
BackgroundBackground Evidence for structuralEvidence for structural

hippocampal change in depression ishippocampal change in depression is

limited despite reports of neuronallimited despite reports of neuronal

damage due to hypercortisolaemia anddamage due to hypercortisolaemia and

vascular pathology.vascular pathology.

AimsAims To compare hippocampal andTo comparehippocampal and

whitematter structural change inwhitematter structural change in

demographicallymatched controls anddemographicallymatched controls and

participantswith early-onset and late-participantswith early-onset and late-

onsetdepression.onsetdepression.

MethodMethod High-resolutionvolumetricHigh-resolutionvolumetric

magnetic resonance imaging (MRI) andmagnetic resonance imaging (MRI) and

rating of MRIhyperintensities.rating of MRIhyperintensities.

ResultsResults Atotal of 51peoplewith de-Atotal of 51peoplewith de-

pression and 39 controlparticipantswerepression and 39 controlparticipantswere

included.Participantswith late-onsetde-included.Participantswith late-onsetde-

pressionhadbilateralhippocampalatrophypressionhadbilateralhippocampalatrophy

comparedwiththosewithearly-onsetcomparedwiththosewithearly-onset

depression and controls.Hippocampaldepression and controls.Hippocampal

volumes didnotdiffer between controlvolumes didnotdiffer between control

participants and thosewith early-onsetparticipants and thosewith early-onset

depression.Age of depression onsetdepression.Age of depression onset

correlated (negatively) withhippocampalcorrelated (negatively) withhippocampal

volumebut lifetime duration of depressionvolumebut lifetime duration ofdepression

didnot.Hyperintensityratings didnotdidnot.Hyperintensityratings didnot

differ between groups.differ between groups.

ConclusionsConclusions Results suggestthatResults suggestthat

acquired biological factors are of greateracquired biological factors are of greater

importance in late- than in early-onsetimportance in late- than in early-onset

illness and thatpathologicalprocessesillness and that pathologicalprocesses

other than exposure to hypercortisol-other than exposure to hypercortisol-

aemia of depressionunderlie hippocampalaemia of depressionunderlie hippocampal

atrophyin depression of late life.atrophyin depression of late life.
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Hippocampal structure and function areHippocampal structure and function are

implicated in the neurobiology of depres-implicated in the neurobiology of depres-

sion. Especially in older subjects, depres-sion. Especially in older subjects, depres-

sion is associated with hypercortisolaemiasion is associated with hypercortisolaemia

(O’Brien, 1997). At higher glucocorticoid(O’Brien, 1997). At higher glucocorticoid

levels the hippocampus down-regulateslevels the hippocampus down-regulates

the hypothalamic–pituitary–adrenal (HPA)the hypothalamic–pituitary–adrenal (HPA)

axis (McEwenaxis (McEwen et alet al, 1986; De Kloet, 1986; De Kloet et alet al,,

1998). Hypercortisolaemia may damage1998). Hypercortisolaemia may damage

hippocampal neurons, potentially disrupt-hippocampal neurons, potentially disrupt-

ing HPA axis down-regulation: this is theing HPA axis down-regulation: this is the

glucocorticoid cascade hypothesis (Sapolskyglucocorticoid cascade hypothesis (Sapolsky

et alet al, 1986). The balance of evidence, 1986). The balance of evidence

favours hippocampal volume loss in depres-favours hippocampal volume loss in depres-

sion, with results variably showing bilateralsion, with results variably showing bilateral

(Sheline(Sheline et alet al, 1996, 1999; Steffens, 1996, 1999; Steffens et alet al,,

2000), left unilateral (Mervaala2000), left unilateral (Mervaala et alet al,,

2000) and right unilateral atrophy (Bell-2000) and right unilateral atrophy (Bell-

McGintyMcGinty et alet al, 2002). Reports of hippo-, 2002). Reports of hippo-

campal atrophy correlating with depressioncampal atrophy correlating with depression

duration support the glucocorticoid cas-duration support the glucocorticoid cas-

cade hypothesis (Shelinecade hypothesis (Sheline et alet al, 1996,, 1996,

1999). Other work suggests more atrophy1999). Other work suggests more atrophy

with later illness onset, partly contradictingwith later illness onset, partly contradicting

this (Steffensthis (Steffens et alet al, 2000). A strong relation-, 2000). A strong relation-

ship exists between magnetic resonanceship exists between magnetic resonance

imaging (MRI) hyperintensities, vascularimaging (MRI) hyperintensities, vascular

disease and depression, therefore vasculardisease and depression, therefore vascular

pathology may underlie hyperintensitiespathology may underlie hyperintensities

and may be of particular significance inand may be of particular significance in

late-onset depression (O’Brienlate-onset depression (O’Brien et alet al, 1996;, 1996;

SallowaySalloway et alet al, 1996; Thomas, 1996; Thomas et alet al, 2002)., 2002).

We hypothesised that individuals withWe hypothesised that individuals with

early-onset depression would have greaterearly-onset depression would have greater

hippocampal atrophy than those with late-hippocampal atrophy than those with late-

onset depression or controls and that MRIonset depression or controls and that MRI

hyperintensity load would be greater inhyperintensity load would be greater in

late- than in early-onset illness or controls.late- than in early-onset illness or controls.

METHODMETHOD

The study was approved by local researchThe study was approved by local research

ethical committees in Newcastle and Northethical committees in Newcastle and North

Tyneside, Gateshead and Durham.Tyneside, Gateshead and Durham.

Study participantsStudy participants
Individuals with depression were recruitedIndividuals with depression were recruited

from old age and adult psychiatryfrom old age and adult psychiatry

in-patient and out-patient services. In-in-patient and out-patient services. In-

formed consent was obtained. Healthy con-formed consent was obtained. Healthy con-

trols were recruited from among patients’trols were recruited from among patients’

spouses, voluntary organisations and a listspouses, voluntary organisations and a list

of individuals who had expressed an inter-of individuals who had expressed an inter-

est in research. All subjects were aged 60est in research. All subjects were aged 60

years or over. The following assessmentyears or over. The following assessment

schedules were used: the Montgomery–schedules were used: the Montgomery–

Asberg Depression Rating Scale (MADRS;Åsberg Depression Rating Scale (MADRS;

Montgomery & Asberg, 1979), the Geria-Montgomery & Åsberg, 1979), the Geria-

tric Depression Scale (GDS; Yesavagetric Depression Scale (GDS; Yesavage etet

alal, 1983), the National Adult Reading Test, 1983), the National Adult Reading Test

(NART; Nelson, 1982) and the Cambridge(NART; Nelson, 1982) and the Cambridge

Cognitive Examination (CAMCOG; RothCognitive Examination (CAMCOG; Roth

et alet al, 1986) within which is the Mini-, 1986) within which is the Mini-

Mental State Examination (MMSE; Fol-Mental State Examination (MMSE; Fol-

steinstein et alet al, 1975). Social class was assessed, 1975). Social class was assessed

using the UK Office of Population Censusesusing the UK Office of Population Censuses

and Surveys (1991) definitions. All patientsand Surveys (1991) definitions. All patients

met the DSM–IV criteria for major depres-met the DSM–IV criteria for major depres-

sion (American Psychiatric Association,sion (American Psychiatric Association,

1994) and scored at least 20 on the1994) and scored at least 20 on the

MADRS. Exclusion criteria applied to pa-MADRS. Exclusion criteria applied to pa-

tients were: history or clinical evidence oftients were: history or clinical evidence of

cognitive impairment; score ofcognitive impairment; score of 5575 on75 on

CAMCOG; electroconvulsive therapy inCAMCOG; electroconvulsive therapy in

the 3 months preceding assessment; evi-the 3 months preceding assessment; evi-

dence or any history of other psychiatricdence or any history of other psychiatric

disorder, drug miuse or regular alcoholdisorder, drug miuse or regular alcohol

consumption above recommended maxi-consumption above recommended maxi-

mum levels (more than 28 units/week formum levels (more than 28 units/week for

males and 21 units/week for females, asmales and 21 units/week for females, as

judged from screening history and reviewjudged from screening history and review

of notes); neurological disease; insulin-of notes); neurological disease; insulin-

dependent diabetes; other serious physicaldependent diabetes; other serious physical

illness or any medical condition likely toillness or any medical condition likely to

affect HPA axis function; sedative medi-affect HPA axis function; sedative medi-

cation likely to affect cognitive functioncation likely to affect cognitive function

(low-dose benzodiazepines as a hypnotic(low-dose benzodiazepines as a hypnotic

only were allowed); and current or pastonly were allowed); and current or past

use of steroids, with the exception of occa-use of steroids, with the exception of occa-

sional brief courses for obstructive airwayssional brief courses for obstructive airways

disease, at least 3 months prior to the study.disease, at least 3 months prior to the study.

Exclusion criteria for controls were identi-Exclusion criteria for controls were identi-

cal, with the addition that the maximumcal, with the addition that the maximum

allowable MADRS score was 8. Age of ill-allowable MADRS score was 8. Age of ill-

ness onset and lifetime duration of depres-ness onset and lifetime duration of depres-

sion were determined by interview andsion were determined by interview and

inspection of hospital and general practi-inspection of hospital and general practi-

tioner records. Early-onset illness was de-tioner records. Early-onset illness was de-

fined as having the first episode before agefined as having the first episode before age

60 years; late-onset illness was defined as60 years; late-onset illness was defined as

having the first episode at age 60 years orhaving the first episode at age 60 years or

above. Vascular risk factors were ratedabove. Vascular risk factors were rated

using the Framingham stroke risk scaleusing the Framingham stroke risk scale

(Wolf(Wolf et alet al, 1991), those participants in, 1991), those participants in

the current study with ages above the rangethe current study with ages above the range

of the Framingham study being scored asof the Framingham study being scored as

though in the Framingham maximum agethough in the Framingham maximum age

band.band.
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Magnetic resonance imaging dataMagnetic resonance imaging data

Data were acquired on a 1.0 Tesla SiemensData were acquired on a 1.0 Tesla Siemens

Magnetom Impact/Expert MRI scannerMagnetom Impact/Expert MRI scanner

(Siemens Medical Solutions, Siemans AG,(Siemens Medical Solutions, Siemans AG,

Erlangen, Germany). The same experiencedErlangen, Germany). The same experienced

radiographer performed all scans with theradiographer performed all scans with the

use of standard head positioning. Axialuse of standard head positioning. Axial

pilot scans were used to optimise initialpilot scans were used to optimise initial

head position. Axial slices were alignedhead position. Axial slices were aligned

parallel to a plane joining the inferior-mostparallel to a plane joining the inferior-most

portions of the genu and splenium of theportions of the genu and splenium of the

corpus callosum – this approximates clo-corpus callosum – this approximates clo-

sely to the anterior commissure–posteriorsely to the anterior commissure–posterior

commissure line. The following were ac-commissure line. The following were ac-

quired: a sagittal three-dimensional magne-quired: a sagittal three-dimensional magne-

tisation-prepared rapid acquisition gradienttisation-prepared rapid acquisition gradient

echo (3D-MPRAGE) turbo fast low angleecho (3D-MPRAGE) turbo fast low angle

shot whole-brain volumetric T1-weightedshot whole-brain volumetric T1-weighted

sequence (repetition time 11.4 ms, echosequence (repetition time 11.4 ms, echo

time 4.4 ms, inversion time 400 ms, timetime 4.4 ms, inversion time 400 ms, time

to delay 50 ms, flip angle 15to delay 50 ms, flip angle 1588, field of view, field of view

256 mm, matrix 256256 mm, matrix 25666256, slice thickness256, slice thickness

1 mm, no interslice gap) with truly iso-1 mm, no interslice gap) with truly iso-

tropic voxels of side 1 mm; and rapidtropic voxels of side 1 mm; and rapid

acquisition with relaxation enhancementacquisition with relaxation enhancement

technique fast-spin echo axial dual echotechnique fast-spin echo axial dual echo

proton density and T2-weighted sequencesproton density and T2-weighted sequences

(repetition time 2800 ms, echo time (pro-(repetition time 2800 ms, echo time (pro-

ton density) 14 ms/(T2) 85 ms, field of viewton density) 14 ms/(T2) 85 ms, field of view

230 mm, matrix 256230 mm, matrix 25666256, slice thickness256, slice thickness

5 mm, interslice gap 0.5 mm) to give pixel5 mm, interslice gap 0.5 mm) to give pixel

size 0.92size 0.92660.92 mm and acquisition time0.92 mm and acquisition time

4 min 13 s.4 min 13 s.

Images were stored on optical disc andImages were stored on optical disc and

then transferred via digital magnetic tapethen transferred via digital magnetic tape

to a Sun Ultra 10 workstation runningto a Sun Ultra 10 workstation running

Solaris 2.7 (Sun Microsystems, MountainSolaris 2.7 (Sun Microsystems, Mountain

View, CA, USA). All volumetric image pro-View, CA, USA). All volumetric image pro-

cessing was carried out on the three-dimen-cessing was carried out on the three-dimen-

sional T1 data-set by the same operatorsional T1 data-set by the same operator

(A.J.L.), masked to participant identity(A.J.L.), masked to participant identity

and diagnosis, using AnalyzeAVW-3.0 soft-and diagnosis, using AnalyzeAVW-3.0 soft-

ware (AnalyzeDirect.com, Lenexa, KS,ware (AnalyzeDirect.com, Lenexa, KS,

USA). Image volumes were cropped toUSA). Image volumes were cropped to

remove unwanted voxels, the inferior axialremove unwanted voxels, the inferior axial

level being at the foramen magnum.level being at the foramen magnum.

Volumes were digitally reorientated toVolumes were digitally reorientated to

bring the long axis of the hippocampi intobring the long axis of the hippocampi into

the axial plane. This reorientated file wasthe axial plane. This reorientated file was

used for all subsequent analyses. Reducedused for all subsequent analyses. Reduced

image intensity due to field inhomogeneityimage intensity due to field inhomogeneity

was observed only inferiorly in tissues ofwas observed only inferiorly in tissues of

the neck and was not observed in the scanthe neck and was not observed in the scan

volume containing the brain. Tissue inten-volume containing the brain. Tissue inten-

sity ranges for cerebrospinal fluid, whitesity ranges for cerebrospinal fluid, white

matter and grey matter were defined formatter and grey matter were defined for

each subject by sampling multiple areas ofeach subject by sampling multiple areas of

each tissue remote from the boundary witheach tissue remote from the boundary with

any other tissue class, thereby excludingany other tissue class, thereby excluding

pixels of partial volume intensity at tissuepixels of partial volume intensity at tissue

boundaries.boundaries.

An index of intracranial volume wasAn index of intracranial volume was

calculated from the midsagittal area of thecalculated from the midsagittal area of the

intracranial cavity and its maximum axialintracranial cavity and its maximum axial

width. Whole brain volume was measuredwidth. Whole brain volume was measured

using a semi-automated iterative processusing a semi-automated iterative process

of erosion and region-growing withinof erosion and region-growing within

Analyze-AVW. Ventricular volumes wereAnalyze-AVW. Ventricular volumes were

measured to give an additional index ofmeasured to give an additional index of

brain atrophy, including localised temporalbrain atrophy, including localised temporal

lobe change, and were normalised for headlobe change, and were normalised for head

size by dividing by the intracranial volume.size by dividing by the intracranial volume.

Hippocampal volumes were normalised forHippocampal volumes were normalised for

brain size and any overall atrophic effect bybrain size and any overall atrophic effect by

dividing by the whole brain volume. Ventri-dividing by the whole brain volume. Ventri-

cular volumes were calculated by settingcular volumes were calculated by setting

tissue thresholds as defined previously totissue thresholds as defined previously to

expand a boundary from a seed placed inexpand a boundary from a seed placed in

each area of ventricular cerebrospinal fluideach area of ventricular cerebrospinal fluid

on coronal slices. Limits were added manu-on coronal slices. Limits were added manu-

ally as needed to separate lateral, third andally as needed to separate lateral, third and

temporal horn ventricular volumes. Thetemporal horn ventricular volumes. The

hippocampus was measured on each sidehippocampus was measured on each side

separately on coronal images with referenceseparately on coronal images with reference

to standard neuroanatomical worksto standard neuroanatomical works

(Jackson & Duncan, 1996; Talairach &(Jackson & Duncan, 1996; Talairach &

Tournoux, 1998). The posterior limit onTournoux, 1998). The posterior limit on

each side was the slice in which the fornixeach side was the slice in which the fornix

was visible in its longest length. The ante-was visible in its longest length. The ante-

rior limit was taken as the last slice inrior limit was taken as the last slice in

which the head of the hippocampus waswhich the head of the hippocampus was

visible according tovisible according to a prioria priori defined bound-defined bound-

aries and/or by visualisation of a small, butaries and/or by visualisation of a small, but

distinct, bulge of the hippocampal headdistinct, bulge of the hippocampal head

into the medial aspect of the temporal horn.into the medial aspect of the temporal horn.

Full definitions for hippocampal bound-Full definitions for hippocampal bound-

aries are given in a data supplement to thearies are given in a data supplement to the

online version of this paper, and are avail-online version of this paper, and are avail-

able from the authors on request. Bound-able from the authors on request. Bound-

aries were traced manually with a mouse-aries were traced manually with a mouse-

driven cursor on interpolated, triple-sizeddriven cursor on interpolated, triple-sized

images in the following order: lateral, infer-images in the following order: lateral, infer-

ior, medial, superior; starting at the poster-ior, medial, superior; starting at the poster-

ior limit and moving through slices in aior limit and moving through slices in a

postero-anterior direction. The alveus waspostero-anterior direction. The alveus was

identifiable anteriorly in most participants.identifiable anteriorly in most participants.

Hippocampal volume was calculatedHippocampal volume was calculated

automatically as the sum of grey matterautomatically as the sum of grey matter

voxels of the areas defined. Intra-ratervoxels of the areas defined. Intra-rater

reliability (intraclass correlation coefficient,reliability (intraclass correlation coefficient,

aa) assessed on ten participants selected ran-) assessed on ten participants selected ran-

domly and rated twice on separate occa-domly and rated twice on separate occa-

sions was excellent for all volumetricsions was excellent for all volumetric

measures, reflecting the use of operationa-measures, reflecting the use of operationa-

lised definitions of tissue intensity rangeslised definitions of tissue intensity ranges

for all tissues in each participant andfor all tissues in each participant and

minimal need for operator-dependentminimal need for operator-dependent

boundary-drawing for cerebrospinal fluidboundary-drawing for cerebrospinal fluid

volumes (intracranial volume,volumes (intracranial volume, aa¼0.98;0.98;

brain volume,brain volume, aa¼0.99; left hippocampus,0.99; left hippocampus,

aa¼0.97; right hippocampus,0.97; right hippocampus, aa¼0.99; right0.99; right

lateral ventricle,lateral ventricle, aa¼1.0; left lateral ventri-1.0; left lateral ventri-

cle,cle, aa¼0.96; third ventricle,0.96; third ventricle, aa¼1.0; right1.0; right

temporal horn,temporal horn, aa¼1.0; left temporal horn,1.0; left temporal horn,

aa¼1.0).1.0).

White matter lesions were rated usingWhite matter lesions were rated using

the Scheltens rating scale (Scheltensthe Scheltens rating scale (Scheltens et alet al,,

1993) on hard copies of dual echo (T21993) on hard copies of dual echo (T2

and proton density) axial scans. This scaleand proton density) axial scans. This scale

has been shown previously to have goodhas been shown previously to have good

inter- and intra-rater reliability (Scheltensinter- and intra-rater reliability (Scheltens

et alet al, 1993; Kapeller, 1993; Kapeller et alet al, 2003). Two, 2003). Two

raters (R.B. and J.T.O’B.) independentlyraters (R.B. and J.T.O’B.) independently

scored each participant. Any differences inscored each participant. Any differences in

score were resolved by discussion andscore were resolved by discussion and

arrival at a consensus rating.arrival at a consensus rating.

Statistical analysisStatistical analysis
Analyses were conducted with SPSS forAnalyses were conducted with SPSS for

Windows, release 11. Normally distributedWindows, release 11. Normally distributed

continuous variables were analysed withcontinuous variables were analysed with

independentindependent tt-tests. One-way analysis of-tests. One-way analysis of

variance (ANOVA) was used for multiplevariance (ANOVA) was used for multiple

comparisons, with the conservativecomparisons, with the conservative postpost

hochoc Scheffe’s test used when significantScheffe’s test used when significant

between-group differences were identified.between-group differences were identified.

Based on the Levene test, results areBased on the Levene test, results are

reported with modified values forreported with modified values for tt, d.f., d.f.

andand PP as appropriate when variances wereas appropriate when variances were

unequal. Non-normally distributed dataunequal. Non-normally distributed data

were transformed using natural logarithmswere transformed using natural logarithms

(ln) and square roots and re-examined for(ln) and square roots and re-examined for

fit to the normal distribution. When non-fit to the normal distribution. When non-

normality persisted, non-parametric testsnormality persisted, non-parametric tests

(Mann–Whitney(Mann–Whitney UU and Kruskall–Wallisand Kruskall–Wallis

withwith post hocpost hoc ww22 as appropriate) were used.as appropriate) were used.

Categorical data were compared withCategorical data were compared with ww22 or,or,

when the expected cell frequency fell belowwhen the expected cell frequency fell below

5, Fisher’s exact test. Correlations were as-5, Fisher’s exact test. Correlations were as-

sessed with Pearson’ssessed with Pearson’s rr or Spearman’sor Spearman’s rr forfor

parametric and non-parametric variables,parametric and non-parametric variables,

respectively.respectively.

RESULTSRESULTS

A total of 67 individuals with depressionA total of 67 individuals with depression

and 39 controls were recruited. Not alland 39 controls were recruited. Not all

were willing or able to tolerate MRI scan-were willing or able to tolerate MRI scan-

ning and data from one person with depres-ning and data from one person with depres-

sion were distorted by movement artefact.sion were distorted by movement artefact.

Thus, all 39 controls and 51 of the individ-Thus, all 39 controls and 51 of the individ-

uals with depression (23 early-onset, 28uals with depression (23 early-onset, 28

late-onset) were included. No significantlate-onset) were included. No significant

difference was found on demographic, edu-difference was found on demographic, edu-

cational or mood rating factors betweencational or mood rating factors between

those included and those without useablethose included and those without useable

MRI data within each participant groupMRI data within each participant group

((PP440.15).0.15).

Demographic characteristics of partici-Demographic characteristics of partici-

pants are summarised in Table 1. Thepants are summarised in Table 1. The

4 8 94 8 9

https://doi.org/10.1192/bjp.184.6.488 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.184.6.488


LLOYD ET ALLLOYD ET AL

mean MADRS score for the whole depres-mean MADRS score for the whole depres-

sion group was 30.5 (s.d.sion group was 30.5 (s.d.¼7.2) and for7.2) and for

controls was 2.3 (s.d.controls was 2.3 (s.d.¼2.1). The GDS2.1). The GDS

scores for depression and control groupsscores for depression and control groups

were, respectively, 19.9 (s.d.were, respectively, 19.9 (s.d.¼7.6) and 4.27.6) and 4.2

(s.d.(s.d. ¼3.3). Neither of these ratings differed3.3). Neither of these ratings differed

significantly between early-onset (MADRS,significantly between early-onset (MADRS,

29.7 (s.d.29.7 (s.d.¼8.1); GDS, 20.6 (s.d.8.1); GDS, 20.6 (s.d.¼6.5)) and6.5)) and

late-onset (MADRS, 31.2 (s.d.late-onset (MADRS, 31.2 (s.d.¼6.3); GDS,6.3); GDS,

19.4 (s.d.19.4 (s.d.¼8.5)) depression. A significant8.5)) depression. A significant

difference in age at onset of depressiondifference in age at onset of depression

was confirmed between the depressionwas confirmed between the depression

subgroups: early-onset, 38.7 years (95%subgroups: early-onset, 38.7 years (95%

CI 33.2–44.1), late-onset 72.0 years (95%CI 33.2–44.1), late-onset 72.0 years (95%

CI 69.7–74.2),CI 69.7–74.2), UU¼0.00,0.00, PP550.001. Differ-0.001. Differ-

ences were also found in the number ofences were also found in the number of

depressive episodes (early-onset, 5.1,depressive episodes (early-onset, 5.1,

95% CI 3.7–6.6; late-onset, 2.0, 95% CI95% CI 3.7–6.6; late-onset, 2.0, 95% CI

1.4–2.5;1.4–2.5; UU¼78.0,78.0, PP550.001) and cumu-0.001) and cumu-

lative lifetime weeks depressed (un-lative lifetime weeks depressed (un-

transformed means: early-onset, 88.3;transformed means: early-onset, 88.3;

late-onset, 24.3; ln-transformed means:late-onset, 24.3; ln-transformed means:

early-onset, 4.3 (s.d.early-onset, 4.3 (s.d.¼0.7); late-onset, 2.80.7); late-onset, 2.8

(s.d.(s.d.¼0.9);0.9); tt¼6.33, d.f.6.33, d.f.¼49,49, PP550.001).0.001).

Early-onset and late-onset illness did notEarly-onset and late-onset illness did not

differ significantly with regard to DSM–IVdiffer significantly with regard to DSM–IV

diagnosis of melancholic depression (early-diagnosis of melancholic depression (early-

onset,onset, 52%; late-onset, 64%) or history52%; late-onset, 64%) or history

of previous electroconvulsive therapyof previous electroconvulsive therapy

(early-onset, 39%; late-onset,(early-onset, 39%; late-onset, 21%). The21%). The

presence of DSM–IV psychotic depressionpresence of DSM–IV psychotic depression

did not reach significance (early-onset,did not reach significance (early-onset,

4%; late-onset, 21%; Fisher’s exact test:4%; late-onset, 21%; Fisher’s exact test:

PP¼0.085). Participants with depression0.085). Participants with depression

performed significantly less well thanperformed significantly less well than

controls on the CAMCOG total scorecontrols on the CAMCOG total score

(depression mean of 88.6 (s.d.(depression mean of 88.6 (s.d.¼7.9) and7.9) and

control mean of 96.8 (s.d.control mean of 96.8 (s.d.¼4.8);4.8); tt¼6.10,6.10,

d.f. 84,d.f. 84, PP550.001) and memory sub-score0.001) and memory sub-score

(depression, 23.7 (s.d.(depression, 23.7 (s.d.¼2.9); control, 26.72.9); control, 26.7

(s.d.(s.d.¼1.9);1.9); tt¼5.85, d.f.5.85, d.f.¼87,87, PP550.001). A0.001). A

similar relationship was found with MMSEsimilar relationship was found with MMSE

(depression, 26.4 (s.d.(depression, 26.4 (s.d.¼2.5); control, 26.72.5); control, 26.7

(s.d.(s.d.¼1.9);1.9); tt¼2.80, d.f.2.80, d.f.¼88,88, PP¼0.006).0.006).

Significant between-group differences wereSignificant between-group differences were

observed on all three of these measuresobserved on all three of these measures

on comparing controls and the two depres-on comparing controls and the two depres-

sion sub-groups (CAMCOG total:sion sub-groups (CAMCOG total: FF¼
17.8,17.8, PP550.001; early-onset (mean0.001; early-onset (mean¼90.1,90.1,

s.d.s.d.¼7.5)7.5) 55control,control, PP¼0.001; late-onset0.001; late-onset

(mean(mean¼87.3, s.d.87.3, s.d.¼8.2)8.2) 55control,control,

PP550.001; early-onset0.001; early-onset vv. late-onset,. late-onset, nono

significant difference (NS); CAMCOGsignificant difference (NS); CAMCOG

memory:memory: FF¼16.3,16.3, PP550.001; early-onset0.001; early-onset

(mean(mean¼24.2, s.d.24.2, s.d.¼2.6)2.6) 55control,control, PP¼
0.001; late-onset (mean0.001; late-onset (mean¼23.2, s.d.23.2, s.d.¼3.2)3.2)

55control,control, PP550.001; early-onset0.001; early-onset vv. late-. late-

onset,onset, NS; MMSE:NS; MMSE: FF¼5.49,5.49, PP¼0.006;0.006;

late-onset (meanlate-onset (mean¼27.7, s.d.27.7, s.d.¼1.9)1.9) 55control,control,

PP¼0.006; early-onset0.006; early-onset vv. control and early-. control and early-

onsetonset vv. late-onset, NS.). late-onset, NS.)

Framingham scores for vascular riskFramingham scores for vascular risk

factors did not differ in comparisons be-factors did not differ in comparisons be-

tween any of the groups. Many age bandstween any of the groups. Many age bands

of both the control group and the partici-of both the control group and the partici-

pants with depression had Framinghampants with depression had Framingham

scores above those of the original Framing-scores above those of the original Framing-

ham study. This was particularly so forham study. This was particularly so for

women. Details are given in Table 2.women. Details are given in Table 2.

Volumetric analysesVolumetric analyses

Raw volumetric data are given in Table 3,Raw volumetric data are given in Table 3,

detailing absolute values for reference.detailing absolute values for reference.

Male control participants had greater meanMale control participants had greater mean

valuesvalues than females for intracranialthan females for intracranial

volumevolume (male:(male: 1468.4 cm1468.4 cm33, s.d., s.d.¼133.2;133.2;

female: 1351.4 cmfemale: 1351.4 cm33,, s.d.s.d.¼99.0;99.0; tt¼2.94,2.94,

d.f.d.f.¼37,37, PP¼0.006). This comparison did0.006). This comparison did

not reach significance in participants withnot reach significance in participants with

depression. Whole brain volume did notdepression. Whole brain volume did not

differ between genders. All subsequentdiffer between genders. All subsequent

statistical analyses refer to normalisedstatistical analyses refer to normalised

volumes (as described in the Methodvolumes (as described in the Method

section) rather than absolute values.section) rather than absolute values.

Normalised hippocampal volumes areNormalised hippocampal volumes are

expressed as 10expressed as 103366ratio of hippocampalratio of hippocampal

volume to whole brain volume. Left/rightvolume to whole brain volume. Left/right

asymmetry was not found in any groupasymmetry was not found in any group

for normalised ventricular volume but wasfor normalised ventricular volume but was
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Table 1Table 1 Demographic comparisonsDemographic comparisons

ControlControl

((nn¼39)39)

AllAll

depressiondepression

((nn¼51)51)

Early-onsetEarly-onset

depressiondepression

((nn¼23)23)

Late-onsetLate-onset

depressiondepression

((nn¼28)28)

AgeAge RangeRange 61^8761^87 63^9063^90 63^9063^90 65^8865^88 All comparisons, NSAll comparisons, NS

MeanMean 73.173.1 74.074.0 72.772.7 75.175.1

s.d.s.d. 6.76.7 6.36.3 6.76.7 5.85.8

NART IQNART IQ RangeRange 81^12781^127 84^12484^124 84^12184^121 87^12487^124 CC44All,All, PP¼0.0030.003

MeanMean 110.9110.9 103.9103.9 104.0104.0 103.8103.8 CC44LO,LO, PP¼0.0370.037

s.d.s.d. 11.111.1 10.910.9 10.010.0 11.611.6 CC vv. EO,NS. EO,NS

LOLO vv. EO,NS. EO,NS

Years educationYears education RangeRange 6^166^16 1^171^17 4^164^16 7^177^17 All comparisons, NSAll comparisons, NS

MeanMean 10.410.4 9.79.7 9.69.6 9.89.8

95%CI95% CI 9.7^11.19.7^11.1 9.0^10.39.0^10.3 8.6^10.88.6^10.8 8.9^10.78.9^10.7

Gender (M:F)Gender (M:F) 10:2910:29 10:4110:41 1:221:22 9:199:19 CC vv. All, NS. All, NS

CC vv. LO,NS. LO,NS

CC44EO,EO, PP¼0.0420.042

LOLO44EO,EO, PP¼0.0150.015

Handedness (L:R)Handedness (L:R) 2:372:37 4:474:47 0:230:23 4:244:24 All comparisons, NSAll comparisons, NS

NART,National Adult ReadingTest; C, control; All, all depression; LO, late-onset depression; EO, early-onsetNART,National Adult ReadingTest; C, control; All, all depression; LO, late-onset depression; EO, early-onset
depression.depression.

Table 2Table 2 Framingham risk scores by gender and age group: comparison of study participants and originalFramingham risk scores by gender and age group: comparison of study participants and original

Framingham resultsFramingham results

Age bandAge band MenMen WomenWomen

(years)(years)
FraminghamFramingham

average scoreaverage score

(%)(%)11

ControlControl

mean scoremean score

(%)(%)

DepressionDepression

mean scoremean score

(%)(%)

FraminghamFramingham

average scoreaverage score

(%)(%)11

ControlControl

mean scoremean score

(%)(%)

DepressionDepression

mean scoremean score

(%)(%)

60^6460^64 7.87.8 ^̂ ^̂ 4.74.7 9.19.1 5.45.4

65^6965^69 11.011.0 7.37.3 7.37.3 7.27.2 15.915.9 12.812.8

70^7470^74 13.713.7 9.79.7 9.39.3 10.910.9 15.515.5 20.220.2

75^7975^79 18.018.0 ^̂ 31.831.8 15.515.5 23.123.1 24.724.7

80^8480^84 22.322.3 42.542.5 23.723.7 23.923.9 21.321.3 ^̂

85^8985^89 ^̂ ^̂ ^̂ ^̂ ^̂ 28.828.8

90^9490^94 ^̂ ^̂ ^̂ ^̂ ^̂ 22.422.4

1. FromWolf1. FromWolf et alet al (1991).(1991).
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evident in hippocampal volumes, the rightevident in hippocampal volumes, the right

being greater than the left in all cases.being greater than the left in all cases.

(Control – left: 2.9, s.d.(Control – left: 2.9, s.d.¼0.3; right: 3.1,0.3; right: 3.1,

s.d.s.d.¼0.3;0.3; tt¼774.74; d.f.4.74; d.f.¼38,38, PP550.001.0.001.

All depression – left: 2.8, s.d.All depression – left: 2.8, s.d.¼0.3; right:0.3; right:

2.9, s.d.2.9, s.d.¼0.4;0.4; tt¼773.75, d.f.3.75, d.f.¼50,50,

PP550.001. Early-onset – left: 3.0, s.d.0.001. Early-onset – left: 3.0, s.d.¼0.3;0.3;

right: 3.1, s.d.right: 3.1, s.d.¼0.4;0.4; tt¼773.47, d.f.3.47, d.f.¼22,22,

PP¼0.002. Late-onset – left: 2.7, s.d.0.002. Late-onset – left: 2.7, s.d.¼0.3;0.3;

right: 2.8, s.d.right: 2.8, s.d.¼0.4;0.4; tt¼772.19, d.f.2.19, d.f.¼27,27,

PP¼0.037.) Within the control and depres-0.037.) Within the control and depres-

sion groups there was no differencesion groups there was no difference

in normalised hippocampal volume on thein normalised hippocampal volume on the

basis of gender. (Control, left – males:basis of gender. (Control, left – males:

2.9, s.d.2.9, s.d.¼0.2; females: 2.9, s.d.0.2; females: 2.9, s.d.¼0.4;0.4;

tt¼0.42, d.f.0.42, d.f.¼37,37, PP¼0.680. Control,0.680. Control,

right – males: 3.1, s.d.right – males: 3.1, s.d.¼0.3; females: 3.1,0.3; females: 3.1,

s.d.s.d.¼0.4;0.4; tt¼�0.08, d.f.0.08, d.f.¼37,37, PP¼0.940.0.940.

Depression, left – males: 2.8, s.d.Depression, left – males: 2.8, s.d.¼0.4;0.4;

females: 2.8, s.d.females: 2.8, s.d.¼0.3;0.3; tt¼770.28, d.f.0.28, d.f.¼49,49,

PP¼0.783. Depression, right – males: 2.8,0.783. Depression, right – males: 2.8,

s.d.s.d.¼0.4; females: 3.0, s.d.0.4; females: 3.0, s.d.¼0.4;0.4; tt¼770.83,0.83,

d.f.d.f.¼49,49, PP¼0.409.)0.409.)

Normalised ventricular volumes (ln-Normalised ventricular volumes (ln-

transformed) did not differ significantly be-transformed) did not differ significantly be-

tween control participants (see Table 4)tween control participants (see Table 4)

and the whole depression group (left tem-and the whole depression group (left tem-

poral horn: 3.5, s.d.poral horn: 3.5, s.d.¼1.8; right temporal1.8; right temporal

horn: 3.7, s.d.horn: 3.7, s.d.¼1.8; left lateral ventricle:1.8; left lateral ventricle:

8.6, s.d.8.6, s.d.¼0.6; right lateral ventricle: 8.5,0.6; right lateral ventricle: 8.5,

s.d.s.d.¼0.6; third ventricle: 6.2, s.d.0.6; third ventricle: 6.2, s.d.¼0.5).0.5).

Comparison of control participants andComparison of control participants and

early-onset and late-onset depressionearly-onset and late-onset depression

groups is given in Table 4, revealing agroups is given in Table 4, revealing a

between-group difference in the right lat-between-group difference in the right lat-

eral ventricle volume that was shown toeral ventricle volume that was shown to

be significant between the control andbe significant between the control and

late-onset depression groups. Individuallate-onset depression groups. Individual

normalised hippocampal data are illu-normalised hippocampal data are illu-

strated in Fig. 1. Comparisons betweenstrated in Fig. 1. Comparisons between

groups are detailed in Table 4. Both thegroups are detailed in Table 4. Both the

left and right hippocampal volumes wereleft and right hippocampal volumes were

reduced by 7% (reduced by 7% (PP¼0.047) and 10%0.047) and 10%

((PP¼0.003), respectively, in participants0.003), respectively, in participants

with late-onset depression compared withwith late-onset depression compared with

controls. The reduction in late-onset com-controls. The reduction in late-onset com-

pared with early-onset depression was: left,pared with early-onset depression was: left,

10% (10% (PP¼0.013); right, 11% (0.013); right, 11% (PP¼0.011).0.011).

Hippocampal volume did not differ signifi-Hippocampal volume did not differ signifi-

cantly between individuals with early-onsetcantly between individuals with early-onset

depression and controls.depression and controls.

Hyperintensity ratingsHyperintensity ratings

No difference was found between any ofNo difference was found between any of

the study groups with regard to total hyper-the study groups with regard to total hyper-

intensity load, total deep white matterintensity load, total deep white matter

lesion score or total periventricularlesion score or total periventricular lesionlesion

score. Specific regional comparisonsscore. Specific regional comparisons ofof

deep white matter lesion score for frontaldeep white matter lesion score for frontal

lobes, thalami and basal ganglia similarlylobes, thalami and basal ganglia similarly

showed no differences (see Table 5).showed no differences (see Table 5).

CorrelationsCorrelations

The significance level for correlations wasThe significance level for correlations was

set atset at PP¼0.01. Age correlated significantly0.01. Age correlated significantly

with the following variables:with the following variables:

(a)(a) whole brain volume in controlwhole brain volume in control

participants (participants (rr¼770.38,0.38, PP¼0.003);0.003);

(b)(b) total ventricular volume in all groupstotal ventricular volume in all groups

(control:(control: rr¼0.46,0.46, PP¼0.003; all depres-0.003; all depres-

sion:sion: rr¼0.59,0.59, PP550.001; early-onset:0.001; early-onset:

rr¼0.60,0.60, PP¼0.003; late-onset:0.003; late-onset: rr¼0.54,0.54,

PP¼0.003);0.003);

(c)(c) total (left plus right) normalised hippo-total (left plus right) normalised hippo-

campal volume in the whole depressioncampal volume in the whole depression

group only (group only (rr¼770.37,0.37, PP¼0.007);0.007);

(d)(d) total CAMCOG score in all partici-total CAMCOG score in all partici-

pants with depression only (pants with depression only (rr¼770.38,0.38,

PP¼0.006);0.006);

(e)(e) Framingham score in all except theFramingham score in all except the

early-onset group, in which a trendearly-onset group, in which a trend

in the same direction was notedin the same direction was noted

(control:(control: rr¼0.58,0.58, PP¼0.001; all depres-0.001; all depres-

sion:sion: rr¼0.53,0.53, PP550.001; early-onset:0.001; early-onset:

rr¼0.46,0.46, PP¼0.039; late-onset:0.039; late-onset: rr¼0.56,0.56,

PP¼0.007).0.007).
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Table 3Table 3 Raw (non-normalised) volumetric dataRaw (non-normalised) volumetric data

RegionRegion GroupGroup11 Range (cmRange (cm33)) MeanMean s.d.s.d.

Intracranial volumeIntracranial volume ControlControl 1147.8^1720.61147.8^1720.6 1381.41381.4 118.8118.8

All depressionAll depression 1198.3^1638.81198.3^1638.8 1373.21373.2 98.798.7

Early-onsetEarly-onset 1198.3^1549.61198.3^1549.6 1355.21355.2 83.383.3

Late-onsetLate-onset 1241.9^1638.81241.9^1638.8 1388.01388.0 109.0109.0

Left lateral ventricleLeft lateral ventricle ControlControl 1.3^49.21.3^49.2 11.011.0 9.29.2

All depressionAll depression 2.3^37.32.3^37.3 13.213.2 8.58.5

Early-onsetEarly-onset 2.3^24.32.3^24.3 11.011.0 6.46.4

Late-onsetLate-onset 3.9^37.33.9^37.3 15.015.0 9.69.6

Right lateral ventricleRight lateral ventricle ControlControl 1.9^37.51.9^37.5 9.89.8 7.37.3

All depressionAll depression 2.3^39.02.3^39.0 12.212.2 8.38.3

Early-onsetEarly-onset 2.3^28.62.3^28.6 9.89.8 7.37.3

Late-onsetLate-onset 3.4^39.03.4^39.0 14.114.1 8.68.6

Left temporal hornLeft temporal horn ControlControl 0^0.90^0.9 0.10.1 0.20.2

All depressionAll depression 0^0.40^0.4 0.30.3 0.60.6

Early-onsetEarly-onset 0^1.30^1.3 0.20.2 0.30.3

Late-onsetLate-onset 0^3.60^3.6 0.30.3 0.50.5

Right temporal hornRight temporal horn ControlControl 0^0.80^0.8 0.10.1 0.20.2

All depressionAll depression 0^2.40^2.4 0.30.3 0.40.4

Early-onsetEarly-onset 0^1.50^1.5 0.20.2 0.30.3

Late-onsetLate-onset 0^2.40^2.4 0.30.3 0.50.5

Third ventricleThird ventricle ControlControl 0.3^2.80.3^2.8 1.01.0 0.60.6

All depressionAll depression 0.3^2.80.3^2.8 1.11.1 0.60.6

Early-onsetEarly-onset 0.3^2.10.3^2.1 1.01.0 0.40.4

Late-onsetLate-onset 0.3^2.80.3^2.8 1.31.3 0.70.7

Whole brainWhole brain ControlControl 756.9^1161.3756.9^1161.3 968.9968.9 82.982.9

All depressionAll depression 766.3^1240.9766.3^1240.9 962.7962.7 96.796.7

Early-onsetEarly-onset 846.2^1240.9846.2^1240.9 974.1974.1 92.492.4

Late-onsetLate-onset 766.3^1117.0766.3^1117.0 953.3953.3 100.7100.7

Left hippocampusLeft hippocampus ControlControl 2.0^3.72.0^3.7 2.82.8 0.40.4

All depressionAll depression 1.9^3.71.9^3.7 2.72.7 0.40.4

Early-onsetEarly-onset 2.2^3.72.2^3.7 2.92.9 0.40.4

Late-onsetLate-onset 1.9^3.21.9^3.2 2.62.6 0.40.4

Right hippocampusRight hippocampus ControlControl 2.2^3.72.2^3.7 3.03.0 0.40.4

All depressionAll depression 1.8^3.81.8^3.8 2.82.8 0.50.5

Early-onsetEarly-onset 2.3^3.82.3^3.8 3.03.0 0.40.4

Late-onsetLate-onset 1.8^3.71.8^3.7 2.72.7 0.50.5

1. Control,1. Control, nn¼39; all depression,39; all depression, nn¼51; early-onset,51; early-onset, nn¼25; late-onset,25; late-onset, nn¼28.28.
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The cumulative duration of depression didThe cumulative duration of depression did

not correlate with hippocampal measures,not correlate with hippocampal measures,

whereas age at onset of illness correlatedwhereas age at onset of illness correlated

negatively with hippocampal volumenegatively with hippocampal volume

((rr¼770.41,0.41, PP¼0.003) (see Fig. 2). Partial0.003) (see Fig. 2). Partial

correlation covarying for age in this re-correlation covarying for age in this re-

lationship gavelationship gave rr¼770.33 (0.33 (PP¼0.018). An0.018). An

initial negative correlation of ln-trans-initial negative correlation of ln-trans-

formed Framingham score with hippo-formed Framingham score with hippo-

campal volume in thecampal volume in the depression groupdepression group

((rr¼770.41,0.41, PP¼0.008) was lost once age0.008) was lost once age

was controlled for (was controlled for (rr¼770.23,0.23, PP¼0.145).0.145).

These two variables showed no significantThese two variables showed no significant

correlation in control participants. Thecorrelation in control participants. The

CAMCOG memory and total scores didCAMCOG memory and total scores did

not correlate with hippocampal volumenot correlate with hippocampal volume

either in individuals with depression or ineither in individuals with depression or in

control participants. Framingham riskcontrol participants. Framingham risk

score did not correlate with hyperintensityscore did not correlate with hyperintensity

load in any group, nor did the CAMCOGload in any group, nor did the CAMCOG

total score.total score.

DISCUSSIONDISCUSSION

The principal findings of this study were ofThe principal findings of this study were of

bilateral hippocampal atrophy in late-onsetbilateral hippocampal atrophy in late-onset

illness compared with both controls andillness compared with both controls and

early-onset illness. Control and early-onsetearly-onset illness. Control and early-onset

hippocampal volumes did not differ.hippocampal volumes did not differ.

Although no significant relationship wasAlthough no significant relationship was

detected between hippocampal volumedetected between hippocampal volume

and cumulative lifetime duration of depres-and cumulative lifetime duration of depres-

sion, a negative correlation that remained asion, a negative correlation that remained a

very strong trend after correction for agevery strong trend after correction for age

was found with age at onset of depression.was found with age at onset of depression.

Groups did not differ in terms of MRIGroups did not differ in terms of MRI

hyperintensity ratings.hyperintensity ratings.

These results were at variance with theThese results were at variance with the

expected finding of greater hippocampalexpected finding of greater hippocampal

atrophy in subjects with early-onset illness.atrophy in subjects with early-onset illness.

Groups were generally well-matched inGroups were generally well-matched in

terms of demographic factors although theterms of demographic factors although the

early-onset group had only one male outearly-onset group had only one male out

of 23 subjects. We are unable to define aof 23 subjects. We are unable to define a

reason for this gender mismatch other thanreason for this gender mismatch other than

chance. Because there was no gender effectchance. Because there was no gender effect

on the measures of normalised hippo-on the measures of normalised hippo-

campal volume, it is unlikely that thiscampal volume, it is unlikely that this

confounded the findings. The reductionconfounded the findings. The reduction

in NART score in the whole depressionin NART score in the whole depression

and late-onset groups compared with con-and late-onset groups compared with con-

trols is difficult to ascribe causally to de-trols is difficult to ascribe causally to de-

pression and was not matched by anypression and was not matched by any

difference in years of education. No signifi-difference in years of education. No signifi-

cant differences were found in vascular riskcant differences were found in vascular risk

(Framingham scores) between groups,(Framingham scores) between groups,

which is at odds with previous work identi-which is at odds with previous work identi-

fying clear links between vascular riskfying clear links between vascular risk

factors and depression (Eversonfactors and depression (Everson et alet al,,

1998).1998).

Methodological issuesMethodological issues

High-resolution imaging and operationa-High-resolution imaging and operationa-

lised definitions of tissue intensity rangeslised definitions of tissue intensity ranges

minimised the degree of error due to partialminimised the degree of error due to partial

volume effects and inter-subject intensityvolume effects and inter-subject intensity

differences in MRI data. The finding ofdifferences in MRI data. The finding of

close matching between groups on bothclose matching between groups on both

vascular risk factors and MRI hyperintensi-vascular risk factors and MRI hyperintensi-

ties, although unexpected, adds strength toties, although unexpected, adds strength to

the hippocampal volumetric findings,the hippocampal volumetric findings,

which are unlikely to be accounted for bywhich are unlikely to be accounted for by

the effects of generalised cerebrovascularthe effects of generalised cerebrovascular

change. Calculation of lifetime duration ofchange. Calculation of lifetime duration of

depression was retrospective and thus maydepression was retrospective and thus may

have included a degree of inaccuracy, buthave included a degree of inaccuracy, but

this was minimised by the use of interviewthis was minimised by the use of interview

combined with examination of availablecombined with examination of available

medical records. The majority of partici-medical records. The majority of partici-

pants were taking medication, the main dif-pants were taking medication, the main dif-

ference between those with and withoutference between those with and without

depression being the use of antidepressantsdepression being the use of antidepressants

(but with sedative tricyclic medications(but with sedative tricyclic medications

an exclusion criterion) with their inherentan exclusion criterion) with their inherent

potential for hypotension. The absencepotential for hypotension. The absence

of evidence for excess vascular changeof evidence for excess vascular change

(hyperintensities) in participants with(hyperintensities) in participants with
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Table 4Table 4 Normalised hippocampal and ventricular volumes: controlNormalised hippocampal and ventricular volumes: control vv. participants with early-onset (EO). participants with early-onset (EO)

vv. late-onset (LO) depression. late-onset (LO) depression

RegionRegion ControlControl

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

EOEO

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

LOLO

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

FF PP Post hocPost hoc

ScheffeScheffe¤

PP

Left hippocampusLeft hippocampus 2.9 (0.3)2.9 (0.3) 3.0 (0.3)3.0 (0.3) 2.7 (0.3)2.7 (0.3) 5.235.23 0.0070.007 ControlControl44LOLO 0.0470.047

EOEO44LOLO 0.0130.013

EOEO vv. Control.Control NSNS

Right hippocampusRight hippocampus 3.1 (0.3)3.1 (0.3) 3.1 (0.4)3.1 (0.4) 2.8 (0.4)2.8 (0.4) 7.277.27 0.0010.001 ControlControl44LOLO 0.0030.003

EOEO44LOLO 0.0110.011

EOEO vv. Control.Control NSNS

lnln left temporal hornleft temporal horn 3.3 (1.3)3.3 (1.3) 3.1 (2.0)3.1 (2.0) 3.9 (1.6)3.9 (1.6) NSNS

InIn right temporal hornright temporal horn 3.3 (1.4)3.3 (1.4) 3.3 (1.8)3.3 (1.8) 4.1 (1.8)4.1 (1.8) NSNS

lnln left lateral ventricleleft lateral ventricle 8.3 (0.7)8.3 (0.7) 8.4 (0.6)8.4 (0.6) 8.7 (0.6)8.7 (0.6) NSNS

lnln right lateral ventricleright lateral ventricle 8.2 (0.7)8.2 (0.7) 8.3 (0.7)8.3 (0.7) 8.7 (0.6)8.7 (0.6) 3.943.94 0.0230.023 ControlControl55LOLO 0.0370.037

EOEO vv. LO. LO NSNS

EOEO vv. Control.Control NSNS

lnln third ventriclethird ventricle 6.0 (0.6)6.0 (0.6) 6.1 (0.5)6.1 (0.5) 6.2 (0.5)6.2 (0.5) NSNS

ln, natural logarithm-transformed value.ln, natural logarithm-transformed value.

Fig. 1Fig. 1 Distribution of individual hippocampal data by participant group.Distribution of individual hippocampal data by participant group.
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depression would argue against this beingdepression would argue against this being

of significance in this study.of significance in this study.

Volumetric findingsVolumetric findings

Greater ventricular volumes in malesGreater ventricular volumes in males

compared with females is consistent withcompared with females is consistent with

previous work in late life, as is the negativeprevious work in late life, as is the negative

correlation of whole brain volume with agecorrelation of whole brain volume with age

in controls. Larger right than left hippo-in controls. Larger right than left hippo-

campal volume, as in this study, fits withcampal volume, as in this study, fits with

the majority of previous findings (Shelinethe majority of previous findings (Sheline

et alet al, 1996). Although the hypothesised, 1996). Although the hypothesised

reduction in hippocampal volume inreduction in hippocampal volume in

depression is sustained, the finding ofdepression is sustained, the finding of

greater atrophy in late-onset than ingreater atrophy in late-onset than in

early-early-onset depression and the robust lackonset depression and the robust lack

of any significant difference between parti-of any significant difference between parti-

cipants with early-onset depression andcipants with early-onset depression and

controls was precisely the opposite of thatcontrols was precisely the opposite of that

expected on the basisexpected on the basis of the glucocorticoidof the glucocorticoid

cascade hypothesis. This finding contrastscascade hypothesis. This finding contrasts

with negative results in other work thatwith negative results in other work that

dichotomised subjects by age at illnessdichotomised subjects by age at illness

onset (Steffensonset (Steffens et alet al, 2000) and begins to, 2000) and begins to

argue against the hypothesis of moreargue against the hypothesis of more

prolonged exposure to depression (andprolonged exposure to depression (and

thus hypercortisolaemia) leading to greaterthus hypercortisolaemia) leading to greater

hippocampal atrophy. This finding cannothippocampal atrophy. This finding cannot

be accounted for by group demographicbe accounted for by group demographic

differences and, although the NART scoredifferences and, although the NART score

differed between depression and controldiffered between depression and control

groups, it did not differ between early-groups, it did not differ between early-

onset and late-onset depression groups. Itonset and late-onset depression groups. It

is therefore unlikely that the IQ ratingis therefore unlikely that the IQ rating

results from or is causative in this finding.results from or is causative in this finding.

The contrasting gender mix of theThe contrasting gender mix of the

early-onset and late-onset groups does notearly-onset and late-onset groups does not

explain this difference because hippocam-explain this difference because hippocam-

pal volumes were normalised to brainpal volumes were normalised to brain

volume to account for gender differencesvolume to account for gender differences

in both premorbid head/brain size and ratein both premorbid head/brain size and rate

of atrophy with ageing. In contrast to workof atrophy with ageing. In contrast to work

by Shelineby Sheline et alet al (1996, 1999), we found no(1996, 1999), we found no

correlation between cumulative duration ofcorrelation between cumulative duration of

depression and hippocampal volume. Thedepression and hippocampal volume. The

most important difference between thatmost important difference between that

study and the current work is the female-study and the current work is the female-

only sample and the wider age rangeonly sample and the wider age range

(23–86 years) in Sheline(23–86 years) in Sheline et alet al’s studies.’s studies.

Thus, the latter work included a whole sub-Thus, the latter work included a whole sub-

set of subjects less affected by ageing. Thereset of subjects less affected by ageing. There

has been no direct replication of Shelinehas been no direct replication of Sheline

et alet al’s results, although some indirect’s results, although some indirect

support comes from a negative correlationsupport comes from a negative correlation

described between time since onset of de-described between time since onset of de-

pression and hippocampal volume (Bell-pression and hippocampal volume (Bell-

McGintyMcGinty et alet al, 2002). Axelson, 2002). Axelson et alet al

(1993) found a negative but statistically(1993) found a negative but statistically

non-significant correlation of depressionnon-significant correlation of depression

duration and amygdalo-hippocampal com-duration and amygdalo-hippocampal com-

plex volume but also described a negativeplex volume but also described a negative

correlation with age at onset of illnesscorrelation with age at onset of illness

when the posterior part (mostly hippo-when the posterior part (mostly hippo-

campus) of this structure was considered.campus) of this structure was considered.

SteffensSteffens et alet al (2000) described a strong(2000) described a strong

trend towards negative correlation betweentrend towards negative correlation between

age at onset and hippocampal volume thatage at onset and hippocampal volume that

agrees with our findings of a correlationagrees with our findings of a correlation

in the same direction between these vari-in the same direction between these vari-

ables. Along with the finding of reducedables. Along with the finding of reduced

hippocampal volume in late-onset ratherhippocampal volume in late-onset rather

than early-onset depression, this furtherthan early-onset depression, this further

strengthens the argument against the gluco-strengthens the argument against the gluco-

corticoid cascade hypothesis as the primarycorticoid cascade hypothesis as the primary

mechanism underlying hippocampal dam-mechanism underlying hippocampal dam-

age in this group of individuals. Cortisolage in this group of individuals. Cortisol

data were collected on some of these peopledata were collected on some of these people

but also on others who did not have MRIbut also on others who did not have MRI

and will be reported elsewhere (O’Brienand will be reported elsewhere (O’Brien etet

alal, 2004)., 2004).

Brain hyperintensitiesBrain hyperintensities

The lack of difference between any of theThe lack of difference between any of the

study groups with respect to hyperintensestudy groups with respect to hyperintense

lesions is surprising, given the large bodylesions is surprising, given the large body

of evidence supporting increased lesionof evidence supporting increased lesion

load in depression (O’Brienload in depression (O’Brien et alet al, 1996;, 1996;

SallowaySalloway et alet al, 1996). Higher levels of, 1996). Higher levels of

vascular risk factors in both participantsvascular risk factors in both participants

with depression and controls in the currentwith depression and controls in the current

study than in previous similar work and instudy than in previous similar work and in

the Framingham study may have been athe Framingham study may have been a

confounding factor. Also, the number ofconfounding factor. Also, the number of

participants is around the minimum re-participants is around the minimum re-

quired for such studies to be adequatelyquired for such studies to be adequately

4 934 93

Table 5Table 5 Hyperintensity ratingsHyperintensity ratings

RegionRegion Mean scoreMean score

(95% CI)(95% CI)

ControlControl vv. depression. depression

(Mann^Whitney)(Mann^Whitney)

ControlControl vv. EO. EO vv. LO. LO

(Kruskall^Wallis)(Kruskall^Wallis)

ControlControl All depressionAll depression EOEO LOLO UU PP ww22 PP

Total hyperintensitiesTotal hyperintensities 13.1 (9.7^16.5)13.1 (9.7^16.5) 13.5 (11.2^15.1)13.5 (11.2^15.1) 12.3 (9.4^15.2)12.3 (9.4^15.2) 13.9 (11.0^16.8)13.9 (11.0^16.8) 697.0697.0 0.6360.636 0.770.77 0.6800.680

DWML totalDWML total 6.8 (4.8^8.7)6.8 (4.8^8.7) 6.5 (5.4^7.7)6.5 (5.4^7.7) 5.8 (4.3^7.3)5.8 (4.3^7.3) 7.2 (5.3^9.0)7.2 (5.3^9.0) 774.0774.0 0.9230.923 1.041.04 0.5940.594

PVL totalPVL total 2.9 (2.4^3.5)2.9 (2.4^3.5) 3.4 (2.9^3.9)3.4 (2.9^3.9) 3.2 (2.5^3.1)3.2 (2.5^3.1) 3.6 (2.9^4.2)3.6 (2.9^4.2) 672.0672.0 0.1880.188 2.802.80 0.2460.246

Basal ganglia totalBasal ganglia total 2.0 (1.2^2.9)2.0 (1.2^2.9) 2.5 (1.8^3.3)2.5 (1.8^3.3) 2.3 (1.2^3.4)2.3 (1.2^3.4) 2.7 (1.7^3.8)2.7 (1.7^3.8) 671.0671.0 0.2660.266 2.152.15 0.3420.342

Infratentorial totalInfratentorial total 0.7 (0.3^1.2)0.7 (0.3^1.2) 0.7 (0.4^1.0)0.7 (0.4^1.0) 1.0 (0.5^1.5)1.0 (0.5^1.5) 0.4 (0.1^0.7)0.4 (0.1^0.7) 775.0775.0 0.8510.851 2.892.89 0.2360.236

Frontal lobesFrontal lobes 2.5 (1.9^3.0)2.5 (1.9^3.0) 2.7 (2.3^3.1)2.7 (2.3^3.1) 2.5 (1.8^3.1)2.5 (1.8^3.1) 3.0 (2.4^3.5)3.0 (2.4^3.5) 719.5719.5 0.3790.379 2.592.59 0.2740.274

ThalamiThalami 00 0.4 (0.1^0.6)0.4 (0.1^0.6) 0.5 (0.03^1.0)0.5 (0.03^1.0) 0.2 (0.2 (770.1^0.6)0.1^0.6) 737.0737.0 0.2130.213 4.334.33 0.1150.115

PonsPons 0.6 (0.1^1.0)0.6 (0.1^1.0) 0.4 (0.2^0.8)0.4 (0.2^0.8) 0.6 (0.2^1.1)0.6 (0.2^1.1) 0.3 (0.1^0.5)0.3 (0.1^0.5) 785.0785.0 0.7830.783 0.640.64 0.7250.725

EO, participants with early-onset depression; LO, participants with late-onset depression; DWML, deepwhitematter lesion; PVL, periventricular lesion.EO, participants with early-onset depression; LO, participants with late-onset depression; DWML, deepwhitematter lesion; PVL, periventricular lesion.

Fig. 2Fig. 2 Correlation of total (left plus right)Correlation of total (left plus right)

normalised hippocampal volumewith lifetimenormalised hippocampal volumewith lifetime

duration of depression and age at illness onset.duration of depression and age at illness onset.
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powered and therefore type II error cannotpowered and therefore type II error cannot

be excluded. These results thus should notbe excluded. These results thus should not

be taken as strong evidence against findingsbe taken as strong evidence against findings

to the contrary of previous work.to the contrary of previous work.

Potential mechanismsPotential mechanisms
of hippocampal atrophyof hippocampal atrophy
In addition to the cumulative effect ofIn addition to the cumulative effect of

exposure to cortisol alone, as proposed byexposure to cortisol alone, as proposed by

the glucocorticoid cascade hypothesis, anthe glucocorticoid cascade hypothesis, an

additional factor may enhance vulnerabilityadditional factor may enhance vulnerability

to such damage in late life. Dehydroepian-to such damage in late life. Dehydroepian-

drosterone (DHEA) has an antiglucocorti-drosterone (DHEA) has an antiglucocorti-

coid action (Kalimicoid action (Kalimi et alet al, 1994). The, 1994). The

cortisol:DHEA concentration ratio acrosscortisol:DHEA concentration ratio across

years of the lifespan is a U-shaped curve, re-years of the lifespan is a U-shaped curve, re-

presenting periods of potentially enhancedpresenting periods of potentially enhanced

vulnerability to glucocorticoid neuronalvulnerability to glucocorticoid neuronal

damage towards the extremes of the agedamage towards the extremes of the age

spectrum (Yen & Laughlin, 1998). A rela-spectrum (Yen & Laughlin, 1998). A rela-

tively high cortisol:DHEA ratio in the firsttively high cortisol:DHEA ratio in the first

years of life may be needed for successfulyears of life may be needed for successful

brain maturation but in old age this resultsbrain maturation but in old age this results

in a prolonged period of susceptibility toin a prolonged period of susceptibility to

dendritic and neuronal loss. An increaseddendritic and neuronal loss. An increased

cortisol:DHEA ratio has been describedcortisol:DHEA ratio has been described

recently in depression (Youngrecently in depression (Young et alet al, 2002), 2002)

in a younger group, thus the normalin a younger group, thus the normal

increase in this ratio in late life may be ex-increase in this ratio in late life may be ex-

aggerated in individuals with depression.aggerated in individuals with depression.

This does not, however, offer explanationThis does not, however, offer explanation

as to the differential hippocampal volumeas to the differential hippocampal volume

between age-matched participants withbetween age-matched participants with

late-onset and early-onset illness as foundlate-onset and early-onset illness as found

in this study. What mechanisms, then,in this study. What mechanisms, then,

could account for reduced hippocampalcould account for reduced hippocampal

volume in people with late-onset depressionvolume in people with late-onset depression

when the glucocorticoid cascade indicateswhen the glucocorticoid cascade indicates

that those with early-onset illness shouldthat those with early-onset illness should

suffer the greatest hippocampal neuronalsuffer the greatest hippocampal neuronal

damage?damage?

(a)(a) A factor other than hypercortisolaemiaA factor other than hypercortisolaemia

and of increased prevalence in late-and of increased prevalence in late-

onset depression may damage theonset depression may damage the

hippocampus. Candidates for such ahippocampus. Candidates for such a

role are vascular damage, geneticrole are vascular damage, genetic

factors and (with or without a geneticfactors and (with or without a genetic

component) other forms of degenerativecomponent) other forms of degenerative

brain disease. Although not directlybrain disease. Although not directly

supporting vascular pathology, thesupporting vascular pathology, the

current study does not directly contra-current study does not directly contra-

dict other work, indicating its likelydict other work, indicating its likely

role. Alzheimer’s disease has a predilec-role. Alzheimer’s disease has a predilec-

tion to cause hippocampal volume losstion to cause hippocampal volume loss

and it is suggested that late-onsetand it is suggested that late-onset

depression may herald, or be an earlydepression may herald, or be an early

symptom of, Alzheimer’s diseasesymptom of, Alzheimer’s disease

before clinically significant cognitivebefore clinically significant cognitive

deficit is apparent (Jormdeficit is apparent (Jorm et alet al, 1991)., 1991).

Potential mechanisms underlying suchPotential mechanisms underlying such

hippocampal damage include thehippocampal damage include the

effects of oxidative stress, calcium meta-effects of oxidative stress, calcium meta-

bolism and glutamatergic excitotoxicitybolism and glutamatergic excitotoxicity

(Sapolsky, 2000). Whatever the precise(Sapolsky, 2000). Whatever the precise

pathology, the contrast in hippocampalpathology, the contrast in hippocampal

volume reduction between participantsvolume reduction between participants

with early-onset and late-onset depres-with early-onset and late-onset depres-

sion compared with controls suggestssion compared with controls suggests

that individuals with late-onset depres-that individuals with late-onset depres-

sion have more acquired degenerativesion have more acquired degenerative

pathology underlying their illness thanpathology underlying their illness than

do those with early-onset depression.do those with early-onset depression.

(b)(b) Both hippocampal atrophy and hyper-Both hippocampal atrophy and hyper-

cortisolaemia may be epiphenomenacortisolaemia may be epiphenomena

of a third process and have no directof a third process and have no direct

relationship to one another. To date,relationship to one another. To date,

no likely candidate has been identifiedno likely candidate has been identified

to support this.to support this.

(c)(c) Each phenomenon may arise from aEach phenomenon may arise from a

separate pathology and be coincidentalseparate pathology and be coincidental

rather than being related to depression.rather than being related to depression.

The extensive background evidence ofThe extensive background evidence of

their association with depressiontheir association with depression

argues strongly against this.argues strongly against this.

Overall effects of vulnerability to dam-Overall effects of vulnerability to dam-

age from cortisol and the first of the threeage from cortisol and the first of the three

potential mechanisms proposed above thuspotential mechanisms proposed above thus

appear to be the more likely candidates andappear to be the more likely candidates and

need not be mutually exclusive. Indeed, it isneed not be mutually exclusive. Indeed, it is

perhaps the interaction of increased vulner-perhaps the interaction of increased vulner-

ability to damage with acquired biologicalability to damage with acquired biological

factors that is key in the genesis of depres-factors that is key in the genesis of depres-

sion of onset late in life, and in the asso-sion of onset late in life, and in the asso-

ciated hippocampal volume loss observedciated hippocampal volume loss observed

in these individuals. Our results do not indi-in these individuals. Our results do not indi-

cate a significant difference in basic cogni-cate a significant difference in basic cogni-

tive function between the early-onset andtive function between the early-onset and

late-onset depression groups, thus we dolate-onset depression groups, thus we do

not have evidence of dementing processesnot have evidence of dementing processes

in these individuals. However, the CAM-in these individuals. However, the CAM-

COG and MMSE may not be sufficientlyCOG and MMSE may not be sufficiently

sensitive to reveal subtle, early differences.sensitive to reveal subtle, early differences.

Longitudinal follow-up, therefore, will beLongitudinal follow-up, therefore, will be

required to confirm whether or not therequired to confirm whether or not the

late-onset group contains a disproportion-late-onset group contains a disproportion-

ate number of people destined to developate number of people destined to develop

dementia, their depression being an earlydementia, their depression being an early

manifestation of this, as discussed above.manifestation of this, as discussed above.

It thus appears that individuals withIt thus appears that individuals with

late-onset illness have factors operating thatlate-onset illness have factors operating that

override the glucocorticoid cascade mech-override the glucocorticoid cascade mech-

anism that is supported in studies includinganism that is supported in studies including

younger adults (Shelineyounger adults (Sheline et alet al, 1996, 1999)., 1996, 1999).

Some important questions are raised. IsSome important questions are raised. Is

the hippocampal atrophy in late-onset ill-the hippocampal atrophy in late-onset ill-

ness consequent not only upon the presenceness consequent not only upon the presence

of elevated cortisol in depression but alsoof elevated cortisol in depression but also

on the reduced protective factor of DHEAon the reduced protective factor of DHEA

at the time of illness onset? Do the find-at the time of illness onset? Do the find-

ings as described represent undeclaredings as described represent undeclared

Alzheimer’s disease presenting initially withAlzheimer’s disease presenting initially with

depressive symptomatology? Are mechan-depressive symptomatology? Are mechan-

isms such as oxidative stress implicated inisms such as oxidative stress implicated in

depression of late onset? Although volu-depression of late onset? Although volu-

metric imaging can define hippocampalmetric imaging can define hippocampal

atrophy in late-life depression, it does notatrophy in late-life depression, it does not

indicate the nature of this (dendritic, neuro-indicate the nature of this (dendritic, neuro-

nal or glial changes) and recent neuro-nal or glial changes) and recent neuro-

pathological and neurochemical evidencepathological and neurochemical evidence

in humans has indicated only limited neuro-in humans has indicated only limited neuro-

nal loss in the hippocampus consequentnal loss in the hippocampus consequent

upon depression (Lucassenupon depression (Lucassen et alet al, 2001)., 2001).

In order to address these issues thereIn order to address these issues there

is a need for studies to follow subjectsis a need for studies to follow subjects

longitudinally with regard to imaging,longitudinally with regard to imaging,

neuroneuroendocrine and neuropsychologicalendocrine and neuropsychological

functionfunction and, if possible, ultimatelyand, if possible, ultimately

neuropathologicalneuropathological investigation.investigation.
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CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& Aetiologies underlying early- and late-onset depressionmay differ.Aetiologies underlying early- and late-onset depressionmay differ.

&& The changes underlying subtle cognitive deficits (e.g. memory dysfunction) inThe changes underlying subtle cognitive deficits (e.g. memory dysfunction) in
depressionmay vary according to subgroup, hippocampal atrophybeing found only indepressionmay vary according to subgroup, hippocampal atrophybeing found only in
the late-onset subjects.the late-onset subjects.

&& Factors enhancing neuroprotectionmay become relevant to themanagement ofFactors enhancing neuroprotectionmay become relevant to themanagement of
depression, especially with onset late in life.depression, especially with onset late in life.

LIMITATIONSLIMITATIONS

&& Retrospective estimation of lifetime duration of depression is imperfect in termsRetrospective estimation of lifetime duration of depression is imperfect in terms
of accuracy.of accuracy.

&& It is not possible to draw clear conclusions from the hyperintensity ratings in thisIt is not possible to draw clear conclusions from the hyperintensity ratings in this
study.study.

&& Depressed subjects were not drug free.Depressed subjects were not drug free.
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