Nakamura et al.

Gray matter changes in ARMS

sample is required to replicate and expand the current preliminary

results.

In summary, the present study demonstrated significant gray
matter reduction of the anterior cingulate gyrus in first-episode
schizophrenia. We also suggested the possibility that such morpho-
logical change may exist prior to the onset of psychosis in some
individuals, implying the potential role of neuroimaging methods
in the prediction of future transition and effective intervention for

high-risk subjects.
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Introduction

Schizophrenia usually develops around the adolescence period,
with the whole life risk of about 0.85% [1]. Patients with
schizophrenia suffer from positive symptoms (hallucination,
delusion, thought disturbance, and etc.), negative symptoms
(blunted affect, lack of volition, social withdrawal and etc.), and
impairment in a range of cognitive domains, e.g. several types of
memory, executive function, attention, verbal fluency [2,3,4,5].
Especially, cognitive function is considered to be a major
determinant of outcome, including quality of life and social
function [6]. It is interesting that the classification of cognitive
domains differs across neuropsychological test batteries. For
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example, verbal fluency is categorized as an independent domain
in the Brief Assessment of Cognition in Schizophrenia (BACS)
[7,8], while it is regarded as one of the components of processing
speed (of information) in the Measurement and Treatment
Research to Improve Cognition in Schizophrenia — Consensus
Cognitive Battery [9].

In order to achieve satisfactory long-term outcome, early
detection, intervention and treatment of schizophrenia are needed.
Specifically, a shorter duration of untreated psychosis (DUP) has
been associated with a greater response to antipsychotic drugs in
terms of symptoms and quality of life [10]. Prolonged DUP is also
associated with decreased levels of social functions, for example,
work function and communication skills, as well as longer
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Table 1. Demographic and clinical data and dMMN amplitude.

Mismatch Negativity and At-Risk Mental State

Healthy controls(n=20)

Age (years)

25.4 (6.9), range 16-45

13.2(9.3)

F4 73(1.2) 7.5 (2.1)

Values represent mean (SD).

a) Risperidone equivalent [mg/dayl.

ARMS, at-risk mental state.

SAPS, Scale for the Assessment of Positive Symptoms;
SANS, Scale for the Assessment of Negative Symptoms.
*p<0.05 and ** p<0.01, compared to healthy control.
doi:10.1371/journal.pone.0054080.t001

hospitalization [11,12,13,14,15,16,17]. 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.” [18].

For the purpose of early diagnosis, objective biomarkers,

particularly, those based on brain morphology, neurophysiology,

~and neuropsychology have been reported to provide useful
information [19,20,21,22,23,24]. Neurophysiological measure-
ments, such as event-related potentials (ERPs), have been
suggested to provide a biological substrate for some aspects of
cognitive disturbances of schizophrenia. Especially, P300, mis-
match negativity (MMN), or N400 etc. are widely used ERPs for
this purpose. For example, schizophrenia patients show smaller
amplitudes of P300 than normal control subjects [25,26,27].
Reduction of P300 amplitudes has been also noted in subjects with
ARMS, part of which develops schizophrenia [28]. P300 has been
shown to be affected by various factors, including medication
[20,29,30] suggesting the utility as a state marker of psychotic
disorders.

MMN is another component of ERPs generated in response to
occasional variations (e.g., duration, frequency, intensity) of
acoustic stimuli, and is suggested to reflect pre-attentive cognitive
operations [31,32]. MMN amplitudes have been shown to be
decreased in patients with schizophrenia, as indicated by a recent
meta-analysis [33] reporting a large effect size. Unlike the case
with P300, MMN amplitudes are generally not affected by
psychotropic drug, for example benzodiazepines [34], dopamine
antagonists [35]. For these reasons, MMN is considered to provide
a trait marker for schizophrenia.

There are several types of MMNs, such as duration MMN
(dMMN) and frequency MMN (fMMN), based on the mode of
presentation of stimuli. Attenuation of the fMMN amplitude,
resulting from changes in the frequency of stimuli, reflects the
progress of the disease, i.e. a function of duration of the illness. On
the other hand, deficits of dMMN deficiency, resulting from
changes in the duration of stimuli, may be more closely linked to
the genetic aspect of schizophrenia [36]. Thus, impairment of
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ARMS(n=17)

19.4 (4.4)*% range, 15-29

First episode
schizophrenia(n = 20)

Chronic schizophrenia (n=11)

27.2 (7.3), range 16-38 28.1 (8.0), range 18-44

157 (13.1) 17.6 (19.1)

5.6 (1.8) * 5.0 (1.3) **

dMMN is greater than that of {IMMN [37], with the latter
emerging only in the chronic, but not early stage of schizophrenia
[38,39].

Recently, dMMN amplitudes have been shown to be reduced
already in the prodromal stage of schizophrenia. Thus, Jahshan
et al (2011) found dMMN amplitudes in subjects with at-risk for
psychosis patients were reduced compared to normal controls, but
the deficits were milder than those in patients with first episode
schizophrenia [40]. Atkinson et al (2011) report that dMMN
amplitudes were reduced as early as in the ultra-high risk stage
[41]. This finding was extended by Bodatsch et al (2011) [42] and
Shaikh et al (2012) [43], who observed smaller IMMN amplitudes
in drug-naive subjects with ARMS who later converted to overt
psychosis, compared to those in non-converters. Thus, reduced
dMMN amplitudes have been regarded to provide a biomarker to
predict the development of schizophrenia.

Cognitive impairment, a core symptom of schizophrenia, is
present at onset of illness [44], and is closely related to functional
outcome [45]. Carrion et al. (2011) observed that cognitive and
functional impairments are already evident in ultra-high risk
patients before the onset of psychosis. Specifically, attention/
processing speed was found to predict progression to psychosis
[46]. On the other hand, Frommann etal. (2011) report
prodromal patients were impaired in all neurocognitive domains,
such as learning memory, executive control, processing speed, and
working memory. These findings indicate neuropsychological
measures, particularly attention/processing speed, provide anoth-
er cognitive modality to identify high-risk people vulnerable to
developing overt schizophrenia [47].

To date, little information is available about the relationship
between neurophysiclogical indices, e.g. dMMN, and neuropsy-
chological performance. So far, Lin et al (2012) investigated the
correlation between neuropsychological performance and MMN
amplitudes only in patients with schizophrenia [21]. For example,
demonstration of the ability of some measures of neuropsycho-
logical performance, e.g. attention/information processing and
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Table 2. Comparison between converters and non-converters of ARMS subjects.

ARMS (n=17)

Male/female 2/11 2/2

SANS 429 (15.9)

F3 8.2 (2.0

51.0 (7.8)

Verbal memory

Motor function 69.3 (12.5)

5.6 (1.7)

47.2 (11.3)

60.5 (9.(3)

Analyze of variance (df=1,16), Group Effect

69.0 (18.4) *

3.78 ns.

057 ns.

1.66 ns.

Values represent mean (SD).

a) Risperidone equivalent [mg/dayl.

ARMS, at-risk mental state.

Non-C., ARMS non-converters; Conv., ARMS converters,

SAPS, Scale for the Assessment of Positive Symptoms;

SANS, Scale for the Assessment of Negative Symptoms;

BACS-J, Brief Assessment of Cognition in Schizophrenia, Japanese version.
*p<0.05 compared to Non-C. (student’s t-test).
doi:10.1371/journal.pone.0054080.t002

verbal fluency, to predict IMMN activity would greatly facilitate
the early intervention practice, as the former indices require only a
limited time constraint. Moreover, such evidence, if obtained,
would help more precisely identify biological features of the
prodromal phase of schizophrenia.

In this study, we measured dMMN amplitudes and cognitive
performance in subjects with ARMS, first episode schizophrenia,
or chronic phase of the illness, and compared them with those of
normal control subjects. Specifically, we compared the results from
ARMS subjects who later developed schizophrenia (converters)
and those who did not (non-converters). The hypotheses tested
were; 1) if correlations exist between the decrease in dMMN
amplitudes and the impairment of neuropsychological perfor-
mance in subjects with ARMS, and 2) if the impairments of
neurophysiological and neuropsychological functions would sim-
ilarly predict progression to overt psychosis in these subjects.

Methods

Ethics Statement

This protocol was approved by the Committee on Medical
Ethics of the University of Toyama. After complete and detail
description of the study to the subjects, written informed consent
was obtained.

Clinical staff explained the nature of the study to the subjects,
the risks and benefits, and the option not to participate in research.
If the mental status of a subject was impaired to the point where s/
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he could not understand these issues, the subject was not
approached to be in the research. In case there was a possibility
that the capacity of a participant to consent was compromised, an
additional consent was obtained from next of kin, care takers, or
guardians of such subject.

Participants

Diagnosis was made based on the Structured Clinical Interview
for DSM-IV (SCID) for schizophrenia and the Comprehensive
Assessment of At-Risk Mental State (CAARMS) for ARMS [48],
by experienced psychiatrists. Most of these subjects were referred
from “Psychiatric Health and Welfare Center of Toyama
(PHWCT). Seventeen ARMS subjects followed at the University
of Toyama Hospital participated in this study. [male/female =4/
13; mean (S.D.) age=19.4(4.4)]. Thirty-one schizophrenia pa-
tients also participated in this study. Patients with duration of
illness less than two years were defined as first episode
schizophrenia (FES) [n=20; male/female =9/11; mean (8.D.)
age =27.2(7.3)], while those with duration of illness 2 years or
longer were defined as chronic schizophrenia (CS) [n=11; male/
female =6/5; mean (S.D.) age = 28.1(8.0)]. We recruited normal
control subjects from the community by advertisements. They are
healthy volunteers [n=20; male/female=14/6; mean (S.D.)
age =25.4(6.9)] without any personal history of psychiatric
illnesses, including schizophrenia or other psychotic disorders.

All participants were right-handed. A psychiatric and treatment
history was obtained from the subjects, families, and medical

January 2013 | Volume 8 | Issue 1 | e54080
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Mismatch Negativity and At-Risk Mental State

Figure 1. Duration mismatch negativity (dMMN) waveform at Fz and scatterplots of dMMN amplitudes for all subjects. A. Waveforms
are presented for healthy controls (HC, blue line), at-risk mental state (ARMS, red line), first episode schizophrenia (FES, light green line) and chronic
schizophrenia (CS, dark green line). B. Distribution of amplitudes are presented for healthy controls (HC, blue dots), ARMS (red dots), first episode
schizophrenia (light green dots) and chronic schizophrenia (dark green dots). * p<0.05 and ** p<0.01, compared to each groups.

doi:10.1371/journal.pone.0054080.g001

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 laboratory testing was normal. Demographic data at
baseline evaluation are shown in Table 1.

ARMS subjects were followed-up continuously at the hospital.
Four out of the 17 ARMS subjects transitioned to schizophrenia
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 ARMS subjects was
2.1x1.1 (Non-C.; 1.6=0.8) years.

Clinical Assessment

The Scale for the Assessment of Positive Symptoms (SAPS) and
the Scale for the Assessment of Negative Symptoms (SANS) [49]
were administered by an experienced psychiatrist. These data are
shown in Table 1.

Neuropsychological Assessments

Neuropsychological performance, measured by the Japanese
version of the BACS (BACS-]) [8], was evaluated by experienced
psychiatrists or psychologists. The BACS-J cognitive battery uses
the following assessments in the respective targeted domains: list
learning (verbal memory), digit sequencing task (working memory),
token motor task (motor function), category fluency and letter
fluency (verbal fluency), symbol coding (attention and processing
speed), and the Tower of London test (executive function), as
shown in Table 1.

Electroencephalogram Recording
Electroencephalograms (EEGs) were recorded based on the
" previous report of our laboratory [20,30,50,51,52,53]. A 32-
channel DC-amplifier (EEG-2100 version 2.22],Nihon Kohden
Corp., Tokyo, Japan), according to the international 10-20 system
was used, and recordings were performed using an electro cap
(Electrocap Inc., Eaton, OH) in a sound-attenuated room. Data
were collected with a sampling rate of 500 Hz. All electrodes were
referred to the average amplitude of the ear electrodes
(bandwidth =0.53-120 Hz, 60 Hz notch filter). Electrode imped-
ance was less than 5 kQ.

Measurements of dMMN were based on our previous report
[53]. One thousand auditory stimuli were delivered binaurally
through headphones with inter-stimulus intervals 500 msec.
Standard/target tones of 50/100 msec duration were randomly
presented with the presentation probability of 0.9/0.1. All tones
were 60 dB, 1000 Hz and with a rise-fall time of 10 msec. The
subjects were requested to watch silent animation movie (Tom and
Jerry) and pay attention to the monitor and ignore the tones.

Averaging of ERP waves and related procedures were
performed using Vital Tracer and EPLYZER II software (Kissei
Comtec, Co. Ltd. Nagano, Japan). Epochs were 600 msec,
including a 100-msec pre-stimulus baseline. Eye movement
artifacts (blinks and eye movements) were manually rejected.
MMN waveforms were obtained by subtract standard waveforms
from target ones. ERP component peaks were identified within the
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150250 msec search windows. We selected F3, F4, Fz, Cz and Pz
electrodes for analysis, based on our previous report [49].

Statistical Methods

Statistical analyses were performed using the Statistical Package
for Social Sciences (SPSS) version 19.0 (SPSS Japan Inc., Tokyo,
Japan). In order to investigate group differences in MMN,
repeated measures analysis of variance (ANOVA) with electrode
site as within-subject variable and diagnostic group as between-
subject variable was performed. BACS-] domain scores were
analyzed with a two-way ANOVA with BACS-J domains as the
within factor and group as the between factor. Group Xelectrode
interactions and group xBACS-J domain score interactions were
decomposed using one-way ANOVA, with Bonferroni correction.
Relationships between MMN amplitudes at the Fz electrode and
BACS -J domain scores were analyzed using Spearman rank
correlations.

Raters (psychiatrist, psychologist) were not informed of subjects’
profiles and diagnosis.

Results

Subjects’ Profile

Demographic data of participants are shown in Tables 1 and 2.
There was significant group difference in age [F(3,64)=5.51,
p=0.02]. The ARMS group was significantly younger than other
groups. The female to male ratio in the ARMS group was
51gmﬁcantly greater than that in the normal control group
[x2=7.94, p= 0.004]. There was no difference between Conv.
and Non-C. in age (p= O 14). The male/female ratio of Conv. was
greater than Non-C.[y?>=4.41, p=0.01]. Fourteen out of 17
ARMS subjects were not taking any medication, and 3 were
prescribed a small dose of risperidone (1.5 mg/day), aripiprazole
(6 mg/day), and sulpiride (150 mg/day), respectively, for (or to
prevent) acute psychosis episodes (sometimes with strong agita-
tion), based on the criteria of International Early Psychosis
Association Writing Group [54]. MMN recordings for these
subjects were conducted shortly after medications were started (9,
15 and 27 days). All of the three subjects subsequently developed
schizophrenia. Schizophrenia patients were taking the following
treatment; FES (no medication 7, risperidone 3, perospirone 3,
aripiprazole 2, olanzapine 1, sulpiride 1, blonanserin+quetiapine
1, risperidone+quetiapine 1, risperidone+zotepine 1.), CS (no
medication 1, perospirone 3, risperidone 2, olanzapine 2, zotepine
1, perospirone+olanzapine 1, perospironetaripiprazole 1). There
were no differences between ARMS, FES and CS groups in SAPS
[F(2,47)=0457, p=0.636] and SANS [F(2,47)=0.118,
p =0.889] scores. Conv. and Non-C. groups did not differ in the
SAPS score. However, Conv. group showed a significantly higher
score of SANS than Non-C. group (69.0%18.4 vs. 42.9%15.9,
p=0.02).

Comparisons of dMMN Amplitudes between Healthy
Controls vs. ARMS vs. Schizophrenia

dMMN data are shown in Table 1 and Figure 1. Grand average
waveforms in the Fz lead and scatterplots for the electrodes sites
are shown in Figure 1A and 1B. ARMS subjects showed dMMN
amplitudes similar to those of healthy control subjects. On the
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Figure 2, dMMN waveform at Fz and scatterplots of dMMN amplitude for at-risk mental state (ARMS,) healthy control (HC) and first
episode schizophrenia (FES) subjects. A. Waveforms are presented for healthy controls (blue line), ARMS, converters (Conv.) and non-converter
(Non-C.) (black lines), FES (light green line). B. Distribution of amplitudes are presented for healthy controls (blue dots), ARMS, converters (Conv.) and
non-converter (Non-C.) (black dots), FES (light green dots). ¥ p<<0.05 and ** p<<0.01, compared to each groups.

doi:10.1371/journal.pone.0054080.9002 :

other hand, FES group showed significantly smaller dMMN
amplitudes at frontal electrodes (F3, F4 and Fz). Patients with GS
showed greater amplitude reductions at all electrodes compared to
healthy controls.

Comparisons of dAMMN Amplitudes: Conv. vs. Non-C

Conv. subjects showed significant reduction in dMMN ampli-
tudes at F4, Fz, Cz, and Pz electrode sites compared with Non-C.
subjects (Table 2, Figure 2A). Waveforms of Conv. were similar to
those of first-episode schizophrenia. By contrast, waveforms of
Non-C. resembled to those of healthy controls (Figure 2A).
Scatterplots of AMMN amplitudes are shown in Figure 2B. Non-
C. subjects elicited larger dMMN amplitudes compared to those of
Conv. Amplitudes of Non-C. did not differ from those of healthy
controls. On the other hand, Conv. showed significantly smaller
dMMN amplitudes at F3 and Cz compared to control subjects.
There were no differences in dMMN amplitudes at any electrode
between Conv. and FES subjects.

Neuropsychological Measurements: Conv. vs. Non-C

Conv. subjects demonstrated significantly smaller BACS-J
scores compared to Non-Conv. subjects for working memory,
verbal fluency, and attention (Table 2, Figure 3).

Relationship between Cognitive Performance and dMMN
Amplitudes in ARMS subjects

Figure 4 demonstrates correlations between dMMIN amplitudes
and BACS scores in subjects with ARMS. Significant positive
correlations were noted for verbal fluency (r=0.546, p=0.02;
Figure 4A), but not other cognitive domains (data not shown).
Also, scores of letter fluency task and category fluency task from
the BACS-J [55] were significantly correlated with dMMN
amplitudes in subjects with ARMS (Figure 4B,C).

Discussion

To our knowledge, this study is the first to report a relationship
between dMMN amplitudes and neuropsychological performance
in individuals with ARMS. ARMS subjects who later converted to
overt schizophrenia elicited reduced dMMN amplitudes at frontal
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converters, respectively.
doi:10.1371/journal.pone.0054080.g003

PLOS ONE | www.plosone.org

196

January 2013 | Volume 8 | Issue 1 | e54080



Verbal fluency
N g8s98 83

=
1~

[~

Mismatch Negativity and At-Risk Mental State

10

5
dMMN amplitude [pVv]

15

dMMN amplitude [pv]

10

(4]

15

10
dMMN amplitude [pv]

Figure 4. Correlations between dMMN amplitudes at Fz lead and performance on the verbal fluency tasks from the BACS-J in ARMS
subjects. Black and white symbols represent scores of non-converters and converters, respectively. Relationships were analyzed using Pearson’s

product-moment correlation coefficient.
doi:10.1371/journal.pone.0054080.g004

and central leads compared with non-converters and normal
subjects, consistent with previous reports [42,43]. In addition,
verbal fluency, working memory and attention/information
processing were more greatly impaired in converters compared
to non-converters at baseline. Further a significant correlation was
noted between performance on verbal fluency tasks and dMMN
amplitudes in ARMS subjects. First episode schizophrenia patients
showed significantly smaller dMMN amplitudes than ARMS
subjects and healthy controls, consistent with previous observa-
tions [40,56]. Yung et al. (2003) [57] report that 10-40% of
ARMS patients develop schizophrenia, consistent with our
observations that 4 out of 17 (23.5%) subjects progressed to overt
psychosis. Some previous studies report that ARMS subjects elicit
reduced dMMN amplitudes, but with a lesser degree compared to
patients ‘with established schizophrenia [40,41,42]. By contrast,
dMMN ‘amplitudes of the entire ARMS subjects in the present
study were not significantly different from those of healthy controls
(Figure 1). One of the reasons for this discrepancy is the difference
in age and the percentage of gender, as implicated by some
previous studies [32,58,59].

The score of SANS/SAPS of ARMS were similar to schizo-
phrenia (Table 1). We consider it was due, mainly, to the nature of
the ARMS subjects studied here. Most of these subjects were
referred from PHWCT. The PHWCT, a component of the
Consultation and Support Service in Toyama(CAST), includes the
Local Support Center for Social Withdrawal Young People that
advertises its activity using internet home page and pamphlets.
These systems mainly receive consultations from the family
members of subjects with social withdrawal and/or disability.
This may be why the ARMS subjects studied here elicited
relatively severe negative symptoms comparable to those in
subjects with overt schizophrenia. With regard to SAPS scores,
part of the schizophrenia patients in this study had already been
medicated, which may have decreased positive symptoms in these
subjects. This may make the SAPS scores for ARMS group and
schizophrenia groups look somewhat similar.

Compared to non-converters, dMMN amplitudes in converters
were significantly reduced at F4, Fz, Cz and Pz leads (Table 2).
This finding suggests dMMN amplitudes may be able to
differentiate high-risk individuals who convert to schizophrenia
from those who do not. Therefore, these electrophysiological
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findings are expected to facilitate early intervention of schizo-
phrenia.

MMN is a pre-attentional response to a change of stimuli, and
plays a critical role in establishing learning and memory. This
electrophysiological event has been suggested to be generated by
the glutamate (Glu)/N-methyl-D-aspartate (NMDA) system [60].
This theory is supported by the observation that administration of
an NMDA-receptor antagonist (phencyclidine, MK-801 etc.)
abolishes MMN in monkeys [61] and rats [62,63]. The
pathophysiology of schizophrenia has been shown to be associated
with the dysfunction of signal transduction through NMDA
receptors [64]. Accordingly, Stone et al. (2009) report that ARMS
subjects elicited reduced Glu levels in the thalamus, which was
correlated with the gray matter volume of frontal and temporal
lobes [65], the brain structures suggested to be involved in MMN
generation [66,67]. In fact, the results of the present study (Table 2,
Figure 2) indicate the ability of diminished dMMN to predict the
development of schizophrenia, as in some previous reports [36—
39], suggesting impaired NMDA-mediated transmissions provide
an endophenotype for subjects vulnerable to the illness.

Neuropsychological deficits have been shown to exist in the
early stage of schizophrenia [46,47]. In this study, neuropsycho-
logical performance, as measured by the BACS, differentiated
between converters and non-converters in ARMS subjects.
Compared with non-converters, scores of working memory, verbal
fluency and attention in converters were significantly less for
converters (Table 2, Figure 3). These results indicate cognitive
abilities, particularly those requiring attention/information pro-
cessing speed, provides a sensitive marker predicting the develop-
ment of schizophrenia in vulnerable individuals.

The major finding of the present study was the ability of
performance on the verbal fluency tasks to predict dMMN
amplitudes in subjects with ARMS (Figure 4). The implications of
these observations include the possibility of enhancing accuracy to
identify subjects diagnosed with “ultra-high risk” who later
develop psychosis. Another advantage is that some neuropsycho-
logical tests, which only require a shorter time constraint, could
substitute for electrophysiological measurements, e.g. ERPs. In
fact, verbal fluency test only requires less than 5 minutes. The
easiness of assessment would facilitate the screening for subjects
whose psychiatric conditions would not allow them to undergo
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ERPs measurement, which generally takes more than 30 minutes.
On the other hand, neuropsychological evaluations may some-
times be influenced by motivation of examinees. Therefore,
combined administration of neurophysiological and neuropsycho-
logical assessments would facilitate screening procedures, depend-
ing on the condition of patients. In sum, these efforts are likely to
lead to improvement of functional outcome for vulnerable subjects
through early intervention by objective probes with greater
sensitivity and specificity.

In conclusion, this study confirmed that ARMS subjects who
later develop schizophrenia elicit smaller dMMN amplitudes to
begin with, compared to non-converters. Notably, we have
provided the first evidence for the ability of verbal fluency or
attention/information processing to predict dAMMN amplitudes in
ARMS subjects. These findings are expected to add to the efforts
for early diagnosis and intervention of schizophrenia.
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Aim: Enlarged pituitary gland has been reported in
schizophrenia, possibly reflecting hypothalamic-
pituitary-adrenal hyperactivity. The aim of the
present study was to examine whether individuals at
risk of psychosis also have similar changes.

Methods: Magnetic resonance imaging was used to
examine the pituitary volume in 22 individuals with
at-risk mental state (ARMS; 11 male, 11 female), 64
first-episode patients with schizophrenia (FESz; 37
male, 27 female), and 86 healthy controls. The
control subjects were divided into age- and gender-
matched controls for ARMS (11 male, 11 female) and
FESz (37 male, 27 female).

Results: Both the ARMS and FESz groups had a larger
pituitary volume compared with matched controls,
but no difference was found between the ARMS and
FESz subjects. There was no association between the
pituitary volume and clinical variables (symptom

measures at scanning, daily dosage or duration of
antipsychotic medication) in either clinical group.
The pituitary volume did not differ significantly
between the ARMS individuals who later developed
schizophrenia (n=5) and those who did not
(n=17). The pituitary volume was larger in women
than in men for all diagnostic groups.

Conclusion: The finding of increased pituitary
volume in both ARMS and FESz subjects may reflect a
common vulnerability to stress in early psychosis.
Further work in a larger ARMS sample is required to
examine the possible relationship between pituitary
volume and emergence of psychosis.

Key words: at-risk mental state, hypothalamic-
pituitary-adrenal axis, magnetic resonance imaging,
pituitary gland, schizophrenia.

H YPOTHALAMIC-PITUITARY-ADRENAL (HPA)
axis hyperactivity is thought to reflect stress-
related hormonal dysregulation and has been
described in schizophrenia.'? Although not consis-
tently replicated,”® previous magnetic resonance
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imaging (MRI) studies have generally demonstrated
enlarged pituitary volume**® with ongoing expan-
sion”® early in the course of schizophrenia, presum-
ably reflecting activation of the hormonal stress
response. The patients may also exhibit pituitary
atrophy during later courses,”’ ! possibly as a result of
prolonged HPA activation.'? Interestingly, recent
neuroendocrine findings in clinical subjects at high
risk for developing psychosis (i.e. at-risk mental state;
ARMS?), such as the association of cortisol level with
prodromal or psychotic symptoms'*7 as well as with
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progression to psychosis,'® suggest that HPA axis dys-
function may pre-date the onset of psychosis in at
least some individuals.”

In contrast to these hormonal investigations, there
have been only a few MRI studies addressing pituitary
volume changes prior to psychosis onset and the
results have been inconsistent. In the first MRI study
of the pituitary gland in clinical high-risk subjects,

Garner et al. found no significant volume difference .

between the ARMS subjects (as a whole or those who
later developed psychosis) and controls, but pituitary
enlargement was associated with later transition to
psychosis (predominantly affective psychosis).* They
also examined the possible relationship of the
pituitary volume to anxiety/depressive or psychotic
symptoms, but found no significant results. Thomp-
son et al. showed that pituitary volume in ARMS did
not correlate with the experience of stressful events,
plasma cortisol level, or clinical symptoms, but that
study lacked a healthy comparison group.'” A recent
study by Biischlen et al. did not replicate a significant
difference in the pituitary volume between ARMS
with and without transition,* but their data (con-
trols < ARMS without later transition < ARMS with
transition and first-episode psychosis)* were in line
with hypothesized pituitary enlargement with the
emergence of psychosis. Thus, it remains unclear
from the current evidence whether these high-risk
subjects have significant pituitary volume changes as
compared with controls and whether their pituitary
volume is related to clinical characteristics.

The present MRI study investigated the pituitary
volume in subjects with ARMS and first-episode
schizophrenia (FESz) compared with age- and
gender-matched healthy controls. On the basis of
previous MRI and neuroendocrine findings suggest-
ing HPA hyperactivity prior to the onset of overt
psychosis,' we predicted that both ARMS and FESz
subjects would have increased pituitary volume com-
pared with matched controls. We also explored the
relationship between the pituitary volume and dini-
cal characteristics (e.g. symptom severity, later transi-
tion into psychosis, and antipsychotic medication) in
these participants.

METHODS

Participants

Twenty-two ARMS subjects were recruited from the
Consultation Support Service in Toyama (CAST),

Pituitary volume in early psychosis 541

which was launched in 2006 as a specialized clinical
setting to study and treat young people (aged
15-30 years) at risk for developing psychosis.?! The
ARMS subjects, who had no previous episode of overt
psychosis and no clear diagnosis of major depression
or borderline personality disorder, were diagnosed
according to the Comprehensive Assessment of At
Risk Mental States (CAARMS);** inclusion into the
study required one or more of (i) attenuated psy-
chotic symptoms defined by subthreshold intensity
or frequency (n=21); (ii) brief limited intermittent
psychotic symptoms with spontaneous resolution
(n=2); and/or (iii) family history of psychosis or a
personal history of schizotypal personality disorder
accompanied by a decline in general functioning
(n=1). At intake, they were also assessed using the
Beck Depression Inventory (BDI) and State Trait
Anxiety Inventory (STAI) (Table 1).>*** Eighteen
ARMS subjects were antipsychotic naive at the time of
scanning, but three subjects were receiving low doses
of atypical antipsychotics (risperidone, blonanserin,
or aripiprazole) and one was treated with sulpiride.
They were also receiving benzodiazepines (n = 3),
antidepressants (n = 1), and/or tandospirone (n = 3).
The mental condition of each subject was regularly
assessed by experienced psychiatrists to check for
the emergence of full-blown psychosis at outpatient
clinics of the Department of Neuropsychiatry of
Toyama University Hospital; five (22.7%) of the
ARMS subjects in this group developed schizophrenia
fulfilling ICD-10 research criteria® and 17 (77.3%)
did not develop psychosis during follow up (mean
cinical follow-up period after scanning, 15.6:+
17.4 months).

Sixty-four FESz patients who fulfilled the ICD-10
research criteria,® with illness duration <1 year
(n=48) or under first psychiatric hospitalization
(n=16) at the time of scanning,?? were recruited
from inpatient and outpatient clinics of the Depart-
ment of Neuropsychiatry of Toyama University Hos-
pital (Table 1). The diagnosis of schizophrenia was
confirmed for all patients at least 6 months after
illness onset based on information obtained from a
detailed chart review as well as their clinical symptoms
rated at the time of scanning. They were also screened
for other neuropsychiatric conditions (e.g. depressive/
manic symptoms) by experienced psychiatrists. All
but two of the patients were on antipsychotic medica-
tion; 18 were treated with typical antipsychotics,
43 were receiving atypical antipsychotics and one
received both typical and atypical antipsychotics.
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Table 1. ARMS and FESz subject data vs matched controls (mean £ SD)

Controls (11 M, 11 F)  Group comparisons

Time between scan and onset (months)

STAI trait at intake* 65.3+10.9
STAI state at intake* 58.4+11.3
BDI at intake? 24.1%10.0
SAPS total at scanning 20.4+10.9
SANS total at scanning 48.5+19.4

Parameters ARMS (11 M, 11 F)
Age (years) 19.1+4.1

Height (cm) 162.2+9.5
Education (years) 11.1+£1.6
Parental education (years) 13.8+1.7
Medication dose (HPD equiv., mg/day)’ 22+3.1(n=4)
Duration of medication (months) 23%4.1(n=4)
Time between intake and scan (days) 50.8+74.4

8.2+99(n=5)

19.4+4.2 F(1,42) = 0.05, P=0.830
164.3%8.5 F(1,42) =0.62, P=0.436
13.142.6 PF(1,42) =8.99, P=0.005
124+ 1.6 F(1,42) =7.68, P=0.008

FESz (37 M, 27 F)

Controls (37 M, 27 F)  Group comparisons

Age (years) 24.0+4.7
Height (cm) 164.9+7.6
Education (years) 13.5+1.9
Parental education (years) 13.0+£2.0
Onset age (years) 23.1+47
Illness duration (months) 11.2+£12.2
Medication dose (HPD equiv., mg/day) 10.3+8.8
Duration of medication (months) 8.3+12.6
SAPS total at scanning 27.3+£21.9
SANS total at scanning 53.1%25.2

25.1%5.0 F(1,126) = 1.64, P=0.203
167.0+7.5 F(1,126) =2.60, P=0.109
16.5£2.6 F(1,126) = 57.55, P < 0.001
132425 F(1,124) = 0.50, P=0.482

of Positive Symptoms; STAI, State Trait Anxiety Inventory.

"Different typical and atypical antipsychotic dosages are converted into HPD equivalents using the guideline by Toru.?
*Data missing for one participant. ARMS, at-risk mental state; BD], Beck Depression Inventory; FESz, first-episode
schizophrenia; HPD, haloperidol; SANS, Scale for the Assessment of Negative Symptoms; SAPS, Scale for the Assessment

The control subjects consisted of 86 healthy volun-
teers recruited from the community, hospital staff,
and university students. Given the sexual dimor-
phism (male < female) and age-related atrophy of the
pituitary gland,**-*? the control subjects comprised
two groups that were age- and gender-matched for
ARMS (n=22) and for FESz (n=64), respectively
(Table 1). Although the controls did not receive a full
diagnostic interview, they were given a questionnaire
consisting of 15 items concerning their personal
(13 items; e.g. a history of obstetric complications,
substantial head injury, seizures, neurological or
psychiatric diseases, impaired thyroid function,
hypertension, diabetes, and substance use) and
family (two items) histories of illness.** They did not
have any personal or family history of psychiatric
illness among their first-degree relatives.

© 2013 The Authors

All subjects in this study (ARMS, FESz, and con-
trols) were screened using the same exclusion crite-
ria (except family history of psychiatric illness,
which was applied only to controls). They were
right-handed and physically healthy at the time of
the study, and none had a history of serious head
trauma, severe obstetric complications, neurological
illness, substance abuse disorder, or serious medical
disease (e.g. impaired thyroid function, hyperten-
sion, and diabetes). The FESz and ARMS partici-
pants were screened for these conditions using a
detailed chart review at scanning (FESz) or direct
interview at study intake (ARMS). None of the
participants was pregnant or taking exogenous
estrogens at the time of the study, but hormone
levels as well as menstrual cycle in female subjects
were not assessed in this study. All participants were
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Table 2. Intracranial and pituitary volume (mean + SD)

ARMS Controls for ARMS FESz Controls for FESz
Variables (11M, 11 F) (11M, 11 F) (37 M, 27 F) (37 M, 27 F)
Intracranial volume (cm?) 1460 £ 132 1500+ 146 1500 + 147 1502 + 150
Pituitary volume (mm?) 763+ 1241 697 £143 802 £ 153" 708 £ 140

'Significantly larger than age- and gender-matched controls. Statistical analysis for the pituitary gland was based on
relative volume. Analysis of covariance with age as a covariate and with diagnosis as a between-subject factor was used
for the intracranial volume. ARMS, at risk mental state; FESz, first-episode schizophrenia.

also screened for gross brain abnormalities by
neuroradiologists.

The clinical symptoms of the ARMS and FESz sub-
jects 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).** Of the 172 participants in this study,
60 controls (35 male) and 37 schizophrenia patients
(21 male) were also included in our previous pitu-
itary study.® This study was approved by the Com-
mittee on Medical Ethics of Toyama University. After
a complete description of the study was provided,
written informed consent was obtained from all
subjects.

Magnetic resonance imaging procedures

The subjects were scanned on a 1.5-T Magnetom
Vision  (Siemens Medical System, Erlangen,
Germany) with a 3-D gradient-echo sequence fast
low-angle shots (FLASH) yielding 160-180 contigu-
ous 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 x256 pixels. The voxel size was 1.0 %
1.0 x 1.0 mm. The scanner was calibrated weekly
with the same phantom to ensure measurement
stability. ,

To assess the pituitary volume, the images were
processed on a Linux PC (Fujitsu, Tokyo, Japan)
using Dr. View software (AJS, Tokyo, Japan). Brain
images were realigned in three dimensions to stan-
dardize for differences in head tilt during image
acquisition and were then reconstructed into entire
contiguous coronal images of 1-mm thickness per-
pendicular to the anterior commissure-posterior
commissure line. The signal intensity histogram

distributions from the TI1-weighted images across
the whole cerebrum were then used to semi-
automatically segment the voxels into brain tissue
components and cerebrospinal fluid. The intracranial
volume (ICV) was measured to correct for differences
in head size as described previously;*® there were no
significant group differences for ICV (ARMS vs their
controls, F(1,41) = 0.88, P=0.353; FES vs their con-
trols, F(1,125) < 0.01, P=0.984; and FES vs ARMS vs
all controls, F(2,168) = 0.43, P=0.654; Table 2).

Pituitary measurements

The pituitary gland volume was manually traced on
consecutive 1-mm coronal slices based on a method
used by Garner et al.* Briefly, we traced around the
usually well-defined borders of the anterior and pos-
terior pituitary: the diaphragma sellae, superiorly; the
sphenoid sinus, inferiorly; and the cavernous sinuses,
bilaterally. As presented in Figure 1, the pituitary
stalk was excluded from the tracings, but we included
a posterior bright spot, corresponding to the poste-
rior pituitary (the intensity of which is thought to
reflect the vasopressin concentration). All measure-
ments were carried out by a trained rater {TT) without
knowledge of the subjects’ identities or the times of
their scans. To determine the reliability of the mea-
surement, a second rater (VL) measured the pituitary
volume in a subset of 10 randomly selected brains.
Each pituitary volume in these 10 brains was then
remeasured after at least 4 weeks by the first rater.
Inter- (TT and VL) and intra-rater intraclass correla-
tion coefficients were >0.93.

Statistical analysis

The relative volume of the pituitary gland (Jabsolute
volume/ICV) x 100]) was analyzed using analysis of

© 2013 The Authors
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covariance (ANCOVA) with age as a covariate and with
diagnosis and gender as between-subject factors. The
effect of medication type (typical vs atypical for FESz)
and outcome (with vs without later transition for
ARMS) on relative pituitary volume was also exam-
ined on ANCOVA. Post-hoc Scheffé’s tests were carried
out to follow up any significant main effects or inter-
actions. Spearman’s rank correlations were calculated
to examine relationships between relative pituitary
volume and the clinical variables. Statistical signifi-
cance was defined as P < 0.05 (two-tailed).

RESULTS

Group comparisons of the pituitary volume

ANCOVAs of the pituitary volume showed significant
main effects for diagnosis (ARMS vs their controls,
F(1,39) =4.94, P=0.032; FESz vs their controls,

Psychiatry and Clinical Neurosciences 2013; 67: 540-548

Figure 1. (a) Sagittal and (b)
coronal views of the pituitary gland
manually traced in this study. The
pituitary stalk was excluded from the
tracings, but a posterior bright spot
was included.

F(1,123) =15.58, P<0.001) and gender (ARMS vs
their controls, F(1,39)=26.39, P<0.001; FESz vs
their controls, F(1,123) =113.58, P < 0.001) but not
diagnosis x gender interaction (ARMS vs their con-
trols, F(1,39)=0.91, P=0.346; FESz vs their con-
trols, F(1,123) =0.66, P=0.417). Post-hoc analyses
showed that both the ARMS (P=0.030) and FESz
(P<0.001) groups had a larger pituitary volume
compared with matched controls, and female sub-
jects had a larger volume than male subjects
(P <0.001; Table 2; Fig. 2). Direct comparison of the
pituitary volume between ARMS and FESz showed
no significant group difference (F(1,81)=1.58,
P=0.213).

These results remained essentially the same even
when we added medication dose and duration as
covariates, and there was no difference in the pitu-
itary volume between the FESz patients treated with
typical (n=18) and atypical (n =43) antipsychotics

@ - (b) \
P 1 1 1 I
g 1200 + T ¢
2 o % =
= am . S :go o Figure 2. Absolute pituitary volume
; Y ° g —oien ° oo in the atrisk mental state (ARMS)
& 800+ A — R :0 ] B oo 0000000 individuals, controls for ARMS,
g VW & 0 = @ @ B o first-episode  schizophrenia (FESz)
o - = & =T L patients, and controls for FESz.
% A ege ° ° o Arrows, ARMS individuals with later
2 o § transition into psychosis. Horizontal
< 4004 | lines, mean. Post-hoc test: *P <0.01,
M F M F M F M F **P = (.03 (statistical analysis for the
pituitary gland was based on relative
ARMS Controls FESz Controls volume).
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(F(1,58) =0.30, P=0.586). Although the ARMS
subjects who were taking antipsychotics at scanning
(n=4; pituitary volume, 843+ 128 mm’) had a
larger pituitary volume than antipsychotic-naive
ARMS subjects (n=18; pituitary volume, 746+
120 mm?), the difference was not statistically signifi-
cant (F(1,19)=1.73, P=0.204). The comparison of
the pituitary volume between the antipsychotic-
naive ARMS and FESz subjects showed no significant
group difference (F(1,77)=1.60, P=0.209). When
we examined only antipsychotic-naive ARMS subjects
(n=18) and 18 age- and gender-matched controls,
pituitary expansion did not reach significance
(F(1,31) = 3.48, P = 0.072). The pituitary volume did
not differ significantly between the ARMS subjects
who later developed schizophrenia (n =5; pituitary
volume, 803+ 78 mm®) and those who did not
(n = 17; pituitary volume, 752 + 134 mm?; F(1,19) =
0.87, P=0.362).

Correlation analysis

The relative pituitary volume did not correlate with
age, education, or parental education in all groups.
No significant correlation was found between the
pituitary volume and the BDI or STAI (state, trait)
score in the ARMS subjects. In the FESz group, the
pituitary volume was not significantly correlated with
onset age or illness duration. In both the ARMS and
FESz groups, no significant correlation was found
between the pituitary volume and the total scores for
the SANS/SAPS or medication (daily dose at scan-
ning, duration of antipsychotic treatment).

DISCUSSION

This MRI study identified an enlarged pituitary
volume in both subjects with ARMS and patients
with FESz compared with healthy controls. The effect
of medication is an important consideration for pitu-
itary findings,”*'%*” but we found no significant effect
of daily dose or duration of antipsychotic treatment
on the pituitary volume. Consistent with previous
reports,*!” the pituitary volume did not correlate with
clinical symptoms in either clinical group. Despite
the relatively small number of subjects with ARMS,
the present findings suggest that these high-risk
subjects may share HPA hyperactivity with FESz
patients as a possible indicator of common stress
vulnerability.

Pituitary volume in early psychosis 545

Pituitary volume in early psychosis

The present finding of enlarged pituitary volume in
FESz is consistent with previous MRI studies,>*%?°
supporting the role of HPA hyperactivity in the devel-
opment of psychosis.>*® To our knowledge, however,
there have been only two MRI studies of the pituitary
volume in ARMS as compared with healthy controls,
which have yielded partly inconsistent results. Garner
et al. found no significant group difference in the
pituitary volume between the ARMS and controls,
but the ARMS subjects who later developed psychosis
(ARMS-T) had a larger pituitary volume than those
who did not (ARMS-NT).* The present results were
similar to those of Biischlen et al., who reported that
the pituitary volume increased in the order of healthy
controls to ARMS-NT to ARMS-T and first-episode
psychosis, although the difference between the
ARMS-T and -NT was not statistically significant.*® As
discussed by Biischlen et al.,* these inconsistencies
may be partly due to different ascertainment strate-
gies, as well as different characteristics, of regional
psychiatric services. In fact, Garner etal, who
included ARMS subjects with a comorbid diagnosis
of major depression or borderline personality disor-
der, suggested the role of the pituitary volume as a
predictor of psychotic major depression,* whereas the
ARMS-T subjects in the present study and those of
Biischlen et al.,*® neither of whom included ARMS
subjects with those comorbidities, predominantly
developed schizophrenic psychosis. Nevertheless,
these MRI studies generally imply that these clinical
high-risk subjects could exhibit pituitary expansion at
least in some individuals, supporting the notion that
an enhanced HPA axis response to stress appears to
be part of the biological vulnerability to psychosis.*
This notion may also be supported by hormone®*-*
and neuroimaging® findings in subjects with
schizotypal personality disorder (SPD) who have a
higher incidence of developing psychosis than the
general population,*! suggesting that distress related
to social deficits or incipient psychotic experience
could activate the stress response even without florid
psychosis.

Possible underlying mechanism of the
pituitary expansion

The present structural MRI study could not address
the mechanism for pituitary volume changes, but a
recent study by Habets et al. showed that higher pitu-
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itary volume was associated with increased emo-
tional stress reactivity especially in patients with
psychotic disorder.*? It may be possible that pituitary
expansion in the present study reflects HPA axis
hyperactivity and a subsequent increase in the size
and number of corticotrophs (cells producing
adrenocorticotropic hormone; ACTH), which can be
explained by an activation of the hormonal stress
response.”® Estrogen treatment, hypothalamic tumor,
pregnancy, and primary hypothyroidism also lead to
pituitary expansion,*** but these common causes of
pituitary enlargement were excluded in the present
subjects.

Antipsychotic medication could also influence
HPA activation,?*>*¢ but the effect of medication on
the pituitary volume remains controversial. Recent
MRI studies suggested that atypical antipsychotics
might reduce pituitary volume in the course of psy-
chosis,”!*%7 consistent with the notion that antipsy-
chotic medication generally dampens HPA activity in
schizophrenia.**¢ In contrast, some antipsychotics
may increase pituitary volume, possibly by activating
prolactin-secreting cells.*”*” Although we did not
find a direct relation between the pituitary volume
and medication (daily dose at scanning, duration of
antipsychotic treatment), almost all of the present
FESz patients had been taking antipsychotics for a
substantial period at the time of scanning (mean,
8.3 months) and significant pituitary expansion of
the ARMS subjects diminished when we investigated
only antipsychotic-naive ARMS subjects. Thus, the
possibility still exists that the pituitary expansion in
the present study was partly related to the effect of
antipsychotic medication, which should be further
examined.

Pituitary volume and clinical characteristics

In contrast to neuroendocrine observations demon-
strating the association of plasma or salivary cor-
tisol levels with prodromal (including depressive
and anxiety) or psychotic symptoms in ARMS
subjects,’*!7 this and previous MRI studies in ARMS
found no significant correlation between the pitu-
itary volume and global psychopathology, general
functioning, or psychotic symptomatology.*!” Direct
comparison of plasma and MRI findings in ARMS
also showed that pituitary volume did not corr-

elate with either plasma cortisol level or number

of glucocorticoid receptors.”” Our previous study,
however, identified a significant relationship be-

© 2013 The Authors
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tween ongoing pituitary expansion and treatment
response or severity of positive psychotic symptoms
in FESz,® suggesting that it is longitudinal pituitary
changes during early phases of the illness that are
relevant to clinical manifestations of psychosis.
Interestingly, a recent study of cortisol level empha-
sized the role of longitudinal HPA changes in the
development of psychosis.'® Thus, further study of
the association of longitudinal pituitary volume
changes with HPA functioning and clinical charac-
teristics {e.g. symptom severity, later transition into
psychosis) is required to examine the potential role
of HPA activity in the emergence of psychosis in
vulnerable individuals.

Methodological considerations

A few possible methodological considerations in this
study should be taken into account. First, the sample
size of the present ARMS group (especially those who
later developed psychosis) was relatively small and
the clinical follow-up period was short for some indi-
viduals. Although we found no significant difference
in pituitary volume between the ARMS subjects with
and without later transition to psychosis, whether the
baseline pituitary volume could predict onset of psy-
chosis should be tested in a larger, well-defined high-
risk cohort. Second, although the present findings of
pituitary enlargement in early psychosis are thought
to reflect state-related HPA axis dysregulation, we did
not directly assess pituitary function. The pituitary
gland is also considered to be sensitive to prolactin-
elevating antipsychotics™* and a recent study
reported hyperprolactinemia in antipsychotic-naive
ARMS subjects.*® The present findings replicated the
sexual dimorphism of the pituitary gland volume
(female > male),*® potentially reflecting different
endogenous estrogen levels.”” We did not, however,
assess prolactin or estrogen level in this study. Thus,
additional assessment of both pituitary volume and
hormone levels (e.g. cortisol, ACTH, prolactin, and
estrogen) is required. The present study might be
also limited by a lack of urine toxicology screening
for substance use. Finally, given that HPA axis
functioning also appears to be affected in major
depressive disorders®**? and that Garner et al. found
an enlarged pituitary volume prior to the onset of
psychotic major depression,* further investigation
of the disease specificity of pituitary findings is
warranted.
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Conclusion

Both the ARMS and FESz subjects had significant
enlargement - of the pituitary gland, presumably
reflecting activation of the hormonal stress response
during early psychosis. Given that the pituitary gland
is a dynamic organ reflecting state-related HPA axis
dysregulation, longitudinal study of the pituitary
volume and its relation to clinical characteristics, as
well as hormone levels, is required to further under-
stand the role of HPA functioning in the emergence
of psychosis.
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