
1083

Schizophrenia Bulletin vol. 38 no. 5 pp. 1083–1091, 2012 

doi:10.1093/schbul/sbr035

Advance Access publication on April 25, 2011 

© The Author 2012. Published by Oxford University Press on behalf  of the Maryland Psychiatric Research Center. All rights reserved. 
For permissions, please email: journals.permissions@oup.com

Volumetric Abnormalities Predating the Onset of Schizophrenia and Affective
Psychoses: An MRI Study in Subjects at Ultrahigh Risk of Psychosis

Paola Dazzan*,1, Bridget Soulsby2, Andrea Mechelli1, Stephen J. Wood2, Dennis Velakoulis2, Lisa J. Phillips3,

Alison R. Yung4, Xavier Chitnis1, Ashleigh Lin2, Robin M. Murray1, Patrick D. McGorry4, Philip K. McGuire1, and

Christos Pantelis2

1Department of Psychosis Studies, Institute of Psychiatry, King’s College London, De Crespigny Park, London, UK; 2Department of
Psychiatry, Melbourne Neuropsychiatry Centre, University of Melbourne, Melbourne, Australia; 3Department of Psychology, School of
Behavioural Science, Faculty ofMedicine,Dentistry, andHealth Sciences,University ofMelbourne,Melbourne,Australia; 4Department of
Psychiatry, ORYGEN Research Centre, University of Melbourne, Melbourne, Australia

*Towhomcorrespondence shouldbeaddressed;DepartmentofPsychosis Studies, SectionofEarlyPsychosis, PO40, Institute of Psychiatry,
King’s College London, De Crespigny Park, London SE5 8AF, UK; tel: þ44-(0)-207-848-0590, fax: þ44-(0)-207-701-9044,
e-mail: paola.dazzan@kcl.ac.uk

It remains unclear whether brain structural abnormalities

observed before the onset of psychosis are specific to schiz-

ophrenia or are common to all psychotic disorders. This

study aimed to measure regional gray matter volume prior

to the onset of schizophreniform and of affective psychoses.

We investigated 102 subjects at ultrahigh risk (UHR) of

developing psychosis recruited from the Personal Assess-

ment and Crisis Evaluation Clinic inMelbourne, Australia.

Twenty-eight of these subjects developed psychosis subse-

quent to scanning: 19 schizophrenia, 7 affective psychoses,

and 2 other psychoses. We examined regional gray matter

volume using 1.5 mm thick, coronal, 1.5 Tesla magnetic

resonance imaging and voxel-based morphometry methods

of image analysis. Subjects were scanned at presentation

and were followed up clinically for a minimum of 12

months, to detect later transition to psychosis. We found

that both groups of subjects who subsequently developed

psychosis (schizophrenia and affective psychosis) showed

reductions in the frontal cortex relative to UHR subjects

who did not develop psychosis. The subgroup that subse-

quently developed schizophrenia also showed smaller vol-

umes in the parietal cortex and, at trend level, in the

temporal cortex, whereas those who developed an affective

psychosis had significantly smaller subgenual cingulate vol-

umes. These preliminary findings suggest that volumetric

abnormalities in UHR individuals developing schizophrenia

vs affective psychoses comprise a combination of features

that predate both disorders and others that may be specific

to the nature of the subsequent disorder.

Key words: ultrahigh risk/schizophrenia/affective
psychosis/MRI/brain structure/psychosis

Introduction

Neuroimaging studies have consistently shown that
schizophrenia, and to a certain extent psychosis in gen-
eral, is associated with subtle abnormalities of brain
structure. Among these, the most replicated are ventric-
ular enlargement, diffuse reduction of gray matter, and
volume reduction of frontal (prefrontal cortex) and tem-
poral lobe structures (superior and medial temporal cor-
tex).1 In contrast, psychoses in the affective spectrum
have been particularly associated with changes in areas
involved in emotional regulation, such as the amygdala
and the subgenual cingulate cortex.2–4 Although these
abnormalities are already present in first-episode psycho-
ses, it remains to be established whether (a) they precede
the first episode, thus representing possible vulnerability
markers and (b) if so, whether they are vulnerability
markers that are specific to schizophrenia or are generic
for all psychoses.
These issues can be addressed by studying nonpsy-

chotic subjects at high risk of developing a psychotic ill-
ness. Some studies have attempted this by evaluating
subjects at increased risk because of their genetic load
for psychosis. These have suggested that a number of
neuroanatomical measures in these individuals are inter-
mediate between healthy controls and subjects with
established illness.5,6 Another approach, also used by
our group, is to identify individuals whose clinical presen-
tation suggests that they are at ultrahigh risk (UHR) of
developing psychosis.7,8 With this strategy, a relatively
high rate of conversion to psychosis can be expected
within a reasonable timeframe. However, studies that
have used this approach to date are few in number
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and small in size. Preliminary data suggest that, in com-
parison to healthy controls, UHR individuals show some
of the brain volume reductions also identified in individ-
uals with established illness.9,10However, this may not be
the case for all brain regions. For example, medial
temporal lobe regions did not differ from healthy subjects
in the large study of UHR individuals by Velakoulis
and colleagues,11while the same cohort did show reduced
volumes of other temporal regions.12 Furthermore,
frontal and temporal brain reductions may be particu-
larly marked in those UHR individuals who subsequently
go on to develop psychosis (UHR-P) and may progress
further with the onset of psychosis.13,14 Relevant to
the present study, our data further suggest that the
effect is larger in those UHR individuals who subse-
quently develop schizophreniform rather than affective
psychoses.15 This is consistent with data in established
psychoses, suggesting that while schizophrenia is associ-
ated with reductions in frontal, temporal, and limbic
areas, affective psychoses are associated with more subtle
and varying volumetric brain reductions and increases,
possibly involving parts of the cingulate cortex and the
amygdala.2,4

Unfortunately, most UHR studies to date have
included only small numbers of subjects who developed
psychosis at follow-up, precluding examination of the
diagnostic specificity of changes prior to the onset of psy-
chosis. This study had two main aims: (a) investigate if
there are brain reductions that differentiate UHR indi-
viduals who will develop schizophrenia from individuals
who will not develop a psychosis and (b) conduct a pre-
liminary exploratory analysis to investigate if there are
brain differences that specifically differentiate those
UHR individuals who will develop an affective, rather
than schizophrenic psychosis. We studied the largest
group of subjects at UHR of psychosis investigated
with imaging to date, and these subjects were identified
using a combination of clinical characteristics.16 We used
magnetic resonance imaging (MRI) to examine the brain
structure of these subjects before the onset of their first
episode of psychosis and followed them up clinically for
at least 12 months to identify those making the transition
to psychosis. We used voxel-based morphometry (VBM)
because this allows for whole-brain analysis of large sam-
ples, and it provides an unbiased estimation of regional
differences independently from user-intervention.17

On the basis of previous work, we predicted that indi-
viduals who subsequently developed schizophrenia
would show, even in the at-risk state (thus before illness
onset), reductions in frontal and temporal volumes, to a
greater extent than high-risk individuals who later devel-
oped affective psychoses. Conversely, we predicted that
individuals who subsequently developed an affective psy-
chosis would show relatively more marked regional vol-
ume reductions in the subgenual cingulate cortex and
amygdala.

Methods

Sample

Individuals at UHR of developing psychosis were
recruited from the Personal Assessment and Crisis Eval-
uation Clinic, Melbourne, Australia, which manages
young people at risk of developing a psychotic illness
and assessed with a face-to-face interview.18 To be con-
sidered as UHR, individuals had to meet at least 1 of 3
sets of operationalized criteria7:

1. Frequentattenuatedsubthresholdpsychotic symptoms
(anumberofwhichareconsideredunderDiagnosticand
StatisticalManual ofMental Disorders, Fourth Edition,
(DSM-IV) schizotypal disorder19): Presence of one or
more of the following symptoms: ideas of reference,
magical thinking, perceptual disturbance, paranoid
ideation, odd thinking, and speech (score of 2–3 on
unusual thought content subscale, 1–2 on hallucina-
tions subscale, 3 on suspiciousness subscale, or 1–3
onconceptualdisorganization scaleofBriefPsychiatric
Rating Scale [BPRS]20); Symptoms are held with a rea-
sonable degree of conviction, as defined by a score of 2
on the Comprehensive Assessment of Symptoms and
History(CASH)21 ratingscale fordelusions;Frequency
of symptoms is several times per week; The change in
mental state has been present for at least 1 week within
the past year and not more than 5 years.

2. Transient psychotic symptoms (brief limited intermit-
tent psychotic symptoms [BLIPS]): Presence of one or
more of the following: ideas of reference, magical
thinking, perceptual disturbance, paranoid ideation,
odd thinking, and speech (score of 4þ on unusual
thought content subscale, 3þ on hallucinations sub-
scale, 4þ on suspiciousness subscale [or it is held
with strong conviction, as defined by a score of 3 or
more on the CASH rating subscale for delusions],
or 4þ on conceptual disorganization subscale of
BPRS); Duration of episode of less than 1 week;
Symptoms resolve spontaneously; The symptoms
must have occurred within the past year.

3. Trait and state risk factors: First-degree relative with a
psychotic disorder or schizotypal personality disorder
or individual has schizotypal personality disorder; Sig-
nificant decrease in mental state or functioning—
maintained for at least a month (reduction in General
Assessment of Function19 Scale of 30 points from pre-
morbid level); Decrease in functioning maintained for
at least a month and for not more than 5 years. UHR
criteria were confirmed by applying the Comprehen-
sive Assessment of At-Risk Mental States,22 especially
developed for this purpose.

Of the 146 UHR individuals recruited and scanned, 44
were excluded because the scans presented image or pro-
cessing artefacts, or because they were judged of a quality
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unsuitable for VBM analysis. The remaining 102 individ-
uals included in the study had met the following criteria
for the UHR state: 17 Trait and state risk factors; 11
BLIPS; 45 attenuated subthreshold psychotic symptoms;
17 Trait and state risk factors and attenuated subthres-
hold psychotic symptoms; 9 attenuated subthreshold psy-
chotic symptoms and BLIPS; and 3 all the 3 sets of UHR
criteria. Over a follow-up period set at least 12months, 28
(29%) developed psychosis (UHR-P) (24 within 12
months and a further 4 within 24 months), while 74
remained nonpsychotic (UHR-NP). These subjects had
never experienced an episode of frank psychosis and
were all antipsychotic-naı̈ve at the time of scanning.
Subjects were assessed with the BPRS, Scale for the

Assessment of Negative Symptoms (SANS),23 and
National Adult Reading Test (NART)24 at intake, and
the diagnosis was ascertained with the Structured Clinical
Interview for DSM-IV.25 Handedness was assessed with
the Edinburgh Inventory.26

Exclusion criteria were a history of significant head
injury, seizures, cerebrovascular disease, other neurolog-
ical disease, impaired thyroid function, steroid use, or
DSM-III-R criteria of alcohol or substance abuse or
dependence. Written informed consent was obtained
fromall subjects, the studywas approvedby local research
and ethics committees and was consistent with the princi-
ples outlined in the Declaration of Helsinki.
Clinical and sociodemographic differences between

groups were examined using one-way ANOVA, or chi-
square test. Statistical analyses of demographic, cogni-
tive, and clinical data were performed with the Statistical
Package for the Social Sciences.

Structural MRI

Image Acquisition. Subjects were scanned on GE Signa
1.5 T scanners at the Royal Melbourne Hospital and at
the Royal Children Hospital. The sequences obtained
from the scanners were identical. Head movement was
minimized by foam padding and velcro straps across
the forehead and chin. A 3-dimensional volumetric
spoiled gradient recalled echo in the steady state sequence
generated 124 contiguous, 1.5 mm thick coronal slices.
Imaging parameters were time-to-echo, 3.3 m sec;
time-to-repetition, 14.3 m sec; flip angle, 30�; matrix
size, 256 3 256; field of view, 24 3 24 cm matrix; voxel
dimensions, 0.938 3 0.938 3 1.5 mm. The scanners
were calibrated fortnightly using the same proprietary
phantom to ensure stability and accuracy of measure-
ments. A code was used to ensure patient confidentiality
and blind rating of data. A neuroradiologist reviewed all
MRI films.

Image Processing. MRI data were transferred from
digital audio tape to a Silicon Graphics workstation.
Structural images were preprocessed using ‘‘optimized’’

VBM implemented with Statistical Parametric Mapping
software (SPM5) running under Matlab 7.0. VBM is a
whole-brain, unbiased, semiautomated technique for
characterizing regional cerebral differences in structural
magnetic resonance images.17,27 First, structural images
were segmented to extract gray matter and then normal-
ized to an asymmetric T1-weighted template in Montreal
Neurological Institute (MNI) stereotactic space, in a
recursive fashion. Image segmentation incorporated an
intensity nonuniformity correction to account for smooth
intensity variations causedbygradient distortions anddif-
ferent positions of cranial structures within the MRI
coil.27 A further step was added to ensure that the total
amount of graymatter in each voxel was conserved before
and after spatial normalization.28This ‘‘modulation’’ step
involvedmultiplying the spatially normalized graymatter
by its relative volume before and after spatial normaliza-
tion. The resulting gray matter images were finally
smoothed with a 12 mm isotropic Gaussian kernel.
Smoothing is required to compensate for the inexact
nature of spatial normalization and to maximize the
chance that regional effects are expressed at a spatial scale
where homologies in structural anatomy exist over sub-
jects. After smoothing, each voxel represents the local
average amount of gray or white matter in the region,
the size of which is defined by the smoothing kernel.

Statistical Analyses. We performed an ANOVA to
compare UHR who converted to a diagnosis of schizo-
phrenia (UHR-SZ), those who converted to a diagnosis
of affective psychosis (UHR-AFF), and nonconverters
(UHR-NP). We excluded individuals who converted to
other types of psychosis. Wemodeled age, gender, hand-
edness, and scanner site as covariates of no interest, to
minimize the potential impact of inter-subject variabil-
ity. In fact, these variables are known to be associated
with neuroanatomical differences28,29; if these differen-
ces are not modeled as covariate in the statistical anal-
ysis, they would increase the unexplained variance in the
data (ie, error noise), thereby decreasing sensitivity. To
identify regionally specific reductions that were not con-
founded by global differences,17 total gray matter was
also included as a covariate of no interest. We report
effects that reached significance at P < .05 after family-
wise error (FWE) correction for multiple comparisons
and also any ‘‘trend’’ which reached significance at P
< .001 (uncorrected) for completeness. In addition to
the whole-brain analysis, we performed some region
of interest analyses in the comparison between UHR-
SZ and UHR-AFF. These regions of interest (ROIs)
included the subgenual part of the cingulate gyrus
and the amygdala,4 and they were selected because
they have been reported to be specifically affected in
established affective psychoses. We used predefined
anatomical masks based on the Automatic Anatomical
Labeling atlas available in Pickatlas toolbox (http://
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fmri.wfubmc.edu/cms/software#PickAtlas). MNI coor-
dinates were converted in Talairach coordinates.

Results

Demographic, cognitive, and clinical data are presented
in table 1 as individual values, mean 6 SD.

According to the study protocol, all subjects were fol-
lowed up for at least 12 months. During this time, 28
UHR subjects developed a psychotic episode (UHR-P)
(24 within 12 months and a further 4 within 24 months):
schizophrenia (n= 19), brief psychotic episode (n= 1), psy-
chosis nototherwise specified (n=1), bipolardisorderwith
psychotic features (n = 2), and major depression with psy-
chotic features (n = 5). TheUHR-P subjects were younger
than theUHR-NP (F 1.8;P = .021), but they did not differ
from the UHR-NP in terms of gender, baseline BPRS,
SANS, NART score, or total gray matter volume.

MRI Analyses

Regional gray matter was compared across three groups:
UHR who did not develop a psychosis (UHR-NP, n =

74), UHR who developed schizophrenia (UHR-SZ, n =

19), and UHR who developed an affective psychosis
(bipolar disorder with psychotic features or major
depression with psychotic features, UHR-AFF, n = 7).
The 2 UHR individuals who developed other types of
psychoses were excluded from further analyses. We
report below only the contrasts in which there were sig-
nificant differences.

Regional Differences in Gray Matter Volume.
UHR-NP vsUHR-SZ. UHR-SZ showed less gray mat-
ter than UHR-NP in the left postcentral gyrus (P < .05

after FWE correction) and at trend level on the right
postcentral gyrus (P < .001, uncorrected). There were
trends for relatively reduced gray matter also in the
left pars opercularis (occupying parts of the inferior fron-
tal and precentral gyri) (P < .001, uncorrected) and right
middle temporal gyrus (P < .001, uncorrected) (table 2;
figure 1).
UHR-NPvsUHR-AFF. UHR-AFF showed less gray

matter than UHR-NP in the right superior frontal gyrus
(P < .001, uncorrected) (table 2; figure 1).
UHR-SZ vs UHR-AFF. UHR-converters who devel-

oped an affective psychosis showed less gray matter than
UHR-SZ in the subcallosal cingulate gyrus (P < .001,
uncorrected) (table 2; figure 1).
We then performed ROI analyses of the amygdala and

the subgenual portion of the cingulate cortex, as
described earlier and using a statistical threshold of P
< .05 with FWE correction for multiple comparisons.
We found that UHR-AFF subjects had significantly
smaller gray matter volume of the subgenual cingulate
(y = 20 z = �10, z-score = 3.5, P = .039 after FWE cor-
rection) than the UHR-SZ subjects, but we observed no
group differences in the amygdala.

Discussion

This is the first VBM study to conduct an exploratory
analysis of the specificity of brain changes in at-risk indi-
viduals to later schizophreniform and affective psychoses.
We addressed this issue in the largest sample of UHR

individuals from one centre investigated to date. We
found that, even before the onset of psychosis, UHR-
SZ show significantly smaller volumes of parietal regions
(postcentral gyrus). This is an interesting finding because

Table 1. Demographic and Clinical Characteristics of the Groups

Characteristic
All UHRa UHR-NP UHR-SZ UHR-AFF
(n = 102) (n = 74) (n = 19) (n = 7)

Age at baseline (mean years, SD) 20.3 (3.5) 20.7 (3.5) 18.5 (3.4) 20.5 (2.1)

Gender (% male) 52 50 63 43

Handedness (% right) 86 87 89 100

NART premorbid intelligence quotient
(mean, SD)

95 (13.5)b 95.3 (14.3) 93.6 (11.7) 96.0 (11.6)

Time between MRI and onset of psychosis
(mean years, SD)

— — 0.47 (0.39)c 0.48 (0.61)d

SANS at intake (mean, SD) 25 (16) 24 (17) 30 (17) 32 (9)

BPRS at intake (mean, SD) 21 (9) 21 (10) 22 (9) 20 (5)

Note: There was a significant difference in age (P = .04) due to the UHR-SZ being younger than the UHR-NP group. There were no
significant between group differences for any of the other variables. BPRS, Brief Psychiatric Rating Scale; SANS, Scale for the
Assessment of Negative Symptoms; NART, National Adult Reading Test.
aThe All UHR number of subjects includes 1 subject who developed a psychosis not otherwise specified and 1 subject who developed a
brief psychotic episode, and these subjects were excluded from further comparisons.
bFor 80 people only.
cFor 17 people only.
dFor 6 people only.
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while the parietal lobe has often been neglected in schiz-
ophrenia, there is consistent evidence of volume reduc-
tions in this area in approximately 60% of ROI MRI
studies and in VBM studies and meta-analyses in this dis-
order.1,30–32 Most importantly, our findings are consis-
tent with evidence, from smaller high-risk populations,
that the parietal lobe is affected in at-risk nonpsychotic
individuals, particularly in those who subsequently make

the transition to psychosis.33–35 We additionally found
that UHR-SZ showed reductions in a temporal area
(middle temporal gyrus), at trend level, when compared
with UHR-NP. This trend is still noteworthy because
temporal lobe reductions (superior and medial temporal
in particular) are among the most replicated findings in
established schizophrenia.1 Interestingly, reductions in
the temporal cortex have been particularly associated
with subsequent development of psychosis in high-risk
nonpsychotic individuals and seem to become more
marked in individuals with a first-psychotic episode.11,36

Consistent with evidence that temporal reductions are
indeed more prominent in patients with schizophrenia
than in patients with affective disorders, in this article
we suggest that temporal reductions may be specifically
present in those high-risk individuals who will then
develop schizophrenia.37

In our study, both UHR-SZ and UHR-AFF already
showed, albeit at trend level, smaller volumes in frontal
areas (the inferior frontal gyrus—pars opercularis—in
schizophrenia and superior frontal gyrus in affective psy-
chosis) than UHR individuals who did not convert to
psychosis. Although this finding should be taken as pre-
liminary, it is consistent with evidence of morphological
and neurophysiological alterations of the frontal cortex
as a core structural and functional alteration of schizo-
phrenia, and with evidence of frontal abnormalities in
affective psychoses, already at illness onset,38,39 and pos-
sibly even before onset.13,15,36,40 Evidence of a frontal
lobe dysfunction preceding psychosis onset is further sup-
ported by cognitive data from our sample, showing that
although all UHR subjects have worse working memory
(a function associated with the frontal cortex, with the
pars opercularis particularly involved in retrieving stored
information41) than healthy controls, these deficits are
more marked in those who develop psychosis.42 Here,

Table 2. Talairach Coordinates for the Regions of Significant Gray Matter Volume Differences Between Groups

Area Coordinates x, y, z Z-Score Significance & Size in Voxels

VBM analysis:
UHR-NP > UHR-SZ
Left postcentral gyrus �54, �14, 22 5.1 P < .05 after FWE correction 38 voxels
Right postcentral gyrus 52, �10, 22 3.9 P < .001 (uncorrected)* 73 voxels
Right middle temporal gyrus 52, �22, �14 3.5 P < .001 (uncorrected)* 16 voxels
Left pars opercularis (extending into
inferior frontal gyrus and precentral gyrus)

�54, 6, 10 3.5 P < .001 (uncorrected)* 38 voxels

UHR-NP > UHR-AFF
Right superior frontal gyrus 12, 42, 58 3.4 P < .001 (uncorrected)* 23 voxels

UHR-SZ > UHR-AFF
Subcallosal cingulate gyrus �2, 20, �12 3.5 P < .001 (uncorrected)* 78 voxels

Region of interest analysis:
UHR-SZ > UHR-AFF
Subgenual cingulate 0, 20, �10 3.5 P = .039 after FWE correction

Note: VBM, voxel-based morphometry;UHR-NP, ultrahigh risk who did not develop psychosis; UHR-SZ, ultrahigh risk who
developed schizophrenia; UHR-AFF, ultrahigh risk who developed an affective psychosis, FWE, family-wise error.
*Significance shown as uncorrected, therefore at trend level.

Fig. 1. Comparison across diagnostic subgroups: A, gray matter
volume reductions in UHR-SZ in comparison with UHR-NP; B,
gray matter volume reductions in UHR-AFF in comparison with
UHR-SZ. A threshold of P < .001 (uncorrected) was used to show
the trends at uncorrected level reported in the results section.
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we confirm that morphological frontal lobe deficits may
characterize those UHR individuals who subsequently
develop psychosis, and suggest that this applies to
the period prior to both schizophreniform and affective
psychoses.

We found some interesting preliminary findings in the
investigation of brain abnormalities specific to individu-
als who subsequently developed an affective psychosis
(UHR-AFF), although the small sample size needs to
be taken into account when interpreting the results.
The whole-brain (at trend level) and the ROI analyses
directly comparing UHR-SZ and UHR-AFF showed
that UHR-AFF individuals had a smaller gray matter
volume in the subgenual cingulate gyrus, compared
with UHR-SZ. This is probably not surprising because
part of the anterior cingulate is implicated in mood dis-
orders: It has been reported as reduced in volume in indi-
viduals with affective disorders, even without psychotic
symptoms.43,44 Furthermore, deep brain stimulation of
this region induces remission of refractory depression.45

In a previous analysis, our group-investigated thickness
of the subgenual cingulate cortex in a larger sample of
UHR individuals, matched according to cingulate gyrus
morphology. In this analysis, we found no differences in
subgenual cingulate thickness between UHR-SZ and
those who developed other psychoses, although the
UHR-SZ had a thinner cingulate cortex than UHR-
NP.46 These discrepancies may be due to the fact that
different subjects were included in the two comparisons
of thickness (all nonschizophreniform psychoses, includ-
ing 7 additional subjects) and volume (restricted to indi-
viduals with affective psychoses). It is also possible that
volume differences appear because of differences in cin-
gulate morphology, when subjects have not been
matched to take this anatomical variable into account.
Still, it is interesting that the subgenual cingulate has
recently been shown to be the only part of the cingulate
gyrus that progressively reduces in volume in patients
with affective psychosis, following the first-psychotic
episode.3

Contrary to our hypothesis, we did not find evidence
for a smaller volume of the amygdala. This structure is
involved in the regulation of emotions and has been
reported as altered in volume and function in individuals
with affective disorders.2 This finding would be consis-
tent with our previous analysis, using a different manual
volume estimate of this structure, showing no difference
in amygdala volume between UHR-P, UHR-NP, and
healthy controls.11 Interestingly, in that study, we found
that the amygdala was significantly larger in first-episode
subjects who had nonschizophreniform psychoses, thus
suggesting that changes in this structure possibly appear
after illness onset.

Our study has several strengths. First, the strategy we
used for the selection of the high-risk population allowed
us to have a transition to psychosis in enough subjects to

attempt subdiagnostic comparisons. Second, at the time
of the MRI scan all our subjects were antipsychotic-
naı̈ve. Therefore, our results cannot be attributed to
the effect of antipsychotic treatment. Furthermore, this
suggests that volume reductions in these brain areas, pre-
viously found in patients on treatment with antipsy-
chotics, cannot be fully explained by exposure to these
drugs. Third, we used voxel-based analysis that not
only permits evaluation of the entire brain, but it is
also automated, and therefore free of the intra/inter-
operator reliability problems associated with manual
tracings. Although there has been some debate on the
methodology,47 studies using this approach have pro-
duced relatively consistent results in patients with psy-
chosis and themethods have been extensively validated.17

We considered the possibility that some of our findings
might have been affected by the fact that we used MRI
collected from 2 scanners. However, we believe this is
unlikely as the scanners were of identical make, the
acquisition protocols were identical, the 2 scanners
were calibrated fortnightly, and scanner was included
as covariate in the statistical analyses. Furthermore,
we have previously shown that differences between the
two scanners do not have an effect on neuroanatomical
measures such as those included in this study, although it
is possible that subcortical structures are more
affected.11,48 As recommended by recent evidence on
this issue, given the difficulties in recruiting and assessing
this type of clinical sample in MRI research, discarding
part of a large clinical sample on the sole basis of acquis-
ition on a different scanner, would not be entirely justi-
fied. Instead, as we have done, it is recommended that the
effect of scanner is included in the statistical analysis.48

It should also be acknowledged that the number of
UHR subjects in the diagnostic subgroups, particularly
in the affective psychoses subgroup, was small, and
this may have affected our statistical power. More specif-
ically, the use of small sample sizes in neuroimaging stud-
ies using a random effects approach typically results in
reduced sensitivity rather than false positive results.
This means that our analysis may not have detected all
neuroanatomical differences present between UHR-SZ
and UHR-AFF. Indeed, some of our findings are only
significant at trend level and as such should be regarded
as preliminary. Nevertheless, the fact that we were able to
detect a statistically significant difference between UHR-
SZ andUHR-AFF in the subcallosal cingulate gyus, indi-
cates that the number of subjects in each diagnostic
subgroup was large enough to detect at least some of
the differences between them. Furthermore, the fact
that the changes identified across diagnostic subgroups
are consistent with those identified in the established ill-
ness gives one more confidence. Also, we did not include
a healthy control group as the UHR nonconverter group
seemed the most appropriate to control for the potential
influence of the prodromal status on the brain and to
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differentiate brain abnormalities in UHR-SZ from those
of UHR-AFF. In fact, considering the potential for MRI
application to the clinical setting, it is more important for
MRI to be able to distinguish between prodromal indi-
viduals who will subsequently develop psychosis from
those who will not, than from healthy individuals, who
by definition will not come in contact with clinical serv-
ices. Moreover, not using healthy individuals as the com-
parison group underestimates rather than overestimates,
the differences identified.
When attempting to explain our findings, it is conceiv-

able that early neurodevelopmental insults to gray matter
in patients who are at risk of developing psychosis under-
lie the reductions we observed.49 There could then be
superimposed changes that occur during, or soon after,
the onset of frank psychosis.50 Interestingly, we also
explored whether the gray matter differences we identi-
fied (left poscentral gyrus, left pars opercularis, and right
middle temporal gyrus) were particularly present in sub-
jects that could be considered closest to developing psy-
chosis, the ones with the BLIPS. For each of these areas,
the comparison (2-tailed t test) between those with and
without BLIPS was not significant even at trend level,
suggesting that the effects we report are not dependent
on the presence or absence of BLIPS, but rather on
the development of full-blown psychosis (left postcentral
gyrus: F-score: 0.107, P value: .745; left pars opercularis:
F-score: 1.314, P value: .259; and right middle temporal
gyrus: F-score: 0.020; P value: .887). Indeed, our data
would be in accordance with data from studies on indi-
viduals at genetic risk of schizophrenia and those at var-
ious illness stages, showing that abnormalities in some
brain areas, or their progression, are associated with
illness onset and establishment.10,15,40,51–53 Our data
add to this literature as the subjects evaluated were at
increased risk not because of, or not only because of, their
family history but also because they were showing state
markers (attenuated and fluctuating psychotic symp-
toms, decreased functioning).
In conclusion, we have shown that reductions in the

prefrontal cortex may represent a risk marker of subse-
quent psychosis and we have provided preliminary evi-
dence that reductions in some brain areas may be
specific to the type of psychosis the individuals will even-
tually develop. Further studies, with larger samples of
individuals who convert to different psychoses, will be
needed to confirm and help quantify the predictive power
of these effects.
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