
BackgroundBackground Greymatter and otherGreymatter and other

structural brain abnormalities arestructuralbrain abnormalities are

consistentlyreported in first-onsetconsistentlyreported in first-onset

schizophrenia, but less is known abouttheschizophrenia, but less is known aboutthe

extentofneuroanatomicalchangesin first-extentofneuroanatomicalchangesin first-

onset affective psychosis.onset affective psychosis.

AimsAims To determinewhichbrainTo determinewhich brain

abnormalities are specific to (a)abnormalities are specific to (a)

schizophrenia and (b) affective psychosis.schizophrenia and (b) affective psychosis.

MethodMethod Weobtained dual-echoWe obtained dual-echo

(proton density/T2-weighted) magnetic(proton density/T2-weighted) magnetic

resonance images and carried out voxel-resonance images and carried out voxel-

based analysis onthe images of 73 patientsbased analysis onthe images of 73 patients

with first-episode psychosiswith first-episode psychosis

(schizophrenia(schizophrenia nn¼44, affective psychosis44, affective psychosis

nn¼29) and 58 healthycontrols.29) and 58 healthycontrols.

ResultsResults BothpatientswithBoth patientswith

schizophrenia andpatientswith affectiveschizophrenia andpatientswith affective

psychosis had enlarged lateral and thirdpsychosis had enlarged lateral and third

ventricle volumes.Regional corticalgreyventricle volumes.Regional corticalgrey

matter reductions (including bilateralmatter reductions (includingbilateral

anterior cingulate gyrus, left insula and leftanteriorcingulate gyrus, left insula and left

fusiformgyrus) were evident in affectivefusiformgyrus) were evident in affective

psychosis but not in schizophrenia,psychosis butnot in schizophrenia,

althoughpatientswith schizophreniaalthough patientswith schizophrenia

displayed decreasedhippocampalgreydisplayed decreasedhippocampalgrey

matter and increased striatalgreymattermatter and increased striatalgreymatter

at amore liberal statistical threshold.at amore liberal statistical threshold.

ConclusionsConclusions Both schizophrenia andBoth schizophrenia and

affective psychosis are associatedwithaffective psychosis are associatedwith

volumetric abnormalities atthe onsetofvolumetric abnormalities atthe onsetof

frankpsychosis, with some ofthesefrankpsychosis, with some ofthese

evident in commonbrain areas.evident in commonbrain areas.
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Neuroimaging studies of first-episodeNeuroimaging studies of first-episode

schizophrenia have shown neuroanatomi-schizophrenia have shown neuroanatomi-

cal abnormalities, including ventricularcal abnormalities, including ventricular

enlargement (Cahnenlargement (Cahn et al,et al, 2002) and subtle2002) and subtle

grey matter deficits in the whole braingrey matter deficits in the whole brain

(Fannon(Fannon et alet al, 2000, 2000aa), frontal and temporal), frontal and temporal

lobes (Joblobes (Job et alet al, 2002). Furthermore, some, 2002). Furthermore, some

abnormalities such as basal ganglia enlarge-abnormalities such as basal ganglia enlarge-

ment seem to appear early in the illness butment seem to appear early in the illness but

only following antipsychotic exposureonly following antipsychotic exposure

(Lawrie & Abukmeil, 1998). While ab-(Lawrie & Abukmeil, 1998). While ab-

normalities in the cingulate gyrus (Sassinormalities in the cingulate gyrus (Sassi etet

alal, 2004) and temporal lobe (Kasai, 2004) and temporal lobe (Kasai et alet al,,

2003a) have been observed in first-onset af-2003a) have been observed in first-onset af-

fective psychosis, it is not clear whetherfective psychosis, it is not clear whether

they are as frequent and severe as in schizo-they are as frequent and severe as in schizo-

phrenia. Using high-resolution magnetic re-phrenia. Using high-resolution magnetic re-

sonance imaging (MRI) and voxel-basedsonance imaging (MRI) and voxel-based

morphometry methods of image analysis,morphometry methods of image analysis,

we set out to examine the brain structurewe set out to examine the brain structure

of patients participating in an epidemiologi-of patients participating in an epidemiologi-

cal study of first-episode psychosis. We pre-cal study of first-episode psychosis. We pre-

dicted that compared to healthy controls,dicted that compared to healthy controls,

patients with schizophrenia and affectivepatients with schizophrenia and affective

psychosis would have frontal and temporalpsychosis would have frontal and temporal

lobe grey matter deficits and increased ven-lobe grey matter deficits and increased ven-

tricular and striatal volumes, and that thosetricular and striatal volumes, and that those

abnormalities would be more severe inabnormalities would be more severe in

schizophrenia.schizophrenia.

METHODMETHOD

SampleSample

PatientsPatients

Participants were inner city South LondonParticipants were inner city South London

residents enrolled in an epidemiologicalresidents enrolled in an epidemiological

study of first-onset psychosis (ÆSOP:study of first-onset psychosis (ÆSOP:

Aetiology and Ethnicity in SchizophreniaAetiology and Ethnicity in Schizophrenia

and Other Psychoses). Details of theand Other Psychoses). Details of the

ÆSOP study and the overall methodologyÆSOP study and the overall methodology

can be found in Morgancan be found in Morgan et alet al, (2006)., (2006).

Inclusion criteria for the MRI study wereInclusion criteria for the MRI study were

(a) age 16–65 years; (b) resident in defined(a) age 16–65 years; (b) resident in defined

area (population 265 950); (c) presentingarea (population 265 950); (c) presenting

consecutively for the first time to localconsecutively for the first time to local

psychiatric services (in-patient and out-psychiatric services (in-patient and out-

patient) between 1997 and 2000 withpatient) between 1997 and 2000 with

symptomssymptoms meeting functional psychosismeeting functional psychosis

criteria (ICD–10: F20 Schizophrenia andcriteria (ICD–10: F20 Schizophrenia and

F30–39 Affective disorders – psychoticF30–39 Affective disorders – psychotic

codings; World Health Organization,codings; World Health Organization,

1992). Exclusion criteria were (a) head1992). Exclusion criteria were (a) head

trauma history withtrauma history with 441-hour unconscious-1-hour unconscious-

ness; (b) central nervous system disease; (c)ness; (b) central nervous system disease; (c)

poor English fluency; (d) transient psy-poor English fluency; (d) transient psy-

chotic symptoms resulting from acutechotic symptoms resulting from acute

intoxication (ICD–10) following consump-intoxication (ICD–10) following consump-

tion of psychoactive substance.tion of psychoactive substance.

Only patients meeting criteria for a nar-Only patients meeting criteria for a nar-

row definition of schizophrenia (ICD–10row definition of schizophrenia (ICD–10

F20) were included in the ‘schizophrenia’F20) were included in the ‘schizophrenia’

group. Patients diagnosed with bipolar dis-group. Patients diagnosed with bipolar dis-

order or depressive psychosis were allo-order or depressive psychosis were allo-

cated to the ‘affective psychosis’ groupcated to the ‘affective psychosis’ group

(ICD–10 F30–39). To ensure the diagnostic(ICD–10 F30–39). To ensure the diagnostic

homogeneity of the two groups, patientshomogeneity of the two groups, patients

with schizoaffective disorder were excludedwith schizoaffective disorder were excluded

from either group.from either group.

There were 153 patients diagnosed withThere were 153 patients diagnosed with

either schizophrenia or affective psychosiseither schizophrenia or affective psychosis

enrolled in the ÆSOP study; 97 of those pa-enrolled in the ÆSOP study; 97 of those pa-

tients consented to MRI scanning; 9 oftients consented to MRI scanning; 9 of

these did not complete the full scanningthese did not complete the full scanning

procedure and therefore were not includedprocedure and therefore were not included

in the analysis. Fifteen further scans werein the analysis. Fifteen further scans were

excluded due to (a) subject motionexcluded due to (a) subject motion nn¼13;13;

(b) congenital hydrocephalus(b) congenital hydrocephalus nn¼1; (c) sub-1; (c) sub-

arachnoid cystarachnoid cyst nn¼1. Therefore, 73 patients1. Therefore, 73 patients

were included in the analysis, 44 of whomwere included in the analysis, 44 of whom

were diagnosed with schizophrenia, 12were diagnosed with schizophrenia, 12

with psychotic depression and 17 with bi-with psychotic depression and 17 with bi-

polar disorder. These 73 patients werepolar disorder. These 73 patients were

younger (mean age 27.1 years (s.d.younger (mean age 27.1 years (s.d.¼7.6)7.6)

v.v. 30.1 years (s.d.30.1 years (s.d.¼9.1),9.1), tt¼2.8,2.8, PP¼0.007)0.007)

and comprised proportionately more Whiteand comprised proportionately more White

British patients (27 (37%)British patients (27 (37%) v.v. 12 (16%),12 (16%),

ww22¼8.4,8.4, PP¼0.004) than the 80 patients not0.004) than the 80 patients not

included in the MRI analysis. There wereincluded in the MRI analysis. There were

no significant differences between the pa-no significant differences between the pa-

tients included and those not included intients included and those not included in

the analysis in terms of the proportion ofthe analysis in terms of the proportion of

male patients (male patients (ww22¼1.2,1.2, PP¼0.27) and the0.27) and the

number of patients with schizophrenianumber of patients with schizophrenia

((ww22¼2.3,2.3, PP¼0.13).0.13).

ControlsControls

There were 58 controls recruited from theThere were 58 controls recruited from the

same community as the patients. Exclusionsame community as the patients. Exclusion

criteria were the same as those as for thecriteria were the same as those as for the

patients. Evidence of past or present psy-patients. Evidence of past or present psy-

chosis, screened with the Psychosis Screen-chosis, screened with the Psychosis Screen-

ing Questionnaire (Bebbington & Nayani,ing Questionnaire (Bebbington & Nayani,

1995), was an additional exclusion criter-1995), was an additional exclusion criter-

ion. We excluded 8 MRI scans (subjection. We excluded 8 MRI scans (subject

motionmotion nn¼7; suspected hydrocephalus7; suspected hydrocephalus

nn¼1). For the MRI analysis, controls were1). For the MRI analysis, controls were

separately compared to the patients withseparately compared to the patients with

(a) schizophrenia and (b) affective psychosis.(a) schizophrenia and (b) affective psychosis.
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The controls were paired with the patientsThe controls were paired with the patients

in the schizophrenia and affective psychosisin the schizophrenia and affective psychosis

groups on the basis of age (groups on the basis of age (++5 years) and5 years) and

gender. Thus, 44 paired controls were in-gender. Thus, 44 paired controls were in-

cluded in the analysis of the schizophreniacluded in the analysis of the schizophrenia

patients and 29 paired controls in the ana-patients and 29 paired controls in the ana-

lysis of the patients with affective psycho-lysis of the patients with affective psycho-

sis. In addition to the patient versussis. In addition to the patient versus

control subject analyses, an analysis directlycontrol subject analyses, an analysis directly

comparing patients with schizophreniacomparing patients with schizophrenia

with those with affective psychosis waswith those with affective psychosis was

conducted.conducted.

Ethical approval was granted by theEthical approval was granted by the

South London and Maudsley Trust Re-South London and Maudsley Trust Re-

search Ethical Committee. All participantssearch Ethical Committee. All participants

gave written, informed consent.gave written, informed consent.

Clinical assessmentsClinical assessments

Patients were interviewed using the WHOPatients were interviewed using the WHO

Schedules for Clinical Assessment inSchedules for Clinical Assessment in

Neuropsychiatry (WHO–SCAN) (WorldNeuropsychiatry (WHO–SCAN) (World

Health Organization, 1994). ICD–10 diag-Health Organization, 1994). ICD–10 diag-

noses were made in consensus meetingsnoses were made in consensus meetings

with senior clinicians (R.M. or J.L.), usingwith senior clinicians (R.M. or J.L.), using

WHO–SCAN information and clinicalWHO–SCAN information and clinical

notes. Using the WHO–SCAN data wenotes. Using the WHO–SCAN data we

encoded (in weeks): duration of illness asencoded (in weeks): duration of illness as

the onset date of psychotic symptoms tothe onset date of psychotic symptoms to

MRI date; and lifetime duration of anti-MRI date; and lifetime duration of anti-

psychotic exposure (to MRI date).psychotic exposure (to MRI date). TotalTotal

symptomology was scored by summingsymptomology was scored by summing

the individual item scores on the WHO–the individual item scores on the WHO–

SCAN using the algorithm of Wing & SturtSCAN using the algorithm of Wing & Sturt

(1978).(1978).

Structural magnetic resonanceStructural magnetic resonance
image acquisitionimage acquisition

Scans were acquired with a GE Signa 1.5–TScans were acquired with a GE Signa 1.5–T

system, at the Maudsley Hospital, London.system, at the Maudsley Hospital, London.

Contiguous, interleaved proton-density-Contiguous, interleaved proton-density-

and T2-weighted 3mm thick coronal planeand T2-weighted 3mm thick coronal plane

dual-echo images were acquired, providingdual-echo images were acquired, providing

whole brain coverage. A repetition time ofwhole brain coverage. A repetition time of

4000 ms and effective echo times of 20 ms4000 ms and effective echo times of 20 ms

and 85 ms were used with 8-echo trainand 85 ms were used with 8-echo train

length. Matrix size was 256length. Matrix size was 25666192, col-192, col-

lected from a rectangular field-of-view oflected from a rectangular field-of-view of

22 cm22 cm6616.5 cm, giving an in-plane resolu-16.5 cm, giving an in-plane resolu-

tion of 0.859 mm. Total acquisition timetion of 0.859 mm. Total acquisition time

was 10 min, 12 s.was 10 min, 12 s.

Structural magnetic resonanceStructural magnetic resonance
image processingimage processing

The methods used for segmentation andThe methods used for segmentation and

registration of each fast spin echo data-setregistration of each fast spin echo data-set

are described in detail elsewhere (Sucklingare described in detail elsewhere (Suckling

et alet al, 1996; Bullmore, 1996; Bullmore et alet al, 1999). Briefly,, 1999). Briefly,

subject masks were generated to identifysubject masks were generated to identify

neural tissue. Extracerebral tissues were re-neural tissue. Extracerebral tissues were re-

moved first, using an automated algorithm.moved first, using an automated algorithm.

Manually editing the skull-stripped imagesManually editing the skull-stripped images

was necessary only to remove brainstemwas necessary only to remove brainstem

and cerebellum from the cerebral hemi-and cerebellum from the cerebral hemi-

spheres and diencephalon. The probabilityspheres and diencephalon. The probability

of each intracerebral voxel belonging toof each intracerebral voxel belonging to

each of four possible tissue classes (greyeach of four possible tissue classes (grey

matter, white matter, cerebrospinal fluid,matter, white matter, cerebrospinal fluid,

or dura/vasculature) was estimated with aor dura/vasculature) was estimated with a

modified fuzzy clustering algorithmmodified fuzzy clustering algorithm

(Suckling(Suckling et alet al, 1996). This type of segmen-, 1996). This type of segmen-

tation assigns for each voxel a value in thetation assigns for each voxel a value in the

range 0–1 indicating the fraction of therange 0–1 indicating the fraction of the

voxel comprised by each tissue type (e.g. avoxel comprised by each tissue type (e.g. a

grey matter value of 0.7 means 70% ofgrey matter value of 0.7 means 70% of

tissue represented by that voxel is greytissue represented by that voxel is grey

matter; therefore the value indicates thematter; therefore the value indicates the

proportion of the voxel occupied by greyproportion of the voxel occupied by grey

matter). Total grey tissue volume wasmatter). Total grey tissue volume was

calculated at this stage of the analysis.calculated at this stage of the analysis.

The construction of the sample’s tem-The construction of the sample’s tem-

plate image is described elsewhere (Dazzanplate image is described elsewhere (Dazzan

et alet al, 2004). In summary, a template image, 2004). In summary, a template image

was constructed using the AFNI (Analysiswas constructed using the AFNI (Analysis

of Functional Neuroimages) programmeof Functional Neuroimages) programme

from 6 proton-density images acquiredfrom 6 proton-density images acquired

from 6 healthy controls and then averagingfrom 6 healthy controls and then averaging

these images. Tissue distribution maps werethese images. Tissue distribution maps were

registered onto the template by first regis-registered onto the template by first regis-

tering each subject’s proton density imagetering each subject’s proton density image

using a 9-parameter affine registration,using a 9-parameter affine registration,

minimising between image grey-level differ-minimising between image grey-level differ-

ence. This registration aligns all the imagesence. This registration aligns all the images

together, and scales them to the same grosstogether, and scales them to the same gross

dimensions. The derived mapping was thendimensions. The derived mapping was then

applied to the corresponding tissue maps.applied to the corresponding tissue maps.

Ventricular volumeVentricular volume

Additional masks were generated per subjectAdditional masks were generated per subject

by tracing around the lateral and third ven-by tracing around the lateral and third ven-

tricles in native space, in every slice in whichtricles in native space, in every slice in which

they were visible. Ventricles were traced bythey were visible. Ventricles were traced by

one rater (S.-J.P.), masked to age, gender,one rater (S.-J.P.), masked to age, gender,

ethnicity and patient/control status. Withinethnicity and patient/control status. Within

the masked area, cerebrospinal fluid volumethe masked area, cerebrospinal fluid volume

was calculated using the data generated fromwas calculated using the data generated from

the previously described modified fuzzythe previously described modified fuzzy

clustering algorithm.clustering algorithm.

Statistical analysisStatistical analysis

Between-group regional differences in greyBetween-group regional differences in grey

matter volume were estimated by fittingmatter volume were estimated by fitting

an analysis of covariance (ANCOVA)an analysis of covariance (ANCOVA)

model at each intracerebral voxel inmodel at each intracerebral voxel in

standard space covarying for age and totalstandard space covarying for age and total

grey matter volume. Permutation testinggrey matter volume. Permutation testing

was used to assess statistical significance,was used to assess statistical significance,

and regional relationships were tested atand regional relationships were tested at

voxel cluster level (Bullmorevoxel cluster level (Bullmore et alet al, 1999,, 1999,

SigmundssonSigmundsson et alet al, 2001). Given that struc-, 2001). Given that struc-

tural brain changes are likely to extend overtural brain changes are likely to extend over

a number of contiguous voxels, test statis-a number of contiguous voxels, test statis-

tics incorporating spatial information, suchtics incorporating spatial information, such

as 3-D cluster mass (the sum of supra-as 3-D cluster mass (the sum of supra-

threshold voxel statistics), are generallythreshold voxel statistics), are generally

more powerful than other possible testmore powerful than other possible test

statistics informed only by single voxelstatistics informed only by single voxel

data. We set the statistical threshold fordata. We set the statistical threshold for

cluster significance in all analyses so thatcluster significance in all analyses so that

the expected number of false-positivethe expected number of false-positive

clusters (clusters (PP-value times number of tests)-value times number of tests)

waswas 551 false-positive. We examined the as-1 false-positive. We examined the as-

sociation between grey matter cluster sizesociation between grey matter cluster size

and measures for duration of illness, dura-and measures for duration of illness, dura-

tion of antipsychotic exposure and totaltion of antipsychotic exposure and total

symptoms using Pearson correlation coeffi-symptoms using Pearson correlation coeffi-

cients. Student’scients. Student’s tt-test calculations were-test calculations were

used to analyse between-group differencesused to analyse between-group differences

in ventricle to brain volume ratio and totalin ventricle to brain volume ratio and total

grey matter and cerebrospinal fluid volume.grey matter and cerebrospinal fluid volume.

RESULTSRESULTS

Forty-four patients received an ICD–10Forty-four patients received an ICD–10

schizophrenia diagnosis and 29 patients aschizophrenia diagnosis and 29 patients a

diagnosis of bipolar disorder (diagnosis of bipolar disorder (nn¼17) or17) or

psychotic depression (psychotic depression (nn¼12).12). TT-tests and-tests and

ww22 analyses showed there were no signifi-analyses showed there were no signifi-

cant differences between the schizophreniacant differences between the schizophrenia

and affective psychosis groups in terms ofand affective psychosis groups in terms of

duration of illness, duration of anti-duration of illness, duration of anti-

psychotic exposure, total symptom scorespsychotic exposure, total symptom scores

(Table 1) and number of compulsory ad-(Table 1) and number of compulsory ad-

missions. The percentage of patients whomissions. The percentage of patients who

were prescribed atypical antipsychoticswere prescribed atypical antipsychotics

was higher among patients with schizo-was higher among patients with schizo-

phrenia than in those with affective psycho-phrenia than in those with affective psycho-

sis (22 (50%)sis (22 (50%) v.v. 2 (7%),2 (7%), ww22¼16.7,16.7,

PP550.001). More patients with affective0.001). More patients with affective

psychosis were prescribed typical anti-psychosis were prescribed typical anti-

psychotics (psychotics (nn¼14, 48%) than patients with14, 48%) than patients with

schizophrenia (schizophrenia (nn¼13, 30%). This differ-13, 30%). This differ-

ence did not reach statistical significance.ence did not reach statistical significance.

SchizophreniaSchizophrenia v.v. controlscontrols

Patients with schizophrenia had, on average,Patients with schizophrenia had, on average,

2 fewer years of education (mean 12.4 years2 fewer years of education (mean 12.4 years

(s.d. 2.0)(s.d. 2.0) v.v. 14.1 years (s.d. 2.6),14.1 years (s.d. 2.6), tt¼3.5,3.5,

d.f.d.f.¼86,86, PP¼0.001) and scored significantly0.001) and scored significantly

lower on the National Adult Reading Testlower on the National Adult Reading Test

(NART), an estimated measure of premorbid(NART), an estimated measure of premorbid

IQ (Nelson & Willison, 1991) than theIQ (Nelson & Willison, 1991) than the

control group (93.3 (s.d. 16.0)control group (93.3 (s.d. 16.0) v.v. 106.5106.5

(s.d. 11.9),(s.d. 11.9), tt¼4.1, d.f.4.1, d.f.¼75,75, PP550.001).0.001).

Analyses usingAnalyses using tt-tests and-tests and ww22 showed thereshowed there

were no significant differences betweenwere no significant differences between

the schizophrenia patients and controls inthe schizophrenia patients and controls in

terms of age, gender, handedness, parentalterms of age, gender, handedness, parental

socio-economic status and ethnicity (Table 2).socio-economic status and ethnicity (Table 2).
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Total tissue and ventricular volumesTotal tissue and ventricular volumes

There were no between-group differences inThere were no between-group differences in

total grey matter or cerebrospinal fluidtotal grey matter or cerebrospinal fluid

volume. However, patients with schizo-volume. However, patients with schizo-

phrenia had significantly larger lateralphrenia had significantly larger lateral

ventricle to brain ratio (+17.7% volume:ventricle to brain ratio (+17.7% volume:

tt¼2.33, d.f.2.33, d.f.¼86,86, PP550.03) and larger third0.03) and larger third

ventricle to brain ratio (+63.2% volume:ventricle to brain ratio (+63.2% volume:

tt¼3.08, d.f.3.08, d.f.¼86,86, PP550.01) than healthy0.01) than healthy

controls (Table 3).controls (Table 3).

Regional proportional grey tissue volumeRegional proportional grey tissue volume
differencesdifferences

There were no regional differences in greyThere were no regional differences in grey

matter volume between patients and con-matter volume between patients and con-

trols (Table 4).trols (Table 4).

However, a secondary analysis of theHowever, a secondary analysis of the

grey matter map using a lowered statisticalgrey matter map using a lowered statistical

threshold for cluster significance (threshold for cluster significance (PP-value set-value set

at 0.01), detected 3 excess grey matter areasat 0.01), detected 3 excess grey matter areas

and 1 grey matter deficit area in the patients.and 1 grey matter deficit area in the patients.

The excess clusters were located in the leftThe excess clusters were located in the left

and right lenticular nucleus andand right lenticular nucleus and the right pre-the right pre-

central gyrus. The deficit cluster was locatedcentral gyrus. The deficit cluster was located

at the right parahippocampal gyrus.at the right parahippocampal gyrus.

Symptomology, duration of illnessSymptomology, duration of illness
and duration of antipsychotic exposureand duration of antipsychotic exposure

These clinical factors were not associatedThese clinical factors were not associated

with lateral or third ventricle volumewith lateral or third ventricle volume

(Table 4).(Table 4).

Affective psychosisAffective psychosis v.v. controlscontrols

Analyses usingAnalyses using tt-tests and-tests and ww22 showed thereshowed there

were no significant differences betweenwere no significant differences between

the patients with affective psychosis andthe patients with affective psychosis and

controls in terms of age, gender, years ofcontrols in terms of age, gender, years of

education, NART, handedness, parentaleducation, NART, handedness, parental

socio-economic status and ethnicity (Table 2).socio-economic status and ethnicity (Table 2).

Total tissue and ventricular volumesTotal tissue and ventricular volumes

There were no between-group differences inThere were no between-group differences in

total grey matter or CSF volume. Patientstotal grey matter or CSF volume. Patients

with affective psychosis had larger thirdwith affective psychosis had larger third

ventricle to brain ratio than controlsventricle to brain ratio than controls

(+70% volume:(+70% volume: tt¼2.72, d.f.2.72, d.f.¼56,56, PP550.01),0.01),

but there was no significant between-groupbut there was no significant between-group

difference in lateral ventricle volumedifference in lateral ventricle volume

(Table 3).(Table 3).

Regional proportional tissue volumeRegional proportional tissue volume
differencesdifferences

Four regional clusters of grey matter deficitFour regional clusters of grey matter deficit

were identified in patients with affectivewere identified in patients with affective

psychosis compared to the controls. Thesepsychosis compared to the controls. These

were located: (a) bilaterally within the ante-were located: (a) bilaterally within the ante-

rior cingulate gyrus (centred Brodmann’srior cingulate gyrus (centred Brodmann’s

Area (BA) 24), and extending anteriorly toArea (BA) 24), and extending anteriorly to

BA31 and posteriorly to BA23; (b) withinBA31 and posteriorly to BA23; (b) within

the left insula; (c) at the right postcentralthe left insula; (c) at the right postcentral

gyrus (BA1 and BA2); (d) at the left fusi-gyrus (BA1 and BA2); (d) at the left fusi-

form gyrus (BA37) and extending laterallyform gyrus (BA37) and extending laterally

into the lingual gyrus. The patients had ainto the lingual gyrus. The patients had a

single grey matter excess cluster located insingle grey matter excess cluster located in

the left lenticular nucleus (Table 4; seethe left lenticular nucleus (Table 4; see

Fig. DS1 in data supplement of onlineFig. DS1 in data supplement of online

version of this paper).version of this paper).

Symptomology, duration of illnessSymptomology, duration of illness
and duration of antipsychotic exposureand duration of antipsychotic exposure

Longer duration of antipsychotic exposureLonger duration of antipsychotic exposure

correlated with increased third ventriclecorrelated with increased third ventricle

volume (volume (rr¼0.49,0.49, PP¼0.007) and increased lat-0.007) and increased lat-

eral ventricle volume (eral ventricle volume (rr¼0.54,0.54, PP¼0.003). In-0.003). In-

creased third ventricle volume correlatedcreased third ventricle volume correlated

with higher total symptom scores (with higher total symptom scores (rr¼0.41,0.41,

PP¼0.03). The amount of grey matter in the0.03). The amount of grey matter in the

regional deficit and excess tissue clustersregional deficit and excess tissue clusters

identified did not correlate with symptomol-identified did not correlate with symptomol-

ogy scores, duration of illness or duration ofogy scores, duration of illness or duration of

antipsychotic exposure (Table 4).antipsychotic exposure (Table 4).

SchizophreniaSchizophrenia v.v. affective psychosisaffective psychosis

The proportion of males in the schizo-The proportion of males in the schizo-

phrenia group was significantly higherphrenia group was significantly higher

((nn¼31 (70.4%)31 (70.4%) v.v. nn¼11 (38.0%)11 (38.0%) ww22¼7.60,7.60,

d.f.d.f.¼1,1, PP¼0.006). Patients with schizo-0.006). Patients with schizo-

phrenia had on average 1.1 less years ofphrenia had on average 1.1 less years of

education (mean 12.4 years (s.d. 2.0)education (mean 12.4 years (s.d. 2.0) v.v.

13.5 years (s.d.13.5 years (s.d.¼2.5),2.5), tt¼1.96, d.f.1.96, d.f.¼71,71,

PP¼0.056) and scored significantly lower0.056) and scored significantly lower

on NART (93.3 (s.d.on NART (93.3 (s.d.¼16.0),16.0), v.v. 102.8102.8

(s.d.(s.d.¼14.0),14.0), tt¼2.5, d.f.2.5, d.f.¼63,63, PP¼0.016).0.016).

Patients with schizophrenia were on aver-Patients with schizophrenia were on aver-

age 3.2 years younger than patients withage 3.2 years younger than patients with

affective psychosis (25.8 years (s.d.affective psychosis (25.8 years (s.d.¼ 7.1)7.1)

v.v. 29.0 years (s.d.29.0 years (s.d.¼7.9)). This difference7.9)). This difference

in age bordered on statistical significancein age bordered on statistical significance

((tt¼1.78, d.f.1.78, d.f.¼71,71, PP¼0.079). Analyses using0.079). Analyses using

tt-tests and-tests and ww22 showed there were no signifi-showed there were no signifi-

cant differences between the two patientcant differences between the two patient

groups in terms of handedness, parental so-groups in terms of handedness, parental so-

cio-economic status and ethnicity (Table 2).cio-economic status and ethnicity (Table 2).

Total tissue and ventricular volumesTotal tissue and ventricular volumes

An ANCOVA (controlling for age andAn ANCOVA (controlling for age and

gender) was used compare total tissue andgender) was used compare total tissue and

s113s113

Table1Table1 Clinical characteristics of the patient sampleClinical characteristics of the patient sample

SchizophreniaSchizophrenia

((nn¼44)44)

mean (s.d.)mean (s.d.)

Affective psychosisAffective psychosis

((nn¼29)29)

mean (s.d.)mean (s.d.)

AnalysisAnalysis

tt (d.f.(d.f.¼71)71)

Duration of illness in weeksDuration of illness in weeks 67.1 (124.9)67.1 (124.9) 48.7 (109.9)48.7 (109.9) 0.520.5211

Total symptom ratingTotal symptom rating 30.1 (20.5)30.1 (20.5) 32.5 (13.3)32.5 (13.3) 0.430.43

Affective symptomsAffective symptoms 6.8 (8.6)6.8 (8.6) 12.7 (8.4)12.7 (8.4) 2.752.75

Duration of antipsychotic treatment in weeksDuration of antipsychotic treatment in weeks 8.5 (8.2)8.5 (8.2) 6.5 (9.4)6.5 (9.4) 0.980.98

1. Analysis based on logarithmic transformation of duration of illness data.1. Analysis based on logarithmic transformation of duration of illness data.

Table 2Table 2 Characteristics of sample: patients and controlsCharacteristics of sample: patients and controls

SchizophreniaSchizophrenia

((nn¼44)44)

MatchedMatched

controlscontrols

((nn¼44)44)

AnalysisAnalysis AffectiveAffective

psychosispsychosis

((nn¼29)29)

MatchedMatched

controlscontrols

((nn¼29)29)

AnalysisAnalysis Analysis:Analysis:

schizophreniaschizophrenia v.v.

affective psychosisaffective psychosis

nn nn ww22 nn nn ww22 ww22

Gender, male/femaleGender, male/female 31/1331/13 31/1331/13 0 1.00 1.0 11/1811/18 11/1811/18 0 1.00 1.0 7.61 .0067.61 .006

Parental socioeconomic status: managerial/Parental socioeconomic status: managerial/

intermediate/workingintermediate/working

14/12/1814/12/18 13/18/1313/18/13 2.0 0.382.0 0.38 11/5/1311/5/13 9/13/79/13/7 5.6 0.065.6 0.06 1.0 0.601.0 0.60

Ethnicity:White British/OtherEthnicity:White British/Other 16/2816/28 18/2618/26 0.66 0.830.66 0.83 10/1910/19 13/1613/16 0.65 0.420.65 0.42 0.03 0.870.03 0.87

HandednessHandedness11 Right /LeftRight /Left 6/386/38 4/384/38 0.45 0.500.45 0.50 1/281/28 4/284/28 2.1 .152.1 .15 2.3 0.322.3 0.32

1. Handedness data not available for 2 patients with schizophrenia and 2 controls.1. Handedness data not available for 2 patients with schizophrenia and 2 controls.
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ventricular volumes. There were noventricular volumes. There were no

between-group differences in total greybetween-group differences in total grey

matter, cerebrospinal fluid volume ormatter, cerebrospinal fluid volume or

ventricular volumes.ventricular volumes.

Regional proportional grey tissue volumeRegional proportional grey tissue volume
differencesdifferences

In addition to age and total grey matterIn addition to age and total grey matter

volume, gender was added as a covariatevolume, gender was added as a covariate

in the analysis of regional grey matter dif-in the analysis of regional grey matter dif-

ferences. One regional cluster of grey mat-ferences. One regional cluster of grey mat-

ter deficit was identified in the affectiveter deficit was identified in the affective

psychosis group. This was located bilater-psychosis group. This was located bilater-

ally within the anterior cingulateally within the anterior cingulate gyrus,gyrus,

centred on Brodmann’s Area (BA) 24, and ex-centred on Brodmann’s Area (BA) 24, and ex-

tending anteriorly to BA31 and BA32 andtending anteriorly to BA31 and BA32 and

posteriorly to BA23 (Table 4). As there wereposteriorly to BA23 (Table 4). As there were

significant differences in the type of anti-significant differences in the type of anti-

psychotic taken, an additional analysis add-psychotic taken, an additional analysis add-

ing type of antipsychotic as a covariateing type of antipsychotic as a covariate

(typicals, atypicals or none) was performed.(typicals, atypicals or none) was performed.

When type of antipsychotic was added as aWhen type of antipsychotic was added as a

covariate, there were no differences betweencovariate, there were no differences between

groups in regional grey matter.groups in regional grey matter.

DISCUSSIONDISCUSSION

In contrast with other first-onset MRIIn contrast with other first-onset MRI

investigations, we found relatively fewinvestigations, we found relatively few

structural abnormalities in schizophreniastructural abnormalities in schizophrenia

but identified several regional grey matterbut identified several regional grey matter

deficits in the affective psychoses. Further-deficits in the affective psychoses. Further-

more, in patients with affective disorders,more, in patients with affective disorders,

but not with schizophrenia, we foundbut not with schizophrenia, we found

increased ventricular volumes to beincreased ventricular volumes to be

associated with higher total symptom ratingsassociated with higher total symptom ratings

and longer lifetime use of antipsychotics.and longer lifetime use of antipsychotics.

SchizophreniaSchizophrenia

Our finding of increased ventricular volumeOur finding of increased ventricular volume

is consistent with other first-episode schizo-is consistent with other first-episode schizo-

phrenia studies (Fannonphrenia studies (Fannon et alet al, 2000, 2000bb; Cahn; Cahn

et alet al, 2002). Evidence of ventricular en-, 2002). Evidence of ventricular en-

largement in patients with first-episodeslargement in patients with first-episodes

either never treated or minimally treatedeither never treated or minimally treated

with antipsychotics (Fannonwith antipsychotics (Fannon et alet al, 2000, 2000bb))

suggests that this abnormality either predatessuggests that this abnormality either predates

or closely follows psychosis onset and it isor closely follows psychosis onset and it is

perhaps of note that in our sample, ventri-perhaps of note that in our sample, ventri-

cular abnormalities in schizophrenia werecular abnormalities in schizophrenia were

not associated with symptomology, dura-not associated with symptomology, dura-

tion of illness or duration of antipsychotiction of illness or duration of antipsychotic

exposure. Contrary to our prediction thatexposure. Contrary to our prediction that

patients with schizophrenia would showpatients with schizophrenia would show

frontal and temporal grey matter reduc-frontal and temporal grey matter reduc-

tions and increased striatal grey matter,tions and increased striatal grey matter,

no grey matter abnormalities were found.no grey matter abnormalities were found.

To explore the possibility that this couldTo explore the possibility that this could

have been due to a lack of statistical power,have been due to a lack of statistical power,

we re-ran the grey matter comparison usingwe re-ran the grey matter comparison using

a lower statistical threshold. This analysisa lower statistical threshold. This analysis

identified grey matter differences in twoidentified grey matter differences in two

of the predicted locations: lenticular nucleiof the predicted locations: lenticular nuclei

increases (left and right) and reductions inincreases (left and right) and reductions in

the right parahippocampal gyrus (part ofthe right parahippocampal gyrus (part of

the temporal lobe). Although in thisthe temporal lobe). Although in this

post-hoc analysis the possibility of false-post-hoc analysis the possibility of false-

positive type 1 errors is increased, the find-positive type 1 errors is increased, the find-

ings may nevertheless indicate the presenceings may nevertheless indicate the presence

of a pattern of structural abnormalitiesof a pattern of structural abnormalities

similar but less pronounced than that re-similar but less pronounced than that re-

ported elsewhere (Lawrie & Abukmeil,ported elsewhere (Lawrie & Abukmeil,

1998; Fannon1998; Fannon et alet al, 2000, 2000aa; Job; Job et alet al, 2002)., 2002).

Affective psychosisAffective psychosis

We found enlargement of third ventricle inWe found enlargement of third ventricle in

the affective psychoses, but in contrast tothe affective psychoses, but in contrast to

the schizophrenia group, this was correlatedthe schizophrenia group, this was correlated

with higher total symptom scores and longerwith higher total symptom scores and longer

duration of antipsychotic exposure. The lat-duration of antipsychotic exposure. The lat-

ter may indicate that this brain abnormalityter may indicate that this brain abnormality

is less likely to reflect neurodevelopmentalis less likely to reflect neurodevelopmental

pathology than in schizophreniapathology than in schizophrenia

The grey matter deficits we found are inThe grey matter deficits we found are in

line with other studies of affective disor-line with other studies of affective disor-

ders. Anterior cingulate gyrus deficits haveders. Anterior cingulate gyrus deficits have

been found in bipolar disorder (Sassibeen found in bipolar disorder (Sassi et alet al,,

2004) and major depression (Bremner2004) and major depression (Bremner etet

alal, 2002) and in people with a genetic risk, 2002) and in people with a genetic risk

for bipolar disorder, but not for schizo-for bipolar disorder, but not for schizo-

phrenia (McDonaldphrenia (McDonald et alet al, 2004). Findings, 2004). Findings

such as these suggest a role for the anteriorsuch as these suggest a role for the anterior

cingulate gyrus in the regulation ofcingulate gyrus in the regulation of

emotions. Combined ratings for affectiveemotions. Combined ratings for affective

symptoms (depression and mania) in the af-symptoms (depression and mania) in the af-

fective psychosis group were as one mightfective psychosis group were as one might

expect higher than in the schizophreniaexpect higher than in the schizophrenia

group (group (tt¼2.8,2.8, PP¼0.008), but a post-hoc0.008), but a post-hoc

analysis showed no correlation betweenanalysis showed no correlation between

severity of affective symptoms and theseverity of affective symptoms and the

amount of grey matter in the anterioramount of grey matter in the anterior

cingulate gyrus cluster.cingulate gyrus cluster.

Recent findings have shown left fusi-Recent findings have shown left fusi-

form grey matter deficits in patients withform grey matter deficits in patients with

mixed psychotic disorders, scanned 1 yearmixed psychotic disorders, scanned 1 year

after psychosis onset (Pantelisafter psychosis onset (Pantelis et alet al, 2003)., 2003).

The possible role of the fusiform gyrus inThe possible role of the fusiform gyrus in

the psychopathology of psychosis remainsthe psychopathology of psychosis remains

unclear but it has been suggested that it isunclear but it has been suggested that it is

implicated in the appraisal and encodingimplicated in the appraisal and encoding

ofof faces in disorders such as schizophreniafaces in disorders such as schizophrenia

(Onitsuka(Onitsuka et alet al, 2003). In our sample we, 2003). In our sample we

found no correlation between fusiform greyfound no correlation between fusiform grey

matter volume and symptoms scores, dura-matter volume and symptoms scores, dura-

tion of illness and duration of antipsychotiction of illness and duration of antipsychotic

exposure. Similarly, no association wasexposure. Similarly, no association was

found between those variables and greyfound between those variables and grey

matter volume in the two other deficitmatter volume in the two other deficit

regions identified in our patients withregions identified in our patients with

affective psychosis: the post central gyrusaffective psychosis: the post central gyrus

and the left insula. Although a recentand the left insula. Although a recent

ventricle to brain ratio study (Jobventricle to brain ratio study (Job et alet al,,

2002) observed reduced postcentral gyrus2002) observed reduced postcentral gyrus

grey matter in schizophrenia, there havegrey matter in schizophrenia, there have

been few reports elsewhere in the psychosisbeen few reports elsewhere in the psychosis

literature of structural abnormalities in thisliterature of structural abnormalities in this

region. On the other hand, left insula greyregion. On the other hand, left insula grey

matter deficits have previously beenmatter deficits have previously been

reported in ventricle to brain ratio studiesreported in ventricle to brain ratio studies

of affective psychosis (Kubickiof affective psychosis (Kubicki et alet al, 2002),, 2002),

as well as in first-onset schizophreniaas well as in first-onset schizophrenia

(Kasai(Kasai et alet al, 2003, 2003bb) and schizophrenia of) and schizophrenia of

mixed chronicity (Kubickimixed chronicity (Kubicki et alet al, 2002)., 2002).

The finding of more grey matter deficitsThe finding of more grey matter deficits

in affective psychosis than in schizophreniain affective psychosis than in schizophrenia

was contrary to our predictions and is atwas contrary to our predictions and is at

variance with other studies of psychosis. Itvariance with other studies of psychosis. It

is unlikely the findings can be accountedis unlikely the findings can be accounted

for by anomalies in image acquisition orfor by anomalies in image acquisition or

processing as such effects would not occurprocessing as such effects would not occur

s114s114

Table 3Table 3 Mean total tissue, total cerebrospinal fluid and ventricular volumes (ml) in patients and normal controlsMean total tissue, total cerebrospinal fluid and ventricular volumes (ml) in patients and normal controls11

GreymatterGreymatter Total cerebrospinal fluidTotal cerebrospinal fluid Lateral ventricleLateral ventricle Third ventricleThird ventricle

ml (%), % volume difference,ml (%), % volume difference, tt ml (%), % volume difference,ml (%), % volume difference, tt ml (%), % volume difference,ml (%), % volume difference, tt ml (%), % volume difference,ml (%), % volume difference, tt

Schizophrenia (Schizophrenia (nn¼44)44) 581.2 (64.4)581.2 (64.4)772.5, 1.242.5, 1.24 156.9 (32.4),156.9 (32.4),772.1, 0.512.1, 0.51 18.6 (10.2), +17.7, 2.3318.6 (10.2), +17.7, 2.33 0.31 (0.21), +63.2, 3.080.31 (0.21), +63.2, 3.08

Matched controls (Matched controls (nn¼44)44) 595.8 (57.0)595.8 (57.0) 160.2 (28.8)160.2 (28.8) 15.3 (6.7)15.3 (6.7) 0.19 (0.15)0.19 (0.15)

Affective psychosis (Affective psychosis (nn¼29)29) 561.3 (52.3),561.3 (52.3),772.1, 0.882.1, 0.88 147.8 (30.6),147.8 (30.6),770.05, 0.090.05, 0.09 15.7 (6.7), +18.0, 1.7015.7 (6.7), +18.0, 1.70 0.34 (0.26), +70.0, 2.720.34 (0.26), +70.0, 2.72

Matched controls (Matched controls (nn¼29)29) 573.5 (52.9)573.5 (52.9) 148.5 (27.2)148.5 (27.2) 13.31 (6.3)13.31 (6.3) 0.20 (0.14)0.20 (0.14)

1. Analysis calculated according to ratio of ventricle to total greymatter volume.1. Analysis calculated according to ratio of ventricle to total greymatter volume.
PP550.05, **0.05, **PP550.001.0.001.
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systematically in one group only. One pos-systematically in one group only. One pos-

sible confounder is between-patient groupsible confounder is between-patient group

differences in prescribed antipsychotics;differences in prescribed antipsychotics;

this could provide some explanation forthis could provide some explanation for

these findings as recent research suggeststhese findings as recent research suggests

different effects of typical and atypical anti-different effects of typical and atypical anti-

psychotics on brain structure (Garverpsychotics on brain structure (Garver et alet al,,

2005; Lieberman2005; Lieberman et alet al, 2005). Indeed, in an, 2005). Indeed, in an

earlier analysis of our sample (Dazzanearlier analysis of our sample (Dazzan et alet al,,

2005) we found that, in comparison to2005) we found that, in comparison to

drug-free patients, patients taking typicals,drug-free patients, patients taking typicals,

but not those taking atypicals, had smallerbut not those taking atypicals, had smaller

volumes in the lobulus paracentralis; ante-volumes in the lobulus paracentralis; ante-

rior cingulate gyrus; superior and medialrior cingulate gyrus; superior and medial

frontal gyri; superior and middle temporalfrontal gyri; superior and middle temporal

gyri; insula; and precuneus. It is conceiv-gyri; insula; and precuneus. It is conceiv-

able that such an effect might explain theable that such an effect might explain the

greater deficits in the affective psychosisgreater deficits in the affective psychosis

group rather than the schizophrenia groupgroup rather than the schizophrenia group

as more patients with affective psychosisas more patients with affective psychosis

were taking typical antipsychotics (48%)were taking typical antipsychotics (48%)

than patients with schizophrenia (30%)than patients with schizophrenia (30%)

and significantly more patients withand significantly more patients with

schizophrenia were taking atypicals (50%schizophrenia were taking atypicals (50%

v.v. 7%). A role for differences in pharmaco-7%). A role for differences in pharmaco-

logical treatment was confirmed by ourlogical treatment was confirmed by our

additional analysis showing that whenadditional analysis showing that when

these differences are taken into account,these differences are taken into account,

there are no regional differences in brainthere are no regional differences in brain

structure between patient groups.structure between patient groups.

Treatment with typical antipsychoticsTreatment with typical antipsychotics

may also be relevant to the increased leftmay also be relevant to the increased left

lenticular nucleus grey matter as theselenticular nucleus grey matter as these

drugs have a strong affinity to subcorticaldrugs have a strong affinity to subcortical

D2 dopamine receptors and receptor block-D2 dopamine receptors and receptor block-

ade may induce cellular growth and in-ade may induce cellular growth and in-

crease blood flow (Corsoncrease blood flow (Corson et alet al, 2002)., 2002).

Striatal enlargement appears less likely inStriatal enlargement appears less likely in

patients treated only with atypical anti-patients treated only with atypical anti-

psychotics (Corsonpsychotics (Corson et alet al, 1999), which have, 1999), which have

weaker D2 receptor affinity. Indeed, in aweaker D2 receptor affinity. Indeed, in a

previous analysis on this first-onset sample,previous analysis on this first-onset sample,

we showed that patients treated withwe showed that patients treated with

atypicals have similar striatal volumes toatypicals have similar striatal volumes to

drug-free patients, while subjects takingdrug-free patients, while subjects taking

typicals had significantly larger basal gang-typicals had significantly larger basal gang-

lia volumes than drug-free patients (Dazzanlia volumes than drug-free patients (Dazzan

et alet al, 2005)., 2005).

Schizophrenia and affectiveSchizophrenia and affective
psychosispsychosis

A direct comparison of the two patientsA direct comparison of the two patients

groups (controlling for between-group dif-groups (controlling for between-group dif-

ferences in age, gender and total grey mat-ferences in age, gender and total grey mat-

ter volume) revealed grey matter of theter volume) revealed grey matter of the

anterior cingulate gyrus in the patients withanterior cingulate gyrus in the patients with

affective psychosis, but no other neuro-affective psychosis, but no other neuro-

anatomical differences. This was consistentanatomical differences. This was consistent

with the findings of the patient–controlwith the findings of the patient–control

comparisons. The patients with affectivecomparisons. The patients with affective

psychosis were prescribed more typicalpsychosis were prescribed more typical

antipsychotics and significantly less atypi-antipsychotics and significantly less atypi-

cal antipsychotics than the patients withcal antipsychotics than the patients with

schizophrenia. When the analysis wasschizophrenia. When the analysis was

repeated, controlling for type of anti-repeated, controlling for type of anti-

psychotic, no between-group differencespsychotic, no between-group differences

were found. This suggests that grey matterwere found. This suggests that grey matter

changes may be associated with variationschanges may be associated with variations

in the type of antipsychotic taken and isin the type of antipsychotic taken and is

consistent with our previous finding ofconsistent with our previous finding of

typicals being associated with grey mattertypicals being associated with grey matter

reductions in the anterior cingulate gyrusreductions in the anterior cingulate gyrus

(Dazzan(Dazzan et alet al, 2005)., 2005).

The finding of regional deficits in theThe finding of regional deficits in the

patients with affective psychosis was ofpatients with affective psychosis was of

interest and indicates that some morpholo-interest and indicates that some morpholo-

gical changes take place in those patientsgical changes take place in those patients

close to illness onset or at prodromal orclose to illness onset or at prodromal or

even premorbid stage. We found signifi-even premorbid stage. We found signifi-

cant, but fewer neuroanatomical abnormal-cant, but fewer neuroanatomical abnormal-

ities in schizophrenia. The absence of moreities in schizophrenia. The absence of more

widespread differences in these patientswidespread differences in these patients

might be accounted for by the epidemio-might be accounted for by the epidemio-

logical basis of our study, in which bothlogical basis of our study, in which both

patients and controls were recruited frompatients and controls were recruited from

the same catchment area. Using an epi-the same catchment area. Using an epi-

demiologically based sample avoids thedemiologically based sample avoids the

potential bias of recruiting subjectspotential bias of recruiting subjects
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Table 4Table 4 Regional differences in greymatter: patientsRegional differences in greymatter: patients v.v. normal controls and schizophrenianormal controls and schizophrenia v.v. affective psychosis, and correlation of clinical factors with greymatteraffective psychosis, and correlation of clinical factors with greymatter

volume and ventricle to whole brain ratiosvolume and ventricle to whole brain ratios

Anatomical areaAnatomical area Number of voxelsNumber of voxels

in clusterin cluster

Location of clusterLocation of cluster

centre,centre, xx,, yy,, zz

Correlations,Correlations, RR

DurationDuration

of illnessof illness

TotalTotal

symptomssymptoms

scoresscores

Duration ofDuration of

antipsychoticantipsychotic

exposureexposure

Schizophrenic patients (Schizophrenic patients (nn¼44)44) v.v. matched controls (matched controls (nn¼44)44)

Lateral ventricle to whole brain ratioLateral ventricle to whole brain ratio ^̂ ^̂ 0.120.12 0.020.02 0.00.011

Third ventricle to whole brain ratioThird ventricle to whole brain ratio ^̂ ^̂ 0.160.16 0.280.28 0.110.11

Affective psychosis (Affective psychosis (nn¼29)29) v.v. matched controls (matched controls (nn¼29)29)

Greymatter deficitsGreymatter deficits::

Anterior cingulate gyrus BA 24, extending bilaterally to BA 32, 31, 23Anterior cingulate gyrus BA 24, extending bilaterally to BA 32, 31, 23 728728 1,1,7710, 3010, 30 0.100.10 770.050.05 770.100.10

Insula cortex (left)Insula cortex (left) 269269 7741, 0,41, 0,7722 0.200.20 0.100.10 0.240.24

Post central gyrus (right) BA1, 2Post central gyrus (right) BA1, 2 230230 47,47,7721, 3721, 37 0.380.38 770.100.10 770.350.35

Fusiform gyrus BA 37, 19 (left), extending laterally to lingual gyrusFusiform gyrus BA 37, 19 (left), extending laterally to lingual gyrus 158158 7725,25,7752,52,771111 770.100.10 770.010.01 770.200.20

Other areasOther areas

Lenticular nucleus (left): greymatter excessLenticular nucleus (left): greymatter excess 474474 7728,28,776, 66, 6 770.260.26 0.290.29 770.150.15

Lateral ventricle to whole brain ratioLateral ventricle to whole brain ratio ^̂ ^̂ 0.020.02 0.260.26 0.54**0.54**

Third ventricle to whole brain ratioThird ventricle to whole brain ratio ^̂ ^̂ 770.210.21 0.41*0.41* 0.49**0.49**

Schizophrenic patients (Schizophrenic patients (nn¼44)44) v.v. affective psychosis (affective psychosis (nn¼29)29)

Greymatter deficit (in affective psychosis):Greymatter deficit (in affective psychosis):

Anterior cingulate gyrus BA 24, extending bilaterally to BA 32, 31, 23Anterior cingulate gyrus BA 24, extending bilaterally to BA 32, 31, 23 720720 1,1,772, 362, 36 0.170.17 770.060.06 0.020.02

BA, Brodmann’s area.BA, Brodmann’s area.
**PP550.05, **0.05, **PP550.01.0.01.
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according to factors such as illness severityaccording to factors such as illness severity

and family history. Many reports onand family history. Many reports on

patients with first-episode schizophreniapatients with first-episode schizophrenia

come from university clinics, referral cen-come from university clinics, referral cen-

tres and in-patient samples, which attracttres and in-patient samples, which attract

subjects not necessarily representative ofsubjects not necessarily representative of

first-episode schizophrenia in general (Jobfirst-episode schizophrenia in general (Job

et alet al, 2002, Pantelis, 2002, Pantelis et alet al, 2003) and it is, 2003) and it is

possible that our findings do not reflectpossible that our findings do not reflect

the findings reported in patients with morethe findings reported in patients with more

severe illnesses. The use of an epidemiologi-severe illnesses. The use of an epidemiologi-

cal sample may also explain in part thecal sample may also explain in part the

findings in the affective psychosis sample.findings in the affective psychosis sample.

The recruitment of those patients was notThe recruitment of those patients was not

based on referrals from bipolar and otherbased on referrals from bipolar and other

affective clinics and may have resulted inaffective clinics and may have resulted in

a more psychotic affective sample than thata more psychotic affective sample than that

seen in earlier MRI studies of affectiveseen in earlier MRI studies of affective

disorders.disorders.

LimitationsLimitations

This study is not without limitations. First,This study is not without limitations. First,

the finding of grey matter abnormalities inthe finding of grey matter abnormalities in

the schizophrenia patients at a lower statis-the schizophrenia patients at a lower statis-

tical threshold suggests that more grey mat-tical threshold suggests that more grey mat-

ter changes in this group might have beenter changes in this group might have been

identified in a larger sample. Second, be-identified in a larger sample. Second, be-

cause there may be longitudinal MRIcause there may be longitudinal MRI

changes following the first episode, a differ-changes following the first episode, a differ-

ent pattern of group differences may be evi-ent pattern of group differences may be evi-

dent when patients are studied later in thedent when patients are studied later in the

illness. And third, our appraisal of the re-illness. And third, our appraisal of the re-

lationship between antipsychotic medi-lationship between antipsychotic medi-

cation, grey matter change and diagnosiscation, grey matter change and diagnosis

was limited by the fact that patients werewas limited by the fact that patients were

not selected into the study on the basis ofnot selected into the study on the basis of

drug prescription status. This would havedrug prescription status. This would have

allowed for a more systematic analysis ofallowed for a more systematic analysis of

the potential effects of exposure to differentthe potential effects of exposure to different

types of antipsychotic and that of drug-freetypes of antipsychotic and that of drug-free

status.status.
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