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Introduction

It has been nearly a quarter of a century since Robinson et
al demonstrated a possible association between vascular
pathology in the brain and depression using both animal
models1 and case studies.2 Although Robinson et al’s original
proposition, that left hemisphere strokes cause depression,
has not stood the test of time,3 interest in the concept of
‘vascular depression’ has grown.

The association has been demonstrated in both directions,
with depressed outpatients appearing to show higher rates
of hypertension,4 while patients suffering coronary artery
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Abstract
Objective: A subcategory of depression in elderly people, termed vascular depression, has
previously been proposed. This study tests one hypothesis of this proposal, the association between
the presence of white matter hyperintensities seen on magnetic resonance imaging and clinical
symptoms characteristic of vascular depression.
Patients and Methods: Ten consecutive patients referred to an old age psychiatry unit, older
than 65 years and meeting the International Classification of Diseases-10 criteria for depression,
were screened for symptoms of vascular depression. Clinical ratings of ‘classical’ depressive
symptoms and physical morbidity were also completed. The intensity of white matter hyperintensities
on magnetic resonance imaging for each patient was blindly rated by a consultant radiologist.
Results: The severity of vascular depression symptoms was positively correlated with the severity
of white matter hyperintensities. White matter hyperintensity severity was not correlated with age,
gender, or physical morbidity. The mean severity of white matter hyperintensities was significantly
greater in the vascular depression subgroup compared with the ‘classical’ depression subgroup.
Conclusions: A subcategory of depression in the elderly, vascular depression, is associated with
increased severity of white matter hyperintensities seen on magnetic resonance imaging. This
subcategory can be defined purely on the grounds of clinical symptoms.
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disease show higher rates of depression.5 Baldwin has
suggested that late-onset depression in particular is
associated with vascular risk factors and vascular disease.6

This subgroup of patients have less genetic susceptibility to
depression,7 and would also be expected to have greater
psychological resilience, which focuses interest on possible
neuropathological aetiologies.

The advent of magnetic resonance imaging (MRI) and
the description of white matter hyperintensities (WMH), or
leukoaraiosis, by Hachinski et al8 has fuelled a contemporary
debate as to whether late-onset depression is associated with
vascular pathology in the brain.6 Depressed elderly patients
have been shown to have more WMH than non-depressed
elderly patients.9 Late-onset depression may also be
associated with greater subcortical hyperintensities in the
basal ganglia compared with early-onset depression.10 Harrel
et al found that those depressed patients with the most severe
WMH also had significantly lower mini-mental state
examination (MMSE) scores compared with those depressed
patients with mild WMH.11 In a review of neuroimaging
studies in depression, Soares and Mann have suggested the
following clinical correlations to subcortical WMHs: apathy,
psychomotor slowing, and poorer response to antidepressant
treatment.12
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Some authors have elaborated on these observations to
suggest that a subset of depression in the elderly, termed
‘vascular depression’, is pathologically related to the
presence of WMHs. Krishnan et al have put forward MRI-
defined criteria for diagnosing vascular depression,13 which
include a score greater than 2 using the criteria of Fazekas
et al,14 which provides an assessment of the extent of
subcortical grey matter, deep white matter, and peri-
ventricular changes on brain MRI.

Alexopolous et al have suggested a clinical definition.15

This includes a history of late-onset depression, or a previous
history of depression, the presentation of which has changed
in later life. There is impairment of cognitive functions,
particularly executive functions, and lack of insight.
Psychomotor retardation and disability are prominent, but
typical depressive cognitions (such as guilt or worthlessness)
are characteristically lacking. There tends to be an absence
of a family history of mood disorders compared with early-
onset depression. Patients with vascular depression may
follow a more chronic course, respond less well to somatic
treatments, and show greater cognitive decline compared
with those patients with ‘classical’ depression.16

One theory for the aetiology of this presentation of
depression is that WMH represents microvascular disease.17

Damage of the blood supply to subcortical striato-pallido-
thalamo-cortical pathways could provoke demyelination,
disrupting neurotransmitter circuitry involved in mood
regulation, and hence predispose to depression.18

The evidence supporting a vascular depression hypo-
thesis is circumstantial and open to challenge. Despite
repeated demonstrations of the association between vascular
disease and WMH, their pathological status has not been
characterised. While Thomas et al recently showed a
relatively specific association between late-life depression
and postmortem atherosclerotic cerebrovascular disease,
they could not demonstrate any direct evidence of
microvascular pathology.19 WMH occur in a variety of non-
vascular conditions such as hydrocephalus, multiple
sclerosis, and Alzheimer’s disease as well as normal ageing.18

The recent report from The Rotterdam Scan Study
demonstrates the high prevalence of WMH in the general
population, with only 8% of people older than 55 years
being completely free of WMH.20 WMH appear to be
associated with poorer long-term outcome, not just in
unipolar depression, but in bipolar affective disorder as
well.21 Finally, Kumar et al argue that the contribution of
WMH and cerebrovascular risk factors to late-onset depres-
sion become insignificant when the effects of medical illness
as a whole and cerebral atrophy are controlled for.22

Perhaps the greatest theoretical uncertainty facing the
vascular depression hypothesis is whether the characteristic
clinical presentation actually represents an early manifes-
tation of dementia. In a longitudinal study, Hickie at al found
that WMH severity in late-onset depression significantly
predicted progression to vascular dementia.16 WMH predict
cognitive decline in the general elderly population,23 and
the progression of WMH is correlated to this decline.24

One advantage of the vascular depression hypothesis is
that it lends itself to empirical testing. The association
between WMH and the proposed clinical features has
previously been demonstrated by post hoc analysis. Given
that criteria for vascular depression, proposed by
Alexopolous et al15 and Krishnan et al13 have also included
a history of vascular illness or vascular risk factors, the
finding of increased severity of WMH thought to be due to
vascular changes raises the criticism of tautology. A more
rigorous test of the vascular depression hypothesis would
be the comparison of the severity of WMH in 2 subgroups
of elderly depressed patients selected according to a priori
clinical criteria that do not include assumptions of vascular
disease status.

The division of elderly depressed patients into 2
subgroups would use the following clinical criteria: the
‘classical’ depression subgroup would present with sub-
jective complaints of low mood, express negative cognitions
(worthlessness, guilt, etc) and would have insight into
their condition; the vascular depression subgroup would
objectively demonstrate psychomotor retardation, lack of
motivation, and have less insight.

All patients would then be examined for WMH by brain
MRI. The null hypothesis to be tested would be that there
was no difference in the severity of WMH between the 2
groups. The vascular depression hypothesis predicts that the
subgroup characterised by psychomotor retardation, lack of
motivation, and lack of insight would have a greater severity
of these brain lesions than the classical depression subgroup.
Kumar et al’s assertion that any association between
depression and WMH is due to the confounding factor of
medical co-morbidity22 would also be examined. Due to the
present pilot study involving only a small sample, its power
to test other hypotheses, such as the relationship between
vascular depression and cognitive functioning, would be
limited and, as such, is restricted to testing the single null
hypothesis.

Patients and Methods

Patients
The project was conducted at the North West Wales NHS
Trust, Bangor, Wales. It was envisaged as a pilot study to
assess the feasibility of recruitment, investigation, and
definition of subgroups. Ethical approval was obtained from
the North Wales Health Authority Ethics Committee (West).
Due to funding constraints the sample was limited to 10
consecutive patients referred to the Department of Old Age
who met the following criteria:
• older than 65 years
• International Classification of Diseases-10 (ICD-10)

diagnosis of a depressive episode
• no history of dementia.
ICD-10 diagnosis was made by a psychiatrist. History of
dementia was excluded on the basis of case note review and
informant interview. Bilingual information regarding the
study was provided and informed consent obtained. The
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following rating scales were administered at the initial
interview:
• Hamilton rating scale for depression (HAM-D)
• Beck’s Depression Inventory (BDI)
• section C (interviewer observations) of the Cambridge

Mental Disorders of the Elderly Examination - Revised
(CAMDEX-R)

• Cumulative Illness Rating Scale (CIRS)
The BDI was patient-administered and used to measure

the negative cognitions associated with classical depression.
Section C of the CAMDEX-R is an observer rating of the
subject’s behaviour during the interview. The HAM-D is also
an objective rating and, for this study, information from carers
was also taken into account when completing it. Use of observer
and carer information was necessary to enable identification
of symptoms when significant loss of insight was evident.
Observer rated scales were completed by a psychiatrist.

Drawing together criteria from the existing literature,
items corresponding to possible symptoms of vascular de-
pression were identified in the rating scales used. These items
were: 207, 212, 215, 216, 217, 220, 221, 224, 225, and 229
of the CAMDEX-R section C and items 7, 8, and 16 of the
HAM-D (Table 1). A vascular depression symptom score
was calculated by simply adding together the scores of all
these items. A scatter plot of BDI score against vascular
depression symptom score for the 10 patients was produced
to decide allocation to either of the 2 subcategories of
depression. An arbitrary line of division was drawn so that
there would be 5 patients in each subgroup. The CIRS was
used to quantify overall medical burden, as it was the
instrument used by Kumar et al.22 The CIRS has been
validated by Linn et al.25

A MRI scan of the brain was then performed for each
patient and the films assessed by a consultant radiologist
blind to the patient grouping. MRI scans were obtained using
a 1.5 Tesla Phillips Gyroscan NT System. Axial images were
obtained in a Dual Echo, Turbo Spin Echo sequence (TE 12
ms and 110 ms; TR 3390 ms; slice thickness 5 mm; slice
gap 1 mm; 5122 Matrix). Ratings were performed according
to the method described by Kumar et al.26 This involves
scoring the severity of signal hyperintensities separately on
each of the Dual Echo sequences on a scale of 0 to 3 in 3
regions of the brain: periventricular; deep white matter; and
basal ganglia and thalamus. If there was a discrepancy
between the scores for different Dual Echo sequences the
mean was calculated. These scores were added together for
each subject to give a composite score of brain MRI WMH.

Analysis

The mean composite WMH scores in the 2 subcategories of
depression were compared using an independent t-test.
Possible correlations between the CIRS, BDI, vascular
depression symptom scores, and WMH scores were also
examined using the Spearman rank-order correlation
coefficient. All calculations were carried out using the
Statistical Package for the Social Sciences.

Results

The mean age of the group was 74.5 years. The scatter plot
of BDI scores against vascular depression symptom scores
is shown in Figure 1. The results of the correlation analysis
are shown in Table 2. The BDI did not demonstrate the

Table 1. Vascular depression symptoms.

Item Description
number

Cambridge Mental Disorders of the Elderly Examination -
Revised section C items

207 Self-neglect
212 Slow and underactive: e.g. sits abnormally still,

delay in response to questions
215 Depressed mood: looks sad, mournful, tearful,

voice low or gloomy
216 Lability of mood: rapidly changes from sad to

happy, friendly to irritable
217 Flat affect: lack of spontaneous emotion,

monotonous voice, lack of gestures
220 Speech very slow with pauses between words
221 Speech restricted in quantity: e.g. answers

questions but no spontaneous expressions
224 Perseveration
225 Lack of insight into present disability
229 Impaired ability to focus, sustain or shift attention

Hamilton rating scale for depression items

7 Deterioration in ability to carry out work or
 pursue interests

8 Psychomotor retardation
16 Loss of insight

Figure 1. Plot of vascular symptom score against Beck’s
Depression Inventory (BDI) for 10 patients.
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expected negative correlation with WMH scores, and did
not aid the division of the sample into 2 subgroups. The
vascular depression symptom score was positively correlated
with WMH scores, and the 2 subgroups were defined by a
simple cutoff for this score. Five patients were allocated to

each group on the basis of the arbitrary cutoff: i.e. the 5
patients scoring highest on the vascular depression symptom
score were placed in the vascular depression subgroup, the
remainder were placed in the classical depression subgroup.
Table 3 shows the summary statistics for age, CIRS score,
and composite WMH score for the 2 subgroups. The mean
score for WMH was significantly greater in the vascular
depression subgroup compared to the classical depression
subgroup at the level of p < 0.005. The 95% confidence
intervals for these means are shown in Figure 2.

There was no significant correlation between either the
CIRS scores or age and WMH scores (Table 2). There was
no significant difference in age or CIRS scores between the
2 comparison subgroups (Table 3). There was no significant
difference between the mean WMH scores for men
compared with women. A MRI scan from a patient assigned
to the classical depression subgroup is shown in Figure 3.
The composite WMH score for this individual was 0. By
comparison, Figure 4 shows a MRI scan from a patient
assigned to the vascular depression subgroup. There are
florid signal hyperintensities in the deep white matter and
periventricular regions. The composite WMH score for this
individual was 8.

Discussion

The main limitation of the current study is the sample size.
It was intended as a pilot study to examine the feasibility of

Table 2. Correlations between composite white matter hyperintensities (WMH) score, Beck’s Depression Inventory (BDI), vascular
depression symptom score, Cumulative Illness Rating Scale (CIRS), and age (Spearman’s rank-order correlation coefficient;
n = 10).

BDI Vascular depression CIRS Composite Age
symptom score WMH score

BDI Correlation coefficient 1.00 -0.26 0.51 -0.02 -0.47
Significance (2-tailed) 0.46 0.13 0.97 0.17

Vascular depression symptom Correlation coefficient -0.26 1.00 -0.29 0.63 0.38
score Significance (2-tailed) 0.46 0.41 0.05 0.29

CIRS Correlation coefficient 0.51 -0.29 1.00 -0.34 -0.56
Significance (2-tailed) 0.13 0.41 0.34 0.10

Composite WMH score Correlation coefficient -0.02 0.63 -0.34 1.00 0.11
Significance (2-tailed) 0.97 0.05 0.34 0.77

Age Correlation coefficient -0.47 0.38 -0.56 0.11 1.00
Significance (2-tailed) 0.17 0.29 0.10 0.77

Table 3. Summary statistics for vascular depression and classical depression subgroups.

Depression subgroup Number of patients Mean Standard deviation

Age (years) Vascular 5 76.2 7
Classical 5 72.8 8

Composite white matter hyperintensity score Vascular 5 6.8* 0.8
Classical 5 2.6 2.2

Cumulative Illness Rating Scale Vascular 5 9.6 1.5
Classical 5 10 3.6

* Difference between vascular and classical subgroups significant at p < 0.005.

Figure 2. Ninety five percent confidence intervals for means of
composite white matter hyperintensity (WMH) scores.
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recruiting and investigating a larger group. An accurate
power calculation of the sample sizes needed in a full scale
study was not possible due to the unique group allocation
methods employed. From previous studies examining MRI
brain changes in depression in general, average sample sizes
of 35 patients in depressed and non-depressed groups were
used.6 The assumption was that any full scale study would
require sample sizes approaching this if the null hypothesis
was accepted and a type 2 error avoided at a reasonable
level of probability. In the event, the null hypothesis was
rejected. The difference observed was greater than expected
and, even with the small sample size, resulted in the study
having a power of 73%.

The results suggest that a subgroup of depression that is
associated with specific MRI changes in the brain can be
differentiated purely on the grounds of clinical symptoms.
This can be done without specifying the age of onset of
depression, the presence or absence of a family history of
depression, or the presence or absence of vascular disease
or vascular risk factors. More specifically, the current study
suggests that the absence of negative cognitions usually
present in classical depression (such as thoughts of guilt
and worthlessness) as measured by the BDI is less useful as
a distinguishing characteristic than the presence of vascular
depression symptoms (Table 1).

The present study does not support previous associations
between general health status (as measured by the CIRS)
and the severity of WMH, although this conclusion is very
tentative due to the high risk of a type 2 error with such a
small sample.

A future study would look to recruit a larger sample to
replicate these results and further refine the clinical
characterisation of the vascular depression subgroup. In

particular, it would be useful to establish a cutoff for the
vascular depression symptom score to aid differentiation of
the 2 subgroups. With a larger sample, other factors could
also be examined, particularly a comparison of cognitive
functioning in the 2 subgroups, and whether the vascular
depression subgroup show higher rates of progression to
dementia over time. As the clinical and laboratory definition
of vascular depression becomes more rigorous, then follow-
up studies examining outcome and differential response to
treatments can be undertaken. It has already been suggested
that interventions aimed at preventing the progression of
vascular disease may have a role in the management of
vascular depression.27
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