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Abstract: Atypical antipsychotics (AAP) are the prevailing form of schizophrenia treatment today
due to their low side effects and superior efficacy. Nevertheless, some issues still need to be addressed.
First, there are still a large number of patients with treatment-resistant schizophrenia (TRS), which has
led to a growing trend to resort to AAP polypharmacy with few side effects. Most clinical treatment
guidelines recommend clozapine monotherapy in TRS, but around one third of schizophrenic
patients fail to respond to clozapine. For these patients, with clozapine-resistant schizophrenia
AAP polypharmacy is a common strategy with a continually growing evidence base. Second,
AAP generally have great risks for developing metabolic syndrome, such as weight gain, abnormality
in glucose, and lipid metabolism. These metabolic side effects have become huge stumbling blocks in
today’s schizophrenia treatment that aims to improve patients’ quality of life as well as symptoms.
The exact reasons why this particular syndrome occurs in patients treated with AAP is as yet unclear
though factors such as interaction of AAP with neurotransmitter receptors, genetic pholymorphisms,
type of AAPs, length of AAP use, and life style of schizophrenic patients that may contribute to its
development. The present article aimed to review the evidence underlying these key issues and
provide the most reasonable interpretations to expand the overall scope of antipsychotics usage.

Keywords: atypical antipsychotics; schizophrenia; polypharmacy; treatment resistance; metabolic
syndrome

1. Introduction

The advent of atypical antipsychotics (AAP) has enabled clinicians to treat schizophrenia with an
increased efficacy and fewer side effects when compared to typical antipsychotics (TAP) [1]. AAP show
a minimal or absent propensity to induce extrapyramidal symptoms at therapeutic dosage, a lower risk
to induce hyperprolactinemia, and a higher efficacy in managing both positive and negative symptoms
in schizophrenic patients. Nevertheless, a few challenges remain to be overcome.

For one, there are still patients with treatment-resistant schizophrenia (TRS), which has led to
a growing trend to resort to AAP polypharmacy, with few side effects [2,3]. This has created a gap
between the treatment guidelines and actual clinical practice, as most clinical treatment guidelines
recommend monotherapy in patients with TRS. The reasons for the antipsychotic monotherapy may
be associated with the fact that TAPs were assumed to have similar mechanism of action and that
combination use of more than two TAPs would offer no benefit over that of monotherapy with the
agents. However, because the newer AAPs have the notable features in their diverse pharmacologic
action and lower adverse event profiles, many clinicians have an interest in using the AAP combination

Int. J. Mol. Sci. 2017, 18, 2174; doi:10.3390/ijms18102174 www.mdpi.com/journal/ijms

http://www.mdpi.com/journal/ijms
http://www.mdpi.com
https://orcid.org/0000-0001-5694-7840
http://dx.doi.org/10.3390/ijms18102174
http://www.mdpi.com/journal/ijms


Int. J. Mol. Sci. 2017, 18, 2174 2 of 16

therapy. Up to the present date, we are in lack of the evidence of the rationale and background of
this practice.

Second, AAP generally have great risks for developing metabolic syndrome, such as weight
gain, abnormality in glucose, and lipid metabolism [4]. The mechanisms of AAP-induced metabolic
syndrome are variable and complex, but much clinical research has shown that AAP may affect body
weight through two prime mechanisms. Increased appetite is probably related to the interaction of
AAP with neuronal receptors to dopamine, serotonin, and histamine. Additional metabolic disruption
may be related to the effects of AAP-induced insulin sensitivity. Patients with schizophrenia are not
only at risk of diabetes mellitus (DM), but also taking AAP further increases the chance of developing
non-insulin-dependent hyperglycemia. These metabolic adverse effects are often associated with
non-compliance and medical problems.

Third, it is unclear whether AAP may directly decrease suicidality in schizophrenic patients.
Clozapine is the only AAP that gathered evidence as an effective treatment for reducing suicidality
in schizophrenia. However, there is still a lack of research to determine as to whether clozapine can
directly reduce suicide because of its antidepressant effect, or whether other pharmacologic factors
might be involved.

The aim of this study was to review the evidence supporting the discussion points for the two key
antipsychotics issues—polypharmacy and metabolic disorder—and to provide the most reasonable
interpretations so as to broaden the overall scope of atypical antipsychotics usage. These two topics
are not new, but are so important in the treatment of schizophrenia, that integrated and organized
knowledge must be constantly updated.

2. Methods

The source of literature was the electronic database MEDLINE via PubMed (1990–2017). The initial
search strategy included the use of a combination of the following thesaurus terms: [atypical
antipsychotics/second generation antipsychotics] AND [polypharmacy/combination/metabolic
syndrome]. The inclusion criteria included: (i) original articles examining atypical antipsychotics
mechanisms in the human subjects; (ii) “Practice Guidelines” for the “Type of Article” was searched
from the “Systemic Review” published by PubMed; (iii) articles written in English. The exclusion
criteria included: (i) letters to editors and editorials without data; and, (ii) studies outside the time
window. Based on the inclusion and exclusion criteria, we reviewed the titles of all of the citations and
retrieved relevant abstracts for more detailed evaluation. When there was uncertainty, we studied the
full article. We also hand-searched the reference list of relevant studies and reviews to aid identification
of further studies. We identified 540 references and 76 were included in this review.

3. Antipsychotic Polypharmacy

3.1. Reasons Behind the Clinical Use of Antipsychotic Polypharmacy

In this article, antipsychotic monotherapy is defined as the use of one antipsychotic for a patient,
and antipsychotic polypharmacy is defined as the concurrent use of two or more antipsychotics.

The first reason for using antipsychotic polypharmacy is to treat treatment-resistant schizophrenic
patients who did not respond to monotherapy [5]. Clozapine may be used in cases in where antipsychotics
treatment failed to produce adequate effects. However, in 1/3–1/5 of the cases, clozapine is ceased due to
side effects, or positive symptoms are not remitted even after taking an adequate dose [6]. Polypharmacy
is an additional treatment option for such treatment-resistant patients.

Second, antipsychotic polypharmacy may be chosen to induce a rapid drug action for patients
exhibiting aggression and violence. Violent behaviors and nervousness may be controlled by using
TAP in patients being treated with AAP before the onset of action [7,8]. The fact that a high prevalence
of polypharmacy is associated with patient young age, mania, and severe aggression, and that
polypharmacy is more commonly used for inpatients or detained patients than for outpatients implies
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that polypharmacy is used to control acute violent behaviors or nervousness [9]. Among psychiatric
inpatients, patients treated with antipsychotic polypharmacy were more frequently diagnosed with
schizophrenia and mental retardation as a comorbid illness [10].

Third, polypharmacy is used to reduce the adverse effects resulting from possible overdose of one
type of antipsychotic [2,3]. The fact that antipsychotic side effects may be related more to the total dose
used in one patient than to the use of polypharmacy suggests that polypharmacy may reduce side
effects [11]. Side effects may also be curtailed by using antipsychotics’ affinity for specific receptors.
For example, polypharmacy involving aripiprazole, a partial dopamine receptor agonist, may improve
plasma prolactin levels [12,13] and metabolic markers [14,15], while reducing side effects, such as
somnolence and hypersomnia [16,17].

Fourth, polypharmacy may be chosen to control other symptoms in addition to psychotic
symptoms. Quetiapine is one of the most popular antipsychotics used in polypharmacy. Researchers
have determined that it has been used to reduce insomnia and anxiety [18]. Finally, two types of
antipsychotics may be temporally used in combination when replacing an antipsychotic with another
antipsychotic for failing to achieve the desired outcomes with the first drug.

3.2. Biological Grounds for Antipsychotic Polypharmacy

The most frequently mentioned evidence for antipsychotic polypharmacy is that it increases
dopamine receptor occupancy. All of the approved antipsychotics thus far are dopamine receptor
blockers with an efficacy comparable to their affinities for D2 receptors [19,20]. Considering this,
the clinical efficacy of antipsychotics may be intensified by increasing D2 receptor blockade in striatum
via antipsychotic polypharmacy. A positron emission tomography study reported that more than
60–80% of D2 receptors must be bound for antipsychotics to be effective clinically [21]. Hence,
using risperidone with clozapine or quetiapine, which have low affinity at D2 receptors, may increase
D2 receptor occupancy [22].

Second, antipsychotic polypharmacy simultaneously blocks or activates several receptors other
than the dopamine receptors. For example, although risperidone or ziprasidone monotherapy
produces adequate blockade of D2 or 5-HT2 receptors, it does not block adrenergic, muscarinic,
and histaminic receptors as effectively; this can be compensated by adding quetiapine or olanzapine
to the treatment [11]. As ziprasidone, an agonist of 5-HT1A and D1 receptors, has been confirmed to
have antidepressant effects by inhibiting serotonin reuptake, combining it with other antipsychotics
would yield additional benefits [23]. Furthermore, aripiprazole, a partial agonist of dopamine, may
improve hyperprolactinemia caused by other antipsychotics that block D2 receptors [12].

Third, antipsychotics that are used in combination may mutually influence one another’s
metabolism, altering their concentrations in the blood and eventually changing the effects of the
medications. Cytochrome P450 enzymes are involved in the metabolism of most antipsychotics [24].
Fluvoxamine or carbamazepine acts as an antagonist or an agonist of the cytochrome P450 enzymes;
hence, when taken in combination with other drugs, it can alter their metabolic rates [24,25]. Combining
a phenothiazine derivative TAP—thioridazine—may also alter the concentrations of drugs with
its antagonistic effects on CYP2D6, an enzyme involved in the metabolism of risperidone and
aripiprazole [26]. Most AAPs that are currently in use do not affect CYP450 enzyme activation [24].
However, the metabolic processes of drugs in the human body are not completely predictable, and there
have been reports that using clozapine with risperidone increased clozapine concentration [27]. Further,
there have been cases in which adding thioridazine, which has antagonistic effects on CYP2D6, to the
treatment of patients taking quetiapine, which is metabolized via CYP3A4, activated an unknown
metabolic pathway and increased quetiapine clearance by 68% [28]. Hence, such pharmacokinetic
changes may serve as the grounds for polypharmacy, given that antipsychotic polypharmacy could
potentially alter drug metabolic processes.
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3.3. Clinical Grounds for Antipsychotic Polypharmacy

3.3.1. Treatment Resistance in Schizophrenia and Antipsychotics

Only clozapine has demonstrated conclusive favorable evidence in the pharmacological treatment
of TRS, which has been consistently reflected in nearly all clinical guidelines [29,30]. Despite great
evidence of clozapine in treatment of TRS, clozapine has been underutilized in clinical practice
worldwide, and its use has been found to be lower than recommended. Clinician and Patient’s concern
over serious side effects such as agranulocytosis or seizures, and feel burdened with continuous
laboratory monitoring [31]. However, clinicians should follow their own professional guidelines and
prevent their patients from exposing ineffective and dangerous antipsychotic polypharmacy. In a recent
review, antipsychotic polypharmacy was found to be superior to monotherapy in symptom reduction,
but this superiority was only apparent not in double blind or placebo-controlled (high-quality) trials
but in open-label or retrospective (low-quality) trials [32]. Therefore, clozapine monotherapy should
be considered first, rather than antipsychotic polypharmacy in the patients with TRS.

Around one third of schizophrenic patients fail to respond to clozapine [6]. These patients are
known to have clozapine-resistant or ultra-treatment resistance schizophrenia. For such patients,
antipsychotic polypharmacy is a common strategy with a continually growing evidence base [2,3].
In this case, the antipsychotic polypharmacy can be considered in treatment of TRS. Current knowledge
about these antipsychotic polypharmacy strategies does not support an evidence based treatment
algorithm, but it can be carefully considered based on symptom profile and side effect profile of
the patient.

3.3.2. Antipsychotic Polypharmacy with Clozapine

Several randomized controlled trials (RCTs) have been undertaken to examine the effects
of combining clozapine with other antipsychotics, namely risperidone [33–36], sulpiride [37],
amisulpride [38,39], and aripiprazole [40,41].

Though RCT evidence is lacking, the clinically most preferred combination of clozapine and
risperidone has been suggested as an empirically efficacious treatment regimen [29,30]. Four RCTs
that compared the effects of combining clozapine and risperidone showed equivocal results (Table 1).
One study reported that risperidone polypharmacy was more efficacious for positive and negative
symptoms than clozapine monotherapy [33], and one study showed that polypharmacy was only
partially more effective for one of the sub-categories of positive symptoms (disorganized thought) [34].
One study suggested that clozapine monotherapy was more effective [35], and the remaining study
found no differences in the efficacy of the two therapies [36]. Although a few other open trial
studies have been conducted, their results also conflicted [42–44], adding to the ongoing debate on
understanding differences in efficacy between monotherapy and polypharmacy.

Table 2 shows RCTs of clozapine, combined with sulpiride, amisulpride, quetiapine,
and aripiprazole. An RCT that investigated combining clozapine with sulpiride reported that
positive and negative symptoms were significantly improved [37], while another study suggested that
combining clozapine with amisulpride was more efficacious than combining it with quetiapine [38].
An RCT of clozapine combination with amisulpride (600 mg/day) showed that psychiatric symptoms
were not reduced but the scores of global assessment function, clinical global impression and depression
rating scale were improved [39]. Two RCTs studied the efficacy of clozapine and aripiprazole
polypharmacy, but the medications failed to improve psychotic symptoms in both studies [40,41].
However, the same study found that the side effects caused by clozapine were controlled and reported
that plasma prolactin and triglyceride levels were improved [40,41]. Moreover, while aripiprazole
polypharmacy did not lead to symptom improvement, clinical global impression was improved,
and body weight, body mass index (BMI), and cholesterol levels decreased [41]. A few other open trial
studies have shown that the combination of clozapine and aripiprazole reduced not only metabolic
markers, but also some side effects, including somnolence and hypersomnia [16,17].
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Table 1. Summary of randomized controlled studies of clozapine combined with risperidone.

Study Patients Dose and Duration Results Adverse Effect

Josiassen et al. [33] SPR
no or partial response to CZP; n = 40

Double-blind; 12 weeks;
CZP (mean 529 mg/d) +

RIS up to 6 mg/d (n = 20) vs.
CZP (mean 403 mg/d) +

PLC (n = 20)

Significantly greater reduction
with CZP + RIS than CZP +

PLC on BPRS

Freudenreich et al. [34] SPR
partial response to CZP; n = 24

Double-blind; 6 weeks;
CZP + RIS 4 mg/d (n = 12) vs.

CZP + PLC (n = 12)

No significant differences in
PANSS total score, although
significant improvement in

subscale “thought
disorganization” under RIS

Anil Yagcioglu et al. [35] SPR
partial response to CZP; n = 30

Double-blind; 6 weeks;
CZP (mean 516 mg/d) +

RIS up to 6 mg/d (n = 16) vs.
CZP (mean 414 mg/d) + PLC (n = 14)

Significant improvement in
PANSS positive subscale and
single cognitive functions in

the PLC group

Under RIS significantly more
sedation and prolactin increase

Honer et al. [36] SPR
poor response to CZP; n = 68

Double-blind; 8 weeks;
CZP (mean 494 mg/d) +

RIS up to 3 mg/d (n = 34) vs.
CZP (mean 487 mg/d) + PLC (n = 34)

No differences in PANSS
between the groups, significant
slight improvement in verbal
working memory under PLC

Significant slight increase in
fasting glucose level in the

RIS group

SPR: schizophrenia, CZP: clozapine, RIS: risperidone, PLC: placebo, BPRS: Brief Psychiatric Rating Scale, PANSS: Positive and Negative Syndrome Scale.
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Table 2. Summary of randomized controlled studies of clozapine combined with sulpiride, amisulpride, quetiapine, and aripiprazole.

Study Patients Dose and Duration Results Adverse Effect

Shiloh et al. [37] SPR partial response to CZP; n = 28

Double-blind; 10 weeks;
CZP (mean 425 mg/d) + PLC (n = 12) vs.

CZP (mean 425 mg/d) +
SUL 600 mg/d (n = 16)

Significant improvement in
BPRS total score, SAPS, SANS

under the combination, together

Significant prolactin increase,
worsening of the pre-existing

tardive dyskinesia in one
patient

Genç et al. [38] SPR partial response to CZP; n = 56
Single-blind; 8 weeks;

CZP + AMI up to 800 mg/d (n = 28) vs.
CZP + QUE up to 900 mg/d (n = 28)

Significant improvement in
BPRS, SAPS, SANS, CGI under

combination with AMI

Assion et al. [39] SPR partial response to CZP; n = 16

Double-blind; 6 weeks;
CZP + AMI 400 mg/d (n = 7) vs.
CZP + AMI 600 mg/d (n = 6) vs.

CZP + PLC (n = 3)

Significant improvement in
GAF, CGI and MADRS under

combination with AMI 600 mg,
no reduction in BPRS total score

Tremor, bradykinesia, akathisia
and elevated prolactin levels

were recorded

Chang et al. [40] SPR
no or partial response to CZP; n = 62

double-blind; 8 weeks;
CZP (mean 290.6 mg/d) + PLC (n = 32) vs.

CZP (mean 304.3 mg/d) + ARP (n = 29)

No significant differences in
BPRS total score, significant

improvement BPRS, negative
symptom subscale, SANS total
score; prolactin and triglyceride
levels were significantly lower

in the ARP

Fleischhacker et al. [41]
SPR

Partial response to CZP,
weight gain ≥ 2.5 kg; n = 207

double-blind; 16 weeks;
CLZ (mean 363 mg/d) + PLC (n = 99) vs.

CZP (384 mg/d) + ARP (n = 108)

No significant differences in
PANSS significant weight loss,
BMI, waist circumference, LDL

cholesterol reduction

SPR: schizophrenia, CZP: clozapine, SUL: sulpiride, AMI: amisulpride, ARP: aripiprazole, QUE: quetiapine, PLC: placebo, BPRS: Brief Psychiatric Rating Scale, PANSS: Positive and
Negative Syndrome Scale, SAPS: Scale for the Assessment of Positive Symptoms, SANS: Scale for the Assessment of Negative Symptoms, CGI: Clinical Global Impression, GAF: Global
Assessment Function, MADRS: Montgomery-Asberg Depression Rating Scale, BMI: body mass index, LDL: low density lipoprotein.
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3.3.3. Antipsychotic Polypharmacy without Clozapine

Thus far, there is a lack of reliable studies verifying the efficacy of antipsychotic polypharmacy
without clozapine on patients with TRS [32]. Combinations of olanzapine plus risperidone, quetiapine
plus risperidone, and olanzapine plus amisulpride were frequently used, and some studies showed
positive outcomes while other studies suggested the need for additional studies to substantiate
the efficacy of antipsychotic polypharmacy without clozapine [45]. Most studies on the use of
combination of non-clozapine antipsychotics were open label and low-quality trials, and not double
blind and high-quality trials, and have shown equivocal results [32]. Some studies have reported
that polypharmacy without clozapine was effective for reducing the side effects of antipsychotics
or controlling symptoms other than psychotic symptoms such as metabolic adverse effect and
hyperprolactinemia [32,45].

3.4. Hazards Associated with Antipsychotic Polypharmacy

The first reason underlying the heavy precautions for antipsychotic polypharmacy use is that it
eliminates AAP atypicality and may eventually increase adverse effects. Many clinical trials studying
the side effects of polypharmacy have associated polypharmacy with increased incidence of side
effects, although most have been uncontrolled studies or observational studies [46,47]. Polypharmacy
increases the risk for extrapyramidal syndrome and elevation of plasma prolactin concentration [48].
Furthermore, anticholinergics were frequently used for patients who underwent polypharmacy [49].
There have been reports that plasma prolactin concentrations are elevated by polypharmacy not only
in the cases involving risperidone [35] or sulpiride [37], both of which have high binding power
at dopamine receptors, but also in cases involving drugs that do not have a great effect on plasma
prolactin levels, such as quetiapine or olanzapine [50].

Antipsychotic polypharmacy has also been implicated in high patient mortality. Schizophrenic
patients show high mortality compared to the general population, primarily owing to poor dietary
habits, high substance-related disorder and suicide [51]. Moreover, polypharmacy increases the
prevalence of cardiovascular diseases and metabolic syndromes, such as weight gain and diabetes [46],
further reducing the survival rate of schizophrenic patients. A 10-year follow-up of schizophrenic
patients confirmed that polypharmacy is associated with increased mortality, and a study suggested
that increasing the number of prescribed antipsychotics was associated with a higher mortality [52].
However, some large cohort studies have also suggested that antipsychotic polypharmacy was not
associated with mortality [53]. Although the existing results on the association between polypharmacy
and mortality are conflicting, reports that AAP may increase metabolic disorders are relatively
consistent. Thus, polypharmacy should be chosen prudently for patients with cardiovascular disease
and metabolic syndrome. Finally, the increased medical costs and financial burden on patients should
also be considered when choosing antipsychotic polypharmacy [3].

4. Antipsychotics and Metabolic Syndrome

4.1. Mechanisms of Weight Gain and Obesity Associated with Atypical Antipsychotics

Recent studies [54,55] have hypothesized that weight gain caused by antipsychotics was a result
of interactions between the antipsychotics and a variety of neurotransmitter receptors, including
serotonin 5-HT2A and 5-HT2C receptors, histamine H1 receptor, adrenaline α1 and α2 receptors, and
muscarinic M3 receptors (Table 3). A recent study investigated the affinities of 17 TAPs and AAPs
for 12 neurotransmitter receptors in order to identify the receptors related to weight gain. Affinities
for H1 histamine, α1a, 5-HT2c, and 5-HT6 were significantly associated with weight gain, while the
remaining eight receptors were not [55]. Among these, 5-HT2C and leptin were speculated to be
intimately involved in the mechanism of weight gain induced by antipsychotics. Previous studies
have shown that 5-HT2C receptor antagonism and weight gain were closely related, and that a genetic
polymorphism at the 5-HT2C receptor promotion site was strongly associated with weight gain in
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first-onset schizophrenic patients [56,57]. Furthermore, antipsychotic-induced weight gain was also
associated with genetic polymorphisms in the leptin gene [58].

Table 3. Receptors related to metabolic abnormalities.

Metabolic Syndrome Receptor Activity

H1 H3 5-HT1A 5HT-2C M3 D2 PPARS
Weight gain (−) (+) (−) (−) (−)

Glucose dysregulation (−) (−) (−)
Dyslipidemia (−)

(+): Agonism, (−): Antagonism, PPARs: Peroxisome proliferator-activated receptors.

Leptin is an anorectic hormone that controls food intake, and it is possible that antipsychotics
affect the expression of the leptin gene, inducing weight gain [57]. Clozapine [58] or olanzapine [59]
significantly increase plasma leptin concentrations, which is speculated to be due to drug-induced
increase of peripheral fat storage that leads to increased leptin release in fat tissues. Some argue
that antipsychotics induce increased leptin concentrations by disrupting the leptin pathway in the
hypothalamus, thus weakening leptin sensitivity [60].

Weight gain varies depending on the type of antipsychotics and length of use [54]. It most typically
occurs within the first 12 weeks of treatment, and being underweight at initial treatment is the greatest
risk factor for weight gain [61]. The degree of weight gain and antipsychotics dose are generally
presumed to be correlated, and many studies have found that weight increased in a dose-dependent
manner [62]. However, the correlation between antipsychotic dosage and degree of weight gain is
complex, as weight gain is more influenced by schizophrenia symptom severity than antipsychotic
therapy [63].

4.2. Mechanisms of Hyperglycemia and Diabetes Mellitus Associated with Atypical Antipsychotics

A retrospective study reported that the prevalence of DM in schizophrenic patients was about
20%, a rate threefold higher than that seen in the general population, and that there was no significant
difference in DM incidence between TAP and AAP [64]. The risk for DM varies across the types of
drugs involved; olanzapine and clozapine are associated with the highest risks for DM, risperidone,
and quetiapine with relatively low risks, while amisulpride, ziprasidone, and aripiprazole, have not
been reported to increase the risk for DM [4]. In a 5-year follow-up study of patients using clozapine,
30 out of 82 patients (36.6%) developed DM. Although weight gain contributed to the development of
DM in many of the cases, some patients developed DM regardless of weight gain [65]. As shown in
this study, DM may develop without a change in body weight, indicating that drug-induced increase
of fat is not necessarily a prerequisite for an increase in blood sugar [66].

Although weight gain is not an essential precedent of DM, glucose intolerance is certainly
closely linked to weight gain. As antipsychotics induce weight gain to different degrees, it may be
assumed that changes in blood sugar control during antipsychotic treatment are entirely secondary
to an increase in fat. AAP increases fat within the body via its antagonistic effect on serotonin
receptors [56]. An increase in abdominal fat may contribute to hyperglycemia by reducing insulin
sensitivity in skeletal muscles [67]. In addition, AAP’s antagonistic action on 5-HT1A receptors among
other serotonin receptors seems to reduce the reactivity of pancreatic β cells to blood sugar and
impair glucose metabolism [68]. AAP also decreases insulin-sensitive glucose transporters (GLUT)
and diminishes GLUT’s ability to migrate to cellular membranes from microsomes [69,70]. Prolonged
exposure to high concentrations of sugar and insulin inhibits the translocation of GLUT, thereby
diminishing insulin’s ability to transport glucose [71].

In addition to serotonin receptor antagonism and weight gain, changes in the functions of H1
receptors may also contribute to the development of glucose intolerance during the use of AAPs.
Abnormalities in H1 receptors disrupt the anorectic effects of leptin, which leads to weight gain
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and insulin resistance [72]. Antipsychotics associated with the greatest weight gain (e.g., clozapine
and olanzapine) show high affinities for H1 receptors, while those associated with little weight gain
(e.g., haloperidol and sertindole) show low affinities for H1 receptors [73]. Injecting leptin into
the brain of a mouse markedly decreased food intake and body weight, but such effects were not
manifested in mice with H1 receptor deficiency [74]. These results imply that an interaction with
the H1 receptor-mediating pathway is crucial for leptin to be effective in satiety control and energy
consumption. Moreover, some argue that the binding power of antipsychotics to M3 receptors is an
important predictor of DM, which is supported by the high expression of M3 receptors in pancreatic
beta cells that play a critical role in insulin control [75].

Diabetic ketoacidosis is a serious acute complication of DM with a mortality of about 2–20% [76].
Multiple cases of diabetic ketoacidosis during treatment with clozapine and olanzapine have been
reported, and some cases have occurred during treatment with risperidone and quetiapine [77].

4.3. Atypical Antipsychotics and Dyslipidemia

Schizophrenic patients have heightened risks for dyslipidemia or hyperlipidemia, and this
is related to the schizophrenic patients’ poor dietary and lifestyle habits [78]. Furthermore,
dyslipidemia may be exacerbated by particular antipsychotics. In a recent study, clozapine,
olanzapine, and quetiapine were reported to increase blood triglyceride and total cholesterol levels,
while risperidone and aripiprazole had little or no effect on blood lipids [79]. The specific receptors
that play a role in altering lipid metabolism are yet to be identified, but transcription regulatory factors
for lipid and carbohydrate metabolism called peroxisome proliferator-activated receptors are thought
to be involved [80].

4.4. Metabolic Syndrome According to the Type of Atypical Antipsychotic

Olanzapine has been shown to have the greatest effects on weight gain, glucose intolerance,
and lipid abnormality as compared to other antipsychotics. In one meta-analysis, the predicted
average weight gain after a 10-week treatment was 1.67 kg for risperidone and 4.17 kg for olanzapine,
and the proportion of patients who gained weight by more than 7% (cutoff for clinically meaningful
weight gain) was higher in the olanzapine group [54]. Multiple studies have consistently reported
that olanzapine is associated with glucose intolerance, and olanzapine has also been implicated in
increased insulin levels and diabetic ketoacidosis [81,82]. Patients who were treated with perphenazine,
quetiapine, risperidone, or ziprasidone showed lower glycosylated hemoglobin and low glucose levels
when compared to those who were treated with olanzapine [83]. Further, olanzapine increased
the accumulation of body fat, which in turn was associated with dyslipidemia, such as increased
triglyceride [81].

The prevalence of metabolic syndrome was significantly higher among patients who took
clozapine than among the general population. However, it was difficult to compare this to patients
taking other antipsychotics due to the lack of data revealing the prevalence of morbidities in association
with particular antipsychotics [84]. In a study on 242 patients taking clozapine who developed
DM for the first time, most patients were found to have developed DM within the first six months
of treatment [85]. However, patients without DM risk factors were diagnosed with DM between
10–27 months after the initiation of antipsychotic regimens. Thus, the presence of DM risk factors was
presumed important to determine the specific onset of DM in relation to AAP.

Treatment with clozapine and olanzapine itself may induce insulin resistance in schizophrenic
patients regardless of weight gain. In fact, some patients have shown signs of insulin resistance
even without gaining weight [86]. Rapid onset of DM and loss of hyperglycemia after cessation of
medications are particularly more prominent in cases involving olanzapine and clozapine. Meanwhile,
a study that examined the effects of various antipsychotics on insulin secretion reported that clozapine
stimulated insulin release by pancreatic beta cells while olanzapine did not significantly increase
insulin secretion [87].
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There was a report that 10-week administration of risperidone led to an average of 1.67 kg
of weight gain [88]. However, after an 8-week treatment with risperidone, clozapine, olanzapine,
or sulpiride, risperidone was the only drug that did not result in significant increases in BMI and waist
hip ratio (WHR) [89]. It has been reported that risperidone tends to lower cholesterol and triglyceride
levels [90]. In conclusion, weight gain may also be a problem with the use of risperidone, but compared
to olanzapine and clozapine, risperidone seems to have less effect on lipid metabolism.

About 50% of the patients who took quetiapine gained weight by more than 7%, while more than
80% in the olanzapine group and 58% in the risperidone group gained weight by more than 7% [91].
Quetiapine induced a smaller weight and BMI gain in female patients than in male patients [91].
Recent studies have associated clozapine, olanzapine, and quetiapine, with increased total cholesterol
and triglyceride levels, but quetiapine has been found to have weaker associations when compared to
clozapine and olanzapine [83].

Recent studies assert that aripiprazole is safer than other drugs in terms of metabolic
syndrome [92]. In addition, as compared to other AAPs, aripiprazole has been suggested to have
benefits in changes in metabolic parameters [15]. A retrospective study found that switching to
aripiprazole from another AAP led to a significant decrease in total cholesterol and body weight [15].
When considering the above studies, aripiprazole may be preferentially chosen for patients carrying
risk factors for metabolic disorders. Further, replacing the treatment regimen with aripiprazole may be
an option for patients who have developed metabolic side effects from AAPs. However, one study
suggested that merely replacing an original drug with aripiprazole did not improve metabolic
abnormalities in patients who had already developed metabolic abnormalities due to AAPs, such as
weight gain [93,94]. Thus, instead of resorting to a monotherapy strategy of changing an original drug
to aripiprazole, a combined therapy that includes exercise, limited calorie intake, and improvement
of dietary habits should be performed to acquire maximum benefits. During aripiprazole treatment,
an oral glucose tolerance test showed reductions in glucose and insulin levels. After a three-month
treatment with aripiprazole, total cholesterol, triglyceride, and low-density lipoprotein cholesterol
levels dropped, but high-density lipoprotein cholesterol levels remained unchanged [94]. Ziprasidone
seems to have no effect on weight gain but lowers cholesterol and triglycerides without altering glucose
utilization [95].

5. Further Considerations

Atypical Antipsychotics and Suicidality

Despite the emergence of AAP, suicide rates for schizophrenic patients are still high. Another
important therapeutic purpose in using AAP in schizophrenic patients is to prevent suicide. Patient’s
insight, which is a factor that protects from relapses and recurrences, has been considered a major
factor for suicide in schizophrenia [96]. Gradual gains in insight brought by successful AAP treatment
may decrease suicidal risk [96,97]. However, it is unclear whether most atypical antipsychotics
are directly effective in preventing suicide [98]. Clozapine is the only AAP that gathered evidence
as an effective treatment for reducing suicide risk in patients with schizophrenia [99]. It has been
reported that clozapine has an antidepressant properties on its own [100]. Further studies will be
required to determine whether there is a direct pharmacologic link between antidepressant effect and
reduced suicide rates in schizophrenia for clozapine, or whether other pharmacologic factors might
be involved. Additional researches are also required to confirm if there are substantial reductions
in suicide rates when newer AAPs are given to patients with schizophrenia. The AAP are actually
a heterogeneous group of agents, and they may show different antidepressant or anti-suicide properties
in ways that have by no means yet been fully investigated, and the related mechanisms remain to be
definitively explicated.
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6. Conclusions and Future Directions

Despite the passive attitudes maintained in clinical treatment guidelines, antipsychotics
polypharmacy is used quite frequently in the clinical setting. In many cases, clinicians choose
polypharmacy to control the symptoms of treatment-resistant schizophrenic patients or the side effects
that occur as a result of using antipsychotic monotherapy. Theoretical grounds for polypharmacy
include the fact that polypharmacy can alter the activation of various receptors, including D2
receptors, and that it can induce pharmacokinetic changes. Some RCTs have reported that when
combining clozapine with risperidone, sulpiride, or amisulpride, was effective in clozapine-resistant
patients, and that aripiprazole polypharmacy may reduce the incidence of hyperprolactinemia or
metabolic side effects. However, there are also reports that polypharmacy increases the prevalence
of dose-dependent side effects and metabolic side effects, and that it is related to increased mortality.
Thus, patients’ past medication history should be meticulously reviewed to determine the need
to use antipsychotic polypharmacy, and if needed, clear goals should be set to use antipsychotic
polypharmacy appropriately.

AAP is safer than TAP in terms of side effects, but it can cause metabolic syndrome, including
weight gain, glucose intolerance, and dyslipidemia. Antipsychotics are believed to have great effects
on weight gain according to their binding to serotoninergic (5-HT2C, 5-HT2A, and 5-HT1A) and
histaminergic (H1 and H2) receptors. Olanzapine and clozapine were associated with higher prevalence
of weight gain and glucose intolerance as compared to other AAPs, while aripiprazole and ziprasidone
have been reported to be associated with little or no metabolic syndrome. Predicting and preventing
the development of metabolic abnormalities in patients using AAP are important. Careful monitoring
of serum glucose, cholesterol level, and weight gain are the most important things to prevent AAP
related metabolic syndrome. Future studies should develop specific treatment strategies to control
metabolic abnormalities and identify the mechanisms of metabolic side effects and related receptors.
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