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Many factors contribute to weight gain in patients with schizophrenia or psychosis.
Sedentary lifestyle, unhealthy food habits, genetic susceptibility and antipsychotic treatment are considered the main contributors. Antipsychotic-induced weight gain (AIWG)
is an important concern in the management of patients treated for psychosis.
In addition to weight gain, antipsychotics are also known to impair glucose metabolism, increase cholesterol and triglyceride levels and cause arterial hypertension, leading
to metabolic syndrome.1 Metabolic syndrome will increase the risk of diabetes mellitus by five times and cardiovascular illness by two times over the next 5–10 years.2
Prevalence of metabolic syndrome is high in schizophrenia. A meta-analysis of
77 publications reported an overall rate of 32.5% (95% CI =30.1%–35%).3 Waist size
was the most useful predictor of metabolic syndrome.3 This study estimated that an
alarming proportion of 49.4% was obese according to Adult Treatment Panel III of the
National Cholesterol Education Program criteria. A similar meta-analysis conducted in
patients presenting in the first episode of schizophrenia found lower prevalence rates
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Abstract: Antipsychotic-induced weight gain is a major management problem for clinicians.
It has been shown that weight gain and obesity lead to increased cardiovascular and cerebrovascular morbidity and mortality, reduced quality of life and poor drug compliance. This
narrative review discusses the propensity of various antipsychotics to cause weight gain, the
pharmacologic and nonpharmacologic interventions available to counteract this effect and its
impact on adherence. Most antipsychotics cause weight gain. The risk appears to be highest
with olanzapine and clozapine. Weight increases rapidly in the initial period after starting antipsychotics. Patients continue to gain weight in the long term. Children appear to be particularly
vulnerable to antipsychotic-induced weight gain. Tailoring antipsychotics according to the needs
of the individual and close monitoring of weight and other metabolic parameters are the best
preventive strategies at the outset. Switching to an agent with lesser tendency to cause weight
gain is an option, but carries the risk of relapse of the illness. Nonpharmacologic interventions
of dietary counseling, exercise programs and cognitive and behavioral strategies appear to be
equally effective in individual and group therapy formats. Both nonpharmacologic prevention
and intervention strategies have shown modest effects on weight. Multiple compounds have
been investigated as add-on medications to cause weight loss. Metformin has the best evidence
in this respect. Burden of side effects needs to be considered when prescribing weight loss
medications. There is no strong evidence to recommend routine prescription of add-on medication for weight reduction. Heterogeneity of study methodologies and other confounders such
as lifestyle, genetic and illness factors make interpretation of data difficult.
Keywords: antipsychotics, weight gain, weight-reducing agents, metabolic, treatment adherence
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of metabolic syndrome (~10%) in both unmedicated and
medicated patients.4 However, rates of obesity were still high
in both these groups at 26.6% and 22%, respectively.4
This increased prevalence of metabolic syndrome and
obesity contributes to the lower life expectancy and increased
mortality rates in schizophrenia.5 Olfson et al reported that
adult patients with schizophrenia were 3.5 times (all-cause
standardized mortality ratio 3.7, 95% CI: 3.7–3.7) more
likely to die in the follow-up period than adults in the general
population.5 Cardiovascular disorders had the highest standardized mortality ratio of 3.5 (95% CI: 3.5–3.6). Another
meta-analysis of 13 cohort studies reported a pooled relative risk of 1.53 (95% CI: 1.27–1.86) for the incidence of
cardiovascular disorders and a relative risk of 1.71 (95% CI:
1.19–2.46) for stroke in patients with schizophrenia, when
compared with the reference group.6
Prevention of AIWG at the outset would be the best
strategy, as opposed to treatment of weight gain and related
problems. The possibility of subsequent weight gain and its
implications are often not adequately considered by clinicians
when commencing antipsychotics. There are shortcomings in
the monitoring of weight and other metabolic risk factors
in patients on antipsychotics.7,8 This leaves a population of
patients with iatrogenically caused weight gain, who require
interventions to reduce morbidity.

Likelihood of antipsychotics to cause
weight gain
Interest in antipsychotics causing weight gain was awakened
after the landmark study by Allison et al. This was the first
meta-analysis on the subject. The study evaluated weight
gain due to both first- and second-generation antipsychotics (FGAs and SGAs, respectively) at standard doses for
10 weeks.9 Patients on placebo appeared to have lost weight,
while most of the antipsychotics caused weight gain. A mean
weight loss of 0.39 kg was reported for molindone, while
clozapine, olanzapine, thioridazine, sertindole, chlorpromazine and risperidone were all reported to cause significant
weight gain varying from 4.45 to 2.10 kg.9
Subsequent meta-analyses have confirmed these findings. The multiple-treatments meta-analysis by Leucht et al
using 6-week data reported that all antipsychotics except
haloperidol, lurasidone and ziprasidone caused weight gain.10
Olanzapine and zotepine caused significantly more weight
gain than most other antipsychotics.
Another head-to-head meta-analysis reported that olanzapine and clozapine cause the highest amount of weight
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gain, while quetiapine, risperidone and sertindole caused
intermediate amounts. Intermediate to low level of weight
gain was observed with aripiprazole and amisulpiride.
Ziprasidone caused the least amount of weight gain.11
A meta-analysis by De Hert et al observed that the newer
antipsychotics asenapine, iloperidone, paliperidone and lurasidone caused significant weight gain. Clinically significant
weight gain of more than 7% was caused by all the drugs
except lurasidone.12
A recent meta-analysis by Bak et al included randomized
controlled trials (RCTs) and controlled trials published after
1999, irrespective of diagnosis.13 Except for aripiprazole,
amisulpride and ziprasidone, most antipsychotics including
FGAs showed significant weight gain. Similar results were
found in antipsychotic-naïve groups, where significant weight
gain was observed even during the first 6 weeks. Proportion
of patients with clinically significant gain of more than 7%
of baseline weight increased over time for all antipsychotics.
Interestingly, a significant proportion of patients also showed
a clinically significant loss of more than 7% of baseline
weight with amisulpride, aripiprazole, asenapine, olanzapine,
paliperidone and ziprasidone.
In patients presenting in the first episode psychosis, Tek
et al reported 3.22 kg of weight gain in the short term and
5.3 kg gain in the long term, compared to placebo.14 This
study replicated the findings of Leucht et al.10
Table 1 ranks the antipsychotics according to the
likelihood of causing weight gain, considering the current
evidence.
Table 1 Likelihood of weight gain with antipsychotics
Antipsychotic

Propensity to
cause weight gain

Clozapine
Olanzapine
Chlorpromazine
Quetiapine
Risperidone
Paliperidone
Aripiprazole
Amisulpride
Asenapine
Haloperidol
Ziprasidone
Lurasidone

High
Higha,b
Moderate
Moderateb
Moderateb
Moderate
Lowc
Lowc
Low
Lowd
Lowc,d
Lowd

Notes: aSignificantly greater increase in weight at .38 weeks, when compared
with ,6 weeks period in both antipsychotic previously prescribed and naïve groups
in the meta-analysis by Bak et al.13 bSignificant weight gain seen in antipsychotic
naïve group even ,6 weeks in the meta-analysis by Bak et al.13 cWeight neutral
with duration of antipsychotic use in the meta-analysis by Bak et al.13 dNo significant
difference in weight when compared with placebo in multiple treatment metaanalysis by Leucht et al.10 Data from studies.9–11,13
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Mechanisms underlying weight gain and
other metabolic abnormalities caused by
antipsychotics
Multiple mechanisms have been proposed to explain the
weight gain propensity of antipsychotics. Amount of weight
gain varies with the type of antipsychotic and the individual
patient characteristics. Most research has focused on clozapine and olanzapine, the two medications identified to
cause the highest weight gain. The high likelihood of weight
gain with these medications has been linked to their actions
at serotonin 5-HT2A and 5-HT2C, dopamine D2 and D3,
histamine H1 and muscarinic M3 receptors.15 The differential
effects on weight have been explained by the differing affinity
of medications at these receptors.16,17
Antipsychotics affect neuropeptides associated with
appetite control and energy metabolism. Leptin and adiponectin are the adipokines produced in white adipose tissue,
which have been implicated in AIWG. Increased leptin levels
and reduced adiponectin levels have been demonstrated with
short-term and long-term olanzapine treatment.18,19 Ghrelin,
which acts on the arcuate nucleus of the hypothalamus to
enhance food intake and adipose tissue deposition, is also
affected by antipsychotics.20 The changes in leptin, adiponectin and ghrelin levels have been postulated to be due to direct
effects of the medications rather than being secondary to
weight gain.20 On the other hand, effects of antipsychotics on
lipid and glucose metabolism have been linked to their effect
on weight gain and adiposity, leading to insulin resistance
and consequent increased release of triglycerides and very
low density lipoproteins from adipocytes.21 There is also
evidence that antipsychotics increase expression of sterol
regulatory element-binding protein (SREBP) and very low
density lipoprotein (VLDL) genes.21,22
Genetic polymorphisms may explain the individual variation in AIWG. A recent meta-analysis by Zhang et al identified 13 single-nucleotide polymorphisms from nine genes
significantly associated with AIWG.23 Single-nucleotide
polymorphisms related to ADRA2A, DRD2, 5-HTR2C and
MC4R genes showed the largest effect size, indicating that
candidate genes for weight gain are also linked to receptors
by which antipsychotics exert their therapeutic effects.

Timeline for weight gain
There is rapid weight gain in the first few weeks after commencing antipsychotics.11 The rate of weight gain then
gradually decreases and flattens over several months. Time
taken to plateau was different for each antipsychotic, ranging
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from 4 to 9 months for olanzapine and from 42 to 46 months
for clozapine.11 This indicates that patients would continue
to gain weight for 1–4 years. It is consistently reported that
patients continue to gain weight over time.11,24
An interesting finding described by Bak et al was that
weight increased more significantly during the period beyond
38 weeks than within the first 6 weeks for olanzapine and
FGA group and for olanzapine alone in antipsychoticnaïve group.13
Factors associated with rapid weight gain in the initial
period were younger age, lower baseline body mass index
(BMI), more robust response to antipsychotic and increase in
appetite. Rapid weight gain of more than 5% in the first month
is the best predictor for significant long-term weight gain.25

AIWG in children and adolescents
In many countries, antipsychotic prescription in children has
markedly increased over the past two decades. The prescriptions are mainly for SGAs.26 The Food and Drug Administration
has approved some SGAs for use in children. The prescribing
trends show an increase in approved and off-label prescriptions.27 Multiple RCTs have shown that SGAs are effective in
childhood mental disorders, but the benefits are limited by the
risks of both metabolic and neurologic side effects.28
Weight gain is one of the most troublesome side effects
in children, with up to 80% of children showing significant
weight gain. More weight gain had been observed in adolescent patients than in older patients.29 Correll et al argued
that weight gain was more in the young due to less prior
antipsychotic exposure compared to adults.24 Weight gain
in the young is more than in adult patients with first episode
or chronic schizophrenia. The highest weight gain is with
olanzapine, followed by clozapine, risperidone and aripiprazole, similar to adult patients.30 Differences in weight gain
have been noted according to the diagnosis. Patients with
autism treated with antipsychotics had greater weight gain.30
A higher propensity to gain weight is also seen in patients
with schizophrenia.30
In contrast to adults, children are physically and emotionally more vulnerable to the adverse effects of medications.
Children are physiologically different from adults due to
ongoing growth and development. Peer perception too plays
a significant role.31 Changes in the physical appearance can
lead to body image issues and problems with self-esteem,
which in turn could lead to poor compliance with medication.32
Similar to adults, it is important to monitor patients for weight
gain once the medication is commenced.
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Impact of weight gain on compliance
Just as extrapyramidal side effects result in poor compliance
with FGAs, weight gain is a cause for treatment noncompliance with SGAs. However, direct evidence linking weight
gain to poor adherence is sparse.
A study by Weiden et al found that patients who are
obese are 13 times more likely to discontinue medication
because of weight gain than nonobese patients.33 This was
reported in the CATIE study as well, where more patients
discontinued olanzapine due to weight gain compared to
other medications, despite olanzapine showing the lowest
overall discontinuation rate.34,35
On the other hand, it has also been observed that weight
gain is an indicator of better response to antipsychotics and
compliance can be expected to improve as a result.36 A recent
study investigating factors associated with poor adherence
in patients with bipolar disorder reported no difference in
adherence between weight groups.37
The expert consensus guideline by Velligan et al on
medication adherence of patients with serious psychiatric
illness identified weight gain as a likely factor leading to
nonadherence.38 The experts recommended customizing
interventions to address poor adherence.
Weight gain affects quality of life and self-view of
patients. Waist circumference and BMI predict low healthrelated quality of life in patients on antipsychotics.39 In the
study by Weiden et al, subjective distress over weight
gain was found to be the primary mediator of noncompliance.33 Weight gain, cognitive side effects and sexual
dysfunction were significantly associated with poor satisfaction and distress, especially in females.40 A longitudinal
qualitative study interviewing 63 first episode patients aged
14–35 years showed that a change in self-identity ensued
with the change in physical appearance resulting from
weight gain.41
There is evidence that weight gain in patients is of concern to caregivers. A mailed survey to relatives of patients
with schizophrenia found that the relatives rated weight as
the second most problematic side effect.42 The most troublesome was sedation.
Perkins theorized that adherence to medication is determined by the patients’ assessment of benefits of treatment and
risks of relapse vs the costs of treatment. Therefore, patients
who perceive costs more than benefits require interventions to
improve adherence.43 These interventions should also include
appropriate strategies to manage AIWG.
Despite the evidence that weight gain increases morbidity and mortality and reduces adherence, only one third to
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half are adequately monitored for the metabolic side effects
of antipsychotics.44
Interventions that result in weight loss can improve
quality of life. A meta-analysis of 36 studies of behavioral
or dietary interventions for obesity reported improvement
in body image and health-related quality of life following
weight loss.45 However, another meta-analysis found no
significant improvement in mental health or overall healthrelated quality of life after weight loss, though modest
improvement in physical health was reported.46 Evans et al
reported significant improvements in quality of life in a
patient cohort on olanzapine introduced to weight reduction
strategies (intervention group), as opposed to the control
group (no weight reduction strategies introduced).47
There is little evidence that specific interventions to treat
AIWG improve medication adherence or quality of life.
Studies from other patient populations support the claim
that introduction of weight management strategies will also
improve medication adherence. A study of patients with
type 2 diabetes mellitus found that patients who experienced
weight loss had significantly better antidiabetic medication
adherence compared to patients with weight gain.48
A wide range of strategies have been employed to manage
AIWG. The objective of this paper was to review the current
evidence regarding the effectiveness of different pharmacologic and nonpharmacologic interventions for AIWG.

Methods
We searched Pubmed, Google Scholar, Database of Abstracts
of Reviews of Effects and Cochrane database. We used the following key words: weight, weight gain, weight change, body
weight AND antipsychotics, SGAs, FGAs, atypical antipsychotics AND schizophrenia, schizoaffective disorder, psychosis
AND non-pharmacological, intervention, diet, exercise, cognitive behavior therapy, pharmacological. We also searched for
studies of individual medication by name. We retrieved relevant
reviews and RCTs. The number of articles retrieved was not
recorded and the quality of articles was not assessed in a systematic way as this is not a systematic review.

Results
Management of AIWG
Interventions that minimize AIWG can be broadly classified
as pharmacologic and nonpharmacologic. Pharmacologic
interventions consist of switching to another antipsychotic
which has less potential to cause weight gain or adding an
adjuvant. Nonpharmacologic interventions consist of lifestyle
modification and cognitive-behavioral strategies.
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Antipsychotic switching
Antipsychotic switching is one strategy that can be employed
to reduce weight. Medication switching should be carried
out after careful consideration of the risk of relapse and this
should be done in consultation with the patient. The possibility of causing more weight gain must also be considered when
switching medication. Haloperidol, lurasidone, ziprasidone,
aripiprazole and amisulpiride are considered the best options
according to evidence from meta-analyses.10,11
There is limited data from RCT regarding effectiveness of
switching antipsychotics to ameliorate AIWG. A Cochrane
Review of four RCTs reported a mean weight loss of 1.94 kg
when patients were switched from olanzapine to aripiprazole
or quetiapine.49 Another meta-analysis reported that switching to aripiprazole resulted in a mean weight reduction
of -2.55±1.5 kg.50 More significant changes were noted when
the switch was from olanzapine to aripiprazole. An RCT
reported that switching from olanzapine, quetiapine or risperidone to aripiprazole resulted in improvement in metabolic
parameters, but increased the rate of discontinuation.51
An industry-sponsored open-label extension study
of lurasidone reported a small reduction in mean weight
of -0.1 kg.52 Another open-label study reported that switching
to amisulpride resulted in weight reduction when compared
to the control group (7.8±6.67 vs 2.3±6.23). One year extension of three switch studies comparing patients who switched
from olanzapine, risperidone or FGA to ziprasidone noted
significant reduction of weight for switchers from olanzapine
and risperidone, but not from FGAs.33

Nonpharmacologic strategies for AIWG
Most studies have focused on weight reduction strategies as
opposed to preventive strategies. Preventive and early intervention strategies are more important than weight reduction
strategies in patient management.
Nonpharmacologic strategies include cognitive and behavioral interventions, nutritional counseling and exercise. There
is significant heterogeneity in studies evaluating these strategies in terms of study duration, duration of follow-up and
intensity of the intervention. Cognitive strategies include
understanding eating behaviors and physical well-being.
Behavioral interventions include training in problem solving, goal setting, social support and monitoring exercise
and eating habits. Dietary advice and nutritional counseling
include reducing 500–1,000 kcal/daily from the existing
diet and reducing dietary fat to 30% of energy intake.
Exercise interventions consist of 150 minutes of moderate
(55%–69% of the maximum heart rate) exercise weekly.39
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These interventions are often referred to as “behavioral lifestyle programs”.53 Both individual interventions and group
interventions have been studied.
A meta-analysis of 10 RCTs which employed the nonpharmacologic interventions consisting of cognitive-behavioral
interventions, nutritional counseling and combined nutritional
and exercise interventions reported weighted mean difference
of -2.56 kg (CI: 1.92–3.92) compared to treatment as usual.
Subgroup analysis showed no significant differences between
trials designed to prevent weight gain and trials designed to
treat weight gain. This is in contrast to data from pharmacologic approaches. There were no significant differences
between individual and group interventions.54
A meta-analysis of 25 RCTs investigating lifestyle
interventions aimed at weight loss or weight gain prevention concluded that lifestyle interventions were effective in both weight loss (effect size =-0.52, P,0.0001)
and weight gain prevention (effect size =-0.84, P=0.0002).
The interventions consisted of supervised or nonstructured
exercise, dietary counseling, motivational interviewing and
cognitive-behavioral therapy. Comparison of individual
trials did not show superiority over any specific intervention.
Lifestyle interventions had significant beneficial effects on
weight loss, waist circumference, triglycerides, fasting glucose and insulin. There was no significant effect on blood
pressure or cholesterol.55
An RCT comparing an early behavioral intervention with
routine care in preventing AIWG in drug-naive first-episode
psychosis patients found that the behavioral intervention
group gained significantly less weight (mean =4.1 kg,
SD =4.0) than the routine care (mean =6.9, SD =4.5) during
the 3-month follow-up period. Fewer patients in the intervention group (n=11; 39.3%) showed clinically significant
weight gain of 7%, compared to the usual treatment group
(n=26; 78.8%; P,0.002).56

Pharmacologic interventions for AIWG
Several RCTs, meta-analyses and systemic reviews have
assessed the effectiveness of pharmacologic interventions in
managing AIWG. However, the evidence for routine use of
pharmacologic adjuvants is not strong. A meta-analysis of
RCTs of behavioral and pharmacologic interventions reported
that short-term modest weight loss is possible with nonpharmacologic and selective pharmacologic interventions.39
A meta-analysis of 40 trials reported that metformin was
the most extensively studied drug.57 It was observed that
adjunctive medications were initiated simultaneously with
antipsychotics in 13 studies (26%). The adjunctive treatment
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for weight gain was mostly initiated when nonpharmacologic
interventions alone were not sufficient or impractical and
switching antipsychotics was not practicable.57
Metformin has the most evidence of efficacy, while
topiramate, sibutramine, aripiprazole and reboxetine are
also effective.30,57 These drugs prevent or treat weight gain
through different mechanisms. For example, metformin and
rosiglitazone improve insulin resistance, while aripiprazole,
metformin and sibutramine decrease lipid levels. Other drugs
investigated are ephedrine, orlistat, nizatidine, cimetidine,
naltrexone, amantadine, reboxetine, fluoxetine, dextroamphetamine, d-fenfluramine, famotidine, fluvoxamine, phenylpropanolamine and rosiglitazone.

Metformin
Metformin is an antihyperglycemic agent which has been in
use for many decades. It exerts its action by inhibiting hepatic
gluconeogenesis and improving the sensitivity of insulin in
skeletal muscles via adenosine monophosphate kinase.58 It also
reduces low-density lipoprotein cholesterol and triglycerides.59
The main mechanism of weight loss may be by reduction of
insulin resistance and suppression of appetite.60 Increased level
of glucagon-like peptide-1 (GLP-1) may contribute.
A meta-analysis by Mizuno et al showed a mean difference of -3.17 kg (95% CI: -4.44 to -1.90 kg) in the metformin
group compared to placebo.57 Individual RCTs have shown that
the placebo group gains weight over time, while the metformintreated group had lost weight. A recent meta-analysis of
12 studies reported a -3.27 kg (95% CI: -4.66 to -1.89) mean
change in weight between metformin and placebo.61 The dose
used in the trials ranged from 750 to 1,500 mg/day.

Aripiprazole
Aripiprazole has partial agonist activity at dopamine D2
and serotonin 5-HT1A receptors and antagonist activity at
serotonin 5-HT2A receptors. Meta-analysis of three RCTs
of aripiprazole as an add-on weight-reducing agent reported
a mean difference of -2.13 kg (95% CI: -2.87 to -1.39 kg)
compared to placebo.57 One of the RCTs with positive results
was a large multicontinental study where aripiprazole was
added to clozapine.15 In addition to weight loss, significant
reduction in total and low-density lipoprotein cholesterol was
observed in the aripiprazole group. The other advantage is
that aripiprazole is an antipsychotic.

Topiramate
The antiepileptic medication, topiramate, has shown promising results in managing AIWG. Topiramate exerts its
action of weight loss by stimulating lipoprotein lipase while
2236
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inhibiting carbonic anhydrase and lipogenesis. It also suppresses appetite and increases satiety.62
Topiramate reduced olanzapine-induced weight gain
in healthy male volunteers who received olanzapine for
14 days.63 Low baseline thyrotropin hormone levels predicted the amount of weight gained and topiramate was particularly effective in reducing weight gain in this subgroup.
A 10-week study of patients with olanzapine-induced weight
gain showed a weight change of -4.4 kg in the topiramatetreated group compared to placebo (+1.2 kg).64 An interesting
observation was that patients who gained the highest amount
of weight during the treatment showed the highest amount
of weight loss with topiramate. A study by Ko et al using
topiramate 100 or 200 mg established a dose–response relationship for weight loss.65 There is evidence that topiramate
may exert therapeutic effects on psychotic states, which may
be explained by antagonism of glutamate-induced excito-toxicity at α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid receptor (AMPA) and kainate receptors.66 However,
caution is required when administering the drug as the side
effects may mimic features of mental illness.

Norepinephrine reuptake inhibitors
Norepinephrine reuptake inhibitors (NRIs) act by inhibiting
the reuptake of norepinephrine. They are postulated to reduce
appetite, causing weight loss. Poyurovsky et al conducted
two RCTs where reboxetine was added on in patients treated
with olanzapine. Both trials reported significantly lower
weight gain in the reboxetine add-on group compared to
placebo.67,68 A study of atomoxetine did not yield positive
results.69 The cardiovascular side effects of changes in blood
pressure and heart rate with NRIs may counteract the benefits
of weight loss.

Sibutramine
Sibutramine has been withdrawn from the market following a
clinical trial that demonstrated increased cardiovascular risk.
It also worsens symptoms of psychosis. Sibutramine exerts
its action by inhibiting the reuptake of norepinephrine and
serotonin. It promotes release of dopamine by exocytosis that
results in increased extracellular dopamine. The two small
RCTs of sibutramine yielded contrasting results. One study
reported significant weight loss (3.8 vs 0.8 kg)70 and another
reported nonsignificant results (1.9 vs 0.5 kg).71 Another RCT
which compared sibutramine and metformin with placebo
for 12 weeks did not show significant results.72

d-Fenfluramine
d-Fenfluramine, an anorectic drug, exerts its action by strengthening the serotonergic function in the brain. d-Fenfluramine
Neuropsychiatric Disease and Treatment 2017:13
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releases serotonin through a carrier-dependent mechanism.
Goodall et al conducted the only RCT to examine the effect
of d-fenfluramine on antipsychotic-induced weight gain.73
d-Fenfluramine administered to overweight patients with
schizophrenia on depot antipsychotics showed significant
weight reduction compared to placebo. This drug was
removed from the US market in 1997 after reports of heart
valve disease and pulmonary hypertension.

Mifepristone

Zonisamide
Exact mechanism of action of the novel antiepileptic drug
zonisamide is unknown. It may act by altering the fast inactivation threshold of voltage-dependent sodium channels.
It also reduces sustained high-frequency repetitive firing of
action potentials and inhibits low-threshold T-type calcium
channels in neurons. An RCT conducted by Ghanizadeh
et al demonstrated that zonisamide resulted in modest, but
significant reduction of AIWG.74

Amantadine
Amantadine increases the synthesis and release of dopamine
with some inhibition of the reuptake of dopamine. It is also
an N-methyl-d-aspartate receptor antagonist.75 An RCT
of 21 adults who had gained at least 5 lb with olanzapine
showed significantly less weight gain in the amantadinetreated group.76 Another trial showed that amantadine
100–300 mg was effective in attenuating or promoting
weight loss in patients who had olanzapine-induced weight
gain.77 Amantadine is not known to worsen psychosis,
although it has the potential to do so due to excessive dopaminergic action.

Two trials conducted in lean, healthy men have shown that
the glucocorticoid and progesterone antagonist mifepristone
is effective in reducing weight gain in patients treated with
risperidone or olanzapine.82

Modafinil
Modafinil exerts its action by stimulating monoaminergic
receptors. One RCT showed that modafinil resulted in significantly less weight gain compared to placebo in patients
treated with olanzapine.83 This trial was of short duration
(3 weeks) and only 20 in each group completed the trial.
A pilot study investigating the effect of modafinil in stabilized
patients on clozapine did not find any difference in metabolic
parameters or weight compared to placebo.84

Betahistine
Betahistine is a histaminergic H1 receptor agonist and
H3 antagonist which has been investigated as a co-treatment
for olanzapine-induced weight gain. Weight-reducing
potential of betahistine has been linked to its action on
hypothalamus and liver to induce thermogenesis and reduce
food intake.85,86 An RCT in 48 healthy females who received
co-treatment with olanzapine and betahistine reported a 37%
reduction in the mean weight gain in the betahistine group.
An added benefit was the reduction in Epworth sleepiness
scores in the treatment group.87 Betahistine alone or in combination with reboxetine has been shown to be significantly
effective in reducing the weight gained on olanzapine in two
small RCTs.81,88

GLP-1 analogs
H2 receptor antagonists
H2 receptor antagonists such as famotidine and nizatidine
are postulated to reduce weight by suppression of appetite
secondary to increased cholecystokinin levels.78 Two RCTs
reported that nizatidine did not cause significant weight
loss in patients who gained weight due to olanzapine.78,79
However, an open-label study showed that nizatidine treatment resulted in significant weight loss and this correlated
with leptin levels.80

GLP-1 is a gut hormone synthesized in the intestinal mucosa.
GLP-1 stimulates glucose-induced insulin secretion in the
pancreas and inhibits secretion of glucagon. Additionally, it
reduces appetite and food intake by activating central and
peripheral GLP-1 receptors. A meta-analysis showed that
GLP-1 reduced weight in obese diabetic and nondiabetic
patients, when compared to other antidiabetic drugs including
metformin.89 A preclinical study on rats has demonstrated
that GLP-1 reduces olanzapine-induced weight gain.90

Medication combinations

Diethylpropion and phentermine

Two RCTs have investigated the effects of “polypills” or
medication combinations in reducing weight gain. RCT of
metformin–sibutramine combination did not show significant
benefits.72 However, reboxetine–betahistine combination
showed clinically meaningful attenuation of olanzapineinduced weight gain.81

Diethylpropion and phentermine are dopamine agonists
which stimulate secretion of dopamine. They are postulated
to increase the energy expenditure, leading to weight loss.
Both these drugs are indicated for the short-term treatment
of obesity. However, these two medications have not been
studied for AIWG.91
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Some antiobesity medications have not been investigated
for treatment of AIWG. Rimonabant, a cannabinoid CB1
receptor antagonist, has been shown to reduce weight compared to placebo in obese individuals.92 However, it has been
removed from the market due to risk of depression and suicidality. RCTs of amylin derivative pramlintide, serotonin–
dopamine–NRI tesofensine and selective 5-HT2c agonist
lorcaserin have shown promising results in reducing weight
in healthy, obese individuals. An RCT combining the leptin
analog metreleptin with pramlintide demonstrated better
results than either alone. Some other combinations which
have been studied are nalterexone/buproprion, buproprion/
zonisamide and phenteramine/topiramate. Fluoxetine,
orlistat, l-carnitine, phenylpropanolamine and rosiglitazone
have not shown any benefit.

Discussion
Almost all antipsychotics cause weight gain. Weight gain
increases the risk of metabolic complications and physical
ill health and can reduce compliance. Several strategies have
been tried to reduce AIWG. Clinicians select antipsychotics
based on patient preference, efficacy and side effects profile. Haloperidol, lurasidone, ziprasidone, aripiprazole and
amisulpiride carry lesser risk of weight gain, compared to
other antipsychotics. However, risk of AIWG is not the only
factor which governs selection of antipsychotics. Clozapine,
the medication with the highest risk of weight gain, is also
the only antipsychotic so far licensed for treatment of resistant schizophrenia. Similarly, olanzapine which ranks high
in terms of efficacy carries higher risk of weight gain than
most other antipsychotics.
Since the risk of weight gain appears to be highest in the
first year of treatment, careful monitoring and early intervention are the first step in managing AIWG.
The available data describe several strategies to attenuate AIWG. They are reducing the dose, switching to an
antipsychotic with less weight gaining potential, adding
pharmaceutical adjuvants and nonpharmacologic interventions. Selecting effective interventions is difficult as most
studies have methodological limitations. They are of short
duration, ranging from a few weeks to 6 months. Studies
investigating strategies to prevent AIWG have included firstepisode patients. Other studies have investigated treatment of
AIWG. The response may be different in these two groups.
Other confounding factors such as genetic susceptibility to
weight gain, sedentary lifestyles and other medications that
the patient is prescribed will also influence the outcome.
Nonpharmacologic interventions are important in
the management of AIWG. Dietary counseling, exercise
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interventions, cognitive and behavioral strategies appear to
be equally effective as individual and group therapies. All
patients who are commenced on antipsychotics should be
routinely provided with nutritional counseling and advice
about a healthy lifestyle. Those who gain weight should be
enrolled in structured program which monitors the adherence of patients to the management plan. Nonpharmacologic
interventions appear to be more effective in patients treated
with antipsychotics with a high propensity for weight gain.
There is some evidence that combining lifestyle modification and metformin is more effective than either intervention alone.93
Apart from a significant impact on cardio-metabolic risk
factors, nonpharmacologic weight prevention or reduction
has the potential to improve quality of life, antipsychotic
medication adherence and overall prognosis of the illness.
Pharmacologic interventions with evidence of efficacy
include reducing the dose of the offending medication,
switching to another antipsychotic with less potential of
weight gain and adding an adjuvant to reduce weight.
There is evidence that switching to antipsychotics with
lower risk of weight gain, such as haloperidol, lurasidone,
ziprasidone, aripiprazole and amisulpiride, results in weight
loss. However, the risk of relapse and the likelihood of emergence of other side effects such as extrapyramidal side effects
must be considered. The other option is to add an adjuvant.
Metformin is the most extensively studied adjuvant and has
the best evidence. Evidence from meta-analysis suggests a
mean difference of 3 kg over placebo in trials which lasted
up to 24 weeks. This corresponds to about 1 kg/m2 reduction of BMI.91 Weight loss of $7% is considered clinically
meaningful. Evidence shows that metformin results in
clinically significant weight loss in about half the patients.61
Metformin may be more effective in preventing AIWG in
antipsychotic-naive patients. Effects of metformin beyond
weight reduction, such as glycemic control, are also an
advantage. Topiramate has less evidence, but may result in
weight loss of about 4 kg.57 It may have a therapeutic effect
in patients with psychosis.57 Although orlistat is approved
by the Food and Drug Administration as a weight-reducing
agent, there is no evidence that it is effective in AIWG. The
evidence regarding other adjuvant medications is inadequate
to recommend their use in clinical practice.
The use of antipsychotics in children and adolescents
has increased dramatically over the past few decades. It is
alarming that children and adolescents gain more weight
than their adult counterparts, which predisposes them to
consequences of weight gain for many years. Weight gain in
children has negative physical health as well as mental health
Neuropsychiatric Disease and Treatment 2017:13
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consequences. Children and adolescents who are overweight
can have issues with body image and self-esteem. Evidence
for metformin in children is not as robust as in adults.

13. Bak M, Fransen A, Janssen J, van Os J, Drukker M. Almost all antipsychotics result in weight gain: a meta-analysis. PLoS One. 2014;9(4):e94112.
14. Tek C, Kucukgoncu S, Guloksuz S, Woods SW, Srihari VH,
Annamalai A. Antipsychotic-induced weight gain in first-episode psychosis patients: a meta-analysis of differential effects of antipsychotic
medications. Early Interv Psychiatry. 2016;10(3):193–202.
15. Fleischhacker WW, Heikkinen ME, Olie JP, et al. Effects of adjunctive treatment with aripiprazole on body weight and clinical efficacy in
schizophrenia patients treated with clozapine: a randomized, doubleblind, placebo-controlled trial. Int J Neuropsychopharmacol. 2010;13(8):
1115–1125.
16. Henderson DC, Vincenzi B, Andrea NV, Ulloa M, Copeland PM.
Pathophysiological mechanisms of increased cardiometabolic risk in
people with schizophrenia and other severe mental illnesses. Lancet
Psychiatry. 2015;2(5):452–464.
17. Roerig JL, Steffen KJ, Mitchell JE. Atypical antipsychotic-induced
weight gain: insights into mechanisms of action. CNS Drugs. 2011;
25(12):1035–1059.
18. Ak M, Sezlev D, Sutcigil L, Akarsu S, Ozgen F, Yanik T. The investigation of leptin and hypothalamic neuropeptides role in first attack psychotic
male patients: olanzapine monotherapy. Psychoneuroendocrinology.
2013;38(3):341–347.
19. Hosojima H, Togo T, Odawara T, et al. Early effects of olanzapine
on serum levels of ghrelin, adiponectin and leptin in patients with
schizophrenia. J Psychopharmacol. 2006;20(1):75–79.
20. Lu ML, Wang TN, Lin TY, et al. Differential effects of olanzapine
and clozapine on plasma levels of adipocytokines and total ghrelin.
Prog Neuropsychopharmacol Biol Psychiatry. 2015;58:47–50.
21. Goncalves P, Araujo JR, Martel F. Antipsychotics-induced metabolic
alterations: focus on adipose tissue and molecular mechanisms. Eur
Neuropsychopharmacol. 2015;25(1):1–16.
22. Kristiana I, Sharpe LJ, Catts VS, Lutze-Mann LH, Brown AJ.
Antipsychotic drugs upregulate lipogenic gene expression by disrupting intracellular trafficking of lipoprotein-derived cholesterol.
Pharmacogenomics J. 2010;10(5):396–407.
23. Zhang JP, Lencz T, Zhang RX, et al. Pharmacogenetic associations of
antipsychotic drug-related weight gain: a systematic review and metaanalysis. Schizophr Bull. 2016;42(6):1418–1437.
24. Correll CU, Manu P, Olshanskiy V, Napolitano B, Kane JM,
Malhotra AK. Cardiometabolic risk of second-generation antipsychotic
medications during first-time use in children and adolescents. JAMA.
2009;302(16):1765–1773.
25. Vandenberghe F, Gholam-Rezaee M, Saigi-Morgui N, et al. Importance
of early weight changes to predict long-term weight gain during psychotropic drug treatment. J Clin Psychiatry. 2015;76(11):e1417–e1423.
26. Patel NC, Crismon ML, Hoagwood K, et al. Trends in the use of typical and atypical antipsychotics in children and adolescents. J Am Acad
Child Adolesc Psychiatry. 2005;44(6):548–556.
27. Pathak P, West D, Martin BC, Helm ME, Henderson C. Evidence-based
use of second-generation antipsychotics in a state Medicaid pediatric
population, 2001–2005. Psychiatr Ser. 2010;61(2):123–129.
28. Pringsheim T, Panagiotopoulos C, Davidson J, Ho J; CAMESA guideline group. Evidence-based recommendations for monitoring safety of
second generation antipsychotics in children and youth. J Can Acad
Child Adolesc Psychiatry. 2011;20(3):218–233.
29. Ratzoni G, Gothelf D, Brand-Gothelf A, et al. Weight gain associated
with olanzapine and risperidone in adolescent patients: a comparative
prospective study. J Am Acad Child Adolesc Psychiatry. 2002;41(3):
337–343.
30. De Hert M, Dobbelaere M, Sheridan EM, Cohen D, Correll CU. Metabolic and endocrine adverse effects of second-generation antipsychotics
in children and adolescents: a systematic review of randomized, placebo
controlled trials and guidelines for clinical practice. Eur Psychiatry.
2011;26(3):144–158.
31. McCracken JT, McGough J, Shah B, et al; Research Units on Pediatric
Psychopharmacology Autism Networks. Risperidone in children with
autism and serious behavioral problems. N Engl J Med. 2002;347(5):
314–321.

Neuropsychiatric Disease and Treatment downloaded from https://www.dovepress.com/ by 44.192.22.242 on 30-Jul-2021
For personal use only.

Conclusion
In conclusion, there is some evidence that switching to
an antipsychotic with less risk of weight gain, lifestyle
modification and adding an adjuvant such as metformin or
topiramate may help prevent and treat AIWG. Combination
of interventions may be helpful. Interventions will have to
be tailored according to individual needs. Preventing weight
gain in patients treated with antipsychotics should be considered a priority.
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