
BackgroundBackground Neuroanatomical ab-Neuroanatomical ab-

normalities are awell-established featurenormalities are awell-established feature

of schizophrenia.However, the timingofof schizophrenia.However, the timing of

their emergence and the extenttowhichtheir emergence and the extenttowhich

they are related tovulnerability to thethey are related tovulnerability to the

disorder as opposed to psychotic illnessdisorder as opposed to psychotic illness

itself is unclear.itself is unclear.

AimsAims To assess regionalgreymatterTo assess regionalgreymatter

volume inthe at-risk individualswhovolume inthe at-risk individualswho

subsequentlydevelopedpsychosis.subsequentlydevelopedpsychosis.

MethodMethod Magnetic resonance imagingMagnetic resonance imaging

data fromat-risk individualswhodata fromat-risk individualswho

developedpsychosis (developedpsychosis (nn¼12) withinthe12) within the

following 25 monthswere comparedwithfollowing 25 monthswere comparedwith

data fromhealthy volunteers (data fromhealthy volunteers (nn¼22) and22) and

peoplewith first-episodepsychosis (peoplewith first-episodepsychosis (nn¼25).25).

ResultsResults ComparedwithhealthyComparedwithhealthy

volunteers, individualswho subsequentlyvolunteers, individualswho subsequently

developedpsychosis had smaller greydevelopedpsychosis had smaller grey

matter volume inthe posteriorcingulatematter volume inthe posteriorcingulate

gyrus, precuneus, andparacentral lobulegyrus, precuneus, andparacentrallobule

bilaterally and inthe left superior parietalbilaterally and in the left superior parietal

lobule, andgreatergreymatter volumeinalobule, andgreatergreymattervolumeina

left parietal/posterior temporalregion.left parietal/posterior temporalregion.

Comparedwith first-episode patients,Comparedwith first-episode patients,

theyhadrelativelygreater greymattertheyhadrelativelygreater greymatter

volume inthe temporalgyrusbilaterallyvolume inthe temporalgyrus bilaterally

andsmallergreymatter volumeintherightand smallergreymatter volumeintheright

lentiformnucleus.lentiformnucleus.

ConclusionsConclusions Some ofthe structuralSome ofthe structural

brain abnormalities in individualswith anbrain abnormalities in individualswith an

at-riskmental statemaybe related to anat-riskmental statemaybe related to an

increasedvulnerability to psychosis, whileincreased vulnerability to psychosis, while

others are associatedwiththeothers are associatedwiththe

developmentof a psychotic illness.developmentof a psychotic illness.
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Acknowledgements fordetails of funding.Acknowledgements fordetails of funding.

Structural imaging studies clearly indicateStructural imaging studies clearly indicate

that schizophrenia is associated withthat schizophrenia is associated with

neuroanatomical abnormalities, with theneuroanatomical abnormalities, with the

most replicated findings being ventricularmost replicated findings being ventricular

enlargement and reductions in frontal andenlargement and reductions in frontal and

medial temporal lobe grey matter volumemedial temporal lobe grey matter volume

(Wright(Wright et alet al, 2000; Shenton, 2000; Shenton et alet al, 2001)., 2001).

However, the timing of these brain changesHowever, the timing of these brain changes

in relation to the onset of the disorder isin relation to the onset of the disorder is

unclear (Keshavanunclear (Keshavan et alet al, 2005). A recent, 2005). A recent

meta-analysis suggested that some of thesemeta-analysis suggested that some of these

abnormalities were present at first onset,abnormalities were present at first onset,

while others emerge later during the illnesswhile others emerge later during the illness

(Vita(Vita et alet al, 2006). Qualitatively similar, 2006). Qualitatively similar

volumetric abnormalities are also presentvolumetric abnormalities are also present

in at-risk populations such as first-degreein at-risk populations such as first-degree

relatives and the healthy co-twins ofrelatives and the healthy co-twins of

patients with schizophrenia (Lawriepatients with schizophrenia (Lawrie et alet al,,

1999; Seidman1999; Seidman et alet al, 1999; Staal, 1999; Staal et alet al,,

2000; Baare2000; Baare et alet al, 2001; Job, 2001; Job et alet al, 2003;, 2003;

Hulshoff PolHulshoff Pol et alet al, 2004), which would be, 2004), which would be

in accordance with the neurodevelopmentalin accordance with the neurodevelopmental

hypothesis of schizophrenia (Murray &hypothesis of schizophrenia (Murray &

Lewis, 1987; Weinberger, 1987). However,Lewis, 1987; Weinberger, 1987). However,

the only longitudinal studies of people withthe only longitudinal studies of people with

an at-risk mental state (ARMS) (Pantelisan at-risk mental state (ARMS) (Pantelis etet

alal, 2003) conducted so far suggest that, 2003) conducted so far suggest that

further brain changes occur close to orfurther brain changes occur close to or

during transition to psychosis.during transition to psychosis.

We have previously studied the groupWe have previously studied the group

with an at-risk mental state as a wholewith an at-risk mental state as a whole

(Borgwardt(Borgwardt et alet al, 2006, 2007) but this, 2006, 2007) but this

group is very heterogeneous, with many ofgroup is very heterogeneous, with many of

the patients not yet having developed psy-the patients not yet having developed psy-

chosis. In the present study, regional greychosis. In the present study, regional grey

matter volume in individuals with an at-matter volume in individuals with an at-

risk mental state who later developedrisk mental state who later developed

psychosis was compared with healthy con-psychosis was compared with healthy con-

trols and patients with first-episode psycho-trols and patients with first-episode psycho-

sis using a voxel-based morphometricsis using a voxel-based morphometric

approach. We aimed to identify those brainapproach. We aimed to identify those brain

abnormalities in subjects who later devel-abnormalities in subjects who later devel-

oped psychosis that were already presentoped psychosis that were already present

before the psychosis emerged as opposed tobefore the psychosis emerged as opposed to

merely being secondary consequences of psy-merely being secondary consequences of psy-

chosis. Based on what is known about thechosis. Based on what is known about the

timing of different magnetic resonance ima-timing of different magnetic resonance ima-

ging (MRI) abnormalities in psychosis, weging (MRI) abnormalities in psychosis, we

hypothesised that the participants with at-hypothesised that the participants with at-

risk mental state who later developed psy-risk mental state who later developed psy-

chosis would show brain abnormalities inchosis would show brain abnormalities in

insula and temporal and cingulate cortexinsula and temporal and cingulate cortex

relative to controls. We further hypothe-relative to controls. We further hypothe-

sised that these abnormalities would besised that these abnormalities would be

qualitatively, but not yet quantitatively si-qualitatively, but not yet quantitatively si-

milar to those seen in patients with first-milar to those seen in patients with first-

episode psychosis.episode psychosis.

METHODMETHOD

ParticipantsParticipants

Patients were recruited between 1 MarchPatients were recruited between 1 March

2000 and 28 February 2004 from a service2000 and 28 February 2004 from a service

area covering 200 000 habitants in andarea covering 200 000 habitants in and

around Basel, Switzerland, and were partaround Basel, Switzerland, and were part

of a larger early psychosis project, theof a larger early psychosis project, the

FEPSY study (Fruherkennung von Psychosen;FEPSY study (Früherkennung von Psychosen;

early detection of psychosis).early detection of psychosis).

The FEPSY study (Riecher-RosslerThe FEPSY study (Riecher-Rössler et alet al,,

2006, 2007) is an open, prospective study2006, 2007) is an open, prospective study

aimed at identifying and investigating indi-aimed at identifying and investigating indi-

viduals at risk of psychosis, and patients ex-viduals at risk of psychosis, and patients ex-

periencing a first psychotic episode. Eachperiencing a first psychotic episode. Each

individual identified as being at risk forindividual identified as being at risk for

psychosis by a screening procedure waspsychosis by a screening procedure was

thoroughly examined using a multi-levelthoroughly examined using a multi-level

approach including structural neuro-approach including structural neuro-

imaging and electrophysiological andimaging and electrophysiological and

cognitive investigations covering potentialcognitive investigations covering potential

predictors of schizophrenia. All individualspredictors of schizophrenia. All individuals

with at-risk mental state have been fol-with at-risk mental state have been fol-

lowed up over 5 years. The study seeks alowed up over 5 years. The study seeks a

validation of the postulated risk factorsvalidation of the postulated risk factors

and indicators for beginning psychosis byand indicators for beginning psychosis by

comparing those subjects who in fact devel-comparing those subjects who in fact devel-

oped manifest psychosis during follow-upoped manifest psychosis during follow-up

with those who did not. All aspects (includ-with those who did not. All aspects (includ-

ing the neuroimaging part presented here)ing the neuroimaging part presented here)

of the study were approved by the localof the study were approved by the local

ethics committee of the University of Baselethics committee of the University of Basel

and written informed consent was obtainedand written informed consent was obtained

from each participant.from each participant.

Here, we included 12 participants withHere, we included 12 participants with

an at-risk mental state who had developedan at-risk mental state who had developed

psychosis in the follow-up period, and com-psychosis in the follow-up period, and com-

pared them with 22 healthy matched volun-pared them with 22 healthy matched volun-

teers and 25 patients with first-episodeteers and 25 patients with first-episode

psychosis. Participants were included inpsychosis. Participants were included in

the current analysis if they agreed to anthe current analysis if they agreed to an

MRI scan and if the MRI sequences wereMRI scan and if the MRI sequences were

of adequate quality.of adequate quality.

Screening procedureScreening procedure

For screening purposes, we developed theFor screening purposes, we developed the

Basel Screening Instrument for PsychosisBasel Screening Instrument for Psychosis

(BSIP), a 46-item checklist based on(BSIP), a 46-item checklist based on

variables which have been shown to bevariables which have been shown to be
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predictors of psychosis (Riecherpredictors of psychosis (Riecher et alet al, 1990;, 1990;

HafnerHäfner et alet al, 1991; Riecher-Rossler, 1991; Riecher-Rössler et alet al,,

2006, 2007) such as DSM–III–R ‘pro-2006, 2007) such as DSM–III–R ‘pro-

dromal’ symptoms, social decline, drugdromal’ symptoms, social decline, drug

abuse, previous psychiatric disorders orabuse, previous psychiatric disorders or

genetic liability for psychosis (see Tablegenetic liability for psychosis (see Table

1). It is used in combination with the Brief1). It is used in combination with the Brief

Psychiatric Rating Scale (BPRS) to assessPsychiatric Rating Scale (BPRS) to assess

the severity of (pre-)psychotic phenomena.the severity of (pre-)psychotic phenomena.

The BSIP was constructed as a screeningThe BSIP was constructed as a screening

checklist to identify those at risk and ischecklist to identify those at risk and is

followed by a more extensive early detec-followed by a more extensive early detec-

tion interview (details available fromtion interview (details available from

author on request) in a next assessmentauthor on request) in a next assessment

step. All assessments were conducted bystep. All assessments were conducted by

experienced psychiatrists who undergoexperienced psychiatrists who undergo

regular training.regular training.

Inclusion criteria for individuals with an at-riskInclusion criteria for individuals with an at-risk
mental state, patients with a first-episodemental state, patients with a first-episode
and healthy volunteersand healthy volunteers

At-risk mental state transition groupAt-risk mental state transition group. The at-. The at-

risk mental state group was defined usingrisk mental state group was defined using

criteria corresponding to the Personalcriteria corresponding to the Personal

Assessment and Crisis Evaluation (PACE)Assessment and Crisis Evaluation (PACE)

criteria (Yungcriteria (Yung etet alal, 1998) employed in, 1998) employed in

previous MRI studies of patients with anprevious MRI studies of patients with an

at-risk mental state (Phillipsat-risk mental state (Phillips et alet al, 2002;, 2002;

PantelisPantelis et alet al, 2003). Inclusion thus, 2003). Inclusion thus

required one or more of the following: (a)required one or more of the following: (a)

‘attenuated’ psychotic-like symptoms, (b)‘attenuated’ psychotic-like symptoms, (b)

brief limited intermittent psychotic symp-brief limited intermittent psychotic symp-

toms (BLIPS), or (c) a first- or second-toms (BLIPS), or (c) a first- or second-

degree relative with a psychotic disorderdegree relative with a psychotic disorder

plus at least two further risk factors accord-plus at least two further risk factors accord-

ing to the screening instrument such as aing to the screening instrument such as a

marked decline in social or occupationalmarked decline in social or occupational

functioning. Inclusion because of attenu-functioning. Inclusion because of attenu-

ated psychotic symptoms required scoresated psychotic symptoms required scores

of 2 or 3 on the hallucination item, or 3of 2 or 3 on the hallucination item, or 3

or 4 on the unusual thought content or sus-or 4 on the unusual thought content or sus-

piciousness items of the BPRS at least sev-piciousness items of the BPRS at least sev-

eral times a week and persisting for moreeral times a week and persisting for more

than 1 week. Inclusion because of BLIPS re-than 1 week. Inclusion because of BLIPS re-

quired scores of 4 or above on the halluci-quired scores of 4 or above on the halluci-

nation item, or 5 or above on the unusualnation item, or 5 or above on the unusual

thought content, suspiciousness or concep-thought content, suspiciousness or concep-

tual disorganisation items of the BPRS,tual disorganisation items of the BPRS,

with each symptom lasting less than 1 weekwith each symptom lasting less than 1 week

before resolving spontaneously.before resolving spontaneously.

First-episodegroupFirst-episodegroup. The first-episode group. The first-episode group

was defined as participants who met thewas defined as participants who met the

operational criteria for first episode psycho-operational criteria for first episode psycho-

sis described by Yungsis described by Yung et alet al (Yung(Yung et alet al,,

1998), again as used to define first episode1998), again as used to define first episode

psychosis in the previous MRI studies of thepsychosis in the previous MRI studies of the

ARMS (PhillipsARMS (Phillips et alet al, 2002; Pantelis, 2002; Pantelis et alet al,,

2003). Inclusion required scores of 4 or2003). Inclusion required scores of 4 or

above on the hallucination item, or 5 orabove on the hallucination item, or 5 or

above on the unusual thought content, sus-above on the unusual thought content, sus-

piciousness or conceptual disorganisationpiciousness or conceptual disorganisation

items of the BPRS. The symptoms mustitems of the BPRS. The symptoms must

have occurred at least several times a weekhave occurred at least several times a week

and persisted for more than 1 week.and persisted for more than 1 week.

ControlgroupControlgroup. Healthy volunteers were re-. Healthy volunteers were re-

cruited from the same geographical areacruited from the same geographical area

as the other groups through local advertise-as the other groups through local advertise-

ments. These individuals had no currentments. These individuals had no current

psychiatric disorder, no history of psychi-psychiatric disorder, no history of psychi-

atric illness, head trauma, neurological ill-atric illness, head trauma, neurological ill-

ness, serious medical or surgical illness,ness, serious medical or surgical illness,

substance dependency, and no familysubstance dependency, and no family

history of any psychiatric disorder ashistory of any psychiatric disorder as

assessed by an experienced psychiatrist inassessed by an experienced psychiatrist in

a detailed clinical interview.a detailed clinical interview.

Exclusion criteriaExclusion criteria

AgeAge 5518 years, insufficient knowledge of18 years, insufficient knowledge of

German, IQGerman, IQ 5570, previous episode of70, previous episode of

schizophrenic psychosis (treated with majorschizophrenic psychosis (treated with major

tranquillisers for more than 3 weeks),tranquillisers for more than 3 weeks),

psychosis clearly due to organic factors orpsychosis clearly due to organic factors or

substance dependency, or psychoticsubstance dependency, or psychotic

symptoms within a clearly diagnosedsymptoms within a clearly diagnosed

affective psychosis or borderline personalityaffective psychosis or borderline personality

disorder.disorder.

Clinical follow-up and transition to psychosisClinical follow-up and transition to psychosis

All subjects were offered supportive coun-All subjects were offered supportive coun-

selling and clinical management. Transitionselling and clinical management. Transition

to psychosis was monitored by means of theto psychosis was monitored by means of the

transition criteria of Yungtransition criteria of Yung et alet al (1998).(1998).

During the first year of follow-up, individ-During the first year of follow-up, individ-

uals with an at-risk mental state wereuals with an at-risk mental state were

assessed monthly. During the second andassessed monthly. During the second and

third years, all individuals were assessedthird years, all individuals were assessed

3-monthly and thereafter once a year. The3-monthly and thereafter once a year. The

diagnosis was determined by a diagnosticdiagnosis was determined by a diagnostic

interview using ICD–10 research criteriainterview using ICD–10 research criteria

(World Health Organization, 1992) at the(World Health Organization, 1992) at the

time of transition, then corroborated by atime of transition, then corroborated by a

subsequent assessment at least 1 yearsubsequent assessment at least 1 year

post-transition using the Operational Cri-post-transition using the Operational Cri-

teria (OPCRIT) checklist for psychoticteria (OPCRIT) checklist for psychotic

and affective illness.and affective illness.

Structural magnetic resonanceStructural magnetic resonance
imagingimaging

Acquisition of magnetic resonance imagingAcquisition of magnetic resonance imaging
datadata

Participants were scanned using a SiemensParticipants were scanned using a Siemens

(Erlangen, Germany) Magnetom Vision(Erlangen, Germany) Magnetom Vision

1.5 T scanner at the University Hospital1.5 T scanner at the University Hospital

Basel. Head movement was minimised byBasel. Head movement was minimised by

foam padding and velcro straps across thefoam padding and velcro straps across the

forehead and chin. A 3-D volumetricforehead and chin. A 3-D volumetric

spoiled gradient recalled echo sequencespoiled gradient recalled echo sequence

generated 176 contiguous, 1 mm thickgenerated 176 contiguous, 1 mm thick

sagittal slices. Imaging parameters were:sagittal slices. Imaging parameters were:

time-to-echo, 4 ms; time-to-repetition,time-to-echo, 4 ms; time-to-repetition,

9.7 ms; flip angle, 12; matrix size,9.7 ms; flip angle, 12; matrix size,

20020066256; field of view, 25.6256; field of view, 25.66625.6 cm25.6 cm

matrix; voxel dimensions, 1.28matrix; voxel dimensions, 1.286611661 mm.1 mm.

Analysis of grey matter volumeAnalysis of greymatter volume

Image pre-processingImage pre-processing. Optimised voxel-. Optimised voxel-

based morphometry pre-processing wasbased morphometry pre-processing was

performed with Statistical Parametricperformed with Statistical Parametric

Mapping software (SPM2; WellcomeMapping software (SPM2; Wellcome

Department of Imaging Neurosciences,Department of Imaging Neurosciences,

University College London). The imageUniversity College London). The image

processing steps have been described inprocessing steps have been described in

detail elsewhere (Ashburner & Friston,detail elsewhere (Ashburner & Friston,

2000; Good2000; Good et al,et al, 2001). The segmentation2001). The segmentation

s 7 0s 70

Table1Table1 Domains of the Basel Screening Instrument for Psychosis (BSIP)Domains of the Basel Screening Instrument for Psychosis (BSIP)

DomainDomain CriteriaCriteria

PsychopathologyPsychopathology .. ‘Prodromal’ symptoms according to DSM^III^R (first occurrence within‘Prodromal’ symptoms according to DSM^III^R (first occurrence within

the past 5 years and persisting up to now)the past 5 years and persisting up to now)

.. Other prodromal signs as derived from the literature (first occurrenceOther prodromal signs as derived from the literature (first occurrence

within the past 2 years and persisting up to now)within the past 2 years and persisting up to now)

.. (Pre-)psychotic symptoms (previous or current)(Pre-)psychotic symptoms (previous or current)

Social declineSocial decline .. Marked deterioration of psychosocial functioning with serious conse-Marked deterioration of psychosocial functioning with serious conse-

quences for work, education, relationships (occurence during the pastquences for work, education, relationships (occurence during the past

5 years and persisting up to now)5 years and persisting up to now)

Drug abuseDrug abuse .. Regularly within the past 2 yearsRegularly within the past 2 years

Psychiatric historyPsychiatric history .. Previous psychiatric disorders and treatmentsPrevious psychiatric disorders and treatments

Genetic riskGenetic risk .. Schizophrenia/psychoses in first- or second-degree relativesSchizophrenia/psychoses in first- or second-degree relatives

At-risk ageAt-risk age .. AgeAge5530 years in women,30 years in women,5525 in men25 inmen

Source Riecher-R˛sslerSource Riecher-R˛ssler et alet al, 2007., 2007.
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algorithm implemented in SPM incorpo-algorithm implemented in SPM incorpo-

rates anrates an a prioria priori knowledge of the likelyknowledge of the likely

spatial distribution of tissue types in thespatial distribution of tissue types in the

brain with prior probability tissue maps de-brain with prior probability tissue maps de-

rived from a large number of individuals.rived from a large number of individuals.

To ensure the most accurate segmentationTo ensure the most accurate segmentation

possible, we created study-specific custom-possible, we created study-specific custom-

ised prior probability maps used in a pre-ised prior probability maps used in a pre-

vious study (Borgwardtvious study (Borgwardt et alet al, 2007). The, 2007). The

pre-processing stages were as follows: (a)pre-processing stages were as follows: (a)

scans were segmented into probabilisticscans were segmented into probabilistic

maps of grey and white matter andmaps of grey and white matter and

cerebrospinal fluid with a modified mixturecerebrospinal fluid with a modified mixture

model clustering algorithm; (b) the segmen-model clustering algorithm; (b) the segmen-

ted grey matter map was mapped to a greyted grey matter map was mapped to a grey

matter template, and the derived warpingmatter template, and the derived warping

parameters were applied to the originalparameters were applied to the original

T1-weighted image to map it into standardT1-weighted image to map it into standard

space (this procedure prevents skull andspace (this procedure prevents skull and

other non-brain voxels from contributingother non-brain voxels from contributing

to the registration, while avoiding the needto the registration, while avoiding the need

for explicit skull-stripping); (c) the regis-for explicit skull-stripping); (c) the regis-

tered image was then re-segmented, whichtered image was then re-segmented, which

is necessary because theis necessary because the a prioria priori knowledgeknowledge

incorporated into the SPM2 segmentationincorporated into the SPM2 segmentation

algorithm means that it works optimallyalgorithm means that it works optimally

on images in standard space. The segmen-on images in standard space. The segmen-

ted maps were then modulated throughted maps were then modulated through

multiplying voxel values by the Jacobianmultiplying voxel values by the Jacobian

determinants from the spatial normalisa-determinants from the spatial normalisa-

tion to correct for volume changes. Finally,tion to correct for volume changes. Finally,

all normalised, segmented, modulated greyall normalised, segmented, modulated grey

matter tissue maps were smoothed with amatter tissue maps were smoothed with a

Gaussian filter of 5 mm full width at halfGaussian filter of 5 mm full width at half

maximum (FWHM).maximum (FWHM).

Statistical analysis of magnetic resonanceStatistical analysis of magnetic resonance
imaging dataimaging data

Using x-BAMM (Brain Activation andUsing x-BAMM (Brain Activation and

Morphological Mapping, version 2.5, http://Morphological Mapping, version 2.5, http://

www-bmu.psychiatry.cam.ac.uk/software/),www-bmu.psychiatry.cam.ac.uk/software/),

between-group differences in grey matterbetween-group differences in grey matter

volume were estimated by fitting an analy-volume were estimated by fitting an analy-

sis of covariance (ANCOVA) model at eachsis of covariance (ANCOVA) model at each

intracerebral voxel in standard space, co-intracerebral voxel in standard space, co-

varying for total grey matter volume andvarying for total grey matter volume and

age at scan. Given that structural brainage at scan. Given that structural brain

changes are likely to extend over a numberchanges are likely to extend over a number

of contiguous voxels, test statistics incor-of contiguous voxels, test statistics incor-

porating spatial information, such as 3-Dporating spatial information, such as 3-D

cluster mass (the sum of supra-thresholdcluster mass (the sum of supra-threshold

voxel statistics), are generally more power-voxel statistics), are generally more power-

ful than other possible test statistics, whichful than other possible test statistics, which

are informed only by data at a single voxel.are informed only by data at a single voxel.

Therefore, our approach was to initially setTherefore, our approach was to initially set

a relatively lenienta relatively lenient PP value (value (PP440.05) to de-0.05) to de-

tect voxels putatively demonstrating differ-tect voxels putatively demonstrating differ-

ences between groups. We then searchedences between groups. We then searched

for spatial clusters of such voxels and testedfor spatial clusters of such voxels and tested

the cluster mass of each cluster. Permuta-the cluster mass of each cluster. Permuta-

tion testing was used to assess statisticaltion testing was used to assess statistical

significance at both the voxel and cluster le-significance at both the voxel and cluster le-

vels. At the cluster level, we set the statisti-vels. At the cluster level, we set the statisti-

cal threshold for cluster significance forcal threshold for cluster significance for

each analysis such that the expected num-each analysis such that the expected num-

ber of false positive clusters wasber of false positive clusters was 551, and1, and

quote thequote the PP value at which this occurred.value at which this occurred.

The principal advantages of cluster-levelThe principal advantages of cluster-level

testing are that it confers greater sensitivitytesting are that it confers greater sensitivity

by incorporating information from moreby incorporating information from more

than one voxel in the test statistic and alsothan one voxel in the test statistic and also

substantially reduces the search volume orsubstantially reduces the search volume or

number of tests required for a whole brainnumber of tests required for a whole brain

analysis, thereby mitigating the multipleanalysis, thereby mitigating the multiple

comparisons problem. We did a three-comparisons problem. We did a three-

group comparison (at-risk mental state-Tgroup comparison (at-risk mental state-T

v.v. first-episodefirst-episode v.v. control) to look for over-control) to look for over-

all effects between the groups and two-all effects between the groups and two-

group comparisons for specific between-group comparisons for specific between-

group differences.group differences.

Significant clusters were anatomicallySignificant clusters were anatomically

localised using the atlas of Talairach &localised using the atlas of Talairach &

Tournoux (1988), except for foci in andTournoux (1988), except for foci in and

close to the cerebellum, which were localisedclose to the cerebellum, which were localised

using the atlas of Schmahmannusing the atlas of Schmahmann et alet al (1999).(1999).

Statistical analysis of demographicStatistical analysis of demographic
datadata

Clinical and socio-demographic differencesClinical and socio-demographic differences

between groups were examined using one-between groups were examined using one-

way analysis of variance (ANOVA),way analysis of variance (ANOVA), tt-test,-test,

oror ww22 test. Statistical analyses were per-test. Statistical analyses were per-

formed with the Statistical Package for theformed with the Statistical Package for the

Social Sciences (SPSS version 12.0 forSocial Sciences (SPSS version 12.0 for

Windows).Windows).

RESULTSRESULTS

Sample characteristicsSample characteristics

The mean duration of follow-up of the sub-The mean duration of follow-up of the sub-

ject with an at-risk mental state who subse-ject with an at-risk mental state who subse-

quently developed psychosis (at-risk mentalquently developed psychosis (at-risk mental

state–transition group,state–transition group, nn¼12) was 306 days12) was 306 days

(range 25–1137 days). Ten of the transi-(range 25–1137 days). Ten of the transi-

tions to psychosis occurred during the firsttions to psychosis occurred during the first

year of follow-up, with one in the secondyear of follow-up, with one in the second

year and one in the fourth. The healthyyear and one in the fourth. The healthy

volunteers (control group) did not differvolunteers (control group) did not differ

significantly from the at-risk mental state–significantly from the at-risk mental state–

transition group with respect to ethnicity,transition group with respect to ethnicity,

age, gender, educational level or total intra-age, gender, educational level or total intra-

cranial brain volume. The first-episodecranial brain volume. The first-episode

psychosis and the at-risk mental state–psychosis and the at-risk mental state–

transition group did not differ significantlytransition group did not differ significantly

in ethnicity, age, gender, handedness andin ethnicity, age, gender, handedness and

total intracranial brain volume. The first-total intracranial brain volume. The first-

episode group achieved a lower educationalepisode group achieved a lower educational

level than any of the groups (Table 2). Thelevel than any of the groups (Table 2). The

groups were matched for premorbid IQ: at-groups were matched for premorbid IQ: at-

risk mental state–transition: 113 (s.d.risk mental state–transition: 113 (s.d.¼12),12),

first episode: 103 (s.d.first episode: 103 (s.d.¼15), control: 10815), control: 108

(s.d.(s.d.¼5) and did not differ in terms of5) and did not differ in terms of

current and previous alcohol intake.current and previous alcohol intake.

Grey matter abnormalitiesGrey matter abnormalities

Three-group comparisonThree-group comparison

Over all groups, there were significantOver all groups, there were significant

between-group differences in grey matterbetween-group differences in grey matter

volume including two main regions: (a)volume including two main regions: (a)

the left superior and middle temporal gyrus,the left superior and middle temporal gyrus,

the adjacent part of the left insula as well asthe adjacent part of the left insula as well as

the inferior parietal lobule, the postcentralthe inferior parietal lobule, the postcentral

and fusiform gyrus, and (b) the right middleand fusiform gyrus, and (b) the right middle

and inferior temporal gyrus (Table 3, seeand inferior temporal gyrus (Table 3, see

Fig. DS1 in the online data supplement toFig. DS1 in the online data supplement to

this paper,this paper, PP¼0.002). Post-hoc testing re-0.002). Post-hoc testing re-

vealed that in both these regions, the vol-vealed that in both these regions, the vol-

ume in the at-risk mental state–transitionume in the at-risk mental state–transition

group wasgroup was significantly larger than thatsignificantly larger than that

in the first-in the first-episode group but was not sig-episode group but was not sig-

nificantly different from that in the controlnificantly different from that in the control

group.group.

At a less stringent statistical thresholdAt a less stringent statistical threshold

((PP¼0.01) there were additional differences0.01) there were additional differences

in region spanning the right insula andin region spanning the right insula and

superior temporal gyrus coordinates ofsuperior temporal gyrus coordinates of

cluster centroids xcluster centroids x¼34.5, y34.5, y¼8.8, z8.8, z¼12.0),12.0),

in the posterior cingulate gyrus (in the posterior cingulate gyrus (770.1,0.1,

7766.6, 10.6) and in the cerebellum66.6, 10.6) and in the cerebellum

((777.9,7.9, 7748.9,48.9, 7735.9 and 7.8,35.9 and 7.8, 7746.0,46.0,

7736.0) bilaterally.36.0) bilaterally.

When repeating the same analysisWhen repeating the same analysis

without the subjects on antipsychoticwithout the subjects on antipsychotic

medication, the results did not change.medication, the results did not change.

At-risk mental state^transitionAt-risk mental state^transition v.v. controlcontrol

To further clarify the nature of the abnorm-To further clarify the nature of the abnorm-

alities in the at-risk mental state–transitionalities in the at-risk mental state–transition

group we then compared them with con-group we then compared them with con-

trols directly. There was an area of smallertrols directly. There was an area of smaller

grey matter volume in a midline region thatgrey matter volume in a midline region that

included the posterior cingulate gyrus, pre-included the posterior cingulate gyrus, pre-

cuneus, and paracentral lobule bilaterallycuneus, and paracentral lobule bilaterally

and extended into the left superior parietaland extended into the left superior parietal

lobule (Table 4, see Fig. DS2,lobule (Table 4, see Fig. DS2, PP¼0.002).0.002).

At the same time the at-risk mentalAt the same time the at-risk mental

state–transition group had a relativelystate–transition group had a relatively

greater grey matter volume compared withgreater grey matter volume compared with

the healthy controls in a left parietal/poster-the healthy controls in a left parietal/poster-

ior temporal region that included the leftior temporal region that included the left

supramarginal and angular gyri andsupramarginal and angular gyri and

inferior parietal lobule, plus the posteriorinferior parietal lobule, plus the posterior

portions of the superior and middleportions of the superior and middle

temporal gyri (Table 4,temporal gyri (Table 4, PP¼0.002).0.002).

At a less stringent statistical thresholdAt a less stringent statistical threshold

((PP¼0.01) there were additional areas of0.01) there were additional areas of

s 71s 71
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smaller grey matter volume in a regionsmaller grey matter volume in a region

spanning the right insula (39.6, 7.5,spanning the right insula (39.6, 7.5,

770.6), the superior (46.6, 2.9,0.6), the superior (46.6, 2.9, 7712.0)12.0)

and middle temporal gyrus (41.9, 0.9,and middle temporal gyrus (41.9, 0.9,

7720.0) and the inferior frontal gyrus20.0) and the inferior frontal gyrus

(35.9, 22.5, 4.0), and in a region spanning(35.9, 22.5, 4.0), and in a region spanning

the anterior cingulate (the anterior cingulate (770.3, 37.4, 24.0)0.3, 37.4, 24.0)

and the medial frontal gyrus (and the medial frontal gyrus (770.5, 36.3,0.5, 36.3,

31.3). Furthermore, there were additional31.3). Furthermore, there were additional

areas of relatively greater grey matterareas of relatively greater grey matter

volume as compared to controls in the rightvolume as compared to controls in the right

parahippocampal gyrus (22.2,parahippocampal gyrus (22.2, 7729.7,29.7,

778.6) and in a region that included the8.6) and in a region that included the

right supramarginal (55.4,right supramarginal (55.4, 7752.5, 24.0)52.5, 24.0)

and inferior temporal gyrus (59.0,and inferior temporal gyrus (59.0, 7753.3,53.3,

774.2).4.2).

At-risk mental state^transitionAt-risk mental state^transition
v.v. first-episodefirst-episode

To test our second hypothesis, the at-riskTo test our second hypothesis, the at-risk

mental state–transition subgroup was alsomental state–transition subgroup was also

compared with the first-episode group. Incompared with the first-episode group. In

fact, no significant differences in regionalfact, no significant differences in regional

grey matter volume were found at a verygrey matter volume were found at a very

stringent statistical threshold (stringent statistical threshold (PP¼0.002). At0.002). At

a less stringent statistical threshold (a less stringent statistical threshold (PP¼0.01),0.01),

relative to patients with first-episode,relative to patients with first-episode,

participants with an at-risk mental stateparticipants with an at-risk mental state

who developed psychosis had areas of rela-who developed psychosis had areas of rela-

tively more grey matter volume in a regiontively more grey matter volume in a region

spanning the superior, middle and inferiorspanning the superior, middle and inferior

temporal gyrus bilaterally. Theretemporal gyrus bilaterally. There was alsowas also

a region of smaller grey matter vola region of smaller grey matter volume inume in

the right lentiform nucleus (Table 5, seethe right lentiform nucleus (Table 5, see

Fig. DS3).Fig. DS3).

When the analysis was repeated afterWhen the analysis was repeated after

excluding the participants on antipsychoticexcluding the participants on antipsychotic

medication, the same regions showed sig-medication, the same regions showed sig-

nificant differences.nificant differences.

DISCUSSIONDISCUSSION

Using voxel-based morphometry, we foundUsing voxel-based morphometry, we found

that individuals with an at-risk mental statethat individuals with an at-risk mental state

who developed psychosis (–transition) hadwho developed psychosis (–transition) had

smaller cortical volumes before the onsetsmaller cortical volumes before the onset

of psychosis in the midline region that in-of psychosis in the midline region that in-

cluded the posterior cingulate gyrus, precu-cluded the posterior cingulate gyrus, precu-

neus, and paracentral lobule bilaterally andneus, and paracentral lobule bilaterally and

extended into the left superior parietalextended into the left superior parietal

lobule, that were not different to the first-lobule, that were not different to the first-

episode cohort. At a less stringent statisticalepisode cohort. At a less stringent statistical

threshold (threshold (PP¼0.01) there were additional0.01) there were additional

areas of less grey matter volume in the rightareas of less grey matter volume in the right

insula, superior and middle temporal gyrus,insula, superior and middle temporal gyrus,

inferior frontal gyrus, anterior cingulateinferior frontal gyrus, anterior cingulate

and medial frontal gyrus. Overall, theand medial frontal gyrus. Overall, the

findings confirm our first hypothesis andfindings confirm our first hypothesis and

are suggestive that at least some of theare suggestive that at least some of the

cortical grey matter abnormalities asso-cortical grey matter abnormalities asso-

ciated with psychosis are already presentciated with psychosis are already present

up to 2 years before the first episode ofup to 2 years before the first episode of

psychosis. These abnormalities may reflectpsychosis. These abnormalities may reflect

abnormal developmental processes andabnormal developmental processes and

may be related to an increased vulnerabilitymay be related to an increased vulnerability

to psychosis.to psychosis.

Our second hypothesis was that theOur second hypothesis was that the

subjects who went on to psychosis wouldsubjects who went on to psychosis would

s 7 2s 7 2

Table 2Table 2 Sample characteristics of the individuals with at-risk mental state who developed a psychosis, patients with first-episode psychosis and controlsSample characteristics of the individuals with at-risk mental statewho developed a psychosis, patients with first-episode psychosis and controls

CharacteristicCharacteristic At-risk mental state^At-risk mental state^

transition grouptransition group

((nn¼12)12)

First-episode groupFirst-episode group

((nn¼25)25)

Control groupControl group

((nn¼22)22)

PP

Age at baseline, mean years (s.d.)Age at baseline, mean years (s.d.) 24.6 (5.3)24.6 (5.3) 27.1 (6.3)27.1 (6.3) 23.0 (4.3)23.0 (4.3) NSNS

Gender (male),Gender (male), nn (%)(%) 9 (75)9 (75) 18 (72)18 (72) 13 (59)13 (59) NSNS

Handedness (mixed or left)Handedness (mixed or left)11,, nn (%)(%) 3 (25)3 (25) 5 (20)5 (20) 6 (29)6 (29) NSNS

Educational level,Educational level, nn (%)(%) 550.050.05

559 years9 years

9^11 years9^11 years

12^13 years12^13 years

4413 years13 years

3 (25)3 (25)

4 (33)4 (33)

5 (42)5 (42)

00

12 (48)12 (48)

9 (36)9 (36)

1 (4)1 (4)

3 (12)3 (12)

2 (9)2 (9)

7 (32)7 (32)

10 (45)10 (45)

3 (14)3 (14)

Brief Psychiatric Rating Scale, score (s.d.) at intakeBrief Psychiatric Rating Scale, score (s.d.) at intake 40.8 (11.5)40.8 (11.5) 52.4 (13.2)52.4 (13.2) ^̂ 550.050.05

Scale for Assessment of Negative Symptoms, score (s.d.) at intakeScale for Assessment of Negative Symptoms, score (s.d.) at intake 9.8 (5.8)9.8 (5.8) 9.9 (5.1)9.9 (5.1) ^̂ NSNS

Patients with antipsychotics at MRI scan,Patients with antipsychotics at MRI scan, nn (%)(%) 1 (8)1 (8) 10 (40)10 (40) ^̂ 550.050.05

Days between MRI and onset of psychosis, daysDays between MRI and onset of psychosis, days 306 (mean)306 (mean)

263 (median)263 (median)

1. One value each ismissing in the at-risk mental state^transition and control groups.1. One value each is missing in the at-risk mental state^transition and control groups.

Table 3Table 3 Regions where greymatter volume differed between subjects with an at-risk mental state whoRegions where greymatter volume differed between subjects with an at-risk mental state who

developed psychosis, patients with first-episode psychosis and controlsdeveloped psychosis, patients with first-episode psychosis and controls11

AreaArea HemisphereHemisphere Talairach coordinates of clusterTalairach coordinates of cluster

(x, y, z)(x, y, z)22
Size of clusterSize of cluster33

InsulaInsula LeftLeft 7740.4,40.4,7725.9, 20.025.9, 20.055 215215

Superior temporal gyrusSuperior temporal gyrus LeftLeft 7754.6,54.6,7734.5, 12.034.5, 12.055 127127

Middle temporal gyrusMiddle temporal gyrus LeftLeft

RightRight

7748.1,48.1,7735.4, 4.035.4, 4.055

51.1,51.1,7755.8,55.8,778.08.055

1212

153153

Inferior temporal gyrusInferior temporal gyrus RightRight 52.2,52.2,7756.2,56.2,779.59.544 11981198

Inferior parietal lobuleInferior parietal lobule LeftLeft 7747.1,47.1,7728.9, 24.028.9, 24.055 9292

Postcentral gyrusPostcentral gyrus LeftLeft 7751.0,51.0,7727.1, 16.027.1, 16.055 4545

Fusiform gyrusFusiform gyrus LeftLeft 7746.1,46.1,7724.8, 14.524.8, 14.544 10821082

1.1. PP¼0.002.0.002.
2. Coordinates (x, y and z) refer to the centre-of-mass in each cluster in stereotactic space as defined in the atlas of2. Coordinates (x, y and z) refer to the centre-of-mass in each cluster in stereotactic space as defined in the atlas of
Talairach & Tournoux (1988).Talairach & Tournoux (1988).
3. The size refers to the volume (or area in 2-D) of the cluster in voxels.3. The size refers to the volume (or area in 2-D) of the cluster in voxels.
4. Centroid of 3-D cluster.4. Centroid of 3-D cluster.
5. Subsidiary focus (of 2-D cluster).5. Subsidiary focus (of 2-D cluster).
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show neuroanatomical differences qualita-show neuroanatomical differences qualita-

tively but not yet quantitatively similar totively but not yet quantitatively similar to

patients with first-episode psychosis. How-patients with first-episode psychosis. How-

ever, we found that individuals with anever, we found that individuals with an

at-risk mental state who developed psycho-at-risk mental state who developed psycho-

sis showed larger grey matter volumes insis showed larger grey matter volumes in

the temporal lobe bilaterally relative tothe temporal lobe bilaterally relative to

patients with first-episode psychosis. Thispatients with first-episode psychosis. This

finding is suggestive that temporal lobefinding is suggestive that temporal lobe

grey matter abnormalities seem to occurgrey matter abnormalities seem to occur

later in the time course of the illness andlater in the time course of the illness and

may be associated with the subsequentmay be associated with the subsequent

transition to psychosis.transition to psychosis.

Despite a large body of neuroimagingDespite a large body of neuroimaging

studies in schizophrenia showing multiplestudies in schizophrenia showing multiple

subtle brain abnormalities, we do not knowsubtle brain abnormalities, we do not know

the exact time course of their occurrence.the exact time course of their occurrence.

Meta-analytic reviews have largely beenMeta-analytic reviews have largely been

conducted on samples of patients withconducted on samples of patients with

chronic schizophrenia, and these indicatechronic schizophrenia, and these indicate

that these patients compared with healthythat these patients compared with healthy

controls show reduced brain size, enlargedcontrols show reduced brain size, enlarged

lateral and third ventricles, reduced frontallateral and third ventricles, reduced frontal

lobe volume, reduced volumes of temporo-lobe volume, reduced volumes of temporo-

limbic structures and of corpus callosum,limbic structures and of corpus callosum,

and increased volume of basal ganglia (forand increased volume of basal ganglia (for

a review see Vitaa review see Vita et alet al, 2006). The review, 2006). The review

by Vitaby Vita et alet al (2006) showed that some of(2006) showed that some of

these abnormalities, such as those in the lat-these abnormalities, such as those in the lat-

eral and third ventricle, hippocampus anderal and third ventricle, hippocampus and

for whole brain volume are already presentfor whole brain volume are already present

in patients with first-episode psychosis.in patients with first-episode psychosis.

Longitudinal MRI studies in first-episodeLongitudinal MRI studies in first-episode

psychosis suggest that brain changes are pro-psychosis suggest that brain changes are pro-

gressive, in particular in the initial couple ofgressive, in particular in the initial couple of

years of the illness and are associated withyears of the illness and are associated with

functional outcome (Keshavanfunctional outcome (Keshavan et alet al, 2005)., 2005).

Neuroimaging studies of individualsNeuroimaging studies of individuals

without psychosis who are at risk ofwithout psychosis who are at risk of

psychosis could demonstrate that neuro-psychosis could demonstrate that neuro-

anatomical abnormalities are also evidentanatomical abnormalities are also evident

in first-degree relatives and healthy co-in first-degree relatives and healthy co-

twins of patients with schizophreniatwins of patients with schizophrenia

(Lawrie(Lawrie et alet al, 1999; Seidman, 1999; Seidman et alet al, 1999;, 1999;

StaalStaal et alet al, 2000; Baare, 2000; Baare et alet al, 2001;, 2001;

Hulshoff PolHulshoff Pol et alet al, 2004) and are suggestive, 2004) and are suggestive

that brain changes exist prior to the onsetthat brain changes exist prior to the onset

of psychosis. In addition, a prospectiveof psychosis. In addition, a prospective

study suggests that the onset of schizo-study suggests that the onset of schizo-

phrenia in the relatives of patients is asso-phrenia in the relatives of patients is asso-

ciated with a reduction in the volume ofciated with a reduction in the volume of

the left parahippocampal gyrus (Jobthe left parahippocampal gyrus (Job et alet al,,

2005).2005).

Relatively little is known about theRelatively little is known about the

nature of MRI abnormalities in subjectsnature of MRI abnormalities in subjects

with an at-risk mental state. Using a regionwith an at-risk mental state. Using a region

of interest approach, Phillipsof interest approach, Phillips et alet al (2002)(2002)

reported that hippocampal volume in thesereported that hippocampal volume in these

individuals was smaller than that in healthyindividuals was smaller than that in healthy

controls but not than in patients with first-controls but not than in patients with first-

episode psychosis. Within the at-riskepisode psychosis. Within the at-risk

mental state group, those who later devel-mental state group, those who later devel-

oped psychosis had a larger left hippo-oped psychosis had a larger left hippo-

campal volume than those who did not.campal volume than those who did not.

More recently, using a voxel-basedMore recently, using a voxel-based

approach in subjects from the same centreapproach in subjects from the same centre

in Melbourne, Pantelisin Melbourne, Pantelis et alet al (2003) found(2003) found

that subjects with ‘prodromal’ symptomsthat subjects with ‘prodromal’ symptoms

who later became psychotic had smaller in-who later became psychotic had smaller in-

ferior frontal and cingulate gyrus volumesferior frontal and cingulate gyrus volumes

than those who did not. However, in athan those who did not. However, in a

cross-sectional study, using a region ofcross-sectional study, using a region of

interest approach, Velakoulisinterest approach, Velakoulis et alet al (2006)(2006)

reported that patients with an at-riskreported that patients with an at-risk

mental state had normal baseline hippo-mental state had normal baseline hippo-

campal and amygdala grey matter volumescampal and amygdala grey matter volumes

whether or not they subsequently devel-whether or not they subsequently devel-

oped psychosis. These results suggests thatoped psychosis. These results suggests that

s 7 3s 7 3

Table 4Table 4 Regionswhere greymatter volume differedbetween subjectswho developedpsychosis and controlsRegionswhere greymatter volume differedbetween subjectswho developedpsychosis and controls11

AreaArea HemisphereHemisphere Talairach coordinatesTalairach coordinates

of cluster centroid x, y, zof cluster centroid x, y, z22
SizeSize

of clusterof cluster33

At-riskmental state^transitionAt-riskmental state^transition55 controlscontrols

PrecuneusPrecuneus LeftLeft 771.6,1.6,7747.7, 51.047.7, 51.044 849849

Cingulate gyrusCingulate gyrus LeftLeft

RightRight

7713.7,13.7,7726.9, 40.026.9, 40.055

3.1,3.1,7744.6, 40.044.6, 40.055

3535

4545

Paracentral lobuleParacentral lobule LeftLeft

RightRight

772.0,2.0,7730.5, 45.030.5, 45.055

1.1,1.1,7739.0, 65.039.0, 65.055

3939

2727

PrecuneusPrecuneus LeftLeft

RightRight

770.6,0.6,7750.2, 50.050.2, 50.055

2.4,2.4,7748.0, 55.048.0, 55.055

203203

8585

Superior parietal lobeSuperior parietal lobe LeftLeft 778.6,8.6,7768.5, 55.068.5, 55.055 1717

At-riskmental state^transitionAt-riskmental state^transition44 controlscontrols

Supramarginal gyrusSupramarginal gyrus LeftLeft 7755.0,55.0,7744.5, 25.144.5, 25.144 10811081

1.1. PP¼0.002.0.002.
2. Coordinates (x, y and z) refer to the centre-of-mass in each cluster in stereotactic space as defined in the atlas2. Coordinates (x, y and z) refer to the centre-of-mass in each cluster in stereotactic space as defined in the atlas
of Talairach & Tournoux (1988).of Talairach & Tournoux (1988).
3. The size refers to the volume (or area in 2-D) of the cluster in voxels.3. The size refers to the volume (or area in 2-D) of the cluster in voxels.
4. Centroid of 3-D cluster.4. Centroid of 3-D cluster.
5. Subsidiary focus (of 2-D cluster).5. Subsidiary focus (of 2-D cluster).

Table 5Table 5 Regions where greymatter volume differed between subjects who developed psychosis and first-Regions where greymatter volume differed between subjects who developed psychosis and first-

episode patients (episode patients (PP¼0.01)0.01)

AreaArea HemisphereHemisphere Talairach coordinatesTalairach coordinates

of cluster centroid x, y, zof cluster centroid x, y, z11
SizeSize

of clusterof cluster22

At-risk mental state^transitionAt-risk mental state^transition

44 first-episodefirst-episode

Superior temporal gyrusSuperior temporal gyrus LeftLeft

RightRight

7755.1,55.1,7740.5, 13.540.5, 13.533

55.5,55.5,7759.2, 16.059.2, 16.044

178178

66

Inferior temporal gyrusInferior temporal gyrus RightRight

LeftLeft

55.7,55.7,7756.3,56.3,776.06.033

7754.2,54.2,7760.4,60.4,778.08.044

968968

9191

Middle occipital gyrusMiddle occipital gyrus LeftLeft 7752.6,52.6,7762.0,62.0,776.16.133 338338

Middle temporal gyrusMiddle temporal gyrus LeftLeft

RightRight

7754.5,54.5,7735.5, 4.035.5, 4.044

58.5,58.5,7756.3,56.3,771.01.044

99

100100

Fusiform gyrusFusiform gyrus LeftLeft

RightRight

7743.7,43.7,7769.1,69.1,7716.016.044

53.2,53.2,7754.4,54.4,7716.016.044

1414

100100

At-risk mental state^transitionAt-risk mental state^transition

55 first-episodefirst-episode

Lentiform nucleusLentiform nucleus RightRight 14.8, 9.7,14.8, 9.7,7710.410.433 438438

1. Coordinates (x, y and z) refer to the centre-of-mass in each cluster in stereotactic space as defined in the atlas1. Coordinates (x, y and z) refer to the centre-of-mass in each cluster in stereotactic space as defined in the atlas
of Talairach & Tournoux (1988).of Talairach & Tournoux (1988).
2. The size refers to the volume (or area in 2D) of the cluster in voxels.2. The size refers to the volume (or area in 2D) of the cluster in voxels.
3. Centroid of 3-D cluster.3. Centroid of 3-D cluster.
4. Subsidiary focus (of 2-D cluster).4. Subsidiary focus (of 2-D cluster).

https://doi.org/10.1192/bjp.191.51.s69 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.191.51.s69


BORGWARDT ET ALBORGWARDT ET AL

some structural brain changes occur closersome structural brain changes occur closer

to the transition to psychosis than sugges-to the transition to psychosis than sugges-

ted by the traditional neurodevelopmentalted by the traditional neurodevelopmental

hypothesis of schizophrenia (Murray &hypothesis of schizophrenia (Murray &

Lewis, 1987; Weinberger, 1987). However,Lewis, 1987; Weinberger, 1987). However,

the numbers of subjects in these studiesthe numbers of subjects in these studies

have been modest as their recruitmenthave been modest as their recruitment

depends on the provision of specialiseddepends on the provision of specialised

clinical services (Broomeclinical services (Broome et alet al, 2005)., 2005).

In a previous study, we compared theIn a previous study, we compared the

at-risk mental state sample as a whole (in-at-risk mental state sample as a whole (in-

dependent of subsequent clinical outcome)dependent of subsequent clinical outcome)

with the controls and the patients withwith the controls and the patients with

first-episode psychosis (Borgwardtfirst-episode psychosis (Borgwardt et alet al,,

2007). We found significant between-group2007). We found significant between-group

differences in grey matter volume in thedifferences in grey matter volume in the

posterior part of the left superior temporalposterior part of the left superior temporal

gyrus and the adjacent part of the left insu-gyrus and the adjacent part of the left insu-

la, and in a second region involving the pos-la, and in a second region involving the pos-

terior cingulate gyrus and precuneus. Directterior cingulate gyrus and precuneus. Direct

comparison of the at-risk mental statecomparison of the at-risk mental state

group and controls revealed additionalgroup and controls revealed additional

areas of smaller grey matter volume in theareas of smaller grey matter volume in the

left medial temporal cortex. However, theleft medial temporal cortex. However, the

at-risk mental state group was hetero-at-risk mental state group was hetero-

geneous, including both patients who latergeneous, including both patients who later

developed psychosis (–transition) and thosedeveloped psychosis (–transition) and those

who did not. Within the at-risk mental statewho did not. Within the at-risk mental state

group, those subjects who developedgroup, those subjects who developed

psychosis (–transition) had less grey matterpsychosis (–transition) had less grey matter

than subjects who did not in the rightthan subjects who did not in the right

insula, inferior frontal and superior frontalinsula, inferior frontal and superior frontal

gyrus (Borgwardtgyrus (Borgwardt et alet al, 2007)., 2007).

In the present study, we found that theIn the present study, we found that the

at-risk mental state group who subse-at-risk mental state group who subse-

quently became psychotic showed regionalquently became psychotic showed regional

grey matter volume reductions relative togrey matter volume reductions relative to

healthy controls in the posterior cingulatehealthy controls in the posterior cingulate

gyrus, precuneus, and paracentral lobulegyrus, precuneus, and paracentral lobule

bilaterally, and they extended into the leftbilaterally, and they extended into the left

superior parietal lobule. Reductions in thesuperior parietal lobule. Reductions in the

cingulate gyrus are well-established find-cingulate gyrus are well-established find-

ings in patients with schizophrenia, andings in patients with schizophrenia, and

these areas have also been implicated inthese areas have also been implicated in

functional imaging studies, although find-functional imaging studies, although find-

ings have been more frequent in its anteriorings have been more frequent in its anterior

than its posterior part. Abnormalities in thethan its posterior part. Abnormalities in the

precuneus have been less frequently de-precuneus have been less frequently de-

scribed in schizophrenia, but reducedscribed in schizophrenia, but reduced

volume and differential activation havevolume and differential activation have

been reported (Falkaibeen reported (Falkai et alet al, 1988; Antonova, 1988; Antonova

et alet al, 2005). Our findings of normal hippo-, 2005). Our findings of normal hippo-

campal and amygdala volume size incampal and amygdala volume size in

patients with an at-risk mental state at thepatients with an at-risk mental state at the

very early phase of a first-episode psychosisvery early phase of a first-episode psychosis

are consistent with a previous reportare consistent with a previous report

assessing this patient group (Velakoulisassessing this patient group (Velakoulis etet

alal, 2006)., 2006).

We also identified areas where the at-We also identified areas where the at-

risk mental state group who later becamerisk mental state group who later became

psychotic had relatively more grey matterpsychotic had relatively more grey matter

volume than healthy controls. These differ-volume than healthy controls. These differ-

ences were evident in the left parietal/pos-ences were evident in the left parietal/pos-

terior temporal region that included theterior temporal region that included the

left supramarginal and angular gyri and in-left supramarginal and angular gyri and in-

ferior parietal lobule, plus the posteriorferior parietal lobule, plus the posterior

portions of the superior and middle tem-portions of the superior and middle tem-

poral gyri. These differences might be re-poral gyri. These differences might be re-

lated to an active pathological processlated to an active pathological process

that underlies the transition towardsthat underlies the transition towards

psychosis and is associated with greaterpsychosis and is associated with greater

grey matter volume. However, longitudinalgrey matter volume. However, longitudinal

MRI studies of high-risk individuals whoMRI studies of high-risk individuals who

developed psychosis have mainly founddeveloped psychosis have mainly found

reductions, rather than increases in regionalreductions, rather than increases in regional

volumes over time. It is also possible thatvolumes over time. It is also possible that

the volumetric differences of the at-riskthe volumetric differences of the at-risk

mental state participants who did latermental state participants who did later

develop psychosis are long-standing differ-develop psychosis are long-standing differ-

ences that predate the onset of prodromalences that predate the onset of prodromal

symptoms and reflect a differential vulner-symptoms and reflect a differential vulner-

ability to psychosis within the at-riskability to psychosis within the at-risk

mental state group. This issue could bemental state group. This issue could be

addressed by repeated scanning of subjectsaddressed by repeated scanning of subjects

with an at-risk mental state during the at-with an at-risk mental state during the at-

risk period.risk period.

The subgroup of at-risk mental stateThe subgroup of at-risk mental state

subjects who developed psychosis couldsubjects who developed psychosis could

also be regarded as having very early first-also be regarded as having very early first-

episodes. Even if this was so, it is still trueepisodes. Even if this was so, it is still true

that the MRI findings predate what isthat the MRI findings predate what is

conventionally regarded as the onset ofconventionally regarded as the onset of

psychosis. Furthermore, we also foundpsychosis. Furthermore, we also found

differences between the at-risk mentaldifferences between the at-risk mental

state–transition and first-episode groupsstate–transition and first-episode groups

that suggest that there are true differencesthat suggest that there are true differences

between these individuals. Our data arebetween these individuals. Our data are

suggestive that neuroanatomical abnormal-suggestive that neuroanatomical abnormal-

ities emerge during the process of transitionities emerge during the process of transition

from an at-risk mental state to acute psy-from an at-risk mental state to acute psy-

chotic illness and support a recent longitu-chotic illness and support a recent longitu-

dinal imaging study from the PACE clinicdinal imaging study from the PACE clinic

(Pantelis(Pantelis et alet al, 2003)., 2003).

LimitationsLimitations

We used a cross-sectional design, whereas aWe used a cross-sectional design, whereas a

longitudinal design with repeated scanslongitudinal design with repeated scans

would enable intra-individual comparison.would enable intra-individual comparison.

The group sizes were relatively small, how-The group sizes were relatively small, how-

ever not smaller then in other neuroimagingever not smaller then in other neuroimaging

studies of participants with an at-risk men-studies of participants with an at-risk men-

tal state. The differences in grey matter vol-tal state. The differences in grey matter vol-

ume that we observed are very unlikely toume that we observed are very unlikely to

be related to treatment with mood stabili-be related to treatment with mood stabili-

sers or antipsychotic drugs, as the majoritysers or antipsychotic drugs, as the majority

of the at-risk mental state–transition (92%)of the at-risk mental state–transition (92%)

and the first-episode (60%) groups wereand the first-episode (60%) groups were

naive to these medications at the time ofnaive to these medications at the time of

scanning. However, when repeating thescanning. However, when repeating the

analyses including relatively many treatedanalyses including relatively many treated

subjects (at-risk mental state–transitionsubjects (at-risk mental state–transition v.v.

first-episode group; three-group compari-first-episode group; three-group compari-

son) without the subjects on medicationson) without the subjects on medication

the results did not change. It should alsothe results did not change. It should also

be acknowledged that the grey matter ab-be acknowledged that the grey matter ab-

normalities are only seen at group level,normalities are only seen at group level,

so the contribution to individual diagnosisso the contribution to individual diagnosis

or clinical assessment of risk is modest.or clinical assessment of risk is modest.

However, these findings provide evidenceHowever, these findings provide evidence

that active brain changes occur in patientsthat active brain changes occur in patients

developing psychosis and indicate thatdeveloping psychosis and indicate that

these brain changes may be prevented bythese brain changes may be prevented by

early antipsychotic treatment within earlyearly antipsychotic treatment within early

detection clinics.detection clinics.

ConclusionsConclusions

Overall, the results of this and earlierOverall, the results of this and earlier

studies indicate that some brain abnorm-studies indicate that some brain abnorm-

alities are already present before the transi-alities are already present before the transi-

tion to psychosis, whereas others manifesttion to psychosis, whereas others manifest

with the first psychotic episode. The earlywith the first psychotic episode. The early

abnormalities may reflect developmentalabnormalities may reflect developmental

or later maturational processes in adoles-or later maturational processes in adoles-

cence and early adulthood and are asso-cence and early adulthood and are asso-

ciated with an increased vulnerability tociated with an increased vulnerability to

psychosis. Additional volumetric brain ab-psychosis. Additional volumetric brain ab-

normalities within the at-risk mental statenormalities within the at-risk mental state

group are then particularly associated withgroup are then particularly associated with

the subsequent development of psychosis.the subsequent development of psychosis.

These brain areas may be particularly infor-These brain areas may be particularly infor-

mative to a better understanding of themative to a better understanding of the

underlying neurobiology of the progressionunderlying neurobiology of the progression

to psychosis.to psychosis.
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