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Background: There are inconsistencies in published reports regarding the profile of cognitive impairments
in vascular dementia, and its differentiation from Alzheimer’s disease.
Objectives: To identify the overall profile of cognitive impairment in subcortical vascular dementia as
compared with Alzheimer’s disease; and the tests which best discriminate between these groups.
Methods: 57 subjects participated: 19 with subcortical vascular dementia, 19 with Alzheimer’s disease,
and 19 controls. The dementia groups were matched for age, education, and general levels of cognitive
and everyday functioning. Subcortical vascular dementia was defined by clinical features (prominent
vascular risk factors plus a previous history of transient ischaemic events or focal neurological signs) and
substantial white matter pathology on magnetic resonance imaging. All subjects were given a battery of
33 tests assessing episodic and semantic memory, executive/attentional functioning, and visuospatial and
perceptual skills.
Results: Despite a minimal degree of overall dementia, both patient groups had impairments in all
cognitive domains. The Alzheimer patients were more impaired than those with vascular dementia on
episodic memory, while the patients with vascular dementia were more impaired on semantic memory,
executive/attentional functioning, and visuospatial and perceptual skills. Logistic regression analyses
showed that the two groups could be discriminated with 89% accuracy on the basis of two tests, the WAIS
logical memory – delayed recall test and a silhouette naming test.
Conclusions: Subcortical vascular dementia and Alzheimer’s disease produce distinctive profiles of
cognitive impairment which can act as an adjunct to diagnosis. Many of the neuropsychological deficits
thought to characterise Alzheimer’s disease are also found in subcortical vascular dementia.

he cognitive profile of Alzheimer’s disease has been
extensively studied over the last decade with an
emerging consensus regarding the profile which typifies
this disease. Although cerebrovascular disease is the second
commonest cause of dementia in later life,1–3 neuropsychological studies have produced inconsistent results and no
clear profile of the cognitive deficits has been identified.
These reports will now be reviewed, highlighting possible
reasons for the lack of consistency.
In the domain of episodic memory, studies comparing
vascular dementia and Alzheimer’s disease have typically
found either no difference,4–6 or more severe impairment in
patients with Alzheimer’s disease.7–11 Only occasionally have
patients with vascular dementia been found to be more
impaired than those with Alzheimer’s disease on tests of
episodic memory.12 Looi and Sachdev13 reviewed 18 studies
which assessed verbal learning and memory in vascular
dementia and Alzheimer’s disease, and found that in most of
these there appeared to be less impairment in vascular
dementia—for example, patients with Alzheimer’s disease
performed relatively less well on word list learning,9 10 14–17
and on immediate and delayed recall of stories.7 14 18–20 Nonverbal episodic memory has been less extensively studied, but
the most common finding is of no difference between the two
forms of dementia.13 It is important to note that the finding
of episodic memory impairment in vascular dementia is to
some extent a self fulfilling prophecy, as most diagnostic
criteria for vascular dementia—having been influenced by
criteria developed to identify Alzheimer’s disease—require
episodic memory impairment.21–23
Given that semantic memory impairment is a well
established feature in Alzheimer’s disease, remarkably few
studies have examined this area in vascular dementia. A

small study by Bentham et al suggested that semantic
memory impairment is a feature of vascular dementia.24
They found that patients with vascular dementia and
Alzheimer’s disease were equally impaired on a range of
semantic memory tests, including word–picture matching,
category fluency, picture naming, picture sorting, and
generation of verbal definitions. The most commonly
reported tests of semantic memory in vascular dementia are
naming and category fluency. Laine et al 25 and Lukatela et al 26
found no differences in the impaired naming performance of
patients with vascular dementia and Alzheimer’s disease in
either accuracy or the general pattern of errors made, and
other studies have confirmed the lack of difference in
accuracy.4 27 In contrast, some investigations have found that
the naming impairment in vascular dementia is less severe
than in Alzheimer’s disease,7 28 29 and the converse has also
been reported.19 Category fluency has been found to be
equally impaired in the two conditions.7 29 30
In the domain of executive function, various studies have
shown relatively more impaired performance in vascular
dementia than in Alzheimer’s disease. The most often used
task has been the Wisconsin card sorting test, and most
studies have shown greater impairment in vascular dementia
on this test.14 31 Inevitably, a lack of difference between
dementia groups has also been documented.32 Attention may

................................................................
Abbreviations: ACE, Addenbrooke’s cognitive examination; CBI,
Cambridge behavioural inventory; CDR, clinical dementia rating scale;
MMSE, mini-mental state examination; RMT, recognition memory test;
TEA, test of everyday attention; VOSP, visual object and space
perception battery; WAIS-R, Wechsler adult intelligence scale – revised
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with published work) as well as a recently developed bedside
test, the Addenbrooke’s cognitive examination (ACE40) which
assess a broad range of cognitive abilities, and two measures
of everyday functional ability, the clinical dementia rating
scale (CDR41), and the Cambridge behavioural inventory
(CBI42).
Our present study also differs from earlier studies which
have tended either to focus on a particular domain or to
assess in a cursory manner performance across various
domains of cognitive functioning. These approaches make it
difficult to get a full picture of the cognitive profile in
vascular dementia. We attempted to resolve controversy in
the literature by using a comprehensive battery which
included a range of tasks with different sensitivity in each
of the following domains: episodic memory, semantic
memory, executive/attentional functioning, and visuospatial
and perceptual skills. Because of the heterogeneity in
pathologies underlying vascular cognitive impairment we
focused on patients with diffuse subcortical ischaemic
leucoencephalopathy which, in many clinicians’ experience,
including our own, constitutes the commonest subgroup of
patients referred to a memory clinic.43 44
Thus the main aim of this study was to identify the profile
of cognitive impairment in subcortical vascular dementia. A
subsidiary goal was to identify a short neuropsychological
battery to discriminate between vascular dementia and
Alzheimer’s disease.

METHODS
Subjects
Three groups participated in the study: 19 patients with
subcortical vascular dementia (five female, 14 male), 19
patients with Alzheimer’s disease (10 female, nine male), and
19 age and education matched normal control subjects (10
female, nine male). Informed consent was obtained from the
subjects, or from their caregivers where appropriate. In all
groups, subjects were excluded if they had a known or
suspected history of alcohol abuse, head injury, depression,
or other major medical illness. Subjects in the patient groups
were seen in a memory clinic and were assessed by a senior
neurologist (JRH), a psychiatrist, and a neuropsychologist,
and all had MRI scans. The demographic details of each of
the groups included in the study are reported in table 1.

Patients with vascular dementia
This group comprised an unselected consecutive series of
patients presenting to the memory disorders clinic in
Cambridge between 1999 and 2000 who were willing to be
enrolled into the study. To avoid the pervasive problem of
heterogeneity across patients with vascular dementia we
selected those who had substantial subcortical white matter
pathology on T2 weighted magnetic resonance imaging
(MRI), together with vascular risk factors plus a history of
transient ischaemic attacks (TIA) (10 of 19) or focal
neurological signs on examination (12 of 19). Focal signs
included mild facial paresis, clumsiness of fine finger
movements, reflex asymmetry, extensor plantar responses,
and cortical sensory signs. None of the patients had visual
field defects on clinical testing. Formal perimetry was not
done. We did not apply the NINDS-AIREN (National
Institute for Neurological Diseases and Stroke Association –
Association
International
pour
la
Recherché
et
l’Enseignement en Neurosciences) criteria for probable
vascular dementia as these require a chronological relation
between a major vascular event and cognitive impairment,
and the presence of focal neurological signs.37 We also
excluded patients who had had major cortical strokes or
strategic thalamic infarcts. The extent of white matter
pathology was rated as severe (confluent areas of high signal
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also be more compromised in vascular dementia,18 33 but the
tests used to evaluate this area are often non-specific (for
example, trail making, digit cancellation).
Visuospatial skills in patients with vascular dementia are
often assessed using constructional tasks. Looi and Sachdev13
reviewed 11 studies which compared the performance of
vascular and Alzheimer patients in this area, using tests such
as block design from the WAIS-R (Wechsler adult intelligence scale – revised), clock drawing, or copying the Rey
complex figure. Eight of the studies showed no difference
between the two groups, while in three it was found that the
Alzheimer patients were less impaired. Similarly, tests of
visuo-perceptual ability in which the potentially confounding
effects of praxic deficits were avoided have also failed to
show any consistent difference between vascular dementia
and Alzheimer’s disease.
To summarise, there is a general consensus that episodic
memory is more impaired in Alzheimer’s disease, and that
executive/attentional processing is more impaired in vascular
dementia. However, in other key cognitive domains such as
semantic memory and visuospatial function, the evidence is
more controversial. In all domains, but particularly the latter
two, there are studies with results going each way. Thus no
reliable profile of cognitive deficits in vascular dementia has
been identified, and reliable differentiation of vascular
dementia and Alzheimer’s disease on the basis of neuropsychological tests remains at issue.
The inconsistencies in the literature on vascular dementia
may arise for several reasons. For example, numerous
investigations have failed to match groups on demographic
variables,4 13 26 28 although there has been an attempt to
overcome this in more recent studies.13 Another possible
reason for the variability in results from comparison of
vascular dementia and Alzheimer’s disease is that matching
of disease severity across groups is not always attempted.34 35
This is a more difficult problem to resolve because the ideal
way to match the groups is not obvious. The most often used
method is to match patients on the mini-mental state
examination (MMSE), but this test is more heavily weighted
towards episodic memory—which is more likely to be
impaired in Alzheimer’s disease—than towards frontal
executive function, which is more likely to be impaired in
vascular dementia.23 As a result, this is not an ideal test on
which to match these groups. The use of more extensive tests
covering a larger range of abilities and without such
emphasis on memory would help with this problem. In
addition, Looi and Sachdev13 suggested that a helpful
approach would be to use measures of functional ability
rather than mental status scales.
A third cause of variability in the results of studies of
neuropsychological functioning is the lack of consensus
regarding diagnostic criteria for vascular dementia. Several
sets of research guidelines have been published,36 37 but many
patients with vascular aetiology may not meet these stringent
criteria, particularly the requirement to have sustained an
acute cerebrovascular event.23 Furthermore, comparison of
various criteria has shown that they are not equivalent as
they lead to different frequencies of diagnosis of vascular
dementia.38 39 An additional problem arises from the heterogeneity of pathologies included under the rubric of vascular
dementia and cerebrovascular disease, including large cortical infarcts, multiple lacunar infarcts, strategic infarcts, and
diffuse white matter ischaemia.
In the present study we investigated the cognitive profile in
subcortical vascular dementia, but attempted to overcome the
problems highlighted above. In particular, we used fairly
large groups which were closely matched both demographically and in terms of disease severity. To match the latter
characteristic, we used the MMSE (to enable comparison
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Patients

n
Age (years)
Years of full time education
Mini-mental state examination
(30)
Addenbrooke’s cognitive
examination (100)
Clinical dementia rating scale
(3)
Cambridge behavioural
inventory (324)

Controls

VaD

DAT

Main control
group

Doors and
people test

Camel and
cactus test

19
71.2 (7.8)
11.6 (3.1)
25.3 (3.8)

19
68.9 (8.6)
13.1 (3.4)
24.2 (3.7)

19
68.1 (6.3)
11.3 (1.1)
28.7 (1.0)

24
67.8 (8.9)
11.3 (3.1)
29.5 (0.7)

13
67.2 (7.8)
–
–

75.7 (13.8)

75.4 (10.9)

93.3 (3.0)

–

–

1.0 (0.8)

0.8 (0.8)

–

–

–

52.9 (39.6)

60.9 (36.1)

–

–

–

Values are mean (SD). Maximum scores are given in brackets following the name of each test. Descriptions of the
tests and control groups are included in the text. Note that higher scores on the clinical dementia rating scale and
the Cambridge behavioural inventory indicate greater impairment.
DAT, dementia of Alzheimer type; VaD, vascular dementia.

on T2 weighted MRI images involving .75% of deep white
matter; n = 4), moderate (50–75%; n = 8), or mild (25–50%;
n = 7). Representative MRI scans from three patients are
illustrated in fig 1.

Patients with probable Alzheimer’s disease
These patients were selected from a larger cohort who
presented to the memory disorders clinic in Cambridge
between 1996 and 2001, and who were participating in a
longitudinal study of neuropsychological functioning. Using
pairwise matching, the Alzheimer patients who matched
most closely with the vascular patients on age, education,
and general levels of cognitive functioning and everyday
impairment were chosen retrospectively for inclusion in the
present study. The general level of cognitive functioning was
assessed with both the MMSE45 and ACE,40 a longer and more
detailed test that assesses orientation, attention, anterograde
and retrograde memory, verbal fluency, naming, language
comprehension, repetition, reading, writing, and visuospatial/
constructional skills. The level of everyday impairment was
assessed using the CDR41 and the CBI, an 81 item
questionnaire which was adapted from Bozeat et al.42 The
CBI was completed by each patient’s carer and covers
numerous aspects of everyday functioning, including memory, orientation and attention, everyday skills, self care,
mood, beliefs, challenging behaviour, disinhibition, eating
habits, sleep, sterotypic behaviours, motivation, and insight/
awareness. Statistical tests comparing the patient groups on

the MMSE, ACE, CDR, and CBI indicated no significant
differences (t values ,1, p values .0.1).
The diagnosis of probable Alzheimer’s disease was made
according to the criteria developed by the National Institute
of Neurological and Communicative Disorders and Stroke
(NINCDS) and the Alzheimer’s Disease and Related
Disorders Association (ADRDA).46 All patients with
Alzheimer’s disease presented with progressive cognitive
deterioration, with early and predominant episodic memory
impairment. They had all undergone brain MRI, which
revealed a mild degree of cerebral atrophy, including the
medial temporal lobe. A proportion of cases (eight of 19)
showed a degree of white matter abnormality on T2 weighted
images which in no instance exceeded 25% of the deep white
matter. Patients presenting with a history typical of
Alzheimer’s disease but with substantial white matter
pathology (.25%) in the absence of a history of TIA/stroke
and focal neurological signs were not included in the study.

Control subjects
Performance of the patient groups was compared with that of
19 normal control subjects who were members of the MRC
Cognition and Brain Sciences Unit subject panel, and who
were matched to both patient groups on the basis of age and
education. One way analyses of variance revealed no
significant difference between the vascular dementia,
Alzheimer, and control groups for age or years of education
(both F values ,2.5, p values .0.1).

Figure 1 T2 weighted magnetic resonance imaging of the brain of three patients illustrating different degrees of severity of periventricular white
matter lesions (left to right: severe, moderate, mild).
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Table 1 Demographic data and measures of general level of cognitive and everyday
functioning for vascular and Alzheimer groups and controls
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Neuropsychological assessment
Four cognitive domains were assessed: episodic memory,
semantic memory, executive/attentional functioning, and
visuospatial skills. The tests used to evaluate performance
in each domain are described below.

Assessments of episodic memory
Logical memory subtest of the Wechsler memory
scale – revised 4 9

Subjects listened to two short passages and were then asked
to recall each one, both immediately and after a delay of 30
minutes. Each passage contains 25 elements of information,
and the score used is the mean of the two stories.

N
N

four categories of living things (animals, fruit, birds, and
breeds of dog), and four categories of man-made things
(household items, tools, vehicles, and types of boat).
Naming: Subjects were shown 64 line drawings and asked
to name each one.
Word-picture matching: Subjects were given a spoken word
and were asked to pick the picture which matches it from
within-category arrays of 10 items.

Camel and cactus test 4 8

Subjects were asked to pick which of four pictures matches
conceptually with a target picture (for example, tree,
sunflower, rose, or cactus, with a camel). There are 64 items
in this test.
Concrete and abstract word synonym test 5 6

Subjects were required to choose which of two words is more
similar in meaning to a target word (for example, marquee
should be matched with tent rather than palace). This test is
scored out of 50.
Graded naming test 5 7

Subjects were shown 30 line drawings, and asked to name
each one. This is a more difficult naming test than the one
described above because it includes lower frequency items.

Rey complex figure test 5 0

Subjects were asked to copy this figure freehand, and without
time restriction. After an interval of 45 minutes, subjects
were asked (without warning) to reproduce from memory
the figure which they had copied. Both copy and recall were
scored out of a maximum of 36.

Executive and attentional tasks

Short recognition memory test (RMT) for words and for
faces 5 1

Della Sala et al’s dual task performance 5 8

There are two versions of this test involving forced choice
recognition for words or faces. Each test is scored out of 25.
The doors and people test 4 7

This test consists of several subtests which assess recognition
and recall of visual and verbal material. The visual recognition subtest, called the doors test, is a forced choice recognition
test for pictures of doors which is done in two sets of 12
items, resulting in a maximum score of 24. The visual recall
subtest, called the shapes test, involves copying four drawings
of crosses and then recalling them. The crosses are drawn
from memory three times in succession immediately following the copy, and then once again following a 10 minute
delay. The maximum score on the shapes test is 36 on
immediate recall, and 12 on delayed recall. The verbal
recognition subtest, called the names test, is a forced choice
recognition test for names of people, which is done in two
sets of 12 items, resulting in a maximum score of 24. The
verbal recall subtest, called the people test, involves learning
four names which consist of a forename and surname. There
are three trials which are undertaken following stimulus
presentation (immediate recall), and which are scored out of
36, while delayed recall is performed about 10 minutes later,
and is scored out of 12.

Assessments of semantic memory
Semantic memory test battery

The tests in this battery52–54 include the same 64 concrete
concepts in each task. Half the test items are living things,
while half are man-made items, and the pictures are taken
from the Snodgrass and Vanderwart corpus.55 The tests
included in the present study are:

N

Category fluency: Subjects were asked to produce as many
different category exemplars as possible in one minute, for
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Letter fluency

For the letters F, A, and S, subjects were asked to produce as
many words as possible in one minute which start with the
given letter.

This consists of two tasks, repeating digit spans at the
subject’s own span length, and putting crosses into a trail of
boxes on a sheet of paper. The tasks are initially undertaken
on their own, each for two minutes, and are then done
simultaneously for two minutes. The score reported is the
dual task decrement. This is a measure of divided attention,
and was calculated according to the following formula: dual
task decrement = [120 seconds/number of boxes crossed on
dual task]/[proportion of digit span strings correct on dual
task] 2 [120 seconds/number of boxes crossed on single
task]/[proportion of digit span strings correct on single task].
Stroop 5 9

This task measures the interference that the automatic
process of reading has on a more effortful process. Subjects
were initially required to read aloud a list of 112 colour words
(red, green, blue, tan); in the interference task, they were
given another list of 112 colour words, but this time were
required to name the colour of the ink in which each word
was printed. The colour of the ink always differs from the
word, so for example, if the word red is written in green ink
the subject should say ‘‘green.’’ The score is the speed of
naming the colour of the ink in the interference condition,
and is given in words per minute.
Wisconsin card sorting test, short version 6 0

This is a test of attentional set shifting in which subjects were
required to sort 64 cards according to different concepts,
which change during the course of the test. The score is the
number of categories correct out of a maximum of 6.
Test of everyday attention (TEA) 6 1

Three subtests from this battery were used:

N

Elevator counting: This is a test of sustained attention.
Subjects listened to a recording of seven strings of tones,
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Two additional (but similar) groups of control subjects
were assessed on tasks that were added to our test battery
subsequent to the testing of the main control group: 24
controls undertook the doors and people test,47 while a
different group of 13 controls undertook the camel and
cactus test.48 As was the case with the main control group, the
additional control groups were well matched to the patient
groups on age (F values ,2, p values .0.1) and for the
former test on education (F = 1.0, p .0.1); unfortunately we
do not have the educational details of the controls who
performed the camel and cactus test.

Distinctive cognitive profiles in dementias

N

Digit span

Forward and reverse digit spans were assessed using the
standard method from the Wechsler memory scale –
revised.49

Visuospatial tasks
Copy of the Rey complex figure 5 0

In this task, which was described above because its recall
component is a test of episodic memory, subjects were asked
to copy a complicated line drawing free hand and without
time restriction. The copy was scored out of a maximum of
36.
Visual object and space perception battery (VOSP) 6 2

Six subtests from this battery were used:

N
N

N
N
N

N

Incomplete letters: Subjects were asked to name 20 capital
letters in which the clarity has been degraded, rendering
identification more difficult.
Silhouette naming: Subjects were required to name silhouette drawings of common animals and objects which have
been rotated to varying degrees. The rotation increases
demand on perceptual skills, but it should be noted that
there is also a semantic component to this test since
accurate performance relies on naming/identification. The
maximum score is 30.
Object decision: Subjects were shown arrays of four
silhouette drawings, including a rotated real object, and
three object-like distractors, and were asked to point to the
real object. There are 20 items in this test.
Dot counting: Subjects were shown arrays of between five
and nine black dots, and were asked to count them. There
are 10 items in this test.
Number location: Subjects were shown two squares, one of
which contains randomly placed numbers and one of
which contains a black dot which is positioned in the same
location within its square as one of the numbers is in the
other square. The task is to name the number which is in
the same position as the dot. The maximum score is 10.
Cube analysis: Subjects were asked to count the number of
cubes represented in two dimensional drawings of
arrangements of between five and 12 cubes. The maximum score is 10.

Analyses
The differences between the groups were analysed using one
way analysis of variance (ANOVA). Post hoc comparisons
using Tukey-Cramer tests were applied to explore significant
group effects; this test corrects for multiple comparisons and
unequal group variances.63 In order to look at individual
patients’ performance in each domain, we used the control
data to calculate z scores for each patient on each test, and
averaged each patient’s z scores on the two most sensitive
tasks in each domain. Patients were considered to be
impaired on a test/domain if their z scores were below 22.

Backward stepwise logistic regression analyses were undertaken to identify the tests which best discriminate between
the patient groups.

RESULTS
Comparison of performance across the groups in each
cognitive domain
The scores of the two patient groups and the controls on each
of the neuropsychological tests are shown in table 2. The
performance of individual patients in each cognitive domain
is shown in table 3.

Episodic memory
One way ANOVA showed a significant effect of group on all
11 tests of episodic memory (all F values .10, all p values
,0.001). Post hoc comparisons indicated that both patient
groups were impaired on every test. The Alzheimer patients
were significantly more impaired than the vascular dementia
patients on the delayed recall portion of the logical memory
test, delayed recall of the Rey figure, and on most of the
subtests from the doors and people test, including immediate
and delayed recall of shapes (crosses), immediate recall of
names, and recognition memory for names. The two patient
groups were equally impaired on the immediate recall portion
of the logical memory test, as well as recognition memory for
words, faces, and doors, and delayed recall of names. The test
battery included tests of both verbal and non-verbal episodic
memory, but there was no systematic difference in the
performance of the patient groups in these two areas: they
were equally impaired on three of six verbally based tests,
and two of five non-verbal tests, while on the remaining tests
the Alzheimer patients were significantly more impaired than
the vascular dementia patients.
In general, there was a tendency for the Alzheimer patients
to do worse than the vascular dementia patients on tests
involving delayed recall (this was true on three of four tests),
while performance of the patient groups was equally
impaired on tests of recognition (three of four tests).
Episodic memory impairment was, however, pervasive in
both groups, and was somewhat worse in the Alzheimer
patients, whose scores were either equally poor (on five of 11
tasks) or worse (on six of 11 tasks) than those of the vascular
dementia patients.
Table 3 shows the performance of individual patients on
episodic memory. Most patients in both groups were
impaired on episodic memory, which is in keeping with the
finding from the group analyses that both groups were
impaired on all tasks in this domain.

Semantic memory
On the two easiest tests of semantic memory, the word–
picture matching and naming tests from the semantic
battery, both patient groups showed normal performance
(both F values ,2, p values .0.1), while on the remaining
four semantic tests (category fluency, the camel and cactus
test, the concrete and abstract word synonym test, and the
graded naming test), there was a significant effect of group
(F values .7, p values ,0.01); post hoc comparisons showed
that the vascular patients were impaired on each of these. By
contrast, the Alzheimer patients were impaired only on
category fluency and the graded naming test, and the degree
of impairment was similar to that of the vascular dementia
patients. The concrete and abstract word synonym test results
were analysed with a 3 (groups) 62 (concreteness: concrete v
abstract words) ANOVA, but results showed no significant
main effect or interaction involving concreteness (F values
,1, p values .0.1).
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N

which range in length from three to 14, and were asked to
count the number of tones. The maximum score is 7.
Elevator counting with distraction: This is a test of selective
attention. Subjects listened to a recording of 10 series of
tones, and were asked count the high tones while ignoring
the low tones. The maximum score is 10.
Map search task: This is a timed task of selective attention.
Subjects were given two minutes to locate target symbols
(for example, a petrol pump) on a map which contains
numerous irrelevant (distractor) symbols. The maximum
score is 80.
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Test
Episodic memory tasks
Logical memory – immediate
recall (25)
Logical memory – delayed
recall (25)
Rey figure – delayed recall
(36)
RMT words (25)
RMT faces (25)
Doors and people visual –
recognition (24)
Doors and people visual –
immediate recall (36)
Doors and people visual –
delayed recall (12)
Doors and people verbal –
recognition (24)
Doors and people verbal –
immediate recall (36)
Doors and people verbal –
delayed recall (12)

Vascular

DAT

Controls

p Value

Post hoc comparisons

6.0 (2.4)

4.2 (1.9)

9.5 (2.4)

,0.001

Controls.VaD = AD

3.9 (2.5)

0.4 (1.0)

7.6 (2.7)

,0.001

Controls.VaD.AD

7.1 (6.5)

2.4 (3.6)

18.3 (5.7)

,0.001

Controls.VaD.AD

19.1 (3.7)
20.5 (3.7)
13.0 (2.6)

18.9 (3.3)
21.3 (3.5)
11.7 (4.4)

24.5 (1.0)
24.6 (0.5)
16.7 (3.1)

,0.001
,0.001
,0.001

Controls.VaD = AD
Controls.VaD = AD
Controls.VaD = AD

17.5 (8.6)

11.4 (6.6)

29.0 (7.1)

,0.001

Controls.VaD.AD

6.0 (3.7)

2.9 (2.9)

10.3 (1.9)

,0.001

Controls.VaD.AD

14.3 (3.9)

11.2 (3.0)

17.7 (2.3)

,0.001

Controls.VaD.AD

14.5 (8.3)

7.2 (7.5)

21.3 (7.2)

,0.001

Controls.VaD.AD

4.1 (3.7)

2.2 (3.0)

8.2 (3.2)

,0.001

Controls.VaD = AD

119.1 (19.0) ,0.001
62.3 (1.8)
NS
63.8 (0.4)
NS
58.9 (3.2) ,0.01
46.9 (3.1) ,0.01

Controls.VaD = AD
–
–
Controls.VaD
Controls.VaD

Semantic memory tasks
Category fluency (8 categories) 65.8
Semantic battery naming (64) 60.2
Word–picture matching (64) 62.4
Camel and cactus test (64)
47.0
Concrete and abstract word
41.1
synonym test (50)
Graded naming test (30)
17.6

(24.9)
(4.3)
(1.6)
(10.6)
(6.6)

75.8
60.1
62.4
53.5
44.4

(25.3)
(7.1)
(4.0)
(10.5)
(4.0)

(5.4)

19.6 (5.8)

24.7 (2.9)

,0.001

Controls.VaD = AD

36.2 (12.1)
1.6 (2.6)

40.9 (8.8)
0.5 (1.2)

,0.001
,0.01

Controls = AD.VaD
Controls = AD,VaD*

Executive and attentional tasks
Letter fluency (FAS)
23.4 (14.9)
Della Sala dual task –
8.3 (12.5)
decrement
Stroop – words per minute
22.9 (12.6)
Wisconsin card sorting (6)
2.8 (1.9)
TEA elevator counting (7)
5.5 (1.9)
TEA elevator counting with
5.0 (3.6)
distraction (10)
TEA map search (80)
22.3 (10.9)
Forward digit span
5.9 (1.5)
Reverse digit span
3.9 (1.3)

28.0 (19.1)
3.8 (2.2)
6.4 (1.5)
6.8 (3.0)

52.0 (12.8) ,0.001
5.8 (0.5) ,0.001
6.8 (0.4)
0.01
8.7 (1.8) ,0.01

Controls.VaD = AD
Controls.VaD = AD
Controls = AD.VaD
Controls.VaD

37.2 (17.7)
6.5 (1.3)
4.2 (1.5)

58.9 (15.4) ,0.001
7.0 (1.0) ,0.05
5.2 (1.4) ,0.05

Controls.AD.VaD
Controls.VaD
Controls.VaD

Visuospatial tasks
Rey copy (36)
VOSP incomplete letters (20)
VOSP silhouette naming (30)
VOSP object decision (20)
VOSP dot counting (10)
VOSP number location (10)
VOSP cube analysis (10)

27.5 (11.0)
17.7 (5.1)
19.8 (5.7)
17.6 (3.0)
9.7 (0.6)
8.1 (3.0)
7.8 (2.7)

33.9 (1.6)
19.2 (0.8)
21.5 (2.7)
17.2 (2.4)
9.9 (0.3)
8.7 (3.4)
10.2 (2.6)

Controls.VaD = AD
–
Controls = AD.VaD
–
Controls = AD.VaD
–
Controls.VaD = AD

22.0 (10.6)
17.1 (2.8)
15.6 (4.5)
15.6 (3.3)
8.8 (2.0)
7.3 (2.2)
6.8 (3.1)

,0.001
NS
,0.001
NS
,0.05
NS
,0.01

Values are mean (SD). Maximum scores are given in brackets following the name of each test. The p values are
from the one way analyses of variance comparing the groups.
All other comparisons not significant.
DAT, dementia of Alzheimer type; RMT, recognition memory test; TEA, test of everyday attention; VOSP, visual
object and space perception battery.

Overall, the vascular dementia patients showed a greater
degree of semantic memory impairment than the Alzheimer
patients in that they were impaired on more tests. This is
consistent with the findings from individual patients which
show that more patients with vascular dementia had
semantic memory impairment (table 3).

Executive and attentional function
There were significant group effects on all nine tests of
executive/attentional function (F values .3, p values ,0.05).
Post hoc analyses showed that the patients with vascular
dementia were significantly impaired on every test in this
domain, while the Alzheimer patients were impaired on the
Stroop, Wisconsin card sorting, and TEA map search only.
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The degree of impairment was equal for the two patient
groups on the Stroop and Wisconsin, while the vascular
dementia patients were significantly more impaired than the
Alzheimer patients on the TEA map search.
Taken together these results indicate that the patients with
vascular dementia had greater impairment in executive/
attentional function. This finding is supported by examination of the results of individual patients in this domain
(table 3) in that a greater proportion of the vascular dementia
group showed impairment.

Visuospatial function
On three of the seven tests in this domain—incomplete
letters, object decision, and number location—there was no
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Table 2 Performance of the vascular and Alzheimer patient groups and of the controls
on the neuropsychological test battery
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Group

Subject

MMSE

VaD
SE
30
VaD
RB
29
VaD
RD
29
VaD
KE
29
VaD
VP
29
VaD
DB
28
VaD
EJ
27
VaD
PR
27
VaD
LW
27
VaD
PH
26
VaD
SM
26
VaD
RY
26
VaD
CG
24
VaD
HP
24
VaD
HG
22
VaD
IB
20
VaD
MW
20
VaD
RS
19
VaD
HK
18
% VaD patients impaired:
DAT
PS
30
DAT
AA
29
DAT
IHe
28
DAT
DJ
27
DAT
MR
27
DAT
BK
26
DAT
EL
26
DAT
JP
26
DAT
JS
26
DAT
MU
25
DAT
AD
24
DAT
JW
24
DAT
BC
23
DAT
RG
22
DAT
IW
21
DAT
PB
20
DAT
IHu
20
DAT
JA
18
DAT
VM
17
% DAT patients impaired:

Episodic
memory

Semantic
memory

Executive/attentional Visuospatial
function
function

–
+
+
–
–
–
+
+
+
+
+
+
+
+
+
+
+
+
+
78.9
–
–
–
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
84.2

+
–
+
–
–
–
+
+
+
+
+
+
+
+
+
+
+
+
+
78.9
–
+
–
–
–
–
–
–
–
+
–
+
–
–
–
–
+
+
+
31.6

+
+
+
–
–
–
+
+
+
–
+
+
+
–
+
+
+
+
+
73.7
–
+
+
–
–
–
–
–
–
+
+
+
+
+
+
+
–
+
+
57.9

+
+
+
–
–
–
+
–
+
+
+
–
+
+
+
+
+
+
+
73.7
–
–
–
–
–
–
–
+
–
+
+
+
+
+
–
–
+
–
+
42.1

The tasks used are as follows: episodic memory – Rey delayed recall, recognition memory test for words; semantic
memory – category fluency, camel and cactus test; executive/attentional function – Wisconsin card sorting,
STROOP; visuospatial function – Rey copy, dot counting.
Although the table seems to show that three VaD patients (KE, VP, DB) and one DAT patient (PS) had no impairment
in any cognitive domain, all four patients showed deficits on other tasks not included in the table.
DAT, dementia of Alzheimer type; VaD, vascular dementia; +, impaired.

significant effect of group (F values ,2.5, p values .0.1),
indicating that both vascular dementia and Alzheimer
patients were unimpaired. On the remaining four tests—
copy of the Rey figure, silhouette naming, dot counting, and
cube analysis—investigation of the significant group effects
(F values >4, p values ,0.05) through post hoc comparisons
indicated that the patients with vascular dementia were
significantly impaired on all four tests, while the Alzheimer
patients showed normal performance on silhouette naming
and dot counting, but were as impaired as the vascular
dementia group on the Rey copy and cube analysis. Note that
both patient groups showed impairment on tests of both
constructional and visuo-perceptual ability.
Overall, these results suggest that the degree of visuospatial impairment is somewhat worse in the patients with
vascular dementia, as they were more impaired than the
Alzheimer group on two of the tests in this domain. A
difference between the groups is more obvious if one looks at
the performance of individual patients (table 3), as a much
larger percentage of patients with vascular dementia than
with Alzheimer’s disease showed impairment in visuospatial
function.

Profile of neuropsychological impairment in
vascular dementia and Alzheimer’s disease
To explore the pattern of impairment in the two patient
groups across cognitive domains, we calculated or averaged z
scores for, first, the most sensitive task in each domain (Rey
delayed recall for episodic memory, category fluency for
semantic memory, Wisconsin card sorting for executive/
attentional function, and Rey copy for visuospatial function);
second, the average of the two most sensitive tasks in each
domain (see table 3); and third, the average across all tasks in
each domain. The pattern of performance across domains did
not differ in the three analyses, so we will report only the
results using z scores on the two most sensitive tasks in each
domain.
The percentage of patients in each group showing normal
performance on the different cognitive modules is shown in
table 3. In three of the four domains more vascular dementia
patients than Alzheimer patients were impaired. The exception to this occurred with episodic memory, although the vast
majority of patients in both groups showed impairment in
this domain. This is not surprising given that the diagnostic
criteria used require episodic memory impairment.
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Table 3 Performance of individual patients with either vascular dementia or probable
Alzheimer’s disease on all cognitive domains, using impairment on the two most sensitive
tasks in each domain as a measure of impairment in that domain
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Neuropsychological tests which distinguish between
vascular dementia and Alzheimer’s disease
The results described above indicate that subcortical vascular
dementia and Alzheimer’s disease have relatively distinct
profiles of neuropsychological impairment, even in the
earliest stages of the illnesses. One of the goals of our study
was to identify the tests which best differentiate between the
patient groups. To this end, we performed binary logistic
regression and used a backward stepwise technique. The
domains were analysed separately to keep an acceptably large
ratio of observations to predictors.
In the domain of episodic memory, the only significant
predictor of group membership was logical memory – delayed
recall (Wald’s x2(1) = 8.90, p,0.01, odds ratio = 0.334). As
scores increase, patients are more likely to have vascular
dementia than Alzheimer’s disease. On the basis of logical
memory – delayed recall, 80.6% of the patients were classified
into the correct groups, while only three additional patients
(a total of 88.9%) were classified correctly on the basis of all
11 episodic memory tasks.
In the next logistic regression analysis, the semantic tasks
were used as predictor variables. Results showed that the
semantic battery naming test (Wald’s x2(1) = 2.72, p,0.1,
odds ratio = 0.86) and the camel and cactus test (Wald’s
x2(1) = 4.41, p,0.05, odds ratio = 1.14) together classified
73.7% of the cases correctly, while on their own these tests
did not predict group membership. As naming scores
increase, patients were more likely to have vascular dementia, while they were more likely to have Alzheimer’s disease
as camel and cactus scores go up.
In the domain of executive/attentional function, we had to
omit the Della Sala dual task test from the analysis because of
missing data. Although all subjects completed this task, five
patients with vascular dementia and two with Alzheimer’s
disease showed such impaired performance that it was not
possible to calculate a value for dual task decrement, as these
patients scored 0 on crossing boxes in the dual task section of
the test. Logistic regression analysis on the remaining eight
executive/attentional tests indicated that only the TEA map

www.jnnp.com

search significantly discriminated between the groups
(Wald’s x2(1) = 5.32, p,0.05, odds ratio = 1.07). Higher
scores on this task indicate that a patient is more likely to
have Alzheimer’s disease than vascular dementia.
Interestingly, this test alone discriminated between the
groups (75.0% of patients correctly classified) better than
all of the executive/attentional tasks together (72.0% correctly classified).
Logistic regression using the visuospatial tasks as predictor
variables showed that the VOSP silhouette naming test was
the only significant predictor of group membership (Wald’s
x2(1) = 4.58, p,0.05, odds ratio = 1.18), with higher scores
being more suggestive of Alzheimer’s disease than vascular
dementia. This test correctly classified 77.1% of the patients,
and discriminated slightly better than all of the visuospatial
tasks together, which correctly classified 68.6% of the
patients.
In the final logistic regression analysis, we included the
significant predictors from each of the four cognitive
domains, as identified in the analyses just described.
Results showed that two tests significantly predicted group
membership: logical memory – delayed recall (Wald’s
x2(1) = 7.95, p,0.01, odds ratio = 0.32), and VOSP silhouette
naming (Wald’s x2(1) = 3.56, p = 0.06, odds ratio = 1.23). On
the logical memory – delayed recall, higher scores indicate
that a patient is more likely to have vascular dementia, while
the opposite was true for VOSP silhouette naming. Together
these tests predicted group membership for 88.6% of the
patients. This was little better than the predictive value of
logical memory – delayed recall on its own, which predicted
group membership for 81.1%; this difference represents one
patient of 38. Thus there is an argument for using only the
logical memory – delayed recall to discriminate between
vascular dementia and Alzheimer’s disease. Examination of
the data revealed that 18 of the 19 patients with vascular
dementia scored .0.25 on this test, while 16 of 18 patients
with Alzheimer’s disease scored (0.25, indicating that
patients with scores higher than 0.25 have a high chance of
having vascular dementia, while patients with lower scores
have a high chance of having Alzheimer’s disease.
To summarise, logistic regression analyses of the tests in
each cognitive domain showed that logical memory – delayed
recall, semantic battery naming, camel and cactus, TEA map
search and VOSP silhouette naming were significant predictors of group membership. In an analysis which included
only these variables, we found that logical memory – delayed
recall provided good discrimination between the two patient
groups. Although both groups are impaired on this test (see
ANOVA results above), the patients with vascular dementia
tend to have higher scores than those with Alzheimer’s
disease. More specifically, scores tend to be above 0.25 for the
vascular dementia group. The VOSP silhouette naming test
also provided good discrimination between the groups, with
the Alzheimer patients tending to have higher scores. Thus a
short neuropsychological test battery including either the five
tests listed above, or just the logical memory – delayed recall
should be helpful in making a differential diagnosis between
vascular dementia and Alzheimer’s disease.
DISCUSSION
We used a comprehensive battery of neuropsychological tests,
with closely matched groups of patients with subcortical
vascular dementia or Alzheimer’s disease, to resolve controversies in published reports over differences in the
cognitive profile. The patient groups showed clear differences, both from each other and from the control group. In
keeping with the general trend found in previous studies (see
the introduction) we have confirmed that Alzheimer’s
disease is characterised by greater impairment in episodic
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The largest difference between the groups was observed in
the domain of semantic memory. Although semantic memory
impairment is pervasive in Alzheimer’s disease,53 64 65 the
patients included in this study had only minimal to mild
dementia and may not yet have developed significant
semantic impairment. This confirms previous findings that
the degree of semantic memory impairment in Alzheimer’s
disease is variable in the early stages.53 66 67 In contrast, nearly
80% of the patients with vascular dementia were semantically impaired.
In the domains of executive/attentional and visuospatial
function more patients with vascular dementia than with
Alzheimer’s disease were impaired. The evidence to date
regarding visuospatial function in vascular dementia is
limited, but it seems that impairment in this domain is
common in mild vascular dementia, and is more prevalent
than in Alzheimer’s disease.
In summary, although the patient groups were carefully
matched in terms of their general level of cognitive
impairment as well as on everyday functioning, it was still
possible to detect differences between the groups. Both the
group analyses and examination of the data from individual
patients indicated that the patients with Alzheimer’s disease
were more impaired in episodic memory, while the patients
with vascular dementia were more impaired in semantic
memory, executive/attentional function, and visuospatial
function. Although all of the patients in this study had only
minimal to mild dementia, most showed a range of cognitive
impairments.
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were impaired on a pictorial test of associative knowledge,
the camel and cactus test, and on a test of synonym
judgement, indicating a generalised breakdown in semantic
memory. The neural basis of the semantic deficit is
presumably identical in vascular dementia and Alzheimer’s
disease. Convergent findings from studies of patients with
semantic dementia and normal subjects undergoing brain
activation point to the left temporal neocortex as a key region
in semantic processing.74–76
It is interesting to note, given the variability in the reported
results on naming in patients with vascular dementia, that
naming performance was impaired on the graded naming
test, but was normal on the semantic battery naming. Thus
we documented normal naming on a relatively easy test and
impaired naming on a more difficult test within the same
group of patients. The issue of test difficulty may go some
way to explaining the results on variability in naming results
in reports on vascular dementia.
Deficits in visuospatial function were mild in both patient
groups but on all tests there was either equivalent or greater
impairment in the vascular dementia group. As highlighted
in the introduction, previous studies have often used tests
that confound praxic and visuospatial ability. To disentangle
these contributions we used the VOSP test battery, which
eliminates praxic aspects and separates spatial tasks which
are more dependent on occipito-parietal (dorsal stream)
function from those that stress visuo-perceptual (ventral
stream) ability. Interestingly, patients with vascular dementia were impaired on both spatial (dot counting and cube
analysis) and perceptual (silhouette naming) subtests. These
deficits could not be attributed to gross field defects although
it would, in retrospect, have been valuable to quantify visual
fields and to examine low level functions such as acuity and
contrast sensitivity.
Our patients with vascular dementia were selected on the
basis of their substantial white matter pathology as evident
on MRI. The presence of such diffuse pathology makes it
difficult to draw firm conclusions about structure–function
relations. It is also likely that the defect in attentional
processing underlies many of their other difficulties,
although if the difference were simply a matter of severity
then one would expect that all abilities, including episodic
memory, would be worse in vascular dementia, which was
not the case.
One of the goals of this study was to identify neuropsychological tests which are useful in discriminating between
subcortical vascular dementia and Alzheimer’s disease.
Because it may be possible to prevent further vascular
damage in patients with cerebrovascular disease, early and
accurate diagnosis of vascular dementia is of paramount
importance. We found that the WAIS logical memory –
delayed recall was the single most useful test to discriminate
between the vascular dementia and Alzheimer’s disease
patients. Although the performance of both groups was
impaired, the impairment was more severe in the Alzheimer
patients. This test is probably useful to discriminate between
vascular dementia and Alzheimer’s disease only when the
dementia is mild; with increasing severity, the performance
of both groups seems likely to reach the floor, rendering
discrimination based on this test impossible. We were able to
identify four additional tests which provided significant
discrimination between the groups: two from the semantic
battery (naming, and the camel and cactus test), one
attentional (TEA map search), and one perceptual (VOSP
silhouette naming). The fact that a combination of logical
memory – delayed recall and the VOSP silhouette naming test
provided the best discrimination (89% correct classification)
is of interest, as correct performance on the VOSP test
depends on both perceptual and semantic processes, each of
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memory, while patients with vascular dementia have greater
deficits in executive/attentional abilities. More surprising was
the finding that patients with vascular dementia showed
greater impairment in both semantic memory and visuospatial/perceptual function than the patients with Alzheimer’s
disease.
In Alzheimer’s disease there is a pervasive deficit in all
aspects of anterograde episodic memory which reflects early
and severe involvement of the hippocampal complex.68 69 In
cognitive terms, the deficit in Alzheimer’s disease is one of
encoding new material into long term memory. This produces
a rapid decay of memory traces which affects both recall and
recognition of verbal and visual material.69 70 In vascular
dementia, the deficit is generally regarded as one of
information retrieval, in which case there should be
consistently better performance on recognition based rather
than recall based tests. To examine this hypothesis we used
the doors and people test,47 which contains subtests assessing
both recall and recognition. The results were only partially
supportive of this supposition. There was a trend for patients
with vascular dementia to be less impaired than patients with
Alzheimer’s disease on the recall based subtests. Consistent
with this finding, recent volumetric MRI studies have shown
less atrophy of the hippocampal formation in vascular
dementia than in Alzheimer’s disease, although this key
region is involved in both pathologies.71
It should be noted that on several measures of attentional
function—letter based verbal fluency (FAS), decrement on a
dual task performance test, digit span, and components of
the TEA—there was no difference in performance between
controls and Alzheimer patients, which reflects the mild
stage of our Alzheimer cohort. Many of the tasks used
overlapped with those employed by Perry et al,72 who
established that the Stroop test and the Wisconsin card
sorting test were among those most sensitive to attentional
and executive dysfunction in Alzheimer’s disease, respectively. We have corroborated this finding in an independent
cohort of early cases of Alzheimer’s disease. In addition, our
results add to the small body of reports suggesting that
executive and attentional functions are more impaired in
vascular dementia than in Alzheimer’s disease. Interestingly
the tasks which revealed the greatest magnitude of deficit in
vascular dementia were the FAS task and the Della Sala dual
performance test, in which subjects are required to undertake
simultaneous cancellation of a box trail and repetition of digit
strings after performing each task separately. These findings
suggest that not only is attentional dysfunction greater in
vascular dementia than in Alzheimer’s disease, but the
nature and hence underlying neural basis might be quite
distinct. In Alzheimer’s disease the deficit in selective
attention is thought to reflect posterior association cortices
with or without cingulate pathology, while in vascular
dementia the impact on divided and sustained attention is
likely to reflect interruption of dorsolateral cortex–basal
ganglia circuits.73
Semantic functioning in vascular dementia has received
scant attention in published reports. This is the first detailed
examination of this area, and our results indicate that
semantic impairment is common even in minimal to mild
vascular dementia. Impairment in semantic memory is a well
established core deficit in Alzheimer’s disease, which can be
found in the majority of cases from a very early stage of
disease and is thought to reflect involvement of the temporal
neocortex.53 69 The finding of greater deficits in vascular
dementia than in Alzheimer’s disease is thus of considerable
theoretical and practical interest. The impairment in category
fluency could reflect, in part, the attentional dysfunction, but
this would not readily explain the greater anomia found in
vascular dementia. In addition, vascular dementia patients

69
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Conclusions
The profile of cognitive impairments shown by mildly
demented patients with subcortical vascular dementia
includes moderate to severe episodic memory and attentional/executive deficits, in conjunction with milder impairments in semantics and visuospatial skills. Qualitative
differences in the patterns of dementia in mild vascular
dementia and Alzheimer’s disease were documented: the
groups were matched on levels of cognitive impairment and
everyday functioning, but the patients with vascular dementia were less impaired in episodic memory, and more severely
impaired on tests of attentional/executive function, semantic
memory, and visuospatial skills. Although differential diagnosis is most difficult when dementia is in the early stages, as
with the patients studied here, in future it would be
beneficial to extend these findings to a wider range of
dementia severities in vascular dementia and Alzheimer’s
disease.
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