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ARTICLE INFO ABSTRACT

Article history: Background: Evidence supports disruption in white matter (WM) connectivity in established schizophrenia,
Received 4 December 2013 however, it is unclear when these abnormalities occur during the course of illness and if they are progressive.
Received in revised form 20 December 2014 Here we investigated whether WM abnormalities predate illness onset by examining a group of individuals
Accepted 2 January 2015 with an ‘at risk mental state’ (ARMS) and assess whether there is evidence of progressive change. We hypothe-

Available online 28 January 2015 sized that WM abnormalities are associated with symptom change.

Methods: Sixteen healthy controls and 41 ARMS subjects at baseline underwent Diffusion Tensor Imaging (DTTI).
Sub-threshold positive symptoms were measured using the Scale of Prodromal Symptoms (SOPS). Imaging and
symptoms were re-administered in the ARMS group after one year (52 weeks). Fractional anisotropy (FA) value
differences between ARMS and control groups at baseline were localized using the method of Tract-Based Spatial
Statistics (TBSS).

Results: At baseline, FA was significantly reduced in a sub-region of the corpus callosum (CC) in the ARMS group
as a whole compared to controls. This reduction was also found in the 34 individuals who did not transition
(ARMS-N) during the one-year follow-up. However, the ARMS-N group showed a significant improvement in
sub-threshold positive symptoms at follow-up, which was correlated with an increase in FA in the same CC re-
gion (r = —0.664, p<0.001).

Discussion: There was a significant FA reduction in the CC in individuals at high risk for psychosis regardless of
transition status at one year. This suggests that WM abnormalities in the CC may represent a biological vulnera-
bility to psychosis. Improvement in sub-threshold positive symptoms was associated with improvement in mea-
sures of WM integrity in the CC. This may suggest that neurobiological ‘resilience’ is associated with improved
outcomes, although this notion requires future study.

Keywords:

At risk mental state
Corpus callosum
Diffusion tensor imaging
Prodrome

Psychosis

White matter integrity

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Many studies have revealed that multiple brain regions are implicat-
ed in schizophrenia (Shenton et al,, 2001). It is postulated that these ab-
normalities reflect dysfunction of neural connectivity consistent with
the disconnection hypothesis of schizophrenia (Friston, 1998). Recently,
it has been possible to directly examine the disconnection hypothesis by
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fax: +813 5471 5774.
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http://dx.doi.org/10.1016/j.schres.2015.01.002
0920-9964/© 2015 Elsevier B.V. All rights reserved.

151

assessing white matter (WM) connectivity using diffusion tensor imag-
ing (DTI) (Zalesky et al., 2011). A meta-analysis of DTI studies in schizo-
phrenia by Bora et al. (2011) identified significant fractional anisotropy
value (FA) reductions in the genu of the corpus callosum, anterior cin-
gulate/medial frontal WM and the anterior limb of the internal capsule
and the external capsule/corona radiata. The regions presented in this
meta-analysis were largely consistent with abnormalities proposed to
be involved in schizophrenia (Crow, 1998; Andreasen, 1999). DTI stud-
ies have also identified relationships between FA and various psychiat-
ric symptoms, including positive symptoms, negative symptoms and
hallucinations as well as cognitive deficits (for review: Walterfang
etal, 2011).



However, whether these widespread WM impairments identified
with DTI predated the onset of psychotic symptoms or developed over
the course of the illness progressively remains unclear (Yung and
McGorry, 1996; Pantelis et al,, 2003), although this is suggested by pro-
gressive WM volumetric changes in UHR individuals converting to psy-
chosis (Walterfang et al., 2008). In a longitudinal DTI study of subjects
with ‘at risk mental states’ (ARMS), Peters et al. (2010) found no base-
line FA differences in any brain region between those ARMS patients de-
veloping psychosis (ARMS-P) compared with those not developing
psychosis (ARMS-N). In contrast, Bloemen et al. (2010) reported that
ARMS-P had lower baseline FA in the putamen and in the superior tem-
poral gyrus compared to the ARMS-N. Further, in this study, positive
symptom scores in ARMS-P subjects were negatively correlated with
FA in the middle temporal lobe, while for the whole ARMS group
(ARMS-W) positive symptoms negatively correlated with FA in the
right superior temporal lobe. In a previous study, we found a negative
correlation between change in FA in the genu of the corpus callosum
and change in negative symptoms in ARMS-W during the 52-week
study period (Saito et al., in submission). These reports suggest that
relationships between symptoms and FA may be relevant to all patients
with ARMS, rather than only apparent in those who transition to
psychosis.

While transition to psychosis is defined by the expression of promi-
nent positive symptoms, sub-threshold psychotic symptoms gradually
develop before onset of psychosis and this increasing severity may
be associated with progressive changes in multiple brain regions
(Pantelis et al., 2005). To date, no longitudinal DTI studies have exam-
ined the relationship of sub-threshold positive symptom changes to
WM changes. Further, although, the positive symptoms of almost 80%
of ARMS subjects do not exceed the threshold for psychosis and usually
recover during the follow-up period, no DTI studies have examined the
relationship between recovery of sub-threshold symptoms and the WM
changes of these so-called “false positives”.

We hypothesized that the severity of sub-threshold positive symp-
toms that emerge in ARMS subjects is associated with reduction of
WM integrity. To elucidate the relationship between sub-threshold
positive symptoms and WM integrity in ARMS subjects, we investigated
the relationship between cross sectional and longitudinal FA and sub-
threshold positive symptoms in ARMS subjects followed for one year.

2. Method
2.1. Participants

The ARMS individuals were recruited at the Toho University Omori
Medical Center (baseline). Experienced psychiatrists diagnosed partici-
pants as having ARMS using the Structured Interview for Prodromal
Syndrome (SIPS) (Miller et al.,, 2003) at the time of the first consultation.
Individuals with clearly diagnosed brain disease or substance depen-
dence were excluded. The ARMS-W group was treated at the “Youth
Clinic” and at the “Il Bosco” day-care center that was established for per-
sons with early psychosis (Mizuno et al.,, 2009; Nemoto et al., 2012).
Participants showing severe deterioration of clinical symptoms received
antipsychotics even in the absence of apparent positive symptoms
(Yung et al,, 2007). Transition to psychosis during the follow-up period
was defined using the SIPS. After a 52-week follow-up period, the
ARMS-W group was divided into ARMS-P and ARMS-N. To investigate
the influence of antipsychotics on the ARMS-N group, we further divid-
ed ARMS-N subjects into those who were not prescribed antipsychotics
(ARMS-NN) and those treated with antipsychotics (ARMS-NA) (Fig. 1).
The mean dosage of antipsychotics at baseline and 52 weeks was
expressed as milligram equivalents of chlorpromazine (Woods, 2003)
and dosage was logo transformed to reduce skewness (CPZeg-log).

Healthy control subjects were recruited from independent sources
in the community and were interviewed in detail by experienced psy-
chiatrists. These individuals had no current psychiatric disorder and
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ARMS-W: overall group of ARMS subjects; ARMS-P: ARMS subjects who
developed psychosis during the 1-year follow-up period; ARMS-N:ARMS
subjects who did not develop psychosis during the 1-year follow-up period;
ARMS-NN: ARMS subjects who did not develop psychosis and were not
prescribed antipsychotics during the follow-up period; ARMS-NA: ARMS
subjects who did not develop psychosis but were prescribed antipsychotics
during the follow-up period.

Fig. 1. Flow chart outlining of participants. ARMS-W: overall group of ARMS subjects;
ARMS-P: ARMS subjects who developed psychosis during the 1-year follow-up period;
ARMS-N:ARMS subjects who did not develop psychosis during the 1-year follow-up peri-
od; ARMS-NN: ARMS subjects who did not develop psychosis and were not prescribed an-
tipsychotics during the follow-up period; ARMS-NA: ARMS subjects who did not develop
psychosis but were prescribed antipsychotics during the follow-up period.

no history of psychiatric illness, head trauma, neurological illness, seri-
ous medical illness or substance dependence. Written informed consent
was obtained from all the participants after the study had been
explained in full. This study was approved by the Ethics Committee of
the Toho University School of Medicine.

2.2, Scaling of the severity of sub-threshold positive symptoms

The Scale of Prodromal Symptoms (SOPS) (Miller et al., 2003) is
contained within the SIPS. The SOPS has been designed to define and di-
agnose the psychosis prodrome, to characterize the symptoms and their
severity and, importantly, to assess change longitudinally. The SOPS is a
19-item scale designed to measure the severity of prodromal symptoms
and changes over time. The SOPS contains four subscales for Positive,
Negative, Disorganization, and General symptoms. In this study, sub-
threshold positive symptom severity of ARMS subjects was calculated
as the sum of the five SOPS positive items (POS) at baseline and at 52
weeks. For longitudinal analysis, the one-year change in POS (APOS)
was calculated by subtracting POS score at baseline from the score at
52 weeks.

2.3. Image acquisition

The ARMS subjects and controls underwent MRI scans (EXCELART
Vantage, XGV 1.5T; Toshiba Medical Systems, Tokyo, Japan) with a
five-channel head coil at baseline; DTI images were acquired by using
a single-shot spin-echo echo-planar sequence in 30 axial sections. The
whole brain diffusion-weighted images were recorded along 6 gradient
directions using a b-value of 1000 s/mm? together with unweighted
(b = 0) images. For each image, we used the following parameters:
field of view = 260 x 260 mm?; matrix size 128 x 128; voxel resolution
1.02 x 1.02 x 5 mm?; TE = 100 ms; TR = 7,668 ms; number of signal
average 3. After 52 weeks from baseline scan, ARMS subjects underwent
a second scan using the same instrument and same method.

Although some of subjects underwent SIPS and MRI repeatedly
during the follow-up period, to analyze strictly, we adopted the SIPS
and MRI data at 52 weeks for each subject.

24. Image processing

In the previous study, we measured the FA values, using Tract Specif-
ic Analysis (TSA), of each of the three CC sub-regions that were
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manually segmented based on brain anatomy (Saito et al, in
submission). However, in this study, using Tract-Based Spatial Statistics
analysis (TBSS), we analyzed the precise difference in FA values of cere-
bral white matter between ARMS-W and controls (Smith et al., 2006).
Briefly, correction for the effects of head movement and eddy currents
was performed. A brain mask was created by using one of theb =0
(no diffusion weighted) images. A diffusion tensor was then fitted to
each voxel comprising the mask and FA images were computed. Each
image was aligned to a common space (FMRIB58-FA standard-space
image) using the nonlinear registration tool FNIRT which uses a b-spline
representation of the registration warp field (Rueckert et al., 1999).
Next, the mean FA image was created and thinned to create a mean
FA skeleton, which represents the centers of all tracts common to the
group. Each subject’s aligned FA data were then projected onto this
skeleton.

Group comparisons between ARMS-W and controls were carried out
using t-tests. These were computed using the randomize function
implemented in FSL, and implementing the recently developed
threshold-free cluster-enhancement method for proper statistical infer-
ence of spatially distributed patterns. A p-value of <0.05 was regarded
as significant. Family-wise error was used to correct for multiple com-
parisons. In this way, significant regions of interest (ROIs) were identi-
fied and delineated for further analysis, as below.

2.5. Quantification of FA of significant ROIs

To analyze the longitudinal FA differences between the various sub-
groups at baseline and 52 weeks, we specifically investigated FA in the
ROIs identified in the previous step. Using a custom MATLAB (www.
mathworks.com.jp) script, the average of the FA across all the voxels
comprising the significant regions identified with TBSS was computed.
For longitudinal analysis, the one-year changes in FA (AFA) of each
group were calculated by subtracting the FA values at baseline from
the values at 52 weeks.

2.6. Statistical analysis

Data were analyzed using SPSS version 20 (www.spss.com). We first
compared differences in baseline POS scores and ROI FA values between
controls, ARMS-NN, ARMS-NA and ARMS-P using ANOVA. Post-hoc
tests were examined using Tukey HSD. We also examined the longitudi-
nal changes in FA and POS scores respectively between ARMS-NN and
ARMS-NA between baseline and one year, using repeated measures
ANOVA that included a between-group factor (ARMS-N subgroups)
and a within-subject factor (baseline and 52 weeks).

To investigate the longitudinal relationship between FA changes and
POS changes during follow-up, we analyzed the correlation between
AFA and APOS in the ARMS subgroups.

Regression analysis was used to investigate factors that influenced
POS changes over the follow-up in the ARMS-N subgroups. The depen-
dent factor was APOS. The regressor of interest was AFA. For ARMS-NN,
age, sex and AFA were included as regressors. For ARMS-NA, age, sex,
AFA and the mean dosage of antipsychotics during the one-year
follow-up period were included as regressors. The mean dosage of anti-
psychotics during the one-year follow-up period was calculated as the
mean value of antipsychotic dosage (milligram equivalents of chlor-
promazine) at the two time points (baseline and 52 weeks) and mean
dosage for each person was log;o transformed to reduce skewness
(CPZeg-mean-log).

3. Results
3.1. Demographic and characteristics of the groups

Participants were sixteen controls and 41 ARMS-W. Seven of 41
(17.1%) subjects transitioned to psychosis during the one-year follow-
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up. Among these 7 ARMS-P subjects 2 subjects did not undergo the
SIPS and 2 subjects did not undergo MRI at follow-up (i.e. only four
underwent both SIPS and MRI at both baseline and 52 weeks). Thus,
this group was not included in the longitudinal analysis (i.e. analyses
were limited to the ARMS-N subgroups).

Among 34 ARMS-N, 23 subjects had been prescribed antipsychotics
(ARMS-NA) during the follow-up. Of 23 ARMS-NA subjects followed up
at 52 weeks, 5 subjects did not undergo SIPS and 1 subject did not un-
dergo MR, and among 11 ARMS-NN subjects followed up, 2 subjects
did not complete SIPS. The demographic characteristics of the groups
are shown in Table 1.

There were no significant group differences in dose of medication
between ARMS-NA and ARMS-P at baseline (t(28) = —1.361,p =
0.18). Within ARMS-NA, there was no significant difference in dose of
medication between baseline and 52 weeks (t(22) = —0.727, p =
0.48). All ARMS-P subjects received antipsychotics at baseline because
they had shown evidence of clinical deterioration, even though positive
symptoms were not prominent. Further, while these subjects converted
to psychosis during the one-year follow-up period with increased dose
of antipsychotics during the acute phase, all patients had been treated at
the “Youth Clinic” and the “Il Bosco” and reached remission before 52
weeks. Consequently, the mean dose of antipsychotics was reduced
again by 52 weeks.

3.2. POS score of ARMS subgroups

Assessment at baseline did not identify any significant differences in
POS between ARMS-NN, ARMS-NA and ARMS-P at baseline (F(2,36) =
0.709, p = 0.50). Repeated measures analysis examining changes over
time (excluding the ARMS-P because of low numbers) indicated that
there was no significant main effect of group (F(1,25) = 0.064, p =
0.80) between ARMS-NN and ARMS-NA. However, there was a signifi-
cant effect of time for POS score (F(1,25) = 19.001, p<0.001) and a sig-
nificant time x group interaction (F(1,25) = 4.985 p = 0.035), with
greater POS reduction observed in the ARMS-NA group.

3.3. FA differences between the ARMS group and controls at baseline

Comparing FA between groups, significant differences were found
between the ARMS-W and controls at baseline using TBSS, in one cluster
involving part of the genu and body of the corpus callosum (CC) (con-
firmed with JHU ICBM-DTI-81 WM Labels) (Fig. 2).

3.4. Group differences in FA at baseline

The region identified in Fig. 2, where the significant FA reduction
was detected in the ARMS-W compared to controls was defined as the
ROL

At baseline the FA in the ROI differed significantly across groups
(controls, 0.47 + 0.04; ARMS-NN, 0.39 + 0.05; ARMS-NA, 0.40 &+
0.07; ARMS-P, 043 + 0.06); (F(3,53) = 5.701, p = 0.002). Post-hoc
tests revealed significant differences in FA between controls and
ARMS-NN (p = 0.004) and between controls and ARMS-NA (p =
0.005) (Fig. 3).

3.5. Longitudinal relationship between FA changes and changes in POS in
ARMS-N subgroups

For comparison of FA between ARMS-NN and ARMS-NA, there
was no significant effect of group (F (1,31) = 0.517, p = 0.48), time
(F(1,31) = 0.339 p = 0.567) or time x group interaction (F (1,31) =
1.000, p = 0.33).

Nine ARMS-NN, 17 ARMS-NA and 4 ARMS-P subjects underwent
both MRI and SOPS at baseline and 52 weeks. There was a significant
correlation between AFA and APOS between baseline and one year for
each of the ARMS subgroups (ARMS-W, n = 30, r = —0.568, p =
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Table 1
Demographic data, scores for sub-threshold positive symptoms (POS), and fractional anisotropy values (FA).
Baseline 52 weeks
Control ARMS-NN ARMS-NA ARMS-P p ARMS-NN ARMS-NA ARMS-P P
Participants (male/female) n=16(8/8) n=11(3/8) n=23(6/17) n=7(1/6) p=0273 n=11(3/8) n=23(6/17) n=7(1/6) p=10.789
Age at baseline and 52 weeks (years) 23.19(2.86) 24.18(7.88) 23.35(6.49) 20.71(553) p= 0673 25.09 (7.80) 24.48(6.45) 21.20(526) p=0.549
Subject underwent SOPS (male/female) n=11(3/8) n=21(4/17) n=7(1/6) p=0.778 n=9(2/7) n=18(4/14) n=5(1/4) p= 05994
POS score at baseline and 52 weeks - 1736 (3.26) 19.05(4.18)  19.14 (4.67) p = 0.499 15.22 (5.09) 13.22 (4.953) 16.80(4.09) p = 0.301
Subject underwent DTI (male/female) n=16(8/8) n=11(3/8) n=23(6/17) n=7(1/6) p= 0.273'” n=11(3/8) n=22(6/16) n=>5(1/4) p=0942
FA value in ROI at baseline and 52 weeks  0.47 (0.04)  0.39(0.05) 040 (0.07) 043 (0.06) p=0002"" 038(0.04) 040 (0.04) 0.43 (0.06) p=10.128
Subject underwent DT and SOPS at - n=9(2/7) n=17(4/13) n=4(1/3) p=1099%4 n=9(2/7) n=17(4/13) n=4(1/3) p=10994
baseline and 52 weeks (male/female)
Dose of CPZeqg-log - 0 1.75 (0.62) 2.06(039) - 0 1.80 (0.64) 237(032) -~

ARMS-NN: ARMS subjects who did not develop psychosis and were not prescribed antipsychotics during the 1-year follow-up period; ARMS-NA: ARMS subjects who did not develop
psychosis but were prescribed antipsychotics during the follow-up period; ARMS-P:ARMS subjects who developed psychosis during the follow-up period.

*p<0.05.
** p<001.

0.001; ARMS-N, n = 26, r = —0.664, p < 0.001; ARMS-NN, n = 9,
r= —0.776, p = 0.014; ARMS-NA, n = 17, r = —0.586, p = 0.013).
However, the correlation was not significant in the ARMS-P group
(n=4,r=0.139, p = 0.86) (Fig. 4).

The determinants of APOS were examined further using regression
to assess the effects of FA, age, gender and mean dosage of antipsy-
chotics during the one-year follow-up. Only AFA significantly correlated
with APOS for both subgroups (ARMS-NN p = 0.03; ARMS-NA: p =
0.004). Mean antipsychotic dose was not associated with APOS in the
ARMS-NA group (ARMS-NA: p = 0.96) (Table 2).

4. Discussion

In this study we examined WM integrity in prepsychotic individuals
considered at-risk for psychosis.

In the cross sectional analysis, FA values in the CC for the ARMS-P
group was intermediate relative to controls and ARMS-N group
(Fig. 3). While this result is not in accordance with our hypothesis that
severity of symptoms would be associated with reduction of WM integ-
rity or previous findings that reported FA reductions in the left CC of
ARMS-P group (Carletti et al., 2012), our sample of converters was
small. However, some recent studies suggest that FA reductions in the
brain of schizophrenia patients were inhomogeneous across different
sub-regions of the CC, Thus, Schneiderman et al., (2009) reported that

although the DTI index was lower in most regions of CC, it was higher
in the right body and left anterior portion of the genu in male schizo-
phrenia patients compared to controls.

In contrast, in the ARMS-N group there was a significant FA reduc-
tion in the CC compared to healthy controls at baseline. These results
raise the possibility that sub-threshold psychotic symptoms observed
in ARMS-N are associated with potentially deleterious biological differ-
ences affecting white matter integrity.

In the longitudinal analysis, only seven individuals converted to
psychosis (ARMS-P) during the follow-up period and because only 4
subjects underwent both MRI and SOPS at follow-up, our main results
relate to those who did not convert to psychosis. Interestingly, this
ARMS-N group showed a significant improvement in sub-threshold
positive symptoms (POS) during one-year follow-up and this improve-
ment was associated with increased FA. This finding was not
explained by potential confounders including age and gender.
Further, analysis of the ARMS-N subjects (including medicated
and antipsychotic-naive) identified the same relationship
between POS and FA. While these findings suggest that this
change was not explained by use of antipsychotics, further study
is needed to increase the number of unmedicated subjects.
These results indicate that improvement in the severity of sub-
threshold psychotic symptoms was associated with improved
indices of white matter integrity in a sub-region of the left CC.

ARMS-W: overall group of ARMS subjects; Image is radiologically oriented
(participant’s left is to the right) ; p-value <0.05 was regarded as significant
(after family-wise error correction for multiple comparison).

Fig. 2. Significant FA differences between ARMS-W group and controls. ARMS-W: overall group of ARMS subjects; Image is radiologically oriented (participant’s left is to the right) ; p-value
< 0.05 was regarded as significant (after family-wise error correction for multiple comparison).
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ARMS-NN: ARMS subjects who did not develop psychosis and
were not prescribed antipsychotics during the follow-up period;
ARMS-NA: ARMS subjects who did not develop psychosis but
were prescribed antipsychotics during the follow-up period;
ARMS-P: ARMS subjects who developed psychosis during the
follow-up period. *P <0.05; **P < 0.01.

Fig. 3. Mean FA value of controls and ARMS subgroups at baseline. ARMS-NN: ARMS sub-
jects who did not develop psychosis and were not prescribed antipsychotics during the
follow-up period; ARMS-NA: ARMS subjects who did not develop psychosis but were pre-
scribed antipsychotics during the follow-up period; ARMS-P: ARMS subjects who devel-
oped psychosis during the follow-up period. *P < 0.05; **P < 0.01.

We found that improvements in WM measures were accompanied
by improvement in such symptoms, suggesting a dynamic process
that may be relevant to the onset of disorder. While our sample of
ARMS-P was inadequate to examine this further, an intriguing hypoth-
esis is that improvement in white matter over time reduces the risk for
developing psychosis. This may imply neurobiological resilience in a
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Green triangles: scatter of ARMS-NN; Blue diamonds: scatter of ARMS-NA; Red
X: scatter of ARMS-P. Red broken line: regression line of ARMS-P; Black solid
line: regression line of ARMS-N. APOS: one-year change in POS; AFA: one-year
change in FA; ARMS-NN: ARMS subjects who did not develop psychosis and were
not prescribed antipsychotics during the follow-up period; ARMS-NA: ARMS
subjects who did not develop psychosis but were prescribed antipsychotics during
the follow-up period; ARMS-P: ARMS subjects who developed psychosis during
the follow-up period.

Fig. 4. Correlations between AFA and APOS for ARMS subgroups. Green triangles: scatter
of ARMS-NN; Blue diamonds: scatter of ARMS-NA; Red X: scatter of ARMS-P. Red broken
line: regression line of ARMS-P; Black solid line: regression line of ARMS-N. APOS: one-
year change in POS; AFA: one-year change in FA; ARMS-NN: ARMS subjects who did not
develop psychosis and were not prescribed antipsychotics during the follow-up period;
ARMS-NA: ARMS subjects who did not develop psychosis but were prescribed antipsy-
chotics during the follow-up period; ARMS-P: ARMS subjects who developed psychosis
during the follow-up period.
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subgroup of young people deemed at risk for psychosis (see: Pantelis
and Bartholomeusz, 2014).

The CC is the largest commissure in the human brain, connecting
neocortical regions of the two hemispheres. This includes the left and
right frontal areas, associated with specific higher cognitive functions
(de Lacoste et al., 1985). Further, the normal human brain is character-
ized by a pattern of gross anatomical asymmetry, which has been asso-
ciated with the processing of language (Cook, 2002). Individuals with
schizophrenia show a loss of the normal asymmetry in regions such as
superior temporal gyrus relevant to language (e.g., Crow et al., 2007).
Asymmetry in schizophrenia is also observed in anterior cingulate re-
gion close to the CC (Yiicel et al., 2002), which has been associated
with impairments in executive function (Fornito et al., 2006). Crow
(1998) has proposed a translocation misconnection syndrome based
on such evidence together with evidence for asymmetry in the CC
(Highley et al., 1999), a finding that is consistent with our findings im-
plicating left CC. Impairment of CC in schizophrenia had been consis-
tently reported in neuroimaging studies (e.g. Walterfang et al., 2006),
including the meta-analysis of schizophrenia DTI studies finding FA re-
ductions in this region (Patel et al, 2011). Similar to our study, Carletti
et al. (2012) reported reduction of DTI indices in the left CC of ARMS
individuals, which were intermediate between first episode schizo-
phrenia and controls. Additionally, Knochel et al. (2012) reported vol-
ume and FA reductions of CC in schizophrenia as well as first-degree
relatives suggesting a role for genetic influences. This may also suggest
that such measures represent potential endophenotypic markers for
schizophrenia.

Our findings indicate that the increase of FA in CC was associated
with improvement or recovery of POS rather than antipsychotics
in ARMS-N group. There is already some evidence of relationships
between psychiatric symptoms and the impairment of CC in schizo-
phrenia (Bleich-Cohen et al,, 2012; Nakamura et al,, 2012; Serpa et al.,
2012). These reports support our findings in ARMS, suggesting that
changes in psychiatric symptom severity are associated with changes
of CC WM integrity.

Taken together with the consistent reports of impairment of frontal
CC in the ARMS as well as schizophrenia, our results of FA reduction in
anterior CC in the ARMS group are in accordance with previous studies.
However, to our knowledge, this is the first study that reports FA reduc-
tion in ARMS that have not made the transition to psychosis, so-called
“false positive” cases; and the first study to report FA changes over
time in such a group. These results raise the possibility that the “false
positives” do not simply express sub-threshold psychotic symptoms,
but also manifest neurobiological risk for developing psychosis and
that our findings of improvement in FA over a 12-month period relate
to ‘protective’ factors or ‘neurobiological resilience’ (Pantelis and
Bartholomeusz, 2014).

On the other hand, theoretically, true positives (those making the
transition) will be outnumbered by “false positives”. However, there is
the possibility of “false false positives”, that is those who would have
made the transition to psychotic disorder had it not been for some inter-
vention or change in circumstances (Yung et al,, 2007). This is particu-
larly the case in our study, as all ARMS patients underwent various
therapies including a proportion receiving medication. However, we
have demonstrated that a positive change in FA was associated with
fewer symptoms, suggesting that neurobiological vulnerability can be
modified.

Takeuchi et al. (2010) reported that working memory training corre-
lated with increased FA in the WM regions adjacent to the intraparietal
sulcus and the body of the CC after training in healthy people. Penades
et al. (2013) reported that schizophrenia patients who underwent
cognitive remediation therapy showed increase of FA in the genu of
the CC. Such studies suggest that changes at the earliest stages of psy-
chosis and pre-psychosis are dynamic and changeable, potentially
reflecting plasticity. Importantly, our findings are indicative of positive
neurobiological outcomes that may be associated with amelioration of
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Table 2
Results of regression analyses for APOS of ARMS-N subgroups.
ARMS-NN ARMS-NA
Regressor of APOS 63 t p (95% C1) 63 t p (95% CI)
age ~—0.248 0932 0.394 —0.882 t0 0.384 —0.452 —1.889 0.083 -0.596 to 0.042
sex —0.441 - 1.756 0.139 - 15.509 t0 2.918 ) 0.431 1.802 0.097 -{0.782 t0 8.252
AFA —~0714 ~3.012 0.030 —245.837 to —19.433" —0.791 ~3.548 0.004 —160.759 to —38.430™"
CPZeq-mean-log - - - 0.010 0.046 0.964 —~4.718t0 4.922

ARMS-N:ARMS subjects who did not develop psychosis during the 1-year follow-up period; ARMS-NN: ARMS subjects who did not develop psychosis and were not prescribed antipsy-
chotics during the follow-up period; ARMS-NA: ARMS subjects who did not develop psychosis but were prescribed antipsychotics during the follow-up period; APOS: one-year change in

POS; AFA: one-year change in FA.
* p<005.
** p<001.

symptoms and possibly illness prevention. Further work should explore
ways to reduce such neurobiological vulnerability, including measures
of WM integrity.

We acknowledge some limitations to our study. First, the risk of Type
1l errors should be considered in view of the relatively small sample
sizes, particularly for the ARMS-P. Second, while TBSS has been widely
used to identify focal between-group differences in FA, this approach
is associated with several limitations, including disregard for potential
effects outside of the ‘skeleton’ and evidence showing the tract-
specificity of the skeleton projection step may be low for some fiber
geometries (Zalesky, 2011; Keihaninejad et al., 2012). Despite these
methodological considerations, TBSS is currently still considered the
leading technique for voxel-wise diffusion imaging analysis as many
alternative approaches are far less reproducible and may have similar
problems (Bach et al., 2014).

Third, although the effect of gender differences was not significant in
our study, we did not specifically design the study to examine the role of
sex differences (Crow et al,, 2013). Savadjiev et al., (2014), in their study
of schizophrenia patients, reported a significant diagnosis by sex inter-
action of DTl indices in the left anterior CC. Further, they reported a dif-
ference in the correlation between the severity of patients’ negative
symptoms and DTI indices in the left anterior CCin both sexes. These re-
sults coincide with previous studies suggesting that the structural
change underlying the continuum of psychosis relates to the interaction
of laterality and sex (Bora et al., 2012; Lagopoulos et al., 2013). Further
work is required to clarify the effects of gender, laterality or clinical sub-
types on FA change on CC.
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Schizophrenia is associated with impairments in social interactions, and the conditions under which patients live
and undergo treatment appear to have an important role in the course of the disease. However, the influences of
care settings on the course of cognition remain controversial. The closure of psychiatric hospitals and the transi-
tion to community-based living is a golden opportunity to address this issue. The aims of the present study were
to examine (1) the longitudinal course of cognition as well as the psychopathology and social functioning of
schizophrenia patients who had been chronically hospitalized and then discharged, and (2) the key cognitive
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examinations that included measures of cognition, psychiatric symptoms, and social functioning. Fifty-six
patients completed all the assessments. Although consistent improvements were shown in the cognitive
domains for attention and memory, the initial improvements in global cognition and processing speed ultimately
began to decline. Symptoms and global functioning improved almost consistently over the course of the follow-
up period. Stepwise multiple regressions revealed category fluency at baseline predicted social functioning at
5 years. However, this correlation was no longer significant when psychopathological variables were included
as predictors. These results suggest that care settings affect the course of cognition, and addressing these
conditions may lead to a certain degree of cognitive improvement even among schizophrenia patients who
have been chronically institutionalized.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction hospitalized patients with schizophrenia based on limited cognitive

assessments; this group has demonstrated a cognitive decline after a

Schizophrenia is associated with impairments in day-to-day social
interactions, and the conditions under which patients live and undergo
treatment appear to have an important role in the course of the disease.
Regarding the long-term course of cognitive function in patients with
schizophrenia, the influences of care settings have been examined mainly
by contrasting chronic inpatients and outpatients who are inevitably
elderly, although cognition in patients with schizophrenia is thought to
be stable over an individual's lifespan. Many of the longitudinal studies
on cognition in patients with chronic schizophrenia have been performed
by two research groups: one in New York, and the other in San Diego.
The New York group has mainly examined cognition in chronically
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few years of follow-up in these subjects (Harvey et al., 1999a, 1999b;
McGurk et al,, 2000). In contrast, the San Diego group has studied cogni-

" tion in community-dwelling elderly patients using global screening or
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measures and has reported stable cognitive function over a follow-up
period of a few years (Heaton et al., 2001; Palmer et al., 2003; Nayak
Savla et al., 2006).

It is difficult to interpret the results of studies in which inpatients and
outpatients are directly compared because patients who have a better
cognitive performance are more likely to be discharged, and cognitive
deficits might serve as selection factors for long-term institutionalization,
rather than long-term institutionalization being a cause of cognitive
deficits (Abrahamson, 1993). A previous study adopted a longitudinal
comparison of the courses of outpatients with schizophrenia who varied
in their history of institutionalization to address the question of the
influences of care settings on cognitive function (Harvey et al., 2010);
however, this study was limited in that the duration during which the
participants dwelled within and became adjusted to the community
varied. One ideal study design would be a longitudinal comparison of
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cognitive performance in pairs of schizophrenic patients admitted at the
same time and to the same institution, matched for most clinical and
cognitive variables, with the exception that one group of patients was
continuously institutionalized while the other group was immediately
discharged and never or only briefly readmitted (Davidson and
Haroutunian, 1995). However, such studies are practically impossible.
The closure of psychiatric hospitals and the transition to community-
based living seems to be a golden opportunity to address this issue.

A trend toward deinstitutionalization, including the closure or
downsizing of large psychiatric hospitals and the establishment of alter-
native community services, began in the 1950s (Avison and Speechley,
1987), and psychiatric care in the community is common at present
and is taken completely for granted by patients with schizophrenia,
with comprehensive services having been advanced. A number of
reports on the transition to community-based living have been
published, and good psychopathology and functional outcomes gener-
ally appear to be associated with patients who have been discharged
from psychiatric hospitals into the community with the support and
care provided by service centers, whereas poor outcomes are associated
with a continued inpatient status (Davidson and Haroutunian, 1995).

The course of cognitive impairments in schizophrenia patients
during their transition from psychiatric hospitals to the community
remains obscure. Trieman et al. (1996) demonstrated that geriatric
schizophrenic patients who were discharged from hospital, but not
those who remained institutionalized, exhibited preserved levels of
cognitive and living function during a 3-year follow-up period. This
result could be interpreted as evidence that care settings are causally
related to cognitive impairment; however, only one cognitive measure
was administered.

The Sasagawa Project, the earliest large-scale project to enable a
total transition from a psychiatric hospital to a residential facility in
Japan, was established in Koriyama City, Fukushima (Mizuno et al,,
2005; Ryu et al., 2006). In this project, 78 chronic patients with schizo-
phrenia were transferred to the community after the closure of a psychi-
atric hospital. Many of these patients were followed for 5 years and
underwent annual examinations that included measures of cognitive
function, psychiatric symptoms, and social functioning.

The aims of the present study were to examine (1) the longitudinal
course of cognitive function as well as the psychopathology and social
functioning of schizophrenia patients who had been chronically hospi-
talized and then discharged in relation to a change from inpatient to
outpatient psychiatric care, and (2) the key cognitive predictors of the
functional outcome of such patients.

2. Methods
2.1. Participants

In the Sasagawa Project, 78 Japanese patients with schizophrenia
(51 men, 27 women) who had been chronically admitted at the
Sasagawa Hospital made preparations to be discharged in 2001 and
received psychosocial training for one year based on the Optimal
Treatment Project (OTP; Falloon et al.,, 2004) for their transition to the
community. Two trained psychiatrists independently diagnosed the
participants using the ICD-10 criteria (World Health Organization,
1993). The mean age of the patients was 54.6 years (SD = 7.2 years),
the mean number of years of education was 10.4 years (SD =
1.8 years), the mean age of onset was 23.1 years (SD = 5.7 years),
and the mean length of hospitalization was 25.6 years (SD =
10.2 years). All the patients were taking antipsychotic medications
(708.3 mg/day chlorpromazine equivalent, SD = 503.2). The subjects
had previously been excluded from the study if they had a history of
alcohol dependence, substance abuse, or a neurological illness.

The patients were then discharged from the hospital and were
transferred to a supported residential facility called the Sasagawa
Village immediately after the closure of the hospital at the end of

March 2002. Since that time, the patients gradually left the residential
facility and completed their move into the neighboring community by
2007, where they now mainly live in group homes and several
apartment houses. They attend various programs to enrich their lives
including sports, cooking, playing musical instruments, and learning
computer skills at a daycare center and a community care center. They
also receive regular nursing care visits. Some of them began participat-
ing in a job-training program and then earned spending money. As the
entrance hall at the residential facility was utilized as a meeting place
where local people could get together and many events were held for
the community, the patients could naturally keep in contact with people
in the neighborhood. In this manner, they were able to resume their
own lives and to enjoy a free way of life.

Our institutional review board approved the protocol of the present
study. After providing the subjects with a complete description of the
study, written informed consent was obtained from every subject. The
entire assessment procedure for the Sasagawa Project (Mizuno et al.,
2005) and the 2-year outcomes with regard to psychopathology and
social functioning (Ryu et al., 2006) have been published elsewhere.

2.2. Measures

Measures of cognition included the Letter Cancellation Test (LCT,
number of correct responses; Diller et al., 1974) as a measure of
attention, the Digit Span (DS) of the WAIS-R (scores for forward and
backward; Wechsler, 1981) as a measure of attention/working memory,
the Rey-Osterrieth Complex Figure Test (ROCFT, scores for the immedi-
ate and delayed recall trial; Lezak et al, 2004) as a measure of memory,
the Word Fluency Test (WFT, scores for letter and category fluency;
Benton, 1968; Nemoto et al.,, 2005) as a measure of executive function,
the Trail Making Test Part A (TMTA, required time; Reitan, 1958) as a
measure of processing speed, and the Mini-Mental State Examination
(MMSE; Folstein et al., 1975) as a measure of global cognition.

The Positive and Negative Syndrome Scale (PANSS; positive symp-
toms, negative symptoms, and general psychopathology subscales;
Kay et al., 1987) were used to assess psychiatric symptoms, and the
Social Functioning Scale (SFS, total score; Birchwood et al., 1990;
Nemoto et al,, 2008) was used to assess social functioning. In addition,
the Global Assessment of Functioning (GAF; American Psychiatric
Association, 1994) was used to measure global functioning (clinical
and social combined). Clinical assessments and cognitive tests were
administered at baseline and annually for 5 years.

2.3. Data analyses

All the statistical analyses were performed using PASW Statistics 18.
A one-way repeated-measures analysis of variance (ANOVA) was used
to examine each statistical change in the cognitive, psychopathological,
and functional variables, and the Tukey HSD was used on a post-hoc
basis. Stepwise multiple regressions were used to examine the predict-
ability of cognition using two functional outcome measures (SFS and
GAF). The cognitive domain consisted of the 9 variables described
above.

3. Resuits
3.1. Follow-up

Four patients were re-hospitalized chronically (for over 1 year)
because of the exacerbation of their mental illnesses, and 3 patients
were hospitalized because of physical illnesses during the follow-up
period. Fifty-six patients (71.8%) among the 78 patients completed all
the assessments and cognitive tests. The demographic characteristics
of these patients at baseline were as follows: 38 men and 18 women;
mean age, 54.6 years old (SD = 7.3 years); education, 10.5 years
(SD = 2.0 years); the mean duration of illness, 31.5 years (SD =

159



92

8.7 years); length of hospitalization, 25.5 years (SD = 9.9 years);
medication dose, 710.4 mg/day chlorpromazine equivalent (SD =
530.8).

3.2. Course of cognitive function

A one-way repeated-measures ANOVA test revealed significant
differences in some repeated cognitive variables. Significant changes
over 5 years were observed for the MMSE results (F = 2.824, df = 5,
275, P = 0.032), LCT (F = 6.775, df = 5, 275, P = 0.002), ROCFT
immediate recall (F = 2.530,df = 5,275, P = 0.040), ROCFT delayed re-
call (F= 16.728, df = 5, 275, P < 0.001), WFT letter fluency (F =7.138,
df = 5,275, P< 0.001), WFT category fluency (F = 2.560, df = 5, 275,
P = 0.042),and TMTA (F = 3.109, df = 5, 275, P =0.020). The results
are summarized in Table 1. Data for the measures in which signifi-
cant changes were demonstrated between baseline and each
follow-up point using the Tukey HSD post-hoc test are graphically
presented in Fig. 1. Although consistent improvement was shown
for the LCT and the ROCFT delayed recall, the initial improvement
in the MMSE and TMTA began to decline within a few years.

3.3. Course of psychiatric symptoms and social functioning

One-way repeated-measures ANOVA tests revealed significant
differences in repeated clinical variables. Significant changes over
5 years were observed for positive symptoms (F = 8.134, df = 5, 275,
P = 0.001), negative symptoms (F = 34.169, df = 5, 275, P < 0.001),
and the general psychopathology subscales of the PANSS (F =
38.310, df = 5, 275, P < 0.001) and the GAF (F = 17.841, df = 5, 275,
P< 0.001). The results are summarized in Table 2. Data for the measures
in which significant changes were demonstrated between baseline and
each follow-up point using the Tukey HSD post-hoc test are graphically
presented in Fig. 2.

3.4. Predictor of 5-year functional outcome

A stepwise multiple regression analysis using cognitive variables at
baseline and demographic variables (age and duration of illness) as
independent variables was generated for each functional outcome
variable at 5 years to identify predictors that were closely associated
with the future functional outcome.

The model for the SFS was significant (F = 7.099, df = 1,54, P =
0.010; adjusted R? = 0.100), with the category fluency score identified
as a statistically significant predictor (Beta = 0.341, P = 0.010). The
model for the GAF was also significant (F = 9.189,df = 1,54, P =
0.004; adjusted R? = 0.130) and included the category fluency score
as a significant predictor (Beta = 0.381, P = 0.004). These results
indicated that a higher semantic fluency ability at baseline contributed
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to a higher level of social functioning at 5 years. As a second step,
psychopathological variables (3 subscales of the PANSS) were also
used as independent variables in addition to the cognitive and demo-
graphic variables. The model for the SFS was significant (F = 34.182,
df =1, 54, P< 0.001; adjusted R? = 0.376), with the negative symp-
toms of the PANSS identified as a statistically significant predictor
(Beta = —0.623, P < 0.001). The model for the GAF was also signifi-
cant (F= 11.649, df = 2,53, P< 0.001; adjusted R* = 0.279) and in-
cluded both the positive symptoms (Beta = —0.394, P = 0.002)
and the negative symptoms (Beta = —0.293, P = 0.017) as significant
predictors. When including psychopathological variables as independent
variables, the category fluency score was no longer a significant predictor
of functional outcomes.

4. Discussion
4.1. Course of cognitive function

The results suggested that even patients with schizophrenia who
have been chronically hospitalized could show a certain degree of
improvement in some cognitive deficits after dwelling within the
community following their discharge from hospital, although the
changes in the variables were relatively small. Cognitive deficits in
patients with schizophrenia are generally considered to be relatively
stable over long periods of time (Rund, 1998). Heaton et al. (2001)
described the stability of cognitive function over an average follow-up
period of 3 years among community-dwelling subjects, while cognition
has typically been shown to decline in institutionalized patients.
Trieman et al. (1996) also reported a preserved cognitive function
during a 3-year follow-up period in outpatients. A review described
middle-aged and elderly institutionalized patients with schizophrenia
as showing a decline in gross measures of cognitive function (Kurtz,
2005). To the best of our knowledge, no previous report has demon-
strated a change for the better in cognitive function after a transition
to the community among chronically hospitalized patients with schizo-
phrenia. Cross-sectional reports suggest that elderly patients with
schizophrenia have mostly consistent impairments in executive
function and verbal fluency, although impairments have less consistent-
ly been observed for memory, attention, and working memory (Rajji
and Mulsant, 2008). The present results suggest that even impairments
in executive function and verbal fluency may be partly improved by
transitioning chronically hospitalized patients to community-based
living. Furthermore, as the participants in the present study continuous-
ly received well-planned comprehensive interventions based on the
OTP (Mizuno et al., 2005; Ryu et al., 2006), it is reasonable to think
that appropriate community services, in addition to living in a commu-
nity, might have also contributed to the improvements in cognition
seen in the subjects. Compared with their previous passive lifestyles,

Table 1
Changes in cognitive function over 5 years after transitioning to community-based living.
Baseline 1 year 2 years 3 years 4 years 5 years ANOVA
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Fis5.275) P
MMSE 26.0 30 26.0 30 263 34 269 2.3 27.1 25 263 39 2.824 0.032
LCT 105.8 12.6 109.8 8.8 110.8 35 1103 44 1109 39 109.7 84 6.775 0.002
DS
Forward 52 19 49 19 49 19 49 18 4.8 1.8 49 2.1 1.590 0.163
Backward 4.1 1.5 43 14 43 1.6 4.1 15 4.0 16 4.1 15 0981 0430
ROCFT
Immediate recall 328 33 328 33 337 29 333 33 337 24 337 26 2.530 0.040
Delayed recall 9.8 6.8 137 76 147 8.7 159 9.1 15.3 94 16.1 95 16.728 <0.001
WFT
Letter fluency 158 8.1 179 86 18.7 9.5 205 112 19.5 10.2 18.7 103 7.138 <0.001
Category fluency 2838 8.8 303 84 314 10.0 314 94 29.2 93 30.7 10.8 2.560 0.042
TMTA 213.8 86.5 190.6 744 173.0 66.2 189.0 798 192.7 99.2 188.1 74.7 3.109 0.020

Note: ANOVA, Analysis of Variance; MMSE, Mini-Mental State Examination; LCT, Letter Cancellation Test; DS, Digit Span; ROCFT, Rey-Osterrieth Complex Figure Test; WFT, Word Fluency

Test; TMTA, Trail Making Test Part A.
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Fig. 1. Changes in cognitive functioning scores over 5 years after transitioning to community-based living. Note: MMSE, Mini-Mental State Examination; LCT, Letter Cancellation Test;
ROCFT, Rey-Osterrieth Complex Figure Test; WFT, Word Fluency Test; TMTA, Trail Making Test Part A. *: P < 0.05.**: P< 0.01.

in which the hospital staff made decisions regarding their daily life, the
transitioned patients experienced a dramatic change to an active life-
style, in which they were expected to solve their own problems and to
make decisions by themselves.

Global cognition and processing speed improved for a few years and
then began to decline thereafter, although the patients' symptoms and
global functioning improved consistently. This change might represent
a genuine decline, and aging might have also influenced this decline,
since the mean age of the subjects was almost 60 years at the end of
the follow-up period. Some longitudinal studies suggest that patients
with late-life schizophrenia start to decline cognitively at around the
age of 65 years (Rajji and Mulsant, 2008), although this decline appears
to be inconsistent with either normal aging or typical degenerative
diseases (Davidson and Haroutunian, 1995).

4.2. Course of psychiatric symptoms and social functioning

Psychiatric symptoms and global functioning almost consistently
improved over the 5-year follow-up period. A former report of our
project revealed that psychiatric symptoms and social functioning
improved during a 2-year follow-up period (Ryu et al., 2006). These
findings are consistent with a previous study (Furlan et al, 2009),
although the findings of published research examining the long-term
course of symptoms and functioning after deinstitutionalization have
varied. A review examining the long-term outcome of schizophrenia
concluded that psychopathological symptoms generally remain
relatively stable over the course of the illness (Lang et al., 2013). A

large-scale prospective study on deinstitutionalization in London, the
Team for the Assessment of Psychiatric Services (TAPS), described that
social functioning improved but that psychiatric symptoms did not
change (Trieman et al., 1996; Leff and Trieman, 2000). Mancevski
etal. (2007) reported that the lifetime course of chronically hospitalized
patients with schizophrenia is characterized by a decrease in positive
symptoms and an increase in negative symptoms. Dwelling in the
community while receiving adequate care may lead to an amelioration
of symptoms and social functioning.

4.3. Predictor of functional outcome in 5 years

Performance on the category fluency test at baseline was extracted
as a predictor of social functioning at 5 years, as measured using the
SFS and the GAF among cognitive and demographic variables. However,
it was no longer a significant predictor of functional outcomes when
psychopathological variables were included as independent variables.
The category fluency score was significantly correlated with the
PANSS scores. These results suggest that cognitive function partly
contributes to the longitudinal prediction of functional outcome in
chronic patients with schizophrenia who are transitioning to the
community. However, not all aspects of cognitive impairments appear
to have an equivalent significance regarding the functional outcome.
Verbal fluency has been reported to be correlated with social function-
ing in patients with schizophrenia (Green et al., 2000; Bowie et al.,
2004). Depending on the task, category fluency demands a semantic
search based on organization and logical associations within semantic

Table 2
Changes in psychiatric symptoms and social functioning over 5 years after transitioning to community-based living.
Baseline 1 year 2 years 3 years 4 years 5 years ANOVA
Mean SD Mean Sb Mean SD Mean SD Mean SD Mean SD Fis275) P
PANSS
Positive symptoms 10.0 38 93 33 a1 32 8.7 29 838 3.1 8.6 29 8.134 0.001
Negative symptoms 17.7 58 15.4 5.5 14.7 55 144 5.5 143 54 14.1 53 34.169 <0001
General psychopathology 26.8 6.0 24.6 5.6 22.8 5.1 223 49 225 48 222 49 38310 <0.001
SFS 112.2 226 114.0 19.2 112.2 21.0 1125 186 1111 215 109.2 20.8 1.155 0332
GAF 57.5 135 62.7 10.0 64.1 109 67.2 11.8 64.9 11.8 65.4 122 17.841 <0.001

Note: ANOVA, Analysis of Variance; PANSS, Positive and Negative Syndrome Scale; SFS, Social Functioning Scale; GAF, Global Assessment of Functioning.
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Fig. 2. Changes in psychiatric symptoms and social functioning over 5 years after transitioning to community-based living. Note: PANSS, Positive and Negative Syndrome Scale; GAF, Global

Assessment of Functioning. **: P < 0.01.

networks, whereas letter fluency demands a lexical search based on
phonology; patients with schizophrenia exhibit differential impair-
ments in category fluency, compared with letter fluency (Bokat and
Goldberg, 2003). Such semantic fluency might contribute to functional
outcomes that rely on producing solutions in social settings and navi-
gating the complexities of social interactions to a greater degree than
phonological fluency in patients with schizophrenia. We previously
demonstrated that divergent thinking ability, as measured using fluency
tests, contributed to community functioning in younger schizophrenic
patients (Nemoto et al., 2007). Divergent thinking ability also appeared
to be vital to elderly patients dwelling in the community, and cognitive
remediation focusing on this ability may be useful, as it was in our
previous study (Nemoto et al.,, 2009).

There are some limitations in the present study. It might have been
preferable to set a control group for considering the practice effect of
cognitive measures, although this did not seem practical. Furthermore,
it is difficult to clarify which conditions are essential for optimizing
cognitive and functional improvements following discharge because the
participants dwelled in the community and several of them benefitted
from various community services over a long period of 5 years. However,
making sustained efforts to characterize cognitive impairments and their
course might suggest clues to ameliorating impairments and the type of
support that is most needed (Brier et al,, 1991; Wykes, 1994).

Various efforts, including biological and pharmacological approaches
as well as psychaosocial ones, have been made towards improving cogni-
tive function, even in chronic patients (Ehrenreich et al., 2007). The
results of the present study suggest that care settings affect the course
of cognitive function, and addressing these conditions may lead to a
certain degree of cognitive improvement, even in schizophrenia patients
who have been chronically institutionalized.
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HTRODUCTION

Introduction: We measured duration mismatch negativity (dAMMN), P3a, and reorienting
negativity (RON) in subjects with at-risk mental state (ARMS), patients with first-episode
or chronic schizophrenia, and healthy volunteers. The main interest was to determine if
these event-related potentials provide a biomarker associated with progression to overt
schizophrenia in ARMS subjects.

Methods: Nineteen ARMS subjects meeting the criteria of the Comprehensive Assess-
ment of ARMS, 38 patients with schizophrenia (19 first-episode and 19 chronic), and 19
healthy controls participated in the study. dMMN, P3a, and RON were measured with an
auditory odd-ball paradigm at baseline.

Results: During the follow-up period (2.2 years), 4 out of the 19 ARMS subjects transi-
tioned to schizophrenia {Converters) while 15 did not (non-Converters). dMMN amplitudes
of Converters were significantly smaller than those of non-Converters at frontal and central
electrodes before onset of illness. dAMMN amplitudes of non-Converters did not differ from
those of healthy controls, while Converters showed significantly smaller dMMN amplitudes
compared to control subjects. RON amplitudes were also reduced at frontal and central
electrodes in subjects with schizophrenia, but not ARMS. Converter subjects tended to
show smaller RON amplitudes compared to non-Converters.

Conclusions: Our data confirm that diminished dMMN amplitudes provide a biomarker,
which is present before and after the development of psychosis. In this respect, RON
amplitudes may also be useful, as suggested for the first time based on longitudinal
observations.

Keywords: mismatch negativity, reorienting negativity, event-related potentials, prodromal, schizophrenia

The criteria for ARMS require that a young person aged

Schizophrenia is a disorder characterized by positive symp-
toms (hallucination, delusion, thought disturbance, etc.), negative
symptoms (blunted affect, lack of volition, social withdrawal, etc. )
and a range of disturbances of cognitive functions
Zakzay ivoskd et al,, 200% Haveey ot al
particular, cognitive impairment of schlzophrema is consxdered to
largely determine the outcome of patients, including quality of life
and social function (Grevsn, 1998).

Prolonged duration of untreated psychosis (DUP) has been
associated wifh poor long -term outcome, including work func-

is, 1998 Sur

Y 1 313«,, ( 3 m;, &l gl : 21

; ) On the other hand, shorter DUP has been related w1th a
greater response to antipsychotic drugs in terms of symptoms and
quality of life (Perkins et al., 200%). For these reasons, early detec-
tion, intervention, and treatment of schizophrenia are needed. In
this context, it was reasonable that recent efforts have been directed
to subjects with “at-risk mental state (ARMS)” or “ultra-high-risk
patients” (MecGorry et al, 2003).

between 14 and 30 years being referred for mental health diffi-
culties met criteria for one or more of the following groups: (i)
attenuated psychotic symptoms group (APS): have experienced
sub-threshold, attenuated positive psychotic symptoms during the
past year; (ii) brief limited intermittent psychotic symptoms group
(BLIPS): have experienced episodes of frank psychotic symptoms
that have not lasted longer than a week and have spontaneously
abated; or (iii) trait and state risk factor group: have a first-degree
relative with a psychotic disorder or the identified client has a
schizotypal personality disorder, and they have experienced a sig-
nificant decrease in functioning during the previous year (Yuug
et al., 19%5; Broome of gl, 2003).

To promote early diagnosis, objective markers, particularly
those based on brain morphology, neurophysiology, and neu-
ropsychology, have been reported to prov1de useful mformanon

h : hi et .1!

. 3012 ) Accordmgly, event~related potentlals (ERPS) have
been suggested to provide a biomarker for cognitive impairment
of schizophrenia.
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P300 (P3a and P3b) and mismatch negativity (MMN) have
been widely used for this purpose. Specifically, patients with
schizophrenia have been reported to show smaller P300 ampli-
tudes compared with normal control subjects (Rasth et al., 1588
Faweasaki et ok, 1997; Bruder ot al., 1998). Also, P300 amplitudes
have been shown to be reduced in subjects with ARMS (Osgnsrcdal
et al., 208). On the other hand, P300 is affected by various fac-
tors, including medication (Vfyubrichs et al., 198%; Figuakd o1 &l
2008, 3031 38; Samiyoshi et al. 2009), suggesting the utility as a state
marker of psychotic disorders.

Mismatch negativity is another component of ERPs generated
in response to occasional variations (e.g., duration, frequency,
intensity) of acoustic stimuli, which occurs about 100-200 ms after
the onset of deviant stimulation, with peak amplitudes at fronto-
central leads (Naamnien eral, 2007, 2012). MMN amplitudes have
been suggested to reflect pre-attentlve cognitive operations, and
decreased in patients with schizophrenia, as indicated by a recent
meta-analysis reporting a large effect size (Limbricht and Kiljes,
2063). Unlike the case with P300, MMN amplitudes are generaHy
not affected by psychotropic drugs, for example, benzodiazepines
(Kasai et gl., 2602) and dopamine antagonists (Lesng et al., 2007).
For these reasons, MMN is considered to provide a trait marker
for schizophrenia.

Duration mismatch negativity (dAMMN) amplitudes have been
shown to be reduced already in the prodromal stage of the illness

ioadatach et all, 20115 Iahshan et al, 20125 Shatkh et al, 2013

wohi et al., 4{35 k). Furthermore, smaller AIMMN amphtudes
have been reported in subjects with ARMS who later converted
to overt psychosis, compared to those who did not (Shaikh: ot al,,
2012; Figrahietal., 28130). Thus, reduced dMMN amplitudes are
regarded to predict conversion to schizophrenia in at-risk subjects
(Sumivoshi et al., 2013).

P3a is a positive waveform that appears following MMN, i.e.,
between 250 and 300 ms after the presentation of stimuli. Its
amplitudes are largest at fronto-central electrodes. The P3a com-
ponent is assumed to reflect a pre-attentive index of deviance
detection, and represent the involuntary capture of attention
(Friedman ot al., 2001).

A negative act1v1ty reflecting attentional “re”-orienting follows
P3a. This component isreferred to as reorienting negativity (RON)
(Schroger and Wolll, 19%8), which peaks at latencies between 400
and 600 ms, and is centered on fronto-central electrodes (Schroger
and Waolff, 1998 (uten et al, 2000; Schroger o al,, 2009). The
MMN/P3a/RON complex has been shown to prov1de aneurophys-
iological index of the cascade of three main processes involved in
involuntary attention controls (ie., automatic change detection,
orienting of attention, and reorienting of attentlon), following
deviant stimuli (Berti st al., 2084 Horvath et gl

Investigations into this series of ERP components should pro-
vide further insights into cognitive disturbances in schizophrenia
spectrum disorders, which have not been satisfactorily addressed.
Specifically, there is little information about the RON in schizo-
phrenia spectrum disorders. jalishan et al. {2012} measured the
amplitudes of MMN, P3a, and RON complex, and found reduc-
tions of these parameters in schizophrenia patients. Also, ampli-
tudes of MMN and P3a, but not RON were diminished in indi-
viduals at-risk for psychosis. In spite of the above cross-sectional

1« »

study, further work is needed to test the utility of the ERP com-
plex for predicting progression to schizophrenia in vulnerable
individuals.

In this study, we measured dMMN, P3a, and RON ampli-
tudes in subjects with ARMS, first-episode schizophrenia (FES),
or chronic phase of the illness. These data were compared with
those of normal control subjects. We also attempted to determine
if these ERP parameters would predict later progression to schizo-
phrenia in ARMS subjects by means of longitudinal observations.
Specifically, preliminary data are provided on the evaluation of
RON in relation to transition to overt schizophrenia in vulnerable
subjects.

PAATERIALS AND METHODS

PARTICIPANTS

Diagnosis was made based on the Structured Clinical Interview
for DSM-1V (SCID) for schizophrenia and the Comprehensive
Assessment of At-Risk Mental State (CAARMS) for ARMS (Yung
ct &l 2003), by experienced psychiatrists. Most of these sub-
jects were referred from Psychiatric Health and Welfare Center
of Toyama (PHWCT), as previously described (Miguchi et ai,
313%). Nineteen ARMS subjects followed at the University of
Toyama Hospital participated in this study [male/female = 9/10;
mean (SD) age=19.4 (3.6) years]. Thirty-eight schizophrenia
patients also participated in this study. Patients with duration of
illness <2 years were defined as FES [n = 19; male/female = 9/10;
mean (SD) age=22.8 (5.2) years}, while those with duration of
illness 2 years or longer were defined as chronic schizophrenia
(CS) [n=19; male/female—9/10; mean (SD) age=22.9 (3.6)
years] (Miguehi ev al., 2015b). The patients who allocated “first
episode” are defined “smgle psychotic episode” and “duration of
illness is <2years.” CS patients are defined “duration of illness
is more than 2 years.” Even if patients experienced only one psy-
chotic episode, they allocated to CS group. We recruited normal
control subjects from the community by advertisements. They
are healthy volunteers [n=19; male/female =9/10; mean (SD)
age = 19.4 (2.5) years] without any personal history of psychiatric
illnesses, including schizophrenia or other psychotic disorders. All
participants were right-handed. A psychiatric and treatment his-
tory was obtained from the subjects, families, and medical records.
Subjects with a current history of substance abuse or dependence,
seizure, or head injury were excluded from the study. Eligible
patients had a complete physical examination and standard lab-
oratory testing was normal. As clinical assessments, the Scale for
the Assessment of Positive Symptoms (SAPS) and the Scale for
the Assessment of Negative Symptoms (SANS) (Andreasen, 1990)
were administered by an experienced psychiatrist. Demographic
data at baseline evaluation are shown in Table 1A.

At-risk mental state subjects were followed-up at the hospital.
Four out of the 19 ARMS subjects transitioned to schizophre-
nia during the observation period. When DSM-IV criteria were
met, e.g., auditory hallucinations persisted or any delusion (for
example, disturbance of the self) clearly observed, the subject was
regarded to have converted to schizophrenia (Converters; Conv).
Subjects who did not develop psychosis were defined as non-
converters (Non-C). The average observation period for Non-C
subjects was 2.2 &= 1.5 years.
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Table 1| (A) Demographic and clinical data; (B) ERP data.

(A) Healthy controls ARMS First-episode schizophrenia  Chronic schizophrenia  Group comparison
{(n=19) {n=19) {n=19) (n=19)
Male/female 9/10 9/10 9/10 9/10 n.s.
Age (years) 19.4 (2.5) 19.4.(3.6) 22.8(5.2) 22.9 (3.6) F(3,74)=4.94, p=0.004
Age of onset {years) - - 22.2(5.2) 179 (3.9) p=0.007
Duration of iliness (years) - - 0.7 (0.6) 01(2.3) -
Drug dose? - 0.1(0.4) 1.7(2.0) 7(4.2) F(2,56) =8.54, p=0.001
SAPS - 17.3 (74) 27.0 (16.9) 19 2(18.0) F(2,56)=2.29, p=0.11
SANS - 60.8 (24.3) 60.6 (27.2) 53.3 (22.9) F{2,56)=0.52, p=0.59
{B} Healthy controls ARMS First-episode schizophrenia  Chronic schizophrenia  Analyze of variance
(n=19) (n=19) (n=19) (n=19) {df =3,75), group effect
F p

dMMN amplitude (V)

F3 -6.9(1.7) -6.2 (2.0 ~5.0(1.8) —4.6 (1.0) 7.505 <0.001**

F4 -75(1.4) —-6.5(2.2) ~5.2(2.1) ~4.6(2.0) 7.767 <0.001**

Fz —74(1.4) —-6.5(2.0) -5.4(1.9) —4.8{1.5) 8.322 <0.001**

Cz 6.0 (1. 4) —5.6 (2.1) —4.8 (1.9) —3.7(0.9) 6.831 <0,001%**

Pz ~4.2 (1.4 —4.5 (4.0) -3.3(1.4) -2.2(0.9) 6.240 0.001**
dMMN latency (ms)

F3 167.3 (15.1) 172.1(17.5) 173.0 (23.0) 177.8 (30.7) 0.702 0.55

F4 169.1 (15.4) 175.8 {18.3) 172.5(19.7) 176.6 (24.0) 0.404 0.75

Fz 172.2 (15.6) 1773 (12.6) 173.0 (19.1) 176.8 (25.6) 0.364 0.77

Cz 168.4 (14.8) 182.3(18.7) 174.6 (16.7) 1776 (26.2) 1.675 0.18

Pz 173.0(15.8) 188.6 (24.4) 178.3(17.4) 174.8 (30.7) 1753 0.16
P3a amplitude (j1V)

F3 1.6 (1.8) 1.1 (1.4) 1.3(2.2) 1.5 (1.3) 0.277 0.84

F4 1.4(2.3) 1.2 (1.8) 1.6(2.1) 14 (1.4) 0.110 0.95

Fz 2.0(2.3) 1.7 (1.5) 1.7(2.2) 1.7 (1.1) 0.179 0.91

Cz 2.4(2.4) 2.1(1.6) 2.5(2.1) 2.1(1.4) 0.209 0.89

Pz 2.0(2.2) 1.8 {1.4) 2.3(1.8) 1.8(1.3) 0.408 0.74
P3a latency (ms)

F3 255.6 (23.5) 265.2 (25.0) 264.2 (28.3) 262.8 (23.0) 0.395 0.75

F4 256.9(20.2) 269.7 (28.0) 262.9 (31.1) 255.2 (30.8) 0.755 0.52

Fz 254.6 (21.5) 268.7 (28.8) 261.8 (30.9) 262.3(22.3) 0.314 0.81

Cz 255.1 (21.7) 266.0 (25.9) 254.8(28.7) 262.2 (22.9) 0.508 0.67

Pz 255.7(19.8) 272.2 (272) 254.7 (27.6) 261.4 (19.7) 0.359 0.78
RON amplitude (V)

F3 —4.4(1.7) -4.1 (1.7) -3.5(13) -3.3(1.3) 2.320 0.08

F4 —5.2(1.8) —4.2 (1.5) -3.6(1.7) -3.4(1.6) 4.191 0.009**

Fz -5.1(1.6) —4.2{1.8) -3.9(1.4) -3.4(1.7) 3.143 0.03*

Cz —-4.3(19) -3.8(2.1) ~3.6(1.6) -3.2(1.6) 1.143 0.33

Pz -3.1(1.8) -2.7{17) -2.5(1.5) -2.6(1.6) 0.391 0.76
RON latency {ms)

F3 396.3 (51.8) 380.7 (49.4) 395.0 (42.7) 389.0 (52.6) 0.395 0.75

Fa 392.7 (63.9) 404.0 (54.1) 409.1 {53.1) 385.4 (53.8) 0.755 0.52

Fz 396.2 (50.2) 3972 (46.8) 409.3 (40.9) 3977 (53.3) 0.314 0.81

Cz 401.2 {39.0) 398.3 (44.4) 412.5 {40.9) 3970 (474) 0.509 0.67

Pz 409.5 (48.2) 4017 (45.7) 411.7 (40.7) 3974 (68.2) 0.359 0.78

Values represent mean (SD).

2Risperidone equivalent (mg/day), ARMS, at-risk mental state; SAPS, Scale for the Assessment of Positive Symptoms; SANS, Scale for the Assessment of Negative
Symptoms.

Values represent mean (SD). ARMS, at-risk mental state.

*p < 0.05, **p< 0.01
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