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Abstract
Objectives—Perfusion SPECT and MRI
were used to test the hypothesis that late
onset depression is associated with brain
abnormalities.
Methods—Forty depressed patients
(DSM-III-Rmajor depressive episode, not
demented at two year follow up) were
recruited who were either drug free, or on
a stable dose of antidepressants for at least
three weeks, as well as 22 demented
patients (DSM-IIIR and NINCDS/
ADRDA criteria for probable Alzheimer’s
disease). Patients were imaged at rest with
a high resolution single slice 12 detector
head scanner (SME-Neuro 900) and the
cerebral perfusion marker 99mTc-
exametazime (HM-PAO). Temporal lobe
templates were fitted with brains pitched
by 20°-30°. A subgroup of 41 patients (22
depressed) were also scanned using a Sie-
mens Magnetron 1.0 Tesla magnetic reso-
nance imager, using a FLAIR imaging
sequence for the assessment of white mat-
ter hyperintensities, and a Turbo FLASH
sequence for the measurement of medial
temporal lobe width.
Results—Demented patients showed re-
duced perfusion, particularly in the left
temporoparietal cortex. In these regions
of interest, patients with late onset depres-
sion tended to have perfusion values
intermediate between patients with early
onset depression and demented patients.
DiVerences in changes in white matter
between demented and early and late
onset depressive patients did not reach
conventional levels of significance. Tem-
poral lobe width diVered between de-
mented and depressed patients, but not
between early and late onset depressed
patients. Perfusion and temporal lobe
width were not associated, but reductions
of perfusion were associated with periven-
tricular white matter changes. Mini men-
tal state examination scores were
associated with temporal perfusion in
demented patients and with changes in
deep white matter in depressed patients.
Finally, severity of depressive symptoms
was associated with decreased perfusion
in frontotemporal and basal ganglia re-
gions of interest.

Conclusion—A cumulative eVect of dura-
tion of illness on regional cerebral per-
fusion could not be confirmed. Late onset
depression may show more abnormalities
of deep white matter and of left tempo-
roparietal perfusion than early onset de-
pression, but the underlying pathology
remains to be established.

(J Neurol Neurosurg Psychiatry 1997;63:597–604)
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Depressive illness is common in elderly people.
Because of its great impact on patients’ quality
of life and its potential reversibility, studies of
aetiology and accurate diagnosis are of consid-
erable interest. Quantitative in vivo imaging
methods allow for the testing of aetiological
hypotheses emphasising organic brain
changes.1 If the overlap with healthy volunteers
and other patient groups is small enough, scan
measures can also be used for the diVerential
diagnosis of depression with other conditions
associated with cognitive impairment in old
age.
Some depressed patients show structural

brain changes, such as dilated ventricles and
cortical atrophy.2–5 These can be associated
with a late onset of the illness and an increased
overall mortality.2 Recently, more localised
changes in subcortical white matter and in the
frontal cortex have been detected with MRI,
which gives a higher resolution and greater soft
tissue contrast than CT.6–10 An excess of
changes in white matter has been seen in late
onset compared with early onset patients in a
well controlled larger study,11 but not in a
smaller replication study.10

Functional brain imaging studies have
tended to show reduced anterior brain function
in depressed patients across all ages.12–14 A first
preliminary single photon emission computed
tomography (SPECT) study in elderly de-
pressed patients showed a trend towards
reduced anterior brain perfusion,15 most pro-
nounced in the dorsolateral prefrontal and
anterior cingulate cortex in male patients.16

Patients with onset of illness after the age of 60
performed worse in the digit symbol substitu-
tion and the trails A test than patients with
early onset, without showing greater decre-
ments in frontal perfusion.16
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In Alzheimer’s dementia, structural and
functional brain changes have been examined
more extensively. Alzheimer’s dementia is an
important diVerential diagnosis of depression
associated with severe cognitive impairment
(pseudodementia). Similarly to depression, CT
studies in Alzheimer’s dementia show only
non-specific global cerebral atrophy with little
focal change.17–19 Functional imaging methods,
such as PET and SPECT, have been more
informative. In Alzheimer’s dementia brain
activity is most often reduced in the posterior,
parietotemporal association cortex, usually
bilateral, more rarely in an asymmetric fashion.
Activity in the frontal association cortex is
sometimes reduced in more advanced
disease.20 The localisation of primary patho-
logical changes in temporal areas21 has led to
the investigation and confirmation of medial
temporal lobe atrophy on CT and MRI of
patients with Alzheimer’s dementia.22–24 Such
medial temporal changes are also observable
with high resolution SPECT in patients with
early dementia.25

The present study attempts to integrate some
of these findings, focusing on aetiological

hypotheses rather than on diVerential diagnosis.
Three groups—patients with early and late
onset depression and patients with Alzheimer’s
dementia—were compared usingMRI to exam-
ine medial temporal lobe width and white mat-
ter hyperintensities, and SPECT in a conven-
tional transaxial and a temporal lobe region of
interest (ROI) analysis. It was our prediction
(hypothesis 1) that late onset cases of depres-
sion would show signs of abnormal brain struc-
ture and function similar to Alzheimer’s demen-
tia, assuming that organic impairment was a
predisposing risk factor for depression. If, on
the other hand, functional impairment were a
consequence of repeated depressive episodes
and their treatment, early onset cases would
show a more abnormal scan pattern.We further
predicted (hypothesis 2) that medial temporal
lobe width and perfusion could distinguish
between dementia and depression. However, in
depression more modest eVects may be associ-
ated with the degree of cognitive impairment
because floor eVects would not dominate, as in
Alzheimer’s dementia (hypothesis 3). Finally,
we predicted an excess of abnormalities in
white matter in late onset depression (hypoth-
esis 4), which would be correlated with the
degree of cognitive impairment (hypothesis 5).
Such a correlation was judged to be less likely
in Alzheimer’s dementia, in which vascular
changes underlying abnormalities of white
matter are not thought to be responsible for the
dementia, although recent studies have indi-
cated some contribution of vascular changes in
the expression of symptomatic late onset
Alzheimer’s disease.26 27

Subjects and methods
DEPRESSED PATIENTS

Forty six patients fulfilling DSM-III-R criteria
for a major depressive episode with or without
melancholic or mood congruent psychotic
features28 were recruited into the study from
referrals to the Edinburgh old age psychiatry
services. Patients were clinically assessed to
confirm the diagnosis and to exclude those
with associated psychiatric diagnoses, such as
alcohol or substance misuse. Depressive symp-
toms were assessed with the 17 item Hamilton
depression rating scale29 and the Newcastle
scale.30 Patients were also required to complete
neuropsychological tests, including the mini
mental state examination,31 and the national
adult reading test revised.32 For scanning
purposes patients were required to be either
drug free or on a stable dose of antidepressant
drugs for at least three weeks. Patients who had
been treated with ECT within six months were
excluded from the study. Hachinski ischaemia
scores ranged from 1 to 8.33 The patients
formed part of a larger group recruited
prospectively to study outcome in elderly
depressed patients (by EH). Patients found to
be demented at two year follow up were
excluded from the study (table 1). Patients
were divided into two groups by age of onset
(64/65 years) with mean ages of onset of 42.7
(SD 13.4) years and 72.8 (SD 5.0) years; table
2 shows further sociodemographic and clinical
details.

Table 1 Patients originally depressed, but demented at follow up

Patients

1 2 3 4 5* 6

Age 74 71 69 80† 79 69
Sex F F F M F F
Education (y) 10 12 11 9 10 9
NART-IQ 86/76 108 120 97 75
MMSE 20/17 18 26 26 25 16/4
Hachinski 6/4 8 2 5 5 3/7
Age of onset 47 71 68 80 45 60
Hamilton 20/2 19 19 27 20 27/8
Newcastle 6/2 8 4 7 9 9/0
Zimmermann 1 1 4 2 3
Meguro 1 1 2 1 3
Left temporal lobe width (mm) 9.22 12.17 13.04 14.00
Right temporal lobe width (mm) 20.12 10.05 11.05 14.00

*Only MRI original score/value at follow up, if available.
NART=revised national adult reading text; MMSE=mini mental state examination.

Table 2 Descriptive and clinical data for the three patient groups

Early onset
depression

Late onset
depression Dementia F/÷2, P value Post hoc

Age (y):
Mean 70.4 73.8 77.9 6.9, 0.002 ED<DEM
SD 5.6 5.2 8.6

Sex
Male 7 7 8 0.230, 89
Female 15 11 14

Education (y):
Mean 10.5 9.8 10.7 0.74, 0.48
SD 2.6 1.9 2.5

Premorbid IQ:
Mean 99 102 103 0.50, 0.61
SD 15 13 12

Handedness:
Left 3 2 1 1.3, 0.51
Right 17 14 21

Hachinski:
Mean 3.3 3.9 1 23.7, 0.0000 DEM<ED, LD
SD 1.6 1.3 1.1

Hamilton depression scale (17 item):
Mean 22.6 19.1 5.1, 0.03 LD<ED
SD 4 6

Newcastle scale:
Mean 6.5 5.4 2.4, 0.13
SD 2.2 2.5

Mini mental state examination:
Mean 26.8 26.2 16.8 38.4, 0.0000 DEM<ED, LD
SD 3 1.7 6

ED=Early depression; LD=late depression; DEM=dementia.
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DEMENTED PATIENTS

Twenty two patients fulfilling DSM-IIIR28 and
NINCDS/ADRDA criteria for Alzheimer’s
dementia34 were recruited from referrals to the
Royal Edinburgh and Royal Victoria Hospitals.
The geriatric mental state and history and aeti-
ology schedule35 were used as the basis for a
standardised diagnostic interview. Subjects
were all living at home and had been diagnosed
within 12 months of the time of recruitment.
Mean duration of illness was retrospectively
determined from all available information and
was 2.2 (SD 1.1) years, range 0-4 years.
Patients with current evidence or history within
the past five years of any neurological condition
(including epilepsy, stroke, head injury with
loss of consciousness or immediate confusion
after the injury, focal brain lesion, migraine
headaches) or major psychiatric disorder (in-
cluding psychosis and major depression and
alcohol and substance misuse) were excluded
from the study. Physical investigations were
carried out to exclude other causes of demen-
tia. Patients with Hachinski ischaemia scores
greater than 4 were excluded.33 Other chronic
physical illness was accepted as it is a common
feature in the elderly population. Additionally,
patients with a previous severe allergic reac-
tion, with kyphosis or other physical deformi-
ties making positioning in the scanner difficult,
poor visual acuity, or deafness making partici-
pation in neuropsychological assessment diY-
cult, and pacemaker or metal implant contrain-
dicating MRI, were excluded. Informed
consent of the patients and their relatives was
obtained. Patients were required to complete
neuropsychological tests—namely, the mini
mental state examination31 and the revised
national adult reading test (NART-R).32

SPECT PROTOCOL

Study protocols were approved by the Admin-
istration of Radioactive Substances Advisory
Committee (ARSAC) at the UK Department
of Health. All patients were imaged with a high
resolution (8.5 mm) single slice 12 detector
head scanner (Neuro 900, Strichman Medical
Equipment Inc, Boston, USA). A plastic
cannula was inserted into an arm vein 10-20
minutes before the injection of 500 MBq
99mTc-exametazime (HM-PAO) over 30 sec-

onds. During the injection and for five minutes
afterwards, subjects were lying comfortably
resting on the imaging table with eyes closed
and covered, and environmental noises were
kept to a minimum. The head was positioned
in a moulded head support, aligned with the
help of two crossed lights and fixed with pres-
sure pads over the zygomatic arches. Slices
were acquired parallel to the orbitomeatal
plane starting at a level about 2 cm above the
orbitomeatal line and at 1 cm intervals above
this level.
Two transverse slices were chosen for analy-

sis about 4 cm and 6 cm above the orbitomeatal
line. A standard template was prepared by
drawing regions of interest over corresponding
brain atlas slices.36 Although this atlas is
oriented to an internal anatomical reference
(the line between anterior and posterior
commissures) the orbitomeatal line is almost
parallel with it.37 The regions of interest (ROIs)
include—in the lower slice—frontal, anterior
cingulate, anterior temporal, posterior tempo-
ral, calcarine, and occipital cortex, as well as
caudate, putamen, and thalamus. The corre-
sponding template for the higher slice contains
frontal, anterior cingulate, parietal, and occipi-
tal cortex. The templates are linearly and sym-
metrically deformed to fit diVerent brain sizes
and shapes using the 20% isocontour line to
define the cortical edge. The reliability of this
ROI method has been examined previously in
both control and patient groups, with interrater
errors ranging from 4%-25% for diVerent
ROIs, with a mean of 10%.38

For the fitting of temporal lobe templates,
brains were pitched backwards by 20°-30° to
display the temporal lobes along their longest
anterior-posterior axis. Ten circular regions of
interests were fitted as an ensemble to the
lateral and medial cortical layers of the tempo-
ral lobes. Mean interrater errors ranged from
6%-30%, with a mean of 16.5%. Interrater
reliability, and therefore the power to detect
group diVerences, deteriorated towards the
poles of the temporal lobes, probably related to
variability in anatomy (figure).
Regional counts were normalised to the

occipital cortex, an area that remains relatively
normal in depression and dementia.

Templates applied to perfusion maps parallel to the orbitomeatal line (OML), and along the long axis of the temporal lobes. Black=reference area.

40 mm above OML 60 mm above OML       Temporal lobe template
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PROTOCOL FOR MRI

Forty one patients were also scanned using a
Siemens Magnetron 1.0 Tesla magnetic reso-
nance imager. A FLAIR imaging sequence (TR
6000, TE 150, TI 2100, FOV 230, slice thick-
ness 5 mm, number of slices 9, distance gap 5
mm, acquisition time 7 min 38 s) was used for
the assessment of hyperintensities in white
matter. FLAIR is a recent addition to the MRI
repertoire of possible contrasts.39 Lesions in
white matter are best visualised (in the absence
of a contrast agent) with a T2 weighted scan, in
which they are hyperintense. However, CSF is
also bright, and periventricular and peripheral
white matter lesions can sometimes be missed.
FLAIR has been designed to give a heavily T2
weighted scan with excellent contrast, but with
the CSF signal cancelled. The sequence is not
implemented on Siemens Magnetom imagers.
Because of the long T1 of CSF this is a long
sequence. To make the collection time feasible,
the second slice must start while the first slice is
in progress. This requires a double loop struc-
ture not available on the Magnetom software.
A programme was developed (by JER) in which
the collection shift position was explicitly
stated so that the loop structure was not
required. As this produces fixed shifts, a selec-
tion of programmes with diVerent values was
written. FLAIR images were examined by an
experienced radiologist (JKKB) and scored for
periventricular and deep white matter hyperin-
tensities using the methods proposed by
Zimmerman et al40 and Meguro et al.41

A Turbo FLASH sequence (TR 10, flip angle
12°, TE 4, T1 200, TD 500, FOV 250, eVective
slice thickness 1.875 mm, number of slices 128,
acquisition time 4 min 19 s) was employed for
the measurement of medial temporal lobe
width. We used the ANALYZE software on a
Sun SPARC workstation, following the proce-
dure suggested for CT data by Jobst et al.23 Scans
were reoriented in a plane parallel to the long
axis of the temporal lobes, just as SPECT
images (see above). A slice was chosen in the
middle of the medial temporal lobe, taken from
the last slice where cerebellum was visible to the
last where brainstem was clearly visible. The
narrowest width of the temporal lobe adjacent to
the brain stem was determined using calipers.

STATISTICS

Dependent (scanning) variables were com-
pared between diagnostic groups using analysis
of covariance (ANCOVA) with age as a covari-
ate. This was thought to be necessary, because
the brain changes predicted were likely to be
associated with greater age. Associations were
modelled linearly, but also with a quadratic
function of age which was to be used if a better
fit could be achieved. If three-group compari-
sons were significant, diVerences between each
pair of groups were examined, again control-
ling for age. No corrections for multiple
planned comparisons were used. Correlations
between measures of cognitive deterioration
(MMSE) and brain measures were, again, con-
trolled for age and computed separately for
diagnostic groups. Because of the scale charac-
teristics of theMeguro and Zimmerman scales,

the non-parametric Kendall partial rank order
correlation coeYcient (partial ô) was used to
check the validity of the results of parametric
correlations.42 Associations between SPECT
and MRI measures were explored using
non-parametric correlations (Spearman’s ñ)
across diagnostic groups. Confidence intervals
for ratios were taken from “exact” confidence
interval tables for the binomial distribution.43

Results
Six depressed patients were demented at follow
up (table 1). Although as a group they were too
few to make any statistical comparisons with
the other depressed patients, half had normal
MMSE scores. They were excluded from all
the following analyses.
Table 2 summarises the descriptive and

clinical variables for the three groups. Although
all age means were within the 70s, and age
ranges were similar, depressed patients with an
early onset of their illness were significantly
younger than demented patients. Groups were
well matched for sex, education, premorbid
intelligence, and handedness. Demented pa-
tients were selected for low ischaemic index;
therefore, Hachinski scores were significantly
lower in this group. The early depression
patients were marginally, but significantly,
more depressed than the late depression
patients. Although 13% of the depressed
patients were cognitively impaired
(MMSE<24), as a group their MMSE scores
were significantly higher than those of the
Alzheimer’s dementia group.

CROSS SECTIONAL COMPARISONS BETWEEN EARLY

DEPRESSION, LATE DEPRESSION, AND ALZHEIMER’S
DEMENTIA IMAGING FINDINGS

Table 3 gives the age corrected results of the
transaxial ROI analysis (for templates see
figure). Here, as in all age regressions, the
quadratic term generated a fit not substantially
better than the linear term alone and was
therefore omitted. The left posterior temporal
cortex was underperfused in demented pa-
tients compared with both depressed groups,
as was the left parietal cortex compared with
the early onset group only. The caudate/
putamen showed significantly lower perfusion
in demented than in depressed patients. This
eVect may be due to (anterior) ventricular dila-
tation and the template fitting procedure,
which fits to the outline of the cortex without
making more than a proportional (aYne)
adjustment to the central structures.
Table 4 shows the temporal lobe template

perfusion results corrected for age. Reduced
perfusion in demented patients could be found
in region 3 (mesial), region 5 (temporal pole),
and regions 6 and 7 (lateral anterior).
After age correction, there were trends for

white matter changes to be more pronounced
in demented, and perhaps late onset depressed
patients, which did not quite reach conven-
tional levels of significance (table 5). If the side
with the narrowest temporal lobe width was
taken for each patient, demented patients had
significantly smaller values than depressed
patients (table 5).
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There were five significant comparisons
between the three groups for the left and three
for the right temporoparietal cortex (tables 3,
4, and 5). Although there were no significant
diVerences between the two depressed groups,
it is striking that on the left side the late
depression mean values ranged between early

depression and dementia, whereas on the right
side the late depression means were equal or
higher than the means.
The number of partial (age corrected) posi-

tive correlations between MMSE and SPECT
measures did not exceed random expectation
(2/42 = 5%) in depressed patients, but did in

Table 3 Group means (SD) for the three patient groups, traditional templates parallel to the orbitomeatal plane

Left Right

Early onset
depression

Late onset
depression Dementia

F, P value;
age corrected

Post hoc
ANCOVA

Early onset
depression

Late onset
depression Dementia

F, P value;
age corrected

Post hoc
ANCOVA

Number 22 16 21 22 16 21
Frontal (4):
Mean 0.93 0.92 0.89 1.23, 0.30 0.92 0.95 0.91 0.81, 0.45
SD 0.09 0.07 0.06 0.09 0.06 0.14

Frontal (6):
Mean 0.89 0.91 0.87 1.49, 0.23 0.90 0.92 0.89 0.55, 0.58
SD 0.06 0.06 0.06 0.08 0.07 0.09

Anterior temporal (4):
Mean 0.87 0.84 0.83 1.20, 0.31 0.90 0.86 0.90 1.11, 0.34
SD 0.09 0.10 0.10 0.09 0.08 0.09

Posterior temporal (4):
Mean 1.00 0.98 0.92 6.40, 0.003 ED,LD>DEM 0.98 0.97 0.95 0.77, 0.47
SD 0.06 0.05 0.08 0.05 0.07 0.07

Parietal (6):
Mean 0.95 0.92 0.89 6.29, 0.003 ED>DEM 0.95 0.92 0.90 2.38, 0.10
SD 0.04 0.06 0.06 0.04 0.07 0.08

Anterior cingulate (4):
Mean 0.93 0.93 0.85 2.45, 0.10 0.92 0.92 0.85 2.21, 0.12
SD 0.12 0.11 0.14 0.12 0.09 0.12

Anterior cingulate (6):
Mean 0.91 0.94 0.97 0.67, 0.52 0.90 0.96 0.96 0.98, 0.38
SD 0.14 0.14 0.14 0.14 0.14 0.12

Caudate (4):
Mean 1.06 1.09 0.82 18.9, 0.000 ED,LD>DEM 1.04 1.10 0.76 31.67, 0.000 ED,LD>
SD 0.13 0.11 0.17 0.12 0.09 0.17 DEM

Putamen (4):
Mean 1.18 1.22 1.11 9.31, 0.000 ED,LD>DEM 1.17 1.21 1.11 4.70, 0.01 LD>DEM
SD 0.07 0.09 0.10 0.09 0.10 0.09

Thalamus (4):
Mean 1.08 1.07 1.03 1.33, 0.27 1.08 1.07 1.05 0.55, 0.58
SD 0.09 0.07 0.08 0.08 0.08 0.11

ED=Early depression; LD=late depression; DEM=dementia.

Table 4 Group means (SD) for the three patient groups, temporal lobe templates parallel to the long axis of the temporal lobe

Left Right

Early onset
depression

Late onset
depression Dementia F, P value

Post hoc
ANCOVA

Early onset
depression

Late onset
depression Dementia F, P value

Post hoc
ANCOVA

Number 22 16 21 22 16 21
Region 1:
Mean 0.98 0.95 0.94 0.23, 0.79 1.01 0.95 0.95 1.03, 0.36
SD 0.15 0.15 0.18 0.13 0.12 0.16

Region 2:
Mean 0.88 0.80 0.87 2.18, 0.12 0.88 0.80 0.83 0.34, 0.11
SD 0.12 0.13 0.13 0.11 0.15 0.09

Region 3:
Mean 0.80 0.84 0.74 2.88, 0.06 0.82 0.85 0.74 4.45, 0.02 LD>DEM
SD 0.13 0.12 0.13 0.14 0.09 0.11

Region 4:
Mean 0.76 0.81 0.76 1.86, 0.17 0.74 0.79 0.73 1.45, 0.24
SD 0.12 0.09 0.10 0.09 0.10 0.09

Region 5:
Mean 0.90 0.88 0.78 5.03, 0.01 ED,LD>DEM 0.85 0.89 0.78 3.94, 0.03 LD>DEM
SD 0.14 0.12 0.12 0.12 0.13 0.09

Region 6:
Mean 1.02 1.01 0.93 3.88, 0.03 ED,LD>DEM 1.03 1.03 0.95 3.81, 0.03 ED,LD>DEM
SD 0.11 0.10 0.10 0.11 0.12 0.09

Region 7:
Mean 1.06 1.04 0.96 3.21, 0.04 ED>DEM 1.08 1.10 1.01 2.64, 0.08
SD 0.10 0.13 0.11 0.11 0.13 0.12

Region 8:
Mean 1.10 1.11 1.09 0.26, 0.77 1.09 1.12 1.07 1.50, 0.23
SD 0.09 0.08 0.11 0.09 0.10 0.10

Region 9:
Mean 1.07 1.06 1.06 0.07, 0.93 1.06 1.06 1.05 0.02, 0.98
SD 0.09 0.08 0.08 0.09 0.09 0.08

Region 10:
Mean 1.04 1.06 1.01 1.95, 0.15 1.07 1.04 1.04 0.69, 0.51
SD 0.09 0.07 0.08 0.08 0.09 0.10

ED=Early depression; LD=late depression; DEM=dementia.
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demented patients (8/42=19%, 95% confi-
dence interval (95%CI) 9-34%), in whom they
occurred mainly in temporal ROIs. The Ham-
ilton depression score was negatively correlated
with temporal, basal ganglia, and frontocingu-
late ROIs (12/42 = 29%, 95% CI 16-45%).
There were no correlations between width of
the medial temporal lobe and MMSE. Severity
scores for deep white matter lesions41 were
negatively correlated with MMSE in the
depressed group after controlling for age (par-
tial r =−0.42, df=23, P=0.02).
Correlations across groups between medial

temporal lobe width and SPECT measures
were no more common than expected by
chance (1/84=1%), nor were those with deep
white matter lesions (3/42=7%, 95% CI
2-20%). There was, however, a significant
number (7/42=17%, 95% CI 7-31%) of
negative correlations between changes in
periventricular white matter40 and SPECT
measures across all patients—that is, perfusion
in the caudate, parietal, and left anterior tem-
poral cortex including ROI 3 and right
thalamus.

Discussion
There was no overall diVerence between the
late onset and the early onset group, not
supporting our prediction that patients with
late onset depression would show more abnor-
mal brain scans than those with early onset
(hypothesis 1). In measures in which demented
patients had abnormally reduced values (tables
4 and 5), both depressed groups had higher
values. In the left temporoparietal cortex the
perfusion values for the late onset group were
between those of the early onset and demented
patients. This suggests that the functional or
anatomical changes leading to dementia and
late onset depression may be partially colocal-
ised.

PERFUSION MEASURES IN WHOLE BRAIN

TEMPLATES

Whereas the abnormalities in basal ganglia in
demented patients were probably an artefact of
ventricular dilatation (see above), the decrease
in perfusion in Alzheimer’s dementia, particu-
larly in temporal cortex ROIs and also in the
(left) parietal cortex, supports previous

results.20 The absence of frontal reductions in
perfusion in the patients with Alzheimer’s
dementia compared with the depressed groups
is consistent with the relatively short duration
of illness in the Alzheimer’s dementia group,20

and with the previously reported frontal reduc-
tion in some depressed patients.15 16

PERFUSION MEASURES IN TEMPORAL LOBE

TEMPLATES

Patients with late onset depression tended to
have more abnormal perfusion values in the
temporal lobe than early onset patients (table
4). This suggests that the duration of the illness
process has little impact on brain pathology
and function. It has been argued that chronic
hypercortisolaemia in depressed patients may
be associated with hippocampal atrophy, but
the evidence for this is weak and
contradictory.44–46 The data from this study
would certainly be more consistent with the
notion that duration of illness has no cumula-
tive eVect on regional temporal lobe perfusion.
In the temporal lobe ROI analysis, demented

patients showed abnormalities in various areas,
but in particular in anterior medial (region 3,
hippocampus), and anterior lateral (regions
5-7, temporal neocortex) ROIs. This result is
consistent with previous SPECT studies show-
ing hippocampal hypoperfusion in demented
patients.25 47

HIPPOCAMPAL ATROPHY

Minimal width of the medial temporal lobe was
significantly smaller in demented patients
(hypothesis 2), confirming a recent semiquan-
titative study,48 which found that anterior
hippocampal atrophy classified 84%-89% of
cases correctly as demented or depressed. We
also found that hippocampal atrophy was
unrelated to age of onset or cognitive impair-
ment in depression (hypothesis 3). Whereas
other structural measures, such as general cer-
ebral atrophy and ventricular dilatation, seem
to show similar overlapping changes in depres-
sion of old age and Alzheimer’s dementia,2–5 we
can give a cautious endorsement to the use of
medial temporal lobe width to diVerentiate
depression from established dementia in old
age. The inherent lack of reliability of such a
one dimensional interactive brain measure
makes the development and adoption of three
dimensional automated techniques desirable.
We were not able to confirm the association of
structural medial temporal lobe atrophy with
the typical perfusion changes in the parieto-
temporal cortex reported previously in Alzhe-
imer’s dementia.23

CHANGES IN WHITE MATTER AND THEIR

CORRELATES

By contrast with the recent report by Fujikawa
et al,11 we could not show a significant age cor-
rected excess of deep white matter lesions in
late compared with early onset depression
(hypothesis 4). It is possible that greater num-
bers of subjects will be required to show such
an eVect. Cognitive impairment in depression,
but not dementia, was correlated with more
extensive changes in deep white matter,

Table 5 MRI measures for the three patient groups

Early onset
depression

Late onset
depression Dementia F, P value

Number 13 11 20
Periventricular white matter changes:
Mean 1.76 1.89 2.7 2.76, 0.08
SD 1.03 1.04 1.16

Deep white matter changes:
Mean 1.27 1.99 2.02 2.96, 0.06
SD 0.83 1.1 0.51

Number 12 8 19
Left medial temporal lobe width:
Mean 13.5 14.7 10.7 1.17, 0.32
SD 4.9 5.6 7.7

Right medial temporal lobe width:
Mean 14.8 15.2 11.2 1.65, 0.21
SD 6 8.4 6.7

Minimum medial temporal lobe width:
Mean 12.1 12.6 7.1 6.18, 0.005
SD 4.8 6.1 3.3
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supporting the theory that cerebrovascular
changes might be responsible for cognitive
impairment in depression, but not in Alzheim-
er’s dementia (hypothesis 5). In healthy volun-
teers, such correlations have been found for
certain measures of speed and more complex
mental processing, suggesting possible sub-
clinical eVects of changes in white matter.49 50

Conclusion
In summary, there is no evidence from our data
for greater cumulative brain damage in early
onset depression, whether due to eVects of ill-
ness, such as high cortisol concentrations, or
treatment by drugs or ECT. Changes seen in
MRI and SPECT cannot be defined in patho-
logical terms until postmortem, but likely can-
didates for temporal hypoperfusion and
changes in white matter are cerebrovascular
changes due to aging51–57 and organic demen-
tias such as Alzheimer’s dementia.25 The shar-
ing of one or more of these factors by many
patients with early and late onset depression
and also with Alzheimer’s dementia, would
predict an overlap in image appearance and
measures between diagnostic groups. Our
results may, therefore, provide pointers to-
wards possible aetiological factors underlying
depression in old age, but for the development
of diagnostic instruments that can diVerentiate
pseudodementia from Alzheimer’s dementia,
large prospective studies with postmortem fol-
low up will be necessary.
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