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Abstract
Objective—As the use of atypical antipsychotics in children and adolescents has increased,
concerns have been raised about their long-term safety. We aimed to investigate the association
between risperidone-induced weight gain, leptin concentration, and the leptin gene (LEP) -2548G/
A variants in youths.

Methods—Medically healthy 7-17yo children and adolescents, in extended naturalistic treatment
with risperidone, were recruited through pediatric psychiatry clinics. Anthropometric measures
and laboratory testing were conducted. Growth and medication history was obtained from the
medical record. The effect of the LEP genotypes on leptin concentration and on the slopes of the
weight and body mass index (BMI) z score curves before and after the onset of risperidone
treatment was investigated.

Results—In 74 subjects, chronically treated with risperidone, the A allele was associated with
higher leptin concentration at low weight and BMI z scores. There was no effect of the LEP
genotypes on weight or BMI z scores before risperidone was started. Afterwards, however, the A
allele carriers showed a steeper rate of increase in weight and BMI z scores. As a result, the GG
genotype carriers were 2.5 times less likely to be overweight/obese (i.e. having a BMI above the
85th percentile). This genetic effect on risperidone-associated weight gain did not extend to weight
loss related to psychostimulants.
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Conclusions—The LEP -2548G/A variants appear to moderate the weight-altering effect of
risperidone but not psychostimulants. This may be related to genetic differences in tissue
sensitivity to leptin, resulting in differential body composition.
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INTRODUCTION
Atypical antipsychotics increase appetite by modulating metabolic homeostatic mechanisms
in the hypothalamus, resulting in weight gain (Kim et al., 2007). Consequently, due to the
involvement of leptin in appetite regulation and energy balance (Friedman, 1997, Schwartz
et al., 2000, Morton et al., 2006), interest in investigating its role in the development of this
antipsychotic-associated adverse event has emerged.

In adults, leptin concentrations correlate with body mass index (BMI), total body fat, and
percent body fat (Sivitz et al., 2003). Moreover, prospective studies have documented an
increase in leptin following weight gain, including that induced by antipsychotic
medications (Scarpace and Zhang, 2007, Baptista et al., 2007, Haupt et al., 2005, Unger,
2003). In children, leptin regulation is more complex, involving an interaction of gender,
age, stage of sexual development, and adiposity (Blum et al., 1997). Thus, for an equivalent
fat mass, leptin serum concentration rises in girls but declines in boys as they grow older and
more sexually mature (Blum et al., 1997, Mansoub et al., 2006).

The relationship between leptin and body fat is also possibly regulated by variants of the
promoter region of the leptin gene (LEP) (van der Lende et al., 2005). Among the single
nucleotide polymorphisms that have been identified in the LEP promoter region, the
-2548G/A variants have received the most attention since they appear to alter the
transcription rate of the gene (Hoffstedt et al., 2002). In fact, studies in non-psychiatric
samples have found the -2548G/A variants to affect leptin concentrations (Hoffstedt et al.,
2002, Le Stunff et al., 2000, Mammes et al., 1998, Mammes et al., 2000, Yiannakouris et al.,
2001) and, in adults with schizophrenia, these variants have been associated with
antipsychotic-related weight gain (Zhang et al., 2003, Ellingrod et al., 2007, Templeman et
al., 2005). To our knowledge, however, no such studies have been reported in youths treated
with antipsychotics.

MATERIAL & METHODS
Subjects

Children and adolescents, ages 7 to 17, treated with risperidone for six months or more,
irrespective of diagnosis and indication, were recruited from pediatric psychiatry outpatient
clinics. Patients concomitantly treated with other antipsychotic drugs were excluded as were
patients with mental retardation, traumatic brain injury, or other neurological disorders.
Pregnant females or those receiving hormonal contraception were not eligible. Patients with
metabolic, hormonal, or autoimmune disorders requiring medical treatment were also
excluded.

Procedures
This study was approved by the University of Iowa Institutional Review Board. Assent was
obtained from children ≤ 11 years old and consent from adolescents and all parents or legal
guardians.
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Race and ethnicity were based on self-report and the clinical diagnoses on chart review. As
reviewed elsewhere (Calarge et al., 2009), all pediatric and psychiatric records were
reviewed to extract anthropometric measurements and treatment history. This
documentation, which was confirmed by a physician, also reflected deviations from the
prescribed treatments. All dosages of psychostimulants were expressed in methylphenidate-
equivalent for amphetamines (x 2) (Swanson et al., 2007).

Height was measured while standing erect, to the nearest 0.1 cm, using a stadiometer
(Holtain Ltd., UK). Weight was recorded while wearing indoor clothes without shoes, to the
nearest 0.1 kg, using a digital scale (Scaletronix, Wheaton, IL). Following standard
procedures (Prevention, 2000), triceps and subscapular skinfold thickness was measured
with a Lange skinfold caliper to the nearest 0.1 mm by one of two research dieticians (inter-
rater agreement ICC > 95%, n = 16). The average of two measurements was used.

Pubertal stage was evaluated by a physician. In addition, patients completed a self-
assessment form (Marshall and Tanner, 1969, Marshall and Tanner, 1970). Inter-rater
agreement between the physician and self-rating was high (weighted kappa= 0.81, 95%
confidence interval = [0.74-0.88], N=74).

In 89% of the sample, a morning fasting blood sample was collected to measure TSH and
leptin and for genetic testing. In the other 11%, a non-fasting sample was obtained. Plasma
TSH and leptin concentrations were measured by electro-chemiluminescence immunoassay
(Roche Diagnostics, Indianapolis, IN) with ruthenium-labeled monoclonal antibody (mouse/
human). The assay limit of detection of TSH is 0.005 μIU/ml with intra- and inter-assay
coefficients of variation < 4.3%. The leptin assay limit of detection is 0.5 ng/ml with intra-
and inter-assay coefficients of variation < 7%.

Polymerase chain reaction (PCR) and sequencing primers for the LEP -2548G/A variant
(dbSNP rs7799039) were designed using Pyrosequencing SNP Primer Design Version 1.01
software (http://www.pyrosequencing.com). PCR reactions were done in a 30 μl volume
with 1.5 mM Mg2+, 10 pmol of forward primer (5'-TTTCCTGTAATTTTCCCGTGAG),
and 10 pmol of reverse primer (5'-AAAGCAAAGACAGGCTAAAAA) according to the
following specifications: initial denaturation time of 5 minutes at 95° C followed by 45
cycles of 95° C for 30 s, 43° C for 30 s, 72° C for 30 s, and a final extension of 10 minutes
at 72° C. Genotyping was done with Pyrosequencing™ Technology (Ronaghi, 2003). PCR
products were visualized by electrophoresis on 1.8% agarose gels stained with ethidium
bromide before Pyrosequencing. The sequencing primer used was 5'-
TTTGCGACAGGGTTG.

Statistical Analysis
All weight and BMI measurements were converted into z scores using the 2000 CDC
growth charts (Ogden et al., 2002). Leptin values were log transformed to normalize the data
distribution. The sample was divided based on the presence of the A allele. Differences
across the two genotype groups were compared using the Student t-test for continuous
variables and Fisher's exact test for categorical variables. The Wilcoxon Rank Sum test was
used for continuous variables that were not normally distributed.

Analysis of covariance (ANCOVA) was used to investigate the effect of the leptin genotype
groups on leptin concentration. Covariates included BMI z score at study enrollment, age,
gender, and stage of sexual development. Because leptin is more closely related to percent
body fat (Sivitz et al., 2003), compared to weight or BMI, this was estimated using skinfold
thickness measurements following Slaughter et al. (Slaughter et al., 1988) and used as a
covariate.
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In order to investigate the effect of the genotype groups on risperidone-associated weight
gain, a random coefficient regression model was fitted, having weight (or BMI) z score as
the dependent variable and genotype group, time, risperidone treatment status,
methylphenidate dose (mg/kg/day), and genotype group-time, risperidone treatment status-
time, and genotype group-risperidone treatment status-time interactions as the independent
variables. The model included a linear and quadratic effect for time as well as baseline
weight (or BMI) z score as covariates. This model involved estimating a mean curve for
weight (or BMI) z score over time for the genotype groups from the individual curve of each
child. Because we expected to find a quadratic effect of duration of risperidone treatment on
weight gain, we required a minimum of three weight (or BMI) measurements before or three
after risperidone initiation in order for a participant to contribute to this analysis. We also
required that a baseline weight, obtained within one month before the initiation of
risperidone, be available and excluded participants with prior antipsychotic treatment other
than risperidone. The measure of association of the genetic groups with weight (or BMI) z
score was derived from the maximum likelihood ratio test statistic of weight gain from
models with and without the genetic groups included.

In order to test whether the effect of the LEP -2548G/A variants is specific to risperidone or
extends to other psychotropics with weight-altering potential (2004,Swanson et al., 2006),
we conducted a similar analysis involving patients treated with psychostimulants before the
onset of risperidone treatment (n= 50). In this analysis, the initiation of psychostimulants
represented the reference time point before and after which the growth curves of each
participant were compared.

All the statistical tests were two-tailed with statistical significance set at α = 0.05, and
performed using SAS version 9.1.3 for Windows (SAS Institute Inc, Cary, North Carolina).

RESULTS
In 74 participants (91% males) who have been treated only with risperidone, the LEP
-2548G/A genotype frequencies were GG 41% (n=30), GA 42% (n=31), and AA 18%
(n=13), and in Hardy-Weinberg equilibrium (χ2 = 1.0, p=0.3). The Table shows the
demographic and clinical characteristics of the two genotype groups. Attention deficit
hyperactivity disorder was by far the most common psychiatric diagnosis, given to 84%
(n=62) of the subjects, though comorbidity was the rule (Calarge et al., 2009). Sixty nine
percent (n=51) of the participants received risperidone to reduce irritability and aggression,
at an average daily dose consistent with published clinical trials (Aman et al., 2002,Snyder
et al., 2002). Besides risperidone, psychostimulants, selective serotonin reuptake inhibitors
(SSRIs), and α2-agonists were the most commonly used medications, prescribed in 69%
(n=51), 57% (n=42), and 24% (n=18) of the sample, respectively. Except for racial/ethnic
composition (Table), there were no significant differences across the two genotype groups in
demographic or clinical characteristics.

Using ANCOVA, we evaluated whether the leptin genotypes predicted leptin concentration
(log transformed) after adjusting for BMI z score, duration of risperidone treatment, age,
gender, and stage of sexual development. We found a significant effect of the genotype
group (F(1,62) = 4.7, p<0.04) and a significant interaction between BMI z score and the
genotype group (F(1,62) = 4.6, p<0.04) predicting leptin concentration: at lower BMI z
scores, the A allele carriers had a higher leptin concentration (Figure 1). However, when
percent of body fat, as estimated by skinfold thickness (Slaughter et al., 1988), was entered
into the model (F(1,66) = 157.7, p<0.0001), the effects of all other predictor variables
became non-significant. In fact, log leptin was more strongly correlated with percent body
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fat (Spearman's r = 0.86, p<0.001) compared to weight z score (Spearman's r = 0.50,
p<0.001) or BMI z score (Spearman's r = 0.63, p<0.001).

We then investigated the effect of the genetic variants on risperidone-associated weight gain.
Following the restrictions described in the statistical analysis section, 50 participants were
included in the weight z score analysis and 46 in the BMI z score analysis. After controlling
for the effect of baseline weight z score (F(1,47.7) = 810.0, p<0.0001) and the dose of
methylphenidate/kg of body weight (F(1,1128) = 77.0, p<0.0001), the leptin genotype
groups predicted a differential rate of weight z score gain after, but not before, risperidone
was started (three-way interaction of time, risperidone treatment status, and leptin genotype
group: F(1,54) = 5.1, p<0.03). In other words, the leptin genotype did not influence the
trajectory of weight z score before risperidone was started (Figure 2). However, holding all
the significant covariates constant and equal to their respective average values in the sample,
after one year of risperidone treatment, weight z score increased by an average 0.36 z score
point in the GG genotype and by 0.56 in the A allele carriers. After two years of treatment, it
increased by an average 0.56 z score point in the GG genotype and 0.78 in the A allele
carriers.

The BMI z score analysis yielded similar results (three-way interaction of time, risperidone
treatment status, and leptin genotype group: F(1,101) = 6.83, p=0.01). The effect of
genotype on the slope of weight (or BMI) z score change corresponds to a likelihood ratio-
based estimate R2 of 0.11 for weight z score and 0.14 for BMI z score. Furthermore, when
weight gain was defined categorically, 66% (n=20) of the A allele carriers had gained at
least 0.5 weight z score point compared to 44% (n=9) of the participants with the GG
genotype. This translated into 50% (n=15) of the A allele carriers being overweight or obese
(i.e. BMI ≥ 85th percentile) upon recruitment while only 20% (n=4) of the participants with
the GG genotype were (Fisher's Exact p=0.03).

SSRIs and α2 agonists may lead to weight gain during extended treatment (Vanina et al.,
2002). Since, along with psychostimulants, these were the most common used psychotropics
received by the participants, we repeated the above analyses while controlling for treatment
with either of these two groups of psychotropics. Neither was significant (results available
upon request).

As shown in the Table, non-Hispanic Caucasians were more common among the A allele
carriers. Therefore, we repeated the analyses after excluding minority groups since non-
Hispanic Caucasians represented the vast majority of our sample. The three-way interaction
of time, risperidone treatment status, and leptin genotype group remained significant for
weight z score (F(1,30) = 4.8, p<0.04) and BMI z score (F(1,88.9) = 6.4, p=0.01).

A similar analysis was then applied to treatment with psychostimulants prior to the initiation
of risperidone. After controlling for weight z score at the onset of psychostimulant
treatment, we found the expected negative impact of psychostimulant treatment, over time,
on weight z score (F(1,100) = 20.4, p<0.0001). However, there was no evidence of a
genotype group effect (F(1,52.6) = 0.18, p=0.7). In fact, none of the interactions between
genotype group, psychostimulant treatment status, and time were significant in the
prediction of weight z score change (Figure 3).

DISCUSSION
To our knowledge, this is the first study to evaluate the potential role of genetic variants in
antipsychotic-associated weight gain in a pediatric population. We restricted this
investigation to the -2548G/A variants in the promoter region of LEP due to 1) the central
role that leptin plays in energy homeostasis, 2) the functional characteristics of these
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variants and their effect on leptin concentrations, 3) the common prevalence of both alleles
in the general population, and 4) initial findings in adults with schizophrenia implicating
these variants in antipsychotic-induced weight gain.

Before discussing the results, we review the study limitations. First, our sample includes
youths treated with only risperidone. Since antipsychotics vary with regard to their receptor
binding profiles (Richelson and Souder, 2000) and their mechanism to induce weight gain
(Kim et al., 2007), findings from this study might not apply to other antipsychotic agents.
However, identifying the genetic moderators of weight gain with other antipsychotics is
crucial, especially that some may lead to more dramatic weight gain compared to
risperidone (Allison et al., 1999, Correll and Carlson, 2006). Second, acute and chronic
weight gain secondary to antipsychotics might be associated with different genetic
predictors (Templeman et al., 2005). Using the same analytical method, we have found that
the T variant at position -759 in the promoter region of the 5HT2C receptor gene also
increases the risk of risperidone-induced weight gain (Cole et al., 2008). Thus, it is likely
that multiple genetic and environmental factors are involved in the emergence of this side
effect. Another shortcoming of this study is its naturalistic design. Several factors, including
excessive weight gain, could lead to the discontinuation of risperidone. Though the impact
of attrition on the role of variants of 5HT2C receptor gene is not known, it does not appear to
have selectively affected a particular genotype since the allele frequencies remained in
Hardy-Weinberg equilibrium. In addition, we aimed to investigate the safety of long-term,
as opposed to acute, treatment with risperidone. Since clinical trials in psychiatry are
characterized by high attrition (Anderson et al., 2007, Correll et al., 2007), we designed the
study to optimize retention by recruiting subjects already stable on their medications.
However, if the -2548G/A variants differentially predict weight gain not only following
chronic risperidone treatment, as our data suggest, but during acute treatment as well, then,
the discontinuation of risperidone is likely to underestimate the effect of the A allele on this
adverse drug event. In our analysis, we control for the effect of risperidone and
psychostimulants, but some patients were receiving other psychotropics. However, when all
the potential weight-inducing agents were combined (Vanina et al., 2002), the average
exposure period did not surpass 10% of the total period of observation in either genotype
group, which was not different across the two groups. The same was true for non-
psychostimulant weight-suppressing drugs (Vanina et al., 2002). In addition, we could not
find an independent effect of either SSRIs or α2 agonists on weight gain in our sample.
Finally, our findings require replication in a larger sample which would provide more
statistical power to control for other potentially significant moderators of weight gain.

Notwithstanding the shortcomings reviewed above, our findings remain significant in
several respects. First, leptin concentration varied based on the patients' genotype and fat
mass as reflected by BMI. Second, as has been reported elsewhere (Ellingrod et al., 2007,
Templeman et al., 2005, van der Lende et al., 2005, Zhang et al., 2007, Zhang et al., 2003),
we found no effect of the -2548G/A variants on baseline weight or BMI z scores. Finally,
after accounting for baseline weight and psychostimulant treatment, we found that the
growth curves in the two genotype groups were different, with the AA and AG genotypes
showing steeper increase in weight (or BMI) z score during extended risperidone treatment.
As a result, GG genotype carriers were 2.5 times less likely to be overweight or obese (i.e.,
having a BMI above the 85th percentile).

Our results are in agreement with one of two studies conducted in Chinese Han adults with
schizophrenia and contrast findings from other studies, including two that involved
Caucasians (Ellingrod et al., 2007, Gregoor et al., 2009, Kang et al., 2008, Ruano et al.,
2007, Templeman et al., 2005, Zhang et al., 2007, Zhang et al., 2003). This apparent
inconsistency might be due to developmental factors or to differences in study design and
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sample characteristics. For example, ours is the first study to involve antipsychotic-naïve
children and to compare changes in growth curves over time rather than weight
measurements obtained at two time points. In contrast, more than one study recruited adults
with chronic psychosis, evaluated cross-sectionally (Gregoor et al., 2009, Ruano et al., 2007,
Zhang et al., 2007). In addition, our analysis included children treated with only one
antipsychotic medication, unlike other studies where adults with schizophrenia treated with
a variety of antipsychotics were pooled into a single analysis (Gregoor et al., 2009, Ruano et
al., 2007, Templeman et al., 2005, Zhang et al., 2007). Furthermore, the gender distribution
in our sample was strongly skewed toward males, consistent with the gender distribution of
those pediatric psychiatric disorders that often require antipsychotic treatment (Association,
2000, Olfson et al., 2006). This is potentially significant in light of recent evidence of a
moderating effect of gender on the risk of obesity associated with the LEP -2548G/A
variants in adults treated with antipsychotics (Gregoor et al., 2009). Finally, 16% of our
sample consisted of non-Caucasians, possibly introducing racial/ethnic heterogeneity.
However, when we restricted the analysis to non-Hispanic Caucasians, the results remained
significant.

As anticipated, we found a negative effect of psychostimulant use on the change in weight z
score (2004,Swanson et al., 2006,Poulton, 2005). This, however, was not predicted by the
LEP -2548G/A variants suggesting that psychostimulants interfere with a different pathway
of appetite and energy homeostasis than risperidone (Morton et al., 2006). This is consistent
with evidence suggesting that psychostimulants do not attenuate risperidone-associated
weight gain (Aman et al., 2004,Calarge et al., 2009).

This study does not address the mechanism by which the A allele increases the risk for
antipsychotic-related weight gain. Nevertheless, our findings and those of others suggest that
the A allele is associated with a higher concentration of circulating leptin (Hoffstedt et al.,
2002, Mammes et al., 1998, van der Lende et al., 2005). In fact, after controlling for
significant confounders, the A allele carriers in our sample appear to produce more leptin at
a low weight compared to participants with the GG genotype. Whether this reflects a state of
relative leptin resistance in youths of normal weight treated with risperidone is not known. It
is of note, however, that the association between serum leptin and the A allele disappeared
when percent body fat, as opposed to BMI which reflects total fat mass, was introduced into
the regression model. This raises the possibility that the LEP -2548G/A variants are
associated with differential body composition. In fact, after controlling for BMI z score,
gender, age, and sexual development, we found that percent body fat was 2.9% lower in the
GG genotype (F(1,63) = 4.3, p=0.04). This preliminary finding suggests that, compared to
the GG genotype, the A allele carrier state is not only associated with more weight gain
induced by risperidone but also with a higher percent body fat, for the same BMI z score,
thus potentially compounding the cardiovascular risk.

In summary, as evidence accumulates for the efficacy of antipsychotic medications in a
variety of pediatric psychiatric disorders, their use will continue to grow as will the number
of patients affected by their side effects. Weight gain and metabolic abnormalities are some
of the most common and potentially serious adverse events that follow antipsychotic
treatment (ADA, 2004, Newcomer and Haupt, 2006). We present, here, the first evidence
implicating the A allele of the leptin promoter region at position -2548 with excessive
risperidone-associated weight gain in youths. The ultimate aim of such efforts to identify
genetic predictors of serious adverse events induced by psychotropics is to develop
treatments based on every individual's strengths and vulnerabilities.
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Figure 1.
After adjusting for BMI z score, age, gender, and stage of sexual development, the LEP
-2548G/A genotype interacted with BMI z score to predict leptin concentration (log
transformed). Thus, at lower BMI z scores, the A allele carriers had significantly higher
leptin concentrations.

Calarge et al. Page 11

Psychiatr Genet. Author manuscript; available in PMC 2010 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Before risperidone was started, there was no effect of the LEP -2548G/A genotype on weight
z score. Afterwards, however, weight z score increased faster in the A allele carriers than in
the GG genotype group. Weight z scores are adjusted for baseline weight z score and the
dose of methylphenidate/kg of body weight.
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Figure 3.
Neither before nor after the onset of psychostimulant treatment did either of the LEP
-2548G/A genotype groups have an effect on the change in weight z score. As expected,
weight z score gradually decreases after psychostimulants (MPH) are started.
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