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Abstract

Background: The present study aimed to evaluate cardiometabolic risks [weight gain, blood lipid levels (total cholesterol
and triglycerides), blood glucose levels, hemoglobin A;. (HbA;.) levels, and corrected QT interval (QTc) prolongation]
associated with the use of blonanserin and perospirone versus other antipsychotics in the management of patients with
schizophrenia.

Method: We conducted a systematic review and meta-analysis of patient data from randomized controlled trials comparing
blonanserin or perospirone with other antipsychotics.

Results: In total, 4 blonanserin studies (n =1080) were identified [vs. risperidone (2 studies, n=508); vs. haloperidol (2
studies, n=572)]. Blonanserin produced less weight gain compared with risperidone (weighted mean difference = —0.86,
95% confidence intervals=—1.36 to —0.36, p=0.0008; 2 studies, 480 patients). However, no significant differences were
observed in blood lipid, glucose, and HbA; . levels or QTc prolongation between blonanserin and risperidone or haloperidol.
For perospirone studies, 5 studies [562 adult patients with schizophrenia randomized to perospirone (n=256), olanzapine
(n=20), quetiapine (n=28), risperidone (n=53), aripiprazole (n=49), haloperidol (n=75), or mosapramine (n=381)] were
identified. Perospirone did not differ from other antipsychotics with regard to weight gain and total cholesterol levels.

Conclusions: Our results suggest that blonanserin is associated with a lower of weight gain compared with other
antipsychotics. Because the number of studies was small, additional controlled clinical trials with larger number of patients
are indicated.
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Introduction

Second-generation or atypical antipsychotics (SGAs) have been
reported to be more efficacious (particularly for negative
symptoms) and associated with a lower risk of extrapyramidal
symptoms and hyperprolactinemia compared with first-generation
or typical antipsychotics (FGAs) [1]. In fact, a meta-analysis of
schizophrenia treatment studies revealed that clozapine, olanza-
pine, and risperidone were superior to pooled FGAs in the
improvement of overall symptoms [clozapine: standardized mean
difference (SMD) = —0.52, 95% confidence interval (CI)=—0.75
to —0.29; olanzapine: SMD = —0.28, 95% CI=—0.38 to —0.18;
risperidone: SMD = —0.13, 95% CI=-0.22 to 0.05] [1].
However, SGAs were reported to have higher metabolic risks,
including weight gain, compared with FGAs [l]. Moreover,
another meta-analysis of schizophrenia treatment studies reported
that there were the differences in efficacy and safety, including
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metabolic risks and extrapyramidal symptoms, among SGAs [2—
4]. For example, olanzapine was superior to aripiprazole
(SMD =-0.22, 95% CI=-0.33 to —0.12) and sertindole
(SMD =—-0.23, 95% CI=-0.43 to —0.03) in overall efficacy
[2]. However, olanzapine and clozapine have been demonstrated
to have a higher risk of metabolic abnormalities compared with
other SGAs [3]. For example, olanzapine revealed a higher risk of
weight gain compared with amisulpride (SMD =0.52, 95% CI
=0.19 to 0.85), aripiprazole (SMD =0.63, 95% CI =0.34 to
0.92), asenapine (SMD =0.43, 95% CI =0.30 to 0.56),
lurasidone (SMD =0.97, 95% CI =0.74 to 1.20), paliperidone
(SMD =0.25, 95% CI =0.12 to 0.39) and risperidone (SMD
=043, 95% CI =0.26 to 0.60) [3]. On the other hand,
risperidone was associated with the need for more use of
antiparkinson medication compared with clozapine [relative risk
(RR) =2.57, number needed to harm (NNH) =6], olanzapine
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(RR =1.28, NNH =17), quetiapine (RR =1.98, NNH =20),
and ziprasidone (RR =1.42, NNH =17) [4]. When comparing
antipsychotics (regarding overall symptoms as efficacy and weight
gain as safety), because the effect size of efficacy is smaller than
that of safety such as weight gain, several guidelines for the
management of schizophrenia have recommended that the safer
antipsychotic should be used for patients with schizophrenia.

Recently, we published 2 meta-analyses of schizophrenia; 1 of
them was a meta-analysis of blonanserin regarding efficacy and
safety in schizophrenia [5]. The article reported following 2
primary results: (1) although blonanserin exhibits similar effects as
risperidone and haloperidol with respect to the overall psychopa-
thology of schizophrenia, blonanserin has more beneficial effects
on negative symptoms compared with haloperidol; (2) blonanserin
has a lower risk of hyperprolactinemia compared with other
pooled antipsychotics. Although dizziness and akathisia occur
significantly less often with blonanserin than with haloperidol,
blonanserin has a higher risk of akathisia than risperidone. The
second article was a meta-analysis regarding efficacy and safety of
perospirone in schizophrenia [6]; the article reported following 3
primary results: (1) although perospirone did not differ from other
pooled antipsychotics regarding the reduction in Positive and
Negative Syndrome Scale (PANSS) negative and general subscale
scores or regarding discontinuation because of any cause,
mnefficacy, and side effects, perospirone was inferior to other
pooled antipsychotics in the reduction of PANSS total scores and
positive subscale scores; (2) perospirone was superior to haloper-
idol in the reduction of PANSS negative subscale scores; (3)
perospirone had lower scores related to extrapyramidal symptoms
compared with other pooled antipsychotics. However, because we
did not acquire available data with regard to cardiometabolic risks
for meta-analyses in our previous articles, we did not perform
meta-analyses addressing cardiometabolic risks of blonanserin and
perospirone in patients with schizophrenia in our previous articles
[5,6]. The present study aimed to evaluate cardiometabolic risks
[weight gain, blood lipid levels (total cholesterol and triglycerides),
blood glucose levels, hemoglobin Alc (HbAlc) levels, and
corrected QT interval (Q'T'c¢) prolongation] associated with the
use of blonanserin and perospirone versus other antipsychotics in
the management of patients with schizophrenia.

Materials and Methods

Inclusion Criteria and Search Strategy, Data Extraction,
and Outcomes

We selected only randomized controlled trials (RC'Ts) using
blonanserin or perospirone therapy in patients with schizophrenia.
This meta-analysis was performed according to guidelines of
preferred reporting items for systematic reviews and meta-analyses
(PRISMA, 2009) [7]. We performed a systematic literature review
according to the PICO strategy (Patients: schizophrenia, Inter-
vention: blonanserin or perospirone, Comparator: other antipsy-
chotics, and Outcome: cardiometabolic risks). We included open-
label and double-blinded RCTs comparing blonanserin or
perospirone with other antipsychotics for patients with schizo-
phrenia or schizophrenia-like psychoses. We allowed inclusion of
nondouble-blinded studies to include more studies in the meta-
analysis. To identify relevant studies, we searched PubMed,
Cochrane Library databases, Google Scholar, and PsycINFO
citations (without language restrictions) published up to January 2,
2013, using following key words: “randomized,” “random,” or
“randomly” and ‘“blonanserin” or “perospirone” and “schizo-
phrenia.” Additional eligible studies were also sought by a hand
search of reference lists from primary articles and relevant reviews.
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Three authors (T.K., Y.M., and N.I) assessed inclusion and
exclusion criteria for each identified study. Discrepancies in
different coding forms were resolved by discussions between
authors (T.K., Y.M., and N.L). Three authors (T.K., Y.M., and
N.L) independently extracted, assessed, and entered data into the
Review Manager. When data required for the meta-analysis were
missing, first/ corresponding authors were contacted for additional
information (including endpoint scores). Unpublished data were
provided for this meta-analysis by Dr. Jaewon Yang, Dr. Seung-
Hyun Kim, Dr. Sadanori Miura, Dr. Mitsukuni Murasaki, Dr.
Yoshiteru Takekita, Bukwang Pharm. Co., Ltd., and Dainippon
Sumitomo Pharma Co., Ltd. Moreover, we assessed the method-
ological quality of trials using Cochrane risk-of-bias criteria
(http://bmg.cochrane.org/assessing-risk-bias-included-studies).

Outcomes

The primary outcome was weight gain. Secondary outcomes
were changes in blood lipid levels (total cholesterol and
triglycerides), blood glucose levels, HbA,. levels, and QTc
prolongation (Bazett method) on electrocardiography.

Statistical Analysis

We pooled data for side effects. We based our analysis on
intention-to-treat (IT'T) or modified I'TT data (i.e., at least 1 dose
or at least 1 follow-up assessment); no observed case data were
included. The meta-analysis was performed using the Review
Manager (RevMan), version 5.1, for Windows (http://ims.
cochrane.org/revman). To combine studies, we used random
effects model by DerSimonian and Laird [8]. We used this
conservative model to address the possibility that underlying
effects that differ across studies and populations would be
heterogeneous. We used weighted mean difference (WMD) and
95% ClIs for continuous data. In cases where I-squared values
were >50%, sensitivity analyses were conducted to seek reasons
for the heterogeneity [9]. However, we could not determine any
significant heterogeneity in all outcomes between both treatment
groups. Finally, funnel plots were visually inspected to explore the
possibility of publication bias.

Results

Blonanserin

Study characteristics. The PubMed search yielded 11
studies using abovementioned key words for screening

(FIGURE 1-a). We excluded 2 duplicate studies across 3
databases as well as 3 studies based on the title or abstract review.
Additional 4 full-text articles were excluded because they were
either review papers (N =3) or data were based on the same
sample (N = 1), yielding 2 eligible studies [10,11] (FIGURE 1-a).
In addition, 2 other studies [12,13] were identified from the review
[14-16]. In total, we identified 4 studies involving 1080 patients
with schizophrenia that reported data from double-blinded,
randomized controlled trials of blonanserin for schizophrenia,
thus meeting our inclusion criteria (vs. risperidone: n = 508; vs.
haloperidol: n =572). The mean study duration was 7.5 weeks; 3
trials lasted 8 weeks, and 1 trial lasted 6 weeks. Sample sizes
ranged from 206 to 307 patients. The mean age of the study
population was 41.0 years. Two studies [11,13] used the SGA
risperidone, and the other 2 [10,12] used the FGA haloperidol as a
comparator. All studies were sponsored by the pharmaceutical
industry. Two studies were published in English and the other 2 in
Japanese. Two studies were conducted in Japan, 1 in Korea, and
the remaining 1 was conducted in the United States and Europe.
All studies were of high methodological quality based on Cochrane
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a. Blonanserin

Potentially relevant articles (total N=11)
* PubMed (N=9)

* Cochrane Library databases (N=2)

* PsycINFO (N=0)

‘ Duplicate articles (N=2) ‘&

Metabolic Risks of Blonanserin and Perospirone

| Unique articles identified and screened (N=9)

Articles excluded at abstract level because of
not meeting inclusion criteria (N=3)

* Only study protocol (N=1)

* Not randomized controlled trial (N=2)

’ Full text articles retrieved for detailed evaluation (N=6) ‘

Articles excluded because of

not meeting inclusion criteria (N=4) e Hand search

* Data based on same sample (N=1)

* Review article (NV=3) i«—| Two additional studies was identified
from the review articles [14-16].

| RCTs included in the meta-analysis (N=4) ‘

b. Perospirone

Potentially relevant articles (total N=16)
* PubMed (N=10)

* Cochrane Library databases (N=6)

* PsycINFO (N=0)

| Duplicate articles (N=7) ‘<_

‘ Unique articles identified and screened (NV=8) ‘

Articles excluded at abstract level because of
not meeting inclusion criteria (N=3)

* Not schizophrenia study (NV=1)

* Not randomized controlled trial (N=1)

‘ Full text articles retrieved for detailed evaluation (N=6) ‘

Articles excluded because of

not meeting inclusion criteria (N=3) Hand search

* Data based on same sample (N=2)

* Review article (NV=1) lk— Two additional studies was identified
from the review articles [6, 22].

| RCTs included in the meta-analysis (NV=5) |

Figure 1. PRISMA flow diagram. 1-a. Blonanserin. 1-b. Perospirone.
doi:10.1371/journal.pone.0088049.g001

Risk of Bias Ciriteria because all blonanserin studies were double-
blinded RCTs and mentioned required details of the study design
(FIGURE 81 and S2). Characteristics of studies included have
been presented in our previous paper [16].

Cardiometabolic risks. Comparing blonanserin with other
pooled antipsychotics, no significant differences were observed in
weight gain, blood lipid levels (total cholesterol and triglycerides),

PLOS ONE | www.plosone.org

blood glucose levels, HbA,. levels, or QTc prolongation
(FIGURE 2 and 3). However, blonanserin apparently produced
less weight gain compared with risperidone (WMD = —0.86, 95%
CI=-1.36 to —0.36, p =0.0008; 2 studies, 480 patients;
FIGURE 2-a). Visual inspection of the funnel plot for weight
change in blonanserin vs. other antipsychotics did not suggest the
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a. Weight gain

Mean Difference

Study or Subgroup  Weight IV, Random, 95% CI

Metabolic Risks of Blonanserin and Perospirone

Mean Difference
IV, Random, 95% CI

1.1.1 BLO vs HAL

Garcia 2009 293%  -0.02 [-0.60, 0.56]
Murasaki 2007 262%  -0.23[-0.91,0.45]
Subtotal (95% CI) 54.5%  -0.11[-0.55,0.33]

Heterogeneity: Tau®= 0.00; Chi*=0.21, df=1 (P = 0.658); F= 0%
Testfor overall effect Z=0.48(FP=063)

1.1.2BLOvs RIS

Miura 2008 20.0%  -1.00 [1.59,-0.41]
Yang 2010 16.5%  -0.48 [1.45, 0.48]
Subtotal (95% Cl) 455%  -0.86 [1.36, -0.36]

Heterogeneity: Tau®= 0.00; Chi*=0.78, df=1 (P=0.38); F=0%
Test for overall effect: Z= 3.36 (F = 0.0008)

Total (95% CI) 100.0%  -0.43[-0.91,0.04]

Heterogeneity: Tau*=0.11; Chi*= 586, df=3 (P=012); F= 48%
Testfor overall effect Z=1.79{P=0.07)

Testfor subagroup diferences: Chi*=4.87, df=1{P=0.03, F=795%

b. Total cholesterol

Mean Difference

Study or Subgroup  Weight IV, Random, 95% CI

[ S
R

~-

e

1 05 0

05 1

Favours experimental Favours control

Mean Difference
IV, Random, 95% CI

1.2.1 BLO vs HAL

Garcia 2009 99.6% 0.00[-0.24,0.29]
Murasaki 2007 0.1% 0.80 [-5.85, 7.49]
Subtotal (95% CI) 99.8% 0.00 [-0.24, 0.25]

Heterogeneity: Tau®= 0.00; Chi*=0.06, df=1 (P=0.81);, F=0%
Test for overall effect: Z=0.03 (P =0.87)

1.2.2 BLOvs RIS

Miura 2008 0.2%  -2.60[-8.85 3.65]
Yang 2010 01%  -1.20[-9.89, 7.49]
Subtotal (95% CI) 0.2% -212[-7.19,2.95]

Heterogeneity: Tau®= 0.00; Chi*=0.07, df=1 (P=0.80); F=0%
Test for overall effect: Z=0.82 (P=0.41)

Total (95% CI) 100.0%  -0.00 [-0.24, 0.24]
Heterogeneity: Tau®= 0.00; Chi*=0.79, df=3 (P=0.85); F=0%
Testfor overall effect: Z=0.01 {P = 0.99)

Testfor subagroup differences: Chi®= 067, df=1{F=041), F=0%

c. Triglyceride

Mean Difference

10
Favours experimental

-5 0

5 10

Favours control

Mean Difference

Study or Subgroup  Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 BLO vs HAL
Garcia 2009 95 9% -0.06 [-0.36, 0.25]

Murasaki 2007 0.0% -2.30[-16.63,12.03]

Subtotal {95% CI) 99.9%  -0.06 [-0.36, 0.25]
Heterogeneity: Tau®= 0.00; Chi*=0.09, df=1 (P=0.76); F=0%
Testfor overall effect Z=036(F=072)

1.3.2 BLO vs RIS
Miura 2008 01% -6.60[-20.09, 6.849]

Yang 2010 0.0% 9.08[17.59 35.79]

Subtotal {95% CI) 0.1% -3.15[-15.88, 9.57]
Heterogeneity: Tau®= 6.64; Chi*=1.06, df=1 (P=0.30);, F=5%
Testfor overall effect: Z=0.49 (P=0.63)

Total {95% CI) 100.0%  -0.06 [-0.37, 0.25]
Heterogeneity: Tau®= 0.00; Chi*=1.45, df= 3 (P = 0.659), F=0%
Testfor overall effect Z=038 (F=0.71)

Testfor subgroup differences: Chi*=0.23, df=1 (P=063), F=0%

20 10 0

Favours experimental

10 20
Favours control

Figure 2. Forest plot: blonanserin (weight gain and total cholesterol and triglyceride levels). 2-a. Weight gain. 2-b. Total cholesterol. 2-c.

Triglyceride. BLO: blonanserin, HAL: haloperidol, RIS: risperidone.
doi:10.1371/journal.pone.0088049.9g002
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a. Blood glucose

Mean Difference Mean Difference
Study or Subgroup  Weight IV, Random, 95% CI IV, Random, 95% Cl
1.4.1 BLO vs HAL
Garcia 2009 99.1% -0.14 [-0.35,0.10]
Subtotal (95% CI) 99.1%  -0.14[-0.39,0.10]

Heterogeneity: Mot applicable
Test for overall effect: Z=1.14 (P = 0.26)

1.4.2BLO Vs RIS

Miura 2008 0.8% -0.50[-3.33,2.33] e
Yang 2010 0.2%  019[6.11,6.48]
Subtotal (95% CI) 0.9%  -0.38[-2.97,2.20] o

Heterogeneity: Tau®=0.00; Chi*=0.04, df=1{P=0.2848), F=0%
Test for overall effect Z=029{P=077)

Total (95% CI) 100.0% -0.15[-0.39,0.10]
Heterogeneity: Tau®= 0.00; Chi*=0.07, df=2{P=0497); F=0%
Test for overall effect Z=1.16 (P = 0.25)

Test for subgroup differences: Chi*=0.03, df=1 (P = 0.86), F= 0%

4 2 2 4
Favours experimental Favours control

ol -

b. Hemoglobin A,

Mean Difference Mean Difference
Study or Subgroup  Weight IV, Random, 95% CI IV, Random, 95% Cl
1.5.1 BLO vs HAL
Garcia 2009 27.4%  -0.08[-017,0.00] . ——
Subtotal (95% CI) 27.4%  -0.08 [-0.17,0.00] e

Heterageneity: Mot applicable
Test for overall effect: £2=1.87 (F = 0.06)

1.5.2 BLOvs RIS

Miura 2008 45.8%  -0.02 [-0.08, 0.04] ——
Yang 2010 26.8%  0.02[0.07,0.11] e
Subtotal (95% CI) 72.6%  -0.01[-0.06, 0.04] ~all—

Heterogeneity: Tau*=0.00; Chi*=0.51,df=1{(P=0.47), F=0%
Testfor averall effect Z=029{F=077)

Total (95% CI) 100.0%  -0.03[-0.08,0.02] q

Heterogeneity: Tau®= 0.00; Chi*= 2.70, df= 2 (P = 0.26); F= 26% f t 1 t t

7 _ -01 -005 0 005 04
Testfor overall eﬁegt. Z=1.02(p B 0.31) Favours experimental Favours control
Testfar subgroup differences: Chi*=218,df=1{P=014), F=54.2%

¢. QTc prolongation

Mean Difference Mean Difference
Study or Subgroup  Weight IV, Random, 95% CI IV, Random, 95% Cl
1.7.1 BLO vs HAL
Garcia 2009 22% -B16[19.29 2.97] — [
Subtotal (95% CI) 2.2% -8.16[-19.29, 2.97] —=esi——

Heterageneity: Mot applicahle
Testfor overall effect. Z=1.44 (F=0.15)

1.7.2 BLOvs RIS

Miura 2008 59%  -1.20[7.85, 5.45] S —
Yang 2010 92.0%  -0.01 [-0.02, 0.01] .
Subtotal (95% CI) 97.8%  -0.01 [-0.02, 0.01]

Heterogeneity: Tau*=0.00; Chi*=012,df=1{(P=0.73), F=0%
Test for overall effect: Z=1.01 (FP=0.31)

Total {95% CI) 100.0% -0.26 [-1.92,1.41] *
Heterogeneity: Tau*=0.78;, Chi*= 218, df =2 (P=0.34); F=8%

Test for overall effect: Z=0.30{F=0.76)

Test for subgroup differences: Chi*= 2.06, df=1 (P=0.15), F=51.5%

20 -0 0 10 20
Favours experimental Favours control

Figure 3. Forest plot: blonanserin (blood glucose and hemoglobin A;. levels and QTc prolongation). 3-a. Blood glucose. 3-b.
Hemoglobin A, 3-c. QTc prolongation. BLO: blonanserin, HAL: haloperidol, RIS: risperidone.
doi:10.1371/journal.pone.0088049.9003
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presence of publication bias, but the sensitivity was limited by the
small number of 4 studies.

Perospirone

Study characteristics. The search in PubMed, Cochrane
Library databases, Google Scholar, and PsycINFO yielded 11
results (FIGURE 1-b). We excluded 2 duplicate studies across 3
databases as well as 3 studies based on the title or abstract review.
An additional 3 full-text articles were excluded because they were
either review papers (N =1) or data were based on the same
sample (N = 2), yielding 3 eligible studies [17-19] (FIGURE 1-b).
Finally, 2 additional studies [20,21] were identified from the
review articles [6,22]. Across 5 RCTs (mean duration: 9.6 weeks;
range: 412 weeks), 562 adult patients with schizophrenia were
randomized to perospirone (n = 256), olanzapine (n =20) [17],
quetiapine (n = 28) [17], risperidone (n = 53) [17,19], aripiprazole
(n =49) [18], haloperidol (n =75) [21], or mosapramine (n = 81)
[20]. Sample sizes ranged from 66 to 159 participants. Three of 5
studies were published in English [17,19], and other 2 studies
[20,21] were published in Japanese. Three of 5 studies were
sponsored by the pharmaceutical industry [19-21]. Two of 5
studies [20,21] were of high methodological quality based on
Cochrane Risk of Bias Criteria because these 2 studies were
double-blinded RCTs and mentioned required details of the study
design (FIGURE S1 and S2). However, other 3 studies [17-19]
were open-label RCTs. Characteristics of studies have been
presented in our previous paper.

Cardiometabolic risks. Perospirone did not differ from
other antipsychotics with regard to weight gain and total
cholesterol. Because there were no available data regarding other
cardiometabolic outcomes, we did not conduct that meta-analysis
(FIGURE 83). Visual inspection of the funnel plot for weight gain
in perospirone vs. other antipsychotics did not suggest the presence
of publication bias, but the sensitivity was limited by the small
number of 5 studies.

Discussion

To our knowledge, this is the first comprehensive meta-analysis
of cardiometabolic risks of blonanserin and perospirone for
patients with schizophrenia. Although previous studies did not
report that blonanserin was associated with a lower risk of weight
gain, trends in this direction have been reported. Our meta-
analysis enabled us to obtain greater statistical power compared
with that in past studies (Cochrane Handbook for Systematic
Reviews of Interventions, http://handbook.cochrane.org/); there-
fore, we were able to establish that blonanserin had a lower risk of
weight gain compared with risperidone. Antipsychotic affinity for
the histamine H; receptor is most closely linked to increased
weight gain, although affinity for dopamine D,, serotonin i,
serotonin o and o-adrenergic receptors may also be involved
[23-25]. Blonanserin lacks significant affinity for histamine H;
serotonin , d-adrenergic receptors [16]. Haloperidol also lacks
significant affinity for histamine H;, serotonin ; 4, serotonin o and
olp-adrenergic receptors [16]. On the other hand, risperidone has a
high affinity for histamine H;, dopamine Do, serotonin o and oto-
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adrenergic receptors [16]. Olanzapine and clozapine also have a
high affinity for histamine H, and serotonin o¢ receptors [16].
These mechanisms may be involved in the different effects seen
among the antipsychotic groups. Although several studies have
reported a difference in the degree of weight gain induced by
antipsychotics between patients with antipsychotic-naive schizo-
phrenia and those with chronic schizophrenia (i.e., patients with
antipsychotic-naive schizophrenia have revealed more weight gain
than those with chronic schizophrenia), and although some have
revealed a varying degree of weight gain, depending on the
antipsychotic dosage (e.g., risperidone dosage was associated with
an increased degree of weight gain) [25,26], our results indicate
that blonanserin may be the safest antipsychotic with regard to
weight gain. However, because the number of studies was small,
additional controlled clinical trials with larger number of patients
with antipsychotic-naive schizophrenia are indicated. There are
other limitations to our findings. Although blonanserin was
significantly associated with a lower weight gain risk compared
with other antipsychotics, the significant result detected may be
driven by the Miura study data [13]. Moreover, although no
obvious publication bias could be identified, the possibility of the
bias would be excluded from the significant result based on a
subgroup analysis with only two studies.

Conclusion

Our results suggest that blonanserin is associated with a lower
weight gain risk compared with other antipsychotics. However,
because this meta-analysis includes only 4 blonanserin RC'Ts and
5 perospirone RCTs, future research should generate more safety
data using larger samples.

Supporting Information

Figure S1 Risk of bias graph.
(TIF)

Figure S2 Risk of bias summary.
(TIF)

Figure S3 Forest plot: perospirone (weight gain and
total cholesterol levels). 3-a. Weight gain 3-b. Total
cholesterol. ARI: aripiprazole, HAL: haloperidol, MOS:
mosapramine, PER: perospirone, RIS: risperidone.

(TIF)

Checklist S1 PRISMA 2009 Checklist.
(DOC)

Acknowledgments

We thank Dr. Jaewon Yang, Dr. Seung-Hyun Kim, Dr. Sadanori Miura,
Dr. Mitsukuni Murasaki, Dr. Yoshiteru Takekita, Bukwang Pharm. Co.,
Ltd., and Dainippon Sumitomo Pharma Co., Ltd. for providing data.

Author Contributions

Conceived and designed the experiments: TK. Performed the experiments:
TK YM NI Analyzed the data: TK YM NI. Contributed reagents/
materials/analysis tools: TK YM NI. Wrote the paper: TK YM NIL

3. Rummel-Kluge C, Komossa K, Schwarz S, Hunger H, Schmid F, et al. (2010)
Head-to-head comparisons of metabolic side effects of second generation
antipsychotics in the treatment of schizophrenia: a systematic review and meta-
analysis. Schizophr Res 123: 225-233.

4. Rummel-Kluge C, Komossa K, Schwarz S, Hunger H, Schmid F, et al. (2012)
Second-generation antipsychotic drugs and extrapyramidal side effects: a

February 2014 | Volume 9 | Issue 2 | 88049



systematic review and meta-analysis of head-to-head comparisons. Schizophr
Bull 38: 167-177.

. Kishi T, Matsuda Y, Nakamura H, Iwata N (2012) Blonanserin for

schizophrenia: Systematic review and meta-analysis of double-blind, random-
ized, controlled trials. J Psychiatr Res.

. Kishi T, Iwata N (2013) Efficacy and tolerability of perospirone in

schizophrenia: a systematic review and meta-analysis of randomized controlled
trials. CNS Drugs 27: 731-741.

. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P (2009) Preferred

reporting items for systematic reviews and meta-analyses: the PRISMA
statement. BMJ 339: b2535.

. DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. Control Clin

Trials 7: 177-188.

. Higgins JP, Thompson SG, Deeks JJ, Altman DG (2003) Measuring

inconsistency in meta-analyses. BMJ 327: 557-560.

. Garcia E, Robert M, Peris F, Nakamura H, Sato N, et al. (2009) The efficacy

and safety of blonanserin compared with haloperidol in acute-phase schizo-
phrenia: a randomized, double-blind, placebo-controlled, multicentre study.
CNS Drugs 23: 615-625.

. Yang J, Bahk WM, Cho HS, Jeon YW, Jon DI, et al. (2010) Efficacy and

tolerability of Blonanserin in the patients with schizophrenia: a randomized,
double-blind, risperidone-compared trial. Clin Neuropharmacol 33: 169-175.

. Murasaki M (2007) Clinical evaluation of blonanserin for schizophrenia: a

double-blind trial comparing blonanserin with haloperidol. Jpn J Clin Psycho-
pharmacol 10: 2059Y2079.

. Miura S (2008) Clinical evaluation of blonanserin for schizophrenia -A

randomized study comparing blonanserin with riperidone-. Jpt J Clin Psycho-
pharmacol 11: 297-314.

. Deeks ED, Keating GM (2010) Blonanserin: a review of its use in the

management of schizophrenia. CNS Drugs 24: 65-84.

. Ishibashi T, Nishikawa H, Une T, Nakamura H (2008) [Pharmacological

profiles and clinical effects of blonanserin (Lonasen) on schizophrenia]. Nihon
Yakurigaku Zasshi 132: 351-360.

PLOS ONE | www.plosone.org

16.

20.

21.

Metabolic Risks of Blonanserin and Perospirone

Kishi T, Matsuda Y, Nakamura H, Iwata N (2013) Blonanserin for
schizophrenia: systematic review and meta-analysis of double-blind, random-

ized, controlled trials. J Psychiatr Res 47: 149-154.

. Yamashita H, Mori K, Nagao M, Okamoto Y, Morinobu S, et al. (2004) Effects

of Changing From Typical to Atypical Antipsychptic Drugs on Subjective Sleep
Quality in Patients With Schizophrenia in a Japanese Population. J Clin
Psychiatry 65: 1525-1530.

. Takekita Y, Kato M, Wakeno M, Sakai S, Suwa A, et al. (2013) A 12-week

randomized, open-label study of perospirone versus aripiprazole in the treatment
of Japanese schizophrenia patients. Prog Neuropsychopharmacol Biol Psychiatry

40: 110-114.

. Okugawa G, Kato M, Wakeno M, Koh J, Morikawa M, et al. (2009)

Randomized clinical comparison of perospirone and risperidone in patients with
schizophrenia: Kansai Psychiatric Multicenter Study. Psychiatry and Clinical
Neurosciences 63: 322-328.

Kudo Y, Nakajima T, Saito M, Sakai T, Otsuki S, et al. (1997) Clinical
Ecaluation of a Serotonin-2 and Dopamine-2 Receptor Antagonist (SDA),
Perospirone HCI on Schizophrenia -A comparative double-blind study with
mosapramine HCI-. Clin Eval 24: 207-248.

Murasaki M, Koyama T, Yukiteru M, Gohei Y, Kamijima K, et al. (1997)
Clinical Ecaluation of a New Antipsychotic, Perospirone HCI, on Schizophrenia
-A comparative double-blind study with haloperidol-. Clin Eval 24: 159-205.

. Onrust S, McClellan K (2001) “Perospirone”. CNS Drugs 15: 329-337.
. Nasrallah H (2008) Atypical antipsychotic-induced metabolic side effects:

insights from receptor-binding profiles. Mol Psychiatry 13: 27-35.

. DeHert M, Schreurs V, Vancampfort D, Winkel R (2009) Metabolic syndrome

in people with schizophrenia: a review. World Psychiatry 8: 15-22.

. Correll CU, Lencz T, Malhotra AK (2011) Antipsychotic drugs and obesity.

Trends Mol Med 17: 97-107.

5. Correll CU, Manu P, Olshanskiy V, Napolitano B, Kane JM, et al. (2009)

Cardiometabolic risk of second-generation antipsychotic medications during
first-time use in children and adolescents. JAMA 302: 1765-1773.

February 2014 | Volume 9 | Issue 2 | 88049



