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eight gain is a common adverse effect associ-
ated with both typical and atypical antipsy-
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Background: Weight gain is a common adverse
effect associated with the use of most antipsychotic
drugs. Leptin has been reported to be associated
with antipsychotic-induced weight gain. Previous
studies have demonstrated a relationship between
the atypical antipsychotics clozapine and olanza-
pine and serum leptin levels. We planned to com-
paratively investigate the effects of the atypical
antipsychotics quetiapine, olanzapine, risperidone,
and clozapine on leptin and triglyceride levels and
weight gain.

Method: The study population comprised
56 patients with DSM-IV schizophrenia, who
were divided into 4 treatment groups: quetiapine
(N = 14), olanzapine (N = 14), risperidone
(N = 14), or clozapine (N = 14) monotherapy, and
a control group of 11 patients receiving no psycho-
pharmacologic treatment. The patients were evalu-
ated at baseline and at the sixth week according
to the Positive and Negative Syndrome Scale
(PANSS), body mass index (BMI), weight,
and fasting serum leptin and triglyceride levels.
Data were gathered in 2001 and 2002.

Results: Olanzapine and clozapine caused a
marked increase in weight and serum triglyceride
and leptin levels, though increases in these vari-
ables were modest in the patients receiving quetia-
pine and minimal in those receiving risperidone.
There were positive correlations between serum
leptin levels and BMI and triglyceride levels.
Clinical efficacy, as indicated by decrease in total
PANSS scores, was associated with leptin levels
in all atypical antipsychotic groups.

Conclusion: Our results suggest that leptin
may be associated with olanzapine- and clozapine-
induced weight gain and that quetiapine appears to
have modest influence and risperidone appears to
have minimal influence on leptin and triglyceride
levels and weight gain compared with olanzapine
and clozapine.

(J Clin Psychiatry 2003;64:598–604)

W
chotics.1,2 In schizophrenic patients on treatment with
these drugs, many factors, such as inactivity, social iso-
lation, and unemployment, may contribute to weight gain.
On the other hand, changes in reproductive hormones
have contributed to weight gain in patients on chronic
antipsychotic treatment.3

Leptin is an adipocyte hormone regulating food intake
and energy balance and providing the hypothalamus with
information on the amount of body fat.4 It is released from
white adipose tissue and other tissues, including brown
adipose tissue, the human placenta, and breast tissue.5 A
growing number of studies have focused on leptin levels
in the various psychiatric disorders recently.6–10 Plasma
levels of leptin are considerably correlated with body
mass index (BMI) and body fat percentage. It has been
reported that leptin affects the intracellular lipid con-
centration via a decrease in the synthesis of fatty acid and
triglycerides and an increase in lipid oxidation.11 Leptin
administration has been shown to reduce food intake and
weight, suggesting its role in weight regulation.12,13 Obe-
sity has been thought to be associated with leptin resis-
tance in hypothalamus.14

The 5-HT2C receptor–blocking effect of antipsychotics
has been regarded as a possible cause of increase in food
intake and related weight gain. Various psychotropic
agents (e.g., tricyclic antidepressants, novel antipsy-
chotics) antagonize the 5-HT2C receptor, while some, such
as haloperidol, have minimal effect on this receptor and
produce minimal weight gain.15 On the other hand, an
interaction between leptinergic and serotonergic systems
in the central nervous system has been shown.16 The
weight gain induced by clozapine and olanzapine has
been reported to be associated with an increase in both
leptin and triglyceride levels.2,17,18 Therefore, leptin may
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be associated with antipsychotic-induced weight gain. To
explore the pathophysiology of weight gain during atypi-
cal antipsychotic treatment, we planned to comparatively
investigate the effects of the atypical antipsychotics que-
tiapine, olanzapine, risperidone, and clozapine on leptin
and triglyceride levels and weight gain.

METHOD

Patients
The study population comprised 56 patients (age

range, 19–46 years) with schizophrenia who had consecu-
tively applied for treatment in the Department of Psychi-
atry at the Firat University School of Medicine (Elazig,
Turkey). Data were gathered in 2001 and 2002. From the
initial sample of 71 patients who had been free of psycho-
tropic drugs at least for 2 weeks, 9 were excluded from the
study because of comorbid Axis I disorders (obsessive-
compulsive disorder in 2 patients and major depressive
disorder in 1 patient), a history of alcohol abuse (1
patient), and physical reasons (diabetes mellitus in 2 pa-
tients, autoimmune disease in 1 patient, hepatoma in 1
patient, and pregnancy in 1 patient). In fact, 62 patients
were started on atypical antipsychotic treatment during
the study period, but 6 were excluded from the study due
to requirement of additional drug (N = 4; chlorpromazine
use) or discontinuation because of intolerance (N = 2).
Thus, 15 patients were excluded from the initial sample,
leaving 56 patients participating in the study. All patients
were admitted to the psychiatry clinic.

The patients were randomly divided into 4 treatment
groups: quetiapine (N = 14), olanzapine (N = 14), risperi-
done (N = 14), and clozapine (N = 14) monotherapy. The
only concomitant medications permitted were biperiden
hydrochloride (in 3 patients receiving risperidone) and
benzodiazepines (in 4 patients receiving quetiapine, 2
patients receiving olanzapine, 2 patients receiving risperi-
done, and 1 patient receiving clozapine). Nineteen pa-
tients had never taken any psychotropic drugs (6 from the
risperidone group, 5 from the olanzapine group, 5 from
the clozapine group, and 3 from the quetiapine group).
The other 37 patients had been on the following current
(the last treatment before the present study) drug treat-
ments: classical antipsychotics (9 from the olanzapine
group, 8 from the clozapine group, 7 from the quetiapine
group, and 6 from the risperidone group), clozapine
(5 patients from the olanzapine group, 3 from the cloza-
pine group, 3 from the risperidone group, and 3 from the
quetiapine group), risperidone (5 patients from the quetia-
pine group, 5 from the clozapine group, 4 from the olan-
zapine group, and 3 from the risperidone group), olanza-
pine (4 patients from the quetiapine group, 4 from the
clozapine group, 3 from the olanzapine group, and 3 from
the risperidone group), and quetiapine (5 patients from
the quetiapine group and 3 from the risperidone group),

but had been off medication treatment for 15 days to 11/2

years. In addition, they had received prior treatment with
the following drugs: classical neuroleptics (N = 17), de-
pot neuroleptics (N = 9), clozapine (N = 4), olanzapine
(N = 3), and risperidone (N = 1).

Eleven patients suffering from a variety of psychiatric
disorders received no psychopharmacologic treatment
because of pregnancy (N = 3), diagnostic purposes
(N = 3), or treatment with cognitive and behavioral psy-
chotherapeutic approaches (N = 5). These controls were
selected from people who were among the consecutive
“applicants” for treatment at the Department of Psy-
chiatry, School of Medicine, Firat University, and gave
written informed consent.

Procedure
The clinical evaluation was performed by 1 trained

psychiatrist (M.K.) within 2 days after admission for
all patients. The Structured Clinical Interview for DSM-
IV19 was administered to establish DSM-IV diagnosis.
Patients with comorbid Axis I disorders were excluded.
All participants were free of all medications for at least
the previous 2 weeks. Exclusion criteria included the
presence of a severe physical illness, a history of alcohol
and substance abuse or dependence, a history of lipid-
lowering treatment, and the presence of any endocrino-
logic disorder. All participants were carefully assessed to
exclude those with autoimmune, pulmonary, or infec-
tious diseases or neoplasms. All subjects were evaluated
using a semistructured questionnaire form that was
arranged by the authors in accordance with clinical expe-
rience and available information sources to examine
sociodemographic and clinical characteristics. In addi-
tion, BMI was calculated by dividing the patient’s weight
(in kilograms) by the squared height (in meters)
(BMI = kg/m2). After the complete description of the
study to the subjects, written informed consent was ob-
tained from each patient. The study was approved by the
Local Ethics Committee of the Firat University School of
Medicine.

All patients received a routine hospital diet. The pa-
tients were evaluated at baseline and at the sixth week
with respect to the Positive and Negative Syndrome
Scale (PANSS),20 BMI, weight, and serum leptin and
triglyceride levels. The raters were blind to drug assign-
ment, although the prescribing physician was not blind to
assignment.

Determination of Serum Leptin
and Triglyceride Levels

To determine serum levels of leptin and triglyceride,
venous blood samples were obtained at 8:00 a.m. after
overnight fasting. Leptin levels were measured using
the DRG Diagnostics kit (DRG Instruments GmbH,
Marburg, Germany) in enzyme-linked immunoassay
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method. The limit of detection was 0.2 ng/mL. Trigly-
ceride levels were measured with an Olympus AU 600
autoanalyzer (Olympus, Tokyo, Japan), using the Randox
kit (Randox Laboratories, Crumlin, United Kingdom).

Statistical Analysis
Statistical analysis was performed using the Statistical

Package for the Social Sciences (SPSS/PC 9.05 version,
1998, SPSS Inc., Chicago, Ill.). The Wilcoxon test was
used to compare values at baseline and at 6 weeks within
groups. Analysis of variance was used to compare the
BMI, weight, total PANSS scores, and biochemical pa-
rameters among groups. The General Linear Model com-
mand of the SPSS was used when controlling for covar-
iates. Correlation analysis was performed using Pearson
correlations and the Spearman rank correlations test,
whenever appropriate. Differences were considered sig-
nificant at p < .05 for all of these tests.

RESULTS

All but 3 patients (1 patient from the olanzapine group,
1 patient from the risperidone group, and 1 patient from
the clozapine group) completed the 6-week study period
as inpatients. The mean ± SD age was 30.1 ± 8.4 years
in the quetiapine group, 29.6 ± 8.1 years in the olanzapine
group, 27.9 ± 7.8 years in the risperidone group,
31.3 ± 7.2 years in the clozapine group, and 32.1 ± 6.2

years in the group receiving no psychopharmacologic
treatment (p = .21). The mean duration of illness was
5.9 ± 3.7 years in the quetiapine group, 6.3 ± 3.3 years
in the olanzapine group, 5.6 ± 4.1 years in the risperidone
group, and 6.6 ± 3.8 years in the clozapine group (p = .24).
With respect to sex distribution, there were 8 women and 6
men in the quetiapine group, 7 women and 6 men in the
olanzapine group, 6 women and 7 men in the risperidone
group, 8 women and 5 men in the clozapine group, and 6
women and 5 men in the no-treatment group (p = .62). As
can be seen, there were no significant differences among
groups in mean age, female/male ratio, or duration of ill-
ness. At the week 6 evaluation, the mean doses were
535.7 ± 110.5 mg/day for the quetiapine group, 15.7 ± 4.8
mg/day for the olanzapine group, 6.7 ± 3.6 mg/day for
the risperidone group, and 207.1 ± 62.4 mg/day for the
clozapine group.

Weight, PANSS score, triglyceride and leptin levels,
and BMI at baseline and week 6 in all antipsychotic groups
are presented in Table 1. There were no statistically sig-
nificant differences among the treatment groups with re-
spect to weight at baseline (p = .18). The mean changes
in weight for the treatment groups were quetiapine,
4.41 ± 2.21 kg (9.80 ± 4.91 lb); olanzapine, 8.92 ± 3.13 kg
(19.82 ± 6.95 lb); risperidone, 0.54 ± 0.72 kg (1.20 ± 1.60
lb); clozapine, 6.52 ± 3.41 kg (14.48 ± 7.57 lb); and no
psychopharmacologic treatment, –1.32 ± 0.93 kg (–2.93 ±
2.06 lb).

Table 1. Mean ± SD Weight, PANSS Score, Triglyceride and Leptin Levels, and BMI at Baseline and Week 6 in Schizophrenia
Patients and Controls

Quetiapine (I) Olanzapine (II) Risperidone (III) Clozapine (IV) No Treatment (V)
Variable (N = 14) (N = 13)  (N = 13) (N = 13) (N = 11) p Value

Body weight, kg
Baseline 61.93 ± 2.43 61.60 ± 3.77 63.26 ± 4.41 62.93 ± 3.65 64.23 ± 4.67 .18
Treatment 66.34 ± 5.34 70.52 ± 5.51 63.80 ± 3.48 69.40 ± 4.93 62.91 ± 4.13 < .05 (I-III, V)

< .01 (II-I, III, V;  IV-I, III, V)
Change 4.41 ± 2.21 8.92 ± 3.13 0.54 ± 0.72 6.52 ± 3.41 –1.32 ± 0.93

p Value < .05 < .01 .91 < .01 .82
PANSS score

Baseline 94.93 ± 4.66 93.53 ± 5.93 94.41 ± 4.52 94.61 ± 3.51 … .85
Treatment 77.24 ± 6.08 74.86 ± 6.41 78.26 ± 4.62 77.06 ± 5.28 … .38

p Value < .01 < .001 < .01 < .01 … …
Triglyceride, mg/dL

Baseline 162.32 ± 18.26 164.48 ± 13.21 158.52 ± 14.27 160.53 ± 11.78 161.42 ± 17.25 .12
Treatment 173.96 ± 10.23 195.71 ± 11.45 162.39 ± 9.88 196.81 ± 17.33 159.31 ± 10.87 < .05 (I-III, V)

< .01 (I-II, IV; II-I, III, V),
(IV-I,III,V)

Change 11.64 ± 4.58 31.23 ± 9.87 3.87 ± 1.45 36.28 ± 5.61 –2.11 ± 1.02
p Value < .05 < .001 .76 < .001 .85

Leptin, mg/dL
Baseline 6.12 ± 1.74 6.52 ± 1.97 6.36 ± 2.48 6.34 ± 2.75 5.81 ± 2.01 .11
Treatment 8.38 ± 2.27 11.98 ± 4.11 7.24 ± 1.61 11.22 ± 3.37 4.75 ± 1.98 < .05 (I-II, IV, V)

< .01 (II-III, V;  IV-III, V)
Change 2.26 ± 1.58 5.46 ± 2.15 0.88 ± 0.51 4.88 ± 2.17 –1.06 ± 0.81

p Value < .05 < .001 .91 < .001 .62
BMI

Baseline 22.86 ± 1.35 22.35 ± 2.87 24.41 ± 2.72 23.06 ± 2.77 25.12 ± 3.49 .25
Treatment 23.46 ± 2.89 26.97 ± 2.84 23.65 ± 2.94 26.91 ± 3.67 24.73 ± 4.01 < .05 (II-I, III, V; IV-I, III, V)

p Value .96 < .05 .71 < .05 .62
Abbreviations: BMI = body mass index, PANSS = Positive and Negative Syndrome Scale.
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No statistically significant difference regarding de-
crease in mean PANSS scores among the atypical anti-
psychotic groups was found (p = .61).

There were no statistically significant differences
among the treatment groups with respect to mean tri-
glyceride levels at baseline (p = .12). The mean changes
in triglyceride levels for the quetiapine, olanzapine, ris-
peridone, clozapine, and no psychopharmacologic treat-
ment groups were 11.64 ± 4.58, 31.23 ± 9.87, 3.87 ± 1.45,
36.28 ± 5.61, and –2.11 ± 1.02 mg/dL, respectively. At the
week 6 evaluation, a significant difference in mean serum
triglyceride levels among groups was found after BMI and
age adjustment (F = 7.43, p < .001 adjusted for BMI;
F = 3.21, p < .05 adjusted for age). In addition, when the
mean triglyceride levels were compared between the
sexes within each group, a statistically significant differ-
ence was found in the olanzapine (p < .05), clozapine
(p < .05), and no-treatment groups (p < .05) (higher in
women compared with men in all 3 groups), but not in the
quetiapine (p = .23) or risperidone (p = .45) groups.

There were no statistically significant differences
among the treatment groups with respect to mean leptin
levels at baseline (p = .11). The mean changes in leptin
levels for the quetiapine, olanzapine, risperidone, cloza-
pine, and no psychopharmacologic treatment groups were
2.26 ± 1.58, 5.46 ± 2.15, 0.88 ± 0.51, 4.88 ± 2.17, and
–1.06 ± 0.81 mg/dL, respectively. At the week 6 evalua-
tion, a significant difference in the mean serum leptin lev-
els was found after BMI or age adjustment (F = 6.1,
p < .001 adjusted for BMI; F = 3.9, p < .05 adjusted for
age). In addition, when the mean leptin levels were com-
pared between sexes within each group, a statistically sig-
nificant difference was found only in the clozapine group
(higher in women compared with men; p < .05).

There were no statistically significant differences
among groups with respect to mean BMI at baseline
(p = .25). At the week 6 evaluation, a significant differ-
ence in mean BMI among groups was found after sex ad-
justment and age adjustment (F = 4.4, p < .05 adjusted for
sex; F = 3.3, p < .05 adjusted for age).

The changes in leptin levels were correlated with the
change in BMI in all groups (r = 0.54, p < .05 for the que-
tiapine group; r = 0.63, p < .05 for the olanzapine group;
and r = 0.60, p < .05 for the clozapine group) except
the risperidone (r = 0.22, p = .13) and no-treatment groups
(r = 0.06, p > .05). Additionally, there was a significant
correlation between the changes in leptin levels and those
in weight in the olanzapine (r = 0.57, p < .05) and clo-
zapine groups (r = 0.78, p < .01), but not in the quetiapine
(r = 0.22, p = .13), risperidone (r = 0.12, p > .05), or
no psychopharmacologic treatment groups (r = 0.08,
p = .76). There were significant positive correlations be-
tween the changes in leptin levels and triglyceride levels
in all groups (r = 0.58, p < .05 for the quetiapine group;
r = 0.62, p < .05 for the olanzapine group; r = 0.55,

p < .05 for the risperidone group; r = 0.60, p < .05 for the
clozapine group; and r = 0.52, p < .05 for the controls).
Between the changes in triglyceride levels and BMI, there
was a positive correlation in the quetiapine (r = 0.63,
p < .05), olanzapine (r = 0.80, p < .01), and clozapine
groups (r = 0.78, p < .01). On the other hand, between the
changes in weight and BMI, there was a positive corre-
lation only in the olanzapine (r = 0.64, p < .05) and cloza-
pine (r = 0.60, p < .05) groups. Changes in total PANSS
scores were correlated with changes in leptin levels in
all antipsychotic groups (r = 0.58, p < .05 for the quetia-
pine group; r = 0.60, p < .05 for the olanzapine group;
r = 0.56, p < .05 for the risperidone group; and r = 0.64,
p < .05 for the clozapine group); with changes in weight
in the olanzapine (r = 0.83, p < .01), clozapine (r = 0.78,
p < .01), and quetiapine (r = 0.57, p < .05) groups; and
with changes in triglyceride levels in the olanzapine
(r = 0.58, p < .05) and clozapine (r = 0.60, p < .05)
groups.

DISCUSSION

The major findings of our study were as follows:
(1) olanzapine and clozapine caused a marked increase
in weight and serum triglyceride and leptin levels, though
increases in these variables were modest in patients
receiving quetiapine and minimal in those receiving ris-
peridone; (2) there were positive correlations between
serum leptin levels and BMI and triglyceride levels; and
(3) clinical efficacy, as indicated by decrease in total
PANSS scores, was associated with leptin levels in all
antipsychotic groups.

The mechanism of antipsychotic-induced weight gain
remains incompletely understood. The factors influencing
weight gain in patients receiving an antipsychotic are
probably complex. An important theory is that of
histamine-1 (H1) receptor blockade by antipsychotics,
since H1 receptors are considered to be involved in the
regulation of food intake, and, moreover, a robust correla-
tion was found between novel antipsychotic affinity for
the histamine receptor and antipsychotic-induced weight
gain.21,22 Apart from this theory, however, there have been
many approaches to account for antipsychotic-related
weight gain. Many factors, including changes in repro-
ductive hormones,3 gastric misperception of satiety,23 and
cortisol elevation,24 have been proposed. It has been re-
ported that antipsychotic-induced imbalance in repro-
ductive hormones may play a role in the development of
obesity. However, there are also contrary findings indicat-
ing that changes in reproductive hormones with anti-
psychotic treatment are in contrast to primary obesity.25

Furthermore, it has been reported that antagonism of se-
rotonin, dopamine, and norepinephrine receptors may be
associated with weight gain.26 Antipsychotics constitute
a heterogeneous group of drugs that demonstrate diverse
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influences on hormonal systems such as prolactin27

and brain monoamines related to feeding and drinking
behaviors.28

An important finding of our study is that of greater in-
creases in triglyceride and leptin levels in the olanzapine
and clozapine groups compared with the quetiapine and
especially the risperidone groups. We should note that
if higher doses of clozapine (usual doses of about 400
mg/day in the United States) had been used, the clozapine
figures for the variables of interest might have been
larger. Olanzapine- and clozapine-induced increases in
triglyceride and leptin levels have been reported.2,18,29 A
positive correlation has been shown between serum leptin
concentration and triglyceride,30 as evidenced by the
present study. Leptin has been considered to interact with
some neurotransmitters, including histamine and seroto-
nin.31,32 Serotonin is an important, well-known satiety fac-
tor. Despite the fact that it has not been well understood
which serotonin receptors are critical, increase in seroto-
nin at different serotonin receptors has been demonstrated
to decrease food intake, and serotonin blockade causes
increased energy intake.33,34 The 5-HT2C receptor has been
reported as a candidate receptor for psychotropic-induced
weight gain, and the antagonists of this receptor produce
weight gain.35,36 It has been shown to interact with
leptinergic and serotonergic systems in the central ner-
vous system.16 Fluoxetine, a selective serotonin reuptake
inhibitor, has been reported to reduce plasma leptin levels
in rats,31 and it has been noted that leptin administration
stimulated serotonin turnover,37 suggesting further evi-
dence for this association.

Probable disparate receptor-binding profiles between
typical and atypical antipsychotics and even among atypi-
cal antipsychotics may account for their differential
effects on leptin levels and related weight gain. Actually,
although they have some similarities in regard to recep-
tor-binding profiles, such as greater affinity for 5-HT2

receptors than dopamine-2 receptors, atypical antipsy-
chotics differ in some pharmacologic properties; for ex-
ample, quetiapine has weak 5-HT2 and moderate antihis-
taminergic antagonism; olanzapine has a rather similar
receptor-binding profile to that of clozapine, except that it
has a slightly higher affinity than clozapine to all sites ex-
cept α1 receptors, with especially high affinity for H1 and
5-HT2 receptors; and risperidone’s pharmacologic profile
includes somewhat lower affinity for H1 receptors.38

Olanzapine and clozapine have strong affinity to sero-
tonin and histamine receptors (5-HT2A, 5-HT2C, and H1).
There is strong evidence that blockade of these receptors
is associated with weight gain.24 On the other hand, it
seems that talking about other mechanisms related to both
leptin and weight gain will be beneficial.

It has been reported that various cytokines and soluble
cytokine receptors, in particular, tumor necrosis factor-α
(TNF-α), soluble TNF receptors p55 and p75, and soluble

interleukin-2 receptor, are involved in weight regulation,
and clozapine has increased these biological markers,39

but olanzapine, which shares many pharmacologic char-
acteristics with clozapine, has not.40 Leptin shares many
features with endogenous peptides known as cytokines
including signaling via a cytokine-type receptor.11 In addi-
tion, leptin is induced by TNF-α, suggesting an inter-
action between leptin and cytokines.41 Moreover, the neu-
rotransmitters serotonin and histamine, which may be
involved in weight regulation, have been shown to be
linked with the TNF system.42

We should note that some evidence suggests that leptin
increases whenever there is an increase in body weight,
relatively independent of the kind of antipsychotic drug
administered; for example, it has been reported that sul-
piride administration increased leptin levels3 and that
obese patients on typical antipsychotic treatment showed
higher leptin levels compared with obese controls.25 How-
ever, the major finding of our study, that olanzapine- and
clozapine-treated patients exhibited significantly higher
leptin levels while those receiving risperidone displayed
significantly lower leptin levels after 6 weeks of treat-
ment, even after adjustment for BMI, supports the opinion
that other mechanisms besides weight gain might be
involved in the leptin increase found in the present study.
Baptista et al.3,25 proposed that insulin might be one of
these probable mechanisms. Leptin secretion is induced
by insulin, and the two are positively correlated in both
healthy people and patients receiving antipsychotic treat-
ment.3,25 Since olanzapine and clozapine may lead to in-
crease in appetite, they might increase insulin and leptin
secretion, irrespective of increase in body weight. This
possibility was supported by Melkersson et al.29 As pro-
posed by Baptista and Beaulieu,43 it is possible that future
research will show that hyperleptinemia displays some
deleterious effect on metabolism despite not enough
current supportive evidence. It seems that the exact roles
of triglyceride, leptin, insulin, cytokines, and serotonin,
which seem to be related, have been obscured due to the
lack of investigations and that trials in which these bio-
logical markers are used together are required.

It has been reported that weight gain has some predic-
tive value for a positive response to clozapine treatment.44

Some evidence shows that increased triglycerides elevate
brain cell membrane fluidity, leading to increased seroto-
nin reuptake and decreased serotonin function. This can
enhance the decrease in postsynaptic serotonergic func-
tion that results from the 5-HT2 receptor blockade related
to a majority of atypical antipsychotics.45 On the other
hand, it has been proposed that leptin mediates the bene-
ficial effects of antipsychotics.17 In our study, decrease in
total PANSS scores was positively correlated with in-
crease in leptin levels in all antipsychotic groups, weight
gain in all antipsychotic groups except the quetiapine
group, and increases in triglyceride levels in the olanza-
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pine and clozapine groups, although the study period was
limited. This finding was not supported by Herrán and
colleagues’46 study, despite the chronic nature of their
sample. Therefore, the relationships between leptin, tri-
glyceride, and psychopathology require evaluation by
comprehensive studies.

Several limitations should be taken into consideration
when interpreting our results. First, the relatively small
sample size might not be representative of patients treated
with atypical antipsychotics. Second, some factors that
might be related to body weight, e.g., glucose, insulin,
cholesterol fractions, cytokines, and soluble cytokine
receptors, were not assessed in the present study. Further-
more, we could not test whether poor economic status and
other psychosocial factors might be related to serum tri-
glyceride or leptin levels.

In conclusion, our results suggest that leptin seems to
be strongly associated with olanzapine- and clozapine-
induced weight gain, though our sample is too small to
allow us to obtain a clear conclusion, and that quetiapine
appears to have modest influence, and risperidone, mini-
mal influence, on leptin and triglyceride levels and weight
gain compared with olanzapine and clozapine. Our results
need to be confirmed by more comprehensive and de-
tailed further studies to decipher the exact roles of leptin
in weight gain related to atypical antipsychotic use.

Drug names: biperiden (Akineton), clozapine (Clozaril and others),
fluoxetine (Prozac and others), haloperidol (Haldol and others), olan-
zapine (Zyprexa), quetiapine (Seroquel), risperidone (Risperdal).
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