
BackgroundBackground Structural brainStructuralbrain

abnormalities are prevalent inpatientsabnormalities are prevalent inpatients

withschizophrenia andaffectivedisorders.withschizophrenia andaffectivedisorders.

AimsAims To studyhowregional brainTo studyhowregional brain

volumes and their ratios differ betweenvolumes and their ratios differ between

patientswith schizophrenia, psychoticpatientswith schizophrenia, psychotic

depression, severe non-psychoticdepression, severenon-psychotic

depression andhealthycontrols.depression andhealthycontrols.

MethodMethod Magnetic resonance imagingMagnetic resonance imaging

scans ofthe brain on first-episode patientsscans ofthe brain on first-episode patients

and onhealthycontrols.and onhealthycontrols.

ResultsResults Patientswith schizophreniaPatientswith schizophrenia

had a smaller left frontalgreymatterhad a smaller left frontalgreymatter

volume than the other three groups.volumethan the other three groups.

Patientswith psychotic depressionhadPatientswith psychotic depressionhad

larger ventricular andposterior sulcallarger ventricular andposterior sulcal

cerebrospinal fluid (CSF) volumes thancerebrospinal fluid (CSF) volumes than

controls.Patientswith depressionhadcontrols.Patientswith depressionhad

larger whitematter volumes thanthelarger whitematter volumes thanthe

other patients.other patients.

ConclusionsConclusions Left frontallobe,Left frontallobe,

especiallyitsgreymatter volume, seems toespeciallyitsgreymatter volume, seems to

be specifically reduced in first-episodebe specificallyreduced in first-episode

schizophrenia.Enlarged cerebralschizophrenia.Enlarged cerebral

ventricles and sulcal CSF volumes areventricles and sulcal CSF volumes are

prevalent inpsychotic depression.prevalent inpsychotic depression.

Preserved orexpandedwhitematter isPreserved orexpandedwhitematter is

typical of non-psychotic depression.typical of non-psychotic depression.
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Computed tomographic and magneticComputed tomographic and magnetic

resonance imaging (MRI) studies haveresonance imaging (MRI) studies have

shown structural abnormalities in patientsshown structural abnormalities in patients

with schizophrenia compared with healthywith schizophrenia compared with healthy

controls (Liddle, 1995). Similar structuralcontrols (Liddle, 1995). Similar structural

brain abnormalities have also been foundbrain abnormalities have also been found

in affective disorders (Cummings, 1993).in affective disorders (Cummings, 1993).

Most of these studies have been on chronicMost of these studies have been on chronic

patients. It is therefore difficult to saypatients. It is therefore difficult to say

which of the MRI findings result fromwhich of the MRI findings result from

treatment (medication) or chronicity-treatment (medication) or chronicity-

related factors, and what their value wouldrelated factors, and what their value would

be in differential diagnostics. In the presentbe in differential diagnostics. In the present

study, we examined the brain volumes ofstudy, we examined the brain volumes of

patients with first-episode schizophrenia,patients with first-episode schizophrenia,

psychotic depression and severe depressionpsychotic depression and severe depression

and compared them with those of healthyand compared them with those of healthy

controls. We placed special emphasis on di-controls. We placed special emphasis on di-

agnostic procedures to distinguish as clearlyagnostic procedures to distinguish as clearly

as possible between schizophrenia and se-as possible between schizophrenia and se-

vere depressive disorders. Our aim was tovere depressive disorders. Our aim was to

study how regional brain volumes and theirstudy how regional brain volumes and their

interrelationships for the patients with first-interrelationships for the patients with first-

episode schizophrenia, psychotic depres-episode schizophrenia, psychotic depres-

sion and severe depression differ from thosesion and severe depression differ from those

of healthy controls and from each other.of healthy controls and from each other.

SStructural central nervous systemtructural central nervous system
abnormalities in schizophreniaabnormalities in schizophrenia
and affective disordersand affective disorders

Grey matter volume in patients with schizo-Grey matter volume in patients with schizo-

phrenia, in the neocortex generally and inphrenia, in the neocortex generally and in

various subcortical structures, is fairlyvarious subcortical structures, is fairly

consistently reduced, whereas the thirdconsistently reduced, whereas the third

and lateral ventricles, as well as the corticaland lateral ventricles, as well as the cortical

sulci, are enlarged (Pfefferbaum & Marsh,sulci, are enlarged (Pfefferbaum & Marsh,

1995; Cannon, 1996; Buchanan & Carpen-1995; Cannon, 1996; Buchanan & Carpen-

ter, 1997; Lawrie & Abukmeil, 1998). In ater, 1997; Lawrie & Abukmeil, 1998). In a

recent meta-analysis, Wrightrecent meta-analysis, Wright et alet al (2000)(2000)

concluded that regional structural differ-concluded that regional structural differ-

ences in patients with schizophrenia includeences in patients with schizophrenia include

bilaterally reduced volume of medialbilaterally reduced volume of medial

temporal lobe structures, consistent with atemporal lobe structures, consistent with a

pathological process in schizophrenia thatpathological process in schizophrenia that

involves distributed volume changes withininvolves distributed volume changes within

the brain.the brain.

In three meta-analyses, ElkisIn three meta-analyses, Elkis et alet al

(1995) found that the ventricles and sulci(1995) found that the ventricles and sulci

were enlarged in patients with mood dis-were enlarged in patients with mood dis-

order compared with controls, and thatorder compared with controls, and that

ventricular enlargement was greater inventricular enlargement was greater in

patients with schizophrenia compared withpatients with schizophrenia compared with

those with mood disorders, although thethose with mood disorders, although the

effect size was small.effect size was small.

Crow (1990; CrowCrow (1990; Crow et alet al, 1996) sug-, 1996) sug-

gested that brain changes in schizophreniagested that brain changes in schizophrenia

can be seen to include an arrest in thecan be seen to include an arrest in the

development of cerebral asymmetry. Thedevelopment of cerebral asymmetry. The

normal asymmetry of the temporal hornnormal asymmetry of the temporal horn

(Crow(Crow et alet al, 1989, 1989aa; Bogerts; Bogerts et alet al, 1990),, 1990),

the Sylvian fissure (Falkaithe Sylvian fissure (Falkai et alet al, 1992;, 1992;

CrowCrow et alet al, 1992), and volume in the occi-, 1992), and volume in the occi-

pital regions (Crowpital regions (Crow et alet al, 1989, 1989bb; Daniel; Daniel etet

alal, 1989; Bilder, 1989; Bilder et alet al, 1994) have been, 1994) have been

found to be absent in patients with schizo-found to be absent in patients with schizo-

phrenia in general, and in patients withphrenia in general, and in patients with

first-episode schizophrenia specificallyfirst-episode schizophrenia specifically

(Bogerts(Bogerts et alet al, 1990; Bilder, 1990; Bilder et alet al, 1994;, 1994;

DeLisiDeLisi et alet al, 1997)., 1997).

WoodruffWoodruff et alet al (1997) have reported(1997) have reported

that, in comparison with unaffectedthat, in comparison with unaffected

controls, male patients with schizophreniacontrols, male patients with schizophrenia

demonstrated reduced correlations betweendemonstrated reduced correlations between

several brain regions. The most salientseveral brain regions. The most salient

abnormality in patients was the dissociationabnormality in patients was the dissociation

between prefrontal and superior temporalbetween prefrontal and superior temporal

gyrus volumes, suggesting a lack of mutualgyrus volumes, suggesting a lack of mutual

trophic influences during frontal andtrophic influences during frontal and

temporal lobe development. These findingstemporal lobe development. These findings

suggest the possibility that not only regionalsuggest the possibility that not only regional

volumetric differences but also the inter-volumetric differences but also the inter-

relationships between regional structuresrelationships between regional structures

can differentiate schizophrenia from othercan differentiate schizophrenia from other

psychiatric disorders and healthy people.psychiatric disorders and healthy people.

METHODMETHOD

SubjectsSubjects

The study protocol was approved byThe study protocol was approved by

the Ethical Committee of the Turkuthe Ethical Committee of the Turku

University/University Hospital, Turku,University/University Hospital, Turku,

Finland. Written informed consent wasFinland. Written informed consent was

a prerequisite for participation.a prerequisite for participation.

The patients were selected from a largerThe patients were selected from a larger

group of first-contact patients admitted togroup of first-contact patients admitted to

out-patient or in-patient facilities of theout-patient or in-patient facilities of the

Turku University Central Hospital and theTurku University Central Hospital and the

Turku City Mental Health Centre, over aTurku City Mental Health Centre, over a

41-month period (1 November 1994 to41-month period (1 November 1994 to

31 March 1998). Inclusion criteria for the31 March 1998). Inclusion criteria for the

patients were: schizophrenia-spectrumpatients were: schizophrenia-spectrum
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psychotic disorder, bipolar disorder orpsychotic disorder, bipolar disorder or

severe major depression according to thesevere major depression according to the

treating clinician; first-ever psychiatrictreating clinician; first-ever psychiatric

treatment in the public sector because oftreatment in the public sector because of

this disorder; age 16–64 years; and resi-this disorder; age 16–64 years; and resi-

dence in the Turku City catchment area.dence in the Turku City catchment area.

The sample included 116 patients, 55The sample included 116 patients, 55

(47%) men and 61 (53%) women. Nine-(47%) men and 61 (53%) women. Nine-

teen subjects (16%) were out-patients andteen subjects (16%) were out-patients and

97 (84%) in-patients, and none of the97 (84%) in-patients, and none of the

subjects had been admitted to hospitalsubjects had been admitted to hospital

before.before.

Patients meeting the inclusion criteriaPatients meeting the inclusion criteria

were interviewed by one of the researchwere interviewed by one of the research

psychiatrists (T.T., H.K., H.L., K-M.L.psychiatrists (T.T., H.K., H.L., K-M.L.

and E.W.). Diagnostic interviews consistedand E.W.). Diagnostic interviews consisted

of three parts: (a) taking of the patient’sof three parts: (a) taking of the patient’s

medical history using a structured form;medical history using a structured form;

(b) diagnostic evaluation using a clinical(b) diagnostic evaluation using a clinical

interview and a simultaneously recordedinterview and a simultaneously recorded

structured Schedules for Clinical Assess-structured Schedules for Clinical Assess-

ment in Neuropsychiatry (SCAN) interviewment in Neuropsychiatry (SCAN) interview

(Wing(Wing et alet al, 1990); and (c) assessment of, 1990); and (c) assessment of

the severity of psychiatric symptoms bythe severity of psychiatric symptoms by

the Positive and Negative Syndrome Scalethe Positive and Negative Syndrome Scale

(PANSS; Kay(PANSS; Kay et alet al, 1987), the Calgary, 1987), the Calgary

Depression Scale (CDS; AddingtonDepression Scale (CDS; Addington et alet al,,

1993), the Hamilton Rating Scale for1993), the Hamilton Rating Scale for

Depression (HRSD; Hamilton, 1967), theDepression (HRSD; Hamilton, 1967), the

Brief Psychiatric Rating Scale (BPRS;Brief Psychiatric Rating Scale (BPRS;

Overall & Gorham, 1962) and theOverall & Gorham, 1962) and the

Clinician Administered Rating Scale forClinician Administered Rating Scale for

Mania (CARS–M; AltmanMania (CARS–M; Altman et alet al, 1994)., 1994).

The patients also underwent somatic inves-The patients also underwent somatic inves-

tigations, including brain MRI and bloodtigations, including brain MRI and blood

test scanning for somatic disorders withtest scanning for somatic disorders with

psychiatric symptoms.psychiatric symptoms.

The diagnostic evaluation was com-The diagnostic evaluation was com-

pleted and the best-estimate research diag-pleted and the best-estimate research diag-

noses according to DSM–IV (Americannoses according to DSM–IV (American

Psychiatric Association, 1994) were madePsychiatric Association, 1994) were made

at consensus meetings, without any know-at consensus meetings, without any know-

ledge of the results of the MRI scans. Atledge of the results of the MRI scans. At

these meetings, all the patients’ medicalthese meetings, all the patients’ medical

records and hospital charts were available,records and hospital charts were available,

together with the findings of the previoustogether with the findings of the previous

diagnostic interview and somatic investi-diagnostic interview and somatic investi-

gations. Patients’ history and symptomsgations. Patients’ history and symptoms

were discussed by the research psychiatristswere discussed by the research psychiatrists

responsible for the diagnostic evaluation, aresponsible for the diagnostic evaluation, a

senior researcher (R.K.R.S.), and at leastsenior researcher (R.K.R.S.), and at least

one research psychiatrist not personallyone research psychiatrist not personally

familiar with the patient. Particularfamiliar with the patient. Particular

emphasis was placed on making a distinc-emphasis was placed on making a distinc-

tion between schizophrenia and psychotiction between schizophrenia and psychotic

depression. On the basis of best-estimatedepression. On the basis of best-estimate

research, the patients were divided intoresearch, the patients were divided into

four main groups: schizophrenia (four main groups: schizophrenia (nn¼29);29);

bipolar disorder (bipolar disorder (nn¼13); major depressive13); major depressive

disorders (disorders (nn¼59); and others (59); and others (nn¼15). The15). The

collection of patients and their investi-collection of patients and their investi-

gations have been described in detailgations have been described in detail

previously (Taiminenpreviously (Taiminen et alet al, 2000, 2001)., 2000, 2001).

For this study, only patients with theFor this study, only patients with the

DSM–IV criteria of schizophrenia (diag-DSM–IV criteria of schizophrenia (diag-

noses 295.10, 295.20, 295.30, 295.60,noses 295.10, 295.20, 295.30, 295.60,

295.90), severe (with psychotic features)295.90), severe (with psychotic features)

major depressive disorder (296.24,major depressive disorder (296.24,

296.34) and severe (without psychotic296.34) and severe (without psychotic

features) major depressive disorderfeatures) major depressive disorder

(296.23, 296.33) with successful MRI scans(296.23, 296.33) with successful MRI scans

were included. The study sample consistedwere included. The study sample consisted

of 11 patients with schizophrenia, 20of 11 patients with schizophrenia, 20

patients with depression with psychoticpatients with depression with psychotic

features and 17 patients with depressionfeatures and 17 patients with depression

but not psychosis. In addition, 19 healthybut not psychosis. In addition, 19 healthy

volunteers were included in the analyses.volunteers were included in the analyses.

At clinical interview, the healthy controlsAt clinical interview, the healthy controls

had no psychiatric disorder or neurologicalhad no psychiatric disorder or neurological

disease or symptoms, and their first-degreedisease or symptoms, and their first-degree

relatives had no major psychiatric disorder.relatives had no major psychiatric disorder.

MRI scanningMRI scanning

Magnetic resonance imaging scans of theMagnetic resonance imaging scans of the

brain were acquired with a Siemens 1.5 Tbrain were acquired with a Siemens 1.5 T

scanner (Siemens, Magnetom, Germany)scanner (Siemens, Magnetom, Germany)

in Turku University Central Hospital. Thein Turku University Central Hospital. The

scans were taken on average within 1.7scans were taken on average within 1.7

months of the clinical examinations. A con-months of the clinical examinations. A con-

ventional dual spin-echo sequence (echoventional dual spin-echo sequence (echo

time of 90 ms, repetition time 3120) wastime of 90 ms, repetition time 3120) was

used to obtain on average 25 axial slicesused to obtain on average 25 axial slices

with a thickness of 5.4 mm and no inter-with a thickness of 5.4 mm and no inter-

slice gap. The image matrix size wasslice gap. The image matrix size was

25625666256 (field of view of 230) and an256 (field of view of 230) and an

in-plane resolution of 0.9in-plane resolution of 0.9660.9 mm.0.9 mm.

Tracing protocolTracing protocol

The image analyses were performed usingThe image analyses were performed using

the NRIA (New Regional Image Analysis)the NRIA (New Regional Image Analysis)

package, an earlier version of BBLImage.package, an earlier version of BBLImage.

After deleting pixels corresponding to theAfter deleting pixels corresponding to the

skull and meninges using a conservativeskull and meninges using a conservative

automated procedure followed by manualautomated procedure followed by manual

editing, the remaining pixels were classifiedediting, the remaining pixels were classified

into three tissue types (grey matter, whiteinto three tissue types (grey matter, white

matter and cerebrospinal fluid (CSF)) usingmatter and cerebrospinal fluid (CSF)) using

an adaptive Bayesian algorithm for three-an adaptive Bayesian algorithm for three-

dimensional tissue segmentation (Yandimensional tissue segmentation (Yan etet

alal, 1995). To control for head tilt during, 1995). To control for head tilt during

scanning, the images were re-sliced accord-scanning, the images were re-sliced accord-

ing to the anterior commissure–posterioring to the anterior commissure–posterior

commissure plane. Detailed description ofcommissure plane. Detailed description of

the regions of interest (ROIs) can be foundthe regions of interest (ROIs) can be found

in Cannonin Cannon et alet al (1998). In short, the frontal(1998). In short, the frontal

lobe ROI was started on the inferior slices,lobe ROI was started on the inferior slices,

where the medial border was the interhemi-where the medial border was the interhemi-

spheric fissure and the lateral border thespheric fissure and the lateral border the

cortical perimeter. On the slice superior tocortical perimeter. On the slice superior to

the mamillary bodies, the posterior borderthe mamillary bodies, the posterior border

was defined by extending a horizontal linewas defined by extending a horizontal line

from the most anterior extent of the Sylvianfrom the most anterior extent of the Sylvian

fissure to the interhemispheric fissure. Thisfissure to the interhemispheric fissure. This

posterior border was continued in this fash-posterior border was continued in this fash-

ion until the slice immediately precedingion until the slice immediately preceding

the splenium of the corpus callosum. Super-the splenium of the corpus callosum. Super-

ior to this slice, the posterior border wasior to this slice, the posterior border was

defined by a horizontal line touching thedefined by a horizontal line touching the

most anterior part of the caudate nucleus.most anterior part of the caudate nucleus.

The temporal lobe ROI was started at theThe temporal lobe ROI was started at the

level of the midbrain, where the postero-level of the midbrain, where the postero-

medial border of the temporal lobe ROIsmedial border of the temporal lobe ROIs

was delineated by the pons and cerebellum.was delineated by the pons and cerebellum.

The temporal lobe was separated from theThe temporal lobe was separated from the

frontal regions by tracing along the Sylvianfrontal regions by tracing along the Sylvian

fissure. More superior, the posteriorfissure. More superior, the posterior

boundary was defined by drawing a lineboundary was defined by drawing a line

extending from the contralateral cerebralextending from the contralateral cerebral

peduncle to the anterior tip of the cerebel-peduncle to the anterior tip of the cerebel-

lum. On the slices above the mamillarylum. On the slices above the mamillary

bodies, the Sylvian fissure and the dien-bodies, the Sylvian fissure and the dien-

cephalon structures served as the medialcephalon structures served as the medial

borders. The posterior edge was formedborders. The posterior edge was formed

by a horizontal line from the most posteriorby a horizontal line from the most posterior

tip of the posterior fossa to the lateraltip of the posterior fossa to the lateral

perimeter. The temporal lobe ROI was dis-perimeter. The temporal lobe ROI was dis-

continued on the first slice showing thecontinued on the first slice showing the

splenium of the corpus callosum. The pos-splenium of the corpus callosum. The pos-

terior regions were defined by subtractingterior regions were defined by subtracting

the frontal and temporal lobe volume fromthe frontal and temporal lobe volume from

the total brain volumes. The left and rightthe total brain volumes. The left and right

hemisphere ROIs included all brain tissuehemisphere ROIs included all brain tissue

except pons, medulla, cerebral pedunclesexcept pons, medulla, cerebral peduncles

and cereand cerebellum. The ventricular ROIs in-bellum. The ventricular ROIs in-

cludedcluded the lateral and third ventricles butthe lateral and third ventricles but

not the fourth ventricle or cerebral aque-not the fourth ventricle or cerebral aque-

duct. The anatomical tracings were per-duct. The anatomical tracings were per-

formed as described by a single rater withformed as described by a single rater with

no knowledge of the diagnosis. Interraterno knowledge of the diagnosis. Interrater

reliabilities of the defined measurementsreliabilities of the defined measurements

based on 10 randomly selected images werebased on 10 randomly selected images were

excellent (intraclass correlations, 0.93).excellent (intraclass correlations, 0.93).

StatisticsStatistics

Statistical analyses were performed withStatistical analyses were performed with

the SAS statistical software package (SASthe SAS statistical software package (SAS

Institute, 1992). Differences in distributionsInstitute, 1992). Differences in distributions

between subject groups were analysedbetween subject groups were analysed

by chi-squared or Mantel–Haenszel chi-by chi-squared or Mantel–Haenszel chi-

squared test, and those in continuouslysquared test, and those in continuously

scaled variables by analysis of variancescaled variables by analysis of variance

(ANOVA). The data of tissue volumes were(ANOVA). The data of tissue volumes were

analysed with repeated-measures ANOVAanalysed with repeated-measures ANOVA

and covariance models. For analyses of greyand covariance models. For analyses of grey

matter, white matter and sulcal CSF,matter, white matter and sulcal CSF,

hemisphere and region (frontal, temporalhemisphere and region (frontal, temporal

and posterior) served as within-subjectand posterior) served as within-subject

independent variables; for analyses ofindependent variables; for analyses of
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ventricular CSF, hemisphere was a within-ventricular CSF, hemisphere was a within-

subject variable. In all models, overallsubject variable. In all models, overall

intra-cranial volume and age served asintra-cranial volume and age served as

continuously scaled covariates, gender as acontinuously scaled covariates, gender as a

categorised covariate and group (diagnosis)categorised covariate and group (diagnosis)

as a predictor. Multivariate analyses wereas a predictor. Multivariate analyses were

followed by pair-wise group contrasts usingfollowed by pair-wise group contrasts using

independent sampleindependent sample tt statistics for the sub-statistics for the sub-

group (schizophrenia, psychotic depression,group (schizophrenia, psychotic depression,

non-psychotic severe depression andnon-psychotic severe depression and

healthy controls) comparisons. The differ-healthy controls) comparisons. The differ-

ences in tissue volumes between patientsences in tissue volumes between patients

and healthy controls are described in Figsand healthy controls are described in Figs

1–4 as1–4 as ZZ scores, where the distances ofscores, where the distances of

values for patients from those for controlsvalues for patients from those for controls

were scaled by s.d.were scaled by s.d. PP values lower thanvalues lower than

0.05 were considered statistically signifi-0.05 were considered statistically signifi-

cant andcant and PP values of 0.10–0.05 as margin-values of 0.10–0.05 as margin-

ally significant.ally significant.

RESULTSRESULTS

There were no significant differences in gen-There were no significant differences in gen-

der, age, handness or use of alcohol (Tableder, age, handness or use of alcohol (Table

1). No patient or control used illegal drugs.1). No patient or control used illegal drugs.

Regional volumesRegional volumes

Regional grey matter, white matter and CSFRegional grey matter, white matter and CSF

volumes are shown in Table 2. In repeated-volumes are shown in Table 2. In repeated-

measures ANOVA, intra-cranial volumemeasures ANOVA, intra-cranial volume

had a significant effect (had a significant effect (PP550.05) on all0.05) on all

tissue volumes, and age on volumes of greytissue volumes, and age on volumes of grey

matter and sulcal and ventricular CSFmatter and sulcal and ventricular CSF

volumes. Diagnosis and region had avolumes. Diagnosis and region had a

marginal interaction (marginal interaction (PP¼0.091) with grey0.091) with grey

matter volume and a significant interactionmatter volume and a significant interaction

((PP¼0.017) with sulcal CSF. Diagnosis,0.017) with sulcal CSF. Diagnosis,

region and hemisphere had a significantregion and hemisphere had a significant

interaction (interaction (PP¼0.008) with white matter0.008) with white matter

volume.volume.

When age, gender and intra-cranialWhen age, gender and intra-cranial

volume were taken into account involume were taken into account in

ANOVA, there was a significant groupANOVA, there was a significant group

effect in left frontal grey matter volumeseffect in left frontal grey matter volumes

((PP¼0.043), and a marginal group effect in0.043), and a marginal group effect in

right posterior sulcal CSF volumesright posterior sulcal CSF volumes

((PP¼0.088).0.088).

InIn post hocpost hoc pair comparisons, patientspair comparisons, patients

with schizophrenia had a smaller leftwith schizophrenia had a smaller left

frontal grey matter volume than controls,frontal grey matter volume than controls,

patients with depression or psychoticpatients with depression or psychotic

depression. Moreover, their total frontaldepression. Moreover, their total frontal

grey matter volume was significantlygrey matter volume was significantly

smaller than that of controls, and theirsmaller than that of controls, and their

posterior grey matter volume was largerposterior grey matter volume was larger

than that of controls or patients withthan that of controls or patients with

depression (Table 2 & Fig. 1). Patients withdepression (Table 2 & Fig. 1). Patients with

depression had marginally larger rightdepression had marginally larger right

frontal white matter volumes than controls.frontal white matter volumes than controls.

They also had larger white matter volumesThey also had larger white matter volumes

than patients with schizophrenia or psy-than patients with schizophrenia or psy-

chotic depression in several regions (Tablechotic depression in several regions (Table

2 & Fig. 2).2 & Fig. 2).

Patients with schizophrenia had aPatients with schizophrenia had a

marginally smaller left frontal sulcal CSFmarginally smaller left frontal sulcal CSF

volume than controls. Patients with depres-volume than controls. Patients with depres-

sion also had marginally smaller left frontalsion also had marginally smaller left frontal

sulcal CSF and temporal sulcal CSFsulcal CSF and temporal sulcal CSF

volumes than controls. Because of the largevolumes than controls. Because of the large

s.d., great differences of means remaineds.d., great differences of means remained

marginally significant. Patients with psy-marginally significant. Patients with psy-

chotic depression had larger ventricularchotic depression had larger ventricular

CSF volumes and larger posterior sulcalCSF volumes and larger posterior sulcal

CSF volumes than controls. They also hadCSF volumes than controls. They also had

larger ventricular CSF volumes thanlarger ventricular CSF volumes than

patients with schizophrenia and a largerpatients with schizophrenia and a larger

posterior sulcal CSF volume and total sulcalposterior sulcal CSF volume and total sulcal

CSF volume than patients with depressionCSF volume than patients with depression

(Table 2 & Fig. 3).(Table 2 & Fig. 3).

Regional ratiosRegional ratios

Contralateral ratiosContralateral ratios

In inter-hemispheric comparisons, leftIn inter-hemispheric comparisons, left

regional volumes were divided by corres-regional volumes were divided by corres-

ponding (contralateral) right volumes. Thisponding (contralateral) right volumes. This

was called the contralateral ratio. In re-was called the contralateral ratio. In re-

peated-measures ANOVA, age had a signif-peated-measures ANOVA, age had a signif-

icant effect (icant effect (PP550.05) on the contralateral0.05) on the contralateral

ratio of volumes of grey and white matter,ratio of volumes of grey and white matter,

whereas diagnosis had a marginally signifi-whereas diagnosis had a marginally signifi-

cant effect (cant effect (PP¼0.079) on the contralateral0.079) on the contralateral

ratio of the volume of grey matter. Diag-ratio of the volume of grey matter. Diag-

nosis and region had anosis and region had a marginally signifi-marginally signifi-

cant interaction (cant interaction (PP¼0.066)0.066) with whitewith white

matter volume.matter volume.

When the effects of age and gender wereWhen the effects of age and gender were

taken into account in ANOVA, there was ataken into account in ANOVA, there was a

significant group (diagnosis) effect in thesignificant group (diagnosis) effect in the

contralateral ratio of frontal grey mattercontralateral ratio of frontal grey matter

((FF¼4.09, d.f.4.09, d.f.¼3,3, PP¼0.011) and of posterior0.011) and of posterior

white matter (white matter (FF¼4.14, d.f.4.14, d.f.¼3,3, PP¼0.010). In0.010). In

post hocpost hoc pair comparisons, when the effectspair comparisons, when the effects

of age and gender were taken into account,of age and gender were taken into account,

the contralateral ratio in patients withthe contralateral ratio in patients with

schizophrenia was significantly lower (i.e.schizophrenia was significantly lower (i.e.

left region was smaller in relation to rightleft region was smaller in relation to right

region) in frontal grey matter (region) in frontal grey matter (778.0%;8.0%;

FF¼10.2, d.f.10.2, d.f.¼1,1, PP¼0.002), white matter0.002), white matter

((779.2%;9.2%; FF¼6.15, d.f.6.15, d.f.¼1,1, PP¼0.013) and0.013) and

sulcal CSF volumes (sulcal CSF volumes (7715.4%;15.4%; FF¼5.30,5.30,

d.f.d.f.¼1,1, PP¼0.025), and higher in posterior0.025), and higher in posterior

white matter volume (4.5%;white matter volume (4.5%; FF¼4.31,4.31,

d.f.d.f.¼1,1, PP¼0.042) than in controls. Patients0.042) than in controls. Patients

with depression had a marginally lowerwith depression had a marginally lower

contralateral ratio in frontal greycontralateral ratio in frontal grey mattermatter

((774.1%;4.1%; FF¼3.93, d.f.3.93, d.f.¼1,1, PP¼0.052) and0.052) and

in frontal sulcal CSF (in frontal sulcal CSF (7710.8%;10.8%; FF¼3.70,3.70,

d.f.d.f.¼1,1, PP¼0.059), as well as a significantly0.059), as well as a significantly

higher contralateral ratio in posterior whitehigher contralateral ratio in posterior white

matter (5.5%;matter (5.5%; FF¼9.07, d.f.9.07, d.f.¼1,1, PP¼0.004)0.004)

than controls. Frontal grey matter contra-than controls. Frontal grey matter contra-

lateral ratio in patients with schizophrenialateral ratio in patients with schizophrenia

was lower (was lower (777.4%;7.4%; FF¼7.59, d.f.7.59, d.f.¼1,1,

PP¼0.008) than in patients with psychotic0.008) than in patients with psychotic

depression, whereas in patients with de-depression, whereas in patients with de-

pression posterior white matter contra-pression posterior white matter contra-

lateral ratio was higher (4.8%;lateral ratio was higher (4.8%; FF¼7.17,7.17,

d.f.d.f.¼1,1, PP¼0.010) than in patients with0.010) than in patients with

psychotic depression (Fig. 4).psychotic depression (Fig. 4).

Correlation coefficients were calculatedCorrelation coefficients were calculated

between contralateral regional structuralbetween contralateral regional structural

volumes. In general, the correlation betweenvolumes. In general, the correlation between

left and right corresponding regional vol-left and right corresponding regional vol-

umes was high (umes was high (rr440.800) and statistically0.800) and statistically

s 6 0s 6 0

Table1Table1 Background of the study subjectsBackground of the study subjects

ControlsControls

nn¼1919
SchizophreniaSchizophrenia

nn¼1111
PsychoticPsychotic

depressiondepression

nn¼2020

Non-psychoticNon-psychotic

depressiondepression

nn¼1717

PP

GenderGender

MaleMale 1212 33 88 88 0.2510.25111

FemaleFemale 77 88 1212 99

Age (years)Age (years)

MeanMean 30.530.5 36.636.6 34.034.0 38.438.4 0.1780.17822

s.d.s.d. 8.48.4 14.714.7 9.89.8 12.012.0

HandnessHandness

RightRight 1717 1111 1717 1414 0.6420.64233

AlcoholAlcohol

4490 mg/week90 mg/week 44 22 55 55 0.7350.73533

1. Chi-squared.1. Chi-squared.
2. Analysis of variance.2. Analysis of variance.
3. Mantel^Haenszel chi-squared.3. Mantel^Haenszel chi-squared.
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significant (significant (PP550.05). There was one excep-0.05). There was one excep-

tion: the correlation within frontal grey mat-tion: the correlation within frontal grey mat-

ter (ter (rr¼0.413,0.413, PP¼0.207) was low in patients0.207) was low in patients

with schizophrenia, suggesting that, inwith schizophrenia, suggesting that, in

schizophrenia, the contralateral inter-schizophrenia, the contralateral inter-

connection between frontal structures isconnection between frontal structures is

rather weak.rather weak.

Intra-hemispheric ratiosIntra-hemispheric ratios

In intra-hemisphere comparison, frontal re-In intra-hemisphere comparison, frontal re-

gional volumes were divided by ipsilateralgional volumes were divided by ipsilateral

(same side) corresponding posterior and(same side) corresponding posterior and

temporal volumes, and temporal volumestemporal volumes, and temporal volumes

by ipsilateral posterior volumes. This wasby ipsilateral posterior volumes. This was

called the intra-hemispheric ratio. Whencalled the intra-hemispheric ratio. When

the effects of age and gender were takenthe effects of age and gender were taken

into account, there was a significant groupinto account, there was a significant group

(diagnosis) effect in left grey matter frontal(diagnosis) effect in left grey matter frontal

posterior intra-hemispheric ratio (posterior intra-hemispheric ratio (FF¼3.94,3.94,

d.f.d.f.¼3,3, PP¼0.013), in left grey matter fron-0.013), in left grey matter fron-

tal temporal ratio (tal temporal ratio (FF¼3.56, d.f.3.56, d.f.¼3,3,

PP¼0.020) and in left sulcal CSF frontal0.020) and in left sulcal CSF frontal

posterior ratio (posterior ratio (FF¼5.11, d.f.5.11, d.f.¼3,3, PP¼0.003).0.003).

InIn post hocpost hoc pair comparisons, when thepair comparisons, when the

effects of age and gender were taken intoeffects of age and gender were taken into

account, the left grey matter frontal poster-account, the left grey matter frontal poster-

ior intra-hemispheric ratio (i.e. the rate ofior intra-hemispheric ratio (i.e. the rate of

frontal grey matter divided by posteriorfrontal grey matter divided by posterior

grey matter) was lower in patients withgrey matter) was lower in patients with

schizophrenia than in controls (schizophrenia than in controls (7714.6%;14.6%;

FF¼11.32, d.f.11.32, d.f.¼1,1, PP¼0.001), patients with0.001), patients with

psychotic depression (psychotic depression (7712.4%;12.4%; FF¼6.71,6.71,

d.f.d.f.¼1,1, PP¼0.012) and patients with depres-0.012) and patients with depres-

sion (sion (7713.2%;13.2%; FF¼7.36, d.f.7.36, d.f.¼1,1, PP¼0.009).0.009).

The corresponding statistics for the left greyThe corresponding statistics for the left grey

s 61s 61

Table 2Table 2 Mean and s.d. of regional greymatter, whitematter and cerebrospinal fluid volumes according to diagnosisMean and s.d. of regional greymatter, whitematter and cerebrospinal fluid volumes according to diagnosis

Controls (Controls (nn¼19)19) Schizophrenia (Schizophrenia (nn¼11)11) Psychotic depression (Psychotic depression (nn¼20)20) Non-psychotic depression (Non-psychotic depression (nn¼17)17)

MeanMean s.d.s.d. MeanMean s.d.s.d. MeanMean s.d.s.d. MeanMean s.d.s.d.

Frontal loFrontal lobebe

GreyGrey 123.04123.04 17.6717.67 114.62114.62 11.3611.36 115.60115.60 14.2614.26 119.93119.93 20.0320.03

LeftLeft 61.5561.55 8.598.59 55.5055.50 6.966.96 57.6957.69 7.757.75 59.1859.18 9.819.81

RightRight 61.4961.49 9.259.25 59.1259.12 6.556.55 57.9157.91 6.966.96 60.7560.75 10.3410.34

WhiteWhite 72.8272.82 10.3910.39 71.8471.84 9.529.52 69.3469.34 12.4412.44 79.0979.09 13.9613.96

LeftLeft 36.1436.14 5.105.10 34.5334.53 5.465.46 34.1234.12 6.876.87 38.9638.96 7.347.34

RightRight 36.6836.68 5.785.78 37.3137.31 4.674.67 35.2235.22 6.036.03 40.1340.13 6.916.91

SulciSulci 22.0722.07 8.448.44 19.2619.26 6.436.43 19.3919.39 6.706.70 20.1020.10 6.716.71

LeftLeft 11.0811.08 4.204.20 8.928.92 2.902.90 9.449.44 3.233.23 9.639.63 3.293.29

RightRight 10.9910.99 4.384.38 10.3310.33 3.693.69 9.949.94 3.583.58 10.4610.46 3.643.64

Temporal lobeTemporal lobe

GreyGrey 133.84133.84 16.0716.07 139.71139.71 12.9012.90 130.63130.63 17.6417.64 135.26135.26 13.7813.78

LeftLeft 66.1666.16 8.488.48 69.3069.30 7.247.24 63.8163.81 8.468.46 66.2266.22 6.986.98

RightRight 67.6767.67 8.088.08 70.4170.41 5.895.89 66.8266.82 9.729.72 69.0469.04 7.537.53

WhiteWhite 59.5259.52 9.019.01 62.1862.18 8.148.14 60.6460.64 12.0712.07 66.5166.51 10.0910.09

LeftLeft 29.8029.80 5.015.01 30.7530.75 4.744.74 30.3830.38 6.226.22 33.1033.10 5.185.18

RightRight 29.7229.72 4.204.20 31.4231.42 4.104.10 30.2630.26 6.126.12 33.4033.40 5.295.29

SulciSulci 13.7313.73 7.577.57 11.7511.75 3.883.88 11.8611.86 5.665.66 10.8110.81 2.482.48

LeftLeft 6.596.59 3.913.91 5.655.65 1.941.94 5.795.79 2.682.68 5.145.14 1.071.07

RightRight 7.147.14 3.973.97 6.106.10 2.032.03 6.066.06 3.263.26 5.675.67 2.002.00

Posterior regionPosterior region

GreyGrey 347.84347.84 33.6033.60 367.82367.82 37.3537.35 341.96341.96 43.7743.77 355.63355.63 44.2244.22

LeftLeft 175.26175.26 17.3117.31 185.55185.55 17.8317.83 172.64172.64 22.3922.39 179.52179.52 24.4824.48

RightRight 172.58172.58 16.9716.97 182.26182.26 21.4021.40 169.31169.31 22.0322.03 176.11176.11 20.2720.27

WhiteWhite 243.14243.14 22.6022.60 229.92229.92 26.1026.10 229.55229.55 44.8044.80 257.40257.40 52.7552.75

LeftLeft 120.75120.75 11.9211.92 116.31116.31 15.2815.28 114.32114.32 22.3822.38 130.55130.55 26.5326.53

RightRight 122.38122.38 11.4111.41 113.60113.60 11.6311.63 115.22115.22 22.7122.71 126.84126.84 26.5526.55

SulciSulci 44.2644.26 13.1413.14 51.9451.94 16.4816.48 51.4251.42 20.4720.47 49.3749.37 13.4613.46

LeftLeft 22.3122.31 6.986.98 26.3926.39 7.717.71 25.4025.40 9.999.99 25.0725.07 7.297.29

RightRight 21.9421.94 6.386.38 25.5425.54 9.079.07 26.0226.02 10.7410.74 24.3024.30 6.296.29

VentriclesVentricles 12.0612.06 4.934.93 15.0215.02 5.905.90 16.5916.59 10.0510.05 16.0616.06 9.009.00

LeftLeft 6.126.12 2.622.62 7.727.72 3.133.13 8.528.52 5.845.84 8.468.46 5.105.10

RightRight 5.935.93 2.662.66 7.297.29 3.063.06 8.078.07 4.564.56 7.597.59 4.084.08

HC, healthy controls; SCH, schizophrenia; PsD, psychotic depression; D, depression; G, grey;W, white; L, left; R, right; F, frontal;T, temporal; P, posterior; C, sulcal cerebrospinalHC, healthy controls; SCH, schizophrenia; PsD, psychotic depression; D, depression; G, grey;W, white; L, left; R, right; F, frontal;T, temporal; P, posterior; C, sulcal cerebrospinal
fluid;V, ventricular cerebrospinal fluid.fluid; V, ventricular cerebrospinal fluid.
Statistical significance ofStatistical significance of post hocpost hoc comparisons (intra-cranial volume, age and gender controlled):comparisons (intra-cranial volume, age and gender controlled):
Greymatter: SCHGreymatter: SCH55HC (LFG:HC (LFG: PP¼0.005; FG:0.005; FG: PP¼0.045); SCH0.045); SCH44HC (LPG:HC (LPG: PP¼0.024; RPG:0.024; RPG: PP¼0.060; PG:0.060; PG: PP¼0.028); SCH0.028); SCH55PsD (LFG:PsD (LFG: PP¼0.038); SCH0.038); SCH55D (LFG:D (LFG: PP¼0.033); SCH0.033); SCH44DD
(LPG:(LPG: PP¼0.039; RPG:0.039; RPG: PP¼0.061; PG:0.061; PG: PP¼0.037).0.037).
Whitematter: DWhitematter: D44HC (RFW:HC (RFW: PP¼0.055); D0.055); D44SCH (RFW:SCH (RFW: PP¼0.026; FW:0.026; FW: PP¼0.070; PW:0.070; PW: PP¼0.067;W:0.067;W: PP¼0.027); D0.027); D44PsD (LFW:PsD (LFW: PP¼0.072; RFW:0.072; RFW: PP¼0.041; FW:0.041; FW: PP¼0.037;W:0.037;W: PP¼0.056).0.056).
Sulcal CSF: SCHSulcal CSF: SCH55HC (LFC:HC (LFC: PP¼0.097); D0.097); D55HC (LFC:HC (LFC: PP¼0.063; LTC:0.063; LTC: PP¼0.082;TC:0.082;TC: PP¼0.080); PsD0.080); PsD44HC (LPC:HC (LPC: PP¼0.073; RPC:0.073; RPC: PP¼0.040; PC:0.040; PC: PP¼0.049); PsD0.049); PsD44D (LPC:D (LPC: PP¼0.094;0.094;
RPC:RPC: PP¼0.024; PC:0.024; PC: PP¼0.044; C:0.044; C: PP¼0.080).0.080).
Ventricular CSF: PsDVentricular CSF: PsD44HC (LV:HC (LV: PP¼0.046; RV:0.046; RV: PP¼0.037; V:0.037; V: PP¼0.033); PsD0.033); PsD44SCH (LV:SCH (LV: PP¼0.072; RV:0.072; RV: PP¼0.096; V:0.096;V: PP¼0.070).0.070).
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matter frontal temporal ratio were: patientsmatter frontal temporal ratio were: patients

with schizophrenia (with schizophrenia (7713.7%;13.7%; FF¼9.21,9.21,

d.f.d.f.¼1,1, PP¼0.004),0.004), v.v. psychotic depressionpsychotic depression

((7712.5%;12.5%; FF¼7.70, d.f.7.70, d.f.¼1,1, PP¼0.007) and0.007) and

v.v. patients with depression (patients with depression (7712.8%;12.8%;

FF¼7.70, d.f.7.70, d.f.¼1,1, PP¼0.007). Compared with0.007). Compared with

controls, the left sulcal CSF frontal poster-controls, the left sulcal CSF frontal poster-

ior ratio was smaller in schizophreniaior ratio was smaller in schizophrenia

((7728.0%;28.0%; FF¼10.08, d.f.10.08, d.f.¼1,1, PP¼0.002),0.002),

psychotic depression (psychotic depression (7723.6%;23.6%; FF¼11.21,11.21,

d.f.d.f.¼1,1, PP¼0.001) and depression0.001) and depression

((7719.1%;19.1%; FF¼6.68, d.f.6.68, d.f.¼1,1, PP¼0.012). Also0.012). Also

the right sulcal CSF frontal posterior ratiothe right sulcal CSF frontal posterior ratio

was significantly lower in patients withwas significantly lower in patients with

psychotic depression than in controlspsychotic depression than in controls

((7720.3%;20.3%; FF¼4.94; d.f.4.94; d.f.¼1,1, PP¼0.030).0.030).

No temporal posterior intra-hemisphericNo temporal posterior intra-hemispheric

ratio values differed significantly betweenratio values differed significantly between

patients and controls.patients and controls.

DISCUSSIONDISCUSSION

Left frontal grey matter reducedLeft frontal grey matter reduced
in first-episode schizophreniain first-episode schizophrenia

The major finding was that the patientsThe major finding was that the patients

with first-episode schizophrenia had re-with first-episode schizophrenia had re-

duced left frontal grey matter comparedduced left frontal grey matter compared

with healthy controls and patients with se-with healthy controls and patients with se-

vere psychotic or non-psychotic depression.vere psychotic or non-psychotic depression.

This finding was true both in comparison ofThis finding was true both in comparison of

regional volumes between the groups and inregional volumes between the groups and in

inter- and intra-hemispheric comparisons,inter- and intra-hemispheric comparisons,

whereas in schizophrenia, intercorrelationwhereas in schizophrenia, intercorrelation

between left and right frontal grey matterbetween left and right frontal grey matter

volumes remained lower than in othervolumes remained lower than in other

groups. Additionally, taking into accountgroups. Additionally, taking into account

that the left/right ratio of all frontal tissuesthat the left/right ratio of all frontal tissues

was lower in patients with schizophreniawas lower in patients with schizophrenia

than in healthy controls, we can concludethan in healthy controls, we can conclude

that the whole left frontal lobe, andthat the whole left frontal lobe, and

especially its grey matter, was reducedespecially its grey matter, was reduced

specifically in patients with schizophrenia.specifically in patients with schizophrenia.

WoodsWoods et alet al (1996) found that in patients(1996) found that in patients

with schizophrenia, only frontal intra-with schizophrenia, only frontal intra-

cranial volume was reduced, suggesting acranial volume was reduced, suggesting a

pathological process in the frontal regionpathological process in the frontal region

before the completion of brain growth.before the completion of brain growth.

Thus, it is possible that the left frontal lobeThus, it is possible that the left frontal lobe

reduction of patients with schizophreniareduction of patients with schizophrenia

also found in the present study was of earlyalso found in the present study was of early

origin and because of underdevelopment ororigin and because of underdevelopment or

early damage.early damage.

The findings of a meta-analysis (WrightThe findings of a meta-analysis (Wright

et alet al, 2000) indicated that, in general, the, 2000) indicated that, in general, the

frontal lobe reduction in schizophrenia isfrontal lobe reduction in schizophrenia is

not extensive and is equally great on bothnot extensive and is equally great on both

sides. In the present study, frontal lobesides. In the present study, frontal lobe

reduction was rather extensive in the leftreduction was rather extensive in the left

frontal lobe. It is possible that changes infrontal lobe. It is possible that changes in

s 6 2s 6 2

Fig. 1Fig. 1 Regional greymatter volumes in diagnostic groups in relation to healthy controls (L, left; R, right;Regional greymatter volumes in diagnostic groups in relation to healthy controls (L, left; R, right;

F, frontal;T, temporal; P, posterior; G, greymatter).F, frontal;T, temporal; P, posterior; G, greymatter). , schizophrenia;, schizophrenia; , psychotic depression;, psychotic depression;

, non-psychotic depression., non-psychotic depression. denotes significant values.denotes significant values.

Fig. 2Fig. 2 Regional whitematter volumes in diagnostic groups in relation to healthy controls (L, left; R, right;Regional whitematter volumes in diagnostic groups in relation to healthy controls (L, left; R, right;

F, frontal;T, temporal; P, posterior;W, whitematter).F, frontal;T, temporal; P, posterior;W, whitematter). , schizophrenia;, schizophrenia; , psychotic depression;, psychotic depression;

, non-psychotic depression., non-psychotic depression.

Fig. 3Fig. 3 Regional sulcal and ventricular cerebrospinal fluid (CSF) volumes in diagnostic groups in relation toRegional sulcal and ventricular cerebrospinal fluid (CSF) volumes in diagnostic groups in relation to

healthy controls (L, left; R, right; F, frontal;T, temporal; P, posterior; C, sulcal CSF; V, ventricle CSF).healthy controls (L, left; R, right; F, frontal;T, temporal; P, posterior; C, sulcal CSF;V, ventricle CSF).

, schizophrenia;, schizophrenia; , psychotic depression;, psychotic depression; , non-psychotic depression., non-psychotic depression. denotes significant values.denotes significant values.
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the brain volumes of patients with first-the brain volumes of patients with first-

episode schizophrenia are more localisedepisode schizophrenia are more localised

than those of chronic patients with a longthan those of chronic patients with a long

duration of illness and drug treatment.duration of illness and drug treatment.

J.H., T.C., T.v.E. and colleagues analysedJ.H., T.C., T.v.E. and colleagues analysed

regional brain volumes in never-medicated,regional brain volumes in never-medicated,

first-episode patients and found reducedfirst-episode patients and found reduced

grey matter volumes in the left frontal andgrey matter volumes in the left frontal and

temporal lobe, as well as in the right poster-temporal lobe, as well as in the right poster-

ior region, whereas differences in whole-ior region, whereas differences in whole-

brain grey volumes were non-significantbrain grey volumes were non-significant

(further details available from the author(further details available from the author

upon request). Prolonged treatments, socialupon request). Prolonged treatments, social

adversities and isolation may cause non-adversities and isolation may cause non-

specific changes also in patients’ cerebralspecific changes also in patients’ cerebral

structures and may explain the more exten-structures and may explain the more exten-

sive findings in the patients with chronicsive findings in the patients with chronic

schizophrenia.schizophrenia.

Interregional dissociationInterregional dissociation

We found a reduced inter-correlationWe found a reduced inter-correlation

between contralateral frontal grey matterbetween contralateral frontal grey matter

volumes in the patients with schizophrenia.volumes in the patients with schizophrenia.

Additionally, in these patients, both theAdditionally, in these patients, both the

contralateral (leftcontralateral (left v.v. right) ratios of the fron-right) ratios of the fron-

tal grey and white matter volumes and thetal grey and white matter volumes and the

intra-hemispheric ratios between left frontalintra-hemispheric ratios between left frontal

and temporal grey matter volumes wereand temporal grey matter volumes were

smaller than those in healthy controls or insmaller than those in healthy controls or in

the patients with depression. This result isthe patients with depression. This result is

in accordance with the findings reportedin accordance with the findings reported

by Woodruffby Woodruff et alet al (1997) that there is a dis-(1997) that there is a dis-

sociation between frontal and temporalsociation between frontal and temporal

brain regions. According to the findings ofbrain regions. According to the findings of

the present sample, this dissociation seemsthe present sample, this dissociation seems

to be more pronounced between left frontalto be more pronounced between left frontal

lobe and other brain regions.lobe and other brain regions.

We did not measure asymmetry of theWe did not measure asymmetry of the

central nervous system directly. Thecentral nervous system directly. The

reduced volume in the left frontal lobe ofreduced volume in the left frontal lobe of

patients with schizophrenia may mean,patients with schizophrenia may mean,

however, that the structures of their lefthowever, that the structures of their left

temporal lobe have had more space totemporal lobe have had more space to

‘move’ more anteriorally than those of‘move’ more anteriorally than those of

healthy controls or other patients. This ishealthy controls or other patients. This is

in accordance with the finding that thein accordance with the finding that the

auditory cortex of the temporal lobe wasauditory cortex of the temporal lobe was

more anterior in the left than in the rightmore anterior in the left than in the right

hemisphere (Tiihonenhemisphere (Tiihonen et alet al, 1998). The lost, 1998). The lost

asymmetry of the brain in schizophrenia, asasymmetry of the brain in schizophrenia, as

suggested by Crow (1990; Crowsuggested by Crow (1990; Crow et alet al,,

1996), may therefore be a result of under-1996), may therefore be a result of under-

development of the left frontal lobe.development of the left frontal lobe.

Enlarged ventricles in psychoticEnlarged ventricles in psychotic
depression but not in schizophreniadepression but not in schizophrenia

In the present study, patients with psychoticIn the present study, patients with psychotic

depression had larger ventricular CSFdepression had larger ventricular CSF

volumes than healthy controls. They alsovolumes than healthy controls. They also

had larger posterior sulcal CSF volumeshad larger posterior sulcal CSF volumes

than controls and patients with non-than controls and patients with non-

psychotic depression. These findings are inpsychotic depression. These findings are in

accordance with several other studies. Mostaccordance with several other studies. Most

consistently, patients with depression haveconsistently, patients with depression have

shown enlarged lateral and third ventricles,shown enlarged lateral and third ventricles,

as well as sulcal enlargement (Nasrallahas well as sulcal enlargement (Nasrallah etet

alal, 1989; Elkis, 1989; Elkis et alet al, 1995)., 1995).

Contrary to several other studies whichContrary to several other studies which

have shown that ventricular CSF volumeshave shown that ventricular CSF volumes

are larger in patients with schizophreniaare larger in patients with schizophrenia

than in healthy people (Weinberger, 1987;than in healthy people (Weinberger, 1987;

ElkisElkis et alet al, 1995; Liddle, 1995; Lawrie &, 1995; Liddle, 1995; Lawrie &

Abukmeil, 1998; WrightAbukmeil, 1998; Wright et alet al, 2000), even, 2000), even

in patients with first-episode schizophreniain patients with first-episode schizophrenia

(Lim(Lim et alet al, 1996; Gur, 1996; Gur et alet al, 1999), in the, 1999), in the

present study, patients with schizophreniapresent study, patients with schizophrenia

did not have larger ventricular volumes. Indid not have larger ventricular volumes. In

fact, adjusted ventricular volumes werefact, adjusted ventricular volumes were

slightly smaller when intra-cranial volumeslightly smaller when intra-cranial volume

was taken into account. We studied first-was taken into account. We studied first-

episode patients in the early phase of theirepisode patients in the early phase of their

illness; more than 10% of the patients wereillness; more than 10% of the patients were

treated in out-patient care and the timetreated in out-patient care and the time

lapse between examination and MRI scanslapse between examination and MRI scans

was fairly short (on average, 1.7 months).was fairly short (on average, 1.7 months).

It is thus possible that in the early stage ofIt is thus possible that in the early stage of

the onset of schizophrenia, grey matter re-the onset of schizophrenia, grey matter re-

duction and changes in ventricular volumesduction and changes in ventricular volumes

are less prominent. In accordance with theare less prominent. In accordance with the

present study, in their analysis J.H., T.C.,present study, in their analysis J.H., T.C.,

T.v.E. and colleagues found no significantT.v.E. and colleagues found no significant

differences in ventricular volumes betweendifferences in ventricular volumes between

never-medicated patients with first-episodenever-medicated patients with first-episode

schizophrenia and healthy controls (furtherschizophrenia and healthy controls (further

details available from the author upondetails available from the author upon

request).request).

Significance of differentialSignificance of differential
diagnosisdiagnosis

One possible explanation for the structuralOne possible explanation for the structural

differences between schizophrenia anddifferences between schizophrenia and

psychotic depression lies in diagnosticpsychotic depression lies in diagnostic

procedure. In the present study, weprocedure. In the present study, we

concentrated on making differential diag-concentrated on making differential diag-

noses between schizophrenia and psychoticnoses between schizophrenia and psychotic

depression, which are not always easy todepression, which are not always easy to

distinguish from each other. According todistinguish from each other. According to

the DSM–IV, a patient with psychotic de-the DSM–IV, a patient with psychotic de-

pression may have psychotic symptoms thatpression may have psychotic symptoms that

are also often seen in schizophrenia, andare also often seen in schizophrenia, and

therefore, the presence of depressive statetherefore, the presence of depressive state

is important in differentiating between psy-is important in differentiating between psy-

chotic depression and schizophrenia. Onchotic depression and schizophrenia. On

the other hand, patients with schizophreniathe other hand, patients with schizophrenia

often also have depressive symptoms,often also have depressive symptoms,

which makes differential diagnosis difficultwhich makes differential diagnosis difficult

(Martin(Martin et alet al, 1985). We emphasised the, 1985). We emphasised the

presence of incoherence or clear distur-presence of incoherence or clear distur-

bances in thinking expressed in speechbances in thinking expressed in speech

and a clear decline in functioning asand a clear decline in functioning as

important criteria for schizophrenia.important criteria for schizophrenia.

An alternative explanation relates toAn alternative explanation relates to

the mean age of patients with schizophreniathe mean age of patients with schizophrenia

in the present study: even though they werein the present study: even though they were

first-episode patients, mean age was ratherfirst-episode patients, mean age was rather

high. A number of studies suggest that birthhigh. A number of studies suggest that birth

complications are associated with schizo-complications are associated with schizo-

phrenia of severe type, male gender andphrenia of severe type, male gender and

early onset (McGrath & Murray, 1995),early onset (McGrath & Murray, 1995),

whereas, in the Copenhagen High Riskwhereas, in the Copenhagen High Risk

Study, large ventricles are associated withStudy, large ventricles are associated with

delivery complications in high-risk subjectsdelivery complications in high-risk subjects

(Cannon(Cannon et alet al, 1993; Parnas, 1999). It is, 1993; Parnas, 1999). It is

s 6 3s 6 3

Fig. 4Fig. 4 Contralateral regional ratios of grey and whitematter, as well as sulcal and ventricular volumes, inContralateral regional ratios of grey andwhitematter, as well as sulcal and ventricular volumes, in

diagnostic groups in relation to healthy controls (F, frontal;T, temporal; P, posterior; G, greymatter;diagnostic groups in relation to healthy controls (F, frontal;T, temporal; P, posterior; G, greymatter;

W, whitematter; C, sulcal cerebrospinal fluid; V, ventricle cerebrospinal fluid).W, whitematter; C, sulcal cerebrospinal fluid;V, ventricle cerebrospinal fluid). , schizophrenia;, schizophrenia;

, psychotic depression;, psychotic depression; , non-psychotic depression., non-psychotic depression. denotes significant values.denotes significant values.

https://doi.org/10.1192/bjp.181.43.s58 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.181.43.s58


SALOKANGAS ET ALSALOKANGAS ET AL

therefore possible that the patients withtherefore possible that the patients with

schizophrenia in the present study representschizophrenia in the present study represent

a selected group of individuals with fewera selected group of individuals with fewer

subcortical CNS defects, including enlarge-subcortical CNS defects, including enlarge-

ment of ventricles.ment of ventricles.

Independently of the diagnostic pro-Independently of the diagnostic pro-

cedure, the patients in the present studycedure, the patients in the present study

were examined with a comprehensivewere examined with a comprehensive

neuropsychological test battery. Theseneuropsychological test battery. These

examinations showed that the patients withexaminations showed that the patients with

schizophrenia and psychotic depressionschizophrenia and psychotic depression

performed more poorly than controls onperformed more poorly than controls on

several tests of the Wechsler Adult Intelli-several tests of the Wechsler Adult Intelli-

gence Test – Revised and Wechsler Mem-gence Test – Revised and Wechsler Mem-

ory Scale, but that the differences betweenory Scale, but that the differences between

these patients were not prominent (Ilonenthese patients were not prominent (Ilonen

et alet al, 2000, 2000aa,,bb). However, a high score on). However, a high score on

the schizophrenia index (SCZI) developedthe schizophrenia index (SCZI) developed

by Exner (1993) was found in 70% ofby Exner (1993) was found in 70% of

patients with schizophrenia, but in onlypatients with schizophrenia, but in only

7% of patients with psychotic depression7% of patients with psychotic depression

(Ilonen(Ilonen et alet al, 1999). The SCZI is related, 1999). The SCZI is related

to disordered thinking and inaccurate per-to disordered thinking and inaccurate per-

ception. This finding supports the view thatception. This finding supports the view that

the pathognomonic thought disorders ofthe pathognomonic thought disorders of

schizophrenia could be related to frontalschizophrenia could be related to frontal

lobe (grey matter) deficiencies.lobe (grey matter) deficiencies.

Thus, it is also possible that, because ofThus, it is also possible that, because of

the strict diagnostic procedure, the patientsthe strict diagnostic procedure, the patients

with schizophrenia in this study represent awith schizophrenia in this study represent a

less heterogeneous group of schizophrenias,less heterogeneous group of schizophrenias,

with reduced grey matter mainly in the leftwith reduced grey matter mainly in the left

frontal lobe, possibly because of geneticfrontal lobe, possibly because of genetic

predisposition and associated with distur-predisposition and associated with distur-

bances in cognitive performance (Zipurskybances in cognitive performance (Zipursky

et alet al, 1998; Gur, 1998; Gur et alet al, 1999), whereas the, 1999), whereas the

patients with psychotic depression seem topatients with psychotic depression seem to

have enlarged CNS ventricles as well ashave enlarged CNS ventricles as well as

reduced white matter volumes, possiblyreduced white matter volumes, possibly

because of environmental damage. Indeed,because of environmental damage. Indeed,

the patients with psychotic depression hadthe patients with psychotic depression had

suffered more CNS damage than thesuffered more CNS damage than the

patients in other diagnostic groups (Salo-patients in other diagnostic groups (Salo-

kangaskangas et alet al, 1998). This explanation is also, 1998). This explanation is also

in accordance with the findings of Cannonin accordance with the findings of Cannon

et alet al (1998). They proposed that cortical(1998). They proposed that cortical

grey matter volume reduction in schizo-grey matter volume reduction in schizo-

phrenia reflects a genetic predisposition,phrenia reflects a genetic predisposition,

whereas ventricular enlargement reflects awhereas ventricular enlargement reflects a

primary non-shared causative effect, or isprimary non-shared causative effect, or is

secondary to the illness or its treatment.secondary to the illness or its treatment.

White matter reduction correlatesWhite matter reduction correlates
with psychotic disorderwith psychotic disorder

In the present study, the white matterIn the present study, the white matter

volume differences between healthy controlsvolume differences between healthy controls

and the patients were rather extensive but,and the patients were rather extensive but,

because of large standard deviations, notbecause of large standard deviations, not

significant. By contrast, the white mattersignificant. By contrast, the white matter

volume differences between patients withvolume differences between patients with

non-psychotic (depression) and psychoticnon-psychotic (depression) and psychotic

disorders (schizophrenia and psychoticdisorders (schizophrenia and psychotic

depression) were more extensive, and thedepression) were more extensive, and the

interaction of diagnosis, region and hemi-interaction of diagnosis, region and hemi-

sphere with white matter volume was clearlysphere with white matter volume was clearly

significant. In general, patients with psycho-significant. In general, patients with psycho-

sis had smaller white matter volumes thansis had smaller white matter volumes than

patients without psychosis. Thus, we pro-patients without psychosis. Thus, we pro-

pose that white matter volume may bepose that white matter volume may be

an important factor in the differentialan important factor in the differential

diagnosis of psychotic and non-psychoticdiagnosis of psychotic and non-psychotic

disorders in general, and between psychoticdisorders in general, and between psychotic

and non-psychotic depression specifically.and non-psychotic depression specifically.

REFERENCESREFERENCES

Addington, D., Addington, J. & Maticka-Tyndale, E.Addington, D., Addington, J. & Maticka-Tyndale, E.
(1993)(1993) Assessing depression in schizophrenia: theAssessing depression in schizophrenia: the
Calgary Depression Scale.Calgary Depression Scale. British Journal of PsychiatryBritish Journal of Psychiatry,,
163163 (suppl. 22), 39^44.(suppl. 22), 39^44.

Altman, E. G.,Hedeker, D. R., Janicak, P. G.,Altman, E. G.,Hedeker, D. R., Janicak, P. G., et alet al
(1994)(1994) The Clinician-Administered Rating Scale forThe Clinician-Administered Rating Scale for
Mania (CARS-M): development, reliability, and validity.Mania (CARS-M): development, reliability, and validity.
Biological PsychiatryBiological Psychiatry,, 3636, 124^134., 124^134.

American Psychiatric AssociationAmerican Psychiatric Association (1994)(1994) DiagnosticDiagnostic
and Statistical Manual of Mental Disordersand Statistical Manual of Mental Disorders (4th edn)(4th edn)
(DSM^IV).Washington,DC: APA.(DSM^IV).Washington,DC: APA.

Bilder, R.M.,Wu,H., Bogerts, B.,Bilder, R.M.,Wu,H., Bogerts, B., et alet al (1994)(1994) AbsenceAbsence
of regional hemispheric volume asymmetries in firstof regional hemispheric volume asymmetries in first
episode schizophrenia.episode schizophrenia. American Journal of PsychiatryAmerican Journal of Psychiatry,,
151151, 1437^1447.,1437^1447.

Bogerts, B., Ashtari, M., Degreef, G.,Bogerts, B., Ashtari, M., Degreef, G., et alet al (1990)(1990)
Reduced temporal limbic structure volumes onmagneticReduced temporal limbic structure volumes onmagnetic
resonance images in first episode schizophrenia.resonance images in first episode schizophrenia.
Psychiatry ResearchPsychiatry Research,, 3535, 1^13., 1^13.

Buchanan, R.W. & Carpenter, W.T.Buchanan, R.W. & Carpenter, W.T. (1997)(1997) TheThe
neuroanatomies of schizophrenia.neuroanatomies of schizophrenia. Schizophrenia BulletinSchizophrenia Bulletin,,
2323, 367^372., 367^372.

Cannon,T. D.Cannon,T. D. (1996)(1996) Abnormalities of brainAbnormalities of brain
structure and function in schizophrenia: implicationsstructure and function in schizophrenia: implications
for etiology and pathophysiology.for etiology and pathophysiology. Annals of MedicineAnnals of Medicine,,
2828, 533^539., 533^539.

s 6 4s 6 4

CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& Magnetic resonance imaging scanningmaybe useful in clinical differential diagnosisMagnetic resonance imaging scanningmaybe useful in clinical differential diagnosis
of severemental disorders even in their early phase.of severemental disorders even in their early phase.

&& Left frontal greymattermaybe specifically reduced in first-episode schizophrenia,Left frontal greymattermaybe specifically reduced in first-episode schizophrenia,
whereas enlarged cerebral ventricles seem not to be specific to schizophrenia in itswhereas enlarged cerebral ventricles seem not to be specific to schizophrenia in its
early stage.early stage.

&& Enlarged cerebral ventricles and sulcal cerebrospinal fluid volumes are prevalent inEnlarged cerebral ventricles and sulcal cerebrospinal fluid volumes are prevalent in
psychotic depression, whereas well-preserved or expandedwhitematter volumespsychotic depression, whereas well-preserved or expandedwhitematter volumes
are typical of non-psychotic depression.are typical of non-psychotic depression.

LIMITATIONSLIMITATIONS

&& Thenumber ofpatients successfully scannedremains small, especially in the case ofThenumberofpatients successfully scannedremains small, especially in the case of
male patients with schizophrenia.male patients with schizophrenia.

&& The differentgender and age distributions, even thoughnot statistically significant,The differentgender and age distributions, even though not statistically significant,
between controls and patient groups also limit the possibilities for generalisation.between controls and patient groups also limit the possibilities for generalisation.

&& This is a cross-sectional study and it cannot show the long-term structural centralThis is a cross-sectional study and it cannot show the long-term structural central
nervous system changes in each diagnostic category.nervous system changes in each diagnostic category.
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