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Abstract

v

Introduction: The HTR2C gene is an important
candidate in pharmacogenetic studies of anti-
psychotic-induced weight gain (AIWG). How-
ever, inconsistent results have been obtained.
The present study investigated the association
between -759C>T, functional polymorphism of
the HTR2C receptor, and AIWG.

Methods: A prospective cohort of 48 female
inpatients with schizophrenia and related illness
treated according to normal clinical practice with
second generation antipsychotics (SGAs) risperi-
done, clozapine, quetiapine, and olanzapine were
evaluated. Patients were weighted at admission

and again at 6 weeks of hospitalization. Weight
gain was defined as an increase>7% of baseline
weight. The association between polymorphisms
HTR2C and weight gain was evaluated. Multiple
logistic regression was run to determine poten-
tial confounders.

Results: Patients with the T allele at position
-759 (TT or CT) gained less weight as compared
to patients who did not have the allele. This asso-
ciation was not affected by possible confounding
factors such as age, baseline BMI, and prior psy-
chopharmacological treatment.

Discussion: The T allele at position -759 pro-
tects against AIWG in female patients with schiz-
ophrenia.

Introduction

v

Second generation antipsychotics (SGAs) are
first-line drugs used for the treatment of patients
suffering from schizophrenia and related psy-
chotic disorders; however, these medications
induce weight gain in up to 30% of patients [1].
Antipsychotic-induced weight gain (AIWG) can
lead to obesity and metabolic syndrome, as well
as social stigmatization, decreased quality of life,
and noncompliance; therefore, these serious
adverse effects warrant further attention in clini-
cal practice [2,3].

AIWG may be observed in the first few weeks of
treatment and, in many cases, will continue up to
a year following treatment. Both the incidence
and the magnitude of weight gain is influenced
by the type of drug being maximal with clozap-
ine and olanzapine, minimal with ziprasidone
and aripiprazole, and intermediate with risperi-
done and quetiapine [4].

Although the mechanism by which these drugs
produce weight gain has not been fully eluci-
dated, the serotoninergic system has emerged as
a strong candidate [5,6]. The 5-HT,c receptor
(encoded by the HTR2C gene) mediates, at least in

part, the metabolic side effects of SGAs. This
observation is supported by data obtained among
mice "knocked out" for this receptor in which
hyperphagia, obesity, and hyperinsulinemia
were observed [7]; second, the 2 SGA that
induced greater weight gain (clozapine and olan-
zapine) evidence high affinity for the 5-HT,c
receptor [6].

Interracial and inter-individual variability in
AIWG and the results observed in twin and adop-
tion studies suggest that certain genetic factors
may be relevant in this regard [8-10]. Evidence
suggests that the HTR2C gene contains a poly-
morphic variant in the promoter region, -759C>T
(rs3813929), which evidences functional conse-
quences related to its ability to bind transcription
factors and modify the expression of gene prod-
uct [11,12]. Increased activity of the 5-HT,c
receptor resulting from genetic variations in the
HTR2C may increase circulating leptin levels
resulting in greater weight gain, while variants
that decrease expression of the receptor may be
protective of weight gain induced by SGA [13].
One of these polymorphisms, -759C>T, has been
targeted in several association studies focused on
the association between antipsychotic medica-
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tion and weight gain among patients diagnosed with schizo-
phrenia, evidencing conflicting results. Some of these studies
have found that individuals with the T allele of the HTR2C have
less weight gain during treatment with SGAs [14-22]; others
have failed to reproduce this result [23-26], while others found
the opposite result [27]. There are several possible causes for
this discrepancy, such as previous antipsychotic treatment,
patient’s ethnicity, and duration of SGA trial. It is noteworthy
that in addition to the -759C>T polymorphism of the HTR2C
gene other polymorphisms have been involved in genetic stud-
ies related to metabolic disturbances and antipsychotics [28-
30].

The aim of the present study was to examine the possible asso-
ciation between the -759C>T polymorphism of the HTR2C gene
and AIWG among female patients diagnosed with schizophre-
nia. It was hypothesized that the variant -759T alleles would evi-
dence a protective effect against AIWG.

Methods

v

Study design

A prospective cohort of inpatients treated according to normal
clinical practice with SGAs was evaluated to assess the possible
association between a HTR2C receptor polymorphism and AIWG.

Participants

The sample consisted of 48 Caucasian women diagnosed with
schizophrenia or related illness and admitted at the Emergency
Service of the “Dr. Braulio A. Moyano” Neuropsychiatric Women
Hospital in Buenos Aires City, Argentina.

Measures and assessment

The present study was approved by the Ethics Committee of the
Institution. Following hospital admission, all potential patients
were given a complete description of the study and invited to
participate. All participants and their legal representatives gave
informed written consent for participation.

Inclusion criteria included meeting the Diagnostic and Statistical
Manual-Fourth Edition Text Revision (DSM-IV-TR) criteria for
schizophrenia, brief psychotic disorder, schizophreniform disor-
der, or delusional disorder and receiving treatment with SGA
having high (olanzapine and clozapine) or moderate (risperi-
done and quetiapine) risk to induce weight gain.

Exclusion criteria included 1 month of treatment with SGAs or
psychoactive medications that can produce weight changes (i.e.,
mood stabilizers and antidepressants) prior to admission; alco-
hol abuse or substance use 1 month prior to admission; use dur-
ing the current hospitalization of other psychotropic or
non-psychotropic drug that induced weight gain or glycemic
dysregulation (only benzodiazepines and anticholinergics were
allowed); presence of medical conditions that could modify the
weight (i.e., diabetes, hyperthyroidism, etc.); and diagnosis of
psychiatric conditions that may influence weight (i.e., eating
disorders, etc.).

Patients included in the study received risperidone (mean dose
[SD]=5.03 mg/day + 1.77 mg/day; n=40), olanzapine (mean dose
[SD]=14.20mg/day +3.76 mg/day; n=6), clozapine (dose=400 mg/
day; n=1), and quetiapine (dose=150mg/day; n=1).

Each patient underwent a structured clinical evaluation leading
to a diagnosis based on DSM-IV-TR criteria for schizophrenia,
brief psychotic disorder, schizophreniform disorder, or delu-

sional disorder. Also, a list of questions regarding demographic
and clinical variables was obtained. At admission, (baseline)
weight, height, and calculation of body mass index (BMI, defined
as weight [kg]/height? [m?]), using standardized procedures,
were obtained. During the study period, all patients received the
same dietetically balanced hospital meals. At the sixth week of
treatment (trial’s end), measurement of weight and BMI calcula-
tion were obtained.

At the last measurement, the researcher obtained a sample of
the patients’ peripheral blood, via the index finger prick with a
lancet, to determine the HTR2C polymorphism. The peripheral
blood drops were placed on Whatman FTA Classic Cards (Cat. no.
WB120205; Whatman International Ltd, Piscataway, NJ, USA).
Patients then continued treatment according to the physician's
clinical judgment. Samples were transported to the Laboratory
of Molecular Microbiology, National University of Quilmes,
Argentina, where the genetic analysis was performed.

Genetic analysis

Following the 6-week period, all genotyping procedures were
conducted by a researcher who was unaware of the clinical sta-
tus of the patients.

We amplified a 252 bp fragment of the HTR2C gene regulatory
region from genomic DNA by polymerase chain reaction (PCR),
as described by others [31].

The polymorphism analysis of the PCR product was performed
by DNA sequencing using the BigDye terminator methodology
with an ABI 3130xI1 Genetic Analyzer (Applied Biosystems/Perki-
nElmer, Foster City, CA, USA). Nucleotide sequence editing and
analyses were performed using BioEdit v7.0.9 (http://www.
mbio.ncsu.edu/bioedit/bioedit.html) and ClustalX2 v2.1 (http://
www.clustal.org/clustal2/).

Statistical analysis

Categorical measures were reported as frequency or percentage
and compared by use of contingency tables (x?). Continuous
measures were reported as means + standard deviation (SD) and
compared by ANOVA methods (t-test) or Wilcoxon rank-sum
test (Mann-Whitney U-statistic) for non-normally distributed
continuous data.

Given the hypotheses were that the variant -759T allele would
have a protective effect against AIWG, the CT heterozygous and
TT homozygous (for -759C>T) were combined for the analysis.
To make our results comparable with other studies we classified
patients as weight gainers (>7% of baseline weight) and non-
weight gainers (<7 % of baseline weight).

Multiple logistic regression modeling was used to evaluate fac-
tors significantly associated with AIWG. Specifically, the inde-
pendent variables age, prior psychopharmacological treatment,
and baseline BMI were included at stepwise. Adjusted slope (B)
coefficients and their 95% CI from logistic regression modeling
were reported, with significance evaluated using Wald tests. Sta-
tistical significance was set at 2-tailed p<0.05. Analyses were
done via STATA.12 (StataCorp, College Station, TX, USA) com-
mercial statistical software.

Results

v

The current study included a total of 48 inpatient women treated
with SGAs. The average age of the female sample was 34.48
years (SD=13.13), and almost 2-thirds reported no previous psy-
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Table 1 Clinical and demographic characteristics of the patients included in the study (n=48).

Total sample -759C>T polymorphism of the HTR2C gene p-value
Genotypes with presence Genotypes without the pres-
of the T allele (n=11,23%)  ence of the T allele (n=37, 77 %)
Age, mean (SD) 34.48 (13.13) 36.73 (15.17) 33.81(12.62) 0.52
Education (years), mean (SD) 11.34 (3.46) 11.54 (3.11) 11.28 (3.61) 0.83
Caucasian, n (%) 47 (98) 11 (100) 36 (97) 0.581
Diagnosis, n (%)
Paranoid 23 (48) 7 (64) 16 (43)
Hebephrenic 10 (21) 2(18) 8(22)
Other 15 (31) 2(18) 13 (35)
Family history of psychiatric illness, n (%) 31 (66) 9(82) 22 (59) 0.43
Patients without prior psychopharmacological 29 (60) 7 (64) 22 (59) 0.80
treatment, n (%)
smoking, n (%) 20 (42) 3(27) 17 (46) 0.24
Weight (kg) at trial entry, mean (SD) 64.29 (13.95) 60.50 (12.78) 65.42 (14.25) 0.31
Weight (kg) after 6 weeks, mean (SD) 66.52(13.94)  60.92(12.15) 68.18 (14.16) 0.06
Height (m?), mean (SD) 1.61(0.08) 1.59 (0.08) 1.62 (0.07) 0.19
Body Mass Index (kg/m?) at trial entry, mean (SD) 24.61 (5.12) 23.94 (4.97) 24.83 (5.22) 0.62
Patients with weight gain *, n (%) 18 1(9) 17 (46) 0.03

SD=standard deviation, * Weight gain was defined as an increase 27 % of baseline weight

Table 2 Factors associated with weight gain during SGA treatment: multi-
variate logistic model.

Factor Adjusted OR [95% CI] X2 p-value
Age (years) 0.98[0.92-1.04] -0.65 0.52
Baseline BMI (kg/m?) 0.97 [0.84-1.12] -0.39 0.70
Prior psychopharmacological  0.33 [0.07-1.42] -1.49 0.14

treatment (yes/no)
OR=0dds ratio; Cl=confidence interval, BMI=Body Mass Index (kg/m?)

chopharmacological treatment (60%). The most frequent diag-
noses were paranoid schizophrenia (48%) and hebephrenic
schizophrenia (21%). Baseline data indicated an average weight
of 64.29kg, height of 1.61m, and BMI of 24.61 kg/m?. 18 patients
(38%) increased >7% of baseline weight during treatment with
SGAs. Additional clinical and demographic variables may be
found in © Table 1.

As the 5HT,¢ gene is located on the X chromosome, women pre-
sented in both heterocygotic and a homozygotic forms. The distri-
bution and frequency of the polymorphisms analyzed in the
sample under study for the -759C>T were CC 37/48 (77%), TT
1/48 (2%), CT 10/48 (21%). No significant differences were
observed when comparing the baseline clinical and demographic
data between patients with different genotypes (© Table 1).
After 6 weeks of treatment with SGAs, the average weight gain
was 2.23+0.40kg. Those patients with the -759T allele gained
less weight as compared to patients who did not have the allele
(0.43+0.50kg, n=11 vs. 2.77+0.47 kg, n=37; p=0.006). Contin-
gency table was used for the analysis of association between the
genotypes containing HTR2C polymorphism and weight gain as
a dichotomous variable. The table was built on the basis of the
presence or absence of the variant allele thought to be protective
against weight gain (-759T). Results suggest patients with the
-759T allele in their genotype gained significantly less weight as
compared to patients who did not have the allele (x?=4.91,
p=0.03,).

Because the relationship between polymorphism and weight
gain can be influenced by certain factors such as age, baseline
BM], and the presence of previous drug treatments, a multiple

logistic regression model was used to analyze each of these pos-
sible effects. There were no significant effects of these factors
within the relation between genetic polymorphisms and AIWG
(o Table 2).

Discussion

v

The present study provides further evidence of the protective
role of the -759T variant allele of the -759C>T polymorphism
(rs3813929) of the HTR2C against AIWG in female patients with
schizophrenia.

Weight gain is a common and important side effect associated
with the use of SGAs; however, mechanisms underlying this side
effect are not fully understood [32]. Serotonin is thought to play
a key role in regulation of feeding behavior and satiety signaling.
Indeed, serotonin receptors are considered an important candi-
date gene in pharmacogenetic studies of AIWG. The 5-HT,c
receptor, encoded by the HTR2C gene, mediates at least in part
the metabolic side effects of SGAs and is considered one of the
most promising targets [33].

The gene encoded in the 5-HT, receptor is located in chromo-
some Xq24 and presents numerous polymorphisms. One of
these polymorphisms (-759C>T) located in the promoter region
is known to regulate gene expression [11,30]. The modifications
in the expression of the 5-HT,¢ receptor, resulting from genetic
variation in HTR2C, may increase the levels of circulating leptin,
resulting in greater weight gain. Variants that decrease expres-
sion of the receptor may be protective of weight gain induced by
SGAs [13,34].

This polymorphism has been targeted in association studies
between treatment with SGAs and weight gain, resulting in var-
iable results. Yuan et al. (2000) were the first to report that the
frequency of the variant -759T was greater in non-obese indi-
viduals, suggesting that the T allele operates as a protector of
obesity in non-schizophrenic patients [31]. After that, Reynolds
(2002) suggested a protective effect of the variant -759T allele
against antipsychotic-induced weight gain in Chinese Han first
episode schizophrenia patients receiving risperidone and chlor-
promazine [35]. The subsequent pharmacogenetic studies that
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investigated this polymorphism reported inconsistent results.
Some of them replicated these results analyzing patients treated
with clozapine, olanzapine, or risperidone [14,17-22]. The cur-
rent study supports the protective role of the -759T allele against
AIWG in schizophrenic patients and provides more knowledge
of this effect in female gender. Others studies have not found a
positive association between this polymorphism and AIWG
[23,24,26,27,36].

Many factors may explain these differences, such as previous
antipsychotic treatment, patient’s ethnicity, and duration of SGA
trial. Previous antipsychotic treatment seems to be the strongest
factor that accounts for these discrepancies. Importantly, most
of the studies with negative findings were performed with
patients undergoing previous antipsychotic treatment [23-27].
Correspondingly, a meta-analysis [37], recently re-analyzed
[38], demonstrated the overall risk of weight gain in patients
without the T allele polymorphism was 2.7 times more likely
than those with T allele, but when stratifying these results, an
OR of 1.6 was observed in chronic schizophrenic patients in
comparison with an OR of 5.4 in first episode patients. Alto-
gether, this information means that the effect size of the associa-
tion could be larger in first episode patients. The current study
sample consisted of patients most of whom had no previous
treatments, which may have influenced the positive association
found. Furthermore, ethnicity may also account for these differ-
ences. For example, most of the previous studies included sam-
ples of European-American patients, where a significant
association was detected; however, these findings were not rep-
licated among some Asians populations (Korea and Japan). The
current study included Caucasian patients mostly of European
descent, which may account for the positive finding. Finally,
duration of the treatment may also play a role in the positive
association observed. Tempelman et al. (2005) investigated the
association between the -759T allele and body weight gain in a
Caucasian Spanish patient sample characterized by a first epi-
sode of psychosis at 6 weeks, 3 months, and 9 months, detecting
that the most prominent association was found for short-term
weight increases (6 weeks) [14]. The short duration (6 weeks) of
treatment yielded by the current inpatient study design may
also account for the positive findings of the impact of the -759T
polymorphism on AIWG.

Since the HTR2C gene is located on the X chromosome, the asso-
ciation of the -759T allele with AIWG has been thought to be
dependent on sex. For example, Reynolds et al. (2003) found that
the association was strongest in male patients and not apparent
in female patients, suggesting that the protective effect of the
allele was dependent on gender; however, their sample included
only 11 women, which does not allow for definitive conclusions
about this issue [16]. The majority of these studies published
were performed in mixed samples with a low number of women,
indicating an underpowered sample to detect sex differences.
This was confirmed by Kuzman et al. (2008), who performed an
association study with a female sample and concluded that the
-759C>T polymorphism of the HTR2C gene does not play a sig-
nificant role in susceptibility to weight gain in women [36]. Our
results differ from those of Kuzman et al. probably given the dif-
ferences between the durations of the studies (4 months in
theirs vs. 6 weeks in ours).

There are several potential confounders found in the relation
between the -759T allele and AIWG, such as age, initial BMI, and
previous antipsychotic treatment. In the present study, we used
the logistic regression in order to establish the role of these fac-

tors. Based on the results of the regression, we can conclude that
the protective effect on weight gain conferred by the T allele was
independent of these factors.

The present study has relevance for the development of predic-
tive tests to help clinicians to identify which patients are more
susceptible to AIWG.

Limitations

The present study has some limitations that should be consid-
ered. First, based on the experimental design, there are some
variables related to weight gain that were unable to be con-
trolled for, such as diet and physical activity. However, only inpa-
tients were enrolled in the study; all followed the same diet plan
during hospitalization with no free access to food or snacks.
Physical activity was also comparable for all patients throughout
the study period. Second, the study sample was small; yet, the
“Braulio A. Moyano” Hospital is only for women, which allowed
us to obtain a female homogenize sample. Given that gender dif-
ferences are important in AIWG, the results add to the topic.
Finally, the design of the study is observational (prospective
cohort), and therefore, neither the type nor the dose of SGA was
defined experimentally. The modest number of patients with
different types of SGAs limited the statistical power to analyze
the association for different antipsychotics; however, all SGAs
employed are considered to induce weight gain and the doses
are within the usual range of doses employed in the clinical
practice. Taken together, the results reproduce the same condi-
tions as in a clinical setting.
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