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Abstract We performed an updated review of the avail-

able literature on weight gain and increase of body mass

index (BMI) among children and adolescents treated with

antipsychotic medications. A PubMed search was con-

ducted specifying the following MeSH terms: (antipsy-

chotic agents) hedged with (weight gain) or (body mass

index). We selected 127 reports, including 71 intervention

trials, 42 observational studies and 14 literature reviews.

Second-generation antipsychotics (SGAs), in comparison

with first-generation antipsychotics, are associated with a

greater risk for antipsychotic-induced weight gain although

this oversimplification should be clarified by distinguishing

across different antipsychotic drugs. Among SGAs, olan-

zapine appears to cause the most significant weight gain,

while ziprasidone seems to cause the least. Antipsychotic-

induced BMI increase appears to remain regardless of the

specific psychotropic co-treatment. Children and adoles-

cents seem to be at a greater risk than adults for antipsy-

chotic-induced weight gain; and the younger the child, the

higher the risk. Genetic or environmental factors related to

antipsychotic-induced weight gain among children and

adolescents are mostly unknown, although certain genetic

factors related to serotonin receptors or hormones such as

leptin, adiponectin or melanocortin may be involved.

Strategies to reduce this antipsychotic side effect include

switching to another antipsychotic drug, lowering the

dosage or initiating treatment with metformin or topira-

mate, as well as non-pharmacological interventions. Future

research should avoid some methodological limitations

such as not accounting for age- and sex-adjusted BMI

(zBMI), small sample size, short period of treatment, great

heterogeneity of diagnoses and confounding by indication.

Keywords Adolescents � Antipsychotic agents � Body

mass index � Children � Weight gain

Introduction

Over the last two decades antipsychotics are increasingly

prescribed to children and adolescents in many countries

[1]. In particular, there has been a widespread use of sec-

ond generation antipsychotic (SGA) treatment in children

and adolescents with diagnosis of several psychiatric dis-

orders such as schizophrenia, bipolar disorder or disruptive

conduct disorders. This rise in SGA prescription in youth is

mainly not only due to lower rates of extrapyramidal side
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effects, but also to increased diagnosis of schizophrenia

and bipolar disorder in youth (data obtained from the

abstract of a review written in Hebrew) [49].

Among children and adolescents, weight gain or increase

of body mass index (BMI) emerge as one of the most rel-

evant side effects of SGA, with an ensuing risk of type II

diabetes, cardiovascular morbidity and metabolic syndrome

[34, 50]. The prevalence of overweight among hospitalised

children and adolescents with exposure to SGAs is triple

that of national norms in the United States [127]. In addi-

tion, it seems likely that the young are more susceptible to

antipsychotic-induced weight gain than adults [30, 34, 49],

which may be a frequent reason for non-compliance and for

discontinuation of the antipsychotic treatment [63]. An

excessive BMI among children and adolescents with psy-

chiatric disorders may have other deleterious effects such as

stigmatisation and further social withdrawal.

The literature on antipsychotic-induced weight or BMI

increase among children and adolescents seems to be

incomplete, since it usually is secondary to the main focus

of research. In addition, most studies are hampered by

limitations such as heterogeneity of diagnoses, small

sample size, short period of treatment, confounding by

indication [110] or not adjusting for BMI z score (stand-

ardised BMI, adjusted by age and sex, or zBMI).

The aim of this study was to review the weight gain or

BMI increase among children and adolescents treated with

antipsychotics in observational and intervention studies.

We conclude with directions for future research.

Methods

We conducted a paediatric literature review by searching in

PubMed database—without any limit regarding date of

publication, until the end of 2012—for reviews, cross-sec-

tional or prospective observational studies and intervention

trials specifying the following MeSH search terms: (anti-

psychotic agents) hedged with (weight gain) or (body mass

index). We included studies that investigated the relation-

ship between antipsychotic medications and BMI increase

in all children and adolescents (from 0 to 18 years). The

principal exposure measure was antipsychotic agents, and

we took weight gain or BMI increase as the outcome. We

excluded comments, letters, case studies, animal studies and

studies in which the sample included adults or the weight

gain or BMI increase was not one of the outcome variables.

In addition, a naturalistic study on HIV patients with psy-

chiatric symptoms [91] was excluded.

After excluding studies that did not match our selection

criteria, we analysed with 127 studies, including 14 liter-

ature reviews, 71 intervention trials and 42 observational

studies.

Results

The main features and results (including the number of

subjects, type and duration of each study) of observational

studies, intervention trials and literature reviews are

respectively summarised in Tables 1, 2 and 3. In most of

these studies, antipsychotic-induced gain or BMI increase

was not the main goal of research, but rather a secondary

result usually within the context of antipsychotic side

effects. We categorised the results in three main sections:

(1) effect of antipsychotic drug on weight or BMI; (2)

predisposing factors; and (3) treatment of antipsychotic-

induced weight gain or BMI increase.

Effect of antipsychotic drug on weight or BMI

First generation versus SGAs

A meta-analysis of schizophrenia children and adolescents

treated with antipsychotics showed that first generation

antipsychotics (FGAs) appeared to cause less weight gain

than SGAs (the average weight gain in patients treated with

FGAs was 1.4 kg compared to 4.5 kg for those treated with

SGAs) [6]. In an open-label study of 50 adolescent inpa-

tients who were followed for 8–12 weeks, mean weight

gain ± standard deviation (SD) was significantly higher

for the olanzapine group (7.2 ± 6.3 kg) than for the ris-

peridone (3.9 ± 4.8 kg) and haloperidol (1.1 ± 3.3 kg)

groups [132]. The same three antipsychotics were assessed

in an 8-week double-blind randomised study among 50

children and adolescents [146] and, again, olanzapine

caused significantly more weight gain (7.1 ± 4.1 kg) than

risperidone (4.9 ± 3.6 kg) or haloperidol (3.5 ± 3.7 kg).

In this study [146] participants treated with haloperidol

gained weight at the slowest rate (0.54 kg/week), while

those treated with the atypicals gained more quickly (ris-

peridone 0.77 kg/week and olanzapine 0.99 kg/week),

although the differences were not statistically significant.

Further studies comparing weight gain or BMI increase

between FGAs and SGAs reported a higher increase of

weight or BMI among those treated with SGAs [76, 93,

145]. Nevertheless, other authors have not replicated these

results. In a randomised, double-blind trial involving 116

youths on olanzapine, risperidone or molindone [56],

weight gain was more frequent with olanzapine and ris-

peridone than with molindone during the acute trial

(8 weeks), but no significant differences remained during

the maintenance trial (8–44 weeks). In addition, in a ret-

rospective study of 109 schizophrenia early-onset adoles-

cents treated with antipsychotics and followed for 6 weeks,

there was no significant difference in weight gain at the

endpoint between those on SGA (olanzapine, risperidone,

ziprasidone or clozapine) and those on FGA (haloperidol,
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Table 1 Naturalistic and observational studies of antipsychotic-induced weight or BMI increase among children and adolescents (n = 42)

References,

country

Design n Drug

(dose, mg/day)

Age (years) Diagnoses Outcome

Bachmann et al.

[11], Germany

Patients consecutively

admitted. Serum

concentrations of OLA

were assessed

85 OLZ

(15.8 ± 67.4)

16.7 ± 2.0 SCH

spectrum

BMI was significantly influenced

by the intra-individual

variability of OLZ serum

concentrations

Bachmann et al.

[12], Germany

Patients consecutively

admitted. Serum

concentrations of ARI

were assessed

33 ARI (12.9 ± 6.4) 18.7 ± 1.7 SCH

spectrum

No significant influence of ARI

serum concentrations was

detected on BMI

Bachmann et al.

[10], Germany

CSS to assess subjective

weight-related parameters

in adolescent patients

74 CLO or OLA 19.9 ± 2.3 SCH An elevated BMI was associated

with impaired physical

functioning in females and with

negative body appraisal and

hunger in males

Calarge et al.

[21], USA

RS. Children chronically

treated with RIS were

recruited

99 RIS (0.03 mg/kg/

day)

7–17 Several PD There was a significant increase

in zBMI; co-treatment with

PST did not attenuate this

weight gain

Calarge et al.

[22], USA

CSS to assess the effect of

LEP genotypes on leptin

concentration and on

zBMI

74 RIS (0.03 mg/kg/

day)

7–17 Several PD The LEP -2548G/A variants

seem to moderate the weight-

altering effect of RIS but not of

PST

Calarge and

Miller [23],

USA

CSS. Serum RIS and

9-hydroxy-RIS

concentrations were

measured

107 RIS (0.03 mg/kg/

day)

7–17 Several PD The metabolism of 9-hydroxy-

RIS varies with body fat; zBMI

predicted a higher 9-hydroxy-

RIS concentration

Canitano et al.

[24], Italy

NLS (18 months). Patients

were on RIS and received

TOP

10 RIS (0.5–1 mg/

kg/day)

8–19 ASD or

PDD

Variable degrees of weight

reduction were observed in four

patients, two subjects showed

weight increase
TOP (1–3 mg/kg/

day)

Castro-Fornieles

et al. [25],

Spain

NLS (6 months) 110 RIS (3.7 ± 1.7)

QUE

(183.3 ± 122.6)

OLA

(11.4 ± 5.9)

9–17 First

psychotic

episode

Weight increase was greater with

OLA than with RIS

(p = 0.020) or QUE

(p = 0.040)

Correia et al.

[28], Portugal

NLS (1 year). 45 RIS (1.3 ± 0.7) 8.7 ± 4.3 ASD HTR2C c.68G[C and CYP2D6

polymorphisms were associated

with RIS-induced increase in

BMI

Correll et al.

[34], USA

NLS (81 months). A

median of 10.8 weeks

(interquartile range,

10.5–11.2 weeks) of

antipsychotic treatment

205 RIS (1.5 mg/d)

ARI (10 mg/d)

OLA (10 mg/d)

QUE (275 mg/d)

4–19 SCH, Mood

disorders,

DBD

Weight increased by 8.5 kg with

OLA, by 6.1 kg with QUE, by

5.3 kg with RIS, and by 4.4 kg

with ARI compared with 0.2 kg

in the untreated group

Crocq et al. [37],

France

NLS (12 weeks) to

compare weight and BMI

changes between OLZ

orally disintegrating

tablets (ODT), OLZ

standard oral tablets

(SOT), or RIS

52 ODT

(16.6 ± 4.4)

SOT (18.0 ± 4.2)

RIS (2.8 ± 1.2)

ODT

(16.5 ± 1.7)

SOT

(17.0 ± 1.3)

RIS

(15.2 ± 1.4)

SCH

spectrum

Adolescents gained less weight

with OLZ orally disintegrating

tablets than wit OLZ standard

oral tablets

de Hoogd et al.

[41], The

Netherlands

RS. Comparison between

psychiatric outpatients on

SGAs and psychiatric

controls without lifetime

SGA

592 SGAs 4–18 Several PD zBMI in patients on SGAs was

significantly higher than those

without lifetime SGA use, even

after eliminating patients on

any co-medication.
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Table 1 continued

References,

country

Design n Drug

(dose, mg/day)

Age (years) Diagnoses Outcome

Degrauw et al.

[42], USA

NLS (3 years) to compare

zBMI between

neuroleptic-treated and

non-neuroleptic-treated

subjects

45 RIS (1–4 mg/day) 5–15 TS The mean first-year weight gain

differed significantly (13.5 kg

neuroleptic vs. 3.2 kg non-

neuroleptic), yet the long-term

zBMI changes did not (0.3 vs.

0.1; p = 0.49)

Pimozide

(1–4 mg/day)

Findling et al.

[58], USA

NLS (16 weeks) 96 ARI (maximum

daily dose of

15 mg/day)

4–9 BD Subjects experienced an average

weight gain of 2.4 ± 1.9 kg

Fleischhaker

et al. [61],

Germany

NLS (6 weeks) 51 CLO

(321.9 ± 156.5)

16.1 ± 2.1 Several PD The average weight gain was

significantly higher for the

OLA group (4.6 ± 1.9 kg) than

for the RIS (2.8 ± 1.3 kg) and

CLO (2.5 ± 2.9 kg) groups

OLA

(16.6 ± 7.1)

RIS (3.9 ± 1.7)

Fleischhaker

et al. [63],

Germany

NLS (45 weeks) 33 CLO (25–825) 9.0–21.3 Several PD OLA is associated with extreme

long-term weight gain, higher

than that expected in adults;

CLO and RIS are associated

with a less marked weight gain

but also much higher than that

expected in adults

OLA (2.5–20)

RIS (0.25–10)

Fraguas et al.

[65], Spain

NLS (6 months).

Significant weight gain

was defined as a C0.5

increase in zBMI

66 RIS (3.5 ± 3.1) 15.2 ± 2.9 SCH

spectrum

zBMI increased significantly in

patients receiving OLA and RISOLA (9.8 ± 5.6)

QUE

(390.8 ± 321.2)

Frazier et al.

[67], USA

RS. These children

received RIS over an

average period of

6.1 ± 8.5 months

28 RIS

(1.7 ± 1.3 mg/

day)

4–17 BD Common side effects included

weight gain (n = 5; 18 %)

Gagliano et al.

[69], Italy

NLS (24 weeks) 20 RIS (1.3 ± 0.4) 3–10 ASD Weight gain was the most

common side effects; a mean

increase of 3.7 ± 1.7 kg in

body weight was observed

Goeb et al. [74],

France

NLS (6 moths) 26 RIS (1–6 mg/day) up to 16 Early onset

SCH

There was a significant increase

of zBMI (increase of 1.1 point,

p \ 0.0001)

Gothelf et al.

[76], Israel

NLS (4 weeks) 20 OLA (14 ± 4.1) 17 ± 1.6 SCH BMI significantly increased in

those on OLA but not in those

on HAL; the increase in BMI

was due to an increase in

caloric intake

HAL (6.5 ± 3.4)

Hrdlicka et al.

[85], Czech

Republic

RS. The patients were

evaluated prior to starting

therapy, and after 1, 3,

and 6 weeks of treatment

109 SGA or FGA 15.8 ± 1.6 SCH early-

onset

There was no difference in

weight gain between the SGA

and FGA groups, as large as has

been described in the literature

Jerrell and

McIntyre [88],

USA

RS 8,640 SGA or FGA Not available Several PD Antipsychotic

polypharmacotherapy confers a

risk of developing excessive

weight gain, especially for

females

Kelly et al. [93],

USA

RS (6 months). Monthly

BMI measurements were

recorded

60 FGAs or RIS

(2.8 ± 2.8)

12–18 Several PD The RIS group gained

significantly more BMI than did

the FGAs group (p = 0.001);

weight gain did not correlate

with dose, and concomitant

drugs
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Table 1 continued

References,

country

Design n Drug

(dose, mg/day)

Age (years) Diagnoses Outcome

Khan et al. [95],

USA

RS 49 OLA (5–25)

RIS (1–7)

13 ± 3.5 Several PD Both OLA and RIS were

correlated with a significant

increase in BMI

Kryzhanovskaya

et al. [99], USA

NLS (at least 24 weeks) 4,459 OLA 2.5–20 Several PD Among subjects on OLA, mean

weight gain C7 % was

observed in 89 % of

adolescents and in 55 % of

adults

Lindsay et al.

[101], USA

NLS (24 months) 14 RIS (0.03 mg/kg/

day)

9.7 ± 2.2 DBD Weight gain during RIS

treatment is reversible (i.e.,

significantly less weight after

RIS was discontinued)

Malhotra et al.

[104], USA

NLS to conduct a

genomewide association

in patients naı̈ve to

antipsychotic drugs

139 SGAs Not available SCH

spectrum

The melanocortin 4 receptor

(MC4R) gene was associated

with extreme SGA-induced

weight gain

Martin et al.

[108], USA

RS. Six-month exposure to

RIS

70 RIS (2.8 ± 1.9)

Controls

RIS

12.5 ± 2.4

Controls

13.5 ± 2.9

Several PD RIS was associated with

clinically significant weight

gain in 78 % of treated patients

Martin and

L’Ecuyer

[107], USA

RS 22 RIS (2.7 ± 2.2) 8–17 Several PD Repeated measures analysis of

variance revealed significant

weight gain (7.0 ± 4.7 kg;

p \ 0.001)

Martin et al.

[109], USA

NLS (2 months) 63 RIS (1.8 ± 0.5) 5–17 ASD Chronic RIS exposure in children

with ASD causes higher weight

gain than expected; serum

leptin change does not reliably

predict RIS-associated weight

gain

Masi et al. [113],

Italy

NLS (6 months) 10 CLO

(142.5 ± 73.6)

12–17 Resistant

Mania

Mean weight gain after 6 months

was 6.9 ± 3.1 kg

Masi et al. [112],

Italy

RS (6–12 months) 39 OLA (8 ± 3.2) 13.6 ± 1.9 DBD Mean weight gain at the end of

the follow-up was 4.6 ± 3 kg

McIntyre and

Jerrell [118],

Canada

RS. Children on

antipsychotics compared

to a random sample of

4,500 children not treated

with psychotropic

medications

8,640 FGAs or SGAs B17 Several PD The treated cohort had a higher

prevalence of obesity

(OR = 2.13), especially when

multiple antipsychotics are co-

prescribed

Moreno et al.

[119], Spain

NLS (3 months) 90 RIS, OLA or

QUE

(226.4 ± 203.9

chlorpromazine

eq)

14.9 ± 3.0 BD and

others

More than 70 % patients had

significant weight gain, zBMI

increased in all diagnostic

groups

Panagiotopoulos

et al. [126],

Canada

RS. A retrospective chart

review of psychiatry

emergencies over

2.5 years

167 SGAs 11–17 Several PD zBMI was higher in the SGA-

treated than in the SGA-naı̈ve

group

Patel et al. [128],

USA

RS 103 OLA

(13.9 ± 7.3)

QUE

(510.9 ± 250.3)

11–17 PDD ? MR Patients on OLA had greater

increases in weight and BMI

than those on QUE (3.8 vs.

1.3 kg)

Patel et al. [127],

USA

RS 95 OLA, RIS, ARI,

QUE, ZIP

14 ± 3.0 Several PD The prevalence of overweight

among hospitalised youth with

exposure to SGAs is triple that

of national norms
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perphenazine or sulpiride) [85]. This study [85] found that

(1) weight gain in patients on SGA, in comparison with

those on FGA, was significantly higher during the first

week of treatment but lower (although non-significantly)

during the second and third week of treatment; and (2) in

the last 3 weeks of the 6-week observation period, patients

on FGA stabilised at the weight reached at week 3, whereas

patients on SGAs continued increasing their weight. In

contrast, a 24-week open-label study of 28 children and

adolescents with autistic disorder treated with risperidone

or haloperidol [73] showed a rapid weight gain in both

treatment groups at the beginning of the study, then weight

gain stopped after week 12 of the risperidone treatment, yet

in the haloperidol group weight continued to increase until

the week 24. However, both studies [73, 85] had the lim-

itation of quite small sample sizes in their arms.

Nevertheless, there is growing recognition that the

polarised dichotomisation of FGAs versus SGAs is an

oversimplification since the risk potential for weight gain is

heterogeneous within both antipsychotic classes [103].

Type of SGA

In paediatric populations, particularly in antipsychotic-

naı̈ve patients, weight gain may be a side effect common to

all SGAs [31], as illustrated by a retrospective chart review

conducted for all child and adolescent psychiatry emer-

gency admissions over 2.5 years [126], where the mean

zBMI was higher in the SGA-treated (n = 68) than in the

SGA-naı̈ve group (n = 99) (mean difference 0.81, 95 %

CI = 0.46–1.16). Notwithstanding, the magnitude of anti-

psychotic-induced weight gain seems to differ depending on

the SGA [39]. A long non-randomised SGA treatment

involving 205 children and adolescents led to weight

increases by 8.5 kg (95 % CI = 7.4–9.7 kg) among

patients on olanzapine, by 6.1 kg (95 % CI = 4.9–7.2 kg)

among patients on quetiapine, by 5.3 kg (95 % CI =

4.8–5.9 kg) among those on risperidone, and by 4.4 kg

(95 % CI = 3.7–5.2 kg) among those on aripiprazole,

compared with the minimal weight change of 0.2 kg (95 %

CI = -1.0 to 1.4 kg) in the untreated comparison group

[34]. In a meta-analysis including 24 trials of 3,048 paedi-

atric patients with varying ages and diagnoses [40], olan-

zapine was associated with the greatest weight gain

(3.45 kg; 95 % CI = 2.9–3.9), followed by risperidone

(1.76 kg; 95 % CI = 1.2–2.2), quetiapine (1.43 kg; 95 %

CI = 1.1–1.6), aripiprazole (0.79 kg; 95 % CI = 0.54–

1.04) and ziprasidone (-0.04 kg; 95 % CI = -0.38 to

0.30). According to this study [40], aripiprazole is not

devoid of significant weight gain among patients with

autistic disorder (between 1.3 and 2.0 kg), who are younger

and probably less exposed to antipsychotics previously.

Another review covering 34 studies and 2,719 youths

with psychotic or bipolar spectrum disorders and treated

with SGAs showed a mean weight gain ranging from 3.8 to

16.2 kg with olanzapine (n = 353), from 0.9 to 9.5 kg with

clozapine (n = 97), from 1.9 to 7.2 kg with risperidone

(n = 571), from 2.3 to 6.1 kg with quetiapine (n = 133)

Table 1 continued

References,

country

Design n Drug

(dose, mg/day)

Age (years) Diagnoses Outcome

Ratzoni et al.

[132], Israel

NLS (12 weeks) 50 OLA

(12.7 ± 3.1)

RIS (17.1 ± 2.1)

HAL (7.6 ± 4.0)

13–20 Several PD Weight gain was significantly

higher for the OLA group than

for the RIS and HAL groups;

weight gain in OLA and RIS

groups was higher than that

reported in adults

Saklad et al.

[138], USA

RS 68 OLA, QUE, RIS

(doses not

available)

14.75 ± 1.35 Several PD Large increases in BMI were

observed in males on RIS and

females on OLA

Schimmelmann

et al. [140],

Germany

NLS (12 weeks) 56 QUE (200–800) 12–17 SCH

spectrum

A significant increase in weight

and BMI from baseline to

endpoint was observed (6.2 kg

and 2.1 kg/m2)

Szigethy et al.

[149], USA

RS. The mean length of

RIS treatment was

15.2 months

38 RIS (0.5–10 mg/

day)

4–17 Several PD The mean weight gain was

1.01 kg/month

(range = 0.18–3.10 ± 0.73 kg)

OR odds ratio, CI confidence interval, BMI body mass index, zBMI sex- and age-standardised BMI, CSS cross sectional study, NLS naturalistic

longitudinal study, RS retrospective study, SGA second generation antipsychotic, FGA first generation antipsychotic, PLA placebo, HAL

haloperidol, RIS risperidone, OLA olanzapine, ARI Aripiprazole, QUE quetiapine, CLO clozapine, ZIP ziprasidone, MET metmorfin, TOP

topiramate, MPH methylphenidate, PST psychostimulants, PD psychiatric disorder, SCH schizophrenia, BD bipolar disorder, SCHAF schizo-

affective disorder, DBD disruptive behaviour disorders, ADHD attention-deficit hyperactivity disorder, ASD autism spectrum disorder, PDD

pervasive developmental disorder, TS Tourette syndrome, MR mental retardation
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Table 2 Experimental trials of antipsychotic-induced weight or BMI increase among children and adolescents (n = 71)

References,

country

Design (duration) n Drug (dose, mg/day) Age (years) Diagnoses Outcome

Aman et al. [3],

USA

DBCT (6 weeks) 155 RIS (0.02–0.06 mg/

kg/day) ? PST

PLA ? PST

5–12 DBD ? ADHD Weight gain was comparable

within each group, regardless of

concomitant stimulant use

Aman et al. [2],

USA

DBCT (8 weeks) and

OLT (16 weeks)

137 RIS (0.5–3.5)

PLA

5–17 ASD BMI increased with RIS during the

acute trial and into open-label

extension

Arango et al. [4],

Spain

OLT (6 months) 32 OLA (9.7 ± 6.5)

QUE

(532.8 ± 459.6)

16 ± 1.25 Psychosis Patients on OLA gained

significantly more weight and

BMI than patients on QUE

Arman et al. [5],

Iran

DBCT (12 weeks) 32 RIS (6) ? MET

(500)

RIS (6) ? PLA

MET:

11.25 ± 2.5

PLA:

8.9 ± 4.3

SCH MET treatment did not show a

significant effect in controlling

the BMI of patients after

12 weeks

Armenteros et al.

[8] USA

OLT (6 weeks) 10 RIS (4–10) 11–18 SCH Weight gain was observed in 80 %

of subjects (mean 4.85 kg)

Armenteros et al.

[7] USA

DBCT (4 weeks) 25 RIS (0.5–2)

PLA

7–12 ADHD There were no significant

differences between RIS and

PLA groups after 4 weeks (34.6

vs. 35.4 kg; p = 0.32)

Arnold et al. [9],

USA

DBCT (8 weeks) 101 RIS (1.7 ± 0.4)

PLA

8.8 ± 2.7 ASD Those who gained more weight

improved less with RIS and more

with PLA

Biederman et al.

[13], USA

OLT (8 weeks) 14 ZIP (57.3 ± 33.9) 6–17 BD There was no statistically

significant increase in body

weight after 8 weeks

(0.6 ± 0.4 kg, p = 0.2)

Biederman et al.

[14], USA

OLT (8 weeks) 19 ARIP (9.4 ± 4.2) 6–17 BD Aripiprazole was well tolerated

with no significant increase in

body weight (1.8 ± 1.7 kg,

p = 0.2)

Buitelaar [18],

The

Netherlands

OLT (2–12 months) 26 RIS (0.5–4) 10–18 DBD Adverse effects after 8–16 weeks

of treatment included weight

gain which responded to dose

reduction

Buitelaar et al.

[19], The

Netherlands

DBCT (6 weeks) 38 RIS (1)

PLA

RIS:

14.0 ± 1.5

PLA:

13.7 ± 2.0

DBD Untoward effects included 3.5 %

of body weight in the RIS group

Correia et al.

[29], Brasil.

OLT (4 weeks) 45 RIS (0.5–4)

MPH (up to

0.7 mg/kg/day)

6–16 MR ? ADHD There was a significant weight

reduction in the MPH group and

a weight gain in the RIS group

Cui et al. [38],

China

OLT (8 weeks) 72 ARI (1.25–5) 10.2 ± 2.4 TS There was no significant difference

of BMI between initial and final

visit

DelBello et al.

[45], USA

DBCT (4 weeks) 50 QUE (400–600),

Divalproex

(serum level

80–120 l/mL)

12–18 Mania There was no statistically

significant difference between

the groups in weight gain from

baseline to endpoint

DelBello et al.

[43], USA

OLT (12 weeks) 20 QUE (460 ± 88) 12–18 BD BMI increased from 23.0 kg/m2 at

baseline to 24.4 kg/m2 at

endpoint (p \ 0.0001)

DelBello et al.

[46], USA

OLT (27 weeks) 33 ZIP (20–160) 12–17 BD, SCH,

SCHAF

33.3 % of subjects on ZIP

experienced [7 % weight gain

during the study
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Table 2 continued

References,

country

Design (duration) n Drug (dose, mg/day) Age (years) Diagnoses Outcome

DelBello et al.

[44], USA

DBCT (8 weeks) 32 QUE (300–600)

PLA

12–18 BD There was no significant difference

in weight change between QUE

and PLA groups

Dittmann et al.

[47], Germany

OLT (6 weeks) and

extended 18 weeks

96 OLA (5–20) 12–19 SCH spectrum The mean BMI increased from

21.2 at baseline to 22.8 at week 6

and 25.0 at week 24

Findling et al.

[57], USA

DBCT (10 weeks) 20 RIS (0.75–1.5)

PLA

5–15 DBD The mean weight gain for RIS

group was higher than for PLA

group (4.2 ± 0.7 vs.

0.74 ± 0.9 kg: p = 0.003)

Findling et al.

[54], USA

DBCT

(6 weeks) ? OLT

(48 weeks)

107 RIS (1.5 ± 0.07) 5–12 DBD The mean increase of weight gain

from baseline was 5.5 kg at the

endpoint

Findling et al.

[60], USA

DBCT (6 weeks) 300 ARI (10)

ARI (30)

PLA

13–17 SCH Patients on ARI showed a

significantly greater weight gain

in comparison with PLA

Findling et al.

[59], USA

DBCT (4 weeks) 296 ARI (10)

ARI (30)

PLA

10–17 BD Average weight gain was not

significantly different between

the ARI 10 mg (0.8 kg) or

30 mg (1.1 kg) groups compared

with the PLA group (0.56 kg)

Findling et al.

[55],USA

DBCT (6 weeks) 283 ZIP (80–160)

PLA

13–17 SCH No significant weight gain

difference was observed between

ZIP and PLA groups

Findling et al.

[56], USA

DBCT (8 weeks) and

44 weeks of

maintenance trial

116 OLA (2.5–20)

RIS (0.5–6)

Molindone (10–140)

8–19 SCH Weight gain was more frequent

with OLA and RIS during the

acute trial, but no significant

differences emerged during

maintenance trial

Frazier et al.

[66], USA

OLT (8 weeks) 23 OLA (2.5–20) 5–14 BD Body weight increased

significantly over the study

(5.0 ± 2.3 kg, p \ 0.001)

Geller et al. [72],

USA

DBCT (8 weeks) 279 RIS (4–6)

Lithium

(1.1–1.3 mEq/L)

Divalproex

(111–125 lg/mL)

10.1 ± 2.8 BD Increased weight gain and BMI

with risperidone vs. lithium and

vs. divalproex sodium was

observed

Gencer et al.

[73], Turkey

DBCT

(12 weeks) ? OLT

(12 weeks)

28 RIS (0.01–0.08 mg/

kg/day)

HAL (0.01–0.08 mg/

kg/day)

8–18 ASD Weight gain was observed more

frequently in the HAL group at

week 24

Haas et al. [81],

Belgium

DBCT

(6 months) ? OLT

(1 year)

232 RIS/RIS (0.25–1.5)

PLA/RIS (0.25–1.5)

5–17 DBD Mean weight zBMI decreased for

RIS/RIS subjects (-0.04 ± 0.3)

and increased for PLA/RIS ones

(0.1 ± 0.4)

Haas et al. [79],

Belgium

DBCT (3 weeks) 169 RIS (0.5–2.5)

RIS (3–6)

PLA

10–17 BD The mean weight gain was

0.7 ± 1.9, 1.9 ± 1.7, and

1.4 ± 2.4 kg in the PLA, RIS

0.5–2.5 mg, and RIS 3–6 mg

groups, respectively

Haas et al. [80],

Belgium

DBCT (8 weeks) 257 RIS (1.5–6.0,

regimen A)

RIS (0.15–0.6,

regimen B)

13–17 SCH The mean weight gain was

3.2 ± 3.5 kg for regimen A and

1.7 ± 3.3 kg for regimen B
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Table 2 continued

References,

country

Design (duration) n Drug (dose, mg/day) Age (years) Diagnoses Outcome

Handen and

Hardan [82],

USA

OLT (8 weeks) 16 OLA (5–20) 13–17 MD ? DBD The most common side effect was

weight gain (averaging 5.8 kg),

67 % of subjects gaining

C4.5 kg

Hoekstra et al.

[83], The

Netherlands

OLT (8 weeks) 32 RIS (1.7 ± 0.78) 5–16 PDD zBMI increase was significantly

higher for carriers of the HTR2C

promoter T allele

Hollander et al.

[84], USA

DBCT (8 weeks) 11 OLA (2.5–20) PLA 6–14 PDD In comparison with PLA group,

OLA was associated with

significant weight gain

(3.4 ± 2.2 vs. 0.7 ± 0.7 kg)

Jensen et al. [87],

USA

DBCT (12 weeks) 30 OLA

(14.0 mg ± 4.6)

QUE

(611 mg ± 253.4)

RIS (3.4 mg ± 1.5)

10–18 SCH spectrum A significant increase in both

weight and BMI was observed

for the three treatment groups

Joshi et al. [90],

USA

OLT (8 weeks) 49 QUE

175.8 ± 63.8 mg/

day

QUE

248.7 ± 153.1 mg/

day

4–6 (n = 30)

6–15

(n = 19)

BD QUE was associated with

significant weight gain

Kemner et al.

[94], The

Netherlands

OLT (12 weeks) 25 OLA (2.5–20) 6–16 ASD or PDD The most important adverse events

were weight gain and increased

appetite

Klein et al. [96],

USA

DBCT (16 week) 39 MET (850)?

RIS (1.33 ± 0.98)

OLA (10.0 ± 4.1) or

QUE

(400.0 ± 255.0)

10–17 Several PD While PLA group continued to

gain weight over 16 weeks, the

weight of the subjects treated

with MET showed little change

over the treatment period

Kryzhanovskaya

et al. [98], USA

DBCT (6 weeks) 107 OLA (2.5–20)

PLA

13–17 SCH Mean weight gain C7 % was

observed in 46 % of patients on

OLA and in 15 % of PLA

subjects (p = 0.002)

Kumra et al.

[100], USA

DBCT (12 weeks) 39 CLO (C300)

OLA (C20)

10–18 SCH Both treatments were associated

with significant weight gain and

related metabolic abnormalities

Luby et al. [102],

USA

DBCT (24 weeks) 24 RIS (0.5–1.5)

PLA

2.5–6 ASD or PDD The mean weight gain in RIS

group was significantly higher

than in PLA group (2.9 ± 2.5 vs.

0.61 ± 1.1 kg)

Marcus et al.

[105], USA

OLT (52 weeks) 130 ARI (2–15) 6–17 ASD The mean change in body weight z

score was 0.33 kg and zBMI was

0.31 kg/m2

Martin et al.

[106], USA

OLT (16 weeks) 6 QUE (100–350) 10.9 ± 3.3 ASD QUE was poorly tolerated and

associated with increased

appetite and weight gain (range,

0.9–8.2 kg)

Masi et al. [111],

Italy

OLT (16 weeks) 24 RIS (0.3–0.9) 3–7 ASD Only three subjects had a weight

gain greater than 10 %

McConville et al.

[114], USA

OLT (88 weeks) 10 QUE (300–800) 12.3–15.9 SCHAF or BD The mean BMI at baseline, weeks

64 and 88, were 25.7 ± 1.4,

27.1 ± 3 and 28.1 ± 2.4 kg/m2,

respectively
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References,

country

Design (duration) n Drug (dose, mg/day) Age (years) Diagnoses Outcome

McCracken et al.

[115], USA

DBCT

(8 weeks) ? OLT

(16 weeks)

101 RIS (0.5–2.5)

PLA

8.8 ± 2.7 ASD Weight gain on average was higher

in RIS group than in PLA group

(2.7 ± 2.9 vs. 0.8 ± 2.2 kg,

p \ 0.001)

McCracken et al.

[116], USA

OLT (6 weeks) 12 OLA (2.5–20) 11.3 ± 2.4 TS The mean weight gain of

4.1 ± 2.0 kg was observed after

6 weeks, a mean percent change

of 8.4 ± 4.4 (p \ 0.001)

McDougle et al.

[117], USA

OLT (12 weeks) 18 RIS (1.8 ± 1.0) 10.2 ± 3.7 PDD The most common side effect was

weight gain (range 4.5–15.9 kg)

Mozes et al.

[121], Israel

OLT (12 weeks) 9 OLA (5–20) 11–14 SCH The treatment was associated with

a significant weight gain

(6.10 ± 3.2 kg)

Mozes et al.

[120], Israel

OLT (12 weeks) 25 OLA (8.18 ± 4.41)

RIS (1.62 ± 1.02)

11.09 ± 1.55 SCH The mean weight gain for the OLA

group was not significantly

different than for RIS group

Mukaddes et al.

[122], Turkey

OLT (6 weeks) 19 RIS (0.5–1.5) 4–8 ASD Weight gain and increase in night-

time sleep were the most

frequent side effects.

Nagaraj et al.

[123], India

DBCT (28 weeks) 40 RIS (1) PLA 2–9 ASD RIS was associated with increased

appetite and a mild weight gain

Nicolson et al.

[124], Canada

OLT (12 weeks) 10 RIS (1–2.5) 4–11 ASD Weight was significantly higher

after 12 weeks than at baseline

(30.9 ± 5.9 vs. 27.4 ± 4.3 kg;

p = 0.003)

Owen et al.

[125], USA

DBCT (8 weeks) 98 ARI (5–15)

PLA

6–17 ASD The mean weight gain was

significantly greater in ARI than

in PLA group at week 8 (2.0 vs.

0.8 kg)

Quintana et al.

[131], USA

OLT (6 weeks) 16 OLA (2.5–20) 8–17 SCH Weight gain on average was

6.2 kg during the 6-week course

of the study

Reyes et al.

[133], Belgium

OLT (2 years) 48 RIS (1–4) 6–15 DBD Weight gain observed in the

original trial stabilised during

this extension trial

Robb et al. [135],

USA

DBCT (8 weeks) 313 ARI (2–15)

PLA

6–17 ASD Weight and BMI increase were

significantly higher in ARI than

PLA group (1.6 vs. 0.7 kg, 0.4

vs. 0.2 kg/m2)

Ross et al. [136],

USA

OLT (1 year) 20 OLA (5–10) 6–15 SCH BMI was higher that expected for

normal development in every

child

Salle et al. [139],

USA

DBCT (8 weeks) 28 ZIP (5–40)

PLA

7–18 TS The mean weight gain was similar

in the ZIP than in PLA group

(0.7 ± 1.5 and 0.8 ± 2.3 kg)

Shaw et al. [141],

USA

OLT (8 weeks) 15 QUE (300–800) 13–17 Psychotic

disorders

After correction for age expected

weight gain, the mean weight

gain over the 8-week period was

3.4 kg

Shaw et al. [142],

USA

DBCT (8 weeks) 25 CLO (150–900)

OLA (5–20)

7–16 SCH The mean weight gain was similar

in CLO and OLA groups

(3.8 ± 6.0 kg and OLA

3.6 ± 4.0 kg; p = 0.96)
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and from 0 to 4.4 kg with aripiprazole (n = 451) [64].

Similar results were found in a meta-analysis of random-

ised controlled trials [129] which revealed that mean

weight gain, compared with placebo, was the highest for

olanzapine, 3.47 kg (95 % CI = 2.94–3.99), followed by

risperidone [1.72 kg (95 % CI = 1.17–2.26)], quetiapine

[1.41 kg (95 % CI = 1.10–1.81)] and aripiprazole [0.85 kg

(95 % CI = 0.58–1.13)]. Another recent meta-analysis

focusing on short-term (3–12 weeks) controlled studies

showed that, compared with placebo, significant weight

gain were observed among patients on olanzapine [3.99 kg

(95 % CI = 3.17–4.84)], risperidone [2.02 kg (95 %

CI = 1.39–2.66)], quetiapine [1.74 kg (95 % CI =

0.99–2.5)] and aripiprazole [0.89 kg (95 % CI = 0.26–1.51)]

Table 2 continued

References,

country

Design (duration) n Drug (dose, mg/day) Age (years) Diagnoses Outcome

Shea et al. [143],

Canada

DBCT (8 weeks) 79 RIS (0.01–0.06 mg/

kg/day)

PLA

5–12 PDD Risperidone-treated subjects

experienced statistically

significantly greater increases in

weight (2.7 vs. 1.0 kg)

Sholevar et al.

[144], USA

OLT (1.5 weeks) 15 OLA (5–20) 6–13 SCH No weight gain was noted during

the period of treatment

Sikich et al.

[146], USA

DBCT (8 weeks) 50 OLA (2.5–12.5)

RIS (0.5–3)

HAL (1–5)

8–19 SCH, BD

SCHAF,

Mean BMI increase was

1.4 ± 1.2 kg/m2 for RIS;

2.3 ± 1.2 kg/m2 for OLA; and

1.1 ± 1.2 kg/m2 for HAL; these

between-group differences were

statistically significant

Sikich et al.

[145], USA

DBCT (8 weeks) 119 OLA (2.5–20)

RIS (0.5–6)

Molindone (10–140)

8–19 SCH and

SCHAF

OLA showed the greatest risk of

weight gain followed by RIS

Snyder et al.

[147], Canada

DBCT (1 week) 110 RIS (0.02–0.06 mg/

kg/day)

PLA

5–12 DBD The mean weight gain was

significantly higher among RIS

than PLA group (2.0 ± 0.18 vs.

0.2 ± 0.23 kg)

Swadi et al.

[148], New

Zealand

DBCT (6 weeks) 22 QUE (up to 800)

RIS (up to 6 mg/

day)

Under 19 Psychosis The percentage of patients with

increase of [10 % was higher

(but not significantly) in QUE

than in RIS

Tramontina et al.

[151], Brazil

DBCT (6 weeks) 43 ARI (2–20)

PLA

8–18 BD ? ADHD Weight gain was not significantly

different between ARI and PLA

groups

Turgay et al.

[152], Canada

OLT (48 weeks) 77 RIS (0.02–0.06 mg/

kg/day)

5–12 DBD Weight gain was more pronounced

during the first months of RIS

treatment

Van Bellinghen

and Troch

[153], Belgium

DBCT (4 weeks) 13 RIS (0.03–0.06 mg/

kg/day)

PLA

6–14 DBD There were no significant

differences between RIS and

PLA groups after 4 weeks (11.8

vs. 10.6 kg; p = 0.32)

Wozniak et al.

[154], USA

OLT (8 weeks) 40 OLA (2.5–20)

TOP (100) ? OLZ

6–17 BD The weight gain in the OLA group

was significantly higher than in

the OLA ? TOP group

(5.3 ± 2.1 vs. 2.6 ± 3.6 kg)

Zuddas et al.

[155], Italy

OLT (12 months) 11 RIS (0.5–6) 7–17 ASD, PDD A frequent side effect was weight

gain over time (from

42.9 ± 16.2 to 47.3 ± 15.7 kg

at 6 months; p \ 0.01).

OR odds ratio, CI confidence interval, BMI body mass index, zBMI sex- and age-standardised BMI, DBCT double-blind controlled trial, OLT

open-label trial, PLA placebo, HAL haloperidol, RIS risperidone, OLA olanzapine, ARI aripiprazole, QUE quetiapine, CLO clozapine, MET

metmorfin, TOP topiramate, PST psychostimulants, MPH methylphenidate, PD psychiatric disorder, SCH Schizophrenia, BD bipolar disorder,

SCHAF schizoaffective disorder, DBD disruptive behaviour disorders, ADHD attention-deficit hyperactivity disorder, ASD autism spectrum

disorder, PDD pervasive developmental disorder, TS Tourette syndrome, MR mental retardation
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Table 3 Reviews and meta-analysis of antipsychotic-induced weight or BMI increase among children and adolescents (n = 14)

References,

country

Aim Drug Outcome

Armenteros and

Davies [6],

USA

To develop an evidence for using anti-

psychotic medications for paediatric SCH

FGAs and SGAs Meta-analysis revealed that average weight gain in

patients treated with FGAs was 1.4 kg compared to

4.5 kg for those treated with SGAs

Björkhem-

Bergman et al.

[15], Sweden

To determine the MET effect on

antipsychotic-induced weight gain

MET Compared with placebo, MET treatment caused a

significant body weight reduction in adult non-diabetic

patients treated with SGAs and in children

Cheng-Shannon

et al. [39],

USA

To review available paediatric literature on

efficacy and safety of SGAs

CLO, RIS, OLA,

QUE, ZIP,

and ARI

The most frequently reported side effects included weight

gain, although the relative frequencies of these

untoward effects vary among medications

Cohen et al.

[27], France

To assess short-term (3–12 weeks) adverse

effects of SGAs in youth

SGAs Compared with PLA, significant weight gain were

observed among patients on OLA (3.99 kg), RIS

(2.02 kg), QUE (1.74 kg) and ARI (0.89 kg)

Correll and

Carlson [33],

USA

To review endocrine and metabolic adverse

effects of psychotropic medications in

children and adolescents

Psychotropic

medications

Children and adolescents appeared to be at higher risk

than adults for antipsychotic-induced weight gain. PSTs

caused mild reversible growth retardation in some

patients. Valproate was associated with weight gain

Correll [32],

USA

To review weight and metabolic effects of

MS treatments in paediatric BD

Lithium,

antiepileptics, or

SGAs, alone or

combined with

lithium or

divalproex

Weight gain was significantly relevant in 75 % of trials.

Weight loss was significant with TOP and present with

ARI. In trials lasting 12 weeks, weight gain was greater

with SGAs plus MS compared to MS monotherapy

Correll et al.

[36], USA

To compare efficacy and tolerability

between antipsychotics and MS in youth

and adults with BD

SGAs and MS SGAs caused more weight gain than MS in youth but not

in adults. However, results were heterogeneous and not

significant in either age group after excluding TOP

De Hert et al.

[40], Belgium

To review cardiometabolic and endocrine

side effects of SGAs in children and

adolescents

SGAs A meta-analysis showed SGAs-induced weight gain in

this order: OLA [ RIS [ QUE [ ARI [ ZIP.

Significant weight gain appeared to be more prevalent

in patients with autistic disorder who were also younger

and likely less exposed to antipsychotics previously

Doey [48],

Canada

To review efficacy and tolerability of ARI

in paediatric population

ARI Treatment with ARI is reported to have a lower incidence

of weight gain than other SGAs

Fedorowicz and

Fombonne

[52], Canada

To summarise the data about metabolic side

effects of SGAs in children

SGAs The highest weight gain is associated with CLO and

OLA. The risk of weight gain might be higher in

younger children. These changes seem to be reversible

Fraguas et al.

[64], Spain

To review data on efficacy and safety of

SGAs in youth with psychotic and bipolar

spectrum disorders

SGAs Mean weight gain ranged from 3.8 to 16.2 kg for OLA,

from 0.9 to 9.5 kg for CLO, from 1.9 to 7.2 kg for RIS,

from 2.3 to 6.1 kg for QUE and from 0 to 4.4 kg for

ARI

Frémaux et al.

[68], France

To review indications and adverse reactions

of OLA in youth

OLA The most prominent adverse reaction was excessive

weight gain, even more so than in adult patients treated

with OLA

Maayan and

Correll [103]

To review antipsychotic-related weight

gain and interventions for its reduction in

youth

SGAs SGAs-induced weight gain in this order:

OLA [ CLO [ RIS [ QUE [ ARI [ In autism and

disruptive behaviour disorders, suggest greater weight

gain, possibly due to less prior antipsychotic exposure

Pringsheim

et al. [129],

Canada

To review metabolic adverse effects

associated with SGAs in children

RIS, OLA, QUE,

ARI, CLO, ZIP

and paliperidone

Meta-analysis revealed that mean weight gain compared

with placebo was the highest for OLA followed by RIS,

QUE and ARI

OR odds ratio, CI confidence interval, BMI body mass index, zBMI sex- and age-standardised BMI, SGA second generation antipsychotic, FGA

first generation antipsychotic, BD bipolar disorder, HAL haloperidol, CLO clozapine, RIS risperidone, OLA olanzapine, QUE quetiapine, ZIP

ziprasidone; ARI aripiprazole; TOP topiramate, MET metformin, MS mood stabilisers, PST psychostimulants, SCH schizophrenia, ADHD

attention-deficit hyperactivity disorder
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[27]. In a naturalistic study comparing treatment with

clozapine, olanzapine and risperidone [61], the average

weight gain after 6 weeks of treatment was significantly

higher with olanzapine (4.6 ± 1.9 kg) than with risperi-

done (2.8 ± 1.3 kg) or clozapine (2.5 ± 2.9 kg). However,

some small sample studies were not able to confirm these

results [87, 120].

A number of studies indicated that weight gain associated

with quetiapine is lower than with olanzapine or risperidone.

A 6-month follow-up study of 66 children and adolescents on

risperidone, olanzapine or quetiapine, found that, at the

endpoint, there was a significant increase in zBMI in patients

receiving olanzapine (p \ 0.001) or risperidone (p = 0.008)

but not in patients receiving quetiapine (p = 0.14) [65].

Similarly, a review including 24 placebo-controlled trials

showed that the numbers-needed-to-harm for weight gain

C7 % in youth with bipolar disorder or schizophrenia was 9

(CI = 7–14) for quetiapine, 6 (CI = 5–8) for risperidone

and 3 (CI = 3–4) for olanzapine [103]. A double-blind

controlled trial showed significant increase in weight and

BMI among patients on olanzapine or quetiapine [4]

although those on olanzapine gained significantly more

weight than those on quetiapine (15.5 vs. 5.5 kg, p \ 0.001).

In contrast, a small sample randomised trial found that the

percentage of patients with[10 % weight gained to be 27 %

for quetiapine and 9 % for risperidone, though the difference

did not reach statistical significance [148].

Olanzapine Several naturalistic [25, 76, 95, 112, 128],

open-label [4, 47, 66, 82, 94, 116, 121, 131, 136] and

doubled-blind controlled trials [84, 97, 145] have demon-

strated that significant weight gain is associated to treat-

ment with olanzapine in children and adolescents

(Tables 1, 2). Olanzapine seems to be the SGA that causes

the most frequent and intense weight gain [4, 25, 34, 40,

62, 65, 132, 145]. A review of the literature from 1996 to

2004 on the indications and adverse reactions of olanzapine

in children and adolescents with psychiatric illness showed

that the most prominent adverse reaction was excessive

weight gain, even more so than in adult patients treated

with olanzapine [68]. Olanzapine was associated with

extreme long-term weight gain in children and adolescents,

much higher than that expected in adults [63]. A long-term

(at least 24 weeks) naturalistic study found that the per-

centage of olanzapine-treated adolescents (n = 179) with

C7 % mean weight gain was 89 % compared with 55 % in

adults (n = 4,280) [99]. The weight gain was associated

with an increase in caloric intake, without change in diet

composition [76]. A clinical observation of 15 youths (age

range, 6–13 years) with childhood-onset schizophrenia

showed no significant weight gain during their short period

of hospitalisation (mean of 11 days) under treatment with

olanzapine (dose range, 5–20 mg/day) [144].

There have been few olanzapine serum concentration

studies among children and adolescents. In a study that

included 85 patients attending a child and adolescent psy-

chiatric hospital [11], BMI and other variables such as

olanzapine daily dose, number of co-medications, age and

post-dose interval had a significant influence on the intra-

individual variability of dose-corrected olanzapine serum

concentrations (all p \ 0.001).

Risperidone Treatment with risperidone in children and

adolescents has been related to significant weight gain in

several in naturalistic [67, 69, 74, 107, 108, 149], open-

label [8, 18, 54, 81, 117, 122, 124, 133, 155] and doubled-

blind controlled studies [2, 19, 57, 102, 115, 123, 143,

147]. In contrast, two double-blind placebo-controlled tri-

als involving small samples [7, 153] showed that the mean

weight change was not significantly different between ris-

peridone and placebo groups after 4 weeks. Meanwhile, a

retrospective chart review of children and adolescents with

disruptive behaviour disorder [111] and a low dose range

of risperidone (0.3–0.9 mg/day) showed that only 12.5 %

of patients (3/24) had a [10 % weight gain.

Weight or BMI changes induced by risperidone may

tend to stabilise in long-term therapy. In a 2-year open-

label trial of 48 children and adolescents (range age,

6–15 years) on risperidone (1–4 mg/day), zBMI changes

stabilised after the first 3–6 months of therapy and did not

increase beyond normal growth thereafter [133]. In addi-

tion, weight gain during risperidone treatment may reverse

after discontinuation, as reported in a prospective longitu-

dinal study of 24 months [101].

Research concerning a dose–response effect between

risperidone and weight gain is unclear. On the positive side,

in a double-blind controlled trial involving 257 schizo-

phrenia adolescents [80], mean change in body weight was

significantly higher for risperidone regimen A (1.5–6.0

mg/day) than for risperidone regimen B (0.15–0.6 mg/day):

3.2 ± 3.4 vs. 1.7 ± 3.2 kg. However, other studies did not

support a dose–response relationship [79, 93, 108]. In a

3-week double-blind controlled trial of 169 patients with

acute mania which compares placebo, risperidone in lower

dose (0.5–2.5 mg/day) and risperidone in higher dose

(3–6 mg/day), mean weight gain was 0.7 ± 1.9, 1.9 ± 1.7

and 1.4 ± 2.4 kg, respectively [79].

Weight gain with risperidone may be relevant beyond

its metabolic implications. The metabolism of risperidone

to 9-hydroxyrisperidone increased with body fat; a higher

zBMI predicted a higher 9-hydroxyrisperidone concen-

tration [23]. Among children with autistic disorder, those

on risperidone who gained more weight improved less

from their irritability [9]. Unfortunately, weight gain

from risperidone treatment could not be predicted from

baseline weight and BMI or other characteristics such as
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concomitant medication use, sex, age and pubertal status

[108].

Quetiapine Several open-label trials [43, 90, 106, 114,

141] and a naturalistic study [140] have reported significant

weight gain associated with quetiapine treatment among

children and adolescents. Open-label trials have shown

average weight gains of 4.1 kg (3.4 kg after adjustment by

age expected weight gain) over 8 weeks [141], 6.2 kg over

12 weeks [140], 2.9 kg over 16 weeks [106] and 2.3 kg

over 88 weeks [114]; in addition, a weight gain of 4.4 kg in

a 4-week double-blind study [45]. In contrast, other studies

reported lower weight gain, such as 2.3 kg in an 8-week

randomised placebo-controlled trial [44] and 1.4 kg in a

12-week open-label study where no patient discontinued

treatment because of weight gain [43].

Clozapine Clozapine has been associated with weight

gain among children and adolescents in naturalistic studies

[63, 113] as well as in randomised trials [100, 142]. Pro-

spective studies among paediatric inpatients have shown

average weight gains of 3.8 over 8 weeks, 6.9 kg over

28 weeks [113] and 9.5 kg over 45 weeks [63]; in com-

parison, patients on olanzapine increased 3.6 kg after

8 weeks [142] and 16.2 kg after 45 weeks [63]; and those

on risperidone, 7.2 kg after 45 weeks [63].

Aripiprazole Treatment with aripiprazole among children

and adolescents is reported to have a lower incidence of

weight gain than other SGA [48]. However, aripiprazole

has been associated with significant weight gain in natu-

ralistic [58], open-label [14, 38, 105] and doubled-blind

controlled studies [53, 125, 135]. A prospective study

among 96 children aged 4–9 has shown a significant

increase (an average of 2.4 kg) in weight over 16 weeks

[58]. In comparison with placebo, patients on aripiprazole

showed a significantly greater weight gain after 6 weeks

[60] and after 8 weeks [125, 135]; which may be a frequent

reason for discontinuing treatment [105]. In contrast, other

studies reported non-significant weight gain, such as an

6-week randomised placebo-controlled trial (an average of

weight gain of 1.2 kg in the aripiprazole group vs. 0,72 kg

in the placebo group) [151] and two 8-week open-label

studies (an average of BMI increase of 0.86 kg/m2) [38]. In

addition, a double-blind controlled trial involving 296

bipolar disorder patients on aripiprazole [59] showed that

the average weight gain was not significantly different

between those on a low dose of aripiprazole (10 mg/day),

those on a high dose (30 mg/day) and subjects on placebo

(0.82, 1.08 and 0.56 kg, respectively). BMI appeared not to

influence the dose-adjusted aripiprazole serum concentra-

tion [12].

Ziprasidone In addition to studies comparing ziprasidone

with other SGAs, there are a few studies analysing weight

gain induced by ziprasidone specifically. After 8 weeks of

treatment, no significant weight gain has been observed in

an open-label, uncontrolled study [13] and in two double-

blind randomised studies [55, 139]. In a ziprasidone open-

label trial consisting of a 3-week fixed-dose period

(80–160 mg/day) and a subsequent 24-week flexible-dose

period (20–160 mg/day) in patients aged 10–17 years, the

mean weight gain was 1.0 ± 1.0 kg at week 3 (n = 61)

and 2.8 ± 6.3 kg at week 27 (n = 47) [46].

Concomitant treatment

Exposure to two or more medications would appear to be a

predictor of overweight or obesity, as seen in a large

sample of bipolar disorder paediatric patients [75]. In

particular, exposure to antipsychotic poly-pharmacother-

apy may confer a higher risk of developing adverse events

than monotherapy, especially for females [88]. In a cohort

of 4,140 children and adolescents on antipsychotics [118],

patients exposed to multiple antipsychotics were at a sig-

nificantly higher risk for incident obesity or weight gain

(OR = 2.28; 95 % CI = 1.43–3.65). On the other hand,

two retrospective chart reviews of juvenile psychiatric

inpatients exposed to risperidone during 6 months showed

that weight gain was not influenced by the use of other non-

antipsychotic psychotropic medications [93, 108]. Simi-

larly, in another recent chart review study among children

and adolescents, psychiatric outpatients treated with SGAs

(risperidone, aripiprazole, olanzapine and quetiapine) had a

zBMI significantly higher than psychiatric controls without

lifetime SGA, and these differences remained after elimi-

nating patients on any co-medication [41]. Other types of

drugs, often used in children and adolescents, can have

endocrine and metabolic adverse effects, including weight

gain. Valproate, sometimes used together with antipsy-

chotics, has been associated with weight gain [33]. In a

bipolar disorder paediatric review [32], the authors

observed that in trials lasting 12 weeks or less, weight

gain was greater with SGAs plus mood stabilisers as

compared to mood-stabiliser monotherapy or mood-stabiliser

co-treatment, though compared with antipsychotic mono-

therapy the difference did not reach statistical significance.

SGAs seemed to cause more weight gain than mood sta-

bilisers in youth but not in adults [36, 72]. On the other

hand, psychostimulants appeared to cause weight loss [29]

and mild reversible growth retardation in some patients,

most likely because of decreased weight or a slowing of

expected weight gain [33]. However, psychostimulants

in co-treatment with SGAs did not seem to attenuate

SGA-induced weight gain [3].
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BMI before antipsychotic treatment

Body mass index before antipsychotic treatment (pre-

treatment or baseline BMI) may influence the development

of antipsychotic-induced weight gain, especially in long-

term treatments. One study which performed a systematic

categorisation of the long-term (7.3 ± 9.2 years) weight

course among adolescents and adults on clozapine, olan-

zapine and/or risperidone, showed that pre-treatment BMI

had a predictive value on the antipsychotic-induced weight

gain [70]. In particular, this study [70] found that increased

values of patient’s BMI at premorbid stage or prior to

antipsychotic treatment predicted higher body weight gain

under antipsychotic treatment, but, on the other hand, a low

BMI prior to first antipsychotic treatment predicted a

higher speed of the total increase of BMI in vulnerable

individuals.

When studies are restricted to children and adolescents,

there are limited data on this issue. Available results sug-

gest that patients with lower weight at onset show greater

weight increase: it has been observed a significant negative

correlation between baseline BMI and proportional weight

gain [21, 128, 132], although other study could not find

significant association between baseline BMI and weight

gain after risperidone treatment [108].

Predisposing factors

Genetic factors

Antipsychotic-induced weight gain has been positively

correlated with parental BMI among adults [70] and among

children and adolescents [132]. In addition, twin studies

based on monozygotic twin pairs and sib-pair studies sug-

gested that antipsychotic-induced weight gain is more

strongly under genetic than environmental control [71,

150]. Gebhardt et al. [71] found greater similarity in anti-

psychotic-induced BMI change in monozygotic twins than

in same-sex sibs, with intra-class correlation coefficients of

0.87 and 0.56, respectively [71]. Following the set point

theory [20], Thiesen et al. [150] hypothesised that anti-

psychotic effects on energy intake and expenditure might

lead to a new energy balance, thus resulting in a ‘higher’ set

point in patients ‘at risk’. Because weight gain is also

associated with an increment in fat-free mass, which is the

main determinant of energy expenditure, weight gain will

be terminated (weight plateau) once a new energy balance is

achieved [150]. Other studies in adults suggested an asso-

ciation between genetic factors (such as 5-HT2C receptor

gene loci) and vulnerability to weight gain induced by an-

tipsychotics [16, 134]. One of these studies [16] showed an

association between serotonin transporter (SERT) gene and

olanzapine-induced weight gain. In particular, the presence

of the short (s) SERT promoter allelic variant and ss

genotype was associated with significantly higher weight

gain in subjects who were not obese at the time of admission

[16]. The variant T allele of the -759C/T polymorphism in

the promoter region of the HTR2C gene seemed to be

protective against risperidone-induced weight gain [83],

whereas the HTR2C p.C23S and CYP2D6 polymorphisms

have been associated with risperidone-induced increase in

BMI or waist circumference [28].

On the other hand, genes of several hormones may be

related to greater antipsychotic-induced weight gain among

children and adolescents. A recent study have shown a

significant association between the melanocortin 4 receptor

(MC4R) gene and extreme SGA-induced weight gain and

related metabolic disturbances [104]. Moreover, the variant

A allele of the -2548G/A polymorphism in the promoter

region of the leptin gene has been associated with a lower

risperidone-induced weight gain, [22] suggesting genetic

differences in tissue sensitivity to leptin. Therefore, a

possible mechanism of SGA-induced weight gain may be

the desensitisation of leptin receptors so that the feedback

from the adipocytes is not ‘‘heard’’ by the satiety centre

[109]. In this way, high leptin levels reported in the liter-

ature in association with SGA exposure could be an effect

rather than the cause of weight gain. In fact, serum leptin

change did not reliably predict risperidone-associated

weight gain [109]. Finally, antipsychotic-induced changes

in BMI have been associated with six markers in the

adiponectin gene among adult patients with schizophrenia

[86]. Nevertheless, little is known regarding this topic

among children and adolescents.

Socio-demographic factors

Female sex has been associated with a higher possibility of

antipsychotic-induced weight gain [88, 118]. Contrariwise,

in a study of 37 child and adolescent inpatients treated with

risperidone for 6 consecutive months there was no differ-

ence in the risk of weight gain between both sexes [108].

Moreover, in a retrospective study [138], the largest

increase in BMI was observed in males among patients on

risperidone and in females among those on olanzapine.

Meanwhile, the social and emotional consequences of

weight gain in children and adolescents may be stronger in

girls than in boys. A prospective study has demonstrated

that women with metabolic syndrome in childhood have

higher levels of depressive symptoms in adulthood than

women free of childhood metabolic syndrome [130]. On

the other hand, a cross-sectional study including 74 ado-

lescents with schizophrenia on clozapine or olanzapine

showed that an elevated BMI was associated with impaired

physical functioning in females and with negative body

appraisal and hunger in males [10].
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Regarding age, it seems likely that youth, in comparison

with adults, are more susceptible to adverse atypical anti-

psychotic metabolic side effects [30, 33, 34, 49, 63, 132,

137]. Children and adolescents appeared to be at higher

risk than adults for antipsychotic-induced weight gain [33]

and the risk of antipsychotic-induced weight gain among

children might be higher in younger children [52]. Among

patients with schizophrenia, children and adolescents

appeared to be at higher risk for weight gain associated

with antipsychotic treatment [26]. Specifically, olanzapine-

treated adolescents experienced greater increases in body

weight than olanzapine-treated adults [98, 132]. Risperi-

done and clozapine have similarly been associated with

weight gain in adolescents, much higher than that reported

in adults [63, 132].

African-American race has been associated with a lower

risk for incident obesity/weight gain among children and

adolescents on antipsychotics [118]. However, other

authors [65] did not find differences across races.

Treatment of antipsychotic-induced BMI increase

In some cases of weight or BMI increase induced by

antipsychotics, alternative treatment should be considered.

The first option may be changing the antipsychotic drug or

choosing a type of antipsychotic with a better benefit/risk

ratio such as ziprasidone, which might be given as a first

prescription in cases of higher BMI or higher vulnerability

to increase BMI. Notwithstanding, antipsychotic-induced

weight gain seems to differ depending on the particular

drug presentation. Among adolescents, a cross-sectional

study to compare the changes in weight and BMI associ-

ated with olanzapine orally disintegrating tablets, olanza-

pine standard oral tablets or risperidone, reported that those

on olanzapine orally disintegrating tablets gained less

weight than those on olanzapine standard oral tablets, but

not less than those on risperidone [37]. However, among

adults, the only randomised clinical trial comparing these

two olanzapine formulations found no significant differ-

ence [92].

A second option could be to prescribe co-treatment with

other drugs such as topiramate or metformin. Topiramate

among children and adolescents has been associated with

weight loss among those with bipolar disorder [32] and

those with autistic spectrum disorders [24]. In an open-

label trial involving paediatric patients with bipolar disor-

der [154], after 8 weeks of treatment, the main weight gain

in the olanzapine group was 5.3 ± 2.1 kg and the weight

gain in the olanzapine plus topiramate group was signifi-

cantly lower, 2.6 ± 3.6 kg. In turn, metformin seemed to

have a pronounced weight-reducing effect in antipsychotic-

treated patients, especially in those with a manifest weight

gain. A systematic review [15] showed that, compared with

placebo, metformin treatment caused a significant body

weight reduction in adult non-diabetic patients treated with

atypical antipsychotics (4.8 %; 95 % CI = 1.6–8.0) and in

children (4.1 %; 95 % CI = 2.2–6.0); when the analysis

was restricted to patients with a manifest body weight

increase ([10 %) prior to randomisation, metformin

reduced weight by 7.5 % (95 % CI = 2.9–12.0); the effect

was larger in Asians (7.8 %; 95 % CI = 4.4–11.2) than in

Hispanics (2.0 %; 95 % CI = 0.7–3.3) [15]. A metformin

double-blind controlled trial including children and ado-

lescents who had gained more than 10 % of their pre-drug

weight after treatment with olanzapine, risperidone or

quetiapine, showed that while the placebo group continued

to gain weight (mean = 4.01 ± 6.2 kg) over 16 weeks,

the weight of the subjects treated with metformin showed

little change over the treatment period (mean =

-0.13 ± 2.8 kg) [96]. However, in another double-blind

controlled trial [5], metformin treatment did not show a

significant effect in controlling the BMI of children and

adolescents with schizophrenia after 12 weeks.

Finally, lifestyle therapies and other non-pharmacolog-

ical interventions have been shown to be effective in

controlled clinical trials [26]. In some cases, alternative

treatments such as repetitive trans-cranial magnetic stim-

ulations may be required; their efficacy and their place in

the therapeutic strategy of pharmaco-resistant schizophre-

nia in children and adolescents need to be assessed with

regard to metabolic and blood side effects of clozapine

[74].

Discussion

This is a comprehensive and descriptive review intended to

highlight our knowledge about one of the most important

issues for public health in conjunction with the use of

antipsychotic medication. There is evidence that SGAs, in

comparison with FGAs, are associated with a higher weight

gain and increase of BMI. Within SGAs, olanzapine

appears to cause the most significant weight gain, while

ziprasidone seems to cause the least. The dose–response

relationship between antipsychotic doses and degree of

weight gain remains unclear. Antipsychotic-induced BMI

increase tends to remain regardless of the specific psy-

chotropic co-treatment. Children and adolescents would

appear to be at a greater risk than adults for antipsychotic-

induced weight gain; and the younger the child, the higher

the risk. Genetic or environmental factors related to anti-

psychotic-induced weight gain among children and ado-

lescents are mostly unknown. Certain genetic factors

associated with antipsychotic-induced weight gain may be

related to serotonin receptors or hormones such as leptin,

adiponectin or melanocortin.
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Several methodological limitations in studies of anti-

psychotic-induced weight gain or BMI increase must be

underlined. An extended methodological limitation across

many studies is not accounting for sex- and age-standard-

ised BMI (zBMI, which is the best-suited measure to assess

long-term drug-induced weight gain in comparison to

developmental changes). Although the use of this meth-

odology is crucial in medium-term and long-term studies of

SGA-induced weight gain, few studies have used it so far

[35]. Another frequent limitation in many studies is not

taking into account the BMI before antipsychotic treat-

ment. As it has been explained above (‘‘BMI before anti-

psychotic treatment’’), pre-treatment BMI may predict

future antipsychotic-induced weight gain. Therefore, stud-

ies on antipsychotic-induced weight gain should include in

their analyses the pre-treatment BMI, especially when they

compare increase of BMI after treatment with different

antipsychotic drugs.

Another possible bias when assessing antipsychotic-

induced weight gain in observational studies is ‘‘con-

founding by indication,’’ meaning that physicians might be

prone to prescribe a specific atypical antipsychotic drug

according to the initial clinician’s impression about the

patient’s weight. Clinicians may have different reasons for

prescribing a specific antipsychotic drug, and one important

reason may be the potential weight gain associated with

each drug. This type of indication is opposed to randomi-

sation and therefore might be confounding [110]. This was

the case in a prospective study [51] investigating the factors

influencing physicians’ choice of antipsychotic drug ther-

apy in the treatment of adults with schizophrenia, where it

was found that patients on amisulpride had a significantly

higher previous BMI than patients on olanzapine. In a

previous study [110], we conducted a 6-month follow-up of

children and adolescents naı̈ve to antipsychotic medication

who were prescribed a SGA (aripiprazole, olanzapine,

quetiapine or risperidone), and we found that patients on

olanzapine or quetiapine had an initial zBMI significantly

lower than those on aripiprazole. The increase in zBMI at

the end of the follow-up was significantly higher for patients

on olanzapine than for the rest of the patients (4.0 vs.

1.1 kg/m2; p = 0.021). Nevertheless, the olanzapine effect

became non-significant (p = 0.37) after adjusting by sex,

age, baseline zBMI and the interaction between baseline

zBMI and olanzapine treatment. Patients on olanzapine in

our sample apparently showed a higher increase in their

zBMI when compared to those on risperidone or aripip-

razole, although confounding by indication may have

exerted some influence and they might have gained weight

more easily since their initial zBMI was lower [110].

Confounding by indication is the main bias of observational

studies of treatment effects [77] and must be considered

especially when evaluating antipsychotic effects. Most

studies of weight gain among children and adolescents

treated with atypical antipsychotics are observational and

involve a short period of treatment [63].

Heterogeneity of diagnoses is very frequent among

studies on antipsychotic-induced weight gain studies,

including attention-deficit hyperactivity disorder, autism,

pervasive developmental disorder, disruptive behaviour,

Tourette syndrome and psychotic, anxiety or affective

disorders (Tables 1, 2, 3). Not only the antipsychotic

treatment but also mental illness itself may be conducive to

excessive weight gain among psychiatric patients, as these

individuals are less likely to be active and more likely to

have a poor dietary pattern than the general population, as

has been shown in adults [17, 78]. Weight gain induced by

antipsychotic treatment might present peculiarities within a

specific diagnostic category; for instance, a literature

review [40] showed that significant weight gain appears to

be more prevalent in patients with autistic disorder who

also were younger and probably less previously exposed to

antipsychotics. Nevertheless, in a 3-month prospective

longitudinal study of 90 children and adolescents treated

with SGAs [119], weight gain and zBMI significantly

increased in patients with bipolar disorder, other psychotic

disorders or other non-psychotic disorders, but the differ-

ences between diagnostic groups did not reach statistical

significance. Within patients with schizophrenia, psycho-

pathology (e.g. food poisoning delusions), comorbidity

with metabolic syndrome or psychoactive substance use

disorder, and unhealthy lifestyle may influence BMI

increase among children and adolescents taking antipsy-

chotics. This point could be a line of future research.

A short period of treatment is a feature of most studies

on weight gain among children and adolescents treated

with atypical antipsychotics. Several long-term studies

show that the effect on weight gain becomes smaller over

time, as shown by a case–control study among youths with

Tourette syndrome comparing the effects on zBMI

between patients treated with pimozide or risperidone and

those without antipsychotic medication; in particular, the

differences observed after 1 year disappeared in the sec-

ond and third year of follow-up [42]. Nevertheless, an

accumulative increase in weight or zBMI became patent

over time [56, 152]. Although long-term studies may give

a better perspective, a significant proportion of patients

may discontinue their participation in the trial because of

weight gain and, therefore, a selection bias may undermine

the validity of longer follow-up analyses, as can be

observed in a multi-centre trial analysing, among other

variables, weight and BMI changed after both an acute

8-week phase and a 44-week extension [56]. Finally, most

studies include a short number of subjects (Tables 1, 2, 3)

which could lead to non-significant results, mostly due to a

type-2 error.
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Youth psychiatric patients on antipsychotic treatment

constitute a group at high risk of developing weight gain and

metabolic disturbances which may increase the morbidity

and mortality of this population. Moreover, obesity is

associated with worse outcomes in some psychiatric disor-

ders such as bipolar disorder [89]. Clinicians should take

adequate precautions and provide parents and guardians

with nutritional information in a proactive manner [6], and

monitoring height, weight and BMI should always be part of

regular side effect and health monitoring in paediatric

patients [35]. Clinicians should complete careful baseline

assessments and perform dietary and lifestyle counselling

when initiating antipsychotic treatment, and then proac-

tively monitor for adverse effects to optimise physical as

well as psychiatric outcomes [30]. A good collaboration

between child/adolescent psychiatrists, general practitioners

and paediatricians is essential to maximise overall outcomes

and to reduce the likelihood of premature cardiovascular

morbidity and mortality [40]. In addition, strategies to

reduce this antipsychotic side effect include switching to

medications that have a lower effect in weight gain, low-

ering the dosage of medications and initiating treatment

with metformin or topiramate to address clinically relevant

changes. In addition, some lifestyle therapies and other non-

pharmacological interventions may be required.

Future studies should include long-term double-blind

randomised trials and comparable data for more than two

atypical antipsychotics to establish the real effects of each

atypical antipsychotic in the increase of the zBMI. Designs

of studies should include analysis of zBMI, and not just

BMI, as well adjustment by baseline zBMI. In addition,

future studies may be focused on several targets such as (1)

to include and compare antipsychotic-induced weight gain

across different psychiatric diagnoses to define the groups

of patients at higher risk to develop weight gain or zBMI

increase; (2) to compare, using large samples, SGAs that

apparently cause less weight gain such as ziprasidone with

those that apparently cause more weight gain such as

olanzapine in long-term double-blind randomised trials; (3)

to assess the dose–response effect between antipsychotic

doses and the degree of zBMI increase; and (4) to deter-

mine genetic and environmental factors which may be

confounding the association between a specific antipsy-

chotic and increase of zBMI.

Antipsychotic-induced weight gain may be a complex

matter in which numerous variables of a genetic, clinical,

socio-demographic or environmental nature apparently

intervene. Studies to determine and control for these pos-

sible confounding factors are needed to devise specific

prevention programs.
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