
BackgroundBackground HippocampalvolumeHippocampalvolume

reductionhas beenreportedreductionhas beenreported

inconsistently inpeoplewithmajorinconsistently inpeoplewithmajor

depression.depression.

AimsAims To evaluate the interrelationshipsTo evaluate the interrelationships

betweenhippocampalvolumes, memorybetweenhippocampalvolumes, memory

andkeyclinical, vascular andgenetic riskandkeyclinical, vascular andgenetic risk

factors.factors.

MethodMethod Totals of 66 peoplewithTotals of 66 peoplewith

depression and 20 controlparticipantsdepression and 20 controlparticipants

underwentmagnetic resonance imagingunderwentmagnetic resonance imaging

and clinical assessment.Measures ofand clinical assessment.Measures of

depression severity, psychomotordepression severity, psychomotor

retardation, verbalandvisualmemoryandretardation, verbalandvisualmemoryand

vascular and specific genetic risk factorsvascular and specific genetic risk factors

were collected.were collected.

ResultsResults ReducedhippocampalvolumesReducedhippocampalvolumes

occurred in older peoplewith depression,occurred in older peoplewith depression,

thosewith both early-onset and late-thosewith both early-onset and late-

onsetdisorders and thosewiththeonsetdisorders and thosewiththe

melancholic subtype.Reducedmelancholic subtype.Reduced

hippocampalvolumeswere associatedhippocampalvolumeswere associated

with deficits invisual andverbalmemorywith deficits invisual andverbalmemory

performance.performance.

ConclusionsConclusions AlthoughreducedAlthoughreduced

hippocampalvolumes aremosthippocampalvolumes aremost

pronounced in late-onsetdepression,pronounced in late-onsetdepression,

older peoplewith early-onsetdisordersolder peoplewith early-onsetdisorders

also display volume changes andmemoryalso display volume changes andmemory

loss.No clear vascular or genetic riskloss.No clear vascularor genetic risk

factors explainthese findings.factors explainthese findings.

Hippocampalvolume changesmayexplainHippocampalvolume changesmayexplain

howdepressionemerges as a risk factor tohowdepressionemerges as a risk factor to

dementia.dementia.
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The hippocampus plays a key role in theThe hippocampus plays a key role in the

regulation of mood and cognition and hasregulation of mood and cognition and has

been the subject of increased evaluation inbeen the subject of increased evaluation in

people with mood disorders (Hickiepeople with mood disorders (Hickie et alet al,,

19971997aa). To date, structural imaging studies). To date, structural imaging studies

of hippocampal volumes have returnedof hippocampal volumes have returned

mixed results. A significant number ofmixed results. A significant number of

negative studies (Vakilinegative studies (Vakili et alet al, 2000; Posener, 2000; Posener

et alet al, 2003) have been interspersed with, 2003) have been interspersed with

reports of unilateral (Shahreports of unilateral (Shah et alet al, 1998) or, 1998) or

bilateral (Shelinebilateral (Sheline et alet al, 1999) volume reduc-, 1999) volume reduc-

tion. Consequently, it is unclear whethertion. Consequently, it is unclear whether

hippocampal changes are restricted to olderhippocampal changes are restricted to older

people with mood disorders, key clinicalpeople with mood disorders, key clinical

subgroups (e.g. late-onset, melancholia) orsubgroups (e.g. late-onset, melancholia) or

those with other vascular or genetic riskthose with other vascular or genetic risk

factors (e.g. isoforms of apolipoprotein Efactors (e.g. isoforms of apolipoprotein E

(ApoE) or the methylenetetrahydrofolate(ApoE) or the methylenetetrahydrofolate

reductase (MTHFR) enzyme; Hickiereductase (MTHFR) enzyme; Hickie et alet al,,

2001). In this study, we sought to examine2001). In this study, we sought to examine

the interrelationships between hippocampalthe interrelationships between hippocampal

volume changes, visual and verbal memoryvolume changes, visual and verbal memory

function and key clinical, vascular andfunction and key clinical, vascular and

genetic risk factors in older persons withgenetic risk factors in older persons with

major depression.major depression.

METHODMETHOD

ParticipantsParticipants

As part of a wider study of clinical, geneticAs part of a wider study of clinical, genetic

and neuropsychological correlates of majorand neuropsychological correlates of major

depression (Hickiedepression (Hickie et alet al, 2001), 66 individ-, 2001), 66 individ-

uals with primary major depressive disor-uals with primary major depressive disor-

ders (age range 28–82 years; meanders (age range 28–82 years; mean¼53.5,53.5,

s.d.s.d.¼13.5) were recruited from specialist13.5) were recruited from specialist

service centres. These facilities attractservice centres. These facilities attract

somewhat older patients who have failedsomewhat older patients who have failed

to respond to treatment in primary careto respond to treatment in primary care

services. Twenty healthy control partici-services. Twenty healthy control partici-

pants (age range 40–74 years; meanpants (age range 40–74 years; mean¼55.8,55.8,

s.d.s.d.¼10.0) were recruited via newspaper10.0) were recruited via newspaper

advertisement.advertisement.

Potential participants were excluded ifPotential participants were excluded if

there was any indication of neurodegenera-there was any indication of neurodegenera-

tive disorder, history of stroke, head injury,tive disorder, history of stroke, head injury,

substance misuse or medical contraindi-substance misuse or medical contraindi-

cations to magnetic resonance imagingcations to magnetic resonance imaging

(MRI) scanning. Individuals who had(MRI) scanning. Individuals who had

received electroconvulsive therapy withinreceived electroconvulsive therapy within

the preceding 3 months also were excluded.the preceding 3 months also were excluded.

All participants gave written informedAll participants gave written informed

consent prior to participation.consent prior to participation.

Clinical assessmentClinical assessment

Psychiatrists performed structured clinicalPsychiatrists performed structured clinical

assessments (Hickieassessments (Hickie et alet al, 2001) generating, 2001) generating

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

tion, 1994) diagnoses. Additionally, sever-tion, 1994) diagnoses. Additionally, sever-

ity of psychomotor change was evaluatedity of psychomotor change was evaluated

using the CORE scale (Parkerusing the CORE scale (Parker et alet al, 1994), 1994)

and depression severity was rated usingand depression severity was rated using

the 21-item Hamilton Rating Scale forthe 21-item Hamilton Rating Scale for

Depression (HRSD; Hamilton, 1960).Depression (HRSD; Hamilton, 1960).

Duration of current episode (maximumDuration of current episode (maximum¼
104 weeks) was recorded, and duration104 weeks) was recorded, and duration

since onset of illness (total years sincesince onset of illness (total years since

onset) was calculated by subtracting ageonset) was calculated by subtracting age

of depression onset from current age.of depression onset from current age.

Participants with depression were sub-Participants with depression were sub-

classified into DSM–IV (American Psychi-classified into DSM–IV (American Psychi-

atric Association, 1994) non-melancholicatric Association, 1994) non-melancholic

((nn¼19, 29%) or melancholic (19, 29%) or melancholic (nn¼47, 71%;47, 71%;

including 13 individuals with psychotic fea-including 13 individuals with psychotic fea-

tures) subtypes. Those who had their firsttures) subtypes. Those who had their first

episode of depression prior to age 50 yearsepisode of depression prior to age 50 years

were classified as having ‘early-onset’ de-were classified as having ‘early-onset’ de-

pression (pression (nn¼49, 74%) whereas those who49, 74%) whereas those who

first experienced depression at age 50 yearsfirst experienced depression at age 50 years

or later were classified as having ‘late-or later were classified as having ‘late-

onset’ depression (onset’ depression (nn¼17, 26%). Fourteen17, 26%). Fourteen

participants had a bipolar disorder, all ofparticipants had a bipolar disorder, all of

early onset (early onset (ww22¼6.2,6.2, PP¼0.013). Fifteen0.013). Fifteen

(88%) of those with late-onset depression(88%) of those with late-onset depression

also had a diagnosis of melancholia in com-also had a diagnosis of melancholia in com-

parison with 32 (65%) of those with early-parison with 32 (65%) of those with early-

onset depression (onset depression (ww22¼3.2, NS). The total3.2, NS). The total

years since onset of illness ranged from 0years since onset of illness ranged from 0

to 60, with an average duration of 15 yearsto 60, with an average duration of 15 years

(s.d.(s.d.¼15.8). Participants with early- and15.8). Participants with early- and

late-onset depression had mean lifetime ill-late-onset depression had mean lifetime ill-

ness duration of 19.3 (s.d.ness duration of 19.3 (s.d.¼16.4) and 3.516.4) and 3.5

(s.d.(s.d.¼2.8) years, respectively. Those with2.8) years, respectively. Those with

late-onset depression were significantlylate-onset depression were significantly

older (mean ageolder (mean age¼63.7 years, s.d.63.7 years, s.d.¼10.4)10.4)

than those with early-onset depressionthan those with early-onset depression

(mean age(mean age¼50.1 years, s.d.50.1 years, s.d.¼12.7;12.7; FF¼15.6,15.6,

PP550.001).0.001).

Neuropsychological assessmentNeuropsychological assessment

All participants were administered theAll participants were administered the

Mini-Mental State Examination (MMSE;Mini-Mental State Examination (MMSE;

FolsteinFolstein et alet al, 1975). As part of a wider, 1975). As part of a wider

neuropsychological assessment (Naismithneuropsychological assessment (Naismith

et alet al, 2003), a subset of control participants, 2003), a subset of control participants

((nn¼19) and participants with depression19) and participants with depression

((nn¼46) were administered the Rey46) were administered the Rey

19 719 7

BR I T I SH JOURNAL OF P SYCHIATRYBR IT I SH JOURNAL OF P SYCHIATRY ( 2 0 0 5 ) , 1 8 6 , 1 9 7 ^ 2 0 2( 2 0 0 5 ) , 1 8 6 , 1 9 7 ^ 2 0 2

Reduced hippocampal volumes andmemory lossReduced hippocampal volumes andmemory loss

in patients with early- and late-onset depressionin patients with early- and late-onset depression

IAN HICKIE, SHARON NAISMITH, PHILIP B. WARD, KEELIN TURNER,IAN HICKIE, SHARON NAISMITH, PHILIP B. WARD, KEELIN TURNER,
ELIZABETH SCOTT, PHILIP MITCHELL, KAY WILHELM and GORDON PARKERELIZABETH SCOTT, PHILIP MITCHELL, KAY WILHELM and GORDON PARKER

https://doi.org/10.1192/bjp.186.3.197 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.186.3.197


HICKIE E T ALHICKIE ET AL

Auditory Verbal Learning Test (RAVLT;Auditory Verbal Learning Test (RAVLT;

delayed recall percentage retention scores,delayed recall percentage retention scores,

maximum scoremaximum score¼100; Lezak, 1983) and100; Lezak, 1983) and

the Benton Visual Retention Test (BVRT;the Benton Visual Retention Test (BVRT;

Form D, administration A, maximumForm D, administration A, maximum

scorescore¼10; Benton, 1967) to assess verbal10; Benton, 1967) to assess verbal

and visual memory, respectively.and visual memory, respectively.

Magnetic resonance imagingMagnetic resonance imaging

Participants underwent high-resolutionParticipants underwent high-resolution

MRI scanning (124MRI scanning (124661.5 mm coronal1.5 mm coronal

slices; time to repetitionslices; time to repetition¼24 ms, time to24 ms, time to

echoecho¼5 ms, field of view5 ms, field of view¼26 cm, matrix26 cm, matrix

25625666256) using a 1.5 T GE Signa machine.256) using a 1.5 T GE Signa machine.

Data were transferred to a Silicon GraphicsData were transferred to a Silicon Graphics

workstation and analysed using theworkstation and analysed using the

BRAINS software package (AndreasenBRAINS software package (Andreasen

et alet al, 1993). Images were re-sampled digi-, 1993). Images were re-sampled digi-

tally in the anterior commissure–posteriortally in the anterior commissure–posterior

commissure plane to standardise anatomi-commissure plane to standardise anatomi-

cal orientation. Whole-brain volumes werecal orientation. Whole-brain volumes were

traced using methods described previouslytraced using methods described previously

(Levitan(Levitan et alet al, 1999). All slices of the left, 1999). All slices of the left

and right hippocampi were traced manuallyand right hippocampi were traced manually

by a rater masked to diagnosis. Althoughby a rater masked to diagnosis. Although

all traces were made in the coronal plane,all traces were made in the coronal plane,

additional traces were made on sagittaladditional traces were made on sagittal

and axial views, and points from these wereand axial views, and points from these were

telegraphed to orthogonal planes, to betelegraphed to orthogonal planes, to be

used as guidelines to tracing. Volumesused as guidelines to tracing. Volumes

(cm(cm33) of each structure were summed across) of each structure were summed across

coronal slices to give total left and rightcoronal slices to give total left and right

hippocampal volumes. Definitions ofhippocampal volumes. Definitions of

anatomical boundaries and landmarks wereanatomical boundaries and landmarks were

derived from the literature (Cookderived from the literature (Cook et alet al,,

1992; Watson1992; Watson et alet al, 1992), by consultation, 1992), by consultation

with a neuroanatomistwith a neuroanatomist and by use of a brainand by use of a brain

atlas (Duvernoy, 1991).atlas (Duvernoy, 1991).

Vascular risk factorsVascular risk factors

Based on a combination of self-report andBased on a combination of self-report and

close informant questionnaires and medicalclose informant questionnaires and medical

review by a psychiatrist, the followingreview by a psychiatrist, the following

vascular risks were recorded as present (1)vascular risks were recorded as present (1)

or absent (0): diabetes; treated or untreatedor absent (0): diabetes; treated or untreated

hypertension; smoking; cardiovascularhypertension; smoking; cardiovascular

disease; elevated cholesterol; and familydisease; elevated cholesterol; and family

history of at least two vascular disordershistory of at least two vascular disorders

(including stroke and transient ischaemic(including stroke and transient ischaemic

attack). These six vascular risk factors wereattack). These six vascular risk factors were

summed for each participant to give a totalsummed for each participant to give a total

risk rating (range: 0–6; Hickierisk rating (range: 0–6; Hickie et alet al, 2001;, 2001;

NaismithNaismith et alet al, 2003)., 2003).

Apolipoprotein E andApolipoprotein E and
methylenetetrahydrofolatemethylenetetrahydrofolate
reductase genotypingreductase genotyping

As described in our previous studies (HickieAs described in our previous studies (Hickie

et alet al, 2001; Naismith, 2001; Naismith et alet al, 2002, 2003),, 2002, 2003),

genotypes of ApoE and MTHFR were de-genotypes of ApoE and MTHFR were de-

termined by polymerase chain reaction-termined by polymerase chain reaction-

based methods. Heterobased methods. Heterozygous (zygous (nn¼31) and31) and

homozygous (homozygous (nn¼9) groups for the C677T9) groups for the C677T

MTHFR mutant allele were pooled to formMTHFR mutant allele were pooled to form

a group ‘at risk’ (a group ‘at risk’ (nn¼40). Similarly, partici-40). Similarly, partici-

pants with at least one ApoEpants with at least one ApoE ee2 (ApoE2)2 (ApoE2)

oror ee4 (ApoE4) allele were coded as either4 (ApoE4) allele were coded as either

positive (positive (nn¼9 and9 and nn¼23, respectively) or23, respectively) or

negative (negative (nn¼71 and71 and nn¼57, respectively) for57, respectively) for

the allele.the allele.

Statistical analysisStatistical analysis

Data were analysed using the StatisticalData were analysed using the Statistical

Package for the Social Sciences (versionPackage for the Social Sciences (version

11.5 for PC). An11.5 for PC). An aa level of 0.05 was em-level of 0.05 was em-

ployed for all tests except those employingployed for all tests except those employing

Bonferroni corrections.Bonferroni corrections.

RESULTSRESULTS

As shown in Table 1, there was no differ-As shown in Table 1, there was no differ-

ence in age or gender between persons withence in age or gender between persons with

depression and control participants. Thosedepression and control participants. Those

with depression had more vascular riskwith depression had more vascular risk

factors, lower MMSE scores and poorerfactors, lower MMSE scores and poorer

memory performance. They also hadmemory performance. They also had

smaller whole-brain volumes and smallersmaller whole-brain volumes and smaller

left, right and total hippocampal volumes.left, right and total hippocampal volumes.

Although there was no relationshipAlthough there was no relationship

between age and hippocampal volumes inbetween age and hippocampal volumes in

control participants, increasing age was as-control participants, increasing age was as-

sociated with smaller hippocampal volumessociated with smaller hippocampal volumes

in the participants with depression (Tablein the participants with depression (Table

2). However, the relationship between age2). However, the relationship between age

and hippocampal volumes was particularlyand hippocampal volumes was particularly

evident for those with late-onset (evident for those with late-onset (rr¼770.5,0.5,

PP¼0.047) compared with early-onset0.047) compared with early-onset

((rr¼770.3,0.3, PP¼0.026) depression.0.026) depression.

Importantly, there was no associationImportantly, there was no association

between cumulative vascular risk factorsbetween cumulative vascular risk factors

and hippocampal volumes or whole-brainand hippocampal volumes or whole-brain

volumes for participants with or withoutvolumes for participants with or without

depression (Table 2). Hippocampal vol-depression (Table 2). Hippocampal vol-

umes were not significantly associated withumes were not significantly associated with

depression severity, clinician-rated psycho-depression severity, clinician-rated psycho-

motor change, duration of depressive epi-motor change, duration of depressive epi-

sode, total number of years sincesode, total number of years since

depression onset (Table 2) or bipolar disor-depression onset (Table 2) or bipolar disor-

der (Table 3).der (Table 3).

Neuropsychological performanceNeuropsychological performance

There was no association between visualThere was no association between visual

and verbal memory performance andand verbal memory performance and

hippocampal volumes in control participantshippocampal volumes in control participants

(Table 2). However, for those with(Table 2). However, for those with

depression there were significant associa-depression there were significant associa-

tions between smaller left and totaltions between smaller left and total
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Table1Table1 Demographic, clinical, cognitive, vascular, genetic andmagnetic resonance imaging (MRI) data forDemographic, clinical, cognitive, vascular, genetic andmagnetic resonance imaging (MRI) data for

control participants and particpants with depressioncontrol participants and particpants with depression

Control participantsControl participants

((nn¼20)20)

Participants withParticipants with

depressiondepression

((nn¼66)66)

FF//ww22 PP

Age (years): mean (s.d.)Age (years): mean (s.d.) 55.8 (10.0)55.8 (10.0) 53.5 (13.5)53.5 (13.5) 0.50.5 NSNS

Gender: % female (Gender: % female (nn//NN)) 55 (11/20)55 (11/20) 67 (44/66)67 (44/66) 0.30.3 NSNS

MMSE score: mean (s.d.)MMSE score: mean (s.d.) 28.5 (1.4)28.5 (1.4) 26.4 (3.7)26.4 (3.7) 6.16.1 0.0160.016

RAVLT score: mean (s.d.)RAVLTscore: mean (s.d.) 85.4 (16.7)85.4 (16.7) 73.3 (18.1)73.3 (18.1) 6.26.2 0.0150.015

BVRTscore: mean (s.d.)BVRTscore: mean (s.d.) 7.6 (1.6)7.6 (1.6) 5.5 (2.6)5.5 (2.6) 11.611.6 0.0010.001

HRSD score: mean (s.d.)HRSD score: mean (s.d.) ^̂ 24.9 (9.2)24.9 (9.2) ^̂ ^̂

Age of onset (years): mean (s.d.)Age of onset (years): mean (s.d.) ^̂ 38.4 (16.3)38.4 (16.3) ^̂ ^̂

CORE score: mean (s.d.)CORE score: mean (s.d.) ^̂ 12.2 (7.6)12.2 (7.6) ^̂ ^̂

Cumulative vascular riskCumulative vascular risk 1.1 (1.1)1.1 (1.1) 2.0 (1.5)2.0 (1.5) 6.96.9 0.0100.010

ApoE2: % positive (ApoE2: % positive (nn//NN)) 0 (0/20)0 (0/20) 15 (9/60)15 (9/60) 3.43.4 NSNS

ApoE4: % positive (ApoE4: % positive (nn//NN)) 40 (8/20)40 (8/20) 25 (15/60)25 (15/60) 1.61.6 NSNS

MTHFR: % positive (MTHFR: % positive (nn//NN)) 45 (9/20)45 (9/20) 53 (31/59)53 (31/59) 0.30.3 NSNS

MRI volume (cmMRI volume (cm33): mean (s.d.)): mean (s.d.)

Left hippocampusLeft hippocampus 3.3 (0.5)3.3 (0.5) 2.9 (0.4)2.9 (0.4) 15.115.1 550.0010.001

Right hippocampusRight hippocampus 3.3 (0.6)3.3 (0.6) 3.0 (0.4)3.0 (0.4) 7.17.1 0.0090.009

Total hippocampusTotal hippocampus 6.6 (1.1)6.6 (1.1) 5.9 (0.7)5.9 (0.7) 11.711.7 0.0010.001

Whole-brain volumeWhole-brain volume 1354.4 (171.8)1354.4 (171.8) 1256.5 (118.6)1256.5 (118.6) 8.38.3 0.0050.005

ApoE2, apolipoprotein EApoE2, apolipoprotein E ee2; ApoE4, apolipoprotein E2; ApoE4, apolipoprotein E ee4; BVRT, BentonVisual RetentionTest; HRSD,Hamilton Rating4; BVRT, BentonVisual RetentionTest; HRSD,Hamilton Rating
Scale for Depression; MMSE,Mini-Mental State Examination; MRI, magnetic resonance imaging; MTHFR, methylene-Scale for Depression; MMSE,Mini-Mental State Examination; MRI, magnetic resonance imaging; MTHFR, methylene-
tetrahydrofolate reductase; RAVLT, Rey Auditory Verbal LearningTest.tetrahydrofolate reductase; RAVLT, Rey Auditory Verbal LearningTest.
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hippocampal volumes and poorer generalhippocampal volumes and poorer general

cognition (i.e. as measured by the MMSE)cognition (i.e. as measured by the MMSE)

and memory.and memory.

Analysis of covariance indicated aAnalysis of covariance indicated a

significant difference in memory scores be-significant difference in memory scores be-

tween control participants and those withtween control participants and those with

early and late-onset depression, even afterearly and late-onset depression, even after

controlling for age (BVRT:controlling for age (BVRT: FF2,632,63¼8.4,8.4,

PP¼0.001; RAVLT:0.001; RAVLT: FF2,612,61¼4.2,4.2, PP¼0.021).0.021).

After Bonferroni correction, visual memoryAfter Bonferroni correction, visual memory

scores were poorer for both depressionscores were poorer for both depression

groups relative to controls (groups relative to controls (PP¼0.002 and0.002 and

PP¼0.004 for early and late-onset depres-0.004 for early and late-onset depres-

sion, respectively). However, within thission, respectively). However, within this

lower subsample, verbal memory scoreslower subsample, verbal memory scores

were significantly lower for those withwere significantly lower for those with

early-onset (early-onset (nn¼36,36, PP¼0.017) but not late-0.017) but not late-

onset (onset (nn¼10, NS) depression relative to10, NS) depression relative to

control participants.control participants.

Hippocampal volumesHippocampal volumes

For participants with depression, thereFor participants with depression, there

were significant relationships between cur-were significant relationships between cur-

rent age, age of depression onset and hippo-rent age, age of depression onset and hippo-

campal volumes (Tables 2 and 3). Aftercampal volumes (Tables 2 and 3). After

controlling for age and whole-braincontrolling for age and whole-brain

volume, there was a significant effect ofvolume, there was a significant effect of

age of onset group (i.e. control and early-age of onset group (i.e. control and early-

and late-onset depression groups) on totaland late-onset depression groups) on total

((FF2,802,80¼4.5,4.5, PP¼0.015), left (0.015), left (FF2,802,80¼5.3,5.3,

PP¼0.007) and right (0.007) and right (FF2,802,80¼3.2,3.2, PP¼0.045)0.045)

hippocampal volumes. As shown in Fig. 1,hippocampal volumes. As shown in Fig. 1,

people with early-onset depression hadpeople with early-onset depression had

smaller total hippocampal volumes thansmaller total hippocampal volumes than

controls but larger volumes than thosecontrols but larger volumes than those

with late-onset depression. For thewith late-onset depression. For the

left hippocampus, age, whole-brain volumeleft hippocampus, age, whole-brain volume

and Bonferroni-corrected analyses revealedand Bonferroni-corrected analyses revealed

that participants with both early- and late-that participants with both early- and late-

onset depression had smaller (onset depression had smaller (PP¼0.0210.021

andand PP¼0.013, respectively) left hippo-0.013, respectively) left hippo-

campal volumes than control participants,campal volumes than control participants,

although they did not differ from eachalthough they did not differ from each

other. For the right and total hippocampalother. For the right and total hippocampal

volumes only the participants with late-volumes only the participants with late-

onset depression differed significantly fromonset depression differed significantly from

controls (controls (PP¼0.045 and0.045 and PP¼0.013,0.013,

respectively), whereas those with early-respectively), whereas those with early-

onset depression did not differ from eitheronset depression did not differ from either

control participants or those with late-onsetcontrol participants or those with late-onset

depression.depression.

DSM^IV subtypeDSM^IV subtype

After controlling for age and whole-brainAfter controlling for age and whole-brain

volume, there was a significant differencevolume, there was a significant difference

between participants with melancholiabetween participants with melancholia

and non-melancholic depression and con-and non-melancholic depression and con-

trols in left (trols in left (FF2,802,80¼5.2,5.2, PP¼0.008) and total0.008) and total

((FF2,802,80¼3.8,3.8, PP¼0.025) but not right0.025) but not right

((FF2,802,80¼2.2, NS) hippocampal volumes.2.2, NS) hippocampal volumes.

Bonferroni analyses revealed that onlyBonferroni analyses revealed that only

participants with melancholia differedparticipants with melancholia differed

significantly from controls (left:significantly from controls (left: PP¼0.006;0.006;

total:total: PP¼0.021), whereas those with non-0.021), whereas those with non-

melancholic depression did not differ signif-melancholic depression did not differ signif-

icantly from controls or those withicantly from controls or those with

melancholia.melancholia.

Apolipoprotein E and MTHFRApolipoprotein E and MTHFR

There was no difference in age betweenThere was no difference in age between

those positive and negative for the ApoE4those positive and negative for the ApoE4

allele. As shown in Table 3, there was noallele. As shown in Table 3, there was no

significant difference in hippocampalsignificant difference in hippocampal

volumes for those with depression whovolumes for those with depression who

were positive and negative for the ApoE2were positive and negative for the ApoE2

allele, whereas those with the ApoE4 alleleallele, whereas those with the ApoE4 allele

had larger (i.e.had larger (i.e. notnot smaller) volumes. Parti-smaller) volumes. Parti-

cipants with depression and the MTHFRcipants with depression and the MTHFR

gene mutation did not have smaller hippo-gene mutation did not have smaller hippo-

campal volumes than those without thecampal volumes than those without the

mutation.mutation.

Multivariate predictorsMultivariate predictors
of hippocampal volumesof hippocampal volumes

In order to identify the best predictors ofIn order to identify the best predictors of

total hippocampal volumes, significanttotal hippocampal volumes, significant

univariate predictors were entered into aunivariate predictors were entered into a

stepwise regression model after controllingstepwise regression model after controlling

for whole-brain volume (forced entry).for whole-brain volume (forced entry).

Hence, the entered variables were age ofHence, the entered variables were age of

onset group (i.e. control and early- andonset group (i.e. control and early- and

late-onset depression), DSM–IV subtypelate-onset depression), DSM–IV subtype

group (i.e. control, non-melancholic andgroup (i.e. control, non-melancholic and

melancholic), ApoE4 and age. Themelancholic), ApoE4 and age. The

resulting model, accounting for 53% ofresulting model, accounting for 53% of

the variance in hippocampal volumesthe variance in hippocampal volumes

((FF4,744,74¼20.8,20.8, PP550.001), included whole-0.001), included whole-

brain volume (brain volume (tt¼6.3,6.3, PP550.001), age of0.001), age of

onset group (onset group (tt¼772.8,2.8, PP¼0.007), age0.007), age

((tt¼772.6,2.6, PP¼0.010) and presence of the0.010) and presence of the

ApoE4 allele (ApoE4 allele (tt¼2.3,2.3, PP¼0.024). These0.024). These

predictorspredictors uniquelyuniquely contributed to 25%,contributed to 25%,

4.8%, 4.4% and 3.3% of the variance,4.8%, 4.4% and 3.3% of the variance,

19 919 9

Table 2Table 2 Pearson correlations between hippocampal volumes and demographic, cognitive and vascular riskPearson correlations between hippocampal volumes and demographic, cognitive and vascular risk

factors for control participants and participants with depressionfactors for control participants and participants with depression

TotalTotal LeftLeft RightRight

rr PP rr PP rr PP

Control participants (Control participants (nn¼20)20)

AgeAge 770.20.2 NSNS 770.20.2 NSNS 770.20.2 NSNS

MMSEMMSE 0.10.1 NSNS 0.040.04 NSNS 0.20.2 NSNS

RAVLT (RAVLT (nn¼19)19) 770.20.2 NSNS 770.40.4 NSNS 770.10.1 NSNS

BVRT (BVRT (nn¼19)19) 770.20.2 NSNS 770.30.3 NSNS 770.30.3 NSNS

Cumulative vascular riskCumulative vascular risk 0.10.1 NSNS 770.010.01 NSNS 0.20.2 NSNS

Participantswith depression (Participantswith depression (nn¼66)66)

AgeAge 770.40.4 550.0010.001 770.40.4 0.0010.001 770.40.4 0.0010.001

MMSEMMSE 0.30.3 0.0270.027 0.30.3 0.0190.019 0.20.2 NSNS

RAVLT (RAVLT (nn¼45)45) 0.30.3 NSNS 0.30.3 0.0360.036 0.10.1 NSNS

BVRT (BVRT (nn¼46)46) 0.40.4 0.0160.016 0.40.4 0.0060.006 0.30.3 NSNS

Age of depression onsetAge of depression onset 770.30.3 0.0050.005 770.250.25 0.0410.041 770.40.4 0.0010.001

Years since illness onsetYears since illness onset 770.010.01 NSNS 770.090.09 NSNS 0.060.06 NSNS

HRSD scoreHRSD score 0.10.1 NSNS 0.10.1 NSNS 0.10.1 NSNS

CORE scoreCORE score 770.20.2 NSNS 770.20.2 NSNS 770.20.2 NSNS

Duration of episodeDuration of episode 770.10.1 NSNS 770.10.1 NSNS 0.10.1 NSNS

Cumulative vascular riskCumulative vascular risk 770.020.02 NSNS 770.030.03 NSNS 770.020.02 NSNS

BVRT, BentonVisual RetentionTest; HRSD,Hamilton Rating Scale for Depression; MMSE,Mini-Mental State Examin-BVRT, BentonVisual RetentionTest; HRSD,Hamilton Rating Scale for Depression; MMSE,Mini-Mental State Examin-
ation; MRI, magnetic resonance imaging; RAVLT, Rey Auditory Verbal LearningTest.ation; MRI, magnetic resonance imaging; RAVLT, Rey Auditory Verbal LearningTest.

Fig. 1Fig.1 Mean total hippocampal volumes for controlMean total hippocampal volumes for control

participants and participants with early- and late-participants and participants with early- and late-

onset depression and age- and whole-brain adjustedonset depression and age- and whole-brain adjusted

Bonferroni comparisons.Bonferroni comparisons.
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respectively, with an additional 15.5%respectively, with an additional 15.5%

being shared predictor variance.being shared predictor variance.

DISCUSSIONDISCUSSION

In this study, individuals with primaryIn this study, individuals with primary

major depressive disorders recruited frommajor depressive disorders recruited from

specialist service settings demonstrated re-specialist service settings demonstrated re-

duced whole-brain and left and right hippo-duced whole-brain and left and right hippo-

campal volumes, impaired verbal and visualcampal volumes, impaired verbal and visual

memory and an increased number of clini-memory and an increased number of clini-

cal risk factors to vascular disease. Reduc-cal risk factors to vascular disease. Reduc-

tions in hippocampal volumes in thesetions in hippocampal volumes in these

individuals (but not control participants)individuals (but not control participants)

were correlated with age, age of onset andwere correlated with age, age of onset and

general cognitive and memory decrements.general cognitive and memory decrements.

Importantly, although reductions in hippo-Importantly, although reductions in hippo-

campal volumes were more significant incampal volumes were more significant in

older patients, in those with late-onset de-older patients, in those with late-onset de-

pression and in those with melancholia,pression and in those with melancholia,

those with early-onset depression also hadthose with early-onset depression also had

smaller hippocampal volumes. Consistentsmaller hippocampal volumes. Consistent

with recent longitudinal research examin-with recent longitudinal research examin-

ing ApoE (Steffensing ApoE (Steffens et alet al, 2002), hippocam-, 2002), hippocam-

pal volume reduction was not predictedpal volume reduction was not predicted

by specific genetic risk factors to neuro-by specific genetic risk factors to neuro-

degeneration, or by clinical or genetic riskdegeneration, or by clinical or genetic risk

factors to vascular disease.factors to vascular disease.

Functional significanceFunctional significance
of reduced hippocampal volumeof reduced hippocampal volume

The reductions in hippocampal volumes inThe reductions in hippocampal volumes in

people with depression are of considerablepeople with depression are of considerable

functional significance because of their re-functional significance because of their re-

lationship with visual and verbal memorylationship with visual and verbal memory

decrements. Although it is well establisheddecrements. Although it is well established

that people with depression have impairedthat people with depression have impaired

memory, such functional deficits are oftenmemory, such functional deficits are often

attributed to poor encoding of information,attributed to poor encoding of information,

poor effort (Elliot, 1998) or difficultiespoor effort (Elliot, 1998) or difficulties

with executive functioning. This study,with executive functioning. This study,

however, supports previous research inhowever, supports previous research in

people with chronic depression (Shahpeople with chronic depression (Shah et alet al,,

1998) and in those with subjective memory1998) and in those with subjective memory

problems (von Guntenproblems (von Gunten et alet al, 2000) in, 2000) in

suggesting that impaired memory may besuggesting that impaired memory may be

a direct consequence of structural changea direct consequence of structural change

within the hippocampus.within the hippocampus.

Depression has been recognised increas-Depression has been recognised increas-

ingly as a risk factor for later dementiaingly as a risk factor for later dementia

(Steffens(Steffens et alet al, 2002), and a variety of, 2002), and a variety of

explanatory models have been proposedexplanatory models have been proposed

(Jorm, 2001). Importantly, in our study,(Jorm, 2001). Importantly, in our study,

hippocampal volumes were also reducedhippocampal volumes were also reduced

in persons with early-onset disorders,in persons with early-onset disorders,

making it less likely that the onset ofmaking it less likely that the onset of

depression simply reflects an early phasedepression simply reflects an early phase

of another dementing illness such asof another dementing illness such as

Alzheimer’s disease or vascular dementia.Alzheimer’s disease or vascular dementia.

Consistent with this interpretation, hippo-Consistent with this interpretation, hippo-

campal volume reductions were notcampal volume reductions were not

predicted by the ApoE4 allele or at-riskpredicted by the ApoE4 allele or at-risk

isoforms of the MTHFR gene or clinicalisoforms of the MTHFR gene or clinical

risk factors to vascular disease.risk factors to vascular disease.

Potential preventive strategiesPotential preventive strategies

Because hippocampal atrophy was mostBecause hippocampal atrophy was most

pronounced in people with depressionpronounced in people with depression

who were older at assessment or had late-who were older at assessment or had late-

onset disorders, potential risk factors thatonset disorders, potential risk factors that

increase with age (e.g. neurodegeneration,increase with age (e.g. neurodegeneration,

vascular disease) still remain our primaryvascular disease) still remain our primary

targets for potential preventative strategiestargets for potential preventative strategies

(Hickie(Hickie et alet al, 2003). Previously we have re-, 2003). Previously we have re-

ported strong associations between bothported strong associations between both

white matter and subcortical nuclei (i.e.white matter and subcortical nuclei (i.e.

caudate nucleus volume) structural braincaudate nucleus volume) structural brain

changes and neurocognitive impairment,changes and neurocognitive impairment,

vascular risk factors, age, age of depressionvascular risk factors, age, age of depression

onset and poor response to treatmentonset and poor response to treatment

(Hickie(Hickie et alet al, 1995, 1997, 1995, 1997bb; Naismith; Naismith etet

alal, 2002). Additionally we have noted asso-, 2002). Additionally we have noted asso-

ciations between at-risk isoforms of theciations between at-risk isoforms of the

MTHFR gene (which underpin raisedMTHFR gene (which underpin raised

homocysteine levels) and depression of laterhomocysteine levels) and depression of later

onset (Hickieonset (Hickie et alet al, 2001), and reduced psy-, 2001), and reduced psy-

chomotor speed in patients with depressionchomotor speed in patients with depression

(Naismith(Naismith et alet al, 2002). Such studies do, 2002). Such studies do

imply common pathophysiologies under-imply common pathophysiologies under-

pinning the epidemiological associationpinning the epidemiological association

between at least late-onset depressions andbetween at least late-onset depressions and

dementia.dementia.

Is depression associated withIs depression associated with
neurodegenerative changes?neurodegenerative changes?

Importantly, it now also appears likely thatImportantly, it now also appears likely that

hippocampal atrophy occurs directly as ahippocampal atrophy occurs directly as a

consequence of early-onset depression (orconsequence of early-onset depression (or

other risk factors to that condition). Con-other risk factors to that condition). Con-

sistent with this view, lifetime duration ofsistent with this view, lifetime duration of

untreated depressive illness has emerged asuntreated depressive illness has emerged as

2 0 02 0 0

Table 3Table 3 Hippocampal volumes (cmHippocampal volumes (cm33) by genetic and clinical risk factors in participants with depression) by genetic and clinical risk factors in participants with depression

TotalTotal LeftLeft RightRight

MeanMean

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

FF PP MeanMean

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

FF PP MeanMean

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

FF PP

Current ageCurrent age

AgeAge5550 (50 (nn¼25)25) 6.2 (0.7)6.2 (0.7) 6.26.2 0.0150.015 3.0 (0.4)3.0 (0.4) 7.27.2 0.0090.009 3.1 (0.4)3.1 (0.4) 4.14.1 0.0480.048

AgeAge5550 (50 (nn¼41)41) 5.7 (0.6)5.7 (0.6) 2.8 (0.4)2.8 (0.4) 3.0 (0.4)3.0 (0.4)

Age of onsetAge of onset

Early (Early (nn¼49)49) 6.0 (0.7)6.0 (0.7) 5.75.7 0.0200.020 2.9 (0.4)2.9 (0.4) 2.92.9 NSNS 3.1 (0.4)3.1 (0.4) 7.97.9 0.0060.006

Late (Late (nn¼17)17) 5.6 (0.6)5.6 (0.6) 2.8 (0.3)2.8 (0.3) 2.8 (0.3)2.8 (0.3)

MelancholiaMelancholia11

NMEL (NMEL (nn¼19)19) 6.2 (0.7)6.2 (0.7) 4.84.8 0.030.03 3.0 (0.4)3.0 (0.4) 2.62.6 NSNS 3.2 (0.3)3.2 (0.3) 6.56.5 0.0130.013

MEL (MEL (nn¼47)47) 5.8 (0.7)5.8 (0.7) 2.8 (0.3)2.8 (0.3) 3.0 (0.4)3.0 (0.4)

PolarityPolarity

Unipolar (Unipolar (nn¼51)51) 5.9 (0.6)5.9 (0.6) 0.50.5 NSNS ^̂ ^̂ ^̂ ^̂ ^̂ ^̂

Bipolar (Bipolar (nn¼14)14) 6.0 (0.9)6.0 (0.9)

MTHFRMTHFR

Negative (Negative (nn¼45)45) 5.8 (0.7)5.8 (0.7) 1.91.9 NSNS ^̂ ^̂ ^̂ ^̂ ^̂ ^̂

Positive (Positive (nn¼28)28) 6.0 (0.7)6.0 (0.7)

ApoE2 alleleApoE2 allele

Negative (Negative (nn¼51)51) 5.9 (0.7)5.9 (0.7) 2.52.5 NSNS ^̂ ^̂ ^̂ ^̂ ^̂ ^̂

Positive (Positive (nn¼9)9) 6.3 (0.5)6.3 (0.5)

ApoE4 alleleApoE4 allele

Negative (Negative (nn¼45)45) 5.8 (0.6)5.8 (0.6) 5.35.3 0.0250.025 2.8 (0.3)2.8 (0.3) 4.84.8 0.0320.032 3.0 (0.3)3.0 (0.3) 4.64.6 0.0370.037

Positive (Positive (nn¼15)15) 6.3 (0.8)6.3 (0.8) 3.1 (0.5)3.1 (0.5) 3.2 (0.4)3.2 (0.4)

Vascular riskVascular risk22

552 risks (2 risks (nn¼39)39) 5.9 (0.7)5.9 (0.7) 0.50.5 NSNS ^̂ ^̂ ^̂ ^̂ ^̂ ^̂

0, 1 risk (0, 1 risk (nn¼27)27) 6.0 (0.6)6.0 (0.6)

1. DSM^IV-defined non-melancholic (NMEL) or melancholic (MEL) depression.1. DSM^IV-defined non-melancholic (NMEL) ormelancholic (MEL) depression.
2. Zero or one cumulative vascular risk versus vascular risk greater than or equal to 2 (Hickie2. Zero or one cumulative vascular risk versus vascular risk greater than or equal to 2 (Hickie et alet al, 2001)., 2001).
ApoE2, apolipoprotein EApoE2, apolipoprotein E ee2; ApoE4, apolipoprotein E2; ApoE4, apolipoprotein E ee4; MTHFR, methylenetetrahydrolate reductase.4; MTHFR, methylenetetrahydrolate reductase.
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a predictor of such hippocampal changesa predictor of such hippocampal changes

(Sheline(Sheline et alet al, 1999, 2003; MacQueen, 1999, 2003; MacQueen etet

alal, 2003). Although we did not find a direct, 2003). Although we did not find a direct

correlation with years since onset of the ill-correlation with years since onset of the ill-

ness, we were not able to differentiate theness, we were not able to differentiate the

importance of treatedimportance of treated vv. untreated periods. untreated periods

of illness. In our study, participants withof illness. In our study, participants with

melancholic disorders demonstrated moremelancholic disorders demonstrated more

hippocampal atrophy. Such people arehippocampal atrophy. Such people are

more likely to experience hypercortisol-more likely to experience hypercortisol-

aemia, which is a possible mechanism foraemia, which is a possible mechanism for

hippocampal atrophy (Sapolsky, 2000).hippocampal atrophy (Sapolsky, 2000).

An accumulation of evidence is alsoAn accumulation of evidence is also

emerging suggesting that brain-derivedemerging suggesting that brain-derived

neurotrophic factor (important for theneurotrophic factor (important for the

development, maintenance and survival ofdevelopment, maintenance and survival of

neurons) is decreased in patients withneurons) is decreased in patients with

depression and is enhanced by anti-depression and is enhanced by anti-

depressant treatment (Dumandepressant treatment (Duman et alet al, 1997;, 1997;

DwivediDwivedi et alet al, 2003). This suggests another, 2003). This suggests another

important mechanismimportant mechanism whereby untreatedwhereby untreated

depression may be detrimental to key braindepression may be detrimental to key brain

structures such as the hippocampus, whichstructures such as the hippocampus, which

in turn is likely to have prognostic signifi-in turn is likely to have prognostic signifi-

cance (Steffenscance (Steffens et alet al, 2002)., 2002).

Important challenges arise from this re-Important challenges arise from this re-

search. First, we need to determine whethersearch. First, we need to determine whether

hippocampal atrophy is a risk factor to or ahippocampal atrophy is a risk factor to or a

consequence of depressive disorders or toconsequence of depressive disorders or to

key subtypes (e.g. late-onset depression, mel-key subtypes (e.g. late-onset depression, mel-

ancholia). Second, we need to make greaterancholia). Second, we need to make greater

use of population-based cohorts or otheruse of population-based cohorts or other

informative samples (e.g. twins, discordantinformative samples (e.g. twins, discordant

sib-pairs). Third, more research needs tosib-pairs). Third, more research needs to

focus on longitudinal examination of at-riskfocus on longitudinal examination of at-risk

groups and follow, in particular, the braingroups and follow, in particular, the brain

changes that may accompany either thechanges that may accompany either the

transition to illness or the longer-term effectstransition to illness or the longer-term effects

of its untreated or treated course.of its untreated or treated course.

REFERENCESREFERENCES

American Psychiatric Association (1994)American Psychiatric Association (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.

Andreasen, N. C., Cizadlo,T.,Harris, G.,Andreasen,N. C.,Cizadlo,T.,Harris,G., et alet al (1993)(1993)
Voxel processing techniques for the antemortem studyVoxel processing techniques for the antemortem study
of neuroanatomy and neuropathology using magneticof neuroanatomy and neuropathology using magnetic
resonance imaging.resonance imaging. Journal of Neuropsychiatry and ClinicalJournal of Neuropsychiatry and Clinical
NeurosciencesNeurosciences,, 55, 121^130., 121^130.

Benton, A. L. (1967)Benton, A. L. (1967) Problems of test construction inProblems of test construction in
the field of aphasia.the field of aphasia. CortexCortex,, 33, 32^58., 32^58.

Cook, M. J., Fish, D. R., Shorvon, D.,Cook, M. J., Fish, D. R., Shorvon, D., et alet al (1992)(1992)
Hippocampal volumetric and morphometric studies inHippocampal volumetric and morphometric studies in
frontal and temporal lobe epilepsy.frontal and temporal lobe epilepsy. BrainBrain,, 115115,1001^1015.,1001^1015.

Duman, R. S.,Heninger,G. R. & Nestler, E. J. (1997)Duman, R. S.,Heninger,G. R. & Nestler, E. J. (1997)
Amolecular and cellular theory of depression.A molecular and cellular theory of depression. ArchivesArchives
of General Psychiatryof General Psychiatry,, 5454, 597^606., 597^606.

Duvernoy,H. M. (1991)Duvernoy,H. M. (1991) The Human Brain Surface,The Human Brain Surface,
Three-Dimensional Sectional Anatomy and MRIThree-Dimensional Sectional Anatomy and MRI.Vienna:.Vienna:
Springer-Verlag.Springer-Verlag.

Dwivedi,Y., Rizavi,H. S., Conley, R. R.,Dwivedi,Y., Rizavi,H. S., Conley, R. R., et alet al (2003)(2003)
Altered gene expression of brain-derived neurotrophicAltered gene expression of brain-derived neurotrophic
factor and receptor tyrosine kinase B in postmortemfactor and receptor tyrosine kinase B in postmortem
brain of suicide subjects.brain of suicide subjects. Archives of General PsychiatryArchives of General Psychiatry,,
6060, 804^815., 804^815.

Elliot, R. (1998)Elliot, R. (1998) The neuropsychological profile inThe neuropsychological profile in
unipolar depression.unipolar depression.Trends in Cognitive SciencesTrends in Cognitive Sciences,, 22,,
447^454.447^454.

Folstein, M. F., Folstein, S. E. & McHugh, P. R. (1975)Folstein, M. F., Folstein, S. E. & McHugh, P. R. (1975)
‘Mini-mental state’. A practical method for grading the‘Mini-mental state’. A practical method for grading the
cognitive state of patients for the clinician.cognitive state of patients for the clinician. Journal ofJournal of
Psychiatric ResearchPsychiatric Research,, 1212, 189^198.,189^198.

Hamilton, M. (1960)Hamilton, M. (1960) A rating scale for depression.A rating scale for depression.
Journal of Neurology, Neurosurgery and PsychiatryJournal of Neurology, Neurosurgery and Psychiatry,, 2323,,
56^61.56^61.

Hickie, I., Scott, E., Mitchell, P.,Hickie, I., Scott, E., Mitchell, P., et alet al (1995)(1995)
Subcortical hyperintensities on magnetic resonanceSubcortical hyperintensities on magnetic resonance
imaging: clinical correlates and prognostic significance inimaging: clinical correlates and prognostic significance in
patients with severe depression.patients with severe depression. Biological PsychiatryBiological Psychiatry,, 3737,,
151^160.151^160.

Hickie, I., Lloyd, A., Dixon,G.,Hickie, I., Lloyd, A., Dixon,G., et alet al (1997(1997aa)) UtilisingUtilising
molecular biological and histopathological techniques tomolecular biological and histopathological techniques to
study the dopaminergic systems in patients withstudy the dopaminergic systems in patients with
melancholia.melancholia. Australian and New Zealand Journal ofAustralian and New Zealand Journal of
PsychiatryPsychiatry,, 3131, 27^35., 27^35.

Hickie, I., Scott, E.,Wilhelm, K.,Hickie, I., Scott, E.,Wilhelm, K., et alet al (1997(1997bb))
Subcortical hyperintensities on magnetic resonanceSubcortical hyperintensities on magnetic resonance
imaging in patients with severe depression ^ aimaging in patients with severe depression ^ a
longitudinal evaluation.longitudinal evaluation. Biological PsychiatryBiological Psychiatry,, 4242, 367^374., 367^374.

Hickie, I., Scott, E., Naismith, S.,Hickie, I., Scott, E., Naismith, S., et alet al (2001)(2001) Late-Late-
onset depression: genetic, vascular and clinicalonset depression: genetic, vascular and clinical
contributions.contributions. Psychological MedicinePsychological Medicine,, 3131, 1403^1412., 1403^1412.

Hickie, I., Simons, L., Naismith, S.,Hickie, I., Simons, L., Naismith, S., et alet al (2003)(2003)
Vascular risk to late-life depression: evidence from aVascular risk to late-life depression: evidence from a
longitudinal community study.longitudinal community study. Australian and NewAustralian and New
Zealand Journal of PsychiatryZealand Journal of Psychiatry,, 3737, 62^65., 62^65.

Jorm, A. F. (2001)Jorm, A. F. (2001) History of depression as a risk factorHistory of depression as a risk factor
for dementia: an updated review.for dementia: an updated review. Australian and NewAustralian and New
Zealand Journal of PsychiatryZealand Journal of Psychiatry,, 3535, 776^781., 776^781.

Levitan,C.,Ward, P. B. & Catts, S. (1999)Levitan,C.,Ward, P. B. & Catts, S. (1999) SuperiorSuperior
temporal gyral volumes and laterality correlates oftemporal gyral volumes and laterality correlates of
auditory hallucinations in schizophrenia.auditory hallucinations in schizophrenia. BiologicalBiological
PsychiatryPsychiatry,, 4646, 955^962., 955^962.

Lezak, M. D. (1983)Lezak, M. D. (1983) Neuropsychological AssessmentNeuropsychological Assessment
(2nd edn).NewYork: Oxford University Press.(2nd edn).NewYork: Oxford University Press.

MacQueen,G.M.,Campbell, S., McEwen, B. S.,MacQueen,G.M.,Campbell, S., McEwen, B. S., et alet al
(2003)(2003) Course of illness, hippocampal function, andCourse of illness, hippocampal function, and
hippocampal volume in major depression.hippocampal volume in major depression. Proceedings ofProceedings of
the National Academy of Sciences of the USAthe National Academy of Sciences of the USA,, 100100,,
1387^1392.1387^1392.

Naismith, S.,Hickie, I.,Ward, P. B.,Naismith, S., Hickie, I.,Ward, P. B., et alet al (2002)(2002)
Caudate nucleus volumes and genetic determinants ofCaudate nucleus volumes and genetic determinants of
homocysteine metabolism in the prediction ofhomocysteine metabolism in the prediction of
psychomotor speed in older persons with depression.psychomotor speed in older persons with depression.
American Journal of PsychiatryAmerican Journal of Psychiatry,, 159159, 2096^2098., 2096^2098.

Naismith, S.,Hickie, I.,Turner, K.,Naismith, S.,Hickie, I.,Turner, K., et alet al (2003)(2003)
Neuropsychological performance in patients withNeuropsychological performance in patients with
depression is associated with clinical, etiological anddepression is associated with clinical, etiological and

2 012 01

CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& Peoplewithmajor depression assessed in specialist services often havePeoplewithmajor depression assessed in specialist services often have
hippocampal atrophy and associated visual and verbalmemory impairment.hippocampal atrophy and associated visual and verbalmemory impairment.

&& Hippocampal atrophy ismost pronounced in thosewith late-onset disorders orHippocampal atrophy ismost pronounced in thosewith late-onset disorders or
melancholic subtypes of depression.melancholic subtypes of depression.

&& Hippocampal atrophy andmemory impairment occur in peoplewith early-onsetHippocampal atrophy andmemory impairment occur in peoplewith early-onset
disorders andmay be a direct consequence of the illness, although potentially theydisorders andmay be a direct consequence of the illness, although potentially they
can be prevented by earlier treatment.can be prevented by earlier treatment.

LIMITATIONSLIMITATIONS

&& The study was restricted to patients presenting to specialist psychiatry services.The study was restricted to patients presenting to specialist psychiatry services.

&& No clear genetic or vascular risk factors for hippocampal atrophy were identified.No clear genetic or vascular risk factors for hippocampal atrophy were identified.

&& Datawere not available to assess the lifetime duration of untreated depressiveDatawere not available to assess the lifetime duration of untreated depressive
illness and its potential associations with hippocampal atrophy.illness and its potential associations with hippocampal atrophy.
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