these strategies have come from adult popula-

tions only.

Several tapering options suggested in clinical practice 

were outlined by Buckley and Correll: 1) stop the first antipsy-

chotic abruptly and immediately start the second, 2) gradually 

taper the first and immediately start the second, 3) gradually 

taper the first while gradually starting the new, and 4) plateau 

cross-titrate by continuing the first antipsychotic at full dose, 

gradually bring the second agent to full dose, and then taper 

the first medication.55 Most appear to favor cross-titration 

strategy. The authors noted that “plateau cross-titration may 

be particularly useful in aripiprazole because it has a longer 

half-life and takes more time to build up than other agents.” 

They warn that patients switching from a highly upregu-

lated receptor from antagonism to one that does not block 

that receptor may experience acute worsening of psychosis, 

agitation, parkinsonism/akathisia, insomnia, and anxiety. 

These symptoms may be related to the new anti psychotic or 

may be rebound symptoms related to withdrawal from the 

previous drug.

There may be the temptation to assume that the switch 

drug is ineffective when in reality the patient could be expe-

riencing an avoidable or treatable rebound or withdrawal phe-

nomenon.  Utilizing rescue medications to help mediate these 

side effects can involve adding benztropine, a benzodiazepine, 

or an antihistamine. The authors also suggest the use of val-

proic acid as coverage option for aggressive patients, though 

this may carry the risk of additional weight gain. Extending 

the crossover period is encouraged in some cases.

Above all, the authors recommended key psychoeduca-

tion points for the patient and family: 1) the new drug may 

or may not be as efficacious as the prior, 2) side effects may 

occur, and the patient should be encouraged to endure them 

early on as they may be transient, 3) withdrawal symptoms 

may be  experienced, particularly between days 7 and 10, 4) 

drugs should not be stopped too early, 5) heavy family support 

should be provided, and 6) the clinician should be readily avail-

able to discuss concerns or problems.

Pharmacologic interventions
Among all the various pharmacologic interventions for SGA-

related weight, the only one to stand the test of time due to 

a well-established safety profile in both adults and youth is 

metformin.56,57 Metformin decreases hepatic gluconeogenesis 

and improves insulin sensitivity in the liver and muscle. It 

is FDA-approved for treatment of type 2 diabetes in youth 

10 years of age and above.

In a 2012 systematic review, metformin was studied in 

randomized clinical trials 12–16 weeks in duration (adults 

only), with doses ranging from 750 to 2,250 mg/day.57 

Overall, it yielded a weight loss of 2.93 kg relative to placebo. 

The authors cited two studies in youth (not included in the 

meta-analysis) with less consistent results. Over 16 weeks, 

children and adolescents aged 10–17 years who had gained 

more than 10% of their body weight during 12 months of 

treatment with an SGA (risperidone, olanzapine, or quetia-

pine) lost on average 4.1 kg relative to placebo. However, 

another study with a younger sample of children on risperi-

done had significant differences at 4 weeks, yet failed to 

maintain significance at 12 weeks.

A recent editorial reviewing metformin concluded 

that though it is statistically significant in reducing body 

weight, this may translate clinically into modest results.57 

In addition, its effectiveness in preventing weight gain is 

inconclusive. There is also a curious discrepancy in psy-

chiatric populations versus nonpsychiatric populations. 

In an RCT evaluating metformin versus healthy lifestyle 

versus combination, results favored the combination 

group as more effective than either intervention alone. 

However, metformin versus healthy lifestyle intervention 

in a diabetes-prevention program conducted in the general 

population found healthy lifestyle intervention was superior 

to metformin. Therefore, the authors concluded that “… 

metformin should likely only be added after a clinical trial 

of psychosocial intervention for weight loss has proven 

ineffective.”57

Additional findings commented upon in these studies note 

metformin substantially improves glycemia, triglycerides, 

and low-density lipid cholesterol as an additional benefit 
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separate from weight loss.56 Its effects on body weight appear 

to act through reduction in appetite rather than increase in 

caloric expenditure.56 Hypoglycemia is rare, because it does 

not stimulate insulin production, and there have been no 

published pediatric cases of lactic acidosis or increase in 

serum lactic acid.57 Neuropathy from vitamin malabsorption 

can be avoided with supplementation. Frequent side effects 

include nausea, vomiting, and diarrhea.57

The same meta-analysis that analyzed metformin as an 

intervention strategy also examined other pharmacological 

interventions in adults.56 These included H
2
-receptor antago-

nists, topiramate, norepinephrine reuptake inhibitors (NRIs), 

and amantadine. Of these, there was little evidence to support 

the use of any of the aforementioned drugs, with the excep-

tion of NRIs (atomoxetine and reboxetine) and topiramate. 

NRIs are thought to act upon the hypothalamus to increase 

energy expenditure, in addition to sympathomimetic effects 

via elevating heart rate and blood pressure. However, the 

evidence base was small and only showed marginal benefit. 

Topiramate had more promising benefits in adults, demon-

strating a dose–response effect. Participants of one study 

with new-onset psychosis took 100 mg/day in addition to 

olanzapine and averted weight gain. They lost 1.3 kg versus 

a 6.0 kg weight gain with placebo. There are suggestions 

of additional benefits of further reduction in psychotic 

symptoms in those with schizophrenia. The mechanism of 

weight reduction associated with topiramate is unknown, 

but it causes a decreased appetite without altering energy 

expenditures. There are significant side effects of topiramate 

that can make it an undesirable choice, including paresthesia, 

psychomotor retardation, drooling, dizziness, headache, and 

mild cognitive impairment.

Clinical scenario revisited
Jordan and his parents agree that tapering and discon-

tinuation of an antipsychotic is not recommended due to 

the severity of Jordan’s initial presentation. They attempt 

behavioral modif ications to address the weight gain, 

including monitoring his caloric intake and exercise at 

the gym. This does little to decrease Jordan’s weight, and 

his constant hunger adds additional anxiety and stress. 

The family then opts to switch to an alternative SGA 

with a better metabolic side-effect profile. The cross-taper 

strategy is completed within 2 weeks. Midway through 

the switch, Jordan experiences nausea, vomiting, and 

stomachaches, but his psychotic symptoms do not relapse. 

By week 4, he and family agree he is stable, and Jordan 

reports less anxiety because he no longer suffers from 

chronic hunger. Six weeks after the initial switch, he has 

lost 10 lb (4.5 kg).

Summary
The present review article has focused mainly on monitoring 

and intervention of metabolic side effects of SGAs, given these 

appear to be the most common and problematic. The mechanism 

of metabolic side effects, particularly in youth, appears to be 

multifactorial, and is an area of ongoing research. In addition 

to metabolic side effects, individual SGAs have unique and/or 

greater propensity than others for additional side effects of which 

clinicians should be aware, and require knowledge of separate 

monitoring and intervention guidelines. With the exception of 

clozapine, the most commonly prescribed SGAs appear to have 

similar efficacy in treating psychosis. These medications are 

frequently prescribed in nonpsychotic individuals as well for 

behavioral management. The first priority of a clinician ought 

to be a rational choice of when and what to prescribe. Of second 

importance is deploying concurrent lifestyle interventions with 

SGAs to prevent weight gain. If clinicians are diligent about 

utilizing monitoring strategies for metabolic disturbances, 

such as the tables recommended and provided by CAMESA, it 

improves quality of patient care and further informs the direc-

tion of which intervention strategy to implement. Though the 

evidence base is lacking in youth, efforts are being made to 

systematically study three interventions in particular (behavioral, 

agent switching, and pharmacologic) to combat metabolic side 

effects. Perhaps the most important question providers can revisit 

before implementing one of these three strategies is whether or 

not an antipsychotic is necessary. This may be especially true for 

a nonpsychotic patient who has had a sustained period of stabil-

ity and made significant gains from psychosocial interventions. 

A strong alliance between the provider, patient, and family is 

what guides the decision-making process at all stages of treat-

ment. The common goal is ultimately to improve the quality and 

longevity of a young person’s life.
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