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Objectives: Increased pituitary volume, which probably reflects
hypothalamic-pituitary-adrenal (HPA) hyperactivity, has been reported in patients
with schizophrenia and individuals at risk of psychosis. On the basis of potential role of
abnormal HPA axis function on cognitive impairments in psychosis, we aimed to examine
possible relations between the pituitary volume and socio-cognitive impairments in these
subjects.

Methods: This magnetic resonance imaging study examined the pituitary gland
volume in 38 subjects with at-risk mental state (ARMS) [of whom 4 (10.5%) exhibited
the transition to schizophrenia], 63 patients with schizophrenia, and 61 healthy
controls. Social and cognitive functions of the ARMS and schizophrenia groups were
assessed using the Brief Assessment of Cognition in Schizophrenia (BACS), the
Schizophrenia Cognition Rating Scale (SCoRS), and the Social and Occupational
Functioning Assessment Scale (SOFAS).

Results: Both the ARMS and schizophrenia groups had a significantly larger pituitary
volume compared to controls. In the schizophrenia group, the pituitary volume was
negatively associated with the BACS working memory score. No association was found
between the pituitary volume and clinical variables (medication, symptom severity) in
either clinical group.

Conclusion: Our findings support the notion of common HPA hyperactivity in the ARMS
and schizophrenia groups, but abnormal HPA axis function may contribute differently to
cognitive deficits according to the iliness stages of schizophrenia.

Keywords: at-risk mental state, schizophrenia, pituitary gland, HPA axis, working memory

INTRODUCTION

Neuroendocrine studies in schizophrenia (1, 2) and clinical high-risk subjects for developing
psychosis [i.e., at-risk mental state; ARMS (3, 4)] (5-7) have reported hyperactivity of the
hypothalamic-pituitary-adrenal (HPA) axis, which mediates the stress response by governing the
release of steroids (e.g., cortisol) and also regulates a number of physiological and neurobehavioral
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processes (e.g., immunity, fertility, anxiety, and cognitive
functioning) (8, 9), implying the role of hormonal dysregulation
during the course of psychosis. Previous magnetic resonance
imaging (MRI) studies in schizophrenia and related psychoses
have generally reported enlarged volume of the pituitary gland,
an integral part of the HPA axis, prior to psychosis onset
(10, 11), along with ongoing expansion early in the course of
schizophrenia (12, 13), which was associated with the emergence
of psychosis and the early course of clinical symptoms (14, 15).
However, some discrepant findings, such as an even smaller
pituitary volume in antipsychotic-naive schizophrenia patients
with recent onset (16) or normal pituitary volume both in
patients with first-episode schizophrenia and individuals with
ARMS (7), have also been reported. Thus, pituitary findings
in schizophrenia and high-risk subjects remain elusive and
further studies will be needed to clarify the role of HPA axis
abnormality and its relation to clinical characteristics in these
subjects.

Cognitive impairments, particularly in memory and executive
function, are a core feature of psychosis that exist during first-
episode (17, 18) or even before psychosis onset (19, 20), and are
also associated with poor functional outcome (21, 22). Previous
neuroendocrine studies have demonstrated that these cognitive
impairments (especially memory deficits) are at least partly due
to abnormal HPA axis function, as indexed by an elevated diurnal
cortisol level and/or blunted cortisol awaking response, in both
schizophrenia (23, 24) and high-risk individuals (25). However, it
is also noted that different mechanisms may contribute to distinct
HPA axis abnormalities for vulnerability and onset of psychosis
(25) and that the relationship between the HPA axis and memory
functioning may differ at different illness stages (26). To our
knowledge, it is unknown whether the pituitary volume in
schizophrenia, which probably reflects HPA axis functioning, is
associated with cognitive function and whether their relations
differ during the course of the illness.

The present MRI study aimed to investigate the pituitary
volume in individuals with ARMS and patients with
schizophrenia in comparison with healthy subjects and to
examine whether pituitary volume was related to neurocognitive
measures and social functioning in these subjects. On the
basis of our previous MRI study in an independent sample of
early psychosis (11), as well as the potential role of HPA axis
dysregulation in modulating cognitive function in patients with
psychosis (24, 25), we predicted enlarged pituitary volume in
both the ARMS and schizophrenia groups, which could be partly
related to cognitive impairments in these subjects.

MATERIALS AND METHODS

Participants
Thirty-eight individuals with ARMS, 63 schizophrenia patients,
and 61 healthy subjects were included in this study. Recruitment
strategies for the study participants in our department have been
described in detail elsewhere (27, 28).

Briefly, the individuals with ARMS, who had no previous
episode of overt psychosis, were recruited from the Consultation
Support Service in Toyama (CAST), a specialized clinical setting

for young people (aged 15-30 years) at risk for psychosis
(29). All subjects were categorized as the attenuated psychotic
symptoms (APS) group (4) according to the Japanese version
of the CAARMS (30). Comorbid DSM-IV-TR Axis I diagnoses
(31) were anxiety disorders (N = 9), pervasive developmental
disorders (N = 6), depressive disorders (N = 6), schizotypal
personality disorders (N = 6), adjustment disorders (N = 1),
or dissociative disorders (N = 1). Four subjects had no axis
I diagnosis. They were prospectively followed up regularly at
outpatient clinics of the Department of Neuropsychiatry of
Toyama University Hospital; four (10.5%) of the ARMS group
developed schizophrenia during clinical follow-up (mean follow-
up period = 896.1 + 841.6 days, median = 581.5). Medication
status and other clinical data are summarized in Table 1. They
were also receiving benzodiazepines (N = 6), antidepressants
(N = 4), and/or tandospirone (N = 1) at the time of
scanning.

The schizophrenia patients fulfilling the DSM-IV-TR criteria
(31) were recruited from inpatient and outpatient clinics of
Toyama University Hospital. They were diagnosed based on
information obtained from a clinical assessment using the
Structured Clinical Interview for DSM-IV Axis I Disorders
Patient Edition (SCID-I/P) (32), a detailed chart review, as well as
the clinical symptoms rated at the time of scanning. Medication
and other clinical data are summarized in Table 1. At the time of
scanning, experienced psychiatrists rated the clinical symptoms
of the ARMS and schizophrenia subjects using the Positive and
Negative Syndrome Scale (PANSS) (33).

The healthy controls, who were screened for psychiatric illness
using the SCID-I Non-patient Edition (32), were recruited from
hospital staff, members of the local community, and university
students. They were also screened using a questionnaire
consisting of 19 items concerning their personal (17 items;
including a history of obstetric complications, serious head
injury, seizures, neurological illness, impaired thyroid function,
hypertension, diabetes, and substance abuse) and family (2 items)
histories of illness. Subjects with family history of psychiatric
illness among their first-degree relatives were excluded.

All participants in this study were physically healthy at the
time of the study and none had a lifetime history of serious
head trauma, neurological illness, serious medical or surgical
illness, substance abuse, or steroid use. Handedness (34), personal
and parental socioeconomic status (SES) (35), and IQ estimated
using the Japanese version of the National Adult Reading Test
(JART) (36) were also evaluated. None of the participants was
pregnant or taking exogenous estrogens at the time of the study,
but estrogen levels and menstrual cycle in female subjects were
not assessed. Serum prolactin levels at the time of scanning were
available for 27 ARMS and 45 schizophrenia subjects. While we
previously reported the pituitary volume in early psychosis using
1.5T MRI data (11), this was our first study of the pituitary gland
using independent 3T MRI data. This study received approval
from the Committee on Medical Ethics of Toyama University
(No. 25-7). Written informed consent was obtained from all
subjects in accordance with the Declaration of Helsinki. When
participants were under the age of 20, written consent was also
obtained from the parent/guardian.
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TABLE 1 | Demographic/clinical data, socio-cognitive functions, and brain measures in the ARMS, schizophrenia, and control subjects.

Controls ARMS Sz Group difference
(N =61) (N = 38) (N =63)

Age 25.6 £ 3.2 18.4 +£ 3.9 28.0+94 F(2,159) = 27.01, p < 0.001; ARMS < Contols, Sz
Male/female 32/29 24/14 29/34 Chi-square = 2.79, p = 0.248
Height (cm) 166.0 + 8.3 165.3 £ 9.0 163.2 £ 8.4 F(2,159) = 1.80, p = 0.168
JART-IQ 1102 +£5.9 98.0 £ 10.2 99.5 +£9.7 F(2,159) = 32.91, p < 0.001; ARMS, Sz < Controls
Handedness (right/mixed/left) 40/15/6 22/12/4 52/9/2 Fisher’s exact test, p = 0.064
SES 6.3+0.9 32+1.4 42+14 F(2,159) =82.61, p < 0.001; ARMS < Sz < Controls
Parental SES 59+0.9 4.8+0.9 4.8+1.4 F2,158) = 17.86, p < 0.001; ARMS, Sz < Controls
Onset age (years) - - 224+74 -
liness duration (years) - - 55+6.0 -
Medication dose (HPD equiv., - 2016 (N=11) 11.3+£7.8(N=51) F (1,59 = 156.15, p < 0.001; ARMS < Sz
mg/day)
Medication type - 9/1/1 45/1/5 Fisher’s exact test, p = 0.372
(atypical/typical/mixed)
Duration of medication (years) - 0.7 +£1.3(N=14) 5.2 +6.2(N=>53) F(1,64 = 0.05,p = 0.820
Serum prolactin level (ng/mL) - 145+ 13.9 (N = 27) 47.6 £ 73.4 (N = 45) F(,69 = 5.37, p = 0.023; ARMS < Sz
PANSS positive - 1.4+ 3.6 13.9+5.6 F(1,08 = 5.20, p = 0.024; ARMS < Sz
PANSS negative - 15.4 £ 6.7 16.3 £ 5.6 F(1,08) = 8.97, p = 0.049; not significant (post-hoc test)
PANSS general - 30.4 £+ 8.1 31.0£97 F(1,08)=1.38,p=0.243
SOFAS? - 522 +10.8 48.2 +£13.9 F(1,97) = 4.52, p = 0.036: not significant (post-hoc test)
SCoRS global rating score? - 54+24 52+25 F(1,97) = 0.49, p = 0.487
BACS subdomain z-scores Group x domain interaction, F(5 495) = 5.64, p < 0.001

Verbal memory - -09+1.6 —-1.3+1.4 p =0.933

Working memory - -08+14 —-1.0+1.4 p =1.000

Motor function - -08+14 —-19+15 p = 0.009; Sz < ARMS

Verbal fluency - —-1.0+1.6 -08+11 p =1.000

Attention and processing speed - -03+1.3 —1.4+15 p =0.018; Sz < ARMS

Executive function - -05+13 —-0.8+1.6 p =1.000
Pituitary volume (mm®) 599 £ 112 687 £ 134 739 £ 150 F2,154 = 18.62, p < 0.001; Contols < ARMS, Sz
Intracranial volume (ml) 1,459 £ 126 1,408 £ 127 1,441 £149 Fo,158)=1.25,p = 0.288°
Total gray matter volume (ml) 754 + 55 749 + 66 704 £ 102 Fo,154) = 6.60, p = 0.002; Sz < ARMS, Controls

Values represent Means + SDs unless otherwise stated.

ARMS, at risk mental state; BACS, Brief Assessment of Cognition in Schizophrenia; JART, Japanese version of National Adult Reading Test; HPD, haloperidol; PANSS, Positive
and Negative Syndrome Scale; SCoRS, Schizophrenia Cognition Rating Scale; SES, socioeconomic status; SOFAS, Social and Occupational Functioning Assessment Scale;

Sz, schizophrenia.
aData missing for one schizophrenia patient.
bAge was used as a covariate.

MRI Acquisition and Data Processing
Magnetic resonance images were obtained by utilizing a 3-T
Magnetom Verio (Siemens Medical System, Inc., Erlangen,
Germany) with a 12-channel head coil. A three-dimensional
magnetization-prepared rapid gradient echo (MPRAGE)
sequence yielded 176 contiguous T1-weighted slices of 1.2-mm
thickness in the sagittal plane. The imaging parameters were:
repetition time = 2,300 ms; echo time = 2.9 ms; flip angle = 9°;
field of view = 256 mm; and matrix size = 256 x 256 pixels. The
voxel size was 1.0 X 1.0 x 1.2mm.

The image data were then processed on a Macintosh computer
(Apple Inc., California, USA) using Dr. View software (Infocom,
Tokyo, Japan) (11, 37, 38). Brain images were realigned in
three dimensions to standardize for differences in head tilt

during image acquisition and were then reconstructed into
entire contiguous coronal images, with a 1-mm thickness,
perpendicular to the anterior commissure-posterior commissure
line. The signal-intensity histogram distributions from the T1-
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) (i.e., the sum of gray matter, white matter, and CSF
volumes) was estimated using SPM 12 (https://www.fil.ion.ucl.
ac.uk/spm/software/spm12/) to correct for differences in head
size (39); the groups did not significantly differ in their ICV
volumes, but the schizophrenia group had a significantly smaller
total gray matter volume as compared with other groups
(Table 1).
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Pituitary Measurements

As described in detail elsewhere (11, 37, 38), the volume of
the pituitary gland was manually traced on 1.0-mm consecutive
coronal slices based on a method used by Garner et al. (40).
Briefly, we traced around the usually well-defined borders of
the anterior and posterior pituitary: the diaphragma sellae,
superiorly; the sphenoid sinus, inferiorly; and the cavernous
sinuses, bilaterally (Figure 1).

All measurements were carried out by one rater (TT) without
knowledge of the subject’s identity, gender or diagnosis. Inter-
(TT and DS) and intra-rater intraclass correlation coefficients
in a subset of 10 randomly selected brains were 0.82 and 0.86,
respectively.

Assessment of Socio-Cognitive Functions
Socio-cognitive functions were assessed using the same method
as in our previous studies of olfactory functioning (27) and
quality of life (28). All of these assessments were administered
by an experienced psychologist (YK) at the time of scanning.

Briefly, the cognitive functioning was assessed using the
Japanese version (41) of the Brief Assessment of Cognition
in Schizophrenia (BACS) (42), which includes six cognitive
domains (verbal memory, working memory, motor speed, verbal
fluency, attention, and executive function). The primary measure
from each test of the BACS was standardized by creating z-
scores, whereby the mean score of Japanese healthy controls
was set to zero and the standard deviation set to one (43).
The study participants were also administered the Schizophrenia
Cognition Rating Scale (SCoRS), an interview-based measure of
cognitive abilities related to daily-living functioning (44). Based
on three different sources (i.e., an interview with the patient,
an interview with the caregiver(s), and the interviewer’s rating),
the rater (interviewer) assigned the SCoRS global rating score
(range 1-10, higher ratings indicate greater impairment in daily
living skills). Social functioning was assessed using the Social
and Occupational Functioning Assessment Scale (SOFAS) (45),
which corresponds to the social functioning domains of the
Global Assessment of Functioning Scale in the DSM-IV (46). The
scores range from 0 to 100, with higher scores indicating better
functioning.

Statistical Analysis

Group differences in the demographic data were assessed by
using one-way analysis of variance (ANOVA) or chi-square test.
Clinical variables and social/cognitive functions were compared
using the analysis of covariance (ANCOVA) with age as a
covariate, because a significant group difference in age could
affect these variables.

Group difference in the absolute pituitary volume was
analyzed using ANCOVA with ICV and age as covariates,
with diagnosis and gender as between-subject factors. Then,
the schizophrenia patients were divided into first-episode
(illness duration < 12 months, 8 males and 9 females) and
chronic (illness duration > 36 months, 17 males and 21
females) subgroups; the pituitary volume was compared with
the same ANCOVA model but with the subgroups (first-
episode, chronic) and gender as between-subject factors. The

absolute pituitary volume of neuroleptic-free patients (27 ARMS
and 12 schizophrenia patients) and those who were receiving
antipsychotic medication (11 ARMS and 51 schizophrenia
patients) was also analyzed by ANCOVA. Post-hoc Scheftés tests
were carried out to follow up these analyses. The study findings
remained essentially the same even when we included medication
dose and duration as the covariates.

Spearman’s rank correlations were calculated to examine
relationships between relative pituitary volume [(absolute
volume / ICV) x 100] and the clinical/socio-cognitive variables.
Statistical significance was defined as p < 0.05.

RESULTS

Demographic, Clinical and Socio-Cognitive
Characteristics

Table 1 shows the sample characteristics of the study participants.
The groups did not differ in gender and height, but there were
group differences in age, IQ, and parental/personal SES.

The individuals with ARMS were characterized by lower
amounts of antipsychotics, less severe positive symptoms,
and higher BACS measures compared with the patients
with schizophrenia. However, the first-episode and chronic
schizophrenia subgroups did not differ in terms of the symptom
severity or socio-cognitive measures.

Pituitary Gland Volume

ANCOVA of the pituitary volume demonstrated significant main
effects for diagnosis (Table 1) and gender (F = 16.83; df = 1,
154; p < 0.001), but no diagnosis-by-gender interaction was
found (F = 2.14; df = 2, 154; p = 0.122). Post-hoc analyses
showed that the schizophrenia (p < 0.001) and ARMS (p = 0.003)
groups had significantly larger pituitary volumes compared to
controls (Figure 2) and there was a significant gender difference
in pituitary size (female > male, p < 0.001). The pituitary volume
did not differ between the ARMS and schizophrenia groups
(p = 0.247).

The ARMS individuals who later developed schizophrenia
had a comparable pituitary volume (N = 4; mean = 691 mm?,
SD = 58) with those who did not (N = 34; mean = 687 mm?,
SD = 141). The first episode (mean = 747 mm?, SD = 156) and
chronic (mean = 740 mm?, SD = 150) schizophrenia groups did
not significantly differ for pituitary volume (ANCOVA, F = 0.03;
df =1, 49; p = 0.863). The patients treated with antipsychotics
(mean = 750 mm?, SD = 145) had a larger pituitary volume
than antipsychotic-free patients (mean = 671 mm?, SD = 135)
(ANCOVA, F = 4.56; df = 1, 95; p = 0.035), while the pituitary
volume in these antipsychotic-free patients was significantly
larger than controls (ANCOVA, F = 8.67; df =1, 94; p = 0.004).

Correlational Analyses

The relative pituitary volume was negatively correlated with age
only in healthy controls (rho = —0.403, p = 0.001). There was
no significant relation between the pituitary volume and clinical
variables, but the BACS working memory score in schizophrenia
was negatively correlated with pituitary volume (Table 2 and
Figure 3). This correlation survived Bonferroni’s correction for
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FIGURE 1 | Sagittal (left) and coronal (right) views of the pituitary gland manually traced in this study. The pituitary stalk was excluded from the tracings, but we
included a posterior bright spot, corresponding to the posterior pituitary (the intensity of which is thought to reflect vasopressin concentrations).
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FIGURE 2 | Absolute pituitary gland volume in the subjects with at-risk mental
state (ARMS), patients with schizophrenia (Sz), and healthy controls.
Horizontal lines indicate mean values. post-hoc test: *p < 0.01.

multiple comparisons [28 comparisons; p < 0.00179 (0.05/28)]
(Table 2). The correlation between the pituitary volume and
working memory, which did not change even when we
used Pearson’s partial correlation coefficients controlling for

age (r = —0.39, p = 0.00177) or medication dose and
duration (r = —0.39, p = 0.00171), was more evident in
first-episode (rho = —0.56, p = 0.020) than in chronic
(rho = —0.31, p = 0.057) patients. For the validation

purpose, we then assessed the independent contribution of all
demographic/clinical variables except for other BACS subdomain
scores (Table 1) to predicting the BACS working memory score
in schizophrenia by using stepwise regression analysis; the
working memory score was significantly predicted only by the
pituitary volume (Beta = —0.316, t = —2.64, p = 0.011) and
PANSS negative score (Beta = —0.269, t = —2.24, p = 0.029)
(Adjusted R* = 0.185).

We also examined the possible relation between the relative
pituitary volume and serum prolactin levels in a subsample of
72 (27 ARMS and 45 schizophrenia) subjects, which showed a

TABLE 2 | Correlations between the pituitary volume and clinical/socio-cognitive
variables.

ARMS Schizophrenia
rho P rho p
Onset age (years) - - -0.17 0.174
liness duration - - 0.02 0.892
Medication dose 0.06 0.730 0.17 0.190
Duration of medication —0.01 0.967 0.1 0.382
SOFAS 0.15 0.373 -0.16 0.205
PANSS positive 0.13 0.437 0.12 0.349
PANSS negative 0.08 0.627 —0.01 0.971
PANSS general —0.01 0.952 —-0.02 0.852
SCoRS global rating score -0.07 0.672 0.14 0.276
BACS z-scores
Verbal memory 0.29 0.081 —0.26 0.037
Working memory —0.05 0.782 —-0.39 0.001762
Motor function —0.02 0.912 —-0.11 0.412
Verbal fluency 0.07 0.660 0.12 0.362
Attention and processing speed 0.25 0.136 -0.10 0.440
Executive function 0.10 0.548 -0.27 0.034

ARMS, at risk mental state; BACS, Brief Assessment of Cognition in Schizophrenia;
PANSS, Positive and Negative Syndrome Scale; SCoRS, Schizophrenia Cognition Rating
Scale; SOFAS, Social and Occupational Functioning Assessment Scale.

aSignificant after Bonferroni’s correction for multiple comparisons [28 comparisons; p <
0.00179 (0.05/28)].

significant positive correlation (rho = 0.293, p = 0.012). The
correlation between the pituitary volume and working memory
in schizophrenia was not significant when we used prolactin level
as a controlling factor (rho = —0.23, p = 0.122).

DISCUSSION

To our knowledge, this is the first MRI study to demonstrate
a significant correlation between the pituitary volume and
cognitive impairments in schizophrenia. In the present study, we
replicated our previous finding of enlarged pituitary volume in
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FIGURE 3 | Correlation between the pituitary volume and the Brief
Assessment of Cognition in Schizophrenia (BACS) working memory score in
schizophrenia patients.

both the ARMS and schizophrenia groups (11) in an independent
cohort. The pituitary enlargement was significantly associated
with working memory deficits, but not with clinical or other
socio-cognitive measures, specifically in schizophrenia patients
especially for the first-episode subgroup. These findings may
reflect HPA hyperactivity as a possible indicator of vulnerability
to psychosis, but also support the potential role of distinct HPA
axis abnormalities in the cognitive impairments in different
illness stages (25, 26).

Our pituitary findings are generally in line with previous
MRI studies in clinical high-risk subjects; the individuals who
later develop psychosis may exhibit pituitary expansion prior
to psychosis onset (10, 40), but those without psychosis onset
also have similar pituitary changes (10, 11). Although some
high-risk studies did not replicate these findings (7, 47),
probably due to small sample sizes and/or differences in various
influencing factors as described below, pituitary expansion
reported in psychosis is thought to reflect HPA hyperactivity and
a subsequent increase in the size and number of corticotrophs,
whereas chronic HPA activation could cause pituitary atrophy
by reducing the function of the cells producing other pituitary
hormones (15, 48). Thus, the pituitary volume in the course
of psychosis likely reflects state-related HPA axis dysregulation,
which is associated with illness stages and symptom severity (15),
antipsychotic medication (2, 49), demographic characteristics
[e.g., age, gender (50, 51)], and other mediating factors. Indeed,
the present results supported that the pituitary gland is especially
sensitive to prolactin-elevating antipsychotics (12, 52), while the
effect of medication alone could not explain pituitary expansion
in the antipsychotic-free subsample. On the other hand, despite
a significant group difference in the medication status and
symptom severity (especially for positive psychotic symptoms),
we demonstrated that the pituitary gland was expanded to a

similar degree in high-risk subjects as in schizophrenia patients,
suggesting that distress related to prodromal symptomatology or
impaired role functioning could activate the stress response even
without florid psychosis.

One major finding of this study was that pituitary expansion
in schizophrenia significantly correlated with working memory
deficits, while such a correlation was not observed in the
ARMS group. Consistent with previous studies (19, 20), the
schizophrenia patients showed global cognitive deficits, with
those for some domains (e.g., attention and processing speed)
being more severe compared to high-risk subjects. Among
these deficits, working memory impairment, which exists prior
to the onset of psychosis (19, 20), is considered a central
cognitive impairment in schizophrenia that is associated with
a range of clinical characteristics [e.g., both positive (53) and
negative (54) symptomatology and social deficits (55)]. While
candidate neural circuits for working memory dysfunction
in schizophrenia include the frontal-striatal-thalamic systems,
particularly those involving the dorsolateral prefrontal cortex (54,
56), there is also neuroendocrine evidence that abnormal HPA
axis function (i.e., flattened diurnal cortisol slope) is associated
with working memory deficits in the early stages of psychosis
(57) and that higher levels of dehydroepiandosterone (DHEA),
an HPA-related hormone that counteracts the negative effects
of cortisol in the brain (58), are associated with better working
memory performance in schizophrenia (59). However, it is also
suggested that each of the working memory components (e.g.,
the temporary systems and central executive system) may be
differently impaired in psychosis (60) and that cortisol is linked
with memory function in two different ways: (1) directly, by
acutely disrupting working memory and short-term recall, and
(2) indirectly, through the effects of persistent cortisol elevation
on hippocampal integrity (23). Thus, the relation between the
HPA axis dysregulation and memory deficits in psychosis is
complex and may differ according to illness stages (26). Our
findings of a significant relation between pituitary expansion
and working memory impairment, especially in first-episode
schizophrenia, but not in ARMS individuals, may reflect acute
HPA hyperactivity that emerges only proximally to psychosis
onset (25).

We note several limitations in this study. First, the sample size
of our ARMS cohort (especially those who developed psychosis)
was relatively small and their clinical follow-up periods were
short (<12 months) for a substantial number of cases (N = 14).
We therefore could not reliably examine the relationship between
the pituitary volume or cognitive measures and later transition
into psychosis. In addition, the ARMS group in this study
was younger than the other groups. Although we statistically
controlled for age differences, pituitary findings and their relation
to clinical characteristics should be further tested in a larger,
well-defined high-risk cohort in comparison with age-matched
controls. Second, we did not assess pituitary function in this
study. Although our findings regarding pituitary expansion are
thought to reflect HPA axis dysregulation, a recent study of
multiple measures of HPA axis function (7) did not find any
association between the pituitary volume and cortical measures
in high-risk and first-episode schizophrenia patients. The present
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study replicated the gender difference in the pituitary volume
(female > male), probably due to different endogenous estrogen
levels (51), but we did not assess estrogen levels. Thus, further
assessment of both pituitary volume and hormonal levels (e.g.,
cortisol, DHEA, and estrogen) will be needed. Third, we did
not assess other brain regions closely associated with memory
function (e.g., hippocampus), representing a major limitation of
the study. In this study, the correlation between the pituitary
volume and working memory remained essentially the same even
when controlling for total gray matter volume (r = —0.38, p =
0.002), suggesting no major contribution of gray matter changes
to the pituitary-cognition relationship. However, future studies
should conduct more comprehensive assessment to investigate
potential neural underpinnings of working memory deficits in
schizophrenia. Finally, most schizophrenia patients and 11 high-
risk subjects were receiving antipsychotics at the time of the
study, which could have affected both pituitary volume (2)
and cognitive function (61). Although we did not find a direct
relation between the medication (dose, duration) and pituitary
volume, BACS subscale scores, or their relationships for either
the ARMS or schizophrenia groups, our results suggested that
serum prolactin level could be a confounding factor for our
main findings. While schizophrenia patients frequently show
hyperprolactinemia as a consequence of antipsychotic treatment,
several studies have reported an elevated prolactin level and its
relation to cognitive function independent of medication (62).
Thus, possible role of prolactin on the relation between the
pituitary volume and cognitive impairments should be further
tested in an antipsychotic-naive cohort.

In summary, the present study demonstrated that clinical
high-risk subjects for psychosis exhibit enlargement of the
pituitary gland similar to that observed in established
schizophrenia, possibly reflecting a common vulnerability.
On the other hand, our findings demonstrated that the pituitary
volume may be specifically associated with working memory
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