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INTRODUCTION

Negative symptoms (e.g., decreased spontaneity, social withdrawal, blunt affect) and
disturbances of cognitive function {e.g., several types of memory, attention, processing
speed, executive function, fluency) provide a major determinant of long-term outcome
in patients with schizophrenia. Specifically, motivation deficits, a type of negative
symptoms, have been attracting interest as (1) a moderator of cognitive performance
in schizophrenia and related disorders, and (2) a modulating factor of cognitive
enhancers/remediation. These considerations suggest the need to clarify neurobiological
substrates regulating motivation. Genetic studies indicate a role for the monoamine
systems in motivation and key cognitive domains. For example, polymorphism of genes
encoding catecholamine-O-methyltransferase, an enzyme catabolizing dopamine (DA),
affects performance on tests of working memory and executive function in a phenotype
{schizophrenia vs. healthy controls)-dependent fashion. On the other hand, motivation to
maximize rewards has been shown to be influenced by other genes encoding DA-related
substrates, such as DARPP-32 and DA-D; receptors. Serotonin (5-HT) receptors may also
play a significant role in cognitive and motivational disabilities in psychoses and mood
disorders. For example, mutant mice overexpressing Dy receptors in the striatum, an
animal model of schizophrenia, exhibit both decreased willingness to work for reward
and up-regulation of 5-HT,c receptors. Taken together, genetic predisposition related to
B-HT receptors may mediate the diversity of incentive motivation that is impaired in
patients receiving biological and/or psychosocial treatments. Thus, research into genetic
and neurobiological measures of motivation, in association with 5-HT receptors, is likely to
facilitate intervention into patients seeking better social consequences.

Keywords: serotonin, 5-HT receptors, motivation, cognition, schizophrenia, dopamine, negative symptoms,
psychosis

We herein present a theory/hypothesis that the research into

Disturbances of mental processes, including cognitive function
(e.g., several types of memory, attention, processing speed, and
executive function, fluency) and motivation characterize many
of the psychiatric illnesses, such as schizophrenia, mood disor-
ders, and substance abuse (Simpson et al.,, 2011; Choi et al,
2014; Sumiyoshi, in press). Recently, the development of bio-
logical (e.g., pharmacotherapy and brain stimulation) and psy-
chosocial (e.g., cognitive rehabilitation) interventions is targeting
social function/adaptation as an important outcome measure
(Harvey et al., 2011; Leifker et al., 2011). In this context, negative
symptoms (decreased spontaneity, social withdrawal, and blunt
affect) and cognitive impairment provide a major determinant
of long-term outcome. Specifically, motivation deficits have been
attracting interest as a moderator of (1) cognitive performance in
patients with schizophrenia and related disorders, and (2) benefi-
cial influence of cognitive enhancers/remediation (Fervaha et al,,
2014; Strauss et al., 2014). These considerations suggest the need
to clarify neurobiological substrates regulating motivation for
improving quality of life in a rational and effective manner.

genetic and neurobiological measures of motivation, linked to
serotonin (5-HT) receptors, would facilitate treatment of patients
with schizophrenia or other psychiatric illnesses.

MOTIVATIONAL DISTURBANCES IN SCHIZOPHRENIA

Schizophrenia is characterized by a range of symptoms, e.g., pos-
itive symptoms (delusions, hallucinations, thought disorders),
negative symptoms, mood symptoms, and cognitive impairment.
Specifically, there is a suggestion that negative symptoms can
be separated into two domains; (1) a motivational dimension,
consisting of avolition, anhedonia, and asociality, and (2) a
diminished expressivity dimension, consisting of restricted affect
and alogia (Strauss et al., 2014). There is a general consensus
that motivational disturbances may overlap some (e.g., anhedo-
nia), but not all (e.g., blunt affect, alogia) aspects of negative
symptoms. The former dimension has been considered to be of
greater importance in terms of functional outcome, quality of
life, and recovery from the disease (Strauss et al., 2014). Whether
other aspects of symptomatology of schizophrenia (e.g., mood
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symptoms) may substantially affect motivation in patients or
vulnerable people remains to be determined (Schlosser et al.,
2014).

DOPAMINE (DA) SYSTEMS GOVERNING MOTIVATION AND
COGNITION

The neural basis for intrinsic motivation has been an issue of
extensive research. For example, activity of the anterior stria-
tum and prefrontal cortex (PFC), measured by the functional
MR, has been shown to be associated with intrinsic motivation
(Murayama et al., 2010). This line of anatomical evidence is con-
sistent with genetic studies indicating a role for the monoamine
systems in cognition and motivation, as discussed below.

The Vall58Met polymorphism of the genes encoding
catecholamine-O-methyltransferase (COMT), an enzyme catab-
olizing DA, affects performance on tests of working memory
and executive function in a phenotype (schizophrenia vs. healthy
controls)-dependent fashion (Egan et al., 2001). Thus, individ-
uals with the val/val carriers in COMT show greater efficacy
of the enzyme, leading to decreased DA levels in the PFC. The
enzyme has also been suggested to mediate uncertainty-based
exploration that is linked to DA levels in the PFC. For example,
individuals with at least one met-allele show enhanced explo-
ration compared to those with val/val genotype (Frank et al.,
2007).

On the other hand, motivation to maximize rewards has been
shown to be influenced by other DA-related genes expressed in the
striatum/nucleus accumbens (NAc). Specifically, reward learn-
ing and negative reward avoidance are affected by genotypes of
a polymorphism (rs907094. A/G) of the gene encoding DARPP-
32 (a protein required for synaptic plasticity and reward learning

Serotonin receptors and motivation

mediated by DA-D, receptors) and the D, receptor (related to
avoidance of negative outcomes), respectively (Frank et al., 2007;
Klein et al., 2007). Thus, individuals with T/T genotype show
greater expression of mRNA for the DARPP-32 gene, leading to
greater performance to maximize rewards compared to C-allele
carriers (reviewed in Frank et al., 2009). Similarly, T/T carriers
of genes encoding D, receptors are associated with greater den-
sity of these receptors in the striatum and greater likelihood to
maximize rewards (Hirvonen et al., 2004; Frank et al., 2007). A
recent study (Simpson et al., 2013) reported that overexpression
of D3 receptors, a member of the D, receptor family, in the stria-
tum selectively impaired incentive motivation, as measured by an
operant task.

The mechanisms by which DA receptors govern motiva-
tion and cognitive functions may involve timing perception.
For example, genetically-engineered mice overexpressing D2
receptors in the striatum have been shown to elicit impaired
working memory, behavioral flexibility and sensorimotor gat-
ing, i.e., behavioral abnormalities reminiscent of schizophrenia
(Kellendonk et al., 2006). These model animals also demon-
strate reduced motivation, as well as alteration of interval timing
organization, as measured by the operant timing task (Drew
et al., 2007). Further studies indicate that the impaired timing
in these mutant mice mediates the ability of decreased motiva-
tion to worsen cognitive functions, including working memory
and attention (Ward et al., 2009). These lines of evidence suggest
a strategy for the intervention into motivational disturbances, in
terms of biological and/or tailor-made treatments.

Figure 1 summarizes a concept about how genes encoding
these DA-related substrates contribute to cognitive and
motivational behaviors.

‘Basal ganglia
E: (gtaﬁgﬁ%) i

_ T/T carriers ®
DARPP-32 §

ex)D1-R-mediated  1/C,C/C =
reward learning
_T/T carriers ®
DRD2
ex) Avoiding negative T/c,c/c =

outcomes

Prefrontal cortex
" val/val carriers
comMT
ex) Cognitive © val/met,
function met/met

FIGURE 1| Genes in the dopaminergic motivational system.
Polymorphisms of genes encoding DARPP-32 and dopamine (DA)-Da
receptors (DRD2) affect behaviors to maximize rewards, while the

DARPP-32 mRNA

expression *
V4
¥ Maximize
rewards
D2 receptor
density *
” 52
» PFC dopamine
levels Uncertainty-based
exploration
» ” 4>

polymorphism in COMT are associated with uncertainty-based
exploration. Information in the Figure was extracted from Frank et al.
(2009).

Frontiers in Neuroscience | Neuropharmacology

December 2014 | Volume 8 | Article 395 | 2



Sumiyoshi et al.

Serotonin receptors and motivation

5-HT RECEPTOR SUBTYPES IN MOTIVATION-RELATED
BEHAVIORS

5-HT receptors, e.g., 5-HT14, 5-HT24, and 5-HT, subtypes, may
also play a role in cognitive and motivational disabilities in psy-
choses and mood disorders (Meltzer and Massey, 2011; Newman-
Tancredi and Albert, 2012; Ohno et al., 2012). For example, sev-
eral antipsychotic and antidepressant drugs have been suggested
to ameliorate negative symptoms and mood disturbances, partly
through actions on 5-HT;a and 5-HT,a receptors (Newman-
Tancredi and Albert, 2012; Ohno et al., 2012; Sumiyoshi et al.,
2013; Sumiyoshi, 2014). Clozapine, the prototype of atypical
antipsychotic drugs, which is most effective in treating negative
symptoms, may act as an inverse agonist on 5-HT,¢c receptors
(Meltzer and Massey, 2011).

Data from recent investigations support the contribution of
5-HT receptors to motivational behaviors. For example, mutant
mice over-expressing D, receptors in the striatum, exhibit both
decreased willingness to work for reward and up-regulation of
5-HT,¢ receptors (Simpson et al., 2011). Furthermore, increased
D1, Dy and 5-HT,c receptors co-exist in mice mis-expressing
ADAR?2, an RNA-editing enzyme, and these animals elicit altered
expression of reward-related mRNAs in the brain (Akubuiro
et al., 2013). Collectively, these observations indicate the impor-
tance of some 5-HT receptor subtypes, e.g., 5-HT, receptors, in
the pathophysiology and treatment of motivational disturbances
associated with psychoses (Figure 2).

The role for 5-HT,¢ receptors in psychiatric symptoms rel-
evant to functional outcome is also supported by observa-
tions in mice whose 5-HT-synthesizing enzyme (tryptophan
hydroxyxlase-2) was genetically engineered (Del’Guidice et al.,
2014). Thus, treatment with the 5-HT¢ agonist CP809,101 ame-
liorated impairments in cognitive flexibility and reversal learning
in these mutant animals (Del’Guidice et al., 2014).

As noted above, up-regulation of 5-HT receptors in the stria-
tum may be associated with a decrease in incentive motivation
(Simpson et al., 2011). Further, 5-HT5. receptors localized in DA
and GABA neurons in the ventral tegmental area (VTA) also have
been suggested to regulate motivation by modulating transmis-
sions to NAc (Bubar et al., 2011) (Figure 2). It should be noted
that a proportion of NAc-projecting VTA neurons may release
both DA and GABA (Bubar et al., 2011). Altered balance in this
complicated 5-HT, receptor-associated network is postulated to
cause reward-related disorders, such as schizophrenia, depression,
and addiction (Bubar et al., 2011).

Other 5-HT receptor subtypes, such as 5-HTjs and
5-HTareceptors, may directly or indirectly influence this
neural system for motivational behaviors as well. For exam-
ple, 5-HTia receptor gene promotor polymorphism (rs6295,
C-1019G) has been associated with treatment effects on negative
symptoms of schizophrenia (Reynolds et al., 2006). Figure2
illustrates a putative neural network mediating motivational
behaviors in relation to 5-HT receptors, which, together with

FIGURE 2 | A putative neural network mediating motivational
behaviors in relation to serotonin (5-HT) receptors. (1) Up-regulation of
B-HT, receptors in the nucleus accumbens (NAc)/striatum may be
associated with a decrease in incentive motivation in mutant mice
overexpressing dopamine (DA)-D, receptors in the striatum, an animal
model of schizophrenia (Simpson et al., 2011). SB242084, a selective
antagonist at these receptors, increases incentive motivation in these

model mice. (2) B-HT. receptors localized in DA and GABA neurons in the
ventral tegmental area (VTA) also affect motivation by modulating
transmissions to NAc, including actions on D1 and Dy receptors (Bubar
et al., 2011). The dotted line indicates that a proportion of NAc-projecting
VTA neurons releases both DA and GABA (Bubar et al., 2011). (3) Other
5-HT receptor subtypes, such as 5-HT1a and 5-HT,a, may also directly or
indirectly regulate this neural system of motivational behaviors.
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Figure 1 (upper part), may suggest the contribution of DA-5-HT
interactions.

CLINICAL PERSPECTIVES AND FUTURE DIRECTIONS

Based on the discussions so far, drugs acting on some 5-HT
receptor subtypes, particularly, 5-HT¢ receptors, are likely to
improve motivational deficits in individuals with schizophrenia.
For example, SB242084, a selective antagonist at 5-HT,¢ recep-
tors, has been shown to increase incentive motivation in mice
over-expressing Dj receptors in the striatum, an animal model
of schizophrenia (Simpson et al., 2011). By contrast, the 5-HT»¢
receptor agonist CP809,101 has been demonstrated to enhance
performance on some cognitive tasks in mice with decreased
5-HT synthesis (Del’Guidice et al., 2014). These preclinical obser-
vations warrant clinical studies of the effect of agents for specific
5-HT receptor subtypes, e.g., 5-HTyc receptors, on motivational
and cognitive disturbances. Specifically, it is important to see if
such putative pro-motivation drugs will lead to improvement of
functional outcome affected by cognitive function on which such
compounds might act in variable directions.

In view of a possible influence of motivation on cogni-
tive training, it may be interesting to determine if augmen-
tation with pro-motivation compounds, e.g.,, 5-HTyc agents,
would provide additional merits for cognitive and functional
outcome in patients with schizophrenia. Also, whether genetic
variations regarding 5-HT and/or DA receptors affect motiva-
tional response to treatment with existing pharmacological or
psychosocial interventions deserves further study.

In summary, genetic predisposition related to 5-HT and DA
receptors may mediate the diversity of incentive motivation that is
impaired in patients with schizophrenia. This concept is expected
to facilitate rational treatment with biological and/or psychosocial
tools to improve social consequences for people with psychiatric
illnesses.
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The UCSD Performance-based Skills Assessment Brief (the UPSA-B) has been widely used for evaluating functional
capacity in patients with schizophrenia. The utility of the battery in a wide range of cultural contexts has been of con-
cern among developers. The current study investigated the validity of the Japanese version of the UPSA-B as a mea-
sure of functional capacity and as a co-primary for neurocognion. Sixty-four Japanese patients with schizophrenia
and 83 healthy adults entered the study. The Japanese version of the UPSA-B (UPSA-B Japanese version) and the
MATRICS Cognitive Consensus Battery Japanese version (MCCB Japanese version) were administered. Normal con-
trols performed significantly better than patients, with large effect sizes for the Total and the subscale scores of the
UPSA-B. Receiver Operating Characteristic (ROC) curve analysis revealed that the optimal cut-off point for the UPSA-
B Total score was estimated at around 80. The UPSA-B Total score was significantly correlated with the MCCB Com-
posite score and several domain scores, indicating the relationship between this co-primary measure and overall
cognitive functioning in Japanese patients with schizophrenia. The results obtained here suggest that the UPSA-B
Japanese version is an effective tool for evaluating disturbances of daily-living skills linked to cognitive functioning
in schizophrenia, providing an identifiable cut-off point and relationships to neurocognition. Further research is war-
ranted to evaluate the psychometrical properties and response to treatment of the Japanese version of the UPSA-B.

© 2014 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction

There has been a growing concern over functional outcome in pa-
tients with schizophrenia (Burns and Patrick, 2007) since its inclusion
in DSM-111 or later editions. Functional outcome refers to a wide range
of real-world functioning including residential independence, employ-
ment, daily-living skills (e.g. financial management, telephone commu-
nication), or social activities (Harvey and Bellack, 2009). The role of
cognitive deficits in impaired functional outcome has been well-
conceptualized with the advent of the Measurement and Treatment Re-
search to Improve in Schizophrenia Consensus Cognitive Battery
(Nuechterlein and Green, 2006; Nuechterlein et al., 2008). Although
the initial purpose of the MCCB was to provide a comprehensive battery
sensitive to neurocognitive improvement by drug treatment, co-
primary measures, predictive of real-world functioning, were also

* Corresponding author. Tel./fax: 4-81 24 548 8161.
E-mail address: sumiyoshi@educ.fukushima-u.acjp (C. Sumiyoshi).

http://dx.doi.org/10.1016/j.5cog.2014.08.002

requested to accommodate the development of cognitive enhancers
(Buchanan et al., 2011).

Performance-based batteries such as the UCSD Performance-based
Skills Assessment-Brief (Mausbach et al., 2007) have been shown to pro-
vide a potential co-primary measure, satisfying 1) test-retest reliability,
2) a moderate practice effect, 3) a high completion rate, 4) a good corre-
lation with neurocognitive performance, and 5) a discriminability for res-
idential status and social involvement, such as work (Leifker et al., 2009,
2010; Mausbach et al., 2007, 2008, 2011; Olsson et al., 2012).

As the name suggests, tasks in the UPSA-B are role-played using props
(e.g. money, an invoice, a letter, and a telephone etc.) to evaluate func-
tional capacity (competence) in daily-living contexts (Mausbach et al,,
2007,2011). The battery consists of two subscales: Finances (e.g. counting
money, bill payment) and Communication (e.g. using a phone). They
were extracted from the full version of the original UPSA (Patterson
et al.,, 2001) based on factor analysis (Mausbach et al., 2007). Due to its
conciseness (approximately 10-15 min) and effectiveness as a co-
primary measure, the battery has been widely used in the US, and has
been introduced in Europe (Sweden: Harvey et al.,, 2009a; Olsson et al.,

2215-0013/© 2014 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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Table 1
The UPSA-B studies in the US and other countries.
Country  Study Participants® N UPSA-B® Sample®
Total Finances Communication
us Bowie et al., sz 161 699 - - Patients with schizophrenia or schizoaffective disorder
2010 BD 130 885 who were community living with Ashkenazi Jewish backgrounds.
Results were obtained from the analyses of subsamples
Greenet al, sz 162 730 -~ - Recruited at the Validation of Intermediate Measure (VIM) study
2011 under the MATRICS initiative
Harvey et al, in SCZ 3445 740 - - Enrolled in the genomic study based on a Veterans Administration
press BD 4624 830 initiative (CSP#572)
Keefe et al., scz 323 700 -~ - Participants were in a large multi-site trial assessing the comparative
2011 effects of antipsychotic treatment with lurasidone or risperidone
Leifker et al., sz 194 722 - - Older patients with schizophrenia enrolled in longitudinal study
2009 of the course of cognitive and functional status. They were recruited
at Mt. Sinai School of Medicine or other hospitals
Leifker et al., SCZ (M. Sinai) 238 687% - - Part of data was from Leifker et al., 2009
2010 SCZ (UCSD) 116 565 Recruited from Board and Care facilities in San Diego who enrolled in
Functional Adaptation Skills Training
NC 109 845 Healthy subjects recruited at a naturally occurring retirement
community {(NORC) in Manhattan
Mausbach Independent 99 725 - - Recruited at the UCSD Advanced Center for Interventions and Services
et al., 2007 living SCZ Research. A subset of participants was part of the Functional Adaption
Non-independent 335 545 Skills Training
living SCZ (FAST) study {Patterson et al., 2006)
Mausbach Assisted-living, SCZ, 163 539 - - Part of data was from the FAST study
et al., 2008 Schizoaffective
Community-living SCZ, 73 54.7
Schizoaffective
China Mcintosh et al,, SCZ (Chinese) 272 376 - - Inpatients treated at a municipal psychiatric hospital in Beijing
2011 BD (Chinese) 61 552
Major depression 50 479
(Chinese)
NC (Chinese) 284 643
India Velliganet al,  SCZ (Indian) 160 676 - - Recruited from 6 different sites recommended by the MATRICS
in press Scientific Advisory Board
us Harvey et al., SCZ (Atlanta Skyland 55 755 Enrolled in the Validation of Everyday Real-World Qutcomes
2011 Trail) (VALERO) study (Harvey et al., 2011, 2013)
SCZ (Atlanta VA 40 817 40.1 -
Medical Center)
Harvey et al., SCZ (UCSD Outpatients 100 753
2013 Psychiatric Services)
Burton et al., SCZ, Schizoaffective 183 40.0 364 Data from the three different services referred in the VALERO study
2013 (Harvey et al, 2011, 2013)
Harvey et al., SCZ, Schizoaffective 236 688 - - Schizophrenia or schizoaffective participants in a longitudinal study
2009b of cognitive and functional status. Outpatients recruited from several
sites in New York and its suburbs
Harvey et al, sz 244 374 315 Data from the same general data set in Harvey et al,, 2009a,b
2009a
Mausbach sz 116 756 395 36.1 Data from the same resource in Bowie et al., 2010
et al, 2010 BD 89 887 457 430
Mausbach scz 367 775 411 364
et al, 2011
Sweden Harveyet al, SCZ (Swedish) 146 689 387 309 Outpatients recruited at a country council-founded clinic at NU
2009a Health Care Hospital
Olsson et al., SCZ, Schizoaffective, 211 694 388 306 Participants were in the study of Clinical Long-term Investigation of
2012 Delusional (Swedish) Psychosis in Sweden (CLIPS)
Denmark Vesterager First episode 117 775 402 373 Participants were in the muiti-site randomized clinical trial for
et al, 2012 SCZ (Danish) cognitive remediation program (the NEUROCOM trial)

2 SCZ: schizophrenia, BD: bipolar disorder, NC: normal controls.

> MAX score: Total = 100, Finances = 50, Communication = 50.
¢ Patients were mostly outpatients except for McIntosh et al, 2011.
4" Abase line score.

2012; Denmark: Vesterager et al., 2012) and Asia (China: McIntosh et al,,
2011; India: Velligan et al. in press) (Table 1). Also, the Japanese version

(Sumiyoshi et al,, 2011) is under standardization.

Although the UPSA-B has promise for assessing functional capacity,
some issues remain under consideration in developing its Japanese ver-

sion. First, the normative performance on the Japanese version needs to
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be clarified. To date, several studies have presented data of a normal
population (Leifker et al,, 2010; McIntosh et al., 2011). According to
these reports, the achievement of the normal samples ranges from 60
to 85 (Table 1), which may be affected by age and educational attain-
ment. The study with the US samples (Leifker et al., 2010) presented
scores of elderly healthy people (the mean age = 68.0) with large effect
sizes between schizophrenia patients (d = 0.90-1.58 across multiple
sites). On the other hand, Chinese control subjects who had relatively
low levels of average educational attainment (Mean = 8 years) elicited
a considerably lower score (64.3) (McIntosh et al,, 2011), while the dis-
association from normal controls (d = 1.08) was the same degree as
that in the US study (Leifker et al,, 2010).

The normative performance differentiating between normal and
clinical samples can also be discussed from the view point of indepen-
dency of living. The initial development study of the UPSA-B
(Mausbach et al., 2007), examined a cut-off point classifying patients
with schizophrenia into independent- versus non-independent living
groups. A score of around 60 was estimated as the optimal cut-off, sug-
gesting that patients above that have the capacity to live independently
as a part of the normal population. Given the rather wide range of scores
of the achievement related to the standard, an optimal cut-off point, dif-
ferentiating normal subjects from patients, needs to be determined for
the Japanese version of the UPSA-B. Specifically, data from relatively
younger (30~-50 years old) normal samples are of concern, which has
not been addressed in previous studies.

Second, the possible influence of the cultural or socio-economical
backgrounds needs to be considered. Cross-cultural adaptability of func-
tional outcome measures including the UPSA-B has been discussed
among its developers (Gonzalez et al., 2013; Harvey and Velligan,
2011; Velligan et al,, 2012). Ratings by experts in different countries in-
cluding Europe, Russia, and Asia resuited in a relatively poorer cultural
adaptability of the UPSA-B compared to the case in the US, due probably,
to the difference in daily-living standards. Specifically, Mexico, India,
and China presented the greatest challenges in adaptation (Velligan
etal,, 2012). On the other hand, the UPSA-B may be well accommodated
in countries with relatively uniformly westernized living environments
like Japan.

Third, the Japanese version of the UPSA-B is expected to serve as an
effective co-primary measure for standard neurocognitive batteries
such as the MCCB, as shown by previous studies (Green etal,, 2011). Ac-
cordingly, the correlation with cognitive functioning needs to be evalu-
ated as part of the development of the UPSA-B_J.

The purposes of the current study were to address those issues in
showing the utility of the UPSA-B in Japan. First, the performance on
the UPSA-B was compared between young or middle-aged normal con-
trols and patients with schizophrenia. A cut-off point differentiating nor-
mal controls from patients was also determined. In addition, profiles of

Table 2
Characteristics of participants.
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the task performance were produced to see if the domain- and task-
specific difficulties exist in both groups. Finally, the relation to
neurocognitive functioning, as assessed by the MCCB-J, was investigated
to confirm its validity as a co-primary measure.

2. Methods
2.1. Participants

Sixty-four Japanese patients with schizophrenia and 83 healthy
adults entered the study. Demographic and clinical profiles of the partic-
ipants are summarized in Table 2. Patients were outpatients treated in
Okayama University Hospital, and public or private hospitals in Toyama
Prefecture. Diagnosis was established based on the DSM-IV-TR criteria
by experienced psychiatrists using a structured interview, reference to
medical history, and all available information. Patients known to be
abusing alcohol or illicit drugs, or those with epilepsy, brain damage,
or neurologic disorders, were excluded from the study. Psychiatric
symptoms were assessed on the Brief Psychiatric Rating Scale (BPRS),
18-item version (Overall and Gorham, 1962).

Normal controls were recruited at Okayama University. The
majority of them were office employees working in Okayama Prefec-
ture. Written informed consent was obtained from all participants.
The study protocol was approved by ethics committees at the respective
study sites.

2.2. Measures

The Japanese versions of UPSA (Sumiyoshi et al., 2011) and MCCB
were administered to all participants. The UPSA-B Japanese version
was developed based on the international version of the UPSA-B, with
some modifications to adjust for differences in everyday functional de-
mands in Japan. It has been approved by developers after conducting
two independent forward and back translations, reconciliation, and
pilot testing on patients. The MCCB Japanese version has been shown
to have good psychometric properties and validity (Kaneda et al,, 2013).

Subscale scores of the two domains of the UPSA-B (i.e. Finances,
Communication) were converted into the standard score ranging from
0 to 50, and thus the maximum of the Total score was 100 (Mausbach
et al., 2007). Raw scores for the 10 subtests of the MCCB were converted
to T-scores (mean = 50, SD = 10), out of which the seven domain
scores were produced (Nuechterlein and Green, 2006). The T-score of
each task corresponds to the domain score except for Speed of Process-
ing (TMT, BACS SC, and Fluency) and Working Memory (LNS and WMS-
SS), for which the composite scores were calculated by summing to the
T-scores of tests included in those domains. The overall composite score

NC SCZ Effect size® t/F (df) p Interpretations
N (M/F) 83 (71/12) 64 (34/30) -
Age 34.6 (94)° 352 (11.2) - t= —0.13(143) 0.72 NC = SCZ
Education 16.6 (1.1) 136 (24) - t = 10,12 (143) <0.000 NC > SCZ
Duration - 9.7 (8.1) - -
Drug (mg)° - 444.8 (492.0) - -
BPRS_Positive - 10.0 (5.9) - -
BPRS_Negative - 75 (34) - -
BPRS_Total - 36.5(12.8) - -
MCCB Composite 510.5 (47.3) 376.3 (76.0) 2.1 F = 67.30(1,140) <0.000 NC > SCZ
UPSA-B Total 82.1(86) 69.5 (13.7) 11 t = 6.80 (145) <0.000 NC > SCZ
Finances 48.7 (3.3) 43.8 (7.8) 0.8 F = 46.24 (1,145) <0.000 NC > SCZ
Communication 33.4(76) 257 (9.5) 09

NC: normal controls, SCZ: patients with schizophrenia.
@ Cohen's d for normal controls vs. patients.
> Mean (SD).
€ CPZ equivalent.
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was the sum of the seven domain scores (Kern et al., 2008; Nuechterlein
and Green, 2006).

The formal Japanese version of the MCCB was not released at that
moment, and thus, the T-scores of the Japanese version were produced
based on the data obtained in a preliminary study for the development
of the Japanese version; the normative group consisted of 85 healthy
adults (mean age =40.0, SD = 11.2, range 19-65) and the mean and
the standard deviation of this group served as the reference for the T-
score conversion. Age-correction was applied according to the regres-
sion method employed in the standardization study in the US (Kern
et al., 2008). Although both age- and gender-corrections are recom-
mended in the MCCB Manual (Nuechterlein and Green, 2006), only
the former was applied due to limitations in the reference group at
that moment.

2.3. Statistical analyses

SPSS ver. 17.0 (SPSS Inc.) was used for all the analyses except for the
estimation of effect sizes.

2.4. Group comparisons

Demographic variables (age and education) and the UPSA-B Total
score were compared by t-test. Two-way analysis of variance (Two-
way ANOVA) was conducted for the group comparisons for the UPSA-
B subscales with Group (normal controls vs. patients) as a between-
subject factor while Subscale (Finances vs. Communication) as a
within-subject factor. The MCCB composite score was compared by
one-way analysis of covariance (ANCOVA) controlling education. Effect
sizes (Cohen’s d) were calculated by dividing the mean difference be-
tween normal controls and patients by a pooled SDs from the
two groups.

2.5. ROC curve analyses

Receiver Operating Characteristic (ROC) curves analyses were con-
ducted for the UPSA-B Total and subscale scores. Every possible cut-
off point was specified at a specific sensitivity and 1 — specificity. Sen-
sitivity corresponds to the ‘hit’ rate indicating the correct classification
of normal subjects as a normal sample. 1 — specificity and specificity
represent the ‘false alarm (FA)’ and ‘correct rejection (CR)’ rates, respec-
tively. The former refers to the rate of misclassifying patients into the
normal sample, while the latter means the rate of correctly determining
patients. As for the measure of sensitivity, the area under curve (AUC)
with the 95% confidential interval (95% CI) and d' (d-prime)
(Gescheider, 1985) were calculated; larger values suggest better
sensitivity. Optimal cut-off points were determined for the UPSA-B
Total score, at which the sum of sensitivity (% of hit) and specificity
(% of CR) was maximized (Youden's J: Youden, 1950); (Mausbach
et al, 2011).

2.6. Profiles for the UPSA-B

Profiles were created to show domain- or task-specific performance
in each group. The mean scores were calculated for each task (MAX =1
except for one task with MAX = 2 in the Finance part), and were plotted
on a horizontal axis scaled with task numbers.

2.7. Correlation analyses

Simple correlations (Pearson’s r) were calculated between the
UPSA-B Total score and the MCCB overall composite and seven
domain scores.

3. Results
3.1. Group comparisons

Table 2 presents the statistical results for demographic variables and
the performance on the UPSA-B and the MCCB. Age did not differ be-
tween groups (t = —0.36, df = 143, n.s.) while Education was signifi-
cantly higher for normal controls (t = 10.12, df = 143, p < 0.01). The
UPSA-B Total score (t = 6.80, df = 145, p <0.01) and the MCCB
composite score (F = 67.30, df = 1, 140, p < 0.01) were significantly
higher for normal controls than Main effects of Group and Subscales
of the UPSA-B were significant without an interaction effect; normal
controls performed better than patients (F =46.24, df = 1, 145,
p <0.01) on both Finances and Communication subscales,
and the Finances score was higher than Communication in both groups
(F = 474.18,df = 1, 145, p < 0.01).

Overall, relatively large ESs were obtained (d > 0.8), suggesting that
substantial differences existed between normal controls and patients in
measures of both functional capacity (UPSA-B) and neurocognition
(MCCB) (Table 2).

3.2. ROC curve analyses

Fig. 1 illustrates ROC curves for the UPSA-B Total score. AUC of 0.77
(95%CI: 0.70-0.85) was significantly greater (p <0.001) than that of no
information (0.50). d’ associated with this curve was estimated as 1.26.

The optimal cut-off point for the Total score (MAX = 100) was esti-
mated as 77.8, at which sensitivity (hit rate) and 1 — specificity (FA
rate) were 0.67 and 0.21, respectively. The results suggest that of all nor-
mal controls, 67% had the UPSA Total score of 77.8 or above, while of all
patients, 89 (=100 — 21)% scored below this score.

3.3. Profiles of the UPSA-B

Fig. 2 presents profiles of UPSA-B scores for normal controls (A) and
patients with schizophrenia (B). Normal controls performed almost
perfectly on the Finances part (Fig. 2A, the left section). Likewise, the pa-
tient group showed better performance on the Finances part (Fig. 2B,
the left section) than the Communication part (Fig. 2B, the right part).

Both normal controls and patients tended to perform poorly on Task
13 (speaking on the phone with a name and an address given by the

Total score (MAX=100)
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Fig. 1. ROC curves for UPSA-B Total score.



