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Objectives: Weight gain is a major side effect of antipsychotics (APs), which contributes to
poor treatment adherence and significant morbidity. The mechanisms involved in AP-induced
weight gain are incompletely understood. Recently, it has been proposed that changes in
leptin, an adipocyte-derived hormone exerting anorexigenic effects, may be involved in
AP-induced weight gain. Thus far, studies on leptin changes during AP treatment have
produced inconsistent results, prompting our group to perform a meta-analysis.

Method: A search of the literature was performed using PubMed and Embase. Studies
were included only if reporting peripheral levels of leptin before and after AP treatment in
schizophrenia. Effect size estimates were calculated with Hedges g and were aggregated
using a random effects model as results were heterogeneous (P < 0.10). Meta-regression
analyses were performed using study length and changes in body mass index (BMI) as
moderator variables.

Results: Twenty-eight studies were retrieved, including 39 comparisons. A moderate and
positive effect size was observed across studies. Olanzapine, clozapine, and quetiapine
produced moderate leptin elevations, whereas haloperidol and risperidone were associated
with small (nonsignificant) leptin changes. Across studies, BMI changes were significantly
associated with increases in leptin levels. There was no effect of sex on AP-induced changes
in leptin.

Conclusions: A physiological role of leptin in AP-induced weight gain is supported because
the most significant leptin increases were observed with APs inducing the most weight gain
and because of the observed association between leptin increases and BMI changes. The
overall increase in leptin levels suggests that leptin acts as a negative feedback signal in the
event of fat increase.

Changements produits par les antipsychotiques sur les taux sanguins
de leptine

Objectifs : La prise de poids est un effet secondaire majeur des antipsychotiques (AP), ce
qui contribue a une mauvaise observance du traitement et a une morbidité significative. Les
mécanismes impliqués dans la prise de poids induite par AP ne sont pas tout a fait compris.
Récemment, il a été proposé que les changements de leptine, une hormone dérivée d’'un
adipocyte exercant des effets anorexigénes, pourraient participer a la prise de poids induite
par AP. Jusqu'ici, les études sur les changements de leptine durant le traitement par AP

ont produit des résultats sans cohérence, ce qui a poussé notre groupe a exécuter une
méta-analyse.

Méthode : Une recherche de la littérature a été menée a I'aide de PubMed et Embase. Les
études n’'ont été incluses que si elles indiquaient les taux périphériques de leptine avant et
apres le traitement de la schizophrénie par AP. Les estimations de la taille de I'effet ont été
calculées avec le g de Hedges et ont été regroupées a I'aide d’'un modéle a effets aléatoires
puisque les résultats étaient hétérogénes (P < 0,10). Des analyses de méta-régression ont
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été exécutées a l'aide de la durée de I'étude et des changements de I'indice de masse
corporelle (IMC) comme variables modératrices.

Résultats : Vingt-huit études ont été récupérées, dont 39 comparaisons. Une taille de
I'effet modérée et positive a été observée dans toutes les études. L'olanzapine, la clozapine
et la quétiapine produisaient des hausses de leptine modérées, alors que I'halopéridol et

la rispéridone étaient associés a des changements de leptine mineurs (non significatifs).
Dans toutes les études, les changements d'IMC étaient significativement associés a des
augmentations des taux de leptine. Il n’y avait pas d’effet du sexe sur les changements de

leptine induits par AP.

Conclusions : Le role physiologique de la leptine dans la prise de poids induite par AP
est confirmé parce que les hausses de leptine les plus significatives s’'observaient quand
les AP induisaient le plus de prise de poids et en raison de I'association observée entre
les hausses de leptine et les changements d'IMC. L’augmentation globale des taux de
leptine suggére que la leptine donne un signal de rétroaction négative dans le cas d’une

augmentation des lipides

Second—generation APs have become increasingly
popular for the treatment of schizophrenia owing to their
low potential to induce extrapyramidal symptoms, relative
to FGAs.! However, some SGAs such as olanzapine,
clozapine, and quetiapine (less so) are associated with
significant metabolic side effects, including weight gain,
and elevations in insulin, triglyceride, glucose, and LDL
cholesterol levels.”> Metabolic side effects are associated
with poor treatment adherence and high rates of diabetes
mellitus type 2, cardiovascular disease, and morbidity
among schizophrenia patients.5

The mechanisms responsible for metabolic side effects
associated with SGAs are not completely understood.
Leptin—a cytokinelike peptide that is synthesized in
adipose tissue—acts to reduce appetite and increase
metabolic rate after it reaches the brain through regions
outside the blood-brain barrier, including parts of the
hypothalamus. Leptin is considered one of the best markers
of total body fat in animals and humans.'%!! In mice, there
is evidence that ob (obese) and db (diabetes) genes encode
leptin and the leptin receptor, respectively—recessive
mutations in these genes result in obesity and diabetes.!*"!3
Subcutaneous leptin infusion to lean mice results in a dose-
dependent loss of body weight, whereas chronic infusions of
intracerebroventricular leptin results in complete depletion
of visible adipose tissue. When subcutaneous leptin is
infused into diet-induced obese mice it results in loss of
adipose tissue, but less so than in lean mice, suggesting the
development of leptin resistance.'®

Abbreviations

AP antipsychotic

BMI body mass index

CSF cerebrospinal fluid

DSM Diagnostic and Statistical Manual of Mental Disorders
FGA first-generation AP

HDL high-density lipoprotein

LDL low-density lipoprotein

SGA second-generation AP
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Clinical Implications

*  Only high-to-moderate risk APs (olanzapine, clozapine,
and quetiapine) produced significant leptin elevations.

* Hyperleptinemia in schizophrenia is likely to represent a
secondary effect related to AP-induced weight gain.

* The overall increase in leptin levels suggests that leptin
acts as a negative feedback signal in the event of fat
increase.

Limitations

* We were unable to include some prospective studies
that did not report absolute changes in leptin levels and
this may have biased our results.

* Our analysis contained a low number of studies that
treated patients with APs that are known to induce little
or no weight gain, and most studies were comprised of a
small sample of patients.

* We were not able to calculate an effect size for changes
in ghrelin.

In obese humans, a paradoxical hyperleptinemic state
has been observed, which appears to indicate a loss of
leptin’s ability to stop overeating behaviour (that is,
leptin resistance).'”?° In patients with schizophrenia,
hyperleptinemia has also been observed and it is associated
with AP-induced weight gain and metabolic side effects.?! >
Numerous studies examined AP-induced changes in leptin
among patients with schizophrenia. Thus far, results have
been mixed such that some studies report increased leptin
levels,*?° while others report no change.’** Taking into
account AP-type (high-to-moderate risk, compared with
low risk of metabolic side effects) should resolve these
issues, but this is not necessarily the case. For example,
some studies reveal that only high-to-moderate risk APs
(olanzapine, clozapine, and quetiapine) significantly
increase leptin levels,**** while others show that all
APs produce equal changes in leptin (or no changes),
independent of their propensity to induce metabolic side
effects.’**! Other confounding factors that may lead to the
differential results include age and sex of patients, as well
as baseline AP, study duration, and type of blood sample
(plasma, compared with serum).
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Our meta-analysis of prospective studies aims to resolve some
of the discrepant findings by examining the effects of APs on
blood leptin levels in patients with schizophrenia. Sufficient
data were available for 4 SGAs (olanzapine, clozapine,
quetiapine, and risperidone) and 1 FGA (haloperidol).
Further, we performed meta-regressions to analyze the
relation between changes in leptin, demographic variables,
metabolic markers, and other confounding factors.

Methods

Search Strategies

A systematic search was performed in the electronic
databases PubMed, clinicaltrials.gov, and Embase using
the key words antipsychotic, leptin, and ghrelin. This
search identified studies after January 1, 1998, and before
January 1, 2014. Additionally, studies were identified by
cross-referencing of reviews published on the topic.***
Unfortunately, after collecting the ghrelin studies, we
observed that they measured heterogeneous ghrelin
outcomes (for example, active, compared with inactive,
compared with total ghrelin levels). Moreover, 4 studies
did not specify which outcome was measured. For these
reasons, we did not perform the ghrelin meta-analysis.

Studies were included if they met the following criteria: had
involved subjects with DSM or International Classification
of Diseases schizophrenia spectrum disorder; had employed
a pre—post design, which involved the administration of
APs (single or mixed); had measured the level of leptin
before and after the treatment in plasma or serum; and, had
been published in English. When several articles dealt with
the same population, we selected the article with the largest
sample. Studies were excluded if any of the following
existed: the study design was cross-sectional; the sample
of patients comprised patients with DSM Axis I disorders
other than schizophrenia spectrum disorders; the sample
comprised adolescents with schizophrenia; the study
had incomplete data to calculate the effect size estimate;
the study was a randomized controlled trial of add-on
treatment; and, the study only measured leptin-related gene
polymorphisms and did not report blood levels of leptin.

The variables for each article included in the meta-analysis
were as follows: sample sizes, sex (proportion of females),
participants’ mean age, follow-up length, diagnosis, clinical
status (in- or outpatient), and AP at baseline and during
treatment, changes in BMI, and changes in metabolic markers.
As a gross estimate of study quality, we also performed a
subanalysis on the type of study design (randomized or
not). Data were extracted by 2 independent reviewers, and
conflicts were resolved by consensus. To achieve a high
standard of reporting, we have adopted Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.*

Statistical Analysis
Data were analyzed with a quantitative meta-analytical
approach using Comprehensive Meta-Analysis software,
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version 2 (Biostat Inc, Englewood, NJ). Comprehensive
Meta-Analysis software employs the same computational
algorithms used by the Cochrane collaborators to weight
studies by the inverse variance method.* The primary effect
size measure was the difference in blood levels of leptin
after AP treatment (end point, compared with baseline). The
effect size was estimated by calculating Hedges unbiased
g, which corrects for bias from small sample sizes,*® with
negative values reflecting decreased leptin levels after AP
treatment. Hedges g was chosen instead of Cohen d, because
of the low number of patients involved in most of the
studies included in the meta-analysis. Effect size estimates
were calculated using means, standard deviations, and
sample size, or repeated measures statistics (for example,
paired ¢ tests or repeated measures analyses of variances).
Following the convention of Cohen,*” effect sizes of 0.2,
0.5, and 0.8 were considered small, moderate, and large,
respectively. Heterogeneity among study point estimates
was assessed with the Q statistics,”® with magnitude of
heterogeneity being evaluated with the I? index.* As the
database was characterized by high heterogeneity (see
below), we employed random effects models, which take
into account between-study variability and are therefore
more conservative than fixed-effect models.*

To determine whether categorical factors modified
AP-induced leptin changes, subgroup analyses were
performed.*® The influence of continuous moderator
variables was tested using meta-regression analyses. To limit
risk of false-positive (type I) errors arising from multiple
comparisons, we adjusted P < 0.05 by dividing alpha with the
number of meta-regressions. The possibility of publication
bias was examined with the fail-safe number.” Finally, to
assess the robustness of the results, we performed sensitivity
analyses by sequentially removing each study and rerunning
the analysis.

Results

Studies

The literature search retrieved 32 potential articles.
Among these, the studies from Bromel et al,> Eder et al,*
and Hinze-Selch et al®* were excluded because their data
overlapped with the data of the studies from Theisen et al,>
Ebenbichler et al,* and Kraus et al,* respectively. The study
from Wang etal® was excluded because of the use ofadjunctive
treatment with propranolol. Thus a total of 28 publications
were included in the meta-analysis, which comprised 39
study arms and 819 patients (online eTable 1).26-41:555658-67 For
leptin, the data set was characterized by high heterogeneity
(Q=167.9; P=0.001; I* = 77.4). Among the 28 studies, 10
studies also examined blood levels of ghrelin,27:3237-3935.59.62-64

Changes in Blood Levels of Leptin

Main Results

For the whole data set (Table 2), we found that APs induced
moderate increases in leptin levels, regardless of the AP. The
most prominent increases were observed with clozapine,
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Table 2 Meta-analysis of antipsychotic-induced changes in peripheral leptin levels
Comparison Study arms, n Hedges g Variance 95% ClI P
Clozapine 4 0.570 0.049 0.137 to 1.003 0.01
Haloperidol 3 0.423 0.06 —0.056 to 0.902 0.08
Mixed antipsychotics 8 0.431 0.022 0.142 to 0.721 0.004
Olanzapine 17 0.649 0.012 0.439 to 0.859 <0.001
Quetiapine 2 0.790 0.096 0.182 to 1.398 0.01
Risperidone 5 0.285 0.035 —0.083 to 0.652 0.13
Composite 39 0.533 0.005 0.397 to 0.668 <0.001
Sample

Plasma 15 0.525 0.011 0.315t0 0.734 <0.001

Serum 24 0.534 0.007 0.367 to 0.701 <0.001
Baseline drug treatment

Antipsychotic 9 0.249 0.014 0.019 to 0.479 0.03

Drug-free 16 0.613 0.008 0.433 to 0.793 <0.001

Drug-naive 8 0.707 0.014 0.472 to 0.942 <0.001

Not specified 6 0.421 0.021 0.133 to 0.708 0.004
Study quality

Single arm 24 0.515 0.007 0.348 to 0.682 <0.001

Randomized 15 0.553 0.011 0.345 to 0.762 <0.001

Figure 1 Meta-analysis of olanzapine-induced changes in blood levels of leptin in schizophrenia.

Study name Statistics for each study Hedges g and 95% ClI
Hedges
g Variance 95% ClI P
Ak et al?® 0.901 0.090 0.31-1.49 0.003 —[:.I—
Atmaca et al* 1.289  0.079 0.74-1.84 <0.001 -
Atmaca et al*® 1965  0.082 141-253  <0.001 —{]
Baptista et al®® —0.152 0.010 —0.35-0.04 0.13 [
Basoglu et al*® 0.781 0.034 0.42-1.14 <0.001 'D'
Chiu et al*® 0.175 0.041 -0.22-0.58 0.39 —':]-
Ebenbichler et al*® 0.969 0.097 0.36-1.58 0.002 _[
Hosojima et al*” 0.696 0.086 0.12-1.27 0.02 —D' [~
Kim et al®? 0.641 0.029 0.31-0.97 <0.001 {
Kraus et a® 0710 0078  0.16-1.26 0.01 —{H
Murashita et al®® 0.944 0.172 0.13-1.76 0.02 —{—
Ozguven et al® 0.600 0.043 0.19-1.01 0.004 _D-
Perez-lglesias et al®*  0.704 0.031 0.36-1.05 <0.001 ol
Raposo et al*! 0.707 0.039 0.32-1.09 <0.001 h
Smith et al*® 0.136 0.025 -0.17-0.44 0.38
Stip et al® 0.641 0.073 0.11-1.17 0.02 _D--
Tanaka et al*? 0.206 0.021 -0.08-0.49 0.15 .
-2.00 -1.00 0.00 1.00 2.00
Decreases Increases

The forest plot shows that olanzapine produced a moderate-to-large increase in blood leptin levels across studies.
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Figure 2 The positive and significant relation between changes in body mass
index (BMI) and leptin levels during antipsychotic treatement, across study
arms, as calculated by meta-regression
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Table 3 Meta-regression analyses of the relations between changes in leptin
levels during treatment and other clinical variables

Clinical variable Study arms, n Slope (B) P
Study length, weeks 39 0.00422 0.042
Age of patients, years 37 —0.04028 <0.001
Sex, % of male patients 36 —-0.00022 0.85
Changes in body mass index 37 0.21324 <0.001
Changes in glucose levels® 13 —0.03050 <0.001
Changes in HDL levels 14 —0.03886 0.03?
Changes in LDL levels 14 0.02816 <0.001
Changes in insulin levels 13 —-0.01586 0.042
Changes in total cholesterol levels 13 0.03537 <0.001
Changes in triglycerides levels 18 0.00948 <0.001
HDL = high-density lipoprotein; LDL = low-density lipoprotein

2Nonsignificant after applying Bonferoni correction

® For metabolic markers, standard international units were used

quetiapine, and olanzapine (Figure 1), while risperidone-
induced increases in leptin levels were of small magnitude.

The blood sample (plasma or serum) used to collect leptin
had no influence on results (Table 2). Neither did clinical
status (inpatient or outpatient), nor study design (Table 2).
Conversely, drug status at baseline significantly influenced
results, as AP-induced increases in blood levels of leptin
were more prominent in patients who were drug-naive or
drug-free at baseline, compared with patients who were
already treated with APs (Table 2).

Meta-Regression Analyses

After applying Bonferoni correction, meta-regression
analyses revealed significant positive associations between
increases in leptin blood levels and changes in BMI during
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treatment (Figure 2); changes in LDL levels; changes
in cholesterol levels; and changes in triglyceride levels
(Table 3). Significant negative associations were observed
between increases in leptin levels and age and between
increases in leptin levels and changes in glucose levels
(Table 3). Potential associations with changes in HDL and
insulin levels did not emerge as significant (Table 3).

Publication Bias

The fail-safe number of additional negative studies (that is,
studies reporting no changes in leptin levels during treatment)
required to nullify the significance of our composite analysis
was high. Indeed, 2479 studies with negative results would
need to be published to render nonsignificant the moderate
AP-induced increase in peripheral leptin levels observed
across the 39 study arms included in the meta-analysis.

www.LaRCP.ca
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Sensitivity Analysis

Sensitivity analysis confirmed the results were robust as
no study affected the composite meta-analytic estimate by
more than 6.8%. That is, the removal of the most outlier
study (Atmaca et al*®) would only lower the composite
effect size estimate to Hedges g = 0.494 (instead of Hedges
g=0.533).

Discussion

Our meta-analysis of prospective studies aimed at
examining the differential effect of APs on leptin levels
in schizophrenia. We also performed meta-regression
analyses to analyze the relation between changes in leptin,
demographic variables, metabolic markers, and other
confounding factors. Our analyses revealed a moderate and
positive effect size across studies, indicating that APs as a
whole produced elevations in leptin among schizophrenia
patients. A subanalysis by AP type revealed that only
high-to-moderate risk APs (olanzapine, clozapine, and
quetiapine) produced significant leptin elevations. Across
studies, BMI changes were significantly associated with
increases in leptin levels. Moreover, changes in leptin
were positively associated with changes in triglycerides,
LDL, and total cholesterol, whereas they were negatively
associated with changes in glucose. Finally, there was an
effect of age (but not sex) on AP-induced changes in leptin.

Many mechanisms have been suggested to be responsible
for weight gain and metabolic side effects observed
following treatment with APs, including antagonism of H
histamine receptor, 5-HT,. serotonergic receptors, and M,
muscarinic receptors.®®’" Although all 3 mechanisms may
be involved, only affinity for M, receptors (which regulate
insulin secretion, glucose homeostasis, and body weight)
seems to explain the large differences in weight gain and
metabolic side effects observed between high-to-moderate
risk APs and low-risk APs.”"7? Indeed, studies have shown
that only olanzapine, clozapine, and quetiapine (through
its metabolite nor-quetiapine) have substantial affinity
for M3 receptors among SGAs.”*™ In animals, there is
evidence that mice deficient in the M, receptor display a
significant decrease in food intake, reduced body weight,
and peripheral fat deposits, and very low levels of serum
leptin and insulin.” In patients with schizophrenia, there is
evidence that affinity for M, is among the best predictors
for the propensity of APs to induce type 2 diabetes and
weight gain.”®”” This interpretation is consistent with our
findings as risperidone produced small (nonsignificant)
leptin elevations and it has no affinity for M, receptors.”

Our results show a significant positive association between
BMI and leptin levels across studies. Similar associations
were reported among subjects undergoing diet-induced
weight gain. An early study by Considine et al'” found
elevated serum leptin levels among obese subjects, relative
to healthy control subjects, and there was a strong positive
correlation between serum leptin concentrations and
percentage of body fat. Another study by the same authors
revealed that serum leptin was 318% higher in obese than
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lean subjects.'® However, the leptin concentration in the CSF
in obese subjects was only 30% higher than in lean subjects,
suggesting that leptin enters the brain by a saturable transport
system. Similar differences in CSF to blood ratio of leptin
between obese and normal subjects were found by Banks
etal'” and Schwartz et al.?* Overall, these data suggest that the
capacity of leptin transport into the central nervous system
is lower in obese subjects, and may provide a mechanism
for leptin resistance. These data may also explain why many
patients receiving APs that are associated with high risk
for metabolic side effects report increased appetite despite
the presence of hyperleptinemia®®—a state that should
normally be associated with anorexigenic effects.'* Future
studies should elucidate whether there are equal amounts of
leptin resistance in AP-treated patients with schizophrenia.

Our analysis of the relation between leptin levels and
metabolic markers showed that changes in leptin were
positively associated with changes in triglycerides, LDL,
and total cholesterol. These results correspond to the
known link between AP treatment, increased adiposity,
hyperlipidemia, hyperleptinemia, and more serious health
problems, such as diabetes and cardiovascular disease.®?!-*?
Conversely, we found a negative relation between changes
in leptin and changes in fasting blood glucose levels. As
leptin normally inhibits insulin secretion, the development
of leptin resistance may lead to hyperinsulinemia and
reduced glucose elevations.!! However, a continued state of
hyperinsulinemia is expected to eventually lead to insulin
resistance, glucose elevations, and development of diabetes
type 2. However, it must be considered that the relation
between changes in leptin and changes in glucose levels
was rather small, and that most studies examining this
association have not produced significant results.’>

Although we found significant associations between leptin
changes and changes in some metabolic markers (for
example, triglycerides, LDL, and total cholesterol), these
associations were weaker than the association between leptin
changes and changes in BMI, meaning that mechanisms,
other than changes in metabolic markers, may be involved
in AP-induced weight gain. The overall increase in leptin
levels and its association with BMI suggests that leptin acts
as a negative feedback signal in the event of fat increase.
This may explain the small (but nonsignificant) leptin
elevations observed following treatment with haloperidol
and risperidone. Indeed, recent meta-analyses suggest
that almost all APs (both SGAs and FGAs) produce some
weight gain, compared with placebo, on average (even if
it is minor), regardless of their propensity to induce other
metabolic side effects.'* Alternatively, the small leptin
elevations associated with haloperidol and risperidone may
be a type I error owing to the small number of patients per
study and the low number of studies that measured leptin
during therapy with these agents.

Our analysis of the relation between leptin levels and
demographic variables showed that age was associated with
leptin elevations, but there was no association with sex.
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Previous studies in nonschizophrenia subjects revealed that
aging is associated with increased leptin levels, although
these differences tend to disappear (or even result in leptin
decreases) when adjusted for increased adiposity.””*
Similarly, we found a negative association between age
and leptin levels, which may be related to leptin elevations
being more pronounced among drug-naive patients, who
are also likely to be younger than those treated with APs. In
addition, our analysis of leptin changes between males and
females revealed no effect of sex. Cross-sectional studies
among patients with schizophrenia and nonschizophrenia
patients show that females have higher blood leptin levels
at baseline, relative to males.? #1838 Among prospective
studies of patients with schizophrenia, some studies show
no effect of sex on AP-induced leptin elevations®*343%;
however, other studies report larger increases in leptin
among males, compared with females.?**315” We may have
failed to find an effect of sex on leptin changes because
only a few studies performed separate analyses for each
sex. Thus we analyzed the impact of sex according to the
percentage of male patients in our study.

Our meta-analysis has both strengths and limitations.
Importantly, this is the first meta-analysis of AP-induced
leptin changes. Here, we analyzed only prospective studies,
thus eliminating the potential bias of cross-sectional studies
that measure outcomes at a single time point and cannot
answer whether changes were due to baseline differences
or APs themselves. Additionally, we analyzed numerous
potential confounding factors, such as blood sample
(plasma, compared with serum), study length, and baseline
drug treatment (AP, compared with drug-free, compared
with drug-naive, compared with not specified). We found
no effect of blood sample and study length, suggesting
that they did not bias our results. By contrast, our meta-
analysis showed that AP-induced leptin increases are more
prominent when patients are drug-free or drug-naive,
relative to studies where patients are already treated with
APs at baseline. This is noteworthy as it may explain the
variability in results among studies, suggesting that future
studies should avoid measuring AP-induced changes in
leptin levels in patients who are already receiving stable
treatment with APs.

One limitation of our meta-analysis is that we were not
able to include some prospective studies®? that did not
report absolute changes in leptin levels, and this may have
biased our results. However, the fail-safe number of studies
that are required to make our results insignificant was
calculated, and the calculated number of studies emerged
as being high (n = 2479). Further, our analysis contained a
low number of studies that treated patients with APs that are
known to induce little or no weight gain, and most studies
were comprised of a small sample of patients. This may
have led to the larger effect size that we observed for leptin
changes with haloperidol, even though this AP is typically
associated with less weight gain than risperidone.!* Finally,
our meta-analysis is limited because we were not able to
calculate an effect size for changes in ghrelin. Examination
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of AP-induced changes in ghrelin is important because
this hormone is associated with increased appetite and
body fat mass, and inhibition of the anorexigenic effects of
leptin.® However, studies measured heterogeneous ghrelin
outcomes (for example, active, compared with inactive,
compared with total ghrelin, levels) or did not specify
which outcome was measured.

Conclusion

We conducted a meta-analysis of prospective studies that
examined AP-induced changes in leptin levels. Our results
suggest that hyperleptinemia in schizophrenia is likely
to represent a secondary effect related to AP-induced
weight gain. This is supported by the most significant
leptin increases being observed with APs inducing the
most weight gain and by the association between leptin
increases and BMI changes. The overall increase in leptin
levels and its association with BMI suggests that leptin acts
as a negative feedback signal in the event of fat increase.
Future studies should examine whether there is evidence of
leptin resistance in AP-treated patients, as has been shown
in nonpsychotic obese subjects.'”° Further research is also
required on AP-induced leptin changes in outpatients, as 25
out of 28 studies included herein examined inpatients. In
addition, there is a need for studies to measure changes in
AP-induced changes in other hormones involved in appetite
regulation, such as ghrelin, adiponectin, agouti-related
protein, neuropeptide Y, and cholecystokinin. Finally,
AP-induced changes in leptin levels will also need to be
studied in greater detail in psychiatric disorders other than
schizophrenia. This is because APs are often used to treat
multiple psychiatric conditions, and the incidence of side
effects (including metabolic changes) may differ between
disorders.>?
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