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Metabolic disturbances and cardiovascular disease are important causes of morbidity and mortality in
patients with severe mental illnesses. Antipsychotic medications are the drug of the choice for patients
with schizophrenia. However, some antipsychotic drugs have a high tendency to cause weight gain and
metabolic abnormalities, therefore increasing the risk of obesity, metabolic syndrome, type 2 diabetes
mellitus, and cardiovascular disease. These findings have led to an increased interest in looking into the
relationships between schizophrenia, antipsychotic drugs, metabolic dysregulation, and cardiovascular
disease. Although some neurotransmitter receptor-binding affinities are correlated with specific meta-
bolic abnormalities, the exact mechanisms underlying antipsychotic-induced adverse metabolic effects
are still unclear. The receptor affinity of antipsychotic drugs for histamine H1, serotonin 5-HT2C and
5-HT1A, muscarinic M3, dopamine D2, and adrenergic receptors might be involved in causing metabolic
dysregulation. Low-potency first-generation antipsychotic drugs are associated with a higher potential to
cause weight gain and metabolic disturbance than are high-potency first-generation antipsychotics.
Second-generation antipsychotic drugs carry different risks of causing weight gain and metabolic dys-
regulation: clozapine and olanzapine have the highest risk; quetiapine and risperidone a moderate risk;
and aripiprazole, amisulpride, and ziprasidone the lowest risk. The psychiatric literature has recom-
mended follow-up for metabolic and cardiovascular risk factors, but many antipsychotic-treated patients
have not received the recommended regular monitoring for these risk factors. Psychiatrists need to
educate and motivate this group of patients to make healthy lifestyle changes. If these lifestyle changes
fail, these patients need to receive drug interventions. Adding medications (such as metformin, top-
iramate, and amantadine) or switching to another antipsychotic drug should be considered to decrease
the risk of antipsychotic-induced weight gain and metabolic abnormalities. In conclusion, this review is
intended to describe the adverse metabolic and cardiovascular effects related to antipsychotic medica-
tions, to explore their possible underlying mechanisms, and to recommend how to monitor and manage
those iatrogenic side effects.

Copyright � 2012, Taipei Medical University. Published by Elsevier Taiwan LLC. All rights reserved.
1. Introduction

The introduction of chlorpromazine in 1952 heralded a great
advance in psychiatric care, dramatically improving the treatment
outcome of schizophrenic patients.1 Antipsychotic drugs are now
the drug of choice for treating patients with schizophrenia.
Although their primary indication is schizophrenia, several anti-
psychotic drugs are now used to treat a broad range of psychiatric
disorders, including bipolar disorder, treatment-resistant major
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depressive disorder, and the aggression or irritability of autistic
disorder.

Antipsychotic drugs are divided into first generation and second-
generation agents. The first-generation antipsychotics (FGAs) are
still widely available and are effective in treating the positive
symptoms of schizophrenia, such as hallucinations and delusion.
FGAs do not, however, adequately improve other salient aspects of
psychotic illness, such as negative symptoms (e.g., social with-
drawal, apathy, poverty of speech, and anhedonia), cognitive
impairment, and mood symptoms. In addition, FGAs can produce
extrapyramidal symptoms (such as dystonia, parkinsonism, aka-
thisia, and tardive dyskinesia) at clinically therapeutic doses. These
extrapyramidal side effects can be intolerable to patients and lead
to subjective distress, function impairment, stigma, and poor
medication adherence.
by Elsevier Taiwan LLC. All rights reserved.
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Second-generation antipsychotics (SGAs) have fewer extrapy-
ramidal symptoms at clinically effective doses. Many SGAs are also
more effective than FGAs at treating the negative, cognitive, and
mood symptoms of schizophrenia, resulting in better treatment
compliance and prevention of psychotic relapse.2

Schizophrenia and other severe mental illnesses are linked with
increased mortality and decreased life expectancy.3,4 Apart from
unnatural causes of death (e.g., suicide and accidents), cardiovas-
cular disease is the leading cause of death among these patients.5

The increased risk of cardiovascular disease in patients with
severe mental illness is due to an unhealthy lifestyle (including
poor diet, smoking, and physical inactivity), delayed diagnosis,
poor treatment adherence in relation to co-morbid diseases
(including hypertension, hyperlipidemia, and diabetes), inherent
biological risks associatedwithmental illness, and pharmacological
treatment.6

It is difficult to determine whether the prevalence of these
metabolic disorders is increased in these psychiatric populations
independent of drug treatment, but schizophreniawas shown to be
associated with diabetes and abnormal glucose metabolism before
the advent of antipsychotic drugs.7 An increased risk of diabetes or
impaired glucose tolerance in the first-degree relatives of schizo-
phrenic patients suggests a role for genetics in the relationship
between schizophrenia and metabolic abnormalities.8,9 Several
studies have also shown abnormal glucose homeostasis among
treatment-naive subjects with first-episode psychosis.8,10

Although antipsychotic drugs are the cornerstones of treatment
for several psychiatric diseases, these medications are significantly
associatedwith increased obesity and cardiovascular risk factors.11,12

Some antipsychotic drugs, especially SGAs, have a high tendency
to increase body weight as well as cardiovascular and metabolic
abnormalities. In recent years, weight gain and SGA-induced
metabolic changes have been extensively studied. The findings
have led to an increased interest among psychiatrists and inter-
nists in the relationships between schizophrenia, antipsychotic
drugs, metabolic abnormalities, and cardiovascular disease. This
review is intended to focus on the metabolic and cardiovascular
adverse effects associated with antipsychotic medications.

2. Metabolic and cardiovascular risks

2.1. Weight gain

Several,6,13 but not all of,14,15 studies have shown that patients with
drug-naive schizophrenia have an increased risk of overweight.
Several studies have reported the rates of obesity (body mass index
[BMI] � 30 kg/m2) in schizophrenic patients to be 42e60%.16,17 In
addition, weight gain is a well-established adverse effect of anti-
psychotic medication in schizophrenic patients, affecting 15e72%
of individuals.6

Various antipsychotic drugs are associated with different
potentials for weight gain. The low-potency FGAs, such as chlor-
promazine and thioridazine, are associated with a higher potential
for weight gain than are the high-potency FGAs, such as haloperidol
and fluphenazine.18 SGAs carry different risks of causing weight
gain and metabolic dysregulation: clozapine and olanzapine have
the highest risk; quetiapine and risperidone a moderate risk; and
aripiprazole, amisulpride, and ziprasidone the lowest risks.18e20 Of
note, the greatest amount of weight gain associated with antipsy-
chotic medication in drug-naive schizophrenic patients occurs in
the first few months of medication use.

Several predictors of antipsychotic-related weight gain have
been identified. Factors related to antipsychotic-induced weight
gain include demographic variables (e.g., age and gender), disease
characteristics, past and current medications (antipsychotic drugs
and other medications), the dose and treatment duration of anti-
psychotic drugs, and the treatment response, as well as diet and
activity levels.21

2.2. Metabolic abnormalities

Metabolic syndrome and its major components, including central
obesity, glucose intolerance, dyslipidemia, and hypertension, are
highly prevalent in schizophrenic patients. The prevalence of
metabolic syndrome in schizophrenic patients in Taiwan is 34.9%,
with figures of 38.9% for female and 31.5% for male patients.22 The
metabolic syndrome can carry an increased risk of type 2 diabetes
mellitus and mortality from cardiovascular disease.23 Individual
antipsychotic drugs differ significantly in their effects on metabolic
risk factors.24 As stated previously, the order of developing meta-
bolic risk is clozapine and olanzapine, then quetiapine and risper-
idone, followed by aripiprazole, amisulpride and ziprasidone.25

3. Mechanisms

Weight gain and changes in glucose and lipid metabolism from
antipsychotic drugs are thought to be co-occurring phenomena
rather than the results of a single pathophysiology. Metabolic
changes in serum glucose and lipid associated with antipsychotic
agents occur even before the onset of weight gain, and are probably
independent of the amount of weight gain.26,27

The proposed mechanisms underlying antipsychotic-induced
weight gain include a blockade of central 5-HT2C and histamine
H1 receptors.28,29 Increasing 5-HT transmission in the central
nervous system (CNS) can lower food intake and feeding behavior.
Antagonism of CNS 5-HT2C receptors by antipsychotic drugs can
increase food intake, resulting in weight gain.30 Consistent
evidence supports the role of CNS histamine in food intake and
energy metabolism. Antagonism of CNS H1 receptors can have
the same orexigenic actions in antipsychotic drugs, leading to
increased appetite; this effect can be reversed by the anorexigenic
action of leptin.31

The affinity of antipsychotic drugs for muscarinic M3, 5-HT1A,
dopamine D2, and adrenergic receptors may also be related to these
metabolic side effects. In addition, antipsychotic drugs may alter
glucose homeostasis by increasing peripheral insulin resistance
and decreasing insulin secretion.26,32 Several studies have identi-
fied the role of genetic polymorphisms (e.g., in 5-HT2C, H1, leptin,
and dopamine D2 receptors) in weight gain and metabolic dysre-
gulations related to antipsychotic drugs.33,34

Few studies have assessed the characteristics of individual
patients that may predispose to antipsychotic-induced weight gain.
Possible risk factors include younger age (children and adolescents
being at great risk), female gender, first-time use of antipsychotic
medication, longer duration of antipsychotic treatment, good
clinical response, high parental BMI, and high BMI before the
first antipsychotic treatment.35 Lan et al.36 applied neuro-fuzzy
modeling to physical factors (weight, height as well as waist and
hip circumferences), psychiatric factors (severity of psychopa-
thology), lifestyle factors (tobacco use, dietary patterns, and exer-
cise levels), and genetic factors to predict the weight changes of
chronic schizophrenic patients receiving antipsychotic drugs. These
findings may help to identify patients who are prone to developing
metabolic adverse effects.

4. Recommendations for metabolic monitoring

Despite a warning on the diabetic risk of antipsychotic agents that
was issued by the US Food and Drug Administration and the
consensus statement from the American Diabetes Association,
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American Psychiatric Association, and other societies on
antipsychotic-induced obesity and diabetes, published in 2004,18,37

studies have shown that the rate of metabolic screening tests for
patients receiving antipsychotics remains low.38,39 The European
Psychiatric Association also published recommendations on the
monitoring and management of cardiovascular and diabetic risk
factors in psychiatric patients in 2009.40

The assessment of metabolic risk factors associated with anti-
psychotic medications should include the personal and family
history of obesity, diabetes, dyslipidemia, hypertension, and
cardiovascular disease, smoking behavior, dietary status, and
physical activity levels. The individual components of themetabolic
syndrome should be assessed at baseline and then monitored at
regular intervals. The frequency of monitoring will depend on the
patient’s medical history and the status of the baseline risk factors.

In clinical practice, time pressures, availability of equipment,
and patients’ cooperation limit psychiatrists in evaluating meta-
bolic side effects in antipsychotic-medicated patients. Lin et al.41

used an artificial neural network to develop an easy method of
identifying metabolic syndrome in patients receiving SGAs. They
found that metabolic syndrome could be identified by three
noninvasive clinical variables: waist circumference, diastolic blood
pressure, and BMI.

5. Management of metabolic and cardiovascular adverse
effects

Strategies to decrease adverse metabolic and cardiovascular effects
induced by antipsychotics include adopting a better, more healthy
lifestyle, adding medications that can reverse metabolic abnor-
malities, and switching to another antipsychotic medication with
a relatively lower metabolic risk.42

Many antipsychotic-treated patients are unaware of the need to
alter an unhealthy lifestyle, or are unable to make the necessary
lifestyle changes. The psychiatric multidisciplinary care team
should educate these patients and their caregivers about healthy
lifestyles. Strategies of behavioral intervention can motivate
patients to make the necessary changes, including smoking cessa-
tion, the adoption of a healthy diet, and regular exercise.43 Studies
have shown that nonpharmacological interventions for weight
management are cost-efficient and beneficial, and therefore should
be a priority, particularly during the early stages of antipsychotic
treatment.44,45

If behavioral interventions fail, additional drug treatment
might be indicated. Drug therapies that have been found to have
efficacy in lessening weight gain and metabolic changes from
antipsychotic medication include metformin,46e48 topiramate,49,50

and amantadine.51,52

5.1. Metformin

Among these agents, metformin is probably the most promising
drug for attenuating antipsychotic-induced metabolic distur-
bances.53Metformin is an oral antihyperglycemic agent used to treat
noninsulin-dependent diabetes mellitus. It reduces blood glucose
levels, predominantly by improving insulin sensitivity in the hepatic
and peripheral tissues without affecting the secretion of insulin.54 A
prospective study showed that metformin can reverse the weight
gain and metabolic disturbance induced by olanzapine treatment.46

The result of a recent meta-analysis has also shown that metformin
can manage antipsychotic-associated metabolic dysregulation.55

In addition, Wu et al.56 conducted a randomized controlled
study to compare metformin, lifestyle intervention, lifestyle inter-
ventionwith metformin, and placebo in 128 first-episode psychotic
patients who were receiving antipsychotic medication. At the end
of the 12-week study, lifestyle intervention, metformin, and the
two in combination showed efficacy against antipsychotic-induced
weight gain and metabolic dysregulation. The combination of
lifestyle intervention and metformin showed the best effect in
terms of weight loss. Metformin treatment is more effective for
weight loss and for improving insulin sensitivity than is lifestyle
intervention.56

5.2. Topiramate

Topiramate, a second-generation anticonvulsant with a mixed
GABAergic and antiglutamatergic action, is used to treat epilepsy
andmigraine. In psychiatric practice, topiramate is used off-label to
counteract the weight gain associated with psychotropic drugs. The
results of recent double-blind, placebo-controlled trials have
shown that topiramate can prevent antipsychotic-induced adverse
metabolic effects.49,50

5.3. Amantadine

Amantadine, a weak antagonist of the NMDA-type glutamate
receptor, can increase dopamine release and block dopamine
reuptake to reduce the symptoms of Parkinson’s disease and drug-
induced extrapyramidal symptoms. Recent double-blind, placebo-
controlled studies have shown that amantadine can attenuate
weight gain or promote weight loss in antipsychotic-treated
patients and has no influence on psychopathology.51,52

Augmentation with another antipsychotic with a favorable
metabolic profile57,58 or with an antidepressant59,60 has also been
reported to be an alternative strategy to improve antipsychotic-
induced metabolic dysregulation. However, care should be taken
in relation to the pharmacokinetic and pharmacodynamic inter-
actions between these two agents.61,62

Switching to an antipsychotic drug with a more favorable
metabolic profile, particularly aripiprazole, amisulpride, or zipra-
sidone, can be an effective intervention, especially in patients
whose weight gain and metabolic abnormalities are attributable to
their current antipsychotic treatment.63e65 Because antipsychotic
switching is not always successful, clinicians should monitor
patients carefully to avoid any worsening of their schizophrenia.

If metabolic or cardiovascular disease is diagnosed, the patient
should be referred to a specialist to receive appropriate care.
Pharmacological treatments, including antidiabetic drugs,
antihypertensive agents, or lipid-lowering medications, might be
indicated.

6. Conclusion

Many studies have confirmed the potential of antipsychotic drugs
to induce or trigger metabolic dysregulation. The tendencies to
induce weight gain and metabolic abnormalities differ markedly
between different antipsychotic agents. In general, SGAs are more
greatly associated with an increased risk of those adverse effects
than are FGAs.

Despite an increased understanding of the biochemical effects of
antipsychotic drugs, the pharmacological mechanisms underlying
their association with metabolic abnormalities remain unclear. The
affinities of antipsychotic drugs for H1, 5-HT2C, M3, 5-HT1A, D2, and
adrenergic receptors might be implicated in causing metabolic
abnormalities.

Despite existing guidelines and recommendations, baseline and
follow-up assessments of metabolic and cardiovascular abnormal-
ities in patients treated with antipsychotic drugs are inadequate. In
addition, psychiatrists and multidisciplinary care team members
should educate and motivate patients to promote their healthy



S.-C. Chang, M.-L. Lu106
lifestyle through behavioral intervention. If lifestyle interventions
do not succeed, additional pharmacological treatment might be
indicated. Adding another pharmacological treatment or switching
to an antipsychotic drug with a more favorable metabolic profile
can be an effective intervention option.
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