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Abstract

During the last decades, the diagnosis of men-
tal illness has dramatically grown especially in
the pediatric population, and, in parallel, there
has been an increasing widespread use of psy-
chotropic drugs, mainly antipsychotics and
especially those of second generation (SGA).
SGAs are used effectively for several condi-
tions, such as schizophrenia, irritability and
aggression in autism spectrum disorder or
intellectual disability, tics or Tourette’s disor-
der, bipolar, conduct, and eating disorders, but
only few of them have regulatory approval in

youths. Although effective, these drugs could
potentially determine several adverse effects,
which are of particular concern especially
among pediatric population; here we focus on
cardiac, cardiovascular, and metabolic side
effects.
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Introduction

Antipsychotic drugs are the cornerstone of phar-
macological treatment for several psychiatric dis-
orders, and in the last years, there has been
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an increasing use of them, especially those of
second generation. Although they effectively con-
trol symptoms and behavior associated with psy-
chiatric disorders, accumulating evidences
suggest that antipsychotics exposure could lead
to an increased risk of cardiac and also metabolic
side effects. These adverse events seem to bemore
frequent in vulnerable populations, such as
patients with a first episode of schizophrenia,
those who are drug-naive, children, and adoles-
cents [1–3].

Electrocardiographic Adverse Events

Antipsychotic drugs are associated with a variety
of electrocardiographic abnormalities, including
minor and frequent complications, such as sinus
tachycardia, and more serious arrhythmias, such
as the polymorphic ventricular tachycardia tor-
sades de pointes, which may cause sudden cardiac
death [4]. The World Health Organization defined
sudden cardiac death as an unexpected death
occurring within 1 h of symptom onset if
witnessed and, if unwitnessed, within 24 h after
the person has last been observed alive and
symptoms-free [5]. Antipsychotics have shown
the ability of blocking the delayed rectifier potas-
sium current (IKr), by interacting with the alpha
subunit Kv11.1 of the channel, which is coded by
the hERG gene (also called KCNH2). This block-
ade is dose-dependent and able to prolong cardiac
repolarization, seen as corrected QT (QTc) pro-
longation on the electrocardiogram (ECG).
In clinical settings, concern arises on QTc prolon-
gation as it may progress to torsades de pointes in
rare cases. If not immediately managed, torsades
de pointes can evolve into ventricular fibrillation
and cause sudden cardiac death [5]. Among anti-
psychotics, first-generation ones like thioridazine,
droperidol, mesoridazine, and pimozide have
shown a marked QTc prolongation leading to an
FDAwarning and for some of them to the market
withdrawal [6]. In addition, a similar QTc effect
was observed with chlorpromazine [7]. Haloperi-
dol also has carried an FDA warning for the
increased risk of QTc prolongation and torsades
de pointes, recommending a regular ECG

monitoring when intravenous (IV) haloperidol is
administered [8]. Moreover, in Italy, the Italian
Medicines Agency has also published a warning
(GU Serie Generale n.144 del 23-06-2010) in
which it has specified that, in order to reduce the
risk of QTc prolongation, the vial formulation
should only be used for intramuscular administra-
tion and not for IV injection. However, evidence
has also suggested that in case of a dose of IV
haloperidol lower than 2 mg, this drug can be
administered without ECGmonitoring, in patients
with no cardiovascular risk factors [9]. Among
second-generation antipsychotics, those associ-
ated with FDA warnings for the risk of QTc pro-
longation are asenapine, clozapine iloperidone,
paliperidone, quetiapine, sertindole, and
ziprasidone. The greater risk of QTc prolongation
was found with ziprasidone compared with other
second-generation antipsychotics, but this does
not imply that ziprasidone is more associated
with torsades de pointes and sudden cardiac
death [10]. In fact, only rare cases of torsades de
pointes have been reported in patients treated with
ziprasidone as well as with other second-genera-
tion antipsychotics [11]. Olanzapine, quetiapine,
and risperidone showed a modest QTc prolonga-
tion when used in therapeutic doses [11]. Interest-
ingly, aripiprazole has shown a QTc-shortening
effect compared with placebo and active controls
[12]. Evidence on amisulpride is too limited to
categorize its effect on QTc prolongation
[11]. Finally, special attention deserves clozapine
that has been associated with substantial heart rate
increases, which may complicate QTc measure-
ment. Therefore, whether clozapine actually cause
QTc prolongation is still an unresolved
question [13].

Recently, weighted recommendations on com-
monly used antipsychotics have been made using
pharmacovigilance data [14]. In this regard,
aripiprazole, perphenazine, olanzapine, and
zuclopenthixol were categorized as drugs with
no risk of QTc prolongation or torsades de
pointes. Chlorprothixene, levomepromazine,
flupentixol, paliperidone, clozapine, quetiapine,
amisulpride, sulpiride, and risperidone were cate-
gorized as drugs with propensity of QTc prolon-
gation. Finally, sertindole, pimozide, haloperidol,
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and ziprasidone were categorized as drugs with
a pronounced effect on QTc prolongation,
documented cases of torsades de pointes, or
other types of serious arrhythmias. The risk of
developing torsades de pointes increases in pres-
ence of genetic risk factors like mutations of
hERG gene encoding for the subunit of the potas-
sium channel protein Kv11.1 or poor metabolizers
of the cytochrome P450 (CYP) 2D6 [5, 15]. Clin-
ical risk factors include bradycardia, conduction
disturbances, coronary artery disease, structural
myocardial disease, including post-MI and
cardiomyopathy, and electrolyte imbalance (espe-
cially hypokalemia). Finally, female sex and
age� 65 years represent risk factors for the devel-
opment of torsades de pointes. Other risk factors
include polypharmacy, overdose of antipsy-
chotics, or exposure to drug abuse of central
nervous system stimulants [5].

Antipsychotics are also able to block the fast
sodium current (INa) reducing peak sodium influx
and causing altered voltage gradients such
as those seen in Brugada syndrome, a genetic
ion channel disease that can also cause sudden
cardiac death [16]. However, the evidence of the
association between antipsychotics and Brugada
syndrome is scarce [17].

Most antipsychotics can cause sinus tachycar-
dia, defined as heart rate � 100 beats/min. The
underlying mechanism involves a combination of
both anticholinergic and antiadrenergic effects, as
well as indirect effects via baroreceptor reflexes.
Antipsychotics are able to block M2 cardiac
receptors, reduce the parasympathetic tone, and
increase heart rate. Moreover, antipsychotics
through the block of adrenergic α1 receptors
can cause vasodilation and reflex tachycardia
[18]. As a proof of this concept, an increased
risk of sinus tachycardia has been observed with
antipsychotics at high affinity for M2 receptors
like clozapine, quetiapine, risperidone, and chlor-
promazine. A lower risk is observed instead
with olanzapine and ziprasidone [6, 19] and with
aripiprazole due to the scarce anticholinergic and
antiadrenergic effect [20].

Antipsychotics may also cause other less
common electrocardiographic adverse events
that potentially could contribute to increase the

risk of sudden cardiac death. In this regard,
second-generation antipsychotics like risperi-
done, ziprasidone, clozapine, olanzapine, and
quetiapine have been associated with a risk
of bradycardia, atrial fibrillation, ST-segment
depression and elevation, QRS prolongation,
T-wave inversion, bundle branch block, and first-
degree atrioventricular block [19].

Vascular Adverse Events

Antipsychotics have been associated with a risk
of developing orthostatic hypotension through
the blockade of adrenergic α1 receptors
[20]. Low- and mid-potency first-generation anti-
psychotics like chlorpromazine and perphenazine
have been associated with a higher risk of
orthostatic hypotension than high-potency first-
generation antipsychotics (haloperidol and flu-
phenazine) and second-generation antipsychotics.
Among second-generation drugs, clozapine and
quetiapine were found to have the highest risk
followed by ziprasidone, olanzapine, risperidone,
and aripiprazole. Among the more recently intro-
duced second-generation antipsychotic drugs,
the highest risk was observed with iloperidone
followed by asenapine and lurasidone [21].

Evidence of the hypertensive effect
associated with antipsychotics is limited and con-
tradictory [22, 23]. An increased risk of hyperten-
sion was observed with mid-potency first-
generation agents (like perphenazine) and the
second-generation clozapine, olanzapine, and
ziprasidone, whereas a lower risk was found
with risperidone and quetiapine [19, 24].

Cardiac Adverse Events

Despite electrocardiographic abnormalities repre-
sent the most important clinical concern related to
the antipsychotic treatment, other direct cardiac
adverse events have been found, including myo-
cardial infarction, myocarditis, and cardiomyopa-
thy, for which the underlying mechanisms are less
clear. The risk of myocardial infarction associated
with the use of antipsychotic is less clear
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[25]. Amisulpride, clozapine, and risperidone
seem associated with an increased risk [19].

Myocarditis associated with antipsychotics
is identified as a type I hypersensitivity reaction
that is typically characterized by the accumulation
of eosinophils and the release of toxins
that could induce apoptosis and necrosis of
cardiomyocytes [18]. Among antipsychotics, clo-
zapine is most associated with myocarditis [26].
Other antipsychotics associated with this adverse
event are fluphenazine, chlorpromazine, haloper-
idol, olanzapine, quetiapine, and risperidone [18,
27]. Myocarditis can lead to myocardial fibrosis,
arrhythmias, and eventually sudden cardiac death.
It can occur within the first months of treatment,
and patients may present symptoms like fever,
fatigue, and dyspnea. In case of myocarditis, anti-
psychotic treatment should be discontinued, and,
if indicated, patients should start a therapy with
corticosteroids [17, 20].

A less common cardiovascular adverse event
of antipsychotics is cardiomyopathy, defined as a
deterioration of the function of the myocardium,
often caused by untreated myocarditis or other
factors. Usually, its onset is slower than myocar-
ditis [18]. Among antipsychotics, clozapine is
most commonly associated with the development
of cardiomyopathy [26]. Other antipsychotics
associated with this risk include amisulpride and
quetiapine [18]. Common symptoms are fatigue,
tachypnea, and dyspnea. In case of diagnosis of
cardiomyopathy, antipsychotic should be with-
drawal, and patients should receive an appropriate
heart failure treatment [20].

Metabolic Adverse Events

Beyond the potential direct cardiac and/or vascu-
lar effects, there is a growing body of evidence
about cardio-metabolic side effects due to antipsy-
chotics exposure. This is of concern especially for
pediatric population since weight gain,
dyslipidemia, or insulin resistance are known to
predispose to cardiac and vascular disease in
adulthood. Metabolic adverse events associated
with antipsychotics are weight gain, especially
abdominal obesity, impaired glucose metabolism,

and dyslipidemia. Several studies and meta-
analyses have shown a different degree of weight
gain associated with individual antipsychotics
[28–34]. Among first-generation drugs, those
with low potency, such as chlorpromazine and
thioridazine, are associated with a higher risk of
weight gain than mid- (molindone and perphena-
zine) or high-potency antipsychotics (fluphen-
azine, haloperidol, and pimozide). Among
second-generation antipsychotics, a high risk
of weight gain was observed with clozapine and
olanzapine; an intermediate risk with iloperidone,
quetiapine, risperidone, paliperidone, sertindole,
and zotepine; and a smaller risk with
amisulpride, aripiprazole, asenapine, lurasidone,
and ziprasidone [35]. Despite this different risk’s
magnitude, we can consider all antipsychotics
associated with weight gain, with a risk even
higher in those patients who have taken them for
the first time [32, 36, 37]. In fact, in a 12-month
trial conducted on patients with a first episode of
schizophrenia, antipsychotics at low risk such as
amisulpride, ziprasidone, and low doses of halo-
peridol were associated with a significant weight
gain [32]. The period at major risk for gaining
weight in drug-naive patients with schizophrenia
is the first few months of therapy. In this regard, a
meta-analysis has shown a mean gain in BMI and
weight within the first 12 weeks of antipsychotic
treatment in previously drug-naive patients older
than 15 years [36]. Predictors of antipsychotic-
induced weight gain are shown in Table 1.

In children and adolescents, second-generation
antipsychotics such as aripiprazole, olanzapine,
quetiapine, and risperidone are used for the treat-
ment of bipolar mania, schizophrenia, irritability,
and aggression associated with autistic disorder.
Evidence has shown a greater orexigenic effect in
this subpopulation than in adults [32]. In fact,
young patients treated with antipsychotics
have an increased risk of being obese or over-
weight [1, 29, 31]. However, long-term data on
this metabolic risk during antipsychotic treatment
are limited. In a systematic review of
randomized, placebo-controlled trials of patients
aged <18 years treated with second-generation
antipsychotic drugs, a similar hierarchy was
found in the risk of weight gain than that observed
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in adult patients [1], whereby clozapine and
olanzapine were associated with the great weight
gain, followed by risperidone, quetiapine,
aripiprazole, and ziprasidone. Finally, it is impor-
tant to consider that despite the differential risk of
weight gain associated with the antipsychotics
seems consistent across adults, adolescents, and
children, the high inter-individual variability in
weight gain among patients treated with a specific
drug suggests that other factors like personal,
familial, or genetic factors can come into play
influencing the degree of weight gain [3, 31,
36]. In fact, allelic variants of CYP-2D6 and
-3A4 were found to alter the metabolic pathways
of antipsychotics [38, 39]. Similarly, allelic vari-
ants of ABCB1 and ABCG2 genes, codifying for
transport proteins belonging to the ATP-binding
cassette superfamily, were found to influence

the plasma concentrations of antipsychotics
[40–42]. In this regard, a pharmacogenetic study
has investigated the impact of allelic variants of
CYP3A, CYP2D6, ABCB1, and ABCG2 genes
on second-generation antipsychotics plasma
concentrations and their association with
the occurrence of adverse drug reactions, finding
no association for the investigated allelic variants
of CYP3A (CYP3A4�22 C> T C_59013445_10,
CYP3A5�3A > G C_26201809_30) and
CYP2D6 (�3 del A C_32407232_50, �6 del T
C_32407243_20, �4 G > A C_27102431_D0,
and assay ID Hs00010001_cn gene duplication),
while the ABCB1 haplotype (G2677 T/A-
C3435T) and the ABCG2 (c.421 C>A) allelic
variants were associated with lower plasma con-
centrations of aripiprazole and risperidone.
Moreover, the ABCG2 c.421 CA/AA functional
variant was found associated with a higher
risk of developing metabolism and nutrition dis-
orders [43]. These results, if confirmed in larger
studies, underline the importance of combining
therapeutic drug monitoring, pharmacogenetic,
and pharmacovigilance methods to tailor the treat-
ment with these drugs in the pediatric population.

The underlying mechanisms involved in
antipsychotic-induced weight gain include
different functional pathways and neurotransmis-
sions [3]. Among them, the histaminergic trans-
mission seems to recover an important role as
histamine H1 receptors are involved in the energy
homeostasis. In fact, the extent of H1 receptor
antagonism of antipsychotic drugs has been iden-
tified as predictor of the magnitude of the weight
gain in clinical studies [44, 45]. Moreover, sero-
tonin 5-HT2a and 5-HT2c receptors can also play
a role in the control of food intake and body
weight. Accordingly, most second-generation
antipsychotics such as clozapine and olanzapine
are potent 5-HT2c antagonists. On the contrary,
although aripiprazole and ziprasidone have a
high affinity for 5-HT2c receptors, they have
shown only a weak association with metabolic
dysregulation. This could be explained by the
influence of other receptors that can potentially
counterbalance the inhibition of 5HT2c receptors
like the partial agonist effect of aripiprazole on
5-HT1a receptors [46]. Another potential

Table 1 Predictors of antipsychotic-induced weight gain

Predictors
Predictors
related to

Family history of obesity Familial
factorsParental BMI

Cannabis use Patients

Young age (children and adolescents)

Sex (mixed evidence)

High levels of negative symptoms
(such as alogia, affective flattening,
avolition)

Lack of cognitive restraint in the
presence of increased appetite

Low BMI (<25 kg/m2)

Non-smoking status

Nonwhite ethnicity

Improved symptom reduction (limited
or inconclusive data)

Psychiatric
illness

First-episode status of psychiatric
illness

Lack of prior antipsychotic treatment

Early weight gain (within the first
2–4 weeks of antipsychotic treatment)

Treatment

Good treatment adherence

High antipsychotic dose

Polypharmacy (limited or inconclusive
data)

Long-term treatment

Specific medications (such as clozapine
and olanzapine, which have a high risk
of metabolic dysregulation)
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mechanism involved in antipsychotic drug-
induced weight gain is the block of dopamine
D2 and D3 receptors as this blockade has been
associated with a strong effect on feeding behav-
ior [3]. This can also explain the effect on weight
observed with antipsychotic agents that interact
exclusively with dopaminergic receptors, such as
amisulpride [32]. Polymorphism of the promoter
region of the 5-HT2C receptor gene has been
associated with antipsychotic-induced weight
gain [47], and polymorphisms of the MTHFR
gene [48] and the D2 receptor gene [49] have
been associated with an increased risk of meta-
bolic syndrome in patients receiving second-gen-
eration antipsychotics. Evidence of the role of
adrenergic α1 and α2 receptors blockade in induc-
ing weight gain or metabolic dysregulation is
instead lacking [31]. Finally, genetic data suggest
a role for G-protein signalling, promelanin-
concentrating hormone signalling, leptin signal-
ling and leptin receptor activity, and cannabinoid
receptor activity in antipsychotic drug-induced
weight gain [3, 50].

Another adverse event associated with antipsy-
chotic drugs is the potential to cause or exacerbate
the metabolic syndrome, which appears with
central obesity, hypertension, dyslipidemia, and
glucose intolerance or insulin resistance.
In general, the risk of developing the metabolic
syndrome is high with clozapine, olanzapine, and
chlorpromazine, moderate with quetiapine,
mild with risperidone, paliperidone, amisulpride,
and sertindole, and low with aripiprazole and
ziprasidone [29, 35, 37, 51, 52]. Among second-
generation antipsychotics, olanzapine and cloza-
pine have been associated with the highest risk of
dyslipidemia whereas risperidone and quetiapine
with an intermediate risk and aripiprazole and
ziprasidone with a low risk of this metabolic
abnormality. Moreover, the risk of dyslipidemia
with olanzapine, clozapine, and quetiapine
was found independent of BMI or in addition
to weight-related effects [3, 53]. In fact,
dyslipidemia should be considered as a separate
and direct adverse event of antipsychotic drugs
other than a consequence of weight gain.
The dyslipidemic adverse effects of clozapine,
olanzapine, and quetiapine display as abnormal

elevations in serum triglyceride levels and as an
increase in total cholesterol, low-density lipopro-
tein (LDL), and non-high-density lipoprotein
(non-HDL) cholesterol levels. The lowest risk
of serum lipid abnormalities has been found
with risperidone [31], although a significant ele-
vation of serum triglyceride levels was observed
in young, antipsychotic-drug-naive patients
[53]. Finally, a neutral effect on lipid levels was
observed with aripiprazole and ziprasidone [3,
53]. The receptors involved in the antipsychotic-
drug-associated dyslipidemia are not completely
understood; however, transcriptional regulators of
lipid and carbohydrate metabolism, peroxisome
proliferator-activated receptors, and the inhibition
of AMP-activated protein kinase activity may
play a relevant role [54, 55].

Clozapine and olanzapine treatment has been
also associated with the dysregulation of glucose
homeostasis (hyperglycemia and insulin resis-
tance), independent of weight gain and adiposity
[33]. Quetiapine has been associated with a mod-
erate risk of hyperglycemia, lower than that asso-
ciated with clozapine or olanzapine but higher
than risperidone. As with dyslipidemia, the
lowest risk of hyperglycemia was observed with
aripiprazole and ziprasidone [35]. Antipsychotics
have also been associated with the risk of devel-
oping type 2 diabetes mellitus [56], with a higher
risk found in patients treated with second-genera-
tion antipsychotics than in those treated with first-
generation drugs [57]. Furthermore, the risk of
diabetes mellitus differs for individual drugs.
In this regard, olanzapine and clozapine, followed
by quetiapine and risperidone, are associated with
a significant increase in the risk of diabetes
mellitus [58–60]. Patients aged 0–24 years seem
to have the highest risk of diabetes mellitus asso-
ciated with antipsychotic drugs [61], although the
incidence rates of diabetes mellitus generally
increase with age. This contradiction seems to be
related to the low risk for diabetes mellitus at a
younger age, which makes the effect of antipsy-
chotic drugs on the glycemic control more notice-
able, whereas at an older age, the effect of other
risk factors can become more pronounced than
that related to the antipsychotic treatment. In
inducing impaired glucose metabolism, a role
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seems to be played by muscarinic M2 and M3
receptors that are expressed on the surface of
pancreatic cells. The affinity of second-generation
antipsychotic agents for these receptors is relevant
as M3 receptors can control insulin release [31,
62, 63]. In fact, some antipsychotics with a high
affinity for the M3 receptor (such as clozapine and
olanzapine) might unbalance both cholinergic-
dependent and glucose-dependent insulin secre-
tion from pancreatic cells promoting glucose
dysregulation and type 2 diabetes mellitus [31].

Finally, all these metabolic abnormalities seen
above have shown a dose-dependent relationship
with the serum concentrations of the second-
generation antipsychotics [46, 64].

Conclusion

Antipsychotic medications have been implicated
in the development of cardiovascular disorders
via direct and indirect effects. These agents are
frequently cited as causing electrocardiographic
adverse events especially QTc prolongation that
rarely may progress in torsades de pointes. In this
regard both FDA and the Italian Medicines
Agency published a warning on the parenteral
use of haloperidol. These agents have also been
directly linked to vascular effects such as
increased or reduced blood pressure. Less clear
is their association with the risk of myocarditis,
myocardial infarction, and cardiomyopathy,
although some evidences have shown this associ-
ation for both first and second generation of anti-
psychotics. On the contrary, several findings
suggest the correlation between antipsychotic
use, both first- (chlorpromazine and thioridazine)
and second-generation (clozapine, olanzapine,
risperidone) antipsychotics, and metabolic side
effects, such as weight gain, impaired glucose
metabolism, and dyslipidemia. The underlying
mechanisms involved in antipsychotic-induced
metabolic effects are strongly related to their
effects on serotoninergic, histaminergic, and
dopaminergic receptors. It’s important to high-
light that this risk can be higher in children and
adolescents. In fact, young patients treated with
antipsychotics have an increased risk of being

obese or overweight. However, long-term data
on this metabolic risk during antipsychotic treat-
ment are limited. Finally, it is important to con-
sider that also genetic factors can influence the
risk and severity of metabolic side effects.
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