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Profile of cognitive impairment in dementia associated with
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Objective: To compare the profile of cognitive impairment in Alzheimer’s disease (AD) with dementia
associated with Parkinson’s disease (PDD).
Methods: Neuropsychological assessment was performed in 488 patients with PDD and 488 patients with AD
using the Mini-Mental State Examination (MMSE) and the Alzheimer’s Disease Assessment Scale-cognitive
subscale (ADAS-cog). Logistic regression analysis was used to investigate whether the diagnosis could be
accurately predicted from the cognitive profile. Additionally, the cognitive profiles were compared with a
normative group using standardised effect sizes (Cohen’s d).
Results: Diagnosis was predicted from the cognitive profile, with an overall accuracy of 74.7%. Poor
performance of the AD patients on the orientation test in ADAS-cog best discriminated between the groups,
followed by poor performance of the PDD patients on the attentional task in MMSE. Both groups showed
memory impairment, AD patients performing worse than PDD patients.
Conclusion: The cognitive profile in PDD differs significantly from that in AD. Performance on tests of
orientation and attention are best in differentiating the groups.

A
lzheimer’s disease (AD) and Parkinson’s disease (PD) are
the most common neurodegenerative diseases in the
elderly. AD is primarily a dementing disease whereas PD

is mainly characterised by a movement disorder. However,
dementia is common among patients with PD (PDD), with an
average point prevalence of 31%1 and a cumulative prevalence
close to 80%.2 In PD, dementia is associated with rapid motor3

and functional decline,4 and increased mortality.5

Cortical Lewy body pathology correlates best with dementia
in PD6–9; subcortical pathology10 and AD-type pathology11 have
also been found to be associated with PDD. In addition to
differences in morphological changes, AD and PDD also differ
in the regional pattern of the pathology. In AD the first and
most pronounced changes are found in the entorhinal cortex
and parahippocampal region,12 subsequently involving neocor-
tical areas, including the posterior association cortices.13 In
contrast, in patients with PD without dementia, brainstem
nuclei and other subcortical structures are initially affected.14 In
PDD, limbic areas, neocortical association cortices, and the
motor cortex and primary sensory cortical areas are thought to
be successively involved with disease progression.15

Given the difference in the distribution and progression of
pathology in AD and PDD, it is expected that their cognitive
profiles would also differ.16 17 AD is characterised by memory
loss emerging in the early stages of the disease,18 primarily
involving learning and encoding deficits19 which are associated
with medial temporal lobe pathology.20–23 As the disease
progresses, deficits in language, praxis, visuospatial and
executive functions gradually develop. In contrast, the cognitive
deficits in the early stages of PDD are characterised by executive
dysfunction, including impairment in attention24 and working
memory,25–27 reflecting involvement of brainstem nuclei and
frontal–subcortical circuits; deficits in visuoperceptual28–30 and
visuoconstructional tasks are also frequent.31 Memory impair-
ment is often present26 32–34 but whether it is primarily a
consequence of frontally mediated executive deficits resulting
in poor learning efficacy and retrieval, or whether involvement
of limbic areas directly related to memory encoding (such as
hippocampal atrophy) also contribute to memory impairment,

is debated. Patients with PDD have difficulties in retrieving
newly learned material, but perform better in recognition,35

indicating that executive, rather than encoding, deficits, is the
underlying mechanism. Conflicting results, however, have been
reported recently36 37 which could indicate that the type and
mechanisms of memory deficits may vary within the PD
group.32

Most studies investigating the cognitive profile of PDD
patients included small samples which were not community
based and thus not necessarily representative of the PD
population at large. As there is evidence of interindividual
heterogeneity,33 such studies may not adequately reflect the
cognitive profile of patients with PDD. In order to assess the
profile of cognitive deficits in PDD compared with AD in larger
patient populations, we analysed the baseline cognitive data
from large clinical trials conducted with the cholinesterase
inhibitor rivastigmine.38 39

METHODS
Patients
In all, 488 patients with PDD and 488 patients with AD
involved in worldwide clinical trials of rivastigmine38 39 were
included in the analyses.

Patients with AD were selected from a database of 2791
patients with mild to moderate AD. Each AD patient was
individually matched to a PDD patient with regard to sex and
duration of dementia. Furthermore, the AD patients were
individually matched to the PDD patients for age and Mini-
Mental State Examination (MMSE). Firstly, all AD patients
were reviewed for an ideal individual match on all variables. If
no match was found, the age criterion was relaxed to ¡2 years
and the MMSE criterion to ¡1 year. Patients were diagnosed
with AD according to the Diagnostic and statistical manual of
mental disorders, 4th edn, and NINCDS-ADRDA (National

Abbreviations: AD, Alzheimer’s disease; ADAS-cog, Alzheimer’s Disease
Assessment Scale-cognitive subscale; MMSE, Mini-Mental State
Examination; PD, Parkinson’s disease; PDD, dementia associated with
Parkinson’s disease
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Institute of Neurological and Communicative Diseases and
Stroke-Alzheimer’s Disease and Related Disorders Association)
criteria for dementia of the Alzheimer’s type and had an MMSE
score of 10–26, inclusive. Patients with significant physical
illness, psychiatric or neurological disorders other than
Alzheimer’s disease, or clinically important laboratory abnorm-
alities, including impaired renal or liver function, were
excluded from the AD studies.

The PDD patients were selected from a database of 541
patients. Fifty-three patients were excluded from the analyses
because matching patients with AD could not be found or parts
of the Alzheimer’s Disease Assessment Scale-cognitive subscale
(ADAS-cog) were missing. PD was diagnosed according to the
clinical diagnostic criteria of the UK Parkinson’s Disease Society
Brain Bank40 and dementia caused by PD according to the
Diagnostic and statistical manual of mental disorders, 4th edn (code
294.1).41 Patients had mild to moderately severe dementia, as
defined by an MMSE score of 10–26, inclusive, with the onset
of symptoms occurring at least 2 years after the diagnosis of
PD. Exclusion criteria included the presence of any primary
neurodegenerative disorder other than PD or other causes of
dementia; a history of a major depressive episode; the presence
of an active, uncontrolled seizure disorder; the presence of any
disability or unstable disease unrelated to PD; and the use of a
cholinesterase inhibitor or anticholinergic drugs during the
4 weeks before inclusion in the study.

The caregivers and the mentally competent patients, or their
legally authorised representative, gave written informed con-
sent. All procedures were conducted in accordance with the
ethical standards of the responsible committee on human

experimentation and with the Helsinki Declaration, as revised
in 1983.

Cognitive measures
Two composite cognitive scales administered in all trials were
used for the analysis: MMSE and ADAS-cog.42 Subtests from
these scales were used to assess the profile of cognitive deficits.
The ‘‘serial 7s subtraction’’ task from the MMSE43 was chosen
as a measure of attentional control and working memory, as
ADAS-cog lacks a test of attentional control. This parameter is
referred to as ‘‘attention and calculation’’. The subtests
‘‘commands, constructional praxis, ideational praxis, word
recall, word recognition, naming objects/fingers and orienta-
tion’’ from the ADAS-cog were analysed as separate variables.
As inter-rater reliability of the ADAS-cog subscales, which are
based on the clinician’s impression, is not known, these were
excluded from the analyses (‘‘comprehension, remembering
test instructions, spoken language ability and word finding
difficulty in spontaneous speech’’).

The sign of the ‘‘attention and calculation’’ variable derived
from the MMSE was reversed to make it compatible with
ADAS-cog scores, with higher scores indicating worse cognitive
functioning.

Statistical analyses
Data were analysed using SPSS version 13.01. As most of the
variables were not normally distributed, the Mann–Whitney U
test was used for all single variable comparisons of the two
groups. Logistic regression was used to assess the predictive
power of the cognitive profile in discriminating between PDD
and AD. In addition, the impact of each variable was assessed,
testing for statistical significance as well as effect size using
odds ratios for each predictor variable. The predictors were
standardised in order to make interpretable comparisons of the
odds ratios. The predictors in the regression analyses did not
show multicollinearity, as none of the condition indices
exceeded a threshold of 15.44

To compare the data from the AD and PDD patients with
normative data, the effect sizes (Cohen’s d) of the differences
between the AD and PDD patients and normal controls were
computed using the differences between the means divided by
the pooled standard deviations, as recommended by Hedges
and Olkins.45 Published normative data from 124 healthy older
subjects were used for this analysis.46 The mean age of the

Table 1 Baseline demographic and background
characteristics

Variable PDD AD

Sex (M:F) 314:174 314:174
Duration of dementia (y) 2.25 (1.13) 2.25 (1.13)
Age (y) 72.63 (6.43) 72.65 (6.43)
MMSE score 19.67 (3.52) 19.72 (3.53)
ADAS-cog total score 23.75 (10.15) 23.30 (10.11)
Hoehn & Yahr stage 2.94 (0.88) ND

AD, Alzheimer’s disease; ADAS-cog, Alzheimer’s Disease Assessment
Scale-cognitive subscale; MMSE, Mini-Mental State Examination; ND, not
done; PDD, dementia associated with Parkinson’s disease.
Values are mean (SD) or number.

Table 2 Cognitive variables in patients with Alzheimer’s disease and in those with dementia
associated with Parkinson’s disease

Variable Group Mean SD Median
Mann–
Whitney U Z values p Values

Naming objects and fingers AD 0.95 0.99 1 114177 21.19 0.235
PDD 0.86 0.91 1

Commands AD 0.93 1.06 1 92760 26.24 ,0.000
PDD 1.38 1.18 1

Constructional praxis AD 1.10 0.99 1 88094 27.38 ,0.000
PDD 1.62 1.14 1

Ideational praxis AD 0.70 1.03 0 96604 25.49 ,0.000
PDD 1.24 1.48 1

Orientation AD 3.20 2.02 3 81213 28.70 ,0.000
PDD 1.10 1.91 2

Word recall AD 7.06 1.43 7 94901 25.49 ,0.000
PDD 6.54 1.39 6.67

Word recognition AD 6.95 3.04 7 102725 23.72 ,0.000
PDD 6.20 3.30 6

Attention and calculation AD 2.21 1.73 2 73677 210.49 ,0.000
PDD 3.37 1.48 4

AD, Alzheimer’s disease; PDD, dementia associated with Parkinson’s disease.
Mann–Whitney U and p values for comparisons of the groups are given.
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normal group was 71.2 (SD 5.89) years; there were 65 men
(52.4%), and all were Caucasian.

RESULTS
Baseline demographic and clinical characteristics are sum-
marised in table 1.

There were no significant differences between the samples in
terms of sex, duration of dementia, age, total MMSE or ADAS-
cog score. Almost all PDD patients, and ,1% of AD subjects,
had been treated with levodopa or other dopaminergic
medications. Eighteen patients with AD (3.7%) and 126
patients with PDD (25.8%) had been treated with antidepres-
sants. Thirteen AD patients (2.7%) and 127 (26%) PDD patients
had received antipsychotics.

The mean and median cognitive scores as well as the results
of the Mann–Whitney U test are shown in table 2 and the
cognitive profile of PDD patients compared with those with AD
is shown in fig 1.

The groups differed significantly for all measures except
‘‘naming objects and fingers’’. Based on the Z scores, the groups
differed most on ‘‘attention and calculation’’, followed by
‘‘orientation scores’’. To investigate whether psychiatric drugs
could have influenced the results, we performed the same
analyses on patients who did not receive antidepressants or
antipsychotics (PDD n = 268, AD n = 458), but this did not
change the pattern of results.

ADAS-cog variables were also compared with normative
data46 by calculating effect sizes (Cohen’s d) based on the
differences in means following the procedure recommended by
Hedges and Olkins.45 By convention, effect sizes exceeding 0.8
are considered large. All effect sizes were greater than 0.8,
indicating that both patient groups showed marked deficits on
all cognitive measures compared with controls. Both patient
groups were most impaired at ‘‘word recall’’, followed by ‘‘word
recognition’’, with an effect size exceeding 1.5 for both of these
measures. Several of the variables showed ceiling effects for the
control group, reducing the effect size scores.

A direct logistic regression analysis showed that the full
model with all nine variables was statistically reliable (x2 (8,
n = 976) = 337; p,0.001), indicating that the cognitive profile
distinguished between patients with AD and PDD. The variance
in diagnosis accounted for was moderate, with Nagelkerke
R2 = 0.39. Correct prediction of PDD was 76.8% and AD 72.5%,
yielding an overall success rate of 74.7%.

Regression coefficients, Wald statistics with p values, odds
ratios and 95% confidence intervals for odds ratios for each of
the nine variables are shown in table 3.

DISCUSSION
Our results confirm that patients with PDD have a significantly
different cognitive profile than those with AD, supporting the
hypothesis that dementia in PD is not caused by concomitant
AD. The logistic regression analysis indicated that 74.7% of the
patients were correctly classified as having AD or PDD, based
on the cognitive profile. Based on estimates of odds ratios from
the logistic regression analysis, the strongest predictor of
diagnostic category was the variable ‘‘orientation’’ followed
by ‘‘attention and calculation’’.

The results further demonstrated the specific pattern of
cognitive impairment in PDD compared with AD. The markedly
impaired performance on attention and calculation (the serial

Figure 1 Cognitive profile of dementia associated with Parkinson’s
disease (PDD) compared with Alzheimer’s disease (AD). The y axis
represents mean raw score. Higher scores indicate worse performance.
Values are mean (95% CI).

Table 3 Logistic regression with diagnosis as outcome and standardised cognitive variables
as predictors

Variable B
Wald
test df p Value OR

95% CI for OR

Lower Upper

Naming objects and fingers 20.082 0.87 1 ,0.349 0.921 0.775 1.094
Commands 0.422 18.99 1 ,0.000 1.525 1.261 1.844
Constructional praxis 0.377 18.51 1 ,0.000 1.458 1.228 1.731
Ideational praxis 0.483 23.95 1 ,0.000 1.621 1.336 1.967
Orientation 20.806 62.84 1 ,0.000 0.446 0.366 0.545
Word recall 20.560 3.30 1 ,0.000 0.571 0.468 0.697
Word recognition 20.062 0.48 1 ,0.485 0.939 0.788 1.119
Attention and calculation 0.675 57.20 1 ,0.000 1.963 1.648 2.338
Constant 20.038 0.24 1 ,0.620 0.962

Only ‘‘naming objects and fingers’’ and ‘‘word recognition’’ were non-significant predictors of diagnostic category.
‘‘Orientation’’ was the strongest predictor, with an odds ratio (OR) of 0.45, indicating a substantial reduction in the
likelihood of being in the PDD group, as a consequence of a 1 point increase in Z score for the ‘‘orientation’’ variable.
‘‘Attention and calculation’’ was the second strongest predictor, with an OR of 1.96, indicating a relatively large increase
in the likelihood of being in the PDD group with a 1 point increase in Z score for the ‘‘attention and calculation variable’’.
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7s test) in PDD compared with AD indicates a more pronounced
attentional deficit in PDD, as has been reported previously.47

The more severe deficits in PDD compared with AD in
cholinergic pathways subserving frontal–subcortical circuits48 49

may be the underlying mechanism for the prominent atten-
tional deficits in PDD.

Patients with AD showed more severe memory impairment
than those with PDD. On the verbal memory tasks in the
ADAS-cog, however, both groups were clearly impaired relative
to a normal control group, with very large effect sizes. The
hypothesis that the memory deficit in PD and PDD is mainly a
result of a retrieval rather than an encoding deficit35 was not
answered by this study. Patients with PDD and patients with
AD were clearly impaired on the measure of verbal recognition
memory. However, the ADAS-cog recognition memory test may
be problematic as it is not based on the same word list as the
recall memory test, but rather on a single learning trial of a new
word list. Thus other memory processes may explain the
differences between the repeated list based on a recall format
and the recognition list that was presented only once.

The finding that the PDD patients were more impaired on the
praxis items (commands, constructional praxis and ideational
praxis) on the ADAS-cog is difficult to interpret, given the
impact of motor disability on these tasks.

Our study had several limitations which may have influenced
the results. Firstly, as patients were recruited for clinical trials,
they may not accurately represent the overall population of AD
and PDD, especially those with severe dementia, as such
patients were excluded from the study. Matching the patients
on severity of dementia can be problematic, given that there is
no established method for such matching when the issue at
hand is differences in cognitive profile between two patients
groups. However, the MMSE represents a well established
approach to this problem, and the total ADAS-cog score was the
same in both groups.

Secondly, the analyses of cognitive profiles were based on
composite cognitive scales; detailed neuropsychological testing
was not employed and hence a more comprehensive compar-
ison of cognitive functions was not possible. Ceiling effects may
have affected some of the subtests, indicated by a median score
of 0 for some of the variables and an overall skewness of some
of the distributions. Also, the serial 7s ‘‘attention and
calculation’’ task of the MMSE was one of the major predictors
of diagnostic category but it was part of the MMSE score used
for matching the groups on severity of dementia. This may have
led to an underestimation of the difference between the groups
for this variable. However, as ADAS-cog lacks a measure of
attentional control, the variable was included to give a more
complete picture of the cognitive profiles. The sum of these
issues, however, strengthens the conclusion that AD and PDD
have different cognitive profiles as differences were found even
with a possibly deflated group difference on the serial 7s task,
the rather crude cognitive testing and with reduced variance as
a consequence of ceiling effects.

Thirdly, there were differences in drug treatment between
the groups, including the used of antidepressants and
antipsychotics, but excluding patients receiving medications
did not change the pattern of differences on the cognitive
variables. All PDD, but very few AD, patients were receiving
dopaminergic medications. These medications may influence
cognitive functions in a complex way. In one study, for
example, executive functions, as measured by the Wisconsin
Card Sorting Test, were impaired by levodopa, while response
time on several tests improved, but accuracy did not.50

Conflicting results have been reported on the effect of levodopa
on cognitive functions in other studies, some reporting
improvement, some no change and some worsening.

Finally, the cross sectional design and lack of neuropatho-
logical confirmation of the diagnoses may limit the validity of
the findings to some extent.

The major strength of the study is the large number of
patients included; this is by far the largest study ever published
comparing AD with PDD. The patients in the two groups were
individually matched with regard to age, sex, duration of
dementia and overall cognitive impairment, and they were all
studied using the same cognitive scales which enabled a direct
comparison.

In conclusion, we found differential cognitive profiles in
patients with PDD and AD, strongly supporting the notion that
dementia in PDD is not caused by an AD-type pathology but
rather by pathophysiological mechanisms specifically asso-
ciated with PD.
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