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Motor and cognitive function in Lewy body
dementia: companson with Alzheimer's and
Parkinson's diseases

Kanna K Gnanalingham, E Jane Byrne, Andrew Thornton, Mike A Sambrook,
Paul Bannister

Abstract
Objective-Motor and cognitive function
were compared in patients with Lewy
body dementia, Parkinson's disease, or
Alzheimer's disease, to identify features
that may be clinically useful in differenti-
ating Lewy body dementia from
Alzheimer's disease and Parkinson's
disease.
Methods-A range of neuropsychological
function and extrapyrimidal signs (EPS)
was assessed in 16 patients with Lewy
body dementia, 15 with Parkinson's dis-
ease, 25 with Alzheimer's disease, and 22
control subjects.
Results-The severity of total motor dis-
ability scores increased in the following
order: controls Z Alzheimer's disease
<< Parkinson's disease < Lewy body
dementia. Compared with patients with
Parkinson's disease, patients with Lewy
body dementia had greater scores for
rigidity and deficits in the finger tapping
test, but rest tremor and left/right asym-
metry in EPS were more evident in
Parkinson's disease. Patients with Lewy
body dementia were also less likely to pre-
sent with leftlright asymmetry in EPS at
the onset of their parkinsonism.
"Sensitivity" to neuroleptic drugs was
noted in 33% of patients with Lewy body
dementia. Alzheimer's disease and Lewy
body dementia groups had greater sever-
ity of dementia compared with the
Parkinson's disease group and controls.
Neuropsychological evaluation disclosed
severe but similar degrees of impaired
performances in tests of attention (digit
span), frontal lobe function (verbal flu-
ency, category, and Nelson card sort test)
and motor sequencing in both Lewy body
dementia and Alzheimer's disease
groups, than Parkinson's disease and
controls. In the clock face test, improved
performance was noted in the "copy"
compared to "draw" part of the test in
controls, patients with Alzheimer's dis-
ease, and those with Parkinson's disease,
but not in the patients with Lewy body
dementia, who achieved equally poor
scores in both parts ofthe test.
Conclusions-EPS in Lewy body demen-
tia resemble those seen in idiopathic
Parkinson's disease, although less rest
tremor and left/right asymmetry but
more severe rigidity favours a diagnosis
of Lewy body dementia. The unique pro-
file of patients with Lewy body dementia

seen in the clock face test suggests that
this simple and easy to adminster test
may be useful in the clinical setting to dif-
ferentiate Lewy body dementia and
Alzheimer's disease.

(7 Neurol Neurosurg Psychiatry 1997;62:243-252)
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Lewy body dementia is increasingly being
recognised as a common cause of dementia in
elderly people, probably the second most com-
mon type after Alzheimer's disease, in post-
mortem studies.'2 Histologically, numerous
Lewy bodies in the brain stem (substantia
nigra and locus coeruleus), subcortical
(nucleus basalis of Meynert), and cortical
regions have been noted in Lewy body demen-
tia.3-5 Correspondingly, there are neuronal
losses and gliosis in the substantia nigra, locus
coeruleus, and nucleus basalis of Meynert,
with associated loss of dopamine in the basal
ganglia and choline acetyl transferase in the
cerebral cortex.3-'0 In Lewy body dementia,
increased numbers of cortical senile plaques
have been described, but the density of neu-
rofibrillary tangles is insufficient to meet the
diagnostic criteria for Alzheimer's disease.

Clinically, Lewy body dementia is charac-
terised by progressive dementia with often a
fluctuating course, extrapyramidal signs
(EPS), hallucinations, and increased sensitiv-
ity to neuroleptic drugs.'45 1112 Patients with
Lewy body dementia may initially present with
cognitive impairment or EPS. Recently, opera-
tional criteria have been proposed for the clini-
cal diagnosis of Lewy body dementia.'3 14 The
diagnostic criteria were validated against
pathologically confirmed cases of Alzheimer's
disease, multi-infarct dementia, and Lewy
body dementia and were reported to have high
diagnostic specificity (90%-97%), sensitivity
(80%-85%), and interrater reliability (agree-
ment in 78%-94% of cases).'5 16

Although EPS is one of the features recog-
nised in the diagnostic criteria for Lewy body
dementia, there is discrepancy over its preva-
lence. Some authors have reported EPS in
almost all cases of Lewy body dementia, with
over 70% qualifying for a second diagnosis of
Parkinson's disease at some stage of the ill-
ness.5 11 17 By contrast, others have noted only
mild EPS in Lewy body dementia.469
Furthermore, most of the motor features of
Parkinson's disease have been described in
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Lewy body dementia, although again there is
considerable variation between studies.' The
reasons for this are not clear. It may in part
reflect sampling bias, with some studies
including only patients with a clinical diagno-
sis of Alzheimer's disease,69 whereas others
have recruited patients from several special-
ties."I

Comparison of the EPS of idiopathic
Parkinson's disease and Lewy body dementia
may identify features that would be helpful in
the antemortem diagnosis of Lewy body
dementia. The only study so far to examine
this issue reported that bradykinesia was
slightly more common in Lewy body dementia
(86% of cases) than Parkinson's disease
(56%), '8tremor and rigidity being equally
likely in both diseases. Asymmetry in these
motor signs was not assessed. Moreover, stud-
ies to date have assessed EPS in Lewy body
dementia by retrospective review of case notes,
which vary considerably in the clinical detail
provided. Also the assessment was carried out
by clinicians who were not blind to the diagno-
sis of the patients. Thus the findings of these
studies are open to observer bias. Quantitative
methods to assess EPS (for example, measure-
ment of speed of walking), which would also
overcome observer bias, were not carried out.

Furthermore, when the initial presentation
of Lewy body dementia is one of impaired
cognition, it can mimic Alzheimer's disease
and be difficult to differentiate at the onset of
the illness.69 Neuropsychological tests may
prove a useful clinical aid in such cases. But
the neuropsychological profile of Lewy body
dementia is far from clear and to date only a
few studies have investigated this issue.
Hansen et al9 compared the neuropsychologi-
cal performance of a group of patients with
Lewy body dementia and patients with
Alzheimer's disease, matched for age and
overall severity of dementia. The Lewy body
dernentia group performed less well than the
patients with Alzheimer's disease in tests of
attention (digit span), visuospatial processing
(block design and copy a cross tests, which are
thought to reflect in part parietal lobe func-
tion), and semantic memory (verbal fluency
and category tests, which are thought to reflect
frontal lobe function). Both groups did equally
well in tests of memory (visual and auditory).
However, the patients with Lewy body demen-
tia assessed in this study were from a pool of
patients clinically diagnosed to have
Alzheimer's disease and therefore may not be
representative of Lewy body dementia in gen-
eral.9

Others have employed computer controlled
neuropsychological testing batteries to show
greater impairment in components of visual
memory and attentional ability in clinically
diagnosed cases of Lewy body dementia com-
pared with patients with Alzheimer's dis-
ease.'9 21 Interestingly, in one of the tests for
attention (visual search matching to sample),
impairment was seen only in Lewy body
dementia and not Alzheimer's disease.'9 This
suggests that there may be qualitative as well
as quantitative differences in the neuropsycho-

logical profiles of patients with Lewy body
dementia and patients with Alzheimer's dis-
ease. This is an important finding, but its use-
fulness in the day to day clinical setting is
likely to be limited by the complex nature of
this test.

Therefore, in the present study we proposed
to (a) extensively characterise EPS in Lewy
body dementia, Parkinson's disease, and
Alzheimer's disease, by observer rating EPS
and quantitatively assessing walking and speed
of finger movement; (b) compare the perfor-
mance of these groups on a range of neuropsy-
chological tasks, to identify qualitative as well
as quantitative differences in the cognitive
impairment of Alzheimer's disease and Lewy
body dementia. The neuropsychological tests
were chosen on the basis that they were sensi-
tive to frontal and temporoparietal lobe dys-
function (as is thought to occur in Lewy body
dementia) and because these tests are simple
and can be made use of in the clinical setting.

Methods
PATIENTS
A consecutive series of patients attending the
Departments of Old Age Psychiatry,
Geriatrics, and Neurology were recruited for
this study. The inclusion criteria were (a)
between 60 to 90 years of age; (b) a clinical
diagnosis of idiopathic Parkinson's disease
based on the Parkinson's disease United
Kingdom Parkinson's disease Society Brain
Bank (SBB) criteria22; (c) a clinical diagnosis
of probable or possible Alzheimer's disease
according to the National Institute of
Neurological and Communicative Disorders
and Stroke and the Alzheimer's disease and
Related Disorders Association (NINCDS-
ADRDA) criteria23; (d) a clinical diagnosis of
Lewy body dementia according to both the
Newcastle'4 and Nottingham criteria'3; (e) a
Hachinski24 ischaemic score < 5. A group of
healthy subjects between the ages of 60 to 90
and with no history of psychiatric or neurolog-
ical disorders was also recruited from the carers
of the study population.

Informed consent was obtained from the
patients or their carers. Both the patients and
controls were assessed during an interview
lasting up to 90 minutes. None of the patients
were tested during a period of episodic confu-
sion. Patients on antiparkinsonian treatments
were assessed before taking their morning
medications, so that their motor disability
could be determined after an overnight drug
free period. Hospital and general practitioner's
case notes were later reviewed to obtain fur-
ther information on past medical and surgical
history, a record of medications taken, results
of investigations, and the mode of presentation
of current illness.

NEUROLOGICAL ASSESSMENT
The EPS were assessed with the unified
Parkinson's disease rating scale (UPDRS).29
This scale has several sections, comprising (a)
mentation, behaviour, and mood (items 1-4;
total score = 16); (b) activities of daily living
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(items 5-17; total score = 52); (c) motor
examination (items 18-31; total score = 56);
(d) complications of therapy (items 32-42;
total score = 23). For each section, a number
of items were scored. Individual item scores
ranged from 0 to 4 and higher scores repre-
sented greater impairment. Both the frequency
and severity of EPS were noted.

Bradykinesia was also quantitatively
assessed by counting the number of times the
patient could alternatively tap two keys situ-
ated 20 cm apart in 30 seconds.26 Walking was
quantitatively assessed by asking the patient to
rise from an armless chair, walk 6 m, return,
and sit down. The time taken to accomplish
this task and the number of footsteps taken
were noted and these two values were multi-
plied to give an index of walking ability in
step-seconds.27

PSYCHIATRIC ASSESSMENT
Mini mental state examination (MMSE)
This is an 11 item examination, proved to be a
quick and reliable test of cognitive function.28
Of a possible total score of 30, a score < 23
was considered to indicate cognitive impair-
ment in an elderly population.

Clinical dementia rating (CDR)
The CDR scale is a global rating scale for
dementia.29 The final score is heavily influ-
enced by the score for the memory category.
In this scale dementia is graded as 0 none, 0 5
questionable, 1 mild, 2 moderate, and 3 severe
dementia.

Cornell scale for depression in dementia (CSDD)
This is a 19 item interviewer administered
scale that uses information from interviews
with both the patient and their carers.30 The
CSDD scale is especially suited for assessing
depression in patients with dementia (maxi-
mum score 38).

NEUROPSYCHOLOGICAL ASSESSMENT
Digit span
This test assesses auditory attention and short
term memory.3' For assessment of the digit
span forward, the patient was asked to repeat a
string of random numbers in the exact order
given. For assessment of digit span reverse, the
patient was asked to repeat a string of random
numbers in reverse order. The string of
numbers was read out by the examiner at a
rate of 1/s.

Verbal and category fluency
These tests assess access to semantic informa-
tion under time constraint and are sensitive to
frontal lobe damage.3233 In the verbal fluency
task, the patients were requested to generate
as many words as possible that began with the
letters S, A, and F, excluding names, places,
and different forms of the same word. For
each letter, one minute was given to generate
the words and the total number of words gen-
erated with all three letters was noted. In the
category fluency task, the patients were asked
to generate as many animals as possible in one
minute.

Clock face test
This test examines executive and visuospatial
functioning and includes two parts.34 First, in
the "draw" part the patient was instructed to
"draw the face of a clock, showing the num-
bers and the hands set to 10 after 11". Then,
in the "copy" part, the patient was instructed
to copy the correctly drawn clock face. No
time limit was placed on this task.
Performance on both "draw" and "copy" parts
of this test were rated on a 1 to 10 scale by an
examiner blind to the clinical diagnosis of the
patient. Preliminary results of this test have
been reported elsewhere.35

Motor sequencing tasks
The "fist-edge-palm" and the Ozeretski tests
for the presence of motor dyspraxia were used,
as described previously.36 In both tests, the
patient's performance was scored as 0 = nor-
mal response; 1 = patient was able to learn
and repeat the test sequence at least once but
not six times consecutively; 2 = patient
unable to satisfactorily carry out the sequence
even once. The cumulative score (0-4) was
used as an index of performance in the motor
sequencing tasks.

Nelson card sort test
This test assesses the patient's ability to
develop new concepts and shift sets and it has
been shown to be sensitive to frontal lobe
damage.37 The patient's performance on this
test was assessed in terms of (a) number of
categories achieved; (b) total errors; (c) perse-
verative errors; (d) percentage of perseverative
errors (perseverative errors as a % of total
errors).

STATISTICAL ANALYSIS
In all tests, the null hypothesis was rejected at a
significance level of P < 0 05. Parametric data
were analysed, with or without transformation
(logarithms), by one way or repeated measures
analysis of variance (ANOVA) and post hoc
Duncan's multiple range test. Scores on the
CSDD and UPDRS motor section were
entered as covariates. Non-parametric data
were analysed by Kruskal Wallis and post hoc
Mann-Whitney U tests. Nominal data (for
example, sex) were analysed by X2 test with
Yates' correction.

Results
DEMOGRAPHIC FINDINGS (TABLE 1)
In total 56 patients and 22 controls were
recruited for the study. Of the 25 patients with
Alzheimer's disease, there were 22 probable
and three possible cases according to the
NINCDS-ADRDA criteria.23 All 16 patients
with Lewy body dementia conformed to the
Newcastle criteria and Nottingham criteria for
probable disease.'3 14 Nine of the patients with
Lewy body dementia (56%) initially presented
with EPS, five (31%) presented with concur-
rent EPS and cognitive changes, and two
(13%) presented first with cognitive impair-
ment. There were no differences in age, sex,
number of years of education, and social class
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Table 1 Demographic and psychiatric findings

Controls AD PD LBD F orH ratios

No of patients 22 25 15 16
Age (y), 73-3 (1-3) 75.7 (1-4) 72-6 (2-1) 76-4 (1-8) F = 1 3; P = 0-3

(range) (62-86) (63-85) (60-85) (61-88)
Duration of illness (y)a 3-7 (0-4) 9-2 (2 0)t 6 3 (1 1) F = 6-3; P < 0 01
Sex (% male) h 60 47 67 50
Education (y), 10.1 (0 5) 9 9 (0-4) 10-3 (0 9) 11 0 (1 1) F = 0 5; P=07
Social class (% class III) 46 44 40 44 H = 14; P = 07
MMSE (total score), 29-1 (0-3) 13 4 (1-6)** 24-1 (1.3)*tt 12-5 (1-8)**# F = 37; P < 0-0001

(range) (24-30) (1-28) (16-30) (0-26)
CDR" 0 (0-0) 1 (0-5-3)** 0 (0-1)*tt 1-5 (0 5-3)**# H = 60; P < 0-0001
CSDD" 1-0 (0-10) 2-0 (0-17)* 3-5 (0-12)** 6 0 (2-20)**t#i H = 18; P < 0-001
Thought disorder
(UPDRS item 2)" 0 (0-0) 0 (0-3)* 0 (0-2) 3 (0-4)**tti# H = 43; P < 0-0001

-Values are means (SEM). One way ANOVA and post hoc Duncan's multiple range test.
"Values are medians (range). Kruskal Wallis and post hoc Mann-Whitney U tests.
Post hoc comparisons: *P < 0 05; ** P < 0-01 v controls. tP < 0 05; ttP < 0-01 v AD. tt P < 0-01 v PD.
AD = Alzheimer's disease; PD = Parkinson's disease; LBD = Lewy body dementia; MMSE = mini mental state examination; CDR = clinical dementia rating;
CSDD = Cornell scale for depression in dementia.

between groups (table 1). The Parkinson's
disease group had a longer duration of illness
than the group with Alzheimer's disease
(P < 0-05).

PSYCHIATRIC FINDINGS (TABLE 1)
There were corresponding changes in MMSE
and CDR scores between the groups. Scores
for MMSE decreased in the following order:
controls > Parkinson's disease >> Alzheimer's
disease Lewy body dementia. Scores for
CDR increased in the following order: con-

trols < Parkinson's disease << Alzheimer's
disease Lewy body dementia. There were

no differences in the MMSE (P = 0 7) and
CDR scores (P = 0 6) between the
Alzheimer's disease and Lewy body dementia
groups. Further analysis of the 11 individual
items that make up the MMSE disclosed that
in general, controls and patients with
Parkinson's disease performed better than
those with Alzheimer's disease or Lewy body
dementia in all of the tasks (data not shown).
There were no significant differences between
the performances of Alzheimer's disease and
Lewy body dementia groups in any of the
items that make up the MMSE. The CSDD
scores increased in the following order: con-

trols < Alzheimer's disease Parkinson's dis-

ease < Lewy body dementia. Scores for

thought disorder (item 2 of UPDRS) were

higher for the group with Lewy body dementia
than the other groups (P < 0 01).

NEUROLOGICAL FINDINGS

EPS noted at the time of interview (table 2)
Four of the controls (18%), 18 patients with
Alzheimer's disease (72%), 16 with Lewy
body dementia (100%), and 15 with
Parkinson's disease (100%) had isolated EPS
(defined as score > 1 on any of the items on

the motor section of the UPDRS). Three
patients with Alzheimer's disease (12%), 15
with Lewy body dementia (94%), and 15 with
Parkinson's disease (100%) had parkinsonism
according to the SBB criteria.22 None of the
controls had parkinsonism.
The total UPDRS motor scores increased in

the following order: controls ' Alzheimer's
disease << Parkinson's disease < Lewy body
dementia (table 2). Further analysis of the
items making up the motor section ofUPDRS
showed that scores for tremor at rest, action
tremor, rigidity, bradykinesia, postural stabil-
ity, and falls were greater for the Parkinson's
disease and Lewy body dementia groups com-

pared with controls and patients with
Alzheimer's disease (P < 0 05; table 2). Scores
for these motor signs were also greater for
patients with Alzheimer's disease than controls

Table 2 EPS noted at the time of interview

Controls AD PD LBD
(n = 20) (n = 22-25) (n = 15) (n = 12-16) F, H, org2 ratios

UPDRS:z' 1 0 (0 2) 5-9 (1) 29-5 (4)tt** 38-3 (3)tttt** F =68; P < 0-0001
(range) (0-3) (1-20) (5-49) (12-50)
Tremor at rest (item 20)t 0 (0-0) 0 (0-0 5) 2 (0.5-4)tt** 1-25 (0-4)tt** H = 53; P < 0-0001
Action tremor (item 21)h 0 (0-0) 0 (0-2)* 1 (0-3)tt** 1 (0-4)tt** H = 27; P < 0-0001
Rigidity (item 22)t 0 (0-1) 1 (0-2-5)** 3 (1-4)tt** 4 (1-5-4)#:tt** H = 57; P < 0-0001
Hand and feet bradykinesia

(items 23-26)b 0 (0-3) 1 (0-4.5)** 7 (1-16)tt* 12 (2-16)tt** H = 55; P < 0-0001
Postural stability (item 30)h 0 (0-2) 1 (0-3)** 2 (0-4)t** 3 (1-4)tt* H = 39; P < 0-0001
Body bradykinesia (item 31)b 0 (0-1) 0 (0-2)** 2 (0.5-4)tt** 3-25 (0.5-4)tt** H = 57; P < 0-0001
Falls (item 13)b 0 (0-0-5) 0 (0-1)** 1 (0-2-5)tt** 1-75 (0-4)tt** H = 47; P < 0-0001

Asymmetry of motor signs:,
Left/right asymmetry 1 (4 5) 1 (4) 12 (80)tt** 4 (25)t# = 37; P < 0-0001
Upper/lower limb asymmetry 2 (9) 10 (40)* 11 (73)t** 9 (56)** = 17; P < 0 001

Tapping test (taps/30s):,
Dominant hand 84-5 (3) 56-0 (5)** 47-7 (7)** 19-5 (5)tttt** F = 20; P < 0-0001
Non-dominant hand 82-2 (3) 51-9 (5)** 44.9 (7)** 16 6 (5)ttIt** F = 24; P < 0 0001

Walking test:d
Time taken (s) 11-9 (11-13) 18 7 (15-24) 41-3 (23-75)tt** 59-2 (38-93)tt** F = 15; P < 0-0001
Number of steps 17-3 (15-20) 22-4 (19-26) 41-3 (26-65)tt** 50-9 (39-66)tt** F = 14; P < 0-0001
Step-seconds 217 (192-246) 408 (283-586) 1686 (596-4802)tt** 3103 (1544-6195)tt** F = 16; P < 0-0001

'Values are means (SEM). One way ANCOVA, with the CSDD scores as covariates and post hoc Duncan's multiple range test.
bValues are medians (range). Kruskal Wallis and post hoc Mann-whitney U tests.
'Values are number of patients (%) with asymmetric motor symptoms. x2 test.
dValues are means (95% confidence interval). One way ANCOVA, with the CSDD scores as covariates and post hoc Duncan's multiple range test. The data were

analysed after logarithmic transformation and consequently the 95% confidence intervals are given rather than the SEM.
Post hoc comparisons: *P < 0 05; ** P < 0 01 v controls; tP < 0 05; ttP < 0-01 v AD; tP < 0 05; tfP < 0-01 v PD.
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Table 3 EPS noted at the onset ofparkinsonism in Parkinson 's disease (PD) and Lewy
body dementia (LBD)

PD (n = 11) LBD (n = 12)
n (%o) n (%o) x2 test

Tremor at rest 9 (82%) 8 (67%) 2= 0-9; P = 0-4
Rigidity 9 (82%) 9 (75%) x2= 0-1; P = 0-8
Bradykinesia 7 (64%) 7 (58%) %2 = 0-1; P = 0-8
Asymmetry of motor symptoms:

Left/right asymmetry 11 (100%) 5 (42%)** x2 = 9-2; P < 0-01
Upper/lower limb asymmetry 8 (73%) 6 (50%) %2= 0-8; P = 0-4

**P < 0-01 v PD; x% test.

(P < 0'05), with the exception of tremor at
rest. The rigidity scores of patients with Lewy
body dementia were greater than that for
the Parkinson's disease group (P < 0'05).
"Cogwheel rigidity" was noted in three out of
five patients with Alzheimer's disease, 1 1 out
of 14 with Parkinson's disease, and eight out
of 16 with Lewy body dementia who had rigid-
ity of any type. A greater proportion of
patients with Parkinson's disease and Lewy
body dementia than patients with Alzheimer's
disease or controls showed the items of EPS
that were assessed in the motor section of the
UPDRS (data not shown). In this respect
there were no significant differences between
the Parkinson's disease and Lewy body
dementia groups, except for tremor at rest,
which was noted in a greater proportion of
patients with Parkinson's disease (93%) than
with Lewy body dementia (50%; P < 0 01).
A greater proportion of patients with

Parkinson's disease (80%) compared with
other groups had left/right asymmetry in
motor signs (P < 0'05; table 2). Asymmetry of
motor signs between upper and lower limbs
was noted in a greater proportion of patients
with Alzheimer's disease (40%), Lewy body
dementia (56%), or Parkinson's disease (73%)
than controls (9%) (P < 0.05).

Patients in the Alzheimer's disease,
Parkinson's disease, and Lewy body dementia
groups performed less well in the tapping test
(taps/30 s) than the controls, with both the
dominant and non-dominant hands (P < 0-01;
table 2). The Lewy body dementia group per-
formed less well than patients with
Alzheimer's disease and patients with
Parkinson's disease in this respect (P < 0 01).
Patients with Lewy body dementia or

Parkinson's disease performed less well in the
walking test than the control or Alzheimer's
disease groups, as shown by the greater time
taken, number of steps, and step-seconds
(P < 0-01; table 2).

EPS noted at the onset of parkinsonism in
Parkinson's disease and Lewy body dementia
(table 3)
Retrospective review of case notes showed
adequate clinical details on the nature of EPS at
the onset of parkinsonism in 11 patients with
Parkinson's disease and 12 patients with Lewy
body dementia. There were no differences in
the proportion of patients with Parkinson's
disease or with Lewy body dementia who pre-
sented with tremor, rigidity, or bradykinesia.
Left/right asymmetry in motor signs was noted
in a greater proportion of patients with
Parkinson's disease (100%) than Lewy body
dementia (42%; P < 0.01). There were no dif-
ferences in the proportion of patients with
Parkinson's disease or Lewy body dementia
presenting with asymmetry in EPS between
the upper and lower limbs.

NEUROPSYCHOLOGICAL FINDINGS (TABLE 4;
FIGURE)
Digit span forward and reverse of patients with
Alzheimer's disease and patients with Lewy
body dementia was less than that for controls
and Parkinson's disease groups (P < 0'01;
table 4). The total number of words generated
in the verbal fluency and category tests by the
Alzheimer's disease, Parkinson's disease, and
Lewy body dementia groups was less than the
controls (P < 0-05; table 4). In this respect,
the Alzheimer's disease and Lewy body
dementia groups performed less well than the
Parkinson's disease group (P < 0'01). The
total error scores in the motor sequencing tasks
of the three disease groups were greater than
controls (P < 0 05; table 4). The total error

scores for the Alzheimer's disease and Lewy
body dementia groups were greater than the
Parkinson's disease group (P < 0.01). The
Lewy body dementia and more especially the
Alzheimer's disease groups performed less well
in the Nelson card sort test than the control
and Parkinson's disease groups, as shown by

Table 4 Neuropsychologicalfindings

Controls AD PD LBD
(n = 22) (n = 25) (n = 13) (n = 16) ForHratios

Digit span:,
Forward 6-2 (0-3) 4-2 (0 4)** 6-1 (04)-i 3-7 (05)#`** F = 11; P < 0-0001
Reverse 4-0 (0-3) 2-2 (0-4)** 4-2 (0-5)tt 2-1 (0.4)#f** F = 8; P < 0-0001

Verbal fluency, (total words: S, A, F) 32-1 (3) 9-2 (2)** 21-0 (5)tt* 8-3 (2)#** F = 14; P < 0-0001
Category fluency, (animals in 1 min) 14-1 (1) 5-1 (1)** 10-9 (2)tt* 4-9 (1)#** F = 18; P < 0-0001
Motor sequencing tasksb 0 (0-1) 2-5 (0-4)** 0 (0-3.5)tt* 4 (0-4)f*** H = 40; P < 0-0001
Nelson card sort:, (n = 21) (n = 15) (n = 12) (n = 5)

Categories 5-0 (0-5) 1-9 (0-4)** 4-1 (0-8)t 2-7 (1 1)* F 6-8; P < 0-001
Total error 12-2 (2) 25-2 (3)* 17-7 (5) 22-0 (5)** F = 3-6; P < 0-05
Perseverative errors 5-2 (1) 17-7 (3)** 12-9 (4) 11-2 (6) F = 4-7; P < 0-01
% Perseverative errors 29-4 (4) 58-9 (6)* 36-0 (11) 46-4 (15) F 3-9; P < 0-05

Clock face testc (n = 20) (n = 24) (n = 11) (n = 16)
Draw part 8-2 (0-2) 3-7 (0-5)** 6-2 (0.7)t* 2-4 (0.4)tt**
Copy part 9-6 (0-1)§§ 5-5 (0-7)§§** 7-1 (0.8)§t* 2-4 (0.6)tt**

'Values are means (SEM). One way ANCOVA, with the CSDD scores as covariates and post hoc Duncan's multiple range test.
bValues are medians (range). Kruskal Wallis and post hoc Mann-whitney U tests.
cValues are means (SEM). Repeated measures ANCOVA, with the CSDD (t = - 1-8; P = 0-1) and UPDRS total motor scores (t =-2-2; P < 0-05) as covariates
and post hoc Duncan's multiple range test. There were significant effects for group (F = 17; P < 0-0001), "draw"/"copy" (F = 31; P< 0-0001) and interaction terms
(F = 4-8; P < 0-01).
Post hoc comparisons: *P < 0-05; **P < 0-01 v controls. tP < 0-05; ttP < 0-01 v AD. t P < 0-05; tiP < 0-01 v PD. SP < 0-05; §P < 0-01 v corresponding score
for "draw" part of clock face test.
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Typical drawings produced
on the clock face test by
(A) controls, (B) patients
with Alzheimer's disease,
(C) patients with
Parkinson's disease, and
(dl and d2) patients with
Lewy body dementia.
These consisted of "draw"
and "copy"parts.34
Patient performance was
rated on a I to 10 scale
and the scores are given
next to each drawing. For
the controls, patients with
Alzheimer's disease, and
patients with Parkinson's
disease, the scores were in
general greater in the
"copy" than the "draw"
parts of the test (A-C).
For the Leuwy body
dementia group, the scores
for the "copy" part of the
test were in general the
same (as shown in dl) or
less (d2) than thatfor the
"draw" part.

Draw

j

i 1-.

fewer categories achievec
and perseverative errors,
errors (table 4).

For analysis of the clock
motor scores were ente
compensate for poor p
from motor disability. 'T
ANCOVA showed that i

high specificity (98%), positive predictive
value (80%) and negative predictive value
(82%), but low sensitivity (25%) and misclas-
sification rates (18%). Using the criteria of
"draw" scores being less than or equal to
"copy" scores improved the sensitivity (88%),
but at the expense of lower specificity (67%).

MEDICATIONS TAKEN BY SUBJECTS
At the time of examination, one patient with
Alzheimer's disease, two with Parkinson's dis-

* tc-. ;---- ease, and one with Lewy body dementia were
-*;¢>- taking antidepressant drugs. Six patients with

Alzheimer's disease were also taking neurolep-
tic drugs. There were no significant differences
in the UPDRS motor scores between the
patients with Alzheimer's disease taking neu-
roleptic drugs (mean (SEM) = 7-1(1)) and
those not taking them (5-6 (1); P = 05). Two
patients with Lewy body dementia occasion-
ally required neuroleptic drugs for sedation at
night. Nine patients with Alzheimer's disease
and nine with Lewy body dementia received
neuroleptic drugs at some point during their
illness. Of these, severe adverse reactions to
neuroleptic drugs (marked EPS) were noted in
three (33%) patients with Lewy body demen-
tia.

At the time of examination, 14 patients with
Parkinson's disease and 10 patients with Lewy
body dementia were on antiparkinsonian med-
ication, comprising levodopa (n = 24), selegi-
line (n = 12), apomorphine infusions (n =

2), and pergolide (n = 1). One of the patients
with Parkinson's disease had a history of poor
compliance with levodopa. All of the patients
with Parkinson's disease (n = 15) and the 12
patients with Lewy body dementia on whom
levodopa had been tried at some point during
their illness were found to be responsive to lev-
odopa (reduced EPS on levodopa). There
were no differences in the drug free interval for
antiparkinsonian medications between the
Parkinson's disease mean (SEM) 12-8 (2)
hours) and Lewy body dementia groups (12-6

1, greater total errors (1) hours; P = 0 9). There were no differ-
and % perseverative ences between the Parkinson's disease and

Lewy body dementia groups in the UPDRS
iface test, the UPDRS scores for complications arising from
red as covariates to antiparkinsonian therapy (8-3 (2) and 7-6 (1)
erformance resulting respectively; P = 0.7) and activities of daily
he repeated measures living (24-8 (3) and 29-3 (2) respectively; P =
in the "draw" part of 0 2).

this test the scores of the groups decreased in
the following order: control > Parkinson's dis-
ease > Alzheimer's disease % Lewy body
dementia (table 4). In the "copy" part of the
test, the scores decreased in the following
order: control > Parkinson's disease .

Alzheimer's disease > Lewy body dementia.
For the controls, patients with Alzheimer's
disease, and patients with Parkinson's disease,
the scores were greater in the "copy" than
"draw" parts of the test (P < 005; table 4 and
figure). The scores for the "copy" and "draw"
parts of the test were the same for the Lewy
body dementia group. Using the criteria that a
diagnosis of Lewy body dementia equates to
"draw" scores being greater than "copy"
scores, the clock face test was noted to have

Discussion
From the outset, it is important to note that
cases of Lewy body dementia, Alzheimer's dis-
ease, and Parkinson's disease were clinically
diagnosed in this study. Although pathologi-
cally confirmed cases would be ideal, the clini-
cal criteria employed have been validated
against pathologically confirmed cases, and are
reported to have high sensitivity, specificity,
and, importantly, positive predictive value (the
probability of a clinically diagnosed patient
having pathological confirmation of disease is
82% for Parkinson's disease, 88% for
Alzheimer's disease, and 95% for Lewy body
dementia). 16 22 38
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EPS AND NEUROPATHOLOGICAL CORRELATES
EPS were common in Lewy body dementia.
They were noted in all cases examined in this
study and 94% of patients with Lewy body
dementia qualified for a second diagnosis of
Parkinson's disease. Moreover, patients in the
Lewy body dementia group had greater
UPDRS total motor scores, more severe rigid-
ity, and poorer performance in the tapping test,
than the Parkinson's disease group. Classic
resting tremor and left/right asymmetry in EPS
were evident in a smaller proportion of patients
with Lewy body dementia than patients with
Parkinson's disease. Thus about six years after
the onset of their illness, the patients with
Lewy body dementia showed, in effect, late
stages of parkinsonism-an asymmetric, aki-
netic rigid syndrome. Subtle differences in EPS
such as less motor asymmetry, resting tremor,
and speed of finger movement, but more severe

rigidity may be of limited help in differentiating
established cases of Lewy body dementia from
Parkinson's disease.

In the present study, 93% of patients with
Parkinson's disease and 63% of patients with
Lewy body dementia were taking antiparkin-
sonian medications at the time of interview. It
can therefore be argued that the greater
UPDRS motor score of the Lewy body
dementia group was due to a smaller propor-
tion of patients with Lewy body dementia
receiving levodopa. We attempted to minimise
the effects of antiparkinsonian therapy by
interviewing such patients after an overnight
drug free period. A longer drug free interval
was deemed ethically inappropriate.
Moreover, closer inspection of the UPDRS
total motor scores disclosed that on average,

patients with Lewy body dementia on

antiparkinsonian treatment had higher motor
scores (42-9) than those not receiving any

(303). A similar pattern was also evident in
the Parkinson's disease group, in which one

patient failed to take any medication due to
poor compliance. This suggests that after an

overnight drug free state, antiparkinsonian
medications have little if any effect on motor
disability in this group of patients and there-
fore the differences in the UPDRS motor
scores ofLewy body dementia and Parkinson's
disease groups were genuine.
A review of the published literature dis-

closed that whereas EPS is a recognised fea-
ture of Lewy body dementia, there is
controversy over its prevalence. Although
some authors have reported that EPS is com-
mon and can be severe in Lewy body demen-
tia,5 "II others have noticed only mild EPS.469
Likewise there is considerable variation in the
reported prevalence of different types of EPS.
Nevertheless, in agreement with the present
findings, a recent review of 75 published case

reports of Lewy body dementia noted that
rigidity was more often reported than other
EPS such as tremor.' The only study to date to
attempt a direct comparison of EPS in Lewy
body dementia and idiopathic Parkinson's dis-
ease found greater bradykinesia and a ten-
dency for less resting tremor in Lewy body
dementia.'8 Like previous studies, asymmetry

in EPS was not reported. Whereas we agree
with the finding on resting tremor, a non-sig-
nificant trend towards greater bradykinesia in
Lewy body dementia was found in the present
study. However, the two studies are not
directly comparable, as Louis et al'8 only
included patients with Lewy body dementia
presenting at the onset of their illness with
parkinsonism. This is likely to introduce sam-
pling bias.

Indeed, one of the reasons for the discrep-
ancy over EPS in Lewy body dementia in the
published literature may be sampling bias. In
the studies by Hansen et a19 and Forstl et a16
only patients with a clinical diagnosis of
Alzheimer's disease were included, which may
underlie the low prevalence of EPS noted in
these studies. On the other hand, studies such
as ours, in which patients were recruited from
neurology, geriatrics, and psychiatry included
a greater number of patients with Lewy body
dementia presenting with parkinsonism.5 '1
Furthermore, unlike the present study, in pre-
vious studies EPS was assessed by retrospec-
tive review of case notes, which are of varying
quality and quantitative measurements of the
various types of EPS that would be less open
to observer bias were not carried out. These
factors may also contribute to the inconsistent
findings made on EPS to date.
To further characterise the nature of EPS in

Lewy body dementia, the type of EPS noted at
the onset of parkinsonism in patients with
Parkinson's disease and patients with Lewy
body dementia was assessed by retrospective
review of case notes. This showed that patients
with Lewy body dementia were less likely to
present with left/right asymmetry in EPS than
patients with Parkinson's disease, although
resting tremor, bradykinesia, and rigidity were
equally likely in both groups. Evidently,
parkinsonism at the onset of Lewy body
dementia may resemble that seen at the onset
of idiopathic Parkinson's disease, as has been
noted previously."I Nevertheless, as with
established cases of Lewy body dementia, a
lack of motor asymmetry at the onset of
parkinsonism seems to favour a diagnosis of
Lewy body dementia. But the quantitative
nature of this finding limits its clinical use.

In the present study, all patients with Lewy
body dementia and Parkinson's disease
showed some degree of response to levodopa
(when tried) and had similar scores for com-
plications arising from antiparkinsonian treat-
ments. Response to levodopa has been noted
in a majority of patients with Lewy body
dementia taking it."' 18 3 Some studies have
reported a lack of levodopa response, although
this may also reflect failure to try a sufficiently
high dose of levodopa in Lewy body demen-
tia.40 4' Indeed, in Lewy body dementia rela-
tively high doses of levodopa may not be
tolerated as this may worsen confusion and
psychosis. '
The frequent appearance of EPS and its

responsiveness to levodopa are important fea-
tures of Lewy body dementia that are concor-
dant with the Parkinson's disease-like
neuropathological changes reported in this
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disorder. Thus in Lewy body dementia there
are Lewy bodies, neuronal losses, and gliosis
in the substantia nigra, the pathological hall-
mark of Parkinson's disease.34 This is associ-
ated with greatly reduced concentrations of
dopamine in the basal ganglia of patients with
Lewy body dementia,'0 which suggest that as
with Parkinson's disease, dopaminergic insuf-
ficiency is likely to underlie the onset of motor
disability in Lewy body dementia. The pro-
nounced sensitivity to neuroleptic drugs noted
in some patients with Lewy body dementia,
both in the present study and by others, may
also reflect this state of dopamine deficiency
and therefore increased susceptibility to
dopamine receptor blockade.'2

NEUROPSYCHOLOGY AND
NEUROPATHOLOGICAL CORRELATES
Several neuropsychological tests were carried
out to establish the nature of cognitive impair-
ment in Lewy body dementia and to identify
specific tasks that differentiate it from
Alzheimer's disease. It was evident that com-
ponents of the widely used MMSE do not dis-
tinguish between Alzheimer's disease and
Lewy body dementia. Similarly, both groups
of patients, irrespective of the severity of
dementia, were equally impaired in tests of
digit span, verbal fluency, category, motor
sequencing, and Nelson card sort test.
By contrast, patients with Lewy body

dementia showed a different profile of perfor-
mance on the clock face test to the other
groups. Not only did the Lewy body dementia
group score poorly in the "draw" part, but
they also failed to exhibit the improvement in
scores on the "copy" paradigm which was
found with Alzheimer's disease, Parkinson's
disease, and control groups. The qualitative
nature of this finding may be of use clinically
as a screening instrument. Indeed, the clock
face test used as a diagnostic test for Lewy
body dementia was noted to have high speci-
ficity (98%), positive likelihood ratio (12-5),
and positive predictive value (80%), but low
sensitivity (25%) (Lewy body dementia was
diagnosed in cases with greater "draw" than
"copy" scores). Nevertheless, despite its low
sensitivity, those cases detected by this test are
very likely to have Lewy body dementia and
only one patient with Parkinson's disease erro-
neously tested positive in the clock face test.
Thus the clock face test may be a useful clinical
aid as a quick and simple method to differenti-
ate Alzheimer's disease and Lewy body
dementia in the clinical setting.

It is important to note that the differential
performance of patients with Lewy body
dementia in the clock face test is unlikely to be
attributable to the intake of levodopa, greater
scores for motor disability, or depression, fac-
tors that can affect neuropsychological func-
tion.42 To minimise such confounding
influences, the neuropsychological tests were
carried out after an overnight drug free period
and both UPDRS motor scores and CSDD
ratings were entered as covariates in the statis-
tical analysis. Moreover, patients with
Parkinson's disease, despite exhibiting severe

EPS and also receiving levodopa, had a differ-
ent profile of performance on the clock face
test compared with the Lewy body dementia
group. This suggests that the differences in the
neuropsychological tasks reflect differential
impairments in cognitive function between
groups.
The clock face test has been used previously

in patients with Lewy body dementia as part of
a pilot study investigating the effect of lev-
odopa on cognitive function.39 But, only the
"draw" paradigm was tested in this study and
no firm conclusions were reached due to the
small sample size (n = 5) and the consider-
able variability in cognitive function in Lewy
body dementia.39 The clock face test assesses
executive and visuospatial functioning, which
are therefore greatly impaired in Lewy body
dementia.'4 A severe visuospatial dysfunction
in Lewy body dementia has been noted previ-
ously, as assessed by the block design and
copy a cross tests.9 These authors also noted
greater deficiencies in digit span and verbal
and category fluency in patients with Lewy
body dementia than in patients with
Alzheimer's disease. This is not consistent
with the findings of the present study and the
reasons for this discrepancy are uncertain.
Some caution needs to be exercised when
comparing the results of the two studies. The
cases of Lewy body dementia assessed in the
study by Hansen et a19 were from a group of
patients who were clinically diagnosed as hav-
ing Alzheimer's disease and at postmortem
fulfilled the pathological criteria for both
Alzheimer's disease and Lewy body dementia.
Such patients may therefore represent a mixed
Alzheimer's disease/Lewy body dementia
group and may not be characteristic of Lewy
body dementia in general, in which
Alzheimer's disease type neuropathology is
minimal. Nevertheless, subtle differences in
the impairment of visual memory and atten-
tion have been described between patients
with Lewy body dementia and those with
Alzheimer's disease in studies utilising com-
puter controlled neuropsychology test batter-
ies. 19-21 In one of the tests for attentional
ability, patients with Lewy body dementia but
not patients with Alzheimer's disease per-
formed worse than controls.'9 This further
confirms the presence of qualitative differ-
ences in the cognitive impairment of patients
with Alzheimer's disease and patients with
Lewy body dementia.
The neuropathological correlates for cogni-

tive impairment seen in Lewy body dementia
is not clear. The severity of dementia in Lewy
body dementia was noted to correlate with
cortical Lewy body densities in one study3 but
not in another.4 Impaired visuospatial function
can be seen in dementia syndromes of cortical
and subcortical types.4' In Lewy body dementia
there is dysfunction of the subcortical
dopaminergic system affecting the brainstem
and basal ganglia and this may underlie the
poor visuospatial ability of these patients, as
apparent in the clock face test. However, the
unusual severity of this deficit may reflect
additional cortical dysfunction in this disorder.
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In Lewy body dementia there is greater loss of
cholinergic neurons in the nucleus basalis of
Meynert and choline acetyltransferase in the
cerebral cortex than in Alzheimer's disease.9 1044
Thus the cognitive impairment in Lewy body
dementia may be a combination of cortical
and subcortical types.

Only mild cognitive deficits were apparent
in the Parkinson's disease group as evident by
the marginally lower MMSE and verbal flu-
ency scores than in the control group.
Impaired verbal fluency is characteristic of
subcortical dementia and has been noted in
Parkinson's disease.4243 Although motor
deficits are the predominant feature in
Parkinson's disease, about 20% of patients
with Parkinson's disease may eventually
become demented, which is twofold to three-
fold greater than in the rest of the popula-
tion.45 Interestingly, bilateral EPS in
Parkinson's disease is associated with greater
cognitive decline some years later.46 This par-
allels the current findings on Lewy body
dementia, as a dementia syndrome with rela-
tively symmetric EPS, both at the onset and
later in the course of the illness. Whether
patients with Parkinson's disease with sym-
metric motor signs represent early cases of
Lewy body dementia is not clear.
Nevertheless, symmetry in motor disability
seems to be associated with cognitive decline
in both disorders.

Conclusions
It is evident from this study that there are sim-
ilarities as well as differences in the motor and
cognitive function of Lewy body dementia in
comparison with Alzheimer's disease and
Parkinson's disease. The subtle differences in
the nature of EPS between Lewy body demen-
tia and Parkinson's disease may be of limited
help in clinically differentiating the two disor-
ders. Cognitive impairment in Lewy body
dementia was pronounced and mimicked
Alzheimer's disease, but there were qualitative
differences in the performances of these
groups on the clock face test. This simple,
quick, and easy to administer test may prove
useful in the clinical setting to distinguish
Lewy body dementia and Alzheimer's disease.
Correct antemortem diagnosis of Lewy body
dementia is important in its effective manage-
ment, as these patients may be sensitive to
neuroleptic drugs, which carry considerable
morbidity and mortality in this disorder.'2
The motor disability of Lewy body dementia

is consistent with the dopaminergic dysfunc-
tion in the brain stem. The cognitive impair-
ment in the disease is probably attributable to
both the subcortical dopaminergic and cortical
cholinergic dysfunction. Differences in the
severity of cortical (producing cognitive
impairment) and brain stem pathology (pro-
ducing mainly EPS), may be responsible for
the heterogeneity in the clinical presentation
of Lewy body dementia.
We gratefully acknowledge the helpful suggestions and assis-
tance of Dr S Simpson, Ms C Donaldson, Ms J Winters, Dr P
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