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Introduction
Second generation antipsychotics (SGAs), which are 

medications used to treat a variety of psychiatric disorders, are 
associated with weight gain, obesity, and increased cardiovascular 
risk in children, adolescents as well as in adult populations 
[1-3]. A source of concern is increasing evidence suggesting a 
greater or exigenic effect of SGAs in youth compared to adults 
[3-8], especially considering childhood obesity adversely affects 
nearly every organ system, causing substantial morbidity and 
mortality in adulthood [9].

Multiple factors have been associated with SGA-induced 
cardio-metabolic side effects, such as SGA type, dose, treatment  

 
duration, previous exposure or SGA polypharmacy, subject’s age, 
sex or illness-related factors , but there is little consensus over 
their respective effects [2,3,5,6,10,11]. Among SGAs, olanzapine 
and clozapine are associated with the most important weight 
gain risk, followed by quetiapine and risperidone, and finally 
by aripiprazole and ziprasidone which have the lowest risk 
[3,12]. The findings of some, but not all, studies suggest that 
women have a greater vulnerability to antipsychotic-induced 
weight gain that men [2,3]. Evidence in the antipsychotic-drug-
naïve pediatric population suggest a dose-dependent effect of 
risperidone on weight gain and lipid profiles as well as dose 
dependent effect of olanzapine on serum lipids and blood 
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Abstract

Objective: To describe clinical factors associated with SGA-induced weight gain induced by long-term second generation antipsychotic 
(SGA) treatment in children and adolescents.

Methods: A 24-month retrospective study conducted between November 2005 and June 2013. 147 antipsychotic-naive patients were 
selected [mean age 12.8; (95% CI 9.8 to 15.9)] and treated with an SGA (risperidone, olanzapine, quetiapine and aripiprazole) for up to 24 
months. Weight and height were measured and BMI (body mass index) z-scores were calculated at baseline, 1, 3, 6, 12 and 24 months. Linear 
mixed-model analysis was used to compare weight, BMI and BMI z-score changes of the SGA treatment with the repeated factor being the time 
relative to baseline at 1, 3, 6, 12 and 24 months.

Results: After 24 months of SGA treatment, mean weight increased significantly by 12.8 kg (95% CI 10.4 to 15.0) and BMI z-score by 0.44 
(95% CI 0.21 to 0.68). Incidence of overweight/obesity was 22.6% and significant BMI z-score increase over 0.5 was 9.4%. Older age (p=0.001), 
male sex (p=0.002) and diagnosis of mood disorder (p=0.0004) were associated with a significant increase in weight gain. Lower baseline BMI 
z-score (p<0.0001) and presence of mood disorder (p=0.011) had a significant impact on BMI z-score augmentation. 

Conclusion: Older age, male sex, lower baseline BMI z-score and diagnosis of mood disorder were associated to more pronounce SGA-
induced weight gain.
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glucose levels [13]. The impact of the treatment duration on the 
weight gain remains a subject of debate as some studies showed 
an attenuation of the weight gain over time with a plateau 
around 6 or 12 months [1,14-18], whereas others demonstrated 
a continuous weight increase over time [19-21]. Anyhow, data 
on the long term metabolic effects of antipsychotics in pediatric 
populations are scarce [3]. The heterogeneous results regarding 
moderating variables could be explained in part by the different 
methodologies and study samples found across studies.

The aim of this study is to describe clinical factors associated 
with the SGA-induced weight and increase in BMI z-score in 
antipsychotic-naive children and adolescents, in the “real-
life” clinical setting. We hypothesize that older age, female 
sex, lower baseline BMI z-score and polypharmacy other than 
with psychostimulants will be associated with more important 
weight gain, in accordance with actual literature [2,3,6,7].

Subjects and Methods 
Study design

The medical charts of the inpatients and outpatients from 
the “Second-Generation Antipsychotic Monitoring Program” 
at Hotel-Dieu de Lévis Hospital (Quebec, Canada) between 
November 2005 and June 2013 were retrospectively reviewed. 
The population in the area deserved by the department of child 
psychiatry is almost exclusively of French-Canadian origin. All 
study procedures were reviewed and approved by the local 
ethics and research committee (CER-1213-018).

Study subjects
The inclusion criteria for the study subjects were being 

under 18 years old, having no previous history of antipsychotic 
treatment and having received treatment with an SGA for at least 
one month during the study. The exclusion criteria included pre-
existing dyslipidemia, diabetes or receiving medications for 
metabolic conditions. For each patient, we gathered information 
for age, sex, psychiatric diagnoses, SGA treatment (total dose/
day, duration of use), other medications (total dose/day, duration 
of use), height and weight. The height and weight were measured 
at baseline, 1, 3, 6, 12 and 24 months by a nurse. Diagnoses were 
made by a child psychiatrist in accordance with the Diagnostic 
and Statistical Manual of Mental Disorders, Fourth Edition, Text 
Revision (DSM IV-TR) criteria. Clinical data was collected from 
the chart notes. The main diagnosis was considered the one for 
which the SGA was prescribed. In many cases, more than one 
main diagnosis was recorded because SGAs were used to treat 
symptoms common to many diagnostics, such as disruptive 
behavior and ADHD. The other medications given in adjunct 
with the SGA were grouped in four categories: psychostimulants 
(amphetamine-based, methylphenidate-based), atomoxetine 
(to more accurately discriminate the potential metabolic 
impact with psychostimulants), antidepressants (bupropion, 
citalopram, fluvoxamine, sertraline, venlafaxine) and mood 
stabilizers (carbamazepine, lithium, valproic acid).

Treatment
The patients received SGAs (olanzapine, risperidone, 

quetiapine or aripiprazole) in monotherapy (the same SGA was 
prescribed from the beginning to the end of the period of the 
follow-up) or in polytherapy (switched from one SGA to another 
or used a combination of two SGAs, with the second SGA added 
between 0.5 and 24 months).

Measures
The variables studied were weight, BMI-calculated as 

weight (kg)/height squared(m2)-and standardized BMI z-score-
calculated using the children’s BMI percentile-for-age calculator 
from the Children’s Nutrition Research Center, Baylor College 
of medicine website (http://www.bcm.edu/cnrc-‐‑ apps/
bodycomp/bmiz2.html). The exact day of weight measurement 
was not always available in the charts; therefore, we calculated 
the BMI z-scores as if the patients were always weighed on 
the first day of the month to minimize the measurement bias. 
The BMI z-score represents the BMI adjusted for age and sex, 
thus considering the weight gain attributable to the growth 
process. It allows the comparison between the BMI of children 
and adolescents of the same age and sex [22]. Overweight was 
defined as BMI z-scores between the 85th and 95th percentile 
and obesity as BMI z-scores greater than or equal to the 95th 
percentile [23]. The doses of each SGA were converted in 
chlorpromazine equivalents [24].

Statistical Analysis
The statistical analysis included all the patients with data 

available at baseline and at least at one follow-up assessment 
time. The characteristics of the sample are presented as means 
(95% CI) for the continuous variables and as frequencies or 
percentages for the categorical variables. We assessed changes 
secondary to SGA treatment in continuous outcomes using 
the linear mixed model with repeated measures. The repeated 
factor was the time relative to baseline at 1, 3, 6, 12 and 24 
months. Since the measures were collected from retrospective 
chart review, they reflect ‘real-life’ clinical situations not always 
strictly respecting follow-up time intervals. We averaged data for 
plus or minus one month interval (for example, the third month 
corresponds to data from the second to the fourth months).

Incidence was calculated as the proportion of new-onset 
metabolic complications at each time point divided by the 
number of patients with available data. For each outcome, we 
adjusted for age and sex plus other medications associated with 
SGA or primary psychiatric diagnosis, thus yielding two different 
analyses. Summary statistics are presented as adjusted means 
of change over time (95% CI). All analyses were made using SAS 
9.3 (SAS Institute Inc., North Carolina, USA). The threshold for 
statistical significance was set at p<0.05.

Results
Figure 1 A total of 147 patients treated for the first time 

with an SGA between November 2005 and June 2013 were 
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included in the study. One hundred sixteen (78.9%) of them 
received an SGA in monotherapy and 31 (21.1%) received an 
SGA polytherapy (20 subjects switched SGAs and 11 received 
a combination of two SGAs). Subjects were almost exclusively 
French Canadian. The category ‘Other’ primary psychiatric 
diagnosis included personality disorder, mental retardation, 
pervasive developmental disorder and obsessive-compulsive 
disorder.

Figure 1: Number of subjects and available data flow chart.

Table 1: Clinical characteristics of children and adolescents treated 
with SGAs.

Demographics

Age, years, mean (95% CI) 12.8(9.8-15.9)

Sex, male, n(%) 107(72.8)

Primary Psychiatric Diagnosis, n (%)

Psychotic disorder 45(30.6)

Mood disorder 34(23.1)

Tic disorder 14(9.5)

Disruptive behavioral disorder 
with ADHD 90(61.2)

Other 17(11.6)

Baseline Anthropometric Measures, Mean (95% CI)

Weight(kg) 47.6(32.4-61.2)

BMI 20.1(16.8-22.5)

BMI z-score 0.2(-0.6-0.9)

Baseline Weight Status, n(%)

Underweight (<5th percentile) 8(6.1)

Normal 96(73.3)

Overweight (≥85th< 95th 
percentile) 16(12.2)

Obese (≥95th percentile) 11(8.4)

SGA Dose Chlorpromazine Equivalent, [mg/day, mean (95% CI)]

Olanzapine 175.3(100.0-300.0)

Risperidone 52.3(25.3-67.1)

Quetiapine 171.3(44.4-266.7)

Aripiprazole 90.6(42.2 -116.7)

Other Medications Associated with SGAs, n(%)

Psychostimulant 75(51.0)

Antidepressant 46(31.3)

Mood stabilizer 35(23.8)

Atomoxetine 29(19.7)

Table 2: Impact of clinical characteristics on weight, BMI and BMI z-score changes.

Clinical 
Characteristic Age Sex Baseline Value Main Diagnosis Other Medications 

Associated With SGA

Outcome 
Variable

Male Mood Disorder Mood Stabilizers

Mean (95% 
CI) p Mean (95% 

CI) p Mean (95%  
CI) p Mean (95% 

CI) p Mean (95% 
CI) p

Weight (kg)
0.38

(0.15 to 0.61)
0.001

1.89

(0.73 to 3.06)
0.002

-0.03

(-0.07 to 0.006)
0.099

2.49

(1.15 to 3.83)
0.0004

0.89

(-0.42 to 2.21)
0.182

BMI z-‐‑score
-0.21

(-0.29 to -0.13)
<0.0001

0.28

(0.07 to 0.49)
0.011

0. 19

(-0.01 to 0.38)
0.0651

BMI (kg/m2)

0.09

(0.02 to

0.17)

0.016

- 0.40

(-0.89 to

-0.09)

0.114
-0.07

(-0.12 to

-0.01)

0.02

0.99

(0.43 to

1.56)

0.0007
0.47

(-0.07 to

1.01)

0.087
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Further data presented originates from the analysis 
controlling for age, sex and co-medications Table 1. The other 
analysis (controlling for age, sex and primary diagnosis) yielded 
similar results. After 24 months of SGA treatment, mean weight 
increased significantly by 12.8 kg (95% CI 10.4-15.0, p< 0.0001) 
and BMI z-score increased by 0.44 (95% CI 0.21-0.68, p= 0.0002).

Incidence of newly developed conditions is considerable 
as 22.6% of subjects became overweight or obese and 42.9% 
had a significant BMI z-score increase over 0.5 after two years 
of treatment. Table 2 Compared to younger age, older age 
was associated with a superior mean gain weight of 0.38 kg 
(p=0.001). Males gained a mean of 1.89 kg more than females 
(p=0.002) and subjects with a mood disorder, a mean 2.49 kg 
extra compared to the absence of mood disorder (p=0.0004). 
A lower baseline BMI z-score (p<0.0001) and the presence 
of mood disorder (p=0.011) had a significant impact on BMI 
z-score augmentation.

iscussion
In this retrospective study, older patients, males, those 

with a lower baseline BMI z-score and subjects with a primary 
diagnosis of mood disorder had a significantly more pronounced 
weight gain and BMI z-score increase after up to 24 months 
of SGA therapy. Clinical characteristics as older age and lower 
baseline BMI z-score have already been associated with an 
increased SGA-induced weight gain in children and adolescents 
[10,25]. In adults, even if low baseline BMI has frequently been 
associated with greater antipsychotic-induced weight gain, 
controversy still exist over this potential influence as this might 
be due-at least partially-to a regression to the mean effect and 
not to an underlying biological factor [2,26].

Counter to our hypothesis, female sex [10] and concomitant 
use of mood stabilizers [7] were not associated with a more 
important weight gain. An unexpected finding was male sex 
being significantly associated with more weight gain that female 
sex. In agreement with our study (in which most subjects were 
treated with risperidone), Saklad et al. [27] found that male 
sex was associated with a more pronounced weight gain in 
youth treated with risperidone [27]. Another study analyzing 
metabolic changes in youth treated with risperidone showed 
no association between sex, age or baseline BMI and the SGA-
induced weight gain [28], although this might be due to their 
small sample size (37 subjects compared to 147 in our study). Our 
subjects treated for mood disorder with SGAs had a significantly 
more pronounced weight gain and BMI z-score increase. We 
found only one short-term study comparing SGA-induced weight 
gain between bipolar, psychotic and non-psychotic disorders 
in children and adolescents, which failed to demonstrate an 
association between mood disorders and weight gain [29]. 
In our study, the association of mood disorders with a more 
important weight gain could be explained -at least partially-
by the metabolic risk conferred by a more severe pathology, as 
individuals with psychosis and bipolar disorder appear to have 
higher baseline metabolic risk than the general population [30].

Although mood stabilizers such as lithium and valproate 
have been associated with mild weight gain [7,31], we did 
not find an association between the concomitant use of mood 
stabilizers with SGAs and more important weight or BMI z-score 
increase. Only a tendency was found, possibly due to our study’s 
relatively small sample size.

Limitations
The results of this study should be interpreted in 

consideration of its limitations. Due to the naturalistic design, 
the metabolic monitoring at 12 and 24 months was relatively low, 
which limited data available for the analyses and influenced the 
statistical power of our results. Also, all four SGAs (risperidone, 
olanzapine, quetiapine, aripiprazole) were regrouped thus 
preventing us from evaluating their respective effects-however 
not enough subjects were available to analyze each molecule 
separately. Additionally, ‘a confounding by indication’ bias should 
be considered when interpreting the results, as physicians might 
have prescribed a specific SGA depending on the baseline weight 
of the patient [6]. Moreover, given the variability of SGA doses 
in the clinical sample, we were unable to adjust the statistical 
analyses for the SGA chlorpromazine-equivalent dose. Finally, 
the homogeneity of the population sample analyzed in our study 
can limit the generalizability of the results.

Strengths
Aside from being a limitation, the genetic homogeneity of 

our sample confers an asset, as with the subjects being almost 
exclusively French Canadian the differences attributable to 
ethnic genetic diversity are limited. Also, our recruitment was 
restricted to an antipsychotic-naïve population, leading to 
more accurate conclusions about the first exposure to SGAs. 
Finally, this is one of the few long-term studies of metabolic 
complications in children and adolescents informing on weight 
gain and clinical factors associated with SGA use in drug-naïve 
populations.

Conclusion
In summary, we described that older age, lower baseline BMI 

z-score, male sex and primary diagnosis of mood disorder were 
associated with more pronounced SGA-induced weight gain, 
on one hand consolidating previous findings, and on the other 
eliciting more possible factors implicated in the vulnerability 
to SGA-induced weight gain: male sex and mood disorder. This 
information is valuable as it provides insight for physicians about 
clinical characteristics of patients having increased vulnerability 
of weight gain when treated with an SGA.

Clinicians should carefully monitor metabolic side effects 
as they were related not only to physical health complications 
but also to mental health problems, psychosocial dysfunction 
and poor treatment adherence [2,32]. Long-term prospective 
studies with larger sample sizes and control groups are needed 
to investigate the predictive factors of metabolic complications 
induced by SGAs.
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