
BackgroundBackground Patientswith psychosisPatientswith psychosis

have activation ofthehypothalamic^have activation ofthe hypothalamic^

pituitary^adrenal (HPA) axis during thepituitary^adrenal (HPA) axis during the

acute phase ofthe psychosis.Whether thisacute phase ofthe psychosis.Whether this

has anymorphological consequences forhas anymorphological consequences for

the pituitarygland is currently unknown.the pituitarygland is currently unknown.

AimsAims To examine pituitary volumeTo examine pituitary volume

variation inpeople atdifferent stages ofvariation inpeople atdifferent stages of

psychotic disorder.psychotic disorder.

MethodMethod Pituitary volumewasPituitary volumewas

measuredusing1.5mm, coronalmagneticmeasuredusing1.5mm, coronalmagnetic

resonance images in 24 peoplewith first-resonance images in 24 peoplewith first-

episode psychosis, 51with establishedepisode psychosis, 51with established

schizophrenia and 59 healthycontrols.schizophrenia and 59 healthycontrols.

ResultsResults Comparedwiththe controlComparedwiththe control

group, the peoplewith first-episodegroup, the peoplewith first-episode

psychosis hadpituitary volumes thatwerepsychosis hadpituitary volumes thatwere

10% larger, whereas thosewith10% larger, whereas thosewith

established schizophrenia hadpituitaryestablished schizophrenia hadpituitary

volumes thatwere17% smaller.In both ofvolumes thatwere17% smaller.In both of

the groupswith psychosis, therewasnothe groupswith psychosis, therewasno

difference inpituitary volume betweendifference inpituitary volumebetween

those receiving typical antipsychotic drugsthose receiving typical antipsychotic drugs

andthosereceivingatypicalantipsychotics.andthosereceivingatypicalantipsychotics.

ConclusionsConclusions The firstepisode of aThe firstepisode of a

psychosis is associatedwith a largerpsychosis is associatedwith a larger

pituitary volume, whichwe suggest is duepituitary volume, whichwe suggest is due

to activation ofthe HPA axis.The smallerto activation ofthe HPA axis.The smaller

pituitary volume inthe groupwithpituitary volume inthe groupwith

established schizophrenia could be theestablished schizophrenia could be the

consequence of repeated episodes of HPAconsequence of repeated episodes of HPA

axis hyperactivity.axis hyperactivity.
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‘The period of acute psychotic turmoil (or panic,‘The period of acute psychotic turmoil (or panic,
or ego disintegration), which initiated theor ego disintegration), which initiated the
psychotic episodes, . . . was shown to bepsychotic episodes, . . . was shown to be
associated with very great elevations in cortico-associated with very great elevations in cortico-
steroid. . . excretion’ (Sacharsteroid. . . excretion’ (Sachar et alet al,1970).,1970).

People who are in the acute phase of aPeople who are in the acute phase of a

psychotic disorder, with florid symptoms,psychotic disorder, with florid symptoms,

newly hospitalised or unmedicated, shownewly hospitalised or unmedicated, show

hypothalamic–pituitary–adrenal (HPA) axishypothalamic–pituitary–adrenal (HPA) axis

hyperactivity, but the central mechanismshyperactivity, but the central mechanisms

underlying this neuroendocrine abnormal-underlying this neuroendocrine abnormal-

ity are unclear (Cotter & Pariante, 2002).ity are unclear (Cotter & Pariante, 2002).

In major depression, HPA axis hyper-In major depression, HPA axis hyper-

activity has been associated with an in-activity has been associated with an in-

creased volume of the pituitary glandcreased volume of the pituitary gland

measured using magnetic resonancemeasured using magnetic resonance

imaging (MRI), which correlates with theimaging (MRI), which correlates with the

circulating cortisol levels (Krishnancirculating cortisol levels (Krishnan et alet al,,

1991; Axelson1991; Axelson et alet al, 1992). To investigate, 1992). To investigate

whether HPA axis activation in psychosiswhether HPA axis activation in psychosis

is also associated with increased pituitaryis also associated with increased pituitary

volume, we measured the pituitary glandsvolume, we measured the pituitary glands

of patients experiencing their first episodeof patients experiencing their first episode

of psychosis, when they are most likely toof psychosis, when they are most likely to

show HPA axis abnormalities. We alsoshow HPA axis abnormalities. We also

measured pituitary volumes in a group ofmeasured pituitary volumes in a group of

people with established schizophrenia, topeople with established schizophrenia, to

investigate whether this putative abnormal-investigate whether this putative abnormal-

ity varies at different stages of the psychoticity varies at different stages of the psychotic

disorder.disorder.

METHODMETHOD

ParticipantsParticipants

We studied 134 individuals: 24 people withWe studied 134 individuals: 24 people with

first-episode psychosis, 51 with establishedfirst-episode psychosis, 51 with established

schizophrenia and 59 healthy controls.schizophrenia and 59 healthy controls.

These participants received a brain MRIThese participants received a brain MRI

scan as part of a large study investigatingscan as part of a large study investigating

brain structural abnormalities in psychosisbrain structural abnormalities in psychosis

(Velakoulis(Velakoulis et alet al, 1999). All were screened, 1999). All were screened

for comorbid medical and psychiatricfor comorbid medical and psychiatric

conditions by clinical assessment and byconditions by clinical assessment and by

physical and neurological examination.physical and neurological examination.

Exclusion criteria were a history ofExclusion criteria were a history of

significant head injury or seizures,significant head injury or seizures,

electroconvulsive therapy during the 6electroconvulsive therapy during the 6

months before the scan, polydipsia, neuro-months before the scan, polydipsia, neuro-

logical disease, impaired thyroid function,logical disease, impaired thyroid function,

asthma, diabetes, steroid use or meetingasthma, diabetes, steroid use or meeting

DSM–IV (American Psychiatric Associa-DSM–IV (American Psychiatric Associa-

tion, 1994) criteria for alcohol or substancetion, 1994) criteria for alcohol or substance

abuse or dependence. Individuals with aabuse or dependence. Individuals with a

metallic object in the body or other contra-metallic object in the body or other contra-

indication to MRI, and control volunteersindication to MRI, and control volunteers

with a personal or family history of psychi-with a personal or family history of psychi-

atric illness, were also excluded. After com-atric illness, were also excluded. After com-

plete description of the study, writtenplete description of the study, written

informed consent was obtained from allinformed consent was obtained from all

participants. The local Internal Reviewparticipants. The local Internal Review

Board (Research and Ethics Committee)Board (Research and Ethics Committee)

approved the study.approved the study.

First-episode groupFirst-episode group

Twenty-four in-patients with first-episodeTwenty-four in-patients with first-episode

psychosis were recruited from the Earlypsychosis were recruited from the Early

Psychosis Prevention and InterventionPsychosis Prevention and Intervention

Centre (EPPIC) in Melbourne, AustraliaCentre (EPPIC) in Melbourne, Australia

(McGorry(McGorry et alet al, 1996). Study inclusion, 1996). Study inclusion

criteria were age at onset 16–30 years andcriteria were age at onset 16–30 years and

current psychosis, reflected by the presencecurrent psychosis, reflected by the presence

of at least one of delusions, hallucinations,of at least one of delusions, hallucinations,

disorder of thinking or speech (other thandisorder of thinking or speech (other than

simple accelerations or retardation) orsimple accelerations or retardation) or

disorganised, bizarre or markedly in-disorganised, bizarre or markedly in-

appropriate behaviour. Patients’ DSM–IVappropriate behaviour. Patients’ DSM–IV

diagnoses were based on chart review, thediagnoses were based on chart review, the

Structured Clinical Interview for DSM–IVStructured Clinical Interview for DSM–IV

Disorders (SCID; FirstDisorders (SCID; First et alet al, 1997) and the, 1997) and the

Royal Park Multidiagnostic Instrument forRoyal Park Multidiagnostic Instrument for

Psychosis (RPMIP; McGorryPsychosis (RPMIP; McGorry et alet al, 1989),, 1989),

administered during the initial treatmentadministered during the initial treatment

episode. Eleven patients had a diagnosis ofepisode. Eleven patients had a diagnosis of

schizophrenia or schizophreniform disor-schizophrenia or schizophreniform disor-

der, 9 of schizoaffective disorder, 2 of bi-der, 9 of schizoaffective disorder, 2 of bi-

polar disorder with psychotic symptoms, 1polar disorder with psychotic symptoms, 1

of psychosis not otherwise specified and 1of psychosis not otherwise specified and 1

of delusional disorder. Members of thisof delusional disorder. Members of this

group were antipsychotic-naıve before theirgroup were antipsychotic-naı̈ve before their

admission. At the time of the scan, 23 outadmission. At the time of the scan, 23 out

of 24 patients were taking antipsychoticof 24 patients were taking antipsychotic

medication: 14 were receiving a typicalmedication: 14 were receiving a typical

antipsychotic agent (mean daily dosageantipsychotic agent (mean daily dosage

153 mg (s.d.153 mg (s.d.¼81) chlorpromazine equiva-81) chlorpromazine equiva-

lents) and 9 an atypical agent, of whomlents) and 9 an atypical agent, of whom

7 were receiving risperidone (mean7 were receiving risperidone (mean

daily dosage 2.9 mg (s.d.daily dosage 2.9 mg (s.d.¼1.5)), 1 olanza-1.5)), 1 olanza-

pine and 1 clozapine. Thirteen patientspine and 1 clozapine. Thirteen patients

were taking benzodiazepines, 6 werewere taking benzodiazepines, 6 were

taking an anticholinergic, 4 lithium and 2taking an anticholinergic, 4 lithium and 2

an antidepressant. We collected socio-an antidepressant. We collected socio-

demographic and clinical informationdemographic and clinical information

including the date of first admission,including the date of first admission,

medication data and level of compliance.medication data and level of compliance.
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Established schizophrenia groupEstablished schizophrenia group

Fifty-one people with established schizo-Fifty-one people with established schizo-

phrenia were recruited from the rehabilita-phrenia were recruited from the rehabilita-

tion unit of the Royal Park Hospital intion unit of the Royal Park Hospital in

Melbourne, Australia. Diagnoses wereMelbourne, Australia. Diagnoses were

based on clinical and chart review usingbased on clinical and chart review using

DSM–III–R criteria (American PsychiatricDSM–III–R criteria (American Psychiatric

Association, 1987). All of these patientsAssociation, 1987). All of these patients

had been ill for at least 5 years from thehad been ill for at least 5 years from the

time of their first admission. Of the 42time of their first admission. Of the 42

patients for whom complete medicationpatients for whom complete medication

data were available, 39 were receiving anti-data were available, 39 were receiving anti-

psychotic treatment at the time of scanning:psychotic treatment at the time of scanning:

19 were taking a typical antipsychotic19 were taking a typical antipsychotic

agent (mean daily dosage 682 mg (s.d.agent (mean daily dosage 682 mg (s.d.¼
554) chlorpromazine equivalents – a signif-554) chlorpromazine equivalents – a signif-

icantly higher dosage than that in the groupicantly higher dosage than that in the group

with first-episode psychosis: analysis of var-with first-episode psychosis: analysis of var-

iance,iance, FF¼12.5, d.f.12.5, d.f.¼1,31;1,31; PP¼0.001) and 200.001) and 20

were taking an atypical antipsychotic, ofwere taking an atypical antipsychotic, of

whom 16 were receiving clozapine (meanwhom 16 were receiving clozapine (mean

daily dosage 450 mg (s.d.daily dosage 450 mg (s.d.¼225)), 2 olanza-225)), 2 olanza-

pine, 1 quetiapine and 1 risperidone. Six-pine, 1 quetiapine and 1 risperidone. Six-

teen patients were taking benzodiazepines,teen patients were taking benzodiazepines,

8 were taking an anticholinergic, 6 an anti-8 were taking an anticholinergic, 6 an anti-

depressant and 5 lithium. We collecteddepressant and 5 lithium. We collected

socio-demographic and clinical informationsocio-demographic and clinical information

including the date of first admission,including the date of first admission,

medication data and level of compliance.medication data and level of compliance.

Control groupControl group

Fifty-nine healthy volunteers were recruitedFifty-nine healthy volunteers were recruited

by approaching ancillary hospital staff andby approaching ancillary hospital staff and

through advertisements. They were drawnthrough advertisements. They were drawn

from socio-demographic backgroundsfrom socio-demographic backgrounds

similar to those of the participants withsimilar to those of the participants with

psychotic disorders.psychotic disorders.

Scanning and data analysisScanning and data analysis

All participants were scanned using a GEAll participants were scanned using a GE

Sigma 1.5 T scanner (GE Medical Systems,Sigma 1.5 T scanner (GE Medical Systems,

Milwaukee, USA) at the Royal MelbourneMilwaukee, USA) at the Royal Melbourne

Hospital. Head movement was minimisedHospital. Head movement was minimised

by the use of foam padding and restrainingby the use of foam padding and restraining

straps across the forehead and chin. Allstraps across the forehead and chin. All

patients received their normal medicationpatients received their normal medication

on the day of scanning. A three-on the day of scanning. A three-dimensionaldimensional

volumetric spoiled gradient recalled echo involumetric spoiled gradient recalled echo in

the steady state sequence generated 124the steady state sequence generated 124

contiguous 1.5 mm coronal slices. Imagingcontiguous 1.5 mm coronal slices. Imaging

parameters were time to echo (3.3 ms, timeparameters were time to echo (3.3 ms, time

to repetition (14.3 ms, flip angle 30to repetition (14.3 ms, flip angle 3088,,
matrix size 256matrix size 25666256, field of view256, field of view

24 cm24 cm6624 cm and voxel dimension24 cm and voxel dimension

0.938 mm0.938 mm660.938 mm0.938 mm661.5 mm. The1.5 mm. The

scanner was calibrated fortnightly usingscanner was calibrated fortnightly using

the same proprietary phantom to ensurethe same proprietary phantom to ensure

stability and accuracy of measurements.stability and accuracy of measurements.

Imaging data were transferred from digitalImaging data were transferred from digital

audiotape to an SGI O2 workstation (SGI,audiotape to an SGI O2 workstation (SGI,

Mountain View, California, USA) andMountain View, California, USA) and

coded to ensure patient confidentiality andcoded to ensure patient confidentiality and

masked rating of data. All volumes weremasked rating of data. All volumes were

estimated using ANALYZE 7.5 (Mayoestimated using ANALYZE 7.5 (Mayo

Clinic). Methods for estimating wholeClinic). Methods for estimating whole

brain volume and intracranial volume havebrain volume and intracranial volume have

been described by Velakoulisbeen described by Velakoulis et alet al (1999)(1999)

and Eritaiaand Eritaia et alet al (2000). Whole brain vol-(2000). Whole brain vol-

ume includes the hemispheres, cerebellum,ume includes the hemispheres, cerebellum,

brain-stem and the ventricles, but not thebrain-stem and the ventricles, but not the

cisterns or sulcal cerebrospinal fluid.cisterns or sulcal cerebrospinal fluid.

Intracranial volume represents the spaceIntracranial volume represents the space

within the following boundaries: durawithin the following boundaries: dura

mater, the undersurfaces of the frontal lobe,mater, the undersurfaces of the frontal lobe,

the dorsum sellae, the clivus and, at thethe dorsum sellae, the clivus and, at the

craniovertebral junction, the attachmentcraniovertebral junction, the attachment

of the dura to the posterior, cutting acrossof the dura to the posterior, cutting across

to the anterior arch of C1. Interrater andto the anterior arch of C1. Interrater and

intrarater reliabilities were 0.99 for bothintrarater reliabilities were 0.99 for both

measurements.measurements.

Pituitary measurementPituitary measurement

Each pituitary gland was traced in allEach pituitary gland was traced in all

coronal slices where it could be visualised,coronal slices where it could be visualised,

using a method described by Sassiusing a method described by Sassi et alet al

(2001). The mean number of coronal slices(2001). The mean number of coronal slices

traced per case was 13 (range 9–16). Thetraced per case was 13 (range 9–16). The

pituitary stalk was excluded from thepituitary stalk was excluded from the

tracings, but we included a posterior brighttracings, but we included a posterior bright

spot, corresponding to the posterior pitui-spot, corresponding to the posterior pitui-

tary, the intensity of which is thought totary, the intensity of which is thought to

reflect vasopressin concentrations (Sassireflect vasopressin concentrations (Sassi

et alet al, 2001). We traced around the usually, 2001). We traced around the usually

well-defined borders of the anterior andwell-defined borders of the anterior and

posterior pituitary: the diaphragma sellae,posterior pituitary: the diaphragma sellae,

superiorly; the sphenoid sinus, inferiorly;superiorly; the sphenoid sinus, inferiorly;

and the cavernous sinuses, bilaterallyand the cavernous sinuses, bilaterally

(Fig. 1) (Lurie(Fig. 1) (Lurie et alet al, 1990; Elster, 1993;, 1990; Elster, 1993;

LumLum et alet al, 2002). Volume of the pituitary, 2002). Volume of the pituitary

(in mm(in mm33) was calculated by summing) was calculated by summing

volumes for all relevant slices. One ratervolumes for all relevant slices. One rater

(K.V.) traced all the pituitaries in the study.(K.V.) traced all the pituitaries in the study.

Before starting the study, she trained with aBefore starting the study, she trained with a

senior author involved in the developmentsenior author involved in the development

and optimisation of the technique (B.S.).and optimisation of the technique (B.S.).

The intrarater and interrater reliabilitiesThe intrarater and interrater reliabilities

were calculated by measuring the pituitarywere calculated by measuring the pituitary

volumes in ten scans randomly selectedvolumes in ten scans randomly selected

from the original pool of MRI scans fromfrom the original pool of MRI scans from

all the study groups. The interrater reliabil-all the study groups. The interrater reliabil-

ity was 0.85, the intrarater reliability wasity was 0.85, the intrarater reliability was

0.97 and the average variation between0.97 and the average variation between

two measurements of the same pituitarytwo measurements of the same pituitary

was 5%.was 5%.

Statistical analysisStatistical analysis

Original data are presented as mean andOriginal data are presented as mean and

standard deviation. Adjusted means arestandard deviation. Adjusted means are

presented as mean and standard error ofpresented as mean and standard error of

the mean (s.e.m.). Clinical and socio-the mean (s.e.m.). Clinical and socio-

demographic differences between groupsdemographic differences between groups

were examined using one-way analysis ofwere examined using one-way analysis of

variance (ANOVA) followed byvariance (ANOVA) followed by post hocpost hoc

Student–Newman–Keuls test (Table 1). ToStudent–Newman–Keuls test (Table 1). To

limit the number of statistical comparisons,limit the number of statistical comparisons,

the differences in pituitary volumesthe differences in pituitary volumes

between the control group and the twobetween the control group and the two

clinical groups were examined by conduct-clinical groups were examined by conduct-

ing a single two-way analysis of covarianceing a single two-way analysis of covariance

(ANCOVA) test, using the intracranial(ANCOVA) test, using the intracranial

volume as a covariate, followed by pairwisevolume as a covariate, followed by pairwise

comparisons of estimated means. Bycomparisons of estimated means. By
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Fig.1Fig.1 Pituitarygland (arrowed) viewed in sagittal (left) and coronal (right)magnetic resonance imaging scans.Pituitary gland (arrowed) viewed in sagittal (left) and coronal (right) magnetic resonance imaging scans.

Coronal slices were used for tracing the gland.Coronal slices were used for tracing the gland.
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definition, it was impossible to have a sin-definition, it was impossible to have a sin-

gle control group that was comparable withgle control group that was comparable with

the young first-episode group as well as thethe young first-episode group as well as the

older group with established schizophrenia,older group with established schizophrenia,

for both age and gender distribution.for both age and gender distribution.

Therefore, to control for these potentialTherefore, to control for these potential

confounders, gender was used as between-confounders, gender was used as between-

subject factor, and age (and whole brainsubject factor, and age (and whole brain

volume) were included as covariates in avolume) were included as covariates in a

second set of confirmatory analyses. Wesecond set of confirmatory analyses. We

have previously used this approach tohave previously used this approach to

demonstrate differences in hippocampaldemonstrate differences in hippocampal

volumes between normal volunteers, peoplevolumes between normal volunteers, people

with a first psychotic episode and peoplewith a first psychotic episode and people

with established schizophrenia (Velakouliswith established schizophrenia (Velakoulis

et alet al, 1999). Moreover, the results obtained, 1999). Moreover, the results obtained

from this analysis were corroborated byfrom this analysis were corroborated by

conducting two separate ANCOVA testsconducting two separate ANCOVA tests

comparing each of the clinical groups withcomparing each of the clinical groups with

another control group that had a similaranother control group that had a similar

age and gender distribution. These twoage and gender distribution. These two

control subgroups were obtained from thecontrol subgroups were obtained from the

original control sample by ranking malesoriginal control sample by ranking males

and females by age (masked to their pitui-and females by age (masked to their pitui-

tary volume) and excluding older controlstary volume) and excluding older controls

(in the comparison with the first-episode(in the comparison with the first-episode

group) or younger controls (in the compar-group) or younger controls (in the compar-

ison with the established schizophreniaison with the established schizophrenia

group) until comparable age and gendergroup) until comparable age and gender

distributions were achieved (see Results).distributions were achieved (see Results).

The ANCOVA test was also used toThe ANCOVA test was also used to

compare pituitary volumes between thecompare pituitary volumes between the

following subgroups:following subgroups:

(a)(a) males and females, across the wholemales and females, across the whole

sample;sample;

(b)(b) first-episode patients with schizo-first-episode patients with schizo-

phrenia or schizophreniform psychosis,phrenia or schizophreniform psychosis,

first-episode patients with other diag-first-episode patients with other diag-

noses, and controls;noses, and controls;

(c)(c) patients receiving typical antipsychoticspatients receiving typical antipsychotics

and patients receiving atypical anti-and patients receiving atypical anti-

psychotics;psychotics;

(d)(d) patients receiving lithium and/or anti-patients receiving lithium and/or anti-

depressants and patients not receivingdepressants and patients not receiving

these drugs.these drugs.

Partial correlations, covarying for intra-Partial correlations, covarying for intra-

cranial volume, were conducted betweencranial volume, were conducted between

pituitary volume and age.pituitary volume and age.

RESULTSRESULTS

Characteristics of the sampleCharacteristics of the sample

The main demographic and clinical featuresThe main demographic and clinical features

of the three groups are presented in Tableof the three groups are presented in Table

1. As expected, there were significant dif-1. As expected, there were significant dif-

ferences in age and gender between them.ferences in age and gender between them.

Post hocPost hoc comparisons showed that the con-comparisons showed that the con-

trol group members were younger than thetrol group members were younger than the

patients with established schizophrenia andpatients with established schizophrenia and

older than the patients with first-episodeolder than the patients with first-episode

psychosis, and that there were significantlypsychosis, and that there were significantly

more males in the established schizophreniamore males in the established schizophrenia

group than in the control group. By defini-group than in the control group. By defini-

tion, patients with established schizo-tion, patients with established schizo-

phrenia had a much longer duration ofphrenia had a much longer duration of

illness at the time of the MRI scan thanillness at the time of the MRI scan than

the first-episode group. Although therethe first-episode group. Although there

was some variability in the duration ofwas some variability in the duration of

illness at the time of the scan in the first-illness at the time of the scan in the first-

episode group, 21 out of 24 of theseepisode group, 21 out of 24 of these

patients were scanned within 2 months ofpatients were scanned within 2 months of

their first admission. Intracranial volumetheir first admission. Intracranial volume

and whole brain volume did not differand whole brain volume did not differ

between the groups to a statisticallybetween the groups to a statistically

significant extent.significant extent.

Pituitary volumePituitary volume

There was a significant difference inThere was a significant difference in

pituitary volume between the three groupspituitary volume between the three groups

(ANCOVA,(ANCOVA, FF¼18.0, d.f.18.0, d.f.¼2,132;2,132; PP550.001).0.001).

Figure 2 shows the pituitary volumes ofFigure 2 shows the pituitary volumes of
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Fig. 2Fig. 2 Pituitary volumes in participants with first-episode psychosis, participants with established schizo-Pituitary volumes in participants with first-episode psychosis, participants with established schizo-

phrenia (chronic psychosis) and in healthy volunteers (controls). Each group is divided into males (M) andphrenia (chronic psychosis) and in healthy volunteers (controls). Each group is divided into males (M) and

females (F).The figure also shows the estimatedmean and standard error of themean values for each groupfemales (F).The figure also shows the estimatedmean and standard error of themean values for each group

(controls, first-episode and chronic) after adjustment for intracranial volume and gender.(controls, first-episode and chronic) after adjustment for intracranial volume and gender.

Table1Table1 Characteristics of the study sampleCharacteristics of the study sample

Control groupControl group

((nn¼59)59)

First-episodeFirst-episode

group (group (nn¼24)24)

Established schizophreniaEstablished schizophrenia

group (group (nn¼51)51)

Group comparisonsGroup comparisons

Age, years: mean (s.d.)Age, years: mean (s.d.) 29.3 (10.5)29.3 (10.5) 21.9 (3.3)21.9 (3.3) 41.0 (9.3)41.0 (9.3) ANOVA,ANOVA, FF¼41.2, d.f.41.2, d.f.¼2,131;2,131; PP550.0010.001

GenderGender

Male/female,Male/female, nn//nn 33/2633/26 18/618/6 41/1041/10 ww22¼8.2, d.f.8.2, d.f.¼2,2, PP¼0.0170.017

Male, %Male, % 56%56% 75%75% 80%80%

Age at first admission, years: mean (s.d.)Age at first admission, years: mean (s.d.) 21.8 (3.2)21.8 (3.2) 22.1 (7.2)22.1 (7.2) ANOVA,ANOVA, FF¼0.03, d.f.0.03, d.f.¼1,73;1,73; PP¼0.970.97

Time after first admission, years: mean (s.d.)Time after first admission, years: mean (s.d.) 0.2 (0.4)0.2 (0.4) 19.1 (10.2)19.1 (10.2) ANOVA,ANOVA, FF¼40.4, d.f.40.4, d.f.¼1,73;1,73; PP¼0.0010.001

Intracranial volume, mmIntracranial volume, mm33: mean (s.d.): mean (s.d.) 1442 201 (142599)1442 201 (142 599) 1407197 (137136)1407197 (137136) 1449456 (142 599)1449 456 (142599) ANOVA,ANOVA, FF¼0.8, d.f.0.8, d.f.¼2,131;2,131; PP¼0.50.5

Whole brain volume, mmWhole brain volume, mm33: mean (s.d.): mean (s.d.) 1349542 (150 004)1349 542 (150 004) 1349440 (144 621)1349440 (144 621) 1318138 (125 094)1318138 (125 094) ANOVA,ANOVA, FF¼0.8, d.f.0.8, d.f.¼2,131;2,131; PP¼0.50.5

ANOVA, analysis of variance.ANOVA, analysis of variance.
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all participants, and the estimated meanall participants, and the estimated mean

and s.e.m. values for each group afterand s.e.m. values for each group after

adjustment for intracranial volume andadjustment for intracranial volume and

gender. Although examination of the indi-gender. Although examination of the indi-

vidual data showed an overlap betweenvidual data showed an overlap between

the groups, the presence of group differ-the groups, the presence of group differ-

ences was suggested by the fact that 17 ofences was suggested by the fact that 17 of

the 24 patients in the first-episode groupthe 24 patients in the first-episode group

(71%) had pituitary volumes that were(71%) had pituitary volumes that were

larger than the median of the control group,larger than the median of the control group,

whereas 35 of the 51 patients in the estab-whereas 35 of the 51 patients in the estab-

lished disease group (69%) had pituitarylished disease group (69%) had pituitary

volumes that were smaller than the medianvolumes that were smaller than the median

of the control group. The ANCOVA analy-of the control group. The ANCOVA analy-

sis showed that pituitary volumes in thesis showed that pituitary volumes in the

first-episode group were, on average, 10%first-episode group were, on average, 10%

larger than those of the control grouplarger than those of the control group

(+52 mm(+52 mm33, s.d., s.d.¼24,24, PP¼0.032), whereas0.032), whereas

pituitary volumes in the group with estab-pituitary volumes in the group with estab-

lished schizophrenia were, on average,lished schizophrenia were, on average,

17% smaller than controls (17% smaller than controls (7791 mm91 mm33,,

s.d.s.d.¼19,19, PP550.001). These differences re-0.001). These differences re-

mained significant when age and wholemained significant when age and whole

brain volume were used as covariates inbrain volume were used as covariates in

the analysis. Furthermore, these differencesthe analysis. Furthermore, these differences

remained significant when each clinicalremained significant when each clinical

group was compared with a control groupgroup was compared with a control group

that had similar age and gender distributionthat had similar age and gender distribution

(obtained as described in the statistical(obtained as described in the statistical

analysis section, above; 32 controls in theanalysis section, above; 32 controls in the

comparison with the first-episode groupcomparison with the first-episode group

and 29 controls in the comparisonand 29 controls in the comparison

with the established illness group; ANOVAwith the established illness group; ANOVA

for age differences,for age differences, FF550.2,0.2, PP440.6, for0.6, for

both comparisons; chi-squared test forboth comparisons; chi-squared test for

gender differences,gender differences, ww22552.1,2.1, PP440.2, for0.2, for

both comparisons).both comparisons).

In the whole sample, women had largerIn the whole sample, women had larger

pituitaries than men: 553 mmpituitaries than men: 553 mm33 (s.d.(s.d.¼ 17)17) vv..

484 mm484 mm33 (s.d.(s.d.¼10); ANCOVA,10); ANCOVA, FF¼11.7,11.7,

d.f.d.f.¼1,133;1,133; PP¼0.001. There was a trend0.001. There was a trend

for a genderfor a gender66group interaction (ANOVA,group interaction (ANOVA,

FF¼2.5, d.f.2.5, d.f.¼2,132;2,132; PP¼0.085), which was0.085), which was

due to a smaller gender effect in the groupdue to a smaller gender effect in the group

with established schizophrenia in compari-with established schizophrenia in compari-

son with the other groups (Fig. 2). In theson with the other groups (Fig. 2). In the

whole sample, there was a negative correla-whole sample, there was a negative correla-

tion between age and pituitary volumetion between age and pituitary volume

((rr¼770.36, d.f.0.36, d.f.¼131;131; PP550.001), present0.001), present

in both males (in both males (rr¼770.26, d.f.0.26, d.f.¼89,89,

PP¼0.012) and females (0.012) and females (rr¼770.56, d.f.0.56, d.f.¼39;39;

PP550.001).0.001).

Effects of clinical characteristicsEffects of clinical characteristics
and subgroupsand subgroups

In the first-episode group, both patientsIn the first-episode group, both patients

with schizophrenia or schizophreniformwith schizophrenia or schizophreniform

psychosis (psychosis (nn¼11) and patients with other11) and patients with other

diagnoses (diagnoses (nn¼13) had larger pituitary13) had larger pituitary

volumes than the control group; this sub-volumes than the control group; this sub-

group analysis, however, did not reachgroup analysis, however, did not reach

statistical significance (ANCOVA,statistical significance (ANCOVA, FF¼1.9,1.9,

d.f.d.f.¼2,54;2,54; PP¼0.17; schizophrenia/schizo-0.17; schizophrenia/schizo-

phreniform psychosis +48 mmphreniform psychosis +48 mm33 (s.d.(s.d.¼30)30)

v.v. controls,controls, PP¼0.12; other diagnoses0.12; other diagnoses

+50 mm+50 mm33 (s.d.(s.d.¼36)36) v.v. controls,controls, PP¼0.16).0.16).

There was no difference in pituitaryThere was no difference in pituitary

volume between patients receiving typicalvolume between patients receiving typical

and atypical antipsychotics, either in theand atypical antipsychotics, either in the

first-episode group (ANCOVA,first-episode group (ANCOVA, FF¼1.6,1.6,

d.f.d.f.¼1,22;1,22; PP¼0.2) or in the established0.2) or in the established

schizophrenia group (ANCOVA,schizophrenia group (ANCOVA, FF¼1.3,1.3,

d.f.d.f.¼1,38;1,38; PP¼0.3). Similarly, there was no0.3). Similarly, there was no

difference in pituitary volume between thedifference in pituitary volume between the

patients receiving antidepressants orpatients receiving antidepressants or

lithium and the other patients, either inlithium and the other patients, either in

the first-episode group (ANCOVA,the first-episode group (ANCOVA,

FF550.1, d.f.0.1, d.f.¼1,23;1,23; PP¼0.97) or in the estab-0.97) or in the estab-

lished illness group (ANCOVA,lished illness group (ANCOVA, FF¼0.5,0.5,

d.f.d.f.¼1,41;1,41; PP¼0.5).0.5).

DISCUSSIONDISCUSSION

The pituitary gland regulates HPA axisThe pituitary gland regulates HPA axis

activity by secreting adrenocorticotrophicactivity by secreting adrenocorticotrophic

hormone, which in turn stimulates thehormone, which in turn stimulates the

adrenal gland to produce cortisol. Weadrenal gland to produce cortisol. We

found that patients with a first episode offound that patients with a first episode of

psychosis had larger pituitary volumes thanpsychosis had larger pituitary volumes than

healthy volunteers, whereas patients withhealthy volunteers, whereas patients with

established schizophrenia (of at least 5established schizophrenia (of at least 5

years’ duration) had smaller pituitaryyears’ duration) had smaller pituitary

volumes than the controls.volumes than the controls.

Mechanisms leading to increasedMechanisms leading to increased
pituitary volumepituitary volume

We suggest that the increased pituitaryWe suggest that the increased pituitary

volume in patients with first-episodevolume in patients with first-episode

psychosis is due to activation of the HPApsychosis is due to activation of the HPA

axis and, in particular, to an increase inaxis and, in particular, to an increase in

the size and number of corticotrophs (cellsthe size and number of corticotrophs (cells

producing adrenocorticotrophic hormone).producing adrenocorticotrophic hormone).

The few studies that have examined theThe few studies that have examined the

HPA axis in people with a first episode ofHPA axis in people with a first episode of

psychosis have found hyperactivity of thispsychosis have found hyperactivity of this

hormonal system (Sacharhormonal system (Sachar et alet al, 1970; Ryan, 1970; Ryan

et alet al, 2003). Interestingly, both HPA axis, 2003). Interestingly, both HPA axis

hyperactivity and increased pituitary vol-hyperactivity and increased pituitary vol-

ume have been described in patients withume have been described in patients with

severe major depression (Krishnansevere major depression (Krishnan et alet al,,

1991; Axelson1991; Axelson et alet al, 1992), and have been, 1992), and have been

interpreted in these patients as showinginterpreted in these patients as showing

a lack of negative inhibitory feedback bya lack of negative inhibitory feedback by

circulating glucocorticoid hormones oncirculating glucocorticoid hormones on

the HPA axis, especially at the level ofthe HPA axis, especially at the level of

the pituitary (glucocorticoid resistance)the pituitary (glucocorticoid resistance)

(Pariante & Miller, 2001; Pariante, 2003).(Pariante & Miller, 2001; Pariante, 2003).

Indeed, increased size and number ofIndeed, increased size and number of

corticotrophs and increased pituitary vol-corticotrophs and increased pituitary vol-

ume are present also in people with a lackume are present also in people with a lack

of negative inhibitory feedback by circ-of negative inhibitory feedback by circ-

ulating glucocorticoid hormones due toulating glucocorticoid hormones due to

Addison’s disease (MineuraAddison’s disease (Mineura et alet al, 1987)., 1987).

Therefore, our findings suggest that gluco-Therefore, our findings suggest that gluco-

corticoid resistance may be present incorticoid resistance may be present in

people with first-episode psychosis. Aspeople with first-episode psychosis. As

glucocorticoid resistance is a commonglucocorticoid resistance is a common

correlate of stress-induced HPA axis activ-correlate of stress-induced HPA axis activ-

ation in animals and humans (Raison &ation in animals and humans (Raison &

Miller, 2003), our findings could be ex-Miller, 2003), our findings could be ex-

plained by an activation of the stressplained by an activation of the stress

response. Such activation could be due toresponse. Such activation could be due to

the distress caused by the first psychotic ex-the distress caused by the first psychotic ex-

perience, to an increased biological suscept-perience, to an increased biological suscept-

ibility to daily life stress or to an increasedibility to daily life stress or to an increased

level of independent stressors leading tolevel of independent stressors leading to

the psychotic episode – or to all thesethe psychotic episode – or to all these

causes (Sacharcauses (Sachar et alet al,, 1970; Bebbington1970; Bebbington etet

alal, 1993; Myin-, 1993; Myin-GermeysGermeys et alet al, 2001). Re-, 2001). Re-

assuringly, there is no evidence that HPAassuringly, there is no evidence that HPA

axis hyperactivity causes damage to theaxis hyperactivity causes damage to the

brain in people with mental disordersbrain in people with mental disorders

(Muller(Muller et alet al, 2001). We did not measure, 2001). We did not measure

hormonal levels in our study participants,hormonal levels in our study participants,

however, so our proposed relationship be-however, so our proposed relationship be-

tween pituitary hyperplasia and hyperactiv-tween pituitary hyperplasia and hyperactiv-

ity of the HPA axis remains speculative.ity of the HPA axis remains speculative.

Mechanisms leading to decreasedMechanisms leading to decreased
pituitary volumepituitary volume

The second major finding of our study wasThe second major finding of our study was

that the group of people with establishedthat the group of people with established

schizophrenia had smaller pituitary vol-schizophrenia had smaller pituitary vol-

umes than the control group. This findingumes than the control group. This finding

is remarkably consistent with other studies,is remarkably consistent with other studies,

which have shown reduced pituitary vol-which have shown reduced pituitary vol-

umes in patients with an eating disorderumes in patients with an eating disorder

(Doraiswamy(Doraiswamy et alet al, 1990) and in euthymic, 1990) and in euthymic

and depressed patients with bipolar dis-and depressed patients with bipolar dis-

order (Sassiorder (Sassi et alet al, 2001). Therefore, it is, 2001). Therefore, it is

possible that common pathological mech-possible that common pathological mech-

anisms are present in people with mentalanisms are present in people with mental

disorders that lead to hypoplasia of thedisorders that lead to hypoplasia of the

pituitary gland. Interestingly, based on thepituitary gland. Interestingly, based on the

evidence that patients with bipolar disorderevidence that patients with bipolar disorder

can present with HPA axis hyperactivity,can present with HPA axis hyperactivity,

SassiSassi et alet al (2001) have suggested that(2001) have suggested that

chronic activation of the HPA axis mightchronic activation of the HPA axis might

decrease pituitary volume by reducingdecrease pituitary volume by reducing

(through negative feedback) the function(through negative feedback) the function

of cells producing other pituitary hormones.of cells producing other pituitary hormones.

Because psychotic relapses are associatedBecause psychotic relapses are associated

with activation of the HPA axis (Tandonwith activation of the HPA axis (Tandon

et alet al, 1991), it is possible that repeated epi-, 1991), it is possible that repeated epi-

sodes of HPA axis activation associatedsodes of HPA axis activation associated

with previous relapses in our group ofwith previous relapses in our group of

patients with established schizophrenia ledpatients with established schizophrenia led
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to the reductions in pituitary volume.to the reductions in pituitary volume.

Again, without having measured pituitaryAgain, without having measured pituitary

hormones, we do not know whether thishormones, we do not know whether this

volume reduction has any functionalvolume reduction has any functional

consequences. Previous studies have foundconsequences. Previous studies have found

normal HPA axis function in people withnormal HPA axis function in people with

established psychosis, especially if theyestablished psychosis, especially if they

were clinically stable and receiving treat-were clinically stable and receiving treat-

ment (Tandonment (Tandon et alet al, 1991)., 1991).

This is a cross-sectional study compar-This is a cross-sectional study compar-

ing different people at various stages ofing different people at various stages of

psychosis, not a prospective study; there-psychosis, not a prospective study; there-

fore, we can only speculate that the peoplefore, we can only speculate that the people

in the first-episode group with large pitui-in the first-episode group with large pitui-

tary glands would ‘progress’ to havingtary glands would ‘progress’ to having

small pituitary glands 5 years later. It is alsosmall pituitary glands 5 years later. It is also

possible that these two groups are biologi-possible that these two groups are biologi-

cally distinct. The patients with establishedcally distinct. The patients with established

schizophrenia might have had a smallerschizophrenia might have had a smaller

pituitary volume even at the onset of theirpituitary volume even at the onset of their

psychosis, for example, because of a neuro-psychosis, for example, because of a neuro-

developmental problem (Lumdevelopmental problem (Lum et alet al, 2002)., 2002).

Equally, patients with first-episode psycho-Equally, patients with first-episode psycho-

sis might have a normal pituitary volume ifsis might have a normal pituitary volume if

scanned in the future, as found in peoplescanned in the future, as found in people

with major depression in the euthymicwith major depression in the euthymic

phase (Sassiphase (Sassi et alet al, 2001)., 2001).

Limitations of the studyLimitations of the study

As already stated, we did not measure hor-As already stated, we did not measure hor-

monal levels in these samples. Moreover,monal levels in these samples. Moreover,

the neuroimaging data were initially col-the neuroimaging data were initially col-

lected to examine brain structure, ratherlected to examine brain structure, rather

than neuroendocrine abnormalities. Futurethan neuroendocrine abnormalities. Future

studies on this topic should include hor-studies on this topic should include hor-

mone measurements. A possible limitationmone measurements. A possible limitation

of our study, common to all studiesof our study, common to all studies

examining pituitary volume by imagingexamining pituitary volume by imaging

methods, is the difficulty in distinguishingmethods, is the difficulty in distinguishing

between anterior and posterior pituitarybetween anterior and posterior pituitary

volumes (Doraiswamyvolumes (Doraiswamy et alet al, 1990; Lurie, 1990; Lurie

et alet al, 1990; Krishnan, 1990; Krishnan et alet al, 1991; Axelson, 1991; Axelson

et alet al, 1992; Sassi, 1992; Sassi et alet al, 2001). However,, 2001). However,

the posterior pituitary, which releases vaso-the posterior pituitary, which releases vaso-

pressin and oxytocin, constitutes less thanpressin and oxytocin, constitutes less than

20% of the total pituitary volume and –20% of the total pituitary volume and –

in contrast to the anterior pituitary – therein contrast to the anterior pituitary – there

is no known condition associated with itsis no known condition associated with its

enlargement, except tumour (Krishnanenlargement, except tumour (Krishnan etet

alal, 1991; Elster, 1993). Therefore, we be-, 1991; Elster, 1993). Therefore, we be-

lieve that the changes in volume we havelieve that the changes in volume we have

described are due to changes in the volumedescribed are due to changes in the volume

of the anterior pituitary.of the anterior pituitary.

Finally, we cannot exclude that pitui-Finally, we cannot exclude that pitui-

tary hyperplasia in first-episode psychosistary hyperplasia in first-episode psychosis

is due to increased function of pituitaryis due to increased function of pituitary

cells secreting hormones other than adreno-cells secreting hormones other than adreno-

corticotrophic hormone, such as growthcorticotrophic hormone, such as growth

hormone and prolactin; levels of thesehormone and prolactin; levels of these

hormones are also elevated by stress.hormones are also elevated by stress.

Furthermore, the patients in our first-Furthermore, the patients in our first-

episode group were receiving neurolepticepisode group were receiving neuroleptic

treatment, and antipsychotic drugstreatment, and antipsychotic drugs can in-can in-

duce proliferation of prolactin-duce proliferation of prolactin-secretingsecreting

cells in animals (Saiardicells in animals (Saiardi et alet al, 1997). How-, 1997). How-

ever, in these patients pituitary volume didever, in these patients pituitary volume did

not seem to be univocally correlated withnot seem to be univocally correlated with

antipsychotic administration. In fact, pa-antipsychotic administration. In fact, pa-

tients in both the first-episode group andtients in both the first-episode group and

the established schizophrenia group werethe established schizophrenia group were

receiving antipsychotic medication, butreceiving antipsychotic medication, but

the differences in pituitary volume, com-the differences in pituitary volume, com-

pared with controls, were in opposite direc-pared with controls, were in opposite direc-

tions; moreover, there was no difference intions; moreover, there was no difference in

pituitary volume between patients takingpituitary volume between patients taking

typical and atypical antipsychotics, eventypical and atypical antipsychotics, even

though the effects of these two kinds ofthough the effects of these two kinds of

drugs on prolactin secretion are quitedrugs on prolactin secretion are quite

different (Halbreich & Kahn, 2003).different (Halbreich & Kahn, 2003).

Strengths of the studyStrengths of the study

Three lines of evidence support our conclu-Three lines of evidence support our conclu-

sions. First, the effects of age and gender onsions. First, the effects of age and gender on

pituitary volume in our sample are consis-pituitary volume in our sample are consis-

tent with previously published studiestent with previously published studies

(Lurie(Lurie et alet al, 1990; Sassi, 1990; Sassi et alet al, 2001). Sec-, 2001). Sec-

ond, the most common causes of increasedond, the most common causes of increased

pituitary volume – administration of exo-pituitary volume – administration of exo-

genous oestrogens, hypothalamic tumour,genous oestrogens, hypothalamic tumour,

pregnancy, primary hypothyroidism andpregnancy, primary hypothyroidism and

puberty (Elster, 1993) – were excluded inpuberty (Elster, 1993) – were excluded in

our study sample. Third, these results areour study sample. Third, these results are

not limited by the socio-demographicnot limited by the socio-demographic

differences between the three groups,differences between the three groups,

because variables that could regulatebecause variables that could regulate

pituitary volumes (age, gender, intracranialpituitary volumes (age, gender, intracranial

volume and whole brain volume) are con-volume and whole brain volume) are con-

trolled, both in the main statistical analysistrolled, both in the main statistical analysis

and in the two direct comparisons betweenand in the two direct comparisons between

each clinical group and the matched controleach clinical group and the matched control

groups.groups.

Although the fact that the first-episodeAlthough the fact that the first-episode

sample was clinically heterogeneous couldsample was clinically heterogeneous could

be interpreted as a limitation, studies onbe interpreted as a limitation, studies on

such individuals usually include all diag-such individuals usually include all diag-

noses of psychosis. In fact, because of thenoses of psychosis. In fact, because of the

temporal instability of the diagnosis intemporal instability of the diagnosis in

these patients, restricting the analysis to athese patients, restricting the analysis to a

single diagnostic group in the initial stagessingle diagnostic group in the initial stages

would imply missing or misdiagnosing awould imply missing or misdiagnosing a

large number of individuals who wouldlarge number of individuals who would

have qualified at a later stage (Aminhave qualified at a later stage (Amin et alet al,,

1999). Future studies on similar, larger1999). Future studies on similar, larger

samples would clarify whether there aresamples would clarify whether there are

differences in pituitary volume across psy-differences in pituitary volume across psy-

chiatric diagnoses. Moreover, prospectivechiatric diagnoses. Moreover, prospective

studies of HPA axis function and brainstudies of HPA axis function and brain

imaging in people at various stages ofimaging in people at various stages of

psychosis, including those at high risk ofpsychosis, including those at high risk of

developing psychosis, will clarify whetherdeveloping psychosis, will clarify whether

these pituitary abnormalities are indeed re-these pituitary abnormalities are indeed re-

lated to HPA axis function and whetherlated to HPA axis function and whether

measurements of the stress response couldmeasurements of the stress response could

be used to predict the development ofbe used to predict the development of

psychosis.psychosis.

ACKNOWLEDGEMENTSACKNOWLEDGEMENTS

This research was funded by project grants from theThis research was funded by project grants from the
National Health and Medical Research CouncilNational Health and Medical Research Council
grant numbers 970598, 970391 and 981112, thegrant numbers 970598, 970391 and 981112, the
Victorian Health Promotion Foundation, the StanleyVictorian Health Promotion Foundation, the Stanley
Foundation, the Ian Potter Foundation, the WoodsFoundation, the Ian Potter Foundation, the Woods
Family Trust, the Australian Communications andFamily Trust, the Australian Communications and
Computing Institute, the Percy Baxter CharitableComputing Institute, the Percy Baxter Charitable
Trust and the National Alliance for Research onTrust and the National Alliance for Research on
Schizophrenia and Depression (NARSAD). C.M.P.Schizophrenia and Depression (NARSAD). C.M.P.
was funded by a travel award from the Wellcomewas funded by a travel award from the Wellcome
Trust and two travel grants from Brain. P.D. wasTrust and two travel grants from Brain. P.D. was
funded by a short-term travel grant from thefunded by a short-term travel grant from the
Wellcome Trust and a grant from the University ofWellcome Trust and a grant from the University of
London. C.M.P. and P.D. have both received aLondon. C.M.P. and P.D. have both received a
NARSAD Young Investigator Award for theirNARSAD Young Investigator Award for their
research in the UK.research in the UK.

REFERENCESREFERENCES

American Psychiatric AssociationAmerican Psychiatric Association (1987)(1987) DiagnosticDiagnostic
and Statistical Manual of Mental Disordersand Statistical Manual of Mental Disorders (3rd edn,(3rd edn,
revised) (DSM^III^R).Washington,DC: APA.revised) (DSM^III^R).Washington,DC: APA.

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.

Amin, S., Singh, S. P., Brewin, J.,Amin, S., Singh, S. P., Brewin, J., et alet al (1999)(1999)
Diagnostic stability of first-episode psychosis.Diagnostic stability of first-episode psychosis.
Comparison of ICD^10 and DSM^III^R systems.Comparison of ICD^10 and DSM^III^R systems. BritishBritish
Journal of PsychiatryJournal of Psychiatry,, 175175, 537^543., 537^543.

Axelson, D. A., Doraiswamy, P.M., Boyko,O. B.,Axelson, D. A., Doraiswamy, P.M., Boyko,O. B., et alet al
(1992)(1992) In vivo assessment of pituitary volume withIn vivo assessment of pituitary volume with
magnetic resonance imaging and systematic stereology:magnetic resonance imaging and systematic stereology:
relationship to dexamethasone suppression test resultsrelationship to dexamethasone suppression test results
in patients.in patients. Psychiatry ResearchPsychiatry Research,, 4444, 63^70., 63^70.

Bebbington, P.,Wilkins, S., Jones, P.,Bebbington, P.,Wilkins, S., Jones, P., et alet al (1993)(1993) LifeLife
events and psychosis. Initial results fromthe Camberwellevents and psychosis. Initial results fromthe Camberwell
Collaborative Psychosis Study.Collaborative Psychosis Study. British Journal ofBritish Journal of
PsychiatryPsychiatry,, 162162, 72^79., 72^79.

Cotter, D. & Pariante,C. M.Cotter, D. & Pariante,C. M. (2002)(2002) Stress and theStress and the
progression of the developmental hypothesis ofprogression of the developmental hypothesis of
schizophrenia.schizophrenia. British Journal of PsychiatryBritish Journal of Psychiatry,, 181181,,
363^365.363^365.

Doraiswamy, P.M., Krishnan, K. R., Figiel,G. S.,Doraiswamy, P.M., Krishnan, K. R., Figiel,G. S., et alet al
(1990)(1990) A brain magnetic resonance imaging study ofA brain magnetic resonance imaging study of
pituitary gland morphology in anorexia nervosa andpituitary gland morphology in anorexia nervosa and
bulimia.bulimia. Biological PsychiatryBiological Psychiatry,, 2828, 110^116.,110^116.

Elster, A. D.Elster, A. D. (1993)(1993) Modern imaging of the pituitary.Modern imaging of the pituitary.
RadiologyRadiology,, 187187, 1^14., 1^14.

99

https://doi.org/10.1192/bjp.185.1.5 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.185.1.5


PARIANTE ET ALPARIANTE ET AL

Eritaia, J.,Wood, S. J., Stuart,G.W.,Eritaia, J.,Wood, S. J., Stuart, G.W., et alet al (2000)(2000) AnAn
optimized method for estimating intracranial volumeoptimized method for estimating intracranial volume
frommagnetic resonance images.frommagnetic resonance images. Magnetic ResonanceMagnetic Resonance
MedicineMedicine,, 4444, 973^977., 973^977.

First, M., Spitzer, R., Gibbon, M.,First, M., Spitzer, R., Gibbon, M., et alet al (1997)(1997)
Structured Clinical Interview for DSM^IV Axis I Disorders.Structured Clinical Interview for DSM^IV Axis I Disorders.
Washington,DC: American Psychiatric Press.Washington,DC: American Psychiatric Press.

Halbreich,U. & Kahn, L. S.Halbreich,U. & Kahn, L. S. (2003)(2003) Hormonal aspectsHormonal aspects
of schizophrenias: an overview.of schizophrenias: an overview.
PsychoneuroendocrinologyPsychoneuroendocrinology,, 2828 (suppl. 2), 1^16.(suppl. 2), 1^16.

Krishnan, K. R., Doraiswamy, P.M., Lurie, S.N.,Krishnan,K. R., Doraiswamy, P.M., Lurie, S.N., et alet al
(1991)(1991) Pituitary size in depression.Pituitary size in depression. Journal of ClinicalJournal of Clinical
Endocrinology and MetabolismEndocrinology and Metabolism,, 7272, 256^259., 256^259.

Lum,C., Kucharczyk,W., Montanera,W.,Lum,C., Kucharczyk,W., Montanera,W., et alet al (2002)(2002)
The sella turcica and parasellar region. InThe sella turcica and parasellar region. In MagneticMagnetic
Resonance Imaging of the Brain and SpineResonance Imaging of the Brain and Spine (ed. S.W. Atlas),(ed. S.W. Atlas),
pp.1283^1362. Philadelphia, PA: Lippincott Williams &pp.1283^1362. Philadelphia, PA: Lippincott Williams &
Wilkins.Wilkins.

Lurie, S. N., Doraiswamy, P. M.,Husain, M. M.,Lurie, S. N., Doraiswamy, P. M.,Husain, M. M., et alet al
(1990)(1990) In vivo assessment of pituitary gland volume withIn vivo assessment of pituitary gland volume with
magnetic resonance imaging: the effect of age.magnetic resonance imaging: the effect of age. Journal ofJournal of
Clinical Endocrinology and MetabolismClinical Endocrinology and Metabolism,, 7171, 505^508., 505^508.

McGorry, P. D., Kaplan, I., Dossestor,C.,McGorry, P. D., Kaplan, I., Dossestor,C., et alet al (1989)(1989)
Royal Park Multidiagnostic Instrument for Psychosis.Royal Park Multidiagnostic Instrument for Psychosis.
Canberra: National Health and Medical ResearchCanberra:National Health and Medical Research
Council.Council.

McGorry, P. D., Edwards, J., Mihalopoulos,C.,McGorry, P. D., Edwards, J., Mihalopoulos,C., et alet al
(1996)(1996) EPPIC: an evolving system of early detection andEPPIC: an evolving system of early detection and
optimal management.optimal management. Schizophrenia BulletinSchizophrenia Bulletin,, 2222,,
305^326.305^326.

Mineura, K., Goto,T.,Yoneya, M.,Mineura, K., Goto,T.,Yoneya, M., et alet al (1987)(1987)
Pituitary enlargement associated with Addison’s disease.Pituitary enlargement associated with Addison’s disease.
Clinical RadiologyClinical Radiology,, 3838, 435^437., 435^437.

Muller, M. B., Lucassen, P. J.,Yassouridis, A.,Muller, M. B., Lucassen, P. J.,Yassouridis, A., et alet al
(2001)(2001) Neither major depression nor glucocorticoidNeither major depression nor glucocorticoid
treatment affects the cellular integrity of the humantreatment affects the cellular integrity of the human
hippocampus.hippocampus. European Journal of NeuroscienceEuropean Journal of Neuroscience,, 1414,,
1603^1612.1603^1612.

Myin-Germeys, I., van Os, J., Schwartz, J. E.,Myin-Germeys, I., van Os, J., Schwartz, J. E., et alet al
(2001)(2001) Emotional reactivity to daily life stress inEmotional reactivity to daily life stress in
psychosis.psychosis. Archives of General PsychiatryArchives of General Psychiatry,, 5858, 1137^1144.,1137^1144.

Pariante,C. M.Pariante,C. M. (2003)(2003) Depression, stress and theDepression, stress and the
adrenal axis.adrenal axis. Journal of NeuroendocrinologyJournal of Neuroendocrinology,, 1515, 811^812., 811^812.

Pariante,C. M. & Miller, A.H.Pariante,C. M. & Miller, A.H. (2001)(2001) GlucocorticoidGlucocorticoid
receptors in major depression: relevance toreceptors in major depression: relevance to
pathophysiology and treatment.pathophysiology and treatment. Biological PsychiatryBiological Psychiatry,, 4949,,
391^404.391^404.

Raison,C. L. & Miller, A.H.Raison,C. L. & Miller, A.H. (2003)(2003) When not enoughWhen not enough
is too much: the role of insufficient glucocorticoidis too much: the role of insufficient glucocorticoid
signaling in the pathophysiology of stress-relatedsignaling in the pathophysiology of stress-related
disorders.disorders. American Journal of PsychiatryAmerican Journal of Psychiatry,, 160160,,
1554^1565.1554^1565.

Ryan, M. C., Collins, P. & Thakore, J.H.Ryan, M. C., Collins, P. & Thakore, J. H. (2003)(2003)
Impaired fasting glucose tolerance in first-episode, drug-Impaired fasting glucose tolerance in first-episode, drug-
naive patients with schizophrenia.naive patients with schizophrenia. American Journal ofAmerican Journal of
PsychiatryPsychiatry,, 160160, 284^289., 284^289.

Sachar, E. J., Kanter, S. S., Buie, D.,Sachar, E. J., Kanter, S. S., Buie, D., et alet al (1970)(1970)
Psychoendocrinology of ego disintegration.Psychoendocrinology of ego disintegration. AmericanAmerican
Journal of PsychiatryJournal of Psychiatry,, 126126, 1067^1078.,1067^1078.

Saiardi, A., Bozzi,Y., Baik, J.H.,Saiardi, A., Bozzi,Y., Baik, J. H., et alet al (1997)(1997)
Antiproliferative role of dopamine: loss of D2 receptorsAntiproliferative role of dopamine: loss of D2 receptors

causes hormonal dysfunction and pituitary hyperplasia.causes hormonal dysfunction and pituitary hyperplasia.
NeuronNeuron,, 1919, 115^126., 115^126.

Sassi, R. B., Nicoletti, M., Brambilla, P.,Sassi, R. B., Nicoletti, M., Brambilla, P., et alet al (2001)(2001)
Decreased pituitary volume in patients with bipolarDecreased pituitary volume in patients with bipolar
disorder.disorder. Biological PsychiatryBiological Psychiatry,, 5050, 271^280., 271^280.

Tandon, R., Mazzara,C., DeQuardo, J.,Tandon, R., Mazzara,C., DeQuardo, J., et alet al (1991)(1991)
Dexamethasone suppression test in schizophrenia:Dexamethasone suppression test in schizophrenia:

relationship to symptomatology, ventricularrelationship to symptomatology, ventricular
enlargement, and outcome.enlargement, and outcome. Biological PsychiatryBiological Psychiatry,, 2929,,
953^964.953^964.

Velakoulis, D., Pantelis,C., McGorry, P. D.,Velakoulis, D., Pantelis, C., McGorry, P. D., et alet al
(1999)(1999) Hippocampal volume in first-episode psychosesHippocampal volume in first-episode psychoses
and chronic schizophrenia: a high-resolution magneticand chronic schizophrenia: a high-resolution magnetic
resonance imaging study.resonance imaging study. Archives of General PsychiatryArchives of General Psychiatry,,
5656, 133^141., 133^141.

1010

CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& The first episode of a psychotic disorder is associated with enlargement of theThe first episode of a psychotic disorder is associatedwith enlargement of the
pituitary.One possible interpretation of this finding is that it indicates activation ofpituitary.One possible interpretation of this finding is that it indicates activation of
the hormonal stress response, and especially of the hypothalamic^pituitary^adrenalthe hormonal stress response, and especially of the hypothalamic^pituitary^adrenal
axis.axis.

&& The finding of a reduced pituitary volume in peoplewith established psychosis isThe finding of a reduced pituitary volume in peoplewith established psychosis is
similar to that described in peoplewith bipolar disorders and anorexia, and suggestssimilar to that described in peoplewith bipolar disorders and anorexia, and suggests
that common pathologicalmechanisms are present in chronic mental disorders,that common pathologicalmechanisms are present in chronic mental disorders,
leading to hypoplasia of the pituitary gland.leading to hypoplasia of the pituitary gland.

&& Prospective studies will clarify whethermeasurements of the stress response canProspective studies will clarify whethermeasurements of the stress response can
be used to predict the development of psychosis.be used to predict the development of psychosis.

LIMITATIONSLIMITATIONS

&& Because the participants in the first-episode groupwere receiving antipsychotics,Because the participants in the first-episode groupwere receiving antipsychotics,
we cannot exclude that pituitary hyperplasia could be related, at least in part, towe cannot exclude that pituitary hyperplasia could be related, at least in part, to
increased function of prolactin-producing cells activated by neuroleptic treatment.increased function of prolactin-producing cells activated by neuroleptic treatment.

&& It is difficult to distinguish between anterior and posterior pituitary volume usingIt is difficult to distinguish between anterior and posterior pituitary volume using
imagingmethods.imagingmethods.

&& Withoutmeasurements of hormonal levels, our proposed relationship betweenWithoutmeasurements of hormonal levels, our proposed relationship between
pituitary hyperplasia and hyperproduction of pituitary hormones remainspituitary hyperplasia and hyperproduction of pituitary hormones remains
speculative.speculative.
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