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We conducted a 24-week, randomized, double-blind parallel-controlled trial to test whether buspirone is bene-
ficial to improve cognitive deficits of schizophrenia because it remains unclear. Two hundred patients received in
random order either co-treatment buspirone with AAPDs or monotherapy with AAPDs. All patients had been
treated with a stable dosage of AAPDs for at least three months. The positive and negative syndrome scale
(PANSS), Hamilton Depression Scale-24 (HAMD-24), and 14-item Hamilton Rating Scale for Anxiety (HAMA-
14) were used to evaluate clinical symptoms. The short version of Wechsler Adult Intelligence Scale-Revised in
China (WAIS-RC) was used to assess neurocognitive function. Social function and family burden were evaluated
by Social Disability Screening Schedule (SDSS) and Family Burden Interview Schedule (FBIS). All patients were
enrolled at baseline and followed up after 12 and 24 weeks. A total of 196 patients completed the trial, with 99
in the combined treatment group and 97 in the control group. During the intervention, the score of PANSS,
HAMD-24, and HAMA-14 decreased slightly without group differences. Repeatedmeasures ANOVA showed sig-
nificant differences between the two groups in the score of arithmetic, similarities, picture completion, block de-
sign, SDSS, and FBIS (P b 0.05), but no difference was found with regard to the score of information, digital span
test, or digital symbols (P N 0.05). In conclusion, co-treatment with buspirone and APPDs outperformed APPDs
alone in improving cognitive deficit and reducing family burden of schizophrenia. Buspironemay be a promising
candidate for co-treatment of schizophrenia-associated cognitive deficits.

© 2019 Elsevier B.V. All rights reserved.
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1. Introduction

Schizophrenia is a severe, debilitating, and chronic mental disorder
affecting approximately 0.7–1% of the population worldwide (Landek-
Salgado et al., 2016), which is characterized by positive (hallucinations,
delusions), negative (withdrawal, apathy, anhedonia), cognitive (work-
ing memory abnormalities, deficits of cognitive processing and atten-
tion), depressive, and anxiety symptoms (Sadock et al., 2009). As one
of the core symptoms of schizophrenia, cognitive impairment is present
in about 85% schizophrenic patients, involving attention,workingmem-
ory, declarative memory, motivational performance, and executive
function (Meltzer and Sumiyoshi, 2008). Cognitive symptoms have
been associated with detrimental effects on patients' functional status
epartment of Psychiatry, West
ad, Chengdu, Sichuan 610041,
and are the most stable symptoms over the course of illness (Sadock
et al., 2009; Ghaleiha et al., 2010). Even if clinical symptoms improve
or disappear, about 80% of patients will suffer from persistent cognitive
impairment, resulting in their inability to live independently, to work
and to learn (Zhao and Shi, 2015). A systematic review of 50 outcomes
showed that only 13.5% of patients could rehabilitate clinically and so-
cially (Jaaskelainen et al., 2013). According to data on the global disease
burden (GBD) of schizophrenia that were published in 2016, about 21
million people worldwide were suffering from schizophrenia and N18
million were unable to achieve clinical and social rehabilitation
(Charlson et al., 2018). Because of more direct or indirect costs, re-
sources use and productivity loss, patients with schizophrenia usually
need more care from family and society than those with other mental
illnesses (Gupta et al., 2015). In Asian countries, about 70% patients
are cared for by their families, which brings heavy burdens to the family
in terms of including economy, social activities, and physical andmental
health (Yu et al., 2017). Therefore, it is urgent that other effective mea-
sures be taken to improve cognition in chronic schizophrenia.
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The development of second-generation antipsychotic drugs has
yielded some advances in reducing both positive and negative symp-
toms (Casey et al., 2009); however, they do not change much cognitive
symptoms of schizophrenia (Owen et al., 2016). Goff et al. reported that
the volume of left hippocampus in some patients with schizophrenia
continued to shrink after 8weeks' treatmentwith atypical antipsychotic
drugs (AAPDs), which suggested that the cognitive function of the pa-
tients continued to decline (Goff et al., 2018). Another longitudinal
study indicated that the volume of bilateral hippocampus in unmedi-
cated patients significantly increased after treatment with aripiprazole,
indicating aripiprazole had some positive effects on cognitive deficits
(Bodnar et al., 2016). Therefore, they supposed that only a few AAPDs
might improve cognitive function, whichwas related to their partial ac-
tivation of 5-HT receptors (Jaaskelainen et al., 2013). Indeed, the seroto-
nergic system is potentially an important target for pharmacologic
agents (King et al., 2008; Akhondzadeh et al., 2009). In particular, 5-
HT1A receptors are thought to be a favored therapeutic target for
schizophrenia based on the following two evidences: (1) stimulation
of 5-HT1A receptors can improve cognitive impairment in schizophre-
nia (Meltzer and Sumiyoshi, 2008; Sumiyoshi et al., 2001a, b;
Sumiyoshi et al., 2007); and (2) agitation of 5-HT1A receptors can ame-
liorate antipsychotic-induced EPS (Ohno et al., 2008). Thus, 5HT1A re-
ceptor has proved to play an important role in cognitive enhancement.

Recently, some clinical studies were conducted to explore whether
they could effectively improve cognitive impairment in schizophrenia.
These data showed that the executive function, attention, and language
memory of patients significantly improved after 6 weeks' combination
treatments with AAPDs and 5HT1A agonist (Baba et al., 2015;
Sumiyoshi et al., 2001a, b; Sumiyoshi et al., 2007). Animal researches fo-
cusing on 5HT1A agonist showed that it did not only increase cognitive
flexibility, but reduce novel object recognition deficits induced by MK-
801 and/or PCP (a non-competitive NMDAR antagonist) (Torrisi et al.,
2017; Horiguchi and Meltzer, 2012). Another animal study conducted
in Poland reported that buspirone enhanced neurogenesis in the opos-
sum (Grabiec et al., 2009). Mori et al. also showed that chronic
tandospirone treatment resulted in a significant increase in the number
of doublecortin (DCX) positive cells per volume of dentate gyrus in a
dose-dependent manner, which strongly suggested that 5-HT1A recep-
tor partial agonists would be useful and beneficial in improving cogni-
tive function through increased hippocampal neurogenesis (Mori
et al., 2014). Besides, except for claimed 5-HT1AR partial agonist activ-
ity, buspirone is endowedwith dopamine D3 receptor (D3R) antagonist
activity (Bergman et al., 2013; Leggio et al., 2014). D3R play a funda-
mental role in the pathophysiology of schizophrenia. Torrisi et al.
found that buspirone can effectively improve the deficit of temporal
order recognition memory and schizophrenia-relevant abnormalities
in wild-type mice (but not in D3R-null mutant mice) induced by MK-
801 (Torrisi et al., 2017). These data provided strong evidence that
buspironemay be successful in treating cognitive deficits in schizophre-
nia because of its activities of D3R antagonist and 5-HT1A receptor ago-
nist. However, some studies also showed that buspirone was almost
ineffective in remedying cognitive dysfunction (Maeda et al., 2014;
Piškulić et al., 2009).

Considering that clinical symptoms may affect the cognitive perfor-
mance of patients, we conducted a randomized, double-blind parallel-
controlled trial to test the hypothesis that the addition of buspirone
would improve various domains of cognition and psychopathology in
patients who have chronic schizophrenia and are treated with AAPDs.

2. Methods

2.1. Participants

Chinese patients aged from 18 through 65 years old were recruited
from two psychiatric hospitals in Sichuan Province during January
2017 to February 2018. All participants had confirmed the diagnosis of
schizophrenia, based on the structured clinical interview for DSM-IV-
TR for at least 1 year (First et al., 1997). Acute symptoms of illness
were controlled by AAPDs and the patients were on a stable dose for
at least three months, so as to attain the stable cognitive status
(Woodward et al., 2005). As for the stable dose, itmeans that the dosage
of the main antipsychotics has not changed in the past three months
and throughout the trial. The exclusion criteria were: (1) having any
other psychiatric disorders in Axis I or II; (2) having serious physical dis-
eases, such as neurogenic diseases, endocrine diseases or metabolic dis-
orders; (3) having any clinically significant abnormalities in vital signs
or electrocardiogram; (4) being receiving hormonesmedication or elec-
troconvulsive (ECT) therapy; (5) being pregnant or breast feeding; and
(6) being in reproductive age without adequate contraception. All par-
ticipants were given a complete description of the study before they
provided written informed consent. The trial was approved by the
Ethics Committee of West China Hospital of Sichuan University.

2.2. Study design

The 24-week study was a double-blind, randomized controlled trial
(RCTs), involving two groups of patientswith chronic schizophrenia. El-
igible patientswere assigned to receive either 24weeks of co-treatment
with AAPDs and buspirone (buspirone group) or AAPDs alone (control
group). We randomized the patients using permuted blocks. We
wrote the type of intervention on a piece of paper and put it in a sealed
black box. For each patientwho entered the study, we picked a box. One
hundred patients were randomly allocated to buspirone group and an-
other 100patients to the control group. Patients received the addition of
buspirone with dosing titration as follows: 5 mg twice daily during the
1st week, and 30 mg/day afterwards. To maintain the objectivity of the
study, psychiatrists who conducted the clinical and neurocognitive as-
sessments and patients were blinded to medication status throughout
the study. Flow Diagram please read the supplementary materials.

2.3. Clinical and neurocognitive assessments

The presence and severity of schizophrenia symptomswere investi-
gated using the positive and negative syndrome scale (PANSS) (Kay
et al., 1987). Hamilton Depression Scale-24 (HAMD-24) and 14-item
Hamilton Rating Scale for Anxiety (HAMA-14) were used to assess anx-
iety and depression symptoms of patients (Hamilton, 1959, 1960). So-
cial Disability Screening Schedule (SDSS) was conducted to investigate
clinical symptoms, cognitive function, quality of life, and social function
(Handbook of Epidemiological Investigation on Mental Disorders,
1985). Assessment of the economic burdenwas performedusing Family
Burden Interview Schedule (FBIS) (Pai and Kapur, 1981). The short ver-
sion of Wechsler Adult Intelligence Scale-Revised in China (WAIS-RC)
was used to estimate neurocognitive function, mainly including speech
comprehension, memory, attention, and perceptual organization
(Gong, 1992). The seven subtests of WAIS-RC included information, ar-
ithmetic, digital symbol, digital span test, block design, picture comple-
tion, and similarities. For all patients, five clinical scales and cognitive
function (WAIS-RC) were measured by a psychiatrist at baseline, 12,
and 24 weeks after the start of research. The raw scores of PANSS,
HAMD, HAMA, SDSS, and FBIS were measured, recorded, and analyzed.
Regarding the seven subtests of WAIS-RC, primitive scores were con-
verted into scores of the measuring scale, and higher scale score repre-
sented better neuropsychological performance (Gong, 1992).

To analyze the consistency of assessment among different re-
searchers, ten professionally trained psychiatrists assessed 10 randomly
selected patients with schizophrenia, respectively, before the trial. As-
sessment results showed that the internal consistency of different as-
sessors was good and the intraclass correlation coefficient (ICC) was
N0.90. More concretely, ICC of raters about WAIS-RC, PANSS, HAMD,
HAMA, SSDD and FBIS scales were 0.94, 0.93, 0.97, 0.93, 0.92 and 0.93,
respectively.
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2.4. Statistical analysis

Group comparisons for demographic data were performed using in-
dependent t-tests for continuous variables and Chi-square tests for cat-
egorical data. Clinical as well as cognitive data were analyzed using
separate 2 (treatment) × 3 (time) repeated measures ANOVAs. The
between-subject factor, i.e. co-treatment with AAPDs and buspirone
vs AAPDs alone, was denoted “Group,” and thewithin-subject factor be-
tween time points was denoted “Time.” A significant “Time × Group in-
teraction” indicates a difference in response between the two treatment
groups. Because of the exploratory nature of the analyses of outcomes,
we did not correct for multiple comparisons. All statistical tests were
two-tailed and 0.05 was set as the significance level throughout. IBM
SPSS version 22 was used for statistical analyses.
3. Results

3.1. Clinical and demographic characteristics

Of 200 potential participants, four patients (one in the buspirone
group and three in the control group) withdrew from the study due to
lack of interest and time. Finally, 99 patients in the buspirone group
and 97 patients in the control group completed the study. Basic demo-
graphic data such as age, gender, ethnicity, education, age at onset of ill-
ness, duration of illness, BMI, and history of smoking or alcohol were
collected and there was no significant difference between the two
groups (Table 1). The co-treatment atypical antipsychotic drugs were
also list in Table 1. The duration of AAPDs treatment before baseline as-
sessment was 144.1 ± 106.5 months (range: 13–444 months) for the
buspirone group and 134.8 ± 99.4 months (range: 13–396 months)
for the control group, which did not differ significantly between groups
(P = 0.529).
Table 1
Demographics and clinical symptom scales characteristics of participants.

Buspirone group (n = 99)

Mean (SD) Range

Gender (male/female) 71/28
Age (year) 39.81(10.11) 18–64
Age at onset of illness (year) 27.80(8.47) 10–46
Duration of illness (year) 12.01(8.87) 1–37
Antipsychotic medication
Risperidone/quetiapine 49/21
Clozapine/olanzapine 13/1
Aripiprazole/ziprasidone 9/6
Education (years) 6.89(3.68) 0–15
BMI 23.79(3.76)
Ethnicity (%)
Han 75.76
Other 24.24
Smoking yes/no (%) 33/66
Alcohol yes/no (%) 4/95

The score of PANSS
Baseline 48.03(12.95) 30–87
12 week 44.22(12.88) 30–86
24 week 42.33(12.61) 30–86

The score of HAMD-24
Baseline 3.20(4.28) 0–20
12 week 2.68(3.54) 0–22
24 week 2.28(3.41) 0–21

The score of HAMA-14
Baseline 1.41(2.43) 0–9
12 week 1.42(1.76) 0–7
24 week 1.01(1.67) 0–8

Abbreviations: BMI, bodymass index; PANSS, the positive and negative syndrome scale; HAMD
standard deviation (SD) and range are presented in the table. Group differences were tested by
were examined.
3.2. Clinical psychopathology scales assessment

At baseline, we found no significant differences between the groups
concerning the scores of PANSS, HAMD, or HAMA (P N 0.05), which
means that the two groups are comparable at baseline. The score of
PANSS from baseline (48.03 ± 12.95) to 12 W (44.22 ± 12.88) and
24 W (42.33 ± 12.61) after treatment had a slight decrease but failed
to exhibit a significant difference among the three time points in the
buspirone group. Similar pattern was also observed for HAMD and
HAMA scores. Likewise, the scores of PANSS, HAMD, and HAMA all de-
creased slightly from baseline to 12W and 24W, but no significant dif-
ference was observed among the three time points in the control group
(Table 1).

At baseline, we found no significant differences between the groups
concerning the scores of SDSS and FBIS (P N 0.05). During the 24-week
follow-up, both groups had similar reduction in the score of SDSS,
while the score of FBIS presented completely opposite patterns in the
two groups (Fig. 1). Based on results from the repeated measures
ANOVA, we found an effect of Group on the scores of SDSS and FBIS (P
b 0.05). The score of SDSS showed a significant effect of Time (P b

0.001) but the score of FBIS did not (P N 0.05). The repeated measures
ANOVA revealed significant interaction between time of testing and
treatment condition on the score of SDSS and FBIS (P b 0.05) (Table 2).
3.3. Neurocognitive assessment

At baseline, noneof the 7 dimensions ofWAIS-RC showed any signif-
icant differences between two groups (P N 0.05). During the interven-
tion, both groups had similar increase patterns in scores of
information, arithmetic, similarities, digital span test, and digital sym-
bols. The scores of picture completion and block design increased signif-
icantly in the buspirone group, but not in the control group (Fig. 1).
Control group (n = 97) T/χ2 P value

Mean (SD) Range

68/29 0.06 0.804
39.02(9.56) 18–62 0.56 0.576
27.78(7.49) 11–46 0.01 0.990
11.24(8.28) 1–33 0.63 0.529

42/23
14/2
14/2
6.71(3.16) 0–13 0.36 0.718
23.83(3.80) 0.08 0.936

1.45 0.229
68.04
31.96
30/67 1.30 0.718
6/91 4.67 0.495

47.49(12.32) 30–71 0.09 0.766
45.60(12.32) 30–75 0.42 0.520
44.30(12.23) 30–71 1.07 0.302

3.23(4.30) 0–20 0.04 0.836
2.38(3.25) 0–18 0.21 0.650
1.94(3.59) 0–23 0.45 0.502

1.44(2.45) 0–9 0.07 0.933
1.18(2.10) 0–11 0.81 0.369
0.81(1.77) 0–10 0.63 0.427

, Hamilton Depression Scale-24; HAMA, 14-item Hamilton Rating Scale for Anxiety; Mean,
independent two-sample t-test and Chi-square tests, and no significant group differences



Fig. 1. Scores of three scales at baseline and Following 12 and 24weeks.WAIS-RC,Wechsler Adult Intelligence Scale-Revised in China. The seven subtests ofWAIS-RC included information,
digital span test, digital symbols, arithmetic, similarity, picture completion, and block design. SDSS, Social Disability Screening Schedule; FBIS, Family Burden Interview Schedule. (−·−
Buspirone group — Control group).

Table 2
Results on primary and secondary outcomes after 12 and 24 weeks of treatment.

Buspirone
group (n = 99)

Control group
(n = 97)

Time
P
value

Group
P
value

Time ∗
Group
P value

Mean (SD) Mean (SD)

Total scores of
WAIS-RC
Baseline 93.15(16.53) 90.43(14.56)
12 week 101.18(18.54) 93.09(15.88)
24 week 108.13(21.21) 95.75(17.41) 0.000 0.002 0.000

The scores of
information
Baseline 8.30(2.78) 8.04(2.17)
12 week 8.92(2.78) 8.53(2.30)
24 week 9.47(2.83) 8.82(2.48) 0.000 0.225 0.043

The scores of
arithmetic
Baseline 8.10(2.76) 7.88(3.11)
12 week 8.94(2.85) 7.99(3.03)
24 week 9.77(2.99) 8.31(3.13) 0.000 0.034 0.000

The scores of
similarities
Baseline 9.13(1.98) 8.97(1.68)
12 week 9.83(2.19) 9.08(1.70)
24 week 10.25(2.25) 9.25(1.69) 0.000 0.018 0.000

The scores of digital
span test
Baseline 9.48(2.51) 9.35(3.01)
12 week 10.26(2.61) 9.76 (3.19)
24 week 10.88(2.96) 10.09(3.41) 0.000 0.247 0.009

The scores of digital
symbols
Baseline 7.95(1.89) 7.95(1.65)
12 week 8.85(2.05) 8.32(1.69)
24 week 9.45(2.22) 8.57(1.76) 0.000 0.068 0.000

The scores of picture
completion
Baseline 9.16(2.17) 8.94(2.04)
12 week 9.89(2.21) 8.99(2.03)
24 week 10.61(2.62) 9.10(2.08) 0.000 0.005 0.000

The scores of block
design
Baseline 7.21(2.80) 6.75(2.45)
12 week 7.93(2.95) 6.79(2.46)
24 week 8.49(3.09) 6.88(2.53) 0.000 0.006 0.000

The scores of SDSS
Baseline 10.92(4.97) 12.08(5.15)
12 week 9.88(5.25) 11.48(5.77)
24 week 9.18(5.44) 11.37(5.94) 0.000 0.031 0.002

The scores of FBIS
Baseline 20.76(10.62) 21.00(10.53)
12 week 17.37(9.59) 22.20(13.64)
24 week 17.26(10.04) 21.91(14.03) 0.220 0.016 0.018

SDSS, Social Disability Screening Schedule; FBIS, Family Burden Interview Schedule;Mean,
standard deviation (SD) and range are presented in the table; P values were analyzed
using repeated measures analysis of variance. Columns represent effects of Time, Group
and Time × Group interaction (treatment).
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Further analysis of repeated measures ANOVA showed an effect of
Group on scores of arithmetic, similarities, picture completion, and
block design (P b 0.05), but not on scores of information, digital span
test, or digital symbols (P N 0.05). A significant effect of Time was de-
tected in all 7 dimensions of WAIS-RC (P b 0.001). The repeated mea-
sures ANOVA revealed significant interaction between time of testing
and treatment condition on the scores of information, arithmetic, simi-
larities, digital span test, digital symbols, picture completion, and block
design (P b 0.05) (Table 2).

4. Discussion

Given that cognitive symptoms were viewed as major contributors
to poor levels of psychosocial functioning among patients with schizo-
phrenia, improvement of cognitive dysfunction was considered to be a
crucial part of the overall treatment plan for the disorder. Extensive re-
search has been directed towards development of the so-called “cogni-
tive enhancers”; and scholars have concentrated on augmentation or
accessory treatment strategies to remedy cognitive deficits.

In this study, we found that co-treatmentwith buspirone and APPDs
had amore significant effect on improving the scores of arithmetic, sim-
ilarities, picture completion, and block design than treatment with
APPDs alone. Nevertheless, two groups failed to exhibit any significant
differences in improving the scores of information, digital span test, or
digit symbols. Subtests of information and digital symbolsmainly repre-
sent general learning ability and motivational performance, while digi-
tal span test is used to evaluate attention and short-term memory.
Arithmetic and similarities are used tomeasure the capacity of active at-
tention, logical reasoning and generalization, while picture completion
and block design usually represent more superior cognitive function
such as visual discrimination/memory/comprehension, spatial relations
identification, and coordination ability (Gong, 1992). Consistent with
previous studies, this study indicated that co-treatment buspirone
with APPDs outperformedAPPDs alone in improving the capacity of log-
ical reasoning, generalization, visual discrimination/memory/compre-
hension, spatial relations identification and coordination, and
motivational performance in patients with schizophrenia
(Sheikhmoonesi et al., 2015; Schreiber and Newman-Tancredi, 2014;
Sumiyoshi et al., 2007; Uehara et al., 2015).More importantly, all partic-
ipants of this studywere in a stable condition, whichmeant that mental
symptoms have little effect on cognitive performance. Therefore, it is
reasonable to believe that the improvement of neurocognitive function
is closely related to the pharmacological effects of buspirone.

As 5-HT1A receptor agonist, buspirone is thought to have aforemen-
tioned effects that are related to 5-HT1A receptor activation. Some clin-
ical studies have been conducted to determine whether 5-HT1A
agonists improve cognitive function in patients with schizophrenia
and found that adjunctive treatmentwith 5-HT1A agonists and antipsy-
chotics improved verbal learning and executive function in patients
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with schizophrenia (Sumiyoshi et al., 2001a, b; Schreiber and Newman-
Tancredi, 2014; Sheikhmoonesi et al., 2015; Sumiyoshi et al., 2007;
Uehara et al., 2015). Animal researches indicated that combination ther-
apy with 5-HT1A agonists and antipsychotics resulted in improved
memory, attention, and executive function in rat/mice; but this effect
was likewise offset by pretreatment with WAY 100635 (a selective 5-
TH1A antagonist) (Li et al., 2004; Baba et al., 2015; Horiguchi and
Meltzer, 2012; Nagai et al., 2009). Data on brain energy metabolism
also supported the hypothesis that 5-HT1A agonist can improve cogni-
tive deficits of schizophrenia (Sumiyoshi andUehara, 2012). These find-
ings were consistent with the present study of ours and provide further
support for the concept that cognitive disturbances of schizophrenia are
ameliorated by the stimulation of 5-HT1A receptors.

Furthermore, the mechanism by which 5-HT1A receptor agonists
improve cognitive function has been considered to be related to the fol-
lowing factors. First, it ismediated by the enhancement of cortical dopa-
mine neurotransmission (Huang et al., 2014; Horiguchi and Meltzer,
2012). Indeed, 5-HT1A receptors are strongly expressed in the prefron-
tal cortex, a region that is profoundly involved in the control of cogni-
tion and mood (Meltzer and Sumiyoshi, 2008). Some studies reported
that 5-HT1A receptor agonists improve cognitive function by increasing
extracellular dopamine level in the prefrontal cortex via 5-HT1A recep-
tor activation (Huang et al., 2014; Meltzer and Sumiyoshi, 2008;
Schreiber and Newman-Tancredi, 2014). More specifically, D3R plays
a fundamental role in the pathophysiology of schizophrenia, which
highly expresses in the nucleus accumbens (NAc) andmedial prefrontal
cortex (Nakajima et al., 2013; Bortolozzi et al., 2010; Clarkson et al.,
2017). Previous researches showed that some antipsychotics that be-
have as selectiveD3R antagonists enhance cognitive functions in schizo-
phrenia (Zimnisky et al., 2013; Nakajima et al., 2013). Some scholars
even reported thatwhether buspirone can effectively improve cognitive
performance in mice depends mainly on D3R (Torrisi et al., 2017).
Leggio et al. also believed that buspirone has good clinical application
prospects based on its strong D3 receptor antagonistic activity (Leggio
et al., 2014). Second, dysfunction of γ-aminobutyricacid (GABA) inter-
neurons has been suggested to be associated with the pathophysiology
of schizophrenia, as the result of an imbalance between excitation and
inhibition (E-I imbalance) in the cerebral cortex (Benes and Berretta,
2001; Lewis et al., 2012; Lewis et al., 2005). Clinical evidence suggests
5-HT1A agonists improve cognitive disturbances of schizophrenia
through a mechanism that corrects E-I imbalance via the suppression
of GABA neural function (Huang et al., 2014; Uehara et al., 2015). Find-
ings from electrophysiological studies also indicated that cognitive ben-
efits of 5-HT1A agonist are mediated by glutamate and GABA neurons
(Lladó-Pelfort et al., 2012). Third, hippocampus is part of an altered cir-
cuitry that underlies aspects of cognitive impairment associated with
schizophrenia, and deficits in hippocampal adult neurogenesis may dis-
rupt cognitive processes that are dependent on newborn neurons (Mori
et al., 2014). Researchers reported that 5-HT1A agonist treatment re-
sulted in a significant increase in the number of DCX-positive cells per
volume of the dentate gyrus, suggesting that 5-HT1A receptor agonists
would be useful and beneficial in improving cognitive impairment
through increased hippocampal neurogenesis (Schreiber and
Newman-Tancredi, 2014; Mori et al., 2014). Taken together, buspirone
may be a promising candidate for co-treatment of schizophrenia-
associated cognitive deficits because of its activities 5-HT1A receptor ag-
onist and D3R antagonist.

Besides, we also found that patients treated with a combination of
buspirone and APPDs had a more significant decrease in the score of
SDSS than those receiving the monotherapy of APPDs, which meant
that social function improved more significantly in the combined ther-
apy group. Moreover, the score of FBIS decreased substantially from
the baseline to 12W and 24 W in the combined-therapy group, but in-
creased slightly in patients receiving AAPDs alone. These results indicate
that patients treated with the combination of buspirone and APPDs had
much better social function and lower family burden than those
receiving AAPDs treatment alone despite the fact that taking buspirone
might increase the patient's drug expenditure to some extent. The re-
sults also suggest strongly that buspironemay be a promising candidate
for co-treatment of schizophrenia-associated impairments of social
functioning and for reducing the burden of the family. Consistent with
previous studies, 5-HT1A agonists could modestly improve cognitive
performance in patients with schizophrenia when administered as an
adjunct to antipsychotics (Schreiber and Newman-Tancredi, 2014;
Mori et al., 2014; Uehara et al., 2015). Thus, the addition of buspirone
to APPDs contributes to improving neurocognitive deficit and psychoso-
cial function, and to reducing family burden.

The lack of placebos should be regarded as the biggest limitation of
this study when interpreting the results because such inadequacy
might exaggerate the results to some extent. Thus, placebo-controlled
studies on the efficacy of buspirone in patients with schizophrenia are
warranted. Besides, repeated measurement of WAIS-RC may exert
some learning effects, whichmay also lead to the exaggeration of the re-
sults. Finally, the occurrence of adverse events was possibly
underestimated because they were reported by participants
themselves.

5. Conclusion

In conclusion, this study strongly suggests that co-treatment with
buspirone and APPDs outperformed APPDs alone in enhancing
neurocognitive performance in patients with schizophrenia, including
the capacity of generalization, logical reasoning, visual discrimination/
memory/comprehension, spatial relations identification and coordina-
tion and motivational performance. Therefore, buspirone may be a po-
tential therapeutic medication for the treatment of schizophrenia. In
particular, buspirone, through its 5-HT1A receptor agonist and D3R an-
tagonist activity, may serve as a useful tool for improving cognitive def-
icits and social function and reducing family burden in patients with
schizophrenia.
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