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Antipsychotic induced weight gain in
schizophrenia: mechanisms and management

Sanil Rege

The aim of the present paper was to describe the mechanisms and management of
antipsychotic-induced weight gain in schizophrenia patients. A comprehensive literature
review of all available articles on the mechanisms and management of antipsychotic-
induced weight gain was done by searching databases PsychINFO and PubMed. A
summary of the available guidelines for monitoring of antipsychotic-induced weight gain
and metabolic syndrome is also provided. There has been a substantial increase in the
number of studies investigating the mechanisms and management of antipsychotic-
induced weight gain after 2002. These include advances in the understanding of
pharmacogenomics of weight gain and several randomized controlled trials (RCTs)
evaluating pharmacological and psychological treatments to promote weight loss. The
most effective strategy for prevention of weight gain is the choice of antipsychotic
medication with low weight gain potential. In individuals with established weight gain and
metabolic issues, switching to an antipsychotic agent with lower weight gain potential and/
or lifestyle modifications with physical activity are most effective in promoting weight loss.
Pharmacological agents such as orlistat and sibutramine are effective in general obesity
but have not been sufficiently evaluated in antipsychotic-induced weight gain. The case to
prescribe routine pharmacological treatment to promote weight loss is weak. Long-term,
pragmatic studies are required to inform clinical practice. Weight gain in schizophrenia is
associated with significant physical and psychological morbidity. Achieving an optimal
trade-off between effectiveness and side-effects of antipsychotic agents, although difficult,
is achievable. This should be based on three main principles: (i) a shared decision-making
model between the patient, clinician and carer(s) when choosing an antipsychotic; (ii) a
commitment to baseline and follow-up monitoring with explicit identification of the
responsible individual or team; and (iii) the adoption of clear structured protocols for
clinicians to follow in case of clinically significant weight gain and metabolic issues, which
should incorporate greater collaboration between various health professionals from
psychiatric and medical specialist services.
Key words: antipsychotic agents, genes, ghrelin, glucose, leptin, molecular mechanisms
of action, prevention and control, primary prevention, therapeutics, therapy, weight gain.

Australian and New Zealand Journal of Psychiatry 2008; 42:369�381

Obesity has reached epidemic proportions through-

out the world. The report of a World Health

Organization (WHO) consultation on obesity in

Geneva in 1998 endorsed the body mass index

(BMI) as a measure of obesity. It is expressed as

weight in kilograms divided by the square of height in

metres (kg m�2). BMIB18.5 kg m�2 is defined as
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underweight, 18.5�24.9 kg m�2 as normal range,
�25 kg m�2 as overweight and �30 kg m�2 as
obese.
Obesity has become a particular concern in indivi-

duals with psychiatric illness and the recent debate
has focused on patients with schizophrenia. Much of
the weight gain is attributed to antipsychotic medica-
tions. Weight gain causes significant morbidity and
mortality notwithstanding the societal costs asso-
ciated with it.
This article focuses on the mechanisms of weight

gain in schizophrenia due to antipsychotic drugs and
the various evidence-based management strategies to
tackle this issue. A literature search was performed in
PsychINFO and PubMed to identify relevant articles.

Weight gain in schizophrenia

Weight gain is a common issue in schizophrenia and
the prevalence of obesity exceeds general population
estimates [1]. Individuals with schizophrenia have
threefold as much intra-abdominal fat as controls
matched for age, gender and lifestyle [2]. Therefore
patients with schizophrenia are at an intrinsically
increased risk of complications of obesity. In addition
they have several life style factors (e.g. poor diet,
smoking and a sedentary lifestyle) that further increase
this risk [3]. After the advent of atypical antipsychotics
prevalence of obesity has increased significantly, at
estimates of approximately 10% [4]. There is general
consensus that atypical antipsychotic medications are
most associated with weight gain and metabolic
disturbances. Henceforth in the present article the
term ‘antipsychotics’, ‘atypicals’ or ‘atypical antipsy-
chotics’ are used to indicate second-generation anti-
psychotics unless otherwise specified.
The atypicals differ in their potential to cause weight

gain, with olanzapine and clozapine causing the most
weight gain [5]. This difference in weight gain potential
has been borne out in various studies including the
recent Clinical Antipsychotic Trials of Intervention
Effectiveness (CATIE) trial, which showed that olan-
zapine was associated with greatest weight gain, at an
average of 0.9 kg per month compared to other
antipsychotics [6]. A meta-analysis of 81 studies of
antipsychotic weight gain showed an average of 4.5 kg
and 4.0 kg of weight gain with clozapine and olanza-
pine, respectively over 10 weeks [7].
Considering that olanzapine has a high weight gain

potential and is the second most widely prescribed
atypical in the UK and the most widely prescribed in
Australia, it has significant implications in the

management of patients with schizophrenia [8].
Interestingly though, there are suggestions that the
extent of weight gain is associated with improvement
in psychopathology [9,10].

Morbidity of antipsychotic-induced weight gain

Obesity is associated with significant psychological
and physical morbidity. Obesity increases the risk of
metabolic syndrome (Table 1) [11], cardiovascular
disease (CVD) and stroke. Increased abdominal
obesity, particularly visceral abdominal fat, is
strongly associated with decreased insulin sensitivity,
which impairs glucose control and increases triglycer-
ides and highly oxidized low-density lipoprotein
particles, increases blood pressure, and increases
markers of blood clotting, all of which are associated
with an increased risk of CVD [12]. A Spanish study
showed that coronary heart disease risk and meta-
bolic syndrome prevalent among patients treated with
antipsychotics, was in the same range as that of the
Spanish population 10�15 years older [13]. There is
emerging literature linking obesity with depression
[14,15], low self esteem, shame and guilt [16]. Weight
gain is associated with stigma, which in turn con-
tributes to impaired quality of life and increases the
risk of depression [17]. It is also associated with non-
compliance of medication [18]. In the CATIE trial
olanzapine had the lowest rate of discontinuation due
to any cause, but in the rates of treatment disconti-
nuation due to intolerable side-effects olanzapine had
the highest rate, mainly due to weight gain and
metabolic effects [6]. Weight gain also reduces the
quality of life [19]. Weight gain has significant clinical
and public health implications. The study by Fon-
taine et al. showed that the anti-suicidal effect of
clozapine could be reduced by the deaths due to
clozapine-induced weight gain. The study estimated
that the use of clozapine for schizophrenia over a
10 year period would prevent 492 deaths from suicide
per 100 000 patients. This would, however, be offset
by an estimated 416 deaths due to a presumed
clozapine-induced weight gain of 10 kg [20].

Mechanisms of antipsychotic weight gain

Antipsychotic-induced weight gain is a complex
side-effect with multiple causal mechanisms.
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Effect on energy expenditure and energy intake

Reduced rate of energy expenditure causing obesity
was first proposed in 1988 [21]. Sharpe et al. found a
lower than predicted resting energy expenditure
(REE) in people taking antipsychotic medications
[22]. A recent Australian study showed that the total
energy expenditure rates in patients taking clozapine
were 20% lower than the WHO recommendations.
This indicates that weight management strategies
should focus on enhancement of energy expenditure
(e.g. exercise) rather than strategies to reduce energy
intake (e.g. diet or food intake) [23]. But olanzapine
treatment did not affect REE rates [24]. Moreover,
weight gain with antipsychotics is associated with
increased food intake and low habitual activity [25].

Effects on receptors and neurotransmitters

The two receptors that are most robustly associated
with weight gain are the Serotonin 2C (5-HT2C) and
histamine 1 (H1) receptors. Facilitation of serotonin
transmission reduces food intake and decreases feed-
ing behaviour [26]. Antagonism of serotonin recep-
tors, on the other hand, induces food intake despite
satiety leading to weight gain in the long term [27]. It is
postulated that the antagonism of 5-HT2C receptors
centrally by antipsychotics increases food intake
despite the sensation of satiety, leading to weight
gain [28]. Histamine receptor antagonism stimulates
energy intake centrally by increasing appetite [29]. The

H1 receptor is involved in the orexigenic actions of
antipsychotics whereby the antipsychotics potently
and selectively bind to the paraventricular and arcuate
nucleus of the hypothalamus, increasing appetite and
reversing the anorexigenic actions of leptin [30].Two
other receptors that have generated recent interest are
a-2 adrenergic receptor [31] and the sterol regulatory
element binding protein-1 (SREBP-1). SREBP-1 is
postulated to regulate peripheral adipogenesis and is
influenced by olanzapine [32]. The differential recep-
tor binding profiles possibly account for the differ-
ential weight gain potentials of the antipsychotic
agents. Thus clozapine and olanzapine, which have
the greatest affinity for 5-HT2C and H1 receptor, have
the greatest weight gain potential. Risperidone, in
contrast, has lesser affinity for the 5-HT2C and H1
receptors, causing lesser weight gain than olanzapine
or clozapine. Ziprasidone, which is considered weight
neutral, is a potent 5-HT1a receptor agonist and a
potent 5-HT2C antagonist. Its weight neutral profile
may be explained by its synaptic re-uptake inhibition
of serotonin and norepinephrine [33]. Aripiprazole, in
contrast, has a unique mechanism of action with
partial D2 and 5-HT1a agonism and 5-HT2a antagon-
ism. Its low weight gain potential is attributed to its
moderate affinity to H1 receptors and lack of 5-HT2C
antagonism [34,35].

Pharmacogenetics and weight gain

An important finding is that patients with lower
BMI are at highest risk of weight gain and that early
and rapid weight gain in the first few weeks of
treatment appears to be a predictor of long-term
weight gain. In some patients this weight gain is
irreversible and discontinuation or switching anti-
psychotics does not reduce weight [36]. Thus there
must be certain fundamental biological factors that
make some individuals more susceptible to weight
gain. This has prompted a search for susceptibility
genes.
A common 5-HT2C receptor promoter region

polymorphism demonstrates strong associations
with weight gain and increased risk of metabolic
syndrome in people taking antipsychotics [37�
39]. More specifically a 5-HT2C-receptor promoter
(�759c/t) is identified as a true genetic susceptibility
factor for antipsychotic weight gain [36,40]. It is
hypothesized that the 5-HT2C polymorphism appears
to determine levels of circulating leptin, providing a
potential mechanism underlying the genetic associa-
tion of the 5-HT2C receptor with weight gain [41].

Table 1. New International Diabetes Federation
criteria for metabolic syndrome (2006)

+ Central obesity: defined as waist circumference ]94 cm for
Europid men and ]80 cm for Europid women, with ethnicity
specific values for other groups$ plus any two of the following
four factors:

+ Raised serum triglyceride level: ]150 mg dL�1 (1.7 mmol
L�1) or specific treatment for this lipid abnormality

+ Reduced serum HDL-cholesterol level: B40 mg dL�1

(1.03 mmol L�1 in male subjects and B50 mg dL�1

(1.29 mmol L�1) in female subjects or specific treatment for
this lipid abnormality

+ Raised BP: systolic BP ]130 mmHg or diastolic BP
]85 mmHg), or treatment of previously diagnosed
hypertension

+ Raised fasting plasma glucose: ]100 mg dL�1 (5.6 mmol
L�1) or previously diagnosed type 2 diabetes

BP, blood pressure; HDL, high-density lipoprotein; $South Asia
and South-East Asia: men ]90 cm, women ]80 cm; Japan:
men ]85 cm, women ]90 cm.

S. REGE 371
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Investigations of serotonin transporter (SERT)
gene polymorphisms and the relationship of long
allele/short allele (L/S) promoter (SERTPR) regions
with olanzapine-related weight gain found that the
SS (short allele) genotype was associated with
significantly higher weight gain in those who were
non-obese at time of admission [42]. Incidentally it is
this genotype that is associated with poorer response
to antidepressant treatment.
Another gene polymorphism that has raised inter-

est is the 25 kDa synaptosomal associated protein
(SNAP) polymorphism. The SNA protein encoded by
the gene is involved in the regulation of hunger and
satiety and release of neurotransmitters [43]. There
are several other candidate genes for antipsychotic-
induced weight gain and current pharmacogenomic
approaches have estimated the number of candidate
genes to be around 300 [44]. Results from genome-
wide association and linkage studies point to several
chromosomal regions (e.g. 12q24) and some specific
genes (e.g. promelanin concentrating hormone
(PMCH), polycystic kidney and hepatic disease 1
(PKHD1), peptidylglycine a-amidating monooxygen-
ase (PAM)). Others include adrenergic a2a (ADRa2a)
receptor, leptin, ghrelin, guanine nucleotide binding
protein, a-1, b-2 and b-3 adrenergic receptor, tumour
necrosis factor-a, adiponectin and dopamine D2
receptor genes [36,45].

Role of leptin

Leptin is a hormonal product synthesized by fat cells
(ob gene) and was initially thought to be one of the
most important signals for the long-term regulation of
weight gain. Leptin binds to the ventral medial nucleus
(VMN) of the hypothalamus, known as the ‘satiety
centre’. Binding of leptin to this nucleus signals to the
brain that the body has had enough to eat: a sensation
of satiety. This action occurs due to the specific
inhibition of neuropeptide Y (NPY), which influences
feeding behaviour and has an effect in regulating leptin
levels itself. Several early studies postulated that
leptin is related to weight gain through impairments
in leptin secretion, leptin clearance and central leptin
resistance, that is, loss of negative feedback inhibition
from the brain [46�49]. All these studies, however, did
not control for adiposity, which is a potent signal for
leptin secretion. Three studies controlling for gender
and adiposity showed that leptin, gender (female sex)
and adiposity positively correlated with each other
[50�52]. Additionally leptin also positively correlated
with insulin, glucose and insulin resistance, which

suggested leptin’s role in insulin sensitivity regulation.
Thus it is likely that leptin plays a perpetuating role in
antipsychotic-induced weight gain and is a conse-
quence of metabolic abnormalities rather than a
primary promoter of weight gain [53].
The rise in leptin is clinically significant irrespective

of the cause because it increases fat deposition in non-
adipose tissues (e.g. blood vessels, liver, heart etc.),
increasing the risk of metabolic syndrome. This
occurs due to the disturbance in the normal regula-
tory function of leptin on peripheral subcutaneous fat
[54�56]. Summarizing the evidence, the role of leptin
in antipsychotic-induced weight gain is unclear.
Further complicating the situation is the genetic
variability in the leptin receptor, which may predis-
pose some individuals to gain weight on antipsycho-
tics [57,58].

Ghrelin

Ghrelin is a newly discovered appetite-stimulating
peptide that has a role in the regulation of feeding
behaviour. Ghrelin is synthesized principally in the
stomach, and the concentration of circulating ghrelin
is negatively correlated with leptin and body fat mass.
Atypical antipsychotics promote the orexigenic ef-
fects of ghrelin, that is, effects to increase appetite
during therapy, which at the same time renders
anorexigenic pathways ineffective. This may lead to
weight gain, and further studies with a ghrelin
antagonist may provide support for this hypothesis
[59]. So far conflicting results have been obtained.
Some studies have shown no increase in ghrelin on
atypical antipsychotic treatment [60,61]. Others have
suggested that olanzapine may directly act on the
secretion of ghrelin and induce appetite, resulting in
weight gain [62]. The link between atypical antipsy-
chotic treatment and elevated serum ghrelin levels is
not clear so far, but a dysregulation of the central
feedback mechanism can be hypothesized [63].

Orexins

A small number of lateral hypothalamic/periforni-
cal area neurons release the orexins, peptides that are
critically involved in body weight regulation and
arousal. Antipsychotic-induced weight is associated
with activation of distinct orexin neurons. This is a
relatively new area and there has been only one study
evaluating the effect of antipsychotics and orexins
[64].

372 ANTIPSYCHOTIC-INDUCED WEIGHT GAIN
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Neuroendocrinal mechanisms

Other less well-studied mechanisms include the
effect of antipsychotics in increasing prolactin. Hy-
perprolactinemia can impair insulin sensitivity and
affect circulating levels of gonadal hormones, leading
to increased adiposity [65,66].

Weight gain through indirect effect on glucose
and lipids

Hyperglycaemia and hyperlipidaemia are often
considered to be consequences of weight gain.
Although this is well substantiated [12], there also
exist independent associations of antipsychotic med-
ications with hyperglycaemia and dyslipidaemia in-
dependent of adiposity. Olanzapine and clozapine
have the greatest impact in increasing blood glucose
and lipids independent of adiposity [6,67�69]. The
evidence for the association between atypical anti-
psychotic drugs and diabetes remains confusing [70]
but the following is known. Schizophrenia and
antipsychotics are both independently associated
with an increased rate of diabetes and worsening
blood sugar control. Atypical antipsychotics are more
likely to produce this effect than the first-generation
agents, but both contribute to impaired blood glucose
mainly through insulin resistance [71]. Dyslipidaemia,
on the other hand, also causes insulin resistance,
which increases adipose tissue deposition [72]. Thus
there exists a complex relationship between adiposity,
blood glucose and serum lipids in relation to anti-
psychotics. This is outside the scope of this article and
I refer readers to the following references for further
reading [12,70].

What does the evidence tell us?

It is clear that there are a number of biological and
non-biological factors that contribute to antipsycho-
tic-induced weight gain. The main non-biological
factors include age, gender, response to drug treat-
ment, weight before initiation of drug treatment,
smoking, diet, physical activity and socioeconomic
status. The most robust biological factors include the
5-HT2C and H1 receptors. The role of other neu-
roendocrine factors such as ghrelin, leptin, orexins
and prolactin is unclear and further research is
required to elucidate their mechanisms. Furthermore
certain individuals are more prone to weight gain
than others, which has prompted the search for

susceptibility genes. Although several genes have

been identified, the 5-HT2C receptor polymorphisms

have shown the strongest association with antipsy-

chotic-induced weight gain. Further research is

needed to clarify the complex relationship between

antipsychotics, glucose, lipids and adiposity. There

exists a differential weight gain potential among

atypical antipsychotics, with clozapine and olanza-

pine causing the greatest weight gain and ziprasidone

and aripiprazole the least, although they have not

been used as extensively as the other agents [73].

Management

There is no current international consensus on the

management of weight gain associated with antipsy-

chotics. Management strategies investigated can

broadly be divided into choice of antipsychotic,

pharmacological and psychological treatments for

promoting weight loss and switching strategies. There

has been one systematic review evaluating 18 trials of

pharmacological treatments and five trials of cogni-

tive behavioural treatments [74]. Overall, there have

been approximately 50 trials evaluating pharmacolo-

gical and psychological strategies to reduce or reverse

antipsychotic-induced weight gain.

Choice of antipsychotic

Choice of an antipsychotic is the most important

consideration in the prevention of weight gain but

there is a consensus that optimal treatment of

psychosis is a priority [71,73]. There are a number

of factors that should be considered when choosing

an antipsychotic, which include the nature and

severity of the illness; the past response of the patient;

patient and family preference; psychiatric and med-

ical comorbidity; effectiveness of the medication; and

potential for extrapyramidal and metabolic side-

effects. Thus although ziprasidone has the least

weight gain potential among second-generation anti-

psychotics, there may be other factors that may

militate against its prescription. It is difficult to

generalize and each case should be assessed individu-

ally. A risk�benefit analysis is crucial because even
with a high risk of worsening the metabolic profile,

the benefits of the medication may outweigh the risks.

S. REGE 373
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Pharmacological management

The main pharmacological agents investigated for
antipsychotic-induced weight gain are H2 (histamine)
antagonists (nizatidine, famotidine and ranitidine),
sibutramine, topiramate, amantadine, metformin,
antidepressants (fluoxetine, fluvoxamine, bupropion
and reboxetine), fenfluramine and phenylpropanola-
mine. Orlistat and rimonabant are two other agents
that are beneficial in general obesity but have not
been evaluated in antipsychotic-induced weight gain.
Orlistat at 120 mg thrice daily is considered to be

the best choice for treatment of obesity in people with
chronic mental illness [3]. It may offer a pharmaco-
logical treatment option to support dietary efforts in
obese and overweight psychiatric patients [75]. Orli-
stat is a lipase inhibitor, which acts by reducing the
absorption of dietary fat by approximately 30% [76];
but there have been no RCTs in weight gain due to
antipsychotics.
Sibutramine is effective in promoting weight loss in

general obesity with improvements in cardiovascular
and metabolic risk factors [77]. Two RCTs in
antipsychotic-induced weight gain have produced
contradictory results [78,79]. Its use in psychiatric
populations may be limited because it has been
known to cause panic, psychosis and mania in case
reports, and further studies are required to establish
efficacy and safety in individuals with mental illness
[80�82].
Rimonabant is a selective cannabinoid receptor

antagonist that affects the endocannabinoid system in
the brain that modulates the intake of palatable sweet
or fatty foods. Acomplia (rimonabant; Sanofi-Aven-
tis, France) has been available in Europe since the
middle of 2006, and is indicated as an adjunct to diet
and exercise for obese or overweight patients with
associated risk factors, such as type 2 diabetes or
dyslipidaemia. It is not available in Australia and
does not have Food and Drug Administration
approval in the USA. The manufacturers do not
recommend its use in uncontrolled psychiatric illness
[83]. Treatment with rimonabant at 20 mg day�1 is
associated with better glycaemic control in type 2
diabetes mellitus, improved lipid profile, reduced
blood pressure and an overall decrease in the
prevalence of the metabolic syndrome, thus modify-
ing cardiovascular risk. There is evidence that rimo-
nabant can significantly reduce human visceral fat,
and future studies may examine its role in individuals
with mental illness [84].
Topiramate is a second-generation anti-epileptic

agent and has a mixed GABAergic and anti-gluta-

mergic action through its action at the AMPA
receptors. Topiramate reduces NPY Y1 and Y5
receptors centrally (receptors that increase appetite).
Peripherally topiramate reduces leptin mRNA tran-
scription in adipose tissue, which increases energy
expenditure [1]. There is also speculation that topir-
amate reduces appetite by altering taste due to its
inhibition of carbonic anhydrase [85]. Topiramate
induced weight loss in two RCTs of antipsychotic-
related weight gain [86,87].
Metformin is an oral hypoglycaemic agent that

reduces hepatic glucose production and increases
peripheral utilization of glucose. It also improves
insulin sensitivity and thus indirectly decreases body-
weight. Metformin has shown some benefit in attenu-
ating weight gain in antipsychotic-induced weight
gain in children and adolescents [88]. Other studies
have produced inconclusive results [89�91].
Amantadine increases the release of dopamine by

blocking the re-uptake of dopamine and blocking N-
methyl-D-aspartate receptors. It has shown some
benefit in attenuating antipsychotic-induced weight
gain in two RCTs without causing a deterioration in
mental state [92,93]. The evidence for all other agents
is variable and inconclusive [74].

Psychological strategies

The main psychological strategies in antipsychotic-
induced weight gain are cognitive behavioural ther-
apy; behavioural therapy; nutritional interventions;
and others incorporating all of these in various
combinations. There have been seven RCTs. One
has evaluated cognitive behavioural therapy [94], two
have evaluated behavioural therapy [95,96] and four
others evaluated lifestyle modifications and educa-
tion. [97�100]. There have been several other open-
label studies evaluating all the aforementioned
interventions. Overall psychological interventions
may result in weight loss as shown in these studies.
The most promising are behavioural interventions
incorporating lifestyle modifications and physical
activity. They are, however, resource intensive and
require long-term intervention to produce clinically
significant results. In the UK at the Cromwell clinic, a
weight management clinic that included discussion,
education and weight measurement within a group-
based programme showed reductions in mean weight
(6.2 kg) and BMI and this correlated with the number
of sessions attended [101]. An Australian RCT in-
vestigating a nutritional intervention approach in
patients commenced on olanzapine found weight

374 ANTIPSYCHOTIC-INDUCED WEIGHT GAIN
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gain in both groups but significantly lesser weight gain
in the intervention group. The control group BMI
increased significantly (2 kg m�2 vs 0.7 kg m�2). The
intervention group also reported significantly greater
improvements in moderate exercise levels, quality of
life, health and body image compared to controls at 3
and 6 months [102].

Antipsychotic switching

Because for many patients with schizophrenia
treatment is usually long term, one viable option to
reverse weight gain is by switching antipsychotics. A
review of the evidence for switching antipsychotics
concluded that switching to an antipsychotic with a
lower propensity to cause weight gain or dyslipidae-
mia can be effective for reversing the weight gain and
dyslipidaemia caused by previous antipsychotic treat-
ment [103]. Three separate open-label 6 week multi-
centric studies showed that switching to ziprasidone
was an effective strategy in individuals on olanzapine
and produced reductions in lipids and weight [104].
Quetiapine has shown benefit in case reports and
aripiprazole has been evaluated in RCTs with positive
effects on weight loss [105�109]. One Danish study
showed a striking mean weight loss of 10.5 kg in six
patients switching from olanzapine or risperidone to
low-dose perphenazine plus buspirone. No deteriora-
tion of mental state was observed [110]. Amisulpiride,
due to is selective affinity for dopamine receptor, is
particularly likely to benefit patients who have gained
weight on previous therapy, or who have negative
symptoms of schizophrenia and depressive symptoms
[111].

Summary of evidence

There has been a great increase in the number of
studies conducted to manage antipsychotic-induced
weight gain. The most effective strategy for preven-
tion of weight gain is the choice of antipsychotic
medication with low weight gain potential. In in-
dividuals with established weight gain and metabolic
issues, switching to an antipsychotic agent with lower
weight gain potential and/or lifestyle modifications
(Table 2) with physical activity are most effective in
promoting weight loss. Pharmacological agents such
as orlistat and sibutramine are effective in general
obesity but have not been sufficiently evaluated in
antipsychotic-induced weight gain. The case to pre-
scribe routine pharmacological treatment to promote

weight loss is weak. It is difficult to collate the results
of the studies into a meta-analysis to give a more
robust pooled estimate of effect size due to hetero-
geneity in studies. Long-term effectiveness of studies
cannot be extrapolated from the data because most
studies are short term, with the longest being
12 months. Long-term, prospective, naturalistic stu-
dies are required to inform clinical practice.

Difficulties in implementation of evidence-based
strategies

There is a lack of resources and reluctance to fund
evaluations of preventive strategies, which would be
the first step in any intervention. The development
and evaluation of evidence-based investigation to
manage obesity by diet and exercise in primary care
costs approximately $AU12.5m [112]. This brings the
principle of utilitarianism into question, because
health managers could argue for funding to be
channelled into already existing evidence-based re-
sources.
There are also uncertainties around who should

take the primary responsibility for monitoring of
weight, lipids and blood sugar and for managing it in
case of abnormalities. Some suggest that the primary

Table 2. Lifestyle modifications for obesity$

+ Limit foods high in saturated fat, trans fatty acids, and
cholesterol; substitute with unsaturated fat from vegetables,
fish, legumes, and nuts

+ Increasing intake of fibre by consuming fruits, vegetables,
grains, pulses and legumes.

+ Limit salt to 6 g day�1 (2400 mg Na) by choosing foods low
in salt and limiting the amount of salt added to food

+ Limit alcohol intake to 52 drinks day�1 (men) or 51 drink
day�1 (women)

+ A moderate decrease in caloric intake (2092�4184 kJ day�1)
will result in a slow but progressive weight loss (0.45�0.90 kg
week�1). For most patients, weight-loss diets should supply
]4184�5020.8 kJ day�1 for women and ]5020.8�6694.4
kJ day�1 for men.

+ Dietary guidance should be tailored to each person, allowing
for individual food preferences and approaches to reducing
caloric intake.

+ Initial physical activity recommendations should be modest,
based on the patient’s willingness and ability; thereafter, the
duration and frequency should increase to 30�45 min
moderate aerobic activity 3�5 days per week when possible.
Greater activity levels of ]1 h per day of moderate (walking)
or 30 min per day of vigorous (jogging) activity may be
needed to achieve successful long-term weight loss.

$Adapted and modified from [73].
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responsibility lies with the psychiatrists and that the
task should be clearly delegated to specific members
of the community team if the primary treating
psychiatrist does not monitor these [113].

Guidelines

There have been some attempts to develop a
consensus for monitoring and management of pa-
tients with weight gain due to antipsychotic drugs.
These, however, do not incorporate specific psycho-
logical or pharmacological strategies. Current prac-
tice of monitoring weight and other metabolic
parameters falls short of recommendations. Despite
the higher prevalence of CVD and metabolic syn-
drome and published recommendations, monitoring
rates are poor and the physical health of patients with
schizophrenia often deteriorates in the long term
[114].
The various attempts at forming a consensus are as

follows: (i) Mount Sinai guidelines [115]; (ii) Austra-
lian position statement [71]; (iii) American Diabetes
Association, American Psychiatric Association,
American Association of Endocrinologists, North
American Association for the Study of Obesity,
Consensus guidelines conference on antipsychotic
drugs and obesity and diabetes [73]; (iv) expert group
‘Schizophrenia and diabetes 2003’ Expert Consensus
Meeting (UK) [116]; (v) Canadian Diabetes Associa-
tion position paper: antipsychotic medications and
associated risks of weight gain and diabetes [117]; and
(vi) Belgian consensus on metabolic problems asso-
ciated with atypical antipsychotics [118].
A summary of the main points based on the

American and Australian consensus statements is
provided in the form of a flowchart (Figure 1).

Future research

There are a number of treatments being evaluated
for management of antipsychotic-induced weight
gain. These can be found on the website http://
clinicaltrials.gov/. Newer studies are focusing on
elucidating the fundamental mechanisms of weight
gain through pharmacogenomic approaches and
evaluating changes in energy homeostasis, metabo-
lism, energy intake and expenditure during antipsy-
chotic treatment. New drugs being evaluated for
antipsychotic-induced weight gain include atomoxe-
tine (norepinephrine re-uptake inhibitor), zonisamide
(anticonvulsant), b-histine (H1 receptor agonist), and

mifepristone (glucocorticoid antagonist). Studies are
also testing if sublingual olanzapine causes less weight
gain than standard oral olanzapine. One study found
that orally disintegrating olanzapine was associated
with lower weight gain than standard tablets in first-
episode never-treated psychotic patients. Theoreti-
cally this is due to partial sublingual absorption,
leading to a difference between parent compound and
metabolite [119]. Other switching strategies to agents
with lower weight gain potential are also being
evaluated.

Conclusion

Weight gain due to antipsychotic medication is
associated with significant physical and psychological
morbidity. Individuals with schizophrenia treated
with antipsychotics have concerns about weight gain
and weight management, like the general population,
and express a desire to be more active [120,121].
Achieving an optimal trade-off between effectiveness
and side-effects of antipsychotic medications,
although difficult, is achievable. It calls for a shared
decision-making model, when prescribing an anti-
psychotic, involving the patient, clinician and carer(s)
that takes into account several factors such as patient
values and preference, response and tolerance. This
should accompany a commitment to careful baseline
screening and follow-up monitoring with explicit
identification of the responsible individual or team.
There is a need for services to adopt clear structured
protocols for clinicians to follow in case of clinically
significant weight gain and metabolic issues that
should incorporate greater collaboration between
mental health professionals, endocrinologists, general
practitioners, dieticians, nurses and occupational
therapists to achieve holistic care for individuals
with schizophrenia.
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Figure 1. Recommendations for monitoring and interventions (based on American Diabetes Association (ADA)
and Australian consensus statement on Diabetes, Psychotic disorders and Antipsychotic therapy (ACS)). BMI,
body mass index; CVD, cardiovascular disease; DM, diabetes mellitus; GP, general practitioner; HDL, high-density

lipoprotein; LDL, low-density lipoprotein; SGA, second-generation antipsychotic.

S. REGE 377



D
ow

nl
oa

de
d 

B
y:

 [M
on

as
h 

U
ni

ve
rs

ity
] A

t: 
06

:4
5 

19
 J

un
e 

20
08

 

References

1. McIntyre RS, Mancini DA, Basile VS. Mechanisms of
antipsychotic-induced weight gain. J Clin Psychiatry 2001;
62:23�29.

2. Ryan MCM, Flanagan S, Kinsella U, Keeling F, Thakore
JH. Atypical antipsychotics and visceral fat distribution in
first episode, drug-naı̈ve patients with schizophrenia. Life Sci
2004; 74:1999�2008.

3. Connolly M, Kelly C. Lifestyle and physical health in
schizophrenia. Adv Psychiatr Treat 2005; 11:125�132.

4. Reist C, Mintz J, Albers L, Jamal MM, Szabo S, Ozdemir V.
Second-generation antipsychotic exposure and metabolic-
related disorders in patients with schizophrenia: an
observational pharmacoepidemiology study from 1988 to
2002. J Clin Psychopharmacol 2007; 27:46�51.

5. Newcomer JW. Second generation (atypical) antipsychotics
and metabolic effects: a comprehensive literature review.
CNS Drugs 2005; 19:1�93.

6. Lieberman JA, Stroup TS, McEvoy JP et al. Effectiveness of
antipsychotic drugs in patients with schizophrenia. N Engl J
Med 2005; 353:1209�1223.

7. Allison DB, Mentore LJ, Heo M et al. Antipsychotic-
induced weight gain: a comprehensive research synthesis. Am
J Psychiatry 1999; 156:1686�1696.

8. Mond J, Morice R, Owen C, Korten A. Use of antipsychotic
medications in Australia between July 1995 and December
2001. Aust N Z J Psychiatry 2003; 37:55�61.

9. Meltzer HY, Perry E, Jayathilake K. Clozapine-induced
weight gain predicts improvement in psychopathology.
Schizophr Res 2003; 59:19�27.

10. Bai YM, Lin CC, Chen JY, Lin CY, Su TP, Chou P.
Association of initial antipsychotic response to clozapine
and long-term weight gain. Am J Psychiatry 2006; 163:1276�
1279.

11. International Diabetes Federation. IDF Consensus worldwide
definition of the metabolic syndrome 2006. Belgium:
International Diabetes Foundation. [cited 3 October 2007.]
Available from URL: http://www.idf.org/webdata/docs/
MetS_def_update2006.pdf

12. Newcomer JW, Haupt DW. The metabolic effects of
antipsychotic medications. Can J Psychiatry 2006; 51:480�
491.

13. Bobes J, Arango C, Aranda P et al. Cardiovascular and
metabolic risk in outpatients with schizophrenia treated with
antipsychotics: results of the CLAMORS study. Schizophr
Res 2007; 90:162�173.

14. Herva A, Laitinen J, Miettunen J et al Obesity and
depression: results from the longitudinal Northern Finland
1966 Birth Cohort Study. Int J Obes 2006; 30:520�527.

15. Berkowitz RI, Fabricatore AN. Obesity, psychiatric status,
and psychiatric medications. Psychiatr Clin North Am 2005;
28:39�54.

16. Weiss F. Group psychotherapy with obese disordered-eating
adults with body-image disturbances: an integrated model.
Am J Psychother 2004; 58:281�303.

17. Seidell JC. Societal and personal costs of obesity. Exp Clin
Endocrinol Diabetes 1998; 106:7�9.

18. Weiden, PJ, Mackell, JA, McDonnell, DD. Obesity as a risk
factor for antipsychotic noncompliance. Schizophr Res 2004;
66:51�57.

19. Allison DB, Mackell JA, McDonnell DD. The impact of
weight gain on quality of life among persons with
schizophrenia. Psychiatr Serv 2003; 54:565�567.

20. Fontaine KR, Heo M, Harrigan EP et al. Estimating the
consequences of antipsychotic induced weight gain on health
and mortality rate. Psychiatric Res 2001; 101:277�288.

21. Ravussin E, Lillioja S, Knowler WC. Reduced rate of energy
expenditure as a risk factor for body-weight gain. N Engl J
Med 1988; 318:467�472.

22. Sharpe JK, Byrne NM, Stedman TJ, Hills AP. Resting
energy expenditure is lower than predicted in people taking
atypical antipsychotic medication. J Am Diet Assoc 2005;
105:612�615.

23. Sharpe JK Stedman T, Byrne NM, Wishart C, Hills AP.
Energy expenditure and physical activity in clozapine use:
implications for weight management Aust N Z J Psychiatry
2006; 40:810�814.

24. Graham KA, Perkins DO, Edwards LJ, Barrier RC Jr,
Lieberman JA, Harp JB. Effect of olanzapine on body
composition and energy expenditure in adults with first-
episode psychosis. Am J Psychiatry 2005; 162:118�123.

25. Gothelf D, Falk B, Singer P et al. Weight gain associated
with increased food intake and low habitual activity levels in
male adolescent schizophrenic inpatients treated with
olanzapine. Am J Psychiatry 2002; 159:1055�1057.

26. De Vry J, Schreiber R. Effects of selected serotonin 5-HT1
and 5HT2 receptor agonists on feeding behavior: possible
mechanisms of action. Neurosci Biobehav Rev 1999; 24:341�
353.

27. Meguid MM, Fetissov SO, Varma M et al. Hypothalamic
dopamine and serotonin in the regulation of food intake.
Nutrition 2000; 16:843�857.

28. Reynolds GP, Hill MJ, Kirk SL. The 5-HT2C receptor and
antipsychotic induced weight gain: mechanisms and genetics.
J Psychopharmacol 2006; 20:15�18.

29. Wirshing DA, Wirshing WC, Kysar L et al. Novel
antipsychotics: comparison of weight gain liabilities. J Clin
Psychiatry 1999; 60:358�363.

30. Kim SF, Huang AS, Snowman AM, Teuscher C, Snyder SH.
Antipsychotic drug-induced weight gain mediated by
histamine H1 receptor-linked activation of hypothalamic
AMP-kinase. Proc Natl Acad Sci USA 2007; 104:3456�3459.

31. Park YM, Chung YC, Lee SH et al. Weight gain associated
with the alpha2a-adrenergic receptor-1,291 C/G
polymorphism and olanzapine treatment. Am J Med Genet B
Neuropsychiatr Genet 2006; 141:394�397.

32. Yang LH, Chen TM, Yu ST, Chen YH. Olanzapine induces
SREBP-1-related adipogenesis in 3T3-L1 cells. Pharmacol
Res 2007; 56:202�208.

33. Virk S, Schwartz TL, Jindal S, Nihalani N, Jones N.
Psychiatric medication induced obesity: an aetiologic review.
Obes Rev 2004; 5:167�170.

34. McQuade RD, Stock E, Marcus R et al. A comparison of
weight change during treatment with olanzapine or
aripiprazole: results from a randomized, double-blind study.
J Clin Psychiatry 2004; 65:47�56.

35. Potkin SG, Saha AR, Kuwaja MJ et al. Aripiprazole, an
antipsychotic with a novel mechanism of action, and
risperidone vs placebo in patients with schizophrenia and
schizoaffective disorder. Arch Gen Psychiatry 2003; 60:681�
690.

36. Muller DJ, Kennedy JL. Genetics of antipsychotic treatment
emergent weight gain in schizophrenia. Pharmacogenomics
2006; 7:863�887.

37. Reynolds GP, Zhang ZJ, Zhang XB. Association of
antipsychotic drug-induced weight gain with a 5-HT2C
receptor gene polymorphism. Lancet 2002; 359:2086�2087.

38. Buckland PR, Hoogendoorn B, Guy CA et al. Low gene
expression conferred by association of an allele of the 5-
HT2C receptor gene with antipsychotic-induced weight gain.
Am J Psychiatry 2005; 162:613�615.

39. Mulder H, Franke B, van der-Beek AA et al. The association
between HTR2C gene polymorphisms and the metabolic
syndrome in patients with schizophrenia. J Clin
Psychopharmacol 2007; 27:338�343.

378 ANTIPSYCHOTIC-INDUCED WEIGHT GAIN



D
ow

nl
oa

de
d 

B
y:

 [M
on

as
h 

U
ni

ve
rs

ity
] A

t: 
06

:4
5 

19
 J

un
e 

20
08

 

40. Ellingrod VL. Perry PJ. Ringold JC et al. Weight gain
associated with the -759C/T polymorphism of the 5HT2C
receptor and olanzapine. Am J Med Genet B Neuropsychiatr
Genet 2005; 134:76�78.

41. Reynolds GP, Templeman LA, Zhang ZJ. The role of 5-
HT2C receptor polymorphisms in the pharmacogenetics of
antipsychotic drug treatment. Prog Neuropsychopharmacol
Biol Psychiatry 2005; 29:1021�1028.

42. Bozina N, Medved V, Kuzman MR, Sain I, Sertic J.
Association study of olanzapine-induced weight gain and
therapeutic response with SERT gene polymorphisms in
female schizophrenic patients. J Psychopharmacol 2007;
21:728�734.

43. Musil RL, Spellmann I, Riedel M, et al. SNAP-25 gene
polymorphisms and weight gain in schizophrenic patients
treated with atypical antipsychotics. Eur
Neuropsychopharmacol 2006; 16:S414�S415.

44. Chagnon YC. Susceptibility genes for the side effect of
antipsychotics on body weight and obesity. Curr Drug
Targets 2006; 7:1681�1695.

45. Corell CU, Malhotra AK. Pharmacogenetics of
antipsychotic-induced weight gain. Psychopharmacology
(Berl) 2004; 174:477�489.

46. Hagg S, Soderberg S, Ahren B, Olsson T, Mjorndal T.
Leptin concentrations are increased in subjects treated with
clozapine or conventional antipsychotics. J Clin Psychiatry
2001; 62:843�848.

47. Melkersson KI, Hulting AL, Brismar KE. Elevated levels of
insulin, leptin, and blood lipids in olanzapine-treated
patients with schizophrenia or related psychoses. J Clin
Psychiatry 2000; 61:742�749.

48. Kraus T, Haack M, Schuld A et al. Body weight and leptin
plasma levels during treatment with antipsychotic drugs. Am
J Psychiatry 1999; 156:312�314.

49. Bromel T, Blum WF, Ziegler A et al. Serum leptin levels
increase rapidly after initiation of clozapine therapy. Mol
Psychiatry 1998; 3:76�80.

50. Haupt DW, Luber A, Maeda J et al. Plasma leptin and
adiposity during antipsychotic treatment of schizophrenia.
Neuropsychopharmacology 2005; 30:184�191.

51. Herran A, Garcia-Unzueta MT, Amado JA et al. Effects of
long-term treatment with antipsychotics on serum leptin
levels. Br J Psychiatry 2001; 179:59�62.

52. Baptista T, Dávila A, El Fakih Y et al. Similar frequency of
abnormal correlation between serum leptin levels and BMI
before and after olanzapine treatment in schizophrenia. Int
Clin Psychopharmacol 2007; 22:205�211.

53. McIntyre RS, Mancini DA, Basile VS, Srinivasan J,
Kennedy SH. Antipsychotic-induced weight gain: bipolar
disorder and leptin. J Clin Psychopharmacol 2003; 23:323�
327.

54. Baptista T, Beaulieu S. Are leptin and cytokines involved in
body weight gain during treatment with antipsychotic drugs?
Can J Psychiatry 2002; 47:742�749.

55. Unger RH. The physiology of cellular liporegulation. Annu
Rev Physiol 2003; 65:s333�347.

56. Zhang ZJ, Yao ZJ, Liu W, Fang Q, Reynolds GP. Effects of
antipsychotics on fat deposition and changes in leptin and
insulin levels. Magnetic resonance imaging study of
previously untreated people with schizophrenia. Br J
Psychiatry 2004; 184:58�62.

57. Ellingrod VL, Bishop JR, Moline J, Lin YC, Miller del D.
Leptin and leptin receptor gene polymorphisms and
increases in body mass index (BMI) from olanzapine
treatment in persons with schizophrenia. Psychopharmacol
Bull 2007; 40:57�62.

58. Zhang XY, Tan YL, Zhou DF et al. Association of
clozapine-induced weight gain with a polymorphism in the
leptin promoter region in patients with chronic

schizophrenia in a Chinese population. J Clin
Psychopharmacol 2007; 27:246�251.

59. Popovic V, Doknic M, Maric N et al. Changes in
neuroendocrine and metabolic hormones induced by atypical
antipsychotics in normal-weight patients with schizophrenia.
Neuroendocrinology 2007; 85:249�256.

60. Togo T, Hasegawa K, Miura S et al. Serum ghrelin
concentrations in patients receiving olanzapine or
risperidone. Psychopharmacology (Berl) 2004; 172:230�232.

61. Theisen FM, Gebhardt S, Brömel T et al. A prospective
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