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Efforts toward Comprehensive Early Intervention at Early Psychosis Unit “Il Bosco”

Tomoyuki FUNATOGAWA, Takahiro NEMOTO, Kiyoaki TAKESHI, Junichi SAITO,
Taiju YAMAGUCHI, Naohisa TsujiNo, Masafumi MIZUNO

Department of Neuropsychiatry, Toho University Faculty of Medicine

Recently, shortening of the duration of untreated psychosis (DUP) and intensive treatment
within the critical period are taken as determinants of a favorable prognosis, and various ser-
vice systems and treatment approaches for early intervention in schizophrenia have been pro-
posed in the world. At the Toho University Omori Medical Center, Early Psychosis Unit “Il
Bosco” was established as an intervention service from the viewpoint of preventing full-blown
psychosis at the prodromal stage, where cognitive training for a direct therapeutic approach to
brain function and psychosocial treatment for patients at puberty and adolescence are adminis-
tered. In this article, we introduce the practice at “Il Bosco” and consider future prospects.

< Authors’ abstract>

<Key words : early intervention, duration of untreated psychosis, critical period,
at risk mental state, early psychosis unit>
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ABSTRACT

A shallow olfactory sulcus has been reported in chronic schizophrenia, possibly reflecting abnormal forebrain
development during early gestation. However, it remains unclear whether this abnormality exists at the early
illness stage and/or develops progressively over the course of the illness. This magnetic resonance imaging
(MRI) study investigated the length and depth of the olfactory sulcus in 64 first-episode schizophrenia pa-
tients and 64 controls, of whom longitudinal MRI data (mean inter-scan interval = 2.6 years) were available
for 20 patients and 21 controls. In the cross-sectional comparison at the baseline, the schizophrenia patients
had a significantly shallower olfactory sulcus compared with the controls bilaterally, but there was no group
difference in its anterior-posterior length. A longitudinal comparison demonstrated that the sulcus length
and depth did not change over time in either group. The olfactory sulcus measures of the patients did not sig-
nificantly correlate with clinical variables such as onset age, medication or symptom severity. These findings
suggest that the olfactory sulcus depth, but not length, may be a static vulnerability marker of schizophrenia

that reflects early neurodevelopmental abnormality.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

The depth of the olfactory sulcus, which appears in the fetal fore-
brain at around 16 weeks gestation (Chi et al.,, 1977), relates to olfac-
tory function in healthy subjects and is usually deeper on the right
hemisphere in association with functional lateralization in the olfac-
tory system (Hummel et al., 2003). It is known that patients with con-
genital anosmia have a shallow olfactory sulcus, probably reflecting
abnormal development of the olfactory system (Abolmaali et al.,
2002; Huart et al., 2011). Given the evidence that schizophrenia pa-
tients exhibit olfactory dysfunction as a possible vulnerability marker
(Brewer et al., 2001, 2003; Kamath et al,, in press; Turetsky et al.,
2009b), as well as the fetal stage of the sulcus formation at which
neurodevelopmental disruption could increase the risk for schizo-
phrenia (Fatemi and Folsomn, 2009), the olfactory sulcus morphology
in schizophrenia as a potential early neurodevelopmental marker is
worth investigating.

Abbreviations: ANCOVA, analysis of covariance; ANOVA, analysis of variance; CSP,
cavum septi pellucidi; ICV, intracranial volume; MRI, magnetic resonance imaging;
PPTE, plane of the posterior tangent through the eyeballs; SANS, Scale for the Assess-
ment of Negative Symptoms; SAPS, Scale for the Assessment of Positive Symptoms.

* Corresponding author at: Department of Neuropsychiatry, University of Toyama, 2630
Sugitani, Toyama 930-0194, Japan. Tel.: +81 76 434 2281; fax: +81 76 434 5030.
E-mail address: tsutomu@med.u-toyama.ac,jp (T. Takahashi).

0278-5846/$ - see front matter © 2012 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.pnpbp.2012.10.001
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To our knowledge, only two magnetic resonance imaging (MRI)
studies have examined the olfactory sulcus depth in schizophrenia;
Turetsky et al. (2009a) demonstrated an abnormally shallow olfacto-
ry sulcus in chronic patients of both genders, especially on the right
hemisphere, whereas Nguyen et al. (2011) found a normal sulcus
depth in male chronic patients. This inconsistency may be partly
explained by different sample characteristics, as well as technical is-
sues, as Nguyen et al. (2011) measured the sulcus depth using a sin-
gle slice based on external landmarks [i.e., the plane of the posterior
tangent through the eyeballs (PPTE)]. The results of Turetsky et al.
(2009a) were based on the measurement of the entire structure,
but their findings need replication, ideally in first-episode patients
in a longitudinal design, in order to clarify the nature of olfactory sul-
cus abnormalities in schizophrenia.

This cross-sectional and longitudinal MRI study investigated the
length and average depth of the olfactory sulcus in first-episode schizo-
phrenia compared with healthy controls. On the basis of previous find-
ings in chronic patients (Turetsky et al., 2009a) and the potential role of
the sulcus depth as a neurodevelopmental marker, we predicted that
patients would have a shallower olfactory sulcus compared with the
controls at the baseline, and that the sulcus morphology would not
change over time in either group. We also explored the relationship be-
tween the sulcus morphology and several clinical factors (e.g., symptom
severity, antipsychotic medication) in schizophrenia.
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2. Methods
2.1. Participants

Sixty-four first-episode schizophrenia patients who fulfilled the
ICD-10 research criteria (World Health Organization, 1993) were
recruited from inpatient and outpatient clinics of the Department of
Neuropsychiatry of Toyama University Hospital. In accordance with
the literature (Hirayasu et al., 2000; Kasai et al., 2003; Schooler et
al., 2005; Yap et al., 2001), first-episode patients were defined as pa-
tients experiencing their first episode of schizophrenia whose illness
onset was within 1 year of baseline scanning (N=48) or those un-
dergoing their first psychiatric hospitalization (N= 16). The diagnosis
of schizophrenia was confirmed for all patients at least 6 months after
the illness onset based on information obtained from a detailed chart
review. Their clinical symptoms were rated at the time of scanning
using the Scale for the Assessment of Negative Symptoms and the
Scale for the Assessment of Positive Symptoms (SANS/SAPS;
Andreasen, 1984). Medication and other clinical data are summarized
in Table 1. Four patients were also receiving mood stabilizers [lithium
carbonate (N=1), sodium valproate (N=1), or carbamazepine (N=
2)] at the time of baseline scanning.

The control subjects consisted of 64 healthy volunteers recruited
from the community, hospital staff, and university students. They
were given a questionnaire consisting of 15 items concerning their
personal (13 items; e.g., history of obstetric complications, substantial
head injury, seizures, neurological or psychiatric diseases, impaired
thyroid function, hypertension, diabetes, and substance use) and fam-
ily (2 items) histories of illness. They did not have any personal or
family history of psychiatric illness among their first-degree relatives.

All subjects were right-handed and physically healthy, and none
of the participants were pregnant or taking exogenous estrogens at
the time of the study. None had a history of serious head trauma, neu-
rological illness, substance abuse disorder, or serious medical disease.
All participants were also screened for gross brain abnormalities by
neuroradiologists. Follow-up MRI data were available for 20 patients
and 21 controls; the characteristics of this sub-sample were largely
comparable with those of the whole sample of this study (Table 1).

Table 1
Sample characteristics of the participants.

The controls had attained a higher level of education than the pa-
tients, but the groups were matched for age, gender, height, parental
education, and inter-scan interval (Table 1).

This study was approved by the Committee on Medical Ethics of
Toyama University. After a complete description of the study was pro-
vided, written informed consent was obtained from all subjects.

2.2. MRI procedures

The subjects were scanned on a 1.5-T Magnetom Vision (Siemens
Medical System, Inc., Erlangen, Germany) with a three-dimensional
gradient-echo sequence FLASH (fast low-angle shots) yielding
160-180 contiguous T1-weighted slices of 1.0-mm thickness in the
sagittal plane. The imaging parameters were as follows: repetition
time =24 ms; echo time=>5 ms; flip angle=40°; field of view=
256 mm; and matrix size=256x 256 pixels. The voxel size was
1.0x 1.0x 1.0 mm. The follow-up data were acquired using the same
scanner/parameters as described above. The scanner was calibrated
weekly with the same phantom to ensure measurement stability.
The intracranial volume (ICV) was measured to correct for differences
in head size as described previously (Zhou et al., 2003); there was no
group difference in the ICV (Table 1).

2.3. Olfactory sulcus measurements

For the assessment of the olfactory sulcus, the images were
processed on a Linux PC (Fujitsu Limited, Tokyo, Japan) using Dr.
View software (AJS, Tokyo, Japan). Brain images were realigned in
three dimensions and then reconstructed into entire contiguous cor-
onal images with a 1-mm thickness, perpendicular to the anterior
commissure-posterior commissure line. One rater (TT), who was
blind to the subjects' identity and time of scan, measured the depth
of the olfactory sulcus, which could be readily identified in the coro-
nal view, in all 1-mm coronal slices where the sulcus was clearly
seen (Fig. 1). On each coronal slice, the olfactory sulcus was traced be-
ginning with the deepest point of the sulcus and ending inferiorly
with a tangent line connecting the top surfaces of the gyrus rectus
and medial orbital gyrus (Rombaux et al, 2009). While previous

Cross-sectional analysis

Longitudinal analysis

Controls Schizophrenia p Controls Schizophrenia p

Male/Female 37/27 37/27 1.000 13/8 14/6 0.585
Age (years) 25.1 (5.0) 24.0 (47) 0.203 245 (5.0) 23.8 (5.0) 0.664
Height (cm) 167.0 (7.5) 164.9 (7.6) 0.109 167.3 (7.6) 166.2 (6.6) 0.606
Education (years) 16.5 (2.6) 13.5(1.9) <0.001 15.6 (2.4) 13.0 (1.6) <0.001
Parental education (years)?* 13.2 (2.5) 13.0 (2.0) 0.482 12.8 (2.6) 125 (2.1) 0.756
Inter-scan interval (years) - - 2.5(04) 2.7 (0.8) 0.261
Onset age (years) - 23.1 (4.7) - - 22.7 (5.1) -
lliness duration at baseline (months) - 11.2 (12.2) - - 10.2 (9.4) -
Medication type (typical/atypical/mixed)

At baseline - 18/43/1° - - 6/12/2 -

During follow-up - - - - 3/13/4 -
Medication dose (haloperidol equivalent)®

At baseline (mg/day) - 10.3 (8.8) - - 146 (11.7) -

Cumurative dose during follow-up (mg) - - - - 9852 (8727) -
Duration of medication at baseline (months) - 8.3 (12.6) - - 8.3 (10.1) -
SAPS total at baseline® - 273 (21.9) - - 33.0 (24.0) -
SAPS total at follow-up? - - - - 19.1 (17.5) -
SANS total at baseline? - 53,1 (25.2) - - 53.7 (27.1) -
SANS total at follow-up? - - - - 38.0 (24.0) -
Intracranial volume (cm?)¢ 1501.9 (150.4) 1499.8 (147.1) 0.983 1501.1 (158.3) 1482.2 (133.2) 0.774

Values represent mean (SD) unless otherwise stated. SANS, Scale for the Assessment of Negative Symptoms; SAPS, Scale for the Assessment of Positive Symptoms.

2 Data missing for some participants.
b Two patients were medication free at the time of scanning.

¢ Different typical and atypical antipsychotic dosages were converted into haloperidol equivalents using the guideline by Toru (2008).

4 Age was used as a covariate for ANCOVA analysis.
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Fig. 1. Olfactory sulci on coronal (A), axial (B), and sagittal (C, left hemisphere) views, colored on 1-mm consecutive coronal slices. Panel A and the dotted line on panel B show the

plane of the posterior tangent through the eyeballs (PPTE).

studies measured the sulcus depth by drawing a straight line (Huart
et al, 2011; Rombaux et al., 2009), we traced the surface of the
intrasulcal gray matter in order to reflect the contour of the sulcus
into the measurement. The length of the sulcus in the anterior-posterior
direction (mm) was equal to the number of these coronal slices. Intra-
and inter-rater (TT and YN) intraclass correlation coefficients for the
length and depth of the olfactory sulcus in 10 randomly selected brains
were over 0.83.

2.4. Statistical analysis

Clinical and demographic differences between groups were exam-
ined with one-way analysis of variance (ANOVA) or chi-square test.
The average depth (sum of the depth in all slices containing the sulcus/
slice number) and length of the olfactory sulcus at the baseline were
analyzed using the repeated measures analysis of covariance (ANCOVA),
with age and ICV as covariates, diagnosis and gender as between-subject
factors, and hemisphere as a within-subject variable, The longitudinal
changes in the sulcus depth and length were analyzed using repeated
measures ANCOVA with age at first scan, ICV, inter-scan interval, and cu-
mulative dose of antipsychotics during scans as covariates, diagnosis and
gender as between-subject factors, and time (baseline, follow-up) and
hemisphere as within-subject variables. Post-hoc Scheffé's tests were
used to follow-up these analyses.

The relationships between baseline measures of the olfactory sulcus
and clinical variables were examined by Pearson's partial correlation
coefficients controlling for age and ICV. The association between the an-
nual change in the sulcus length and depth, which was calculated as
[100x (measures at follow-up — measures at baseline)/measures at
baseline]/inter-scan interval (year), and total SANS/SAPS scores (abso-
lute score change between scans, score at follow-up) was examined
using Spearman's rho due to the skewed distribution of these variables
(tested by Kolmogorov-Smirnov tests). The association between the

Table 2
Olfactory sulcus measures.

annual changes and cumulative dose of antipsychotics during scans
was also analyzed using Spearman's rho. Statistical significance was de-
fined as p<0.05.

3. Results

ANCOVA of the olfactory sulcus length showed no significant ef-
fect involving diagnosis (Table 2), but that for depth revealed signifi-
cant main effects of diagnosis [F (1, 122)=120.41, p<0.001} and
hemisphere [F (1, 124) =66.67, p<0.001] and an interaction between
these factors [F (1, 124) = 9.04, p = 0.003]. Post-hoc analyses showed
that the olfactory sulcus depth was significantly shallower in the pa-
tients for both hemispheres (p<0.001) and deeper in the right hemi-
sphere (controls, p<0.001; schizophrenia, p=0.005) (Fig. 2). These
results did not change even when only the patients whose illness
onset was within 1 year of baseline scanning (N =48) were included
in the analyses, when we added medications (dose and duration) as
covariates, or when we excluded the patients taking mood stabilizers
(N=4). The patients who were receiving typical (N=18) and atypi-
cal (N=43) antipsychotics at baseline scanning did not differ signifi-
cantly in their sulcus depth [F (1, 55) =0.55, p=0.463]. We found
significant effects of diagnosis [F (1, 35) =47.27, p<0.001] and hemi-
sphere [F (1,37)=14.30, p<0.001] in the baseline sulcus depth in our
longitudinal sub-sample (20 patients and 21 controls), which were
comparable to the results of the whole sample.

ANCOVA of the longitudinal analysis did not show either main ef-
fect of time for length [F (1, 37)=0.23, p=0.632] or depth [F (1,
37)=0.28, p=0.600}, or any interaction involving time, showing no
significant longitudinal changes in the sulcus morphology in either
controls or schizophrenia patients (Fig. 3). We then examined possi-
ble longitudinal changes of the sulcus depth only in schizophrenia pa-
tients, but found no significant effect of time [F (1, 18)=0.25, p=
0.619; Scheffé's test, p=0.588].

Baseline measures {mm)

Diagnosis effect

Change during follow-up (mm)? Diagnosis x time interaction

Controls Schizophrenia Controls Schizophrenia
(N=64) (N=64) (N=21) (N=20)
Olfactory sulcus length F(1,122)=1.67, p=0.198 F(1,37)=0.43, p=0.514
Left 41.6 (2.9) 423 (3.3) 0.0(1.2) 0.0 (0.7)
Right 42.1(3.1) 424 (33) ~04(1.3) —~0.2 (0.8)
Olfactory sulcus depth F(1,122)=120.41, p<0.001 F(1,37)=1.26, p=0.268
Left 13.4 (1.1)° 115 (1.4) 0.1 (0.4) 0.0 (0.3)
Right 144 (1.1)b¢ 12.0 (1.4)4 0.2(0.4) —0.1(0.5)

Values represent mean (SD). *Negative value indicates a decrease in length. The statistical analyses reported here were based on repeated measures ANCOVA with time (baseline,
follow-up) as a within-subject variable (see text). Post-hoc tests showed: °p<0.001, deeper than in schizophrenia; “p<0.001, deeper than in left hemisphere; and %p = 0.005, deeper

than in left hemisphere.
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Fig. 2. Olfactory sulcus depth in the patients with schizophrenia and healthy controls at
baseline. Horizontal lines indicate mean values. Post hoc Scheffé's test: *p<0.01.

The olfactory sulcus length and depth did not correlate with age in
either group at the baseline. In the patients, the olfactory sulcus mea-
sures (baseline measures, annual change) did not significantly corre-
late with clinical variables [onset age, medication (dose, duration),
illness duration, and total SANS/SAPS scores] after Bonferroni's cor-
rection for multiple comparisons. The sulcus length and depth were
significantly correlated with each other only in the patients in the
left hemisphere (r=0.449, p<0.001), but this relation was not signif-
icantly different from that of the controls (p=0.267, Fisher's z
transformation).

4. Discussion

To our knowledge, this is the first MRI study to report olfactory
sulcus morphology in first-episode schizophrenia with both
cross-sectional and longitudinal designs. In the baseline comparison,
the patients had a shallower olfactory sulcus compared with healthy
controls bilaterally, while the sulcus length did not differ between
the groups. In the longitudinal comparison, the sulcus length and
depth did not change over time in either group. We did not find any
significant relation between the sulcus morphology and clinical vari-
ables (e.g., onset age, medication, and symptom severity) in the pa-
tients. These findings suggest that altered depth, but not length, of
the olfactory sulcus may be a static vulnerability marker of schizo-
phrenia related to neurodevelopmental pathology.

Our baseline findings replicated and expanded the findings by
Turetsky et al. (2009a) in showing that schizophrenia patients
had abnormally shallow olfactory sulci, which could be due to a
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Fig. 3. Scatterplots of absolute olfactory sulcus depth in the patients with schizophre-
nia and healthy controls. Values of baseline (T1) and follow-up scan (T2) in each sub-
ject are connected with a straight line. Horizontal lines indicate means of each group.
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disturbance in olfactory system formation during neurodevelopment
(Abolmaali et al., 2002; Hummel et al., 2003), even at the early illness
stage. We also found a significant diagnosis-by-hemisphere interac-
tion for the sulcus depth, supporting the concept that schizophrenia
patients had a reduced normal right-sided lateralization of the olfac-
tory sulcus depth (Turetsky et al, 2009a). Nguyen et al. (2011) did
not find altered olfactory sulcus depth on PPTE slices in chronic
schizophrenia, but this single-slice approach using external land-
marks (i.e., eyeballs) may be partly biased by subtle brain tilt and/or
the positional relation between the eyeballs and brain. The present
and previous (Turetsky et al., 2009a) MRI findings based on the entire
sulcus measures are consistent with the notion that olfactory dys-
function, which exists in the first-episode or prodromal phase of
schizophrenia (Brewer et al., 2001, 2003), as well as in the patients’
first-degree relatives (Kamath et al, in press), may be a sensitive
indicator of schizophrenia pathology and may even serve as an early
warning sign of disease vulnerability or onset (Turetsky et al.,
2009b). Given the recent neuroimaging evidence suggesting that
brain morphologic changes, including abnormalities in sulcogyral
pattern (Yucel et al, 2003), predate the onset of psychosis
(Fusar-Poli et al.,, 2011; Smieskova et al.,, 2010), the olfactory sulcus
morphology in high-risk subjects for developing psychosis and its
possible relation to clinical characteristics (e.g., severity of prodromal
symptoms, later transition into psychosis) seem worthy of examina-
tion in future studies.

On the other hand, dynamic brain changes, including excessive
cortical thinning (van Haren et al, 2011) or gray matter reduction
(Mane et al.,, 2009) over time in the frontal area, may also occur dur-
ing or after the onset of schizophrenia (Pantelis et al., 2007). Interest-
ingly, a shallow olfactory sulcus (Wang et al., 2011) and olfactory
dysfunction (Mesholam et al., 1998) have also been reported in neu-
rodegenerative diseases such as Parkinson's disease, although the
pathological mechanism is unknown. However, the present longitu-
dinal analyses demonstrated no progressive changes in the olfactory
sulcus measures in either first-episode schizophrenia or controls. An-
tipsychotic medication can significantly affect brain morphology
(reviewed by Moncrieff and Leo, 2010), especially regarding progres-
sive brain changes (Takahashi et al., 2010; van Haren et al,, 2011) in
schizophrenia, but we did not find any medication effect on the
length and depth of the olfactory sulcus. Our longitudinal analyses
thus revealed that olfactory sulcus morphology may be static, at
least during the early illness stage of schizophrenia.

Given that olfactory sulci on the human orbitofrontal cortex ap-
pear at 16 weeks gestation and are prominent at 25 weeks (Chi et
al., 1977), our results offer a clue regarding the estimation of gesta-
tional age at which neurodevelopmental insults occur in schizophre-
nia. On the basis of gyral development of the human brain (Chi et al.,
1977; Garel et al., 2001), previous findings of abnormal cingulate cor-
tex folding in schizophrenia (Fujiwara et al., 2007; Yucel et al., 2002)
also suggest neurodevelopmental disturbance by the third trimester
of gestation, whereas the orbital sulci, which are not recognizable
until 36 weeks of gestation, are of a normal depth in patients
(Turetsky et al., 2009a). Our own results of midline brain structures
in schizophrenia (Takahashi et al., 2008a,b) partly parallel these find-
ings; abnormally small adhesio interthalamica that develops during
early gestation (Rosales et al., 1968) and normal cavum septi pellucidi
(CSP), which is related to fusion of the septum pellucidi within
3-6 months of birth (Shaw and Alvord, 1969), support the idea that
schizophrenia is more closely related to aberrant neurodevelopment
early in gestation. Since discrepant findings, such as altered orbital sul-
cus pattern (Nakamura et al.,, 2007; Takayanagi et al., 2010) and in-
creased prevalence of large CSP (Trzesniak et al, 2011), have been
also reported in schizophrenia, further comprehensive assessment of
these potential neurodevelopmental markers in the same cohort of
schizophrenia patients is required in future studies ideally in various ill-
ness stages (including prodromal phase).
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A few possible confounding factors in this study should be taken
into account. First, although our findings on altered depth of the ol-
factory sulcus may reflect embryonic disruption of the olfactory sys-
tem, we did not assess olfactory function or other olfactory
structures. Reduced olfactory bulb volume in schizophrenia patients
(Nguyen et al., 2011; Turetsky et al., 2000) and in first-degree rela-
tives (Turetsky et al, 2003) suggests its significant role in the
neurodevelopmental pathology of schizophrenia. The olfactory bulb
can be well identified on T2-weighted MR images (Duprez and
Rombaux, 2010; Rombaux et al., 2009), but our T1-weighted images
did not allow reliable measurement of the bulb. Also, we could not re-
liably assess the average depth of the orbital sulci because of their
variability and complexity (Chiavaras and Petrides, 2000). Second,
some of our first-episode patients had been psychotic for several
years and already received substantial amounts of antipsychotics at
baseline scanning owing to our definition of the first-episode. Al-
though the results did not change even when we included only the
patients whose illness duration is <1 year in the analyses and we
did not find any effect of medication on the sulcus morphology in
our sample, the patients with shorter illness duration and/or medica-
tion naive patients should be examined in the future. Third, although
we found no relation between the olfactory sulcus morphology and
symptom severity at scanning, the possibility exists that it relates to
an even later clinical course of schizophrenia. Finally, given that olfac-
tory dysfunction may help to discriminate among various psychiatric
disorders as discussed by Nguyen et al. (2011), disease specificity of
the olfactory sulcus abnormalities is worthy of further examination.

5. Conclusion

The present study demonstrated a shallow olfactory sulcus in
schizophrenia, which already existed in first-episode patients, and this
showed no active progressive changes after the illness onset. Our re-
sults, as well as the time point at which the sulcus develops during
the gestation period, suggest that the olfactory sulcus depth could be
a marker of early neurodevelopmental abnormalities in schizophrenia.

Acknowledgements

This research was supported in part by grants-in-aid for scientific re-
search (C) (nos. 22591275, 24591699) and grants-in-aid for scientific
research (B) (no. 24390281) from the Japanese Society for the Promo-
tion of Science, Health and Labour Sciences Research Grants (Compre-
hensive Research on Disability, Health and Welfare, H23-Seishin-
Ippan-002 and H23-Seishin-Ippan-009), and a Research Grant from
the JSPS Asian Core Program.

References

Abolmaali ND, Hietschold V, Vogl T}, Hiittenbrink KB, Hummel T. MR evaluation in pa-
tients with isolated anosmia since birth or early childhood. AJNR Am ] Neuroradiol
2002;23:157-64.

Andreasen NC. Scale for the Assessment of Negative Symptoms/Scale for the Assess-
ment of Positive Symptoms [Manual]. lowa City: University of lowa Press; 1984.

Brewer WJ, Pantelis C, Anderson V, Velakoulis D, Singh B, Copolov DL, et al. Stability of
olfactory identification deficits in neuroleptic-naive patients with first-episode
psychosis. Am ] Psychiatry 2001;158:107-15.

Brewer WJ, Wood SJ, McGorry PD, Francey SM, Phillips L], Yung AR, et al. Impairment of
olfactory identification ability in individuals at ultra-high risk for psychosis who
later develop schizophrenia. Am ] Psychiatry 2003;160:1790-4.

Chi JG, Dooling EC, Gilles FH. Gyral development of the human brain. Ann Neurol
1977;1:86-93.

Chiavaras MM, Petrides M. Orbitofrontal sulci of the human and macaque monkey
brain. ] Comp Neurol 2000;422:35-54.

Duprez TP, Rombaux P. Imaging the olfactory tract (cranial nerve #1). Eur ] Radiol
2010;74:288-98.

Fatemi SH, Folsom TD. The neurodevelopmental hypothesis of schizophrenia, revisited.
Schizophr Bull 2009;35:528-48.

Fujiwara H, Hirao K, Namiki C, Yamada M, Shimizu M, Fukuyama H, et al. Anterior cin-
gulate pathology and social cognition in schizophrenia: a study of gray matter,
white matter and sulcal morphometry. Neuroimage 2007;36:1236-45.

Fusar-Poli P, Borgwardt S, Crescini A, Deste G, Kempton M], Lawrie S, et al. Neuroanat-
omy of vulnerability to psychosis: a voxel-based meta-analysis. Neurosci Biobehav
Rev 2011;35:1175-85.

Garel C, Chantrel E, Brisse H, Elmaleh M, Luton D, Oury JF, et al. Fetal cerebral cortex:
normal gestational landmarks identified using prenatal MR imaging. AJNR Am ]
Neuroradiol 2001;22:184-9.

Hirayasu Y, McCarley RW, Salisbury DF, Tanaka S, Kwon JS, Frumin M, et al. Planum
temporale and Heschl gyrus volume reduction in schizophrenia: a magnetic reso-
nance imaging study of first-episode patients. Arch Gen Psychiatry 2000;57:692-9.

Huart C, Meusel T, Gerber J, Duprez T, Rombaux P, Hummel T. The depth of the olfacto-
ry sulcus is an indicator of congenital anosmia. AJ[NR Am J Neuroradiol 2011;32:
1911-4.

Hummel T, Damm M, Vent ], Schmidt M, Theissen P, Larsson M, et al. Depth of olfactory
sulcus and olfactory function. Brain Res 2003;975:85-9.

Kamath V, Turetsky BI, Calkins ME, Kohler CG, Conroy CG, Borgmann-Winter K, et al. Ol-
factory processing in schizophrenia, non-ill first-degree family members, and young
people at-risk for psychosis. World ] Biol Psychiatry in press. http://dx.doi.org/10.
3109/15622975.2011.615862.

Kasai K, Shenton ME, Salisbury DF, Hirayasu Y, Onitsuka T, Spencer MH, et al. Progres-
sive decrease of left Heschl gyrus and planum temporale gray matter volume in
first-episode schizophrenia. Arch Gen Psychiatry 2003;60:766-75.

Mane A, Falcon C, Mateos JJ, Fernandez-Egea E, Horga G, Lomefia F, et al. Progressive
gray matter changes in first episode schizophrenia: a 4-year longitudinal magnetic
resonance study using VBM. Schizophr Res 2009;114:136-43.

Mesholam RI, Moberg PJ, Mahr RN, Doty RL. Olfaction in neurodegenerative disease: a
meta-analysis of olfactory functioning in Alzheimer's and Parkinson's diseases.
Arch Neurol 1998;55:84-90.

Moncrieff ], Leo J. A systematic review of the effects of antipsychotic drugs on brain vol-
ume. Psychol Med 2010;40:1409-22.

Nakamura M, Nestor PG, McCarley RW, Levitt JJ, Hsu L, Kawashima T, et al. Altered
orbitofrontal sulcogyral pattern in schizophrenia. Brain 2007;130:693-707.

Nguyen AD, Pelavin PE, Shenton ME, Chilakamarri P, McCarley RW, Nestor PG, et al.
Olfactory sulcal depth and olfactory bulb volume in patients with schizophrenia:
an MRI study. Brain Imaging Behav 2011;5:252-61.

Pantelis C, Velakoulis D, Wood SJ, Yucel M, Yung AR, Phillips LJ, et al. Neuroimaging and
emerging psychotic disorders: the Melbourne ultra-high risk studies. Int Rev
Psychiatry 2007;19:371-81.

Rombaux P, Grandin C, Duprez T. How to measure olfactory bulb volume and olfactory
sulcus depth? B-ENT 2009;5(Suppl. 13):53-60.

Rosales RK, Lemay M], Yakovley PL The development and involution of massa
intermedia with regard to age and sex. ] Neuropathol Exp Neurol 1968;27:166.

Schooler N, Rabinowitz J, Davidson M, Emsley R, Harvey PD, Kopala L, et al. Risperidone
and haloperidol in first-episode psychosis: a long-term randomized trial. Am ]
Psychiatry 2005;162:947-53.

Shaw CM, Alvord Jr EC. Cava septi pellucidi et vergae: their normal and pathological
states. Brain 1969;92:213-23.

Smieskova R, Fusar-Poli P, Allen P, Bendfeldt K, Stieglitz RD, Drewe ], et al. Neuroimag-
ing predictors of transition to psychosis—a systematic review and meta-analysis.
Neurosci Biobehav Rev 2010;34:1207-22.

Takahashi T, Yucel M, Yung AR, Wood §], Phillips L}, Berger GE, et al. Adhesio
interthalamica in individuals at high-risk for developing psychosis and patients
with psychotic disorders. Prog Neuropsychopharmacol Biol Psychiatry 2008a;32:
1708-14.

Takahashi T, Yung AR, Yucel M, Wood SJ, Phillips 1J, Harding IH, et al. Prevalence of
large cavum septi pellucidi in ultra high-risk individuals and patients with psy-
chotic disorders. Schizophr Res 2008b;105:236-44.

Takahashi T, Suzuki M, Zhou SY, Tanino R, Nakamura K, Kawasaki Y, et al. A follow-up
MRI study of the superior temporal subregions in schizotypal disorder and
first-episode schizophrenia. Schizophr Res 2010;119:65-74.

Takayanagi Y, Takahashi T, Orikabe L, Masuda N, Mozue Y, Nakamura K, et al. Volume
reduction and altered sulco-gyral pattern of the orbitofrontal cortex in
first-episode schizophrenia. Schizophr Res 2010;121:55-65.

Toru M. Psychotropic manual. third ed. Tokyo: Igaku-Shoin; 2008.

Trzesniak C, Oliveira IR, Kempton M], Galvdo-de Almeida A, Chagas MH, Ferrari MC, et al.
Are cavum septum pellucidum abnormalities more common in schizophrenia spec-
trum disorders? A systematic review and meta-analysis. Schizophr Res 2011;125:
1-12.

Turetsky Bl, Moberg PJ, Yousem DM, Doty RL, Arnold SE, Gur RE. Reduced olfactory bulb
volume in patients with schizophrenia. Am ] Psychiatry 2000;157:828-30,

Turetsky BI, Moberg PJ, Arnold SE, Doty RL, Gur RE. Low olfactory bulb volume in
first-degree relatives of patients with schizophrenia. Am ] Psychiatry 2003;160:
703-8.

Turetsky BI, Crutchley P, Walker J, Gur RE, Moberg PJ. Depth of the olfactory sulcus: a
marker of early embryonic disruption in schizophrenia? Schizophr Res
2009a;115:8-11.

Turetsky BI, Hahn CG, Borgmann-Winter K, Moberg PJ. Scents and nonsense: olfactory
dysfunction in schizophrenia. Schizophr Bull 2009b;35:1117-31.

van Haren NE, Schnack HG, Cahn W, van den Heuvel MP, Lepage C, Collins L, et al.
Changes in cortical thickness during the course of illness in schizophrenia. Arch
Gen Psychiatry 2011;68:871-80.

Wang ], You H, Liu JF, Ni DF, Zhang ZX, Guan J. Association of olfactory bulb volume and
olfactory sulcus depth with olfactory function in patients with Parkinson disease.
AJNR Am ] Neuroradiol 2011;32:677-81.

160



172 T. Takahashi et al. / Progress in Neuro-Psychopharmacology & Biological Psychiatry 40 (2013) 167-172

World Health Organization. The ICD-10 classification of mental and behavioural disor- Yucel M, Wood SJ, Phillips L], Stuart GW, Smith DJ, Yung A, et al. Morphology of the an-

ders: diagnostic criteria for research, Geneva: World Health Organization; 1993. terior cingulate cortex in young men at ultra-high risk of developing a psychotic
Yap HL, Mahendran R, Lim D, Liow PH, Lee A, Phang S, et al. Risperidone in the treat- illness. Br ] Psychiatry 2003;182:518-24.

ment of first episode psychosis. Singapore Med ] 2001;42:170-3. Zhou SY, Suzuki M, Hagino H, Takahashi T, Kawasaki Y, Nohara S, et al. Decreased vol-
Yucel M, Stuart GW, Maruff P, Wood §J, Savage GR, Smith D}, et al. Paracingulate mor- ume and increased asymmetry of the anterior limb of the internal capsule in pa-

phologic differences in males with established schizophrenia: a magnetic reso- tients with schizophrenia. Biol Psychiatry 2003;54:427-36.

nance imaging morphometric study. Biol Psychiatry 2002;52:15-23.

161



i
ELSEVIER

Brief report

Longitudinal MRI study of the midline brain regions in

first-episode schizophrenia

Tsutomu Takahashi *P*, Kazue Nakamura ?, Eiji Ikeda ?, Atsushi Furuichi?, Mikio Kido?,
Yumiko Nakamura?, Yasuhiro Kawasaki 9, Kyo Noguchi ¢, Hikaru Seto ¢, Michio Suzuki*P

2 Department of Neuropsychiatry, University of Toyama, Toyama, Japan

b Core Research for Evolutional Science and Technology, Japan Science and Technology Corporation, Tokyo, Japan

€ Department of Radiology, University of Toyama, Toyama, Japan
d Department of Neuropsychiatry, Kanazawa Medical University, Ishikawa, Japan

ARTICLE INFO ABSTRACT

Article history:

Received 26 July 2012
Received in revised form

12 December 2012
Accepted 20 December 2012

Keywords:

Adhesio interthalamica
Cavum septi pellucidi
Magnetic resonance imaging

This magnetic resonance imaging (MRI) study investigated the prevalence and size of the adhesio
interthalamica (Al) and cavum septi pellucidi (CSP) in 64 first-episode schizophrenia patients and
64 controls, of whom longitudinal data were available for 20 patients and 21 controls. The Al was
shorter in the patients and showed longitudinal decline in both groups; there was also a trend for Al
atrophy to correlate with negative symptoms. The CSP showed no group difference. These results
suggest a role for the Al as a possible neurodevelopmental marker of schizophrenia.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The adhesio interthalamica (Al), a midline structure connecting
the medial surfaces of the thalami, is variable in size among
individuals and missing in about 20% of human brains (Carpenter
and Sutin, 1983). Previous neuroimaging studies have demon-
strated that schizophrenia patients are more likely to have a
smaller Al (reviewed by Trzesniak et al., 2011a), possibly reflecting
early developmental abnormalities. A large cavum septi pellucidi
(CSP) (= 6 mm; Takahashi et al.,, 2007), which is formed by the
incomplete fusion of the septum pellucidi (Rakic and Yakovlev,
1968), may also be related to fetal neurodevelopmental abnorm-
alities in schizophrenia (Trzesniak et al, 2011b). Our previous
magnetic resonance imaging (MRI) studies showed smaller Al and
a higher rate for it to be absent, but no difference in the size and
prevalence of CSP, in a large sample of chronic schizophrenia
patients compared with controls (Takahashi et al., 2007, 2008a),
but these results may have been partly biased by the effects of
medication and illness chronicity. A recent longitudinal MRI study
demonstrated the possibility that the size of these midline regions
could change during the course of the illness (Trzesniak et al.,
2012), whereas Davidson et al. (2012) reported longitudinal
stability in the CSP length in first-episode schizophrenia.
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This MRI study aimed to replicate our earlier observations
described above in a cohort of first-episode schizophrenia and to
investigate the changes over time in the size of these midline
regions. Given their potential role as neurodevelopmental markers,
we posited no diagnosis-by-time interaction in these regions.

2. Methods
2.1. Participants

Sixty-four schizophrenia patients fulfilling the ICD-10 research criteria (World
Health Organization, 1993), whose illness duration was 1 year or less (n=48) or
under first psychiatric hospitalization (n=16), were recruited from inpatient and
outpatient clinics of the Department of Neuropsychiatry of Toyama University
Hospital. Sixty-four healthy volunteers were recruited from the community,
hospital staff, and university students. The controls were given a questionnaire
consisting of 15 items concerning their personal and family histories of illness;
none had a personal or family history of psychiatric illness among their first-
degree relatives. All subjects were right-handed and physically healthy, and did
not have any history of serious head trauma, neurological iliness, substance abuse,
or serious medical disease. Of the 128 participants, 37 patients and 60 controls
were included in our previous cross-sectional studies of the CSP (Takahashi et al.,
2007) and Al (Takahashi et al., 2008a). Follow-up MRI data were available for
20 patients and 21 controls; the characteristics of this sub-sample were largely
comparable with those of the whole sample of this study (Table 1). The controls
were also assessed using the questionnaire at follow-up to ensure that none had
any neuropsychiatric disorder during the period between scans.

The patients’ clinical symptoms were rated at the time of scanning (baseline
and follow-up) using the Scale for the Assessment of Negative and Positive
Symptoms (SANS/SAPS; Andreasen, 1984). The diagnosis of schizophrenia was
confirmed in all patients at least 6 months after the illness onset based on
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Table 1
Sample characteristics and brain measurements of the participants.
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Cross-sectional sample

Longitudinal sample

Controls Schizophrenia Group comparisons Controls Schizophrenia Group comparisons
Male/female 37/27 37127 Chi-square=0.00, 13/8 14/6 Chi-square=0.30,
p=1.000 p=0.585
Age (years) 25.1+5.0 240+4.7 F(1,126)=1.64, p=0.203 245+5.0 23.8+50 F (1, 39)=0.19, p=0.664
Height (cm) 167.0+7.5 1649176 F(1,126)=2.60, p=0.109 1673176 166.2 +6.6 F (1, 39)=0.27, p=0.606
Education (years) 165+ 2.6 135+19 F (1, 126)=57.55, 156+24 13.0+1.6 F(1,39)=17.24,p <0.001
p<0.001
Parental education (years)? 13.2+25 13.0+2.0 F (1, 124)=0.50, p=0.482 12.8+2.6 125+2.1 F (1, 39)=0.10, p=0.756
Inter-scan interval (years) - - 25404 2.7+0.8 F (1, 39)=1.30, p=0.261
Onset age (years) - 23.1+4.7 - - 22.7+5.1 -
Illness duration at baseline (months) - 1124122 - - 10.2+94 -
Medication type (T/AT/mixed)
At baseline - 18/43/1° - - 6/12/2 -
During follow-up - - - - 3/13/4 -
Medication dose (haloperidol
equivalent)
At baseline (mg/day) - 103 +8.8 - - 146 +11.7 -
Cumulative dose during follow-up - - - - 9852 + 8727 -
(mg)
Duration of medication at baseline - 83+12.6 - - 8.3 +10.1 -
(months)
SAPS total at baseline - 27.3+219 - - 33.0+24.0 -
(N=61) (N=17)
SAPS total at follow-up - - - - 19.1+17.5 -
(N=19)
SANS total at baseline - 53.1+25.2 - - 53.7 +27.1 -
(N=61) (N=17)
SANS total at follow-up - - - - 38.0+24.0 -
(N=19)
Al absent [N (%)] 7 (10.9) 10 (15.6) Chi-square=0.61, 3(14.3) 4 (20.0) p=0.627, Fisher's exact
p=0.435 test
Al length at baseline (mm) (median) 8.9+3.5 73+3.2(7.0) F(1,122)=11.08, 84+3.5(8.0) 69+3.3(6.5) F(1,35)=1.40, p=0.245
(10.0) p=0.001
Al length at follow-up (mm) (median) - - - 8.14+3.4(7.0) 6.8+3.1(6.5) F (1, 35)=1.71, p=0.200
Al change during follow-up (mm)* - - - -03+0.6 -02+0.7 F (1, 33)=1.39, p=0.247
large CSP [N (%)] 8 (12.5) 3(4.7) p=0.115, Fisher's exact 2 (9.5) 1(5.0) p=0.578, Fisher's exact
test test
CSP length at baseline (mm) (median) 4.7 +10.1 3.146.5(2.0) F (1, 122)=0.26, 48+114 3.4+59(2.0) F (1, 35)=0.00, p=0.970¢
(2.0) p=0.611¢ (2.0)
CSP length at follow-up (mm) - - - 49+11.6 3.2+5.7 (2.0) F(1,35)=0186, p=0.669¢
(median) (2.0)
CSP change during follow-up (mm)® - - +0.1+05 -02+07 F (1, 33)=0.10, p=0.753

Intracranial volume (cm?) 1501.9 + 1504 1499.8 + 147.1

F(1,125) < 0.01, p=0.983

1501.1 +158.3 14822 +133.2 F(1, 38)=0.08, p=0.774

Values represent means + S.D.’s unless otherwise stated.

Al, adhesio interthalamica; AT, atypical; CSP, cavum septum pellucidum; SANS, Scale for the Assessment of Negative Symptoms; SAPS, Scale for the Assessment of Positive

Symptoms; T, typical.
¢ Data missing for one control and one schizophrenia subjects.
® Two patients were medication free at the time of scanning.

© Negative value indicates a decrease in length. The statistical analyses reported herein were based on repeated measures ANCOVA with time (baseline, follow-up) as a
within-subject variable (see text). The main effect of time was F (1, 37)=4.95, p=0.032 for the Al and F (1, 37)=0.02, p=0.883 for the CSP.

¢ The CSP measures were log-transformed for statistics because of their skewed distribution (p < 0.01, Kolmogorov-Smirnov test). The skewness and kurtosis statistics
of baseline CSP length were 4.82 and 24.12 before transformation and 1.00 and 2.49 after transformation, respectively.

information obtained from a detailed chart review. Other clinical information,
including cumulative neuroleptic dosage during the study, was also collected in
this chart review. Medication and other clinical data are summarized in Table 1.

This study was approved by the Committee on Medical Ethics of Toyama
University. After a complete description of the study was provided, written
informed consent was obtained from all subjects.

2.2. Magnetic resonance imaging procedures

The subjects were scanned on a 1.5-T Magnetom Vision (Siemens Medical
System, Inc., Erlangen, Germany) with a three-dimensional gradient-echo sequence
FLASH (fast low-angle shots) yielding 160-180 contiguous T1-weighted slices of 1.0-
mm thickness in the sagittal plane. The imaging parameters were as follows:
repetition time=24 ms; echo time=>5 ms; flip angle=40"; field of view=256 mm;
and matrix size=256 x 256 pixels. The voxel size was 1.0x 1.0x 1.0 mm?3,
The follow-up data were acquired using the same scanner/parameters as described
above. The scanner was calibrated weekly with the same phantom to ensure
measurement stability.

To assess the Al and CSP, the images were processed using Dr. View software
(AJS, Tokyo, Japan) as described elsewhere (Takahashi et al., 2007, 2008a). Briefly,
brain images were realigned in three dimensions and then reconstructed into
entire contiguous coronal images with a 1-mm thickness, perpendicular to the
anterior commissure-posterior commissure (AC-PC) line. One rater (TT), who was
blind to the subjects’ identity and time of scan, counted the number of coronal
slices where each midline region was clearly seen. The length of the Al and CSP (in
mm) was equal to the number of these slices. We considered the Al as present
when it could be identified on three or more slices on both coronal and axial views
(Takahashi et al., 2008a). A CSP equal to or greater than 6 mm was defined as large
on the basis of previous reports (e.g., Nopoulos et al,, 1997; Kwon et al., 1998;
Kasai et al., 2004). Intra- and inter-rater (TT and KN) intraclass correlation
coefficients for the Al and CSP lengths (n=30) in randomly selected brains were
over 0.97.

2.3. Statistical analysis

Chi-square tests, or Fisher's exact tests when expected cell sizes were less than
five, were used to assess the frequency of the Al and large CSP. The length of each
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midline region was analyzed using analysis of covariance (ANCOVA), with intracranial
volume (ICV) and age as covariates and with diagnosis and gender as between-
subject factors. Gender was used as a between-subject factor on the basis of possible
gender effect on the Al size (Allen and Gorski, 1991). The CSP measures were log-
transformed because of their skewed distribution (eFig. 1, Table 1). Longitudinal
changes were analyzed using repeated measures ANCOVAs with age at first scan, ICV,
inter-scan interval, and cumulative dose of antipsychotics during scans as covariates,
diagnosis and gender as between-subject factors, and time (baseline, follow-up) as a
within-subject variable. Post-hoc Scheffé's tests (Scheffé, 1959) were used to follow
up these analyses. The relationships between the midline regions (baseline length,
absolute length change during scans) and clinical variables were examined by
Pearson’s partial correlation coefficients controlling for age and ICV. Inter-scan
interval and cumulative medication dose were also used as controlling factors for
correlational analyses between length change and clinical variables. Statistical
analyses reported here were performed using the STATISTICA software package
(Statsoft, Tulsa, OK); the statistical modeling was based on its manual (Statsoft, 1994)
as in our previous publications (e.g., Takahashi et al,, 2009). Statistical significance
was defined as p < 0.05.

3. Results

There was no group difference in the prevalence of an absent
Al (Table 1), but ANCOVA of the baseline Al length revealed
significant main effects for diagnosis [F (1, 122)=11.08, p=0.001]
and gender [F (1, 122)=5.36, p=0.022] but not their interaction.
Post hoc analyses showed that the patients had a shorter Al than
controls (p=0.004) (eFig. 2) and males had a shorter Al than
females (p <0.001). However, the main effect for diagnosis was
not significant when we added medication duration and dose also
as covariates [F (1120)=1.20, p=0.276]. Longitudinal analyses of
the Al revealed a significant effect of time [F (1, 37)=4.95,
p=0.032], but no diagnosis-by-time interaction, indicating its
atrophy over time in both groups (p=0.032). The Al length, but
not CSP length, at the baseline was negatively correlated with age
for both controls (r=—0.343, p=0.005) and patients (r=—0.277,
p=0.027). In the patients, the Al length was not correlated with
the onset age, illness duration, medication (duration and dose), or
total SANS/SAPS scores. The cumulative medication dose did not
correlate with the Al change over time. Overall, although not
statistically significant [n=16, F (1,15)=2.34, p=0.147], negative
symptoms (total SANS score) reduced over time (Table 1), but
greater Al atrophy over time was correlated at a trend level with
less improvement in negative symptoms (r=0.619, p=0.032),
though this did not survive Bonferroni correction (Dunn, 1961).

For the CSP (length and prevalence), we found no effect of
diagnosis, time, or gender (Table 1, eFig. 1). The CSP categories
(absent, present, or large) changed during follow-up in one
control [from absent to present (1 mm)] and one patient [from
present (2 mm) to absent]. The CSP length did not correlate with
any clinical variables.

The ANCOVA results of length change over time remained the
same for both Al and CSP even when we added baseline medica-
tion dose or deleted cumulative medication dose as the covariate.

4. Discussion

Consistent with previous findings in first-episode schizophre-
nia (Trzesniak et al, 2012) or clinical high-risk subjects
(Takahashi et al., 2008b), baseline results in this study demon-
strated shorter length of the Al in schizophrenia patients in the
early illness stages. A lack of correlation with medication and
illness duration, as well as no disease-specific progressive
changes, also supports the concept that Al malformation may at
least partly represent early neurodevelopmental disturbance in
schizophrenia (Weinberger, 1987). On the other hand, we did not
identify any differences in the CSP measures between the groups,

suggesting that it may not play a major role in the neurobiology of
schizophrenia (Takahashi et al., 2007, 2008c).

The present study and a previous (Trzesniak et al., 2012)
longitudinal analysis found Al atrophy over time in both schizo-
phrenia and controls, supporting the notion that the Al develops
during early gestation, but also undergoes increasing atrophy
with age (Rosales et al., 1968; O'Rahilly and Miiller, 1990). This
study also replicated that men had shorter Al than women (Allen
and Gorski, 1991). While the functional significance of the Al, as
well as the nature of its atrophy, remains unclear, the midline
nuclei of the thalamus including the Al have efferent connections
with the amygdaloid nuclei (Graff-Radford, 1997) and are
involved in the regulation of the dopamine release of the basal
ganglia (Romo et al., 1984). A trend-level correlation between
longitudinal Al atrophy and negative symptoms may support a
relationship between Al abnormalities and negative symptoms in
schizophrenia (Meisenzahl et al., 2000, 2002; Takahashi et al.,
2008a), but this effect needs to be replicated. Also, this possible
correlation would suggest a role in schizophrenia for accelerated
atrophy in Al during adulthood in addition to the hypothesized
role as an early neurodevelopmental marker. Although we found
no diagnosis-by-time interaction in Al length, it is possible that
the reduced Al length apparent at the first episode is due to
accelerated Al atrophy at or before illness onset and our sample
size or duration is underpowered to examine this effect.

The present study supported the role of the Al as a neurodeve-
lopmental marker of schizophrenia, although possible medication
effect on the Al morphology should be further examined. In
addition, our longitudinal analyses should be considered prelimin-
ary due to the small sample size. For example, in contrast to the
negative CSP findings in this study, several previous studies have
found CSP abnormalities in schizophrenia (reviewed by Trzesniak
et al., 2011b) and Trzesniak et al. (2012) demonstrated significant
expansion of the CSP in 52 first-episode patients even during a
shorter follow-up period (18 months). As Choi et al. (2008)
reported abnormal CSP in subjects at risk for psychosis using the
CSP grading system, which integrated CSP length, width, and
overall size, the possibility also exists that measuring only the
length of the CSP might not be a sensitive enough approach to
detect existing changes of the CSP. Another limitation of this study
is that neighboring structures are not measured, so it cannot be
ruled out that differences in Al are accounted for by differences in
thalamic or ventricular volume or orientation. Additional long-
itudinal studies in a larger cohort in various illness stages (e.g.,
prodromal and chronic phases) are required to further understand
the nature of midline brain abnormalities in the course of
schizophrenia.
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Objectives: The aim of the present study was to use a voxel-based magnetic resonance
imaging method to investigate the neuroanatomical characteristics in subjects at high risk
of developing psychosis compared with those of healthy controls and first-episode schizo-
phrenia patients.

Methods: This study included 14 subjects with at-risk mental state (ARMS), 34 patients
with first-episode schizophrenia, and 51 healthy controls. We used voxel-based morphom-
etry with the Diffeomorphic Anatomical Registration through Exponentiated Lie Algebra
tools to investigate the whole-brain difference in gray matter volume among the three
groups.

Results: Compared with the healthy controls, the schizophrenia patients showed signif-
icant gray matter reduction in the left anterior cingulate gyrus. There was no significant
difference in the gray matter volume between the ARMS and other groups.

Conclusion: The present study suggests that alteration of the anterior cingulate gyrus may
be associated with development of frank psychosis. Further studies with a larger ARMS
subjects would be required to examine the potential role of neuroimaging methods in the

prediction of future transition into psychosis.

Keywords: schizophrenia, psychosis, high risk, MR, cingulate gyrué

INTRODUCTION

Neuroimaging studies have demonstrated subtle but widespread
brain structural alterations, such as volume reduction of fronto-
temporo-limbic regions as well as enlarged lateral and third ven-
tricles, in first-episode schizophrenia (Steen et al., 2006; Vita et al.,
2006; Ellison-Wright et al., 2008), which are not due to illness
chronicity and antipsychotic medication. Recent prospective lon-
gitudinal magnetic resonance imaging (MRI) studies, including
our own data showing progressive gray matter reduction of the
temporal region (approximately 2—3% per year) (Takahashi et al.,
2010, 2011), further revealed progressive brain structural change
and its relationship to clinical course or outcome in first-episode
schizophrenia (Andreasen et al., 2011). These longitudinal find-
ings might be consistent with the clinical observation that a long
duration of untreated psychosis (DUP), which could lead to severe
brain pathological changes during the early illness stage (Lappin
et al., 2006; Takahashi et al., 2007), is related to poor outcome of
schizophrenia patients (Marshall et al., 2005; Perkins et al., 2005).
Examining potential neurobiological markers that predate the
onset of psychosis might lead to appropriate early intervention and

thus prevent deterioration of social function and the progression
of structural brain alterations.

Itis notyet clear at which illness stage brain abnormalities occur
in schizophrenia. Subjects with at-risk mental state (ARMS), who
exhibit prodromal-like symptoms and have an increased risk of
developing psychosis (Yung et al., 2003), might share disease vul-
nerability as well as brain morphological changes with patients
with overt schizophrenia. Subjects with ARMS are heterogeneous
on the basis of their outcome, as only about 36% of them develop
psychosis during 3-year follow-up (Fusar-Poli et al., 2012). Previ-
ous MRI studies using voxel-based morphometry (VBM), which
allows automated whole-brain analysis, revealed more severe gray
matter reduction predominantly in the fronto-temporo-limbic
regions in ARMS subjects with later transition than in those
without (Pantelis et al., 2003; Borgwardt et al., 2007; Fusar-Poli
et al,, 2011). More specifically, Fornito et al. (2008) revealed that
baseline differences in the anterior cingulate cortical thickness dis-
tinguished between ARMS with and without later transition, but
they did not directly compare ARMS subjects and patients with
overt psychosis.
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