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Both Parkinson’s disease (PD) and dementia with Lewy bodies
(DLB) share a common neuropathological marker, the presence of
Lewy bodies in brain stem and basal forebrain nuclei. DLB, in
addition, is associated with Lewy bodies in the neocortex, and, in
it’s more common form, with Alzheimer-type pathological markers,
particularly amyloid plaques. Published neuropsychological studies
have focused on the differential profiles of DLB and Alzheimer’s
disease (AD). However, it is presently unclear whether DLB should
be classified as a variant of AD or PD. In the present study we
compare a healthy age-matched control group with three groups of
patients, one with DLB, and two with PD. One of the PD groups
was early in the course (PD-E) and the second, more advanced group
(PD-A), was matched on severity of cognitive impairment with the
DLB group. The results show that DLB was associated with a differ-
ent pattern of neuropsychological impairment than the PD-A group,
particularly in tests believed to be mediated by prefrontal cortical
regions.

1. Introduction

Lewy bodies, the name given to eosinophilic in-
tracytoplasmic inclusions, were first described by
Friedrich Lewy in an early neuropathological study
of Parkinson’s disease (PD) [29]. Numerous subse-
quent studies support the general conclusion of this
early clinico-pathological study, that Lewy bodies in
the brainstem are correlated with the classic movement
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symptoms of PD. However, there now exists substan-
tial evidence that the presence of Lewy bodies in other,
subcortical and cortical brain sites, is correlated with
cognitive and neuropsychiatric symptoms. The first
case descriptions of dementia associated with Lewy
bodies appeared almost 50 years after Lewy’s obser-
vation. Okazaki et al. [34] described two patients with
a progressive dementia syndrome in conjunction with
a quadriparesis, in whom the major cellular abnormal-
ity was Lewy bodies which were distributed widely
throughout the brain, including some cortical regions.

Whilst there is now consensus about the pathogenic
role of Lewy bodies in dementia, the same cannot be
said about the nosology of the condition. Commonly
used terms include Parkinson’s disease in Alzheimer’s
disease (AD) [10], Lewy body variant of AD [21], dif-
fuse Lewy body disease [26], and senile dementia of
the Lewy body type [36]. The link with AD arises be-
cause more detailed neuropathological study of cases
presenting with dementia and Lewy bodies have re-
vealed that cortical senile plaques, a marker also of
AD, are present in substantial numbers. However,
these tend not to share the characteristic features of
plaques seen in AD [27]. Also, neurofibrillary tangles
are absent in the majority of cases of dementia with
Lewy bodies [22, 28] (but see [18]), and the regional
distribution of abnormal neurites in the hippocampus
is different in the two conditions [9]. At the very
least, there may be two distinct disorders, dementia
with Lewy bodies and cortical plaques, the more com-
mon variant, and dementia with Lewy bodies but with-
out concomitant Alzheimer-type pathology, the ‘rare’
form, which may be associated with younger onset
[26]. As a result of this confusion, a recent interna-
tional consortium [31] suggested the use of a more
generic term, dementia with Lewy bodies (DLB), sim-
ply to reflect the important role of Lewy bodies in
symptom formation. In the present study, postmortem
analyses were not yet available and we therefore adopt
McKeith et al’s suggested nomenclature.
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Information about the prevalence of DLB is based
largely on postmortem studies examining consecu-
tive series of dementia patients. There is reasonable
agreement across these that approximately 20–25% of
cases have pathological features consistent with DLB
[3, 15, 37]. Clinical diagnoses given antemortem,
however, reveal a bias towards diagnosing DLB as ei-
ther AD or multi-infarct dementia [3, 15], but this is
unsurprising given that specific diagnostic criteria for
DLB (see below), have only become available in recent
years.

The main features of DLB involve a constellation
of cognitive, neurological, and psychiatric symptoms.
The early cognitive symptoms are in many ways sim-
ilar to AD, and may include memory loss, difficulties
following conversation, and more general problems
with everyday activities such as personal finances. Not
surprisingly, the most common neurological features
are the cardinal parkinsonian ones of tremor, akinesia,
rigidity, gait disturbance and abnormal posture. The
number and severity of these different types of symp-
tom varies considerably across patients, as does the
order in which they emerge [27]. None of the above
symptoms would be particularly helpful in the differ-
ential diagnosis of DLB, AD, and PD, but other fea-
tures may hold the promise of greater specificity. Two
of these, marked fluctuations in cognitive state and
the presence of hallucinations (invariably visual) have
been included in the set of diagnostic criteria described
by McKeith and colleagues [30, 31], and adopted in
the present study.

For obvious reasons, neuropsychological studies
of cognitive function in DLB have, in all but one
case, compared performance with patients with AD.
These have revealed some relatively consistent pat-
terns. First, memory performance in DLB is com-
monly better than that observed in groups of AD pa-
tients [30, 43, 44, 45] (but see [16, 17]). McKeith
et al. [30], for example, found that DLB patients per-
formed better on the recall subtest of the Blessed Men-
tal Test. Second, DLB is associated with a severe
deficit in visuoperceptual/visuoconstructive abilities
[16, 19, 21, 43, 44, 45]. This has been shown even
on untimed tasks such as the clock-face test. Thus,
both Galasko et al. [16], Salmon et al. [43] and Shimo-
mura et al. [44] found that whilst both DLB and AD
patients are equally impaired when required to draw
a clock-face to command, the AD patients improve to
a level significantly higher than DLB patients when
required to copy the clock-face from a standard. A
third finding is that DLB patients are more impaired on

tasks believed to be sensitive to frontal lobe function,
including verbal fluency [16, 21], and tasks involving
an attentional switching component [16, 41, 43].

As pointed out by Galasko et al. [16], knowledge
of the neuropathological and neurochemical substrates
of specific cognitive deficits will be widened by these
types of clinico-pathological study. Whilst the com-
parison of DLB with AD is important in this respect,
the relationship between DLB and PD has been rel-
atively neglected. One reason for this may be that
a prevailing model of the neuropathologies of these
disorders assumes they lie on a continuum. In other
words, what distinguishes PD from DLB is the relative
distribution of brainstem and neocortical Lewy bodies,
but cases of PD in which a dementia syndrome sub-
sequently develops will be more like DLB in terms of
neocortical pathology. Support for this has been pro-
vided by the large autopsy series described by Hughes
et al. [25], but there are other reports claiming that PD
dementia is associated only with pathology involving
the classic brainstem and striatal regions, without any
cortical involvement [5].

A range of different types of study – clinical, neu-
ropathological, etc. – will be necessary to determine
whether DLB is a variant in the AD spectrum, the
PD spectrum, or deserves some independent nosolog-
ical status [4]. We contribute to this endeavour in the
present study by comparing groups of patients with
DLB and PD on a range of neuropsychological tests se-
lected to evaluate general intellectual functions, mem-
ory, in addition to tests believed to be sensitive to pre-
frontal cortex pathology. There is, in fact, one recent
study which has already addressed this issue: Gnanal-
ingham et al. [19] assessed groups of patients with ei-
ther DLB, PD, or AD, together with a healthy control
group on a small battery of neuropsychological tasks
and clinical measures designed to evaluate the range
and severity of extrapyramidal signs. Performance
on tests of attention and frontal lobe function did not
discriminate between DLB and AD groups, but both
were impaired relative to PD. However, because the
DLB patients were reported to have greater severity of
dementia than the PD group, little can be said about
the disease-specificity of any observed differences. In
the present study, therefore, two PD groups were re-
cruited, one early-in-the-course, and a more advanced
group in which there was clear evidence of cognitive
impairment and which was matched in terms of global
intellectual deterioration to the DLB group.
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2. Methods

2.1. Subjects

A total of 40 subjects were recruited. In the ini-
tial phase, patients with DLB were identified. Sub-
sequently, groups of patients with early and advanced
PD (PD-E and PD-A respectively), and a group of con-
trol subjects were selected so that each was matched
to the DLB group in terms of age, education, socio-
economic status, and error score on the National Adult
Reading Test – Revised (NART-R) [33]. The NART-R
derived IQ estimates confirm that adequate matching
was achieved in terms of educational/intellectual cri-
teria. Table 1 gives the relevant descriptive statistics
for age and estimated premorbid IQs, together with
gender distributions. One-way ANOVAs confirmed
non-significant effects for age, F (3, 36) = 1.690,
p = 0.186, and premorbid verbal and performance
IQs, both F < 1.

2.2. Neurological assessment

Patients with PD and DLB were drawn from a Move-
ment Disorders Clinic and a Cognitive Function Clinic
at the Walton Centre for Neurology and Neurosurgery.
All were diagnosed by a consultant neurologist. Stan-
dard clinical criteria were used in the diagnosis of idio-
pathic PD, and McKeith et al’s [30] criteria were used
in the diagnosis of DLB. Exclusion criteria for both
included head injury, stroke or evidence of cerebral is-
caemic episodes, evidence of other major neurological
illness, or concurrent psychiatric illness. Severity of
clinical symptoms in patients with idiopathic PD was
assessed using the Hoehn and Yahr rating scale [24].
For the DLB and PD-A groups, severity of cognitive
impairment was assessed using the Mini-Mental State
exam (MMSE) [14], for which a lower cut-off of 16
was used.

2.3. Neuropsychological assessment

2.3.1. Recruitment phase
A primary objective of the present study was to

compare groups of DLB and PD patients matched in
terms of dementia severity. Given the difference in
presentation rates between the two conditions, this was
achieved in the following way. As patients with DLB
were recruited, their NART-R error scores and MMSE
scores were used to identify suitable matched PD-A
patients. Matching controls subjects and PD-E pa-

tients were identified in a similar fashion, but in this
case the matching procedure involved just the NART-R
error scores. However, for both these subject groups, a
MMSE score of less than 28 was used as an exclusion
criterion. Data collection was limited by the speed
with which DLB patients could be recruited and the
complete study was therefore staggered over several
months.

2.3.2. Experimental phase
Following recruitment to the study, subjects were

given the following neuropsychological battery of
tests: The Wechsler Adult Intelligence Scale – Re-
vised (WAIS-R) [47]; the Logical Memory (LM) and
Visual Reproduction (VR) subtests of the Wechsler
Memory Scale – Revised (WMS-R) [48]; the Warring-
ton Recognition Memory tests (WRMT) [46]; differ-
ent versions of verbal fluency, taken from Downes et
al. [13]; the Stroop test. Other tests (not reported here)
were also included.

2.4. Statistical methods

For all measures, the same statistical approach was
adopted. A major objective of the present study was
to determine if there exist differences between PD and
DLB in the profile of neuropsychological deficits ob-
served. One statistical approach would be to run a se-
ries of one-way analysis of variances (ANOVAs), fol-
lowed by post hoc testing, should the omnibus F test
prove significant. This would allow several relevant
questions to be addressed. For example, given any two
neurological groups, one could determine whether one
or both are significantly different from a matched con-
trol group, and, additionally, whether the two groups
themselves differ reliably on the measure of interest.
There is a problem with this approach, however, be-
cause post hoc tests, such as Tukey’s HSD, are more
likely to lead to Type II errors. The reason for this
is that the familywise error rate for the complete set
of pairwise comparisons in the data set is controlled
at the nominal α. It follows that using such an ap-
proach, there is a danger of incorrectly accepting the
specific null hypothesis relating to PD-A and DLB,
that no difference exists between these groups. For
this reason, the PD-A/DLB difference was identified
as the key experimental question and this was tested
as a planned comparison. This was achieved by parti-
tioning the overall ANOVA into three single degree of
freedom contrasts, allowing three linked experimental
questions, framed as pairwise comparisons, to be ad-
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Table 1
Descriptive statistics for age and estimated premorbid IQs

NART-R

Group Gender (M/F) Age (years) VIQa PIQb

CONc 6/4 64.70 (2.00) 110.30 (8.30) 110.80 (6.03)
PD-Ed 3/7 60.60 (9.17) 112.00 (8.93) 112.50 (7.86)
PD-Ae 7/3 64.90 (6.59) 111.30 (9.64) 111.70 (7.50)
DLB 5/5 66.40 (3.84) 112.00 (7.18) 112.80 (7.30)

aVerbal IQ.
bPerformance IQ.
cControls.
dEarly Parkinson’s disease.
eAdvanced Parkinson’s disease.

dressed. In addition to the critical comparison between
PD-A and DLB, the two other comparisons involved
the PD-E and control groups, and the PD-E and PD-
A groups. Thus, in reverse order, these comparisons
allowed us to address whether there was an effect of
early PD, whether there was an effect of PD severity,
and whether there were distinctive patterns associated
with PD-A and DLB. Throughout, we refer to these
planned comparisons as C1, C2, and C3 respectively,
and in each case the t statistic is used. Two further
points are worthy of note. First, although the planned
comparisons are derived from the overall ANOVAs,
the results of these can be referred to without the neces-
sary prerequisite that the omnibus F test be significant.
Nevertheless, for completeness, the relevant F statis-
tics are reported in the text. Second, because these
comparisons are derived in the manner described, the
degrees of freedom for each test is 1 and 36. However,
where there is evidence of non-homogenous variances
across groups on any of the measures, t tests are com-
puted using separate variance estimates, in which case
the degrees of freedom are adjusted accordingly. In
the results which follow, the following convention is
adopted. To avoid unnecessary duplication, all means,
standard deviations, and the relevant planned compar-
isons are given in tables, but not referred to in the text,
unless to illustrate specific points.

3. Results

3.1. Intellectual function – global measures

Analysis of intelligence quotients gives information
about global intellectual functions, but is also com-
monly used as an aid for deciding the presence and ex-

tent of intellectual deterioration associated with neu-
rodegenerative disease. For clinical purposes, it is
important to be able to provide, on an individual ba-
sis, some definitive answer concerning the presence or
absence of significant intellectual impairment. This
can be achieved by comparing the current verbal and
performance IQs, and/or by comparing each of these
with the relevant premorbid estimate. In the present
case, however, we were more interested in using in-
ferential statistics to draw conclusions about popula-
tion (group) differences. Therefore, the various index
scores (premorbid and current), in addition to the clin-
ically derived discrepancy scores are separately com-
pared across groups. The two standard methods, de-
scribed above, for deriving neuropsychological dis-
crepancy scores, were used. Thus, comparisons were
made between estimates of current verbal and perfor-
mance IQ (cVIQ-cPIQ), and between estimates of pre-
morbid and current IQ, for both verbal (pVIQ-cVIQ)
and performance (pPIQ-cPIQ) indexes.

Table 2 shows the means and standard deviations
for these various measures, together with the results
of the planned comparisons. Differences emerged
when measures of current IQ were analysed: cVIQ,
F (3, 36) = 3.24, p = 0.03; cPIQ, F (3, 36) = 23.55,
p < 0.01. For both of these measures, planned
comparisons revealed that there was no evidence that
early Parkinson’s disease was associated with specific
deficits relative to controls, but there was an effect
of PD severity which was evident only as a trend for
cVIQ, but was reliable in the case of cPIQ. The DLB
group, however, was not reliably different from the PD-
A group on either of these measures. For the NART-R
derived estimates of premorbid IQ, results showed that
all groups were matched on both measures: pVIQ and
pPIQ, both F < 1.

The results for the premorbid-current discrepancy
scores essentially mirrored these findings: VIQdisc,
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Table 2
Means, standard deviations, and planned comparisons for premorbid and current IQ estimates, and derived discrepancy scores

Planned comparisons
[t value, probability value, (df error)]

Measure Group C1 C2 C3

CON PD-E PD-A DLB CON/PD-E PD-E/PD-A PD-A/DLB

cVIQ 105.70 (6.95) 108.90 (7.29) 97.20 (17.48) 94.10 (13.87) 1.01, > 0.10 1.95, 0.07 0.43, > 0.10
(18) (12) (17)

cPIQ 108.80 (9.33) 105.00 (9.25) 85.20 (8.39) 83.50 (7.06) 0.99, > 0.10 5.17, < 0.01 0.44, > 0.10
(36) (36) (36)

pVIQ 110.30 (8.30) 112.00 (8.93) 111.30 (9.64) 112.00 (7.18) 0.44, > 0.10 0.18, > 0.10 0.18, > 0.10
(36) (36) (36)

pPIQ 110.80 (6.03) 112.50 (7.86) 111.70 (7.50) 112.80 (7.30) 0.53, > 0.10 0.25, > 0.10 0.34, > 0.10
(36) (36) (36)

Discrepancy
scores

pVIQ-cVIQ 4.60 (3.24) 3.10 (8.20) 14.10 (9.50) 17.90 (9.72) 0.41, > 0.10 3.04, < 0.01 1.05, > 0.10
(36) (36) (36)

pPIQ-cPIQ 2.00 (5.23) 7.50 (7.71) 26.50 (7.60) 29.30 (9.10) 1.63, > 0.10 5.63, < 0.01 0.83, > 0.10
(36) (36) (36)

cVIQ-cPIQ −3.10 (5.28) 3.90 (4.82) 12.00 (11.94) 10.60 (12.10) 3.10, < 0.01 1.99, 0.07 0.26, > 0.10
(18) (12) (18)

F (3, 36) = 7.92, p < 0.01; PIQdisc, F (3, 36) =
32.53, p < 0.01. Thus, for both verbal and perfor-
mance IQ, the PD-E group was matched to controls,
there was a large effect of PD severity, but the differ-
ence between PD-A and DLB was unreliable. When
the discrepancy between current verbal and perfor-
mance IQ was examined, however, there was evidence
that the PD-E score was significantly greater than the
controls’. This may relate to the fact that performance
IQ was higher than verbal IQ in the control group,
thereby produced a negative value for the discrepancy
score. To evaluate this further, the discrepancy scores
were subjected to one sample t-tests to evaluate the
stricter hypothesis, that the difference between verbal
and performance IQs was significantly greater than
zero. This was found to be true for the three patient
groups, PD-E t(9) = 2.56, PD-A t(9) = 3.18, DLB
t(9) = 2.77 (all p < 0.05), but not for the controls,
t(9) = 1.86, p = 0.10.

3.2. Intellectual function – subtest scores

Of the nine WAIS-R subtests which were com-
pleted, there was evidence from the overall ANOVAs
that differences were present for four of these: Arith-
metic, F (3, 36) = 9.62, p < 0.01; Picture Comple-
tion, F (3, 36) = 9.74, p < 0.01; Picture Arrange-
ment, F (3, 36) = 5.24, p < 0.01; and Block Design,

F (3, 36) = 5.51, p < 0.01. For the remaining five
tests, all F tests were unreliable, nor was there evidence
from the planned comparisons of any non-significant
trends: Information, F (3, 36) = 1.70, p > 0.10;
Digit Span, F (3, 36) = 1.64, p > 0.10; Vocabu-
lary, F (3, 36) < 1; Comprehension, F (3, 36) = 1.58,
p > 0.10; Similarities, F (3, 36) < 1. Again, the
pattern observed is consistent with that observed for
the index scores – five out of six of the Verbal sub-
tests showed no differences, and all three of the Perfor-
mance subtests revealed reliable differences. Relevant
descriptive statistics, together with the results of the
planned comparisons, are shown in Table 3.

For three of the four subtests on which group differ-
ences emerged, a similar pattern of effects across the
planned comparisons was evident. Thus, for Picture
Completion, Picture Arrangement, and Block Design,
there was a general effect of pathology, with the PD-E
group scoring lower than the controls, and, in two out
of three cases (Picture Completion and Block Design)
a significant effect of PD severity. However, there was
no evidence that the DLB group was any worse than
the PD-A group. In contrast, for the Arithmetic sub-
test, there was an effect of PD (relative to controls), no
effect of PD severity, but the DLB group was found to
perform at a level significantly worse than the PD-A
group.
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Table 3
Means, standard deviations and planned comparisons for WAIS-R subtests

Planned comparisons
[t value, probability value, (df error)]

subtest
WAIS-R Group C1 C2 C3

CON PD-E PD-A DLB CON/PD-E PD-E/PD-A PD-A/DLB

Information 10.80 (1.87) 9.80 (1.14) 10.80 (1.75) 9.30 (2.31) 1.23, > 0.10 1.23, > 0.10 1.85, 0.07
(36) (36) (36)

Digit span 11.10 (1.45) 11.30 (3.23) 9.30 (3.68) 8.70 (3.86) 0.14, > 0.10 1.40, > 0.10 0.42, > 0.10
(36) (36) (36)

Vocabulary 10.50 (1.96) 11.80 (3.05) 10.00 (3.97) 10.10 (2.60) 0.97, > 0.10 1.35, > 0.10 0.08, > 0.10
(36) (36) (36)

Arithmetic 11.00 (2.05) 8.10 (1.10) 8.70 (2.95) 6.40 (0.97) 3.93, < 0.01 0.60, > 0.10 2.35, 0.04
(14) (12) (11)

Comprehension 10.40 (2.27) 10.10 (2.51) 9.00 (3.97) 7.80 (2.97) 0.23, > 0.10 0.81, > 0.10 0.88, > 0.38
(36) (36) (36)

Similarities 11.30 (1.83) 11.70 (2.41) 10.10 (3.28) 10.90 (2.85) 0.34, > 0.10 1.35, > 0.10 0.68, > 0.10
(36) (36) (36)

Pic completion 12.40 (2.50) 10.20 (2.86) 7.70 (2.45) 6.90 (2.28) 1.94, 0.06 2.21, 0.03 0.71, > 0.10
(36) (36) (36)

Pic arrangement 13.30 (1.83) 10.30 (2.75) 9.10 (2.38) 9.60 (3.24) 2.58, 0.01 1.03, > 0.10 0.43, > 0.10
(36) (36) (36)

Block design 12.20 (2.04) 10.20 (3.19) 7.90 (2.18) 9.30 (2.11) 1.84, 0.07 2.12, 0.04 1.29, > 0.10
(36) (36) (36)

3.3. Memory functions

For the LM and VR subtests of the WMS-R, two
measures were used. The first was the score on the
immediate memory test, and the second was an in-
dex of forgetting calculated using the following for-
mula: (immediate memory score − delayed memory
score)/(immediate memory score). For the WRMT,
raw score for the words and faces subtests were
used. A preliminary examination of the F statistics
revealed significant effects for all but one of the mem-
ory test measures: Logical Memory I, F (3, 36) =
8.39, p < 0.01; verbal forgetting, F (3, 36) = 5.77,
p < 0.01; Visual Reproduction I, F (3, 36) = 32.43,
p < 0.01; Visual forgetting, F (3, 36) < 1; Warring-
ton words, F (3, 36) = 7.81, p < 0.01; Warrington
faces, F (3, 36) = 21.79, p < 0.01. The detailed pat-
terns across the planned comparisons differed how-
ever. These, together with the means and standard
deviations are shown in Table 4.

For the verbal tests, the PD-E group was impaired
relative to the controls on immediate recall and the ver-
bal recall forgetting index, but not on verbal recogni-
tion. PD severity was related to a further performance
decrement on immediate recall and verbal recogni-
tion, but not on the forgetting index. There was no

evidence that DLB was associated with larger verbal
memory deficits than PD-A. A slightly different pic-
ture emerged for the visual memory measures. On Vi-
sual Reproduction I, there was no difference between
the PD-E group and controls, but there was a signifi-
cant effect of PD severity, and the difference between
the PD-A group and the DLB group was marginally
significant. As with the verbal memory measures, rate
of forgetting of visual material was faster in the PD-E
group than the controls, an effect which did not worsen
with PD severity, nor with DLB. Finally, unlike verbal
recognition, face recognition was compromised early
in the course in PD and increased with severity, but
again, there was no evidence that the DLB group was
more affected than the PD-A group. Overall, whilst
there are clear patterns of deficit relating to PD, some
of which show an increase with disease severity, none
of the differences between the PD-A and DLB groups
were reliable.

3.4. Frontal functions

Analysis of those tests believed to be mediated by
regions of prefrontal cortex, unlike most of the intel-
lectual and memory test measures described above,
revealed strikingly consistent patterns for the com-
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Table 4
Means, standard deviations, and planned comparisons for the memory test measures

Planned comparisons
[t value, probability value, (df error)]

measure
Memory test Group C1 C2 C3

CON PD-E PD-A DLB CON/PD-E PD-E/PD-A PD-A/DLB

Logical mem I 23.30 (1.16) 20.80 (3.12) 13.60 (6.65) 15.90 (6.21) 2.38, 0.04 3.10, 0.01 0.80, > 0.10
(11) (13) (18)

Logical mem 0.23 (0.10) 0.48 (0.24) 0.54 (0.31) 0.69 (0.30) 2.19, 0.04 0.56, > 0.10 1.32, > 0.10
forgetting (36) (36) (36)

Visual 29.80 (3.88) 28.20 (7.81) 14.20 (6.53) 9.20 (3.16) 0.63, > 0.10 5.52, < 0.01 1.97, 0.06
reproduction I (36) (36) (36)

Vis. rep. 0.32 (0.11) 0.52 (0.27) 0.60 (0.27) 0.40 (0.78) 2.17, 0.05 0.66, > 0.10 0.74, > 0.10
forgetting (12) (18) (11)

Warrington 46.20 (1.14) 44.30 (4.72) 36.90 (9.21) 36.60 (4.27) 1.24, > 0.10 2.62, 0.04 0.09, > 0.10
words (10) (13) (13)

Warrington 45.30 (0.67) 39.80 (4.57) 33.60 (4.90) 33.60 (3.60) 3.77, < 0.01 2.93, < 0.01 < 0.01, > 0.10
faces (9) (18) (17)

Table 5
Means, standard deviations, and planned comparisons for frontal test measures

Planned comparisons
[t value, probability value, (df error)]

measure
Fluency test Group C1 C2 C3

CON PD-E PD-A DLB CON/PD-E PD-E/PD-A PD-A/DLB

Phonemic 14.03 (0.79) 12.57 (2.71) 10.43 (2.18) 6.40 (4.46) 1.64, > 0.10 1.94, 0.07 2.57, 0.02
fluency (11) (17) (13)

Category 16.25 (1.77) 15.20 (3.45) 10.75 (5.03) 5.40 (2.73) 0.86, > 0.10 2.31, 0.04 2.96, 0.01
fluency (13) (16) (14)

Alternating 14.60 (1.90) 13.30 (5.95) 11.30 (4.88) 6.00 (3.23) 0.66, > 0.10 0.82, > 0.10 2.86, 0.01
phonemic (11) (17) (16)

Alternating 14.30 (0.95) 13.40 (4.43) 9.60 (4.60) 5.70 (4.03) 0.63, > 0.10 1.88, 0.08 2.02, 0.06
category (10) (18) (18)

Alternating 15.30 (2.63) 11.40 (5.68) 7.30 (4.14) 5.40 (3.47) 2.11, 0.04 2.22, 0.03 1.03, > 0.10
phon / cat (36) (36) (36)

Stroop 75.50 (9.45) 79.30 (24.18) 55.10 (27.21) 24.20 (18.55) 0.41, > 0.10 2.58, 0.01 3.30, < 0.01
score (36) (36) (12)

Stroop 3.10 (1.66) 3.30 (4.55) 4.70 (3.68) 11.00 (8.65) 0.13, > 0.10 0.76, > 0.10 2.12, 0.05
errors (11) (17) (12)

Stroop 3.97 (2.03) 4.17 (5.15) 8.77 (8.57) 36.95 (22.51) 0.11, > 0.10 1.45, > 0.10 3.70, < 0.01
% errors (12) (15) (12)

parison between PD-A and DLB. As might be ex-
pected, omnibus F tests were significant for all of
the fluency measures: single and alternating phone-
mic, F (3, 36) = 13.51, p < 0.01, F (3, 36) = 7.83,
p < 0.01 respectively; single and alternating cate-
gory, F (3, 36) = 20.49, p < 0.01, F (3, 36) = 10.70,
p < 0.01 respectively; and the alternating phone-
mic/category task, F (3, 36) = 11.40, p < 0.01. The

three Stroop measures showed a similar pattern: over-
all score, F (3, 36) = 14.48, p < 0.01; total er-
rors, F (3, 36) = 4.94, p < 0.01; percent errors,
F (3, 36) = 16.38, p < 0.01.

The specific pairwise comparisons revealed that
on only one fluency measure, the alternating phone-
mic/category task, did the PD-E group perform signif-
icantly worse than the controls. On all other fluency
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tasks, both single and alternating, the differences were
unreliable. PD severity, however, did have an effect:
The PD-A group was significantly worse than the PD-E
group on four of the five measures, the only exception
being alternating phonemic. Similarly, the DLB group
was significantly worse than the PD-A group on four
of five measures, although in this case, the unreliable
difference was on the alternating phonemic/category
task.

Stroop performance was also severely compromised
in DLB, with each of the three comparisons with PD-
A achieving significance. As with the fluency mea-
sures, there was little evidence of a PD-related deficit,
although in this case, there were not even numerical
trends in the PD-E and control means. PD severity had
no effect on the number of errors committed, but there
was an effect on overall score. The fact that the per-
cent error score was also not reliably different between
PD-E and PD-A groups, suggests that patients in the
latter group may have been experiencing difficulties
but maintained a fairly constant error rate. In contrast,
the DLB group were impaired on all three measures.
When the percent error scores are considered, the ex-
tent of this impairment becomes most apparent: Al-
most 40% of responses given by the DLB group were
erroneous, whereas between approximately 5–10% er-
rors were given by the other three groups.

4. Discussion

In this study, performance on a range of intellectual,
mnemonic, and frontal test measures was examined in
three groups of patients, two with idiopathic PD and
one with DLB, together with a matched healthy con-
trol group. The two groups of patients with PD were
selected to vary in severity and also in terms of cog-
nitive impairment. As such, both these factors were
confounded, and the PD-A scores cannot be taken as
representative of the population of advanced PD cases.
However, the main objective of the present study was
to determine whether there exist differences between
PD and DLB when dementia, as indexed by various
measures of intellectual performance, was matched
across the groups. As noted above, there was clear
evidence that this matching procedure was successful:
The PD-A group was significantly impaired relative to
the PD-E group on both indexes of current IQ, and on
each of the three discrepancy scores, but there was no
evidence that the DLB group was more impaired on
any of these measures. Taken together with the finding

that all four groups were matched in terms of estimated
premorbid IQ, any observed group differences on the
other neuropsychological measures can be safely at-
tributed to disease-specific processes, rather than sim-
ply being an artefact of dementia severity. In the dis-
cussion which follows, attention is focused mainly on
the observed patterns for the PD-A/DLB comparisons.

Analysis of the individual WAIS-R subtests revealed
PD- and DLB-related patterns. Although the differ-
ence between the PD-E group and controls was non-
significant for the global measure of performance IQ,
small but reliable differences did emerge on the three
contributing subtests, picture completion, block de-
sign, and picture arrangement. For the first two of
these, there was a further significant decrement in per-
formance associated with PD severity but the PD-A
and DLB groups did not differ on any of these mea-
sures. This may seem a surprising outcome, given that
DLB patients have consistently performed at a low
level on a range of visuoperceptual, visuospatial and
visuoconstructive tests when compared with AD pa-
tients matched on dementia severity, e.g., [44]. How-
ever, it is also known that AD patients are not reliably
different from controls, but non-demented PD patients
are impaired, on a version of simultaneous matching-
to-sample which has a high visuoperceptual load [40].
Thus, visuoperceptual deficits of this type may not be
dementia-related, but linked with brain stem pathology
and related striatal dopaminergic disruption associated
with both PD and DLB.

The DLB group did perform at a significantly lower
level than the PD-A group, however, on two of the
verbal subtests. The observed significant effect on the
Information subtest is somewhat puzzling, but the dif-
ference on the Arithmetic subtest may be related to
the fact that the more difficult problems rely heavily
on working memory. There is convergent evidence
from both animal [20] and human lesion studies [38],
together with more recent evidence from functional
imaging, e.g., [7] that many working memory func-
tions are frontally mediated. Thus, the finding that
DLB is associated with a greater impairment than PD
on this task, when matched on dementia severity, sug-
gests more extensive frontal pathology in the former.
It is noteworthy that the PD-E group was also impaired
on this subtest, and a similar finding has been reported
by Sagar and colleagues using a digit ordering task
[6]. One possibility which is explored in greater detail
below, is that performance on certain tasks mediated
by prefrontal cortical regions can be disrupted in two
ways, the first involving a striato-frontal disconnection
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which is common to both PD and DLB, and the second
involving cortically based pathological changes which
are more prevalent in DLB.

The results from the memory test measures were un-
remarkable in the sense that there was limited evidence
that the DLB group was more impaired than the PD-A
group. The only task on which a significant difference
emerged was visual reproduction, but without the ap-
propriate control condition it is unclear whether this
pattern reflects a true visual memory impairment or is
an artefact of group differences in visuoconstructive
ability. As noted above, though, there is little addi-
tional evidence in the present data-set to support such
differences.

The pattern of results from the set of frontal tests are
not inconsistent with the hypothesis outlined above,
that impaired performance on such tasks might re-
sult from either a subcortical disconnection or cortical
pathology. The DLB group was more severely im-
paired than the PD-A group on 7 out of 8 of these
measures. Across the different fluency tasks, the per-
formance of both groups of PD patients was consistent
with the results of our earlier study [13]. Thus, the PD-
E patients were matched to the healthy control subjects
on all the different versions of fluency task, apart from
the alternating phonemic/category task, and a similar
pattern can be inferred for the PD-A group because
they were impaired relative to the PD-E group on all
of these. The DLB group, in contrast, was impaired on
all tasks apart from the alternating phonemic/category
task. It is worth pointing out the extent of the DLB-
related impairment. The same low output, averaging
approximately 5.8 words/minute, was observed on all
five tasks, and in some cases, this was little more than
half the observed mean output for the PD-A group. A
similar marked deficit in performance was observed
for the Stroop.

The proposal that ‘frontal’ task performance is me-
diated by interacting cortical and subcortical mecha-
nisms is beginning to receive increasing support, par-
ticularly from studies comparing patients with basal
ganglia disease, like PD, and patients with selective
frontal lesions. Owen et al. [35], for example, have
demonstrated that set-shifting deficits reported in both
PD patients, e.g., [12] and frontal patients, e.g., [32]
may involve fundamentally different, though related,
cognitive processes. More recently, Robbins’ group
have provided evidence that a simple task-switching
paradigm involves dissociative executive mechanisms
mediated by dopaminergic transmission along the ni-
grostriatal pathway and regions of left prefrontal cor-

tex [39]. In relation to PD and DLB, we propose
that the pattern of deficits observed across the differ-
ent tasks might also reflect the differential pathologi-
cal involvement of subcortical and frontal cortical re-
gions. Additional support for this comes from a re-
cent MRI study in which regional brain atrophy was
examined in groups of PD and DLB patients, both of
which were described as demented. Although frontal
atrophy was a feature of both these conditions, this
differed in degree, with the PD group showing only
mild atrophy and the DLB showing significant atro-
phy [11]. Finally, one of the cortical regions found to
have a dense population of Lewy bodies is the cingu-
late cortex, which has been associated with a number
of attentional/executive functions [8]. Harrington et
al. [23], in a recent postmortem study, demonstrated
that DLB is characterised by relatively high densities
of cortical Lewy bodies in this region, compared with
the lower numbers found in both non-demented and
cognitively impaired PD.
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