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Cognitive impairment in patients with Parkinson’s disease is gaining increased clinical signiﬁcance owing to the
relative success of therapeutic approaches to the motor symptoms of this disorder. Early investigations contributed to
the concept of subcortical dementia associated with bradyphrenia and cognitive rigidity. For cognition in parkinsonian
disorders, this notion developed into the concept of mild cognitive impairment and fronto-executive dysfunction in
particular, driven mainly by dopaminergic dysmodulation and manifesting as deﬁcits in ﬂexibility, planning, working
memory, and reinforcement learning. However, patients with Parkinson’s disease could also develop a syndrome of
dementia that might depend on non-dopaminergic, cholinergic cortical dysfunction. Recent ﬁndings, supplemented
by advances in neuroimaging and genetic research, reveal substantial heterogeneity in the range of cognitive deﬁcits
in patients with Parkinson’s disease. Remediation and management prospects for these cognitive deﬁcits are based
on neuropharmacological and cognitive rehabilitation approaches.

Introduction
Parkinson’s disease is a progressive neurodegenerative
disorder diagnosed on the basis of characteristic motor
disturbance (bradykinesia, resting tremor, rigidity, and
postural instability), asymmetrical symptom onset, and
good response to levodopa.1 As a synucleinopathy,
Parkinson’s disease is linked to the pathogenetic
ﬁbrillisation of the unstructured soluble protein
α-synuclein and the formation of Lewy bodies in nigral
regions, limbic and brainstem nuclei, and neocortical
regions,2 although neuroﬁbrillary tangles and plaques
are also commonly present in these regions.3 Neuronal
degeneration
directly
aﬀects
catecholaminergic
(ie, dopamine and norepinephrine) and cholinergic
(acetylcholine) neurotransmission. Parkinson’s disease
aﬀects one out of 100 people who are aged older than
60 years in industrialised countries.4 Cognitive
impairment, in the form of executive deﬁcits, visuospatial
and memory deﬁcits, and clinically evident dementia,
seems to be an independent non-motor aspect of the
disorder that has an important role in establishing
functional outcome; Parkinson’s disease dementia is a
crucial determinant of reduced life expectancy in patients
with this movement disorder.5
The frequency and severity of cognitive decline caused
by Parkinson’s disease and its implications for clinical
management emphasise the need to approach this
impairment as a symptom that requires separate attention
and targeted treatment. As a movement disorder, motor
dysfunction is probably the most burdensome symptom
for patients with Parkinson’s disease. However, the
relative success in managing this symptom, owing to the
development of eﬀective pharmaceutical regimens
focusing on dopamine restoration, might enable a shift in
attention so that the non-motor, cognitive features of
Parkinson’s disease can now also be eﬀectively addressed.
Increased focus on the non-motor symptoms is essential
for assessing and treating the disease-speciﬁc and druginduced psychiatric symptoms, such as depression or
hallucinations, many of which are closely linked to the

cognitive symptoms and features of Parkinson’s disease.
Increasing evidence suggests that the neuropsychological
deﬁcits seen early in the course of the disease might also
be a powerful predictor of the overall progression of
cognitive dysfunction to dementia, with implications for
early pharmacological intervention.
In this Review, we discuss the clinical manifestations
and neurochemical features of cognitive impairment in
patients with Parkinson’s disease, outlining axes of
cognitive disturbance. The emerging concept of
heterogeneity at the levels of cognition and underlying
neurochemistry, possibly a consequence of the
cytologically and structurally diverse neural damage
caused by the disease and its interactions with the ageing
process, is supported by evidence from neuropsychological, pharmacological, neuroimaging, and
genetic research. First, we concentrate on deﬁcits in
executive control—mechanisms by which performance
is optimised under conditions requiring the operation of
several cognitive processes. Thus, deﬁcits in cognitive
ﬂexibility, planning, working memory, and learning
appear early in Parkinson’s disease and are similar to
symptoms in patients with frontal lobe injury. In these
manifestations of what can be broadly characterised as
a fronto-striatal syndrome, deﬁcits in the catecholaminergic, particularly dopaminergic, pathways are
prominent. These aspects of cognitive dysfunction
in patients with Parkinson’s disease are commonly
thought to be a prodrome to dementia, but their
association with Parkinson’s disease dementia might not
be one of simple linear progression. Second, we discuss
the pathological basis of the neuropsychological and
debilitating clinical symptoms of dementia in patients
with Parkinson’s disease and the eﬀect of nondopaminergic, mainly cholinergic, pathological changes
in extra-striatal regions.6 Finally, we review the clinical
management of patients with Parkinson’s disease and
cognitive dysfunction, including dementia, with regard
to its heterogeneous nature in terms of new drugs and
non-pharmacological interventions.
www.thelancet.com/neurology Vol 9 December 2010
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Cognitive impairment in Parkinson’s disease
Neuropsychological deﬁcits
Controversy has surrounded the concept of cognitive
deﬁcits in Parkinson’s disease since the 19th century.
Contrary to James Parkinson’s description7 in 1817 of
“the senses and intellects being uninjured”, Charcot,8
who named the disease after Parkinson, emphasised
that “the mind becomes clouded and the memory is
lost”. More generally, the concept of mild cognitive
impairment, typically used to characterise a transitional
cognitive status from normal ageing to dementia, is
used in Parkinson’s disease as an umbrella term for the
diverse neuropsychological deﬁcits within the executive,
mnemonic, and visuospatial domains.9–12 Patients who
have been newly diagnosed with Parkinson’s disease
are twice as likely to develop mild cognitive impairment
than are healthy elderly individuals.13,14 Between 20%
and 57% of patients are aﬀected by mild cognitive
impairment within the ﬁrst 3–5 years after diagnosis;15–17
therefore, this deﬁcit deserves particular attention
because of its potential predictive association with
dementia.
Patients with Parkinson’s disease who do not have global
cognitive decline have similar patterns of impairments to
those in patients with frontal lobe lesions, as assessed by
use of tasks such as the Wisconsin card sorting test, the
Odd-Man-Out test, and the Tower of London test,18–21 which
index executive functions such as planning, concept
formation, rule use, and working memory (the mechanism
by which information is held and manipulated ‘online’).
These ﬁndings contributed to the emerging concept of
Parkinson’s disease as a fronto-striatal syndrome that gives
rise to deﬁcits that are particularly apparent when patients
need to generate behaviour on the basis of internal rather
than external cues22,23 and when they need to ﬂexibly switch
between well learned tasks.24,25
In the next sections, we further discuss the
manifestations of executive dysfunction revealed by
neuropsychological testing (table 1) and the varied eﬀects
of dopaminergic restoration (panel 1). Although motor
symptoms26 and mood status, particularly depression,27
have a predominantly negative eﬀect on quality of life,
executive deﬁcits have real-world implications. Diﬃculties
in planning during the Wisconsin card sorting test are
associated with health status.28 Executive impairment can
be disabling as it interferes with social and occupational
functioning; patients report reduced organisational skills,
impaired concentration, and problems with retaining
information while undertaking daily tasks.29

inhibitors—has a parallel restorative eﬀect on certain
aspects of cognition. Evidence of dopamine-dependent
cognitive deﬁcits was initially based on reports of
selective beneﬁcial eﬀects of drugs on tasks sensitive to
frontal lobe dysfunction, either by comparing newly
diagnosed (untreated) and treated patients with mild
disease or by temporarily withdrawing patients from
their dopaminergic regimens.30–33 The cognitionenhancing eﬀects of dopaminergic drugs in patients
with Parkinson’s disease broadly encompass aspects of
cognition that involve ﬂexibility, for example during
planning on the Tower of London test, switching
between well learned tasks,24 response inhibition
particularly during periods of uncertainty,34,35 and
working memory,32,36,37 which tap into fronto-striatal
dopamine pathways.
By contrast with this dysexecutive syndrome,
visuospatial function during mental rotation38 and
visual recognition memory, conditional associative
learning, and verbal memory—amnestic features of
parkinsonian mild cognitive impairment, particularly
as a function of increasing clinical disability and disease

Type of deﬁcit

Function

Wisconsin card sorting test
Tower of London test

Executive

Attention
Working memory
Planning
Concept formation
Rule use
Cognitive inhibition
Use of feedback

Task switching

Executive

Cognitive ﬂexibility
Response inhibition
Attention
Resistance to distractibility or set maintenance

Stroop performance

Executive

Attention
Response inhibition

Attentional set-shifting

Executive

Attention
Higher-order ﬂexibility (stimulus dimensions)
Use of feedback
Resistance to distractibility/set maintenance

Reversal learning

Learning

Use of feedback
Lower-order ﬂexibility (stimulus exemplars)

Weather prediction

Learning

Use of feedback
Attention
Working memory
Rule formation
Abstract reasoning

Gambling or decision making

Impulse control

Use of feedback
Response inhibition

Digit span

Memory

Working memory (numbers)

Spatial working memory

Memory

Working memory (spatial representations)

Stop signal task

Motor inhibition

Response inhibition

Dopaminergic nature of the fronto-striatal
dysexecutive syndrome

Delayed responding

Motor inhibition

Attention
Resistance to distractibility

As well as relief from many of the motor symptoms of
Parkinson’s disease, dopaminergic enhancement—with
the use of levodopa, dopamine receptor agonists
(generally the D2 subtype), monoamine oxidase type B
inhibitors, and catechol-O-methyltransferase (COMT)

Mental rotation

Visuospatial

Motor imagery
Visuospatial transformation
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Characteristic aspects of mild cognitive impairment usually seen in patients receiving drug treatment.

Table 1: Fronto-executive deﬁcits in early Parkinson’s disease by neuropsychological task
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Panel 1: Eﬀects of dopamine restoration
Cognitive beneﬁt or amelioration of deﬁcit
• Wisconsin card sorting test
• Tower of London test
• Task switching—concrete rules
• Digit span
• Spatial working memory
Cognitive deterioration from dopaminergic overdose
• Concurrent learning
• Probabilistic reversal learning
• Weather prediction classiﬁcation
• Gambling and decision making
• Delayed responding with distraction
• Visual hallucinations
No eﬀect
• Attentional set-shifting (extra-dimensional shifting)
• Task switching—abstract rules
• Pattern and spatial recognition memory
• Associative learning
• Verbal memory
Dopaminergic restoration has ameliorating, deleterious, and in some cases no eﬀects
on aspects of mild cognitive impairment that emerge during neuropsychological
testing in the early stages of Parkinson’s disease.

duration39,40—seem to be dopamine-independent and
unaﬀected by medication status. Dopaminergic
restoration, however, might also have deleterious eﬀects
on a diﬀerent subset of cognitive functions reliant on
learning by integrating environmental feedback with
ongoing behaviour.

The dopamine overdose hypothesis
Results from early studies indicated that dopaminergic
remediation can impair some aspects of cognition,
mostly by overdosing the caudate nucleus and ventral
striatum, which are generally less dopaminergically
depleted early in the disease.41 By contrast, the putamen
is more aﬀected by the primary dopaminergic deﬁcit and
is implicated in the motor symptoms of Parkinson’s
disease. Thus, by optimally titrating the dose of levodopa
to ameliorate the motor symptoms, the ventral striatum
and mesocortical dopaminergic pathways might be
subject to an eﬀective overdose.31,42 Dopaminergic dosing
that restores dopamine concentrations in the severely
depleted dorsal regions is thought to improve those
aspects of cognition that rely on dorsal fronto-striatal
circuitry; however, this dosing leads to side-eﬀects on
cognitive functions for which ventral striatal dopamine
signalling, particularly the nucleus accumbens and
associated fronto-striatal loops with the orbitofrontal
cortex, is key. In support of this hypothesis, impulsive
responding and failure to switch to a newly rewarded
stimulus when the currently selected one is no longer
associated with reward (reversal learning) is reported in
1202

patients receiving treatment but not in untreated
patients;42–45 this eﬀect is associated with a blood-oxygenlevel-dependent (BOLD) signal change on functional
MRI in the nucleus accumbens but not in the dorsal
striatum or frontal cortex.46 Dopaminergic overdose has
been linked to increased impulsivity and abnormal
betting in a gambling setting.24 In this regard, dopamine
agonists such as pramipexole have been implicated in
pathological gambling and dysfunction in impulse
control sometimes seen in patients with Parkinson’s
disease,47,48 possibly by dopamine receptor activation
outside the dorsal striatum (see also below).
The dopamine overdose rationale is central to
understanding drug-induced cognitive deﬁcits in
patients with Parkinson’s disease, which are typically
observed during learning tasks in general, not just
reversal learning. Patients with Parkinson’s disease often
have impairments during concurrent learning tasks for
which many stimulus-outcome associations are learnt
over the course of several attempts by trial-and-error
feedback,49 rather than by direct observation of the
correct stimuli.50,51 Feedback-based behaviour implicates
the mesocorticolimbic dopamine system, which includes
the ventral striatum and amygdala. As such,
dopaminergic drugs have been associated with adverse
eﬀects on learning in early Parkinson’s disease52 with
subtly diﬀerent eﬀects observed depending on the
valence (positive/negative) of the feedback learning
signal.53,54 Global increases in tonic dopamine that might
obscure phasic stimulus-speciﬁc dopamine signals from
error-correcting feedback, essential to the incremental
acquisition of stimulus-outcome associations,55 might
give rise to this deﬁcit.
Whereas drug-induced cognitive deﬁcits are mainly
associated with the context of depleted versus intact
striatal regions, other deﬁcits, such as distractibility,
might stem from upregulated frontal dopaminergic
transmission in early Parkinson’s disease in response to
reductions in striatal dopamine.56 Untreated patients
might exhibit improved frontal function, as indexed by
susceptibility to distraction: one study has recently shown
improved resistance to distraction on a delayed response
task in the absence of dopaminergic drugs, even when
compared with controls, which was not maintained after
drugs were resumed, potentially suggesting that overdose
at the level of the frontal cortex reinstates distractibility.57
Dopaminergic overdosing might also account for
another type of deﬁcit in Parkinson’s disease—ie,
impairments in attentional mechanisms used in rule
learning, as seen in weather-prediction classiﬁcation
tasks, in which diﬀerent stimuli predict diﬀerent
outcomes (ie, the weather). The locus of overdose in this
case might be in intact temporal regions, leading to
attentional and consequent learning deﬁcits on tasks
that make use of perceptually complex stimuli.58 Thus,
impaired rule learning when this task requires the
integration of non-verbal information present in such
www.thelancet.com/neurology Vol 9 December 2010
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stimuli59,60 might stem from an underlying attentional
impairment.

Cholinergic and possible noradrenergic contributions to
mild cognitive impairment in early Parkinson’s disease
Results from early psychopharmacological studies have
indicated that, compared with dopaminergic therapy,
anticholinergic drugs lead to similar motor improvements
after chronic treatment in newly diagnosed patients but
impaired short-term memory33 and frontal-like executive
dysfunction after acute treatment,61 a pattern similar to
that seen in patients, but not controls, after treatment
with hyoscine.62 Cholinergic deﬁcits at the level of the
frontal and temporal cortex are well documented even
early in the course of Parkinson’s disease63–65 owing to
degeneration of the basal forebrain cholinergic nuclei
and ascending cholinergic pathways, which occurs in
parallel with the main dopaminergic pathological
changes. Neuropathological evidence lends support to a
role of acetylcholine-based cognitive deﬁcits in patients
with Parkinson’s disease who do not have dementia. In
one study, although reduced choline acetyltransferase
activity was reported in both prefrontal and temporal
regions, and this was correlated with Lewy body load,
only prefrontal choline acetyltransferase activity and D1
receptor density in the caudate nucleus were correlated
with the extent of cognitive impairment in the absence of
Alzheimer’s disease pathological changes.66 More
recently, by use of acetylcholinesterase PET imaging,
cholinergic denervation was reported in patients without
dementia,67 which was associated with impaired episodic
verbal learning and Stroop performance68—a task
invoking executive control, or inhibition, over the
prepotent reading response to a word printed in ink of an
incongruent colour.
Another aspect of executive dysfunction in early
Parkinson’s disease is attentional set-shifting (extradimensional shifting), which refers to switching between
higher-order modalities or classes of stimuli on the basis
of feedback. Given the role of both ﬂexibility and learning
in extra-dimensional shifting, patients with Parkinson’s
disease unsurprisingly have reliable deﬁcits mirroring
fronto-striatal dysfunction, with cortical processing
deﬁcits associated with the degree of striatal involvement
at diﬀerent task stages.69 Dopamine depletion in the
caudate nucleus has no eﬀect on extra-dimensional
shifting in the marmoset;70 similarly, switching attention
between diﬀerent perceptual aspects of a stimulus is
insensitive to dopaminergic manipulation in Parkinson’s
disease,32,37,39,45,71 as is switching between abstract rules
governing judgments of stimulus categories.25 Increasing
evidence72 suggests that norepinephrine might be
implicated in this type of higher-order cognitive ﬂexibility.
This as-yet untested hypothesis is consistent with the
early and profound degeneration of the locus coeruleus,
the main source of cortical norepinephrine,73,74 seen in
patients with Parkinson’s disease.
www.thelancet.com/neurology Vol 9 December 2010

Dementia in Parkinson’s disease
Clinical characteristics
Although patients with Parkinson’s disease dementia
share some of the features of cognitive impairment seen
in patients without dementia in terms of executive and
mnemonic features,75 the range, complexity, and severity
of cognitive and psychiatric symptoms clearly diﬀerentiate
these patients. The diagnosis of dementia in patients with
Parkinson’s disease is a complex undertaking despite its
clear diﬀerentiation from the dementia of Alzheimer’s
disease, as recently highlighted by the Movement Disorder
Society task force.76,77 The consensus criteria specify a
diagnosis of Parkinson’s disease according to the Queen
Square Brain Bank criteria, and a dementia syndrome
that is manifest in two or more cognitive domains with a
decline in levels of functioning and that causes social and
occupational impairment; deﬁcits such as ﬂuctuating
attention, executive dysfunction, free recall, and
visuospatial function might be seen. Patients with
Parkinson’s disease dementia can also have psychiatric
symptoms such as depression, anxiety, excessive daytime
sleepiness, and visual hallucinations (panel 2).
As Parkinson’s disease dementia has been associated
with mortality, longitudinal estimates of its cumulative
prevalence, rather than cross-sectional estimates, are
more accurate representations of true dementia frequency
within the Parkinson’s disease population, and range
from 75% to 90%.78,79 Similarly, patients with Parkinson’s
disease are three to ﬁve times more likely to develop
dementia compared with healthy individuals.12,80 The
prevalence of Parkinson’s disease dementia in the general
population has been estimated at 2–3%81 and is the best
predictor of admission to a nursing home.82
With regards to cognitive symptoms, dementia in
Parkinson’s disease is closely related to dementia with
Lewy bodies, although both are distinguishable from
Alzheimer’s disease, which involves more profound
memory impairments.83 Lewy bodies (a common feature
in dementia disorders), plaques, and vascular changes
are present in both Parkinson’s disease dementia and
dementia with Lewy bodies; these disorders are
characterised by diﬀerent temporal proﬁles, but whether
they are separate non-converging clinical diseases
remains a matter of debate.84 In this Review, we focus on
the development of dementia at least 1 year after the
diagnosis of Parkinson’s disease.

The association between early cognitive impairment
and Parkinson’s disease dementia
Parkinson’s disease dementia is associated with many
types of cognitive impairment, but it remains unclear
whether dementia itself is indicative of further cognitive
deterioration along the same impairment pathway as mild
cognitive impairment in patients without dementia,14,85 or
whether it is a separate clinical disorder86 or an interaction
between Parkinson’s disease and age. Because the criteria
for Parkinson’s disease dementia require a diagnosis of
1203
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Panel 2: Diagnostic criteria, neuropsychological features,
and psychiatric symptoms of Parkinson’s disease
dementia
Diagnostic criteria
• Diagnosis of Parkinson’s disease according to Queen
Square brain bank criteria
• Parkinson’s disease precedes dementia onset
• MMSE score of <26
• Severe cognitive dysfunction that interferes with daily living
• Impairment on at least two of the following: three-word
recall (MMSE), overlapping pentagons (MMSE), months
reversed or sevens backward (MMSE), lexical ﬂuency, or
clock drawing
• Absence of major depression, delirium, or other
abnormalities that obscure diagnosis
Neuropsychological deﬁcits
• Executive: Wisconsin card sorting test, Stroop
performance, Odd-Man-Out, verbal ﬂuency (semantic,
phonological)
• Working memory: digit and spatial span
• Memory: free and cued recall, auditory verbal learning
• Visuospatial abilities: clock drawing, Benton line
orientation, face recognition, fragmented letters
Psychiatric symptoms
• Visual hallucinations
• Psychosis
• Apathy
• Depression
• Anxiety
MMSE=mini-mental state examination.

Parkinson’s disease before dementia onset, patients with
early signs of dementia before or in the absence of a
diagnosis of Parkinson’s disease would not be considered
for inclusion in an epidemiological or longitudinal study
that attempted to address this issue. For example, subtle
memory deﬁcits are seen in early Parkinson’s disease and
equivocal ﬁndings have been reported with regard to
verbal and visual memory deﬁcits in early Parkinson’s
disease dementia,87–91 consistent with temporal lobe
denervation (see below). The distinct pathological features
of Alzheimer’s disease92 might contribute to some aspect
of memory dysfunction in Parkinson’s disease dementia,93
but this cognitive impairment is overall milder than in
Alzheimer’s disease.94 Whether mnemonic deﬁcits in
Parkinson’s disease dementia are independent of the
executive impairment and ﬂuctuating attention,94 which
precede and eventually precipitate the dementia diagnosis,
is unclear.
Moreover, age has a substantial eﬀect on Parkinson’s
disease dementia.95 Despite the large variability in the
timing of dementia onset, from a few years to two decades
from the diagnosis of Parkinson’s disease, age at onset
1204

and consequent duration of Parkinson’s disease seem to
make no notable contribution beyond age itself;96 young
patients with early-onset Parkinson’s disease, and therefore
with longer disease duration, have low rates of dementia.
In a recent study97 on the neuropathological changes
observed in the ﬁnal phase of Parkinson’s disease at
diﬀerent ages, two clinical milestones of advanced disease,
dementia and visual hallucinations, were associated with
cortical Lewy body load and greater Alzheimer’s diseasetype pathological changes, but overall no diﬀerences were
seen as a function of age. Only in the early-middle phase,
before dementia and visual hallucinations develop, did
age aﬀect rate of disease progression; pathological changes
progressed uniformly in the advanced stage irrespective of
the age at onset. Parkinson’s disease has been proposed to
progress exponentially, so that ageing leads to a longer
disease course in young-onset patients, accelerating
clinically when the advanced stage is reached to match
that of older-onset cases.97 This exponential clinical eﬀect
might not be attributable to the actual rate of
neurodegeneration in Parkinson’s disease as such, but
could result from an exponential increase in the number
of neurons aﬀected during the regional transition of the
disease from the brainstem nuclei to the neocortex.
Data from many studies lend support to a predictive
association between the executive dysfunction of mild
cognitive impairment in early Parkinson’s disease and
Parkinson’s disease dementia, highlighting deﬁcits in
verbal ﬂuency, abstract reasoning,9 picture completion,10
and Stroop performance10,98 as prognostic of dementia
onset. However, the nature of neuropsychological deﬁcits
that are prodromal to dementia might diﬀer as a function
of their temporal distance from development of dementia;
moreover, the meaningfulness and practical use of an
association between Parkinson’s disease dementia and
perseveration on the Wisconsin card sorting test observed
within just 1 year of dementia onset99 might be limited.
Data from other studies, however, have indicated that
the proﬁle of impairment in patients who eventually
develop dementia might diﬀer from the typical frontostriatal executive dysfunction seen in early Parkinson’s
disease,15 emphasising the role of visuospatial and
language deﬁcits in these patients that are indicative of
early Lewy body load in the occipito-parietal cortex and the
temporal lobe. This diﬀering proﬁle is highlighted in the
Parkinson’s disease dementia criteria of the Movement
Disorder Society, and data from our studies have indicated
that impairment on two simple bedside assessments—
pentagon copying from the mini-mental state examination100 and semantic ﬂuency—predict cognitive decline
and Parkinson’s disease dementia at 3-year and 5-year
follow-up.15,101 Deﬁning the pattern of mild cognitive
impairment that is prodromal of Parkinson’s disease
dementia is an area of active research owing to its
predictive value and the possibility that these deﬁcits could
respond better to treatments used in dementia such as
cholinesterase inhibitors and memantine (see below).
www.thelancet.com/neurology Vol 9 December 2010
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Neuroimaging ﬁndings in Parkinson’s disease dementia
Neuroimaging evidence complements these neuropsychological ﬁndings, suggesting that both widespread
pathological changes and speciﬁc regional changes in the
brain underlie early mild cognitive impairment before
Parkinson’s disease dementia develops. Reduced cerebral
glucose uptake in extensive posterior cortical areas,
particularly in the occipitoparietal junction and temporal
cortex, occurs in patients with Parkinson’s disease and
mild cognitive impairment compared with cognitively
intact patients.102,103 Widespread changes in fractional
anisotropy measures from diﬀusion tensor MRI are
more prominent in mild cases of non-tremor-dominant
Parkinson’s disease than in tremor-dominant and
mixed proﬁle Parkinson’s disease, potentially reﬂecting
diﬀuse grey matter loss104 that might also predict
subsequent cognitive decline.
In established Parkinson’s disease dementia,
substantial atrophy is seen throughout the brain,
particularly in the frontal, temporal, and occipital cortices
and in subcortical regions.105–109 In one study, reductions
in grey matter in the occipital cortex bilaterally
diﬀerentiated Parkinson’s disease dementia from
Parkinson’s disease.110 In another study, which accounted
for atrophy changes, decreased blood ﬂow in posterior
parieto-occipital regions, particularly the precuneus, was
reported in patients with Parkinson’s disease dementia
but not in patients with Alzheimer’s disease for whom
posterior cingulate changes were reported instead.111
Although increased concentrations of cortical amyloid
have been reported in patients with dementia with Lewy
bodies,112 but not in patients with Parkinson’s disease
dementia,113 it is unclear whether amyloid deposition is a
time-dependent process, and therefore diﬀerent in
dementia with Lewy bodies and Parkinson’s disease
dementia, which have diﬀerent dementia time courses.
Amyloid might have a greater role with shorter time to
dementia onset, a hypothesis that is supported by
clinicopathological ﬁndings of increased amyloid and
α-synuclein concentrations in patients with dementia
with Lewy bodies and Parkinson’s disease dementia of
shorter disease duration compared with patients with
Parkinson’s disease dementia who have a longer motor
symptom history before dementia onset.114 Establishing
the cortical amyloid burden in Parkinson’s disease
dementia and whether it aﬀects the clinical phenotype is
important when evaluating the beneﬁts of anti-amyloid
strategies in Parkinson’s disease dementia.
Visual hallucinations also predict rapid cognitive
deterioration and dementia onset in Parkinson’s
disease.115,116 Visual hallucinations are associated with
cortical Lewy bodies117 particularly in temporal regions.118
Hippocampal atrophy is associated with verbal learning
deﬁcits in patients with Parkinson’s disease dementia who
have hallucinations.119 Compared with patients who do not
have hallucinations, patients with visual hallucinations
also have frontal hypermetabolism120 and orbitofrontal
www.thelancet.com/neurology Vol 9 December 2010

atrophy that correlates with visual memory deﬁcits.121
Nonetheless, visuospatial and perceptual deﬁcits are more
frequently observed in patients with Parkinson’s disease
dementia with visual hallucinations,122,123 similar to the
prominent pathological changes in the visual association
area, discussed previously. Visual hallucinations in
Parkinson’s disease dementia might therefore have a
complex neural origin, and visual, temporal, and frontal
areas might also be implicated, depending on the criteria
used to specify the Parkinson’s disease dementia and
control groups.

Cholinergic dysfunction in Parkinson’s disease dementia
Cholinergic deﬁcits stem from degeneration and Lewy
body pathological changes in the basal forebrain and
ascending cholinergic pathways, which can be even more
pronounced in patients with Parkinson’s disease dementia
than in patients with Parkinson’s disease or Alzheimer’s
disease,124–129 aﬀecting the frontal, parietal, and temporal
cortices and the amygdala. These in-vivo neuroimaging
studies were preceded by early post-mortem ﬁndings from
patients with Parkinson’s disease dementia of reduced
choline acetyltransferase concentrations, particularly in
the temporal cortex, which were associated with the extent
of cognitive impairment and the size of the surviving
neuronal population of the basal forebrain nucleus of
Meynert.130 The onset of dementia was also associated with
profound basal forebrain cholinergic degeneration.65 By
contrast, nigrostriatal dopaminergic degeneration is
indistinguishable between Parkinson’s disease, Parkinson’s
disease dementia, and dementia with Lewy bodies.131
Cholinergic abnormalities are also thought to underlie
visual hallucinations in Parkinson’s disease dementia.132–134
In the past 10 years, cholinesterase inhibitors, discussed
below, have been recognised to confer moderate beneﬁts to
patients with Parkinson’s disease dementia,135 at least early
in the course of dementia.

Genetic susceptibility factors
Research on genetic susceptibility to Parkinson’s disease
dementia has been inconclusive, although a family
history of Parkinson’s disease136,137 might increase the risk
for developing dementia. Some studies have focused on
α-synuclein and tau, which might be involved in this
process, suggesting that common variation in both the
SNCA (α-synuclein) and the MAPT (microtubuleassociated protein tau) H1 haplotype might not only
aﬀect susceptibility to sporadic Parkinson’s disease, but
also aﬀect the rate of cognitive decline and Parkinson’s
disease dementia.101,138–140 Moreover, tau has been linked to
cholinergic neurotransmission via the K allele of the
butyrylcholinesterase gene (BCHE), which is relevant to
cognitive impairment in Alzheimer’s disease141 and
reduces tau phosphorylation rate, and hence directly
aﬀects Lewy body formation.142 The apolipoprotein E ε4
(APOE ε4) allele, which increases vulnerability to
Alzheimer’s disease and predicts cholinergic deﬁcits,143
1205
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has also been equivocally associated with Parkinson’s
disease dementia,80,144 although large-scale studies are
needed to clarify this.145 Cognition in patients with
Parkinson’s disease dementia carrying both the APOE ε4
allele and the BCHE K allele might deteriorate more
rapidly than in other patients,146 although the underlying
mechanism is unclear. Finally, glucocerebrosidase
mutations implicated in Lewy body formation might
increase the risk for both Parkinson’s disease dementia
and dementia with Lewy bodies;147,148 in one study,
hallucinations and dementia were reported in about 45%
of mutation carriers. More work is needed to understand
the genetic contributions to Parkinson’s disease dementia
with large-scale, adequately powered longitudinal studies
that focus on common or more frequent mutations in
relevant genes to account for variation in cognitive
decline in the wider Parkinson’s disease population.

Heterogeneity in cognitive proﬁles
The association between mild cognitive impairment in
patients with and without dementia is far from straightforward. Although cognitive impairment, particularly in
the form of early-stage executive dysfunction, is fairly
common in Parkinson’s disease and well documented
neurally and neurochemically, it is not universal or
uniform; patients have diverse impairment proﬁles with
variable risk and progression rate to dementia. The basis
of this heterogeneity is unclear but might be at least partly
explained by uneven dopamine loss across the basal
ganglia circuitry149,150 and neurodegenerative hallmarks
such as the emergence of cortical Lewy bodies and nonParkinson’s disease features as a consequence of ageing,97
which might interact with the putative pathological
processes that underlie dementia.
Recent genetic ﬁndings in patients with mild Parkinson’s
disease without dementia point to the role of catecholaminergic metabolism and its modulation by the COMT
Val158Met polymorphism in executive dysfunction.
Results from behavioural and genetic imaging studies
have indicated that the COMT genotype might aﬀect
performance on tasks sensitive to fronto-striatal dysfunction such as the Tower of London test.151–153 Early
Parkinson’s disease is characterised by a basal hyperdopaminergic state in the prefrontal cortex, which might
change as the disease progresses and be subject to modulation by COMT and dopaminergic drugs. Dopaminedependent executive dysfunction in Parkinson’s disease
has been proposed to occur as a function of these
factors,151,154 and relates to the notion of optimum dopamine
concentrations in the prefrontal cortex; cognitive functions
such as executive control reliant on this circuitry are
adversely aﬀected by too high or too low dopamine
neurotransmission. The COMT genotype aﬀects frontoparietal activity during planning in the Tower of London
test, presumably reﬂecting changes in cortical dopamine
modulation. Although these ﬁndings link the COMT
polymorphism with dopamine-speciﬁc eﬀects, all
1206

catecholaminergic neurotransmission, including noradrenergic, is also aﬀected by this polymorphism.155 Further
replication in other cohorts of patients will strengthen the
case for an association between the COMT mutation and
the dysexecutive syndrome in Parkinson’s disease.
In addition to understanding cognitive heterogeneity
observed at any one point between patients, data from
large cohort studies with longitudinal follow-up have
indicated diﬀerent patterns of disease progression over
time. For example, in a subgroup of patients with
dopamine-unresponsive axial features such as postural
instability and gait disturbance, there is a greater tendency
to develop dementia earlier in the disease course,14,15,156,157
and results from other studies have shown that dementia
is rare in patients with tremor-dominant Parkinson’s
disease.158 The basis for this ﬁnding is unclear but seems
likely to relate to early notable non-nigral pathological
changes, particularly Lewy body formation in extra-nigral
sites, including the pedunculopontine nucleus149 and
neocortex. The Sydney multicentre study159 is unique in its
clinicopathological insights based on the 20-year
longitudinal follow-up of a large cohort. In this study,
three distinct groups were identiﬁed: one group with
severe neocortical Lewy body disease consistent with the
proﬁle of dementia with Lewy bodies, a younger-onset
group with longer survival and typically slow clinical
course progressing caudorostrally from the brainstem,
and a third group with late-onset disease who had a faster
rate of progression to dementia, with limbic and
neocortical pathological changes. Taken together, these
ﬁndings indicate the existence of meaningful subdivisions
in the presentation and progression of cognitive
dysfunction in patients with Parkinson’s disease.
The heterogeneity characteristic of cognitive
impairment in Parkinson’s disease, with its varied
neuropsychological and clinical manifestations and
diverse underlying neurochemistry, is summarised in
the ﬁgure. Neuropsychological overlap exists because
patients with Parkinson’s disease and dementia, with
their pronounced acetylcholine-based visuospatial and
memory deﬁcits, also have dopamine-dependent
executive deﬁcits, secondary to nigrostriatal degeneration
that underlies their diagnosis of this disorder. Because
Parkinson’s disease aﬀects many of the neurotransmitter
systems of the reticular core in addition to nigrostriatal
dopamine, noradrenergic imbalance might contribute to
a diﬀerent subset of executive deﬁcits, and some degree
of frontal cholinergic deﬁcit might also contribute to
cognitive impairment early in the disease course.
To establish the development of cognitive impairment
in Parkinson’s disease empirically, pharmacological—ie,
catecholaminergic and cholinergic—manipulations
could be systematically applied longitudinally in a large
patient cohort versus a matched control population to
assess possible interactions with ageing. The possible
contributions of interactions at the neurotransmitter
level also need to be taken into account. As some
www.thelancet.com/neurology Vol 9 December 2010
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symptoms of Parkinson’s disease dementia seem to be
sensitive to cholinergic manipulations, at least in some
patients and particularly early in the disease course, more
than just the obvious interpretation of a central profound
cholinergic deﬁcit is implied; boosting cholinergic
neurotransmission might mitigate the eﬀects of
encroaching cortical and subcortical denervation, by
enhancing the function of a degenerating cortex or by
interacting with other failing neurotransmitter systems.
We concede that this complex picture might only be
deciphered by taking into account variation not only at
the phenotypic level, but also at the genotypic level.

4

7

6

1
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Clinical management
Dopaminergic treatments of cognitive deﬁcits
Therapeutic intervention in Parkinson’s disease dementia
is structured around treatment of the motor impairment
and non-motor symptoms of sleep disturbance,
gastrointestinal problems, and depression. Because these
features ultimately have the greatest eﬀect on patients’
quality of life, symptom relief and promotion of functional
independence is of great importance. An overall strategy
of delaying the use of levodopa160 avoids or postpones the
development of motor complications, drug intolerance,
and cognitively detrimental side-eﬀects. From this point
of view, amelioration of the executive fronto-striatal deﬁcits
seems to be a noteworthy, although possibly secondary,
consequence of the central dopaminergic treatment
strategy. Factors such as age and disease severity,161 as well
as the COMT polymorphism, interact with dopaminergic
regimens and contribute to subtle diﬀerences in the
cognitive proﬁle of patients with Parkinson’s disease
without dementia. Recent concerns about the use of
dopaminergic agonists in the development of pathological
gambling, impulse control, and repetitive behaviours
extend the implications of the dopamine overdose
hypothesis from the cognitive to the psychiatric
domain.162,163 Factors such as male sex, novelty-seeking
behaviour, impulsivity, and family history of addictive
behaviour seem to be associated with these side-eﬀects.164
Although dopaminergic drugs are known to ameliorate
some cognitive deﬁcits in Parkinson’s disease, as has
already been discussed, consideration of these beneﬁts
has limited relevance to prescribing practice for patients
with advanced disease and neuropsychiatric symptoms.
Despite the fact that hallucinations in Parkinson’s
disease implicate dopaminergic, cholinergic, and
serotonergic imbalances, agonist-induced dopaminergic
overdose is associated with hallucinations in Parkinson’s
disease.165–168 Pramipexole, a D2/D3 agonist, has harmful
eﬀects on cognition,48,169 causing additional deﬁcits in
verbal ﬂuency, executive function, and verbal short-term
memory compared with pergolide, which acts on
D1/D2 receptors.170,171
In addition to its main dopaminergic features, executive
impairment in early Parkinson’s disease might have a
noradrenergic component, expressed as higher-order
www.thelancet.com/neurology Vol 9 December 2010
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Acetylcholine
Dopamine
Norepinephrine
Parkinson’s disease
dementia

Mild cognitive impairment
in Parkinson’s disease

Early cognitive deﬁcits
Rule shifting (WCST)
Planning (TOL)
Attentional set shifting (EDS)
Working memory
Feedback-based learning
Delayed response inhibition

Cognitive deﬁcits in
Parkinson’s disease dementia
Semantic ﬂuency
Auditory verbal learning
Visuospatial skills
Verbal and visual memory
Hallucinations

Figure: Cognitive impairment in Parkinson’s disease
The neuropsychological deﬁcits characterising the dysexecutive syndrome in
the mild cognitive impairment of early Parkinson’s disease are mediated
mainly by fronto-striatal dopaminergic dysfunction (blue). Noradrenergic
dysfunction (green) probably underlies the attentional set shifting deﬁcit,
which forms part of the dysexecutive syndrome, although this remains
untested in Parkinson’s disease. Some frontal cholinergic deﬁcit (red) also
compromises early Parkinson’s disease cognition. Although diﬀuse cortical
degeneration is seen in Parkinson’s disease dementia, its distinctive
visuospatial and mnemonic deﬁcits indicate cholinergic involvement.
Cholinergic modulation probably has a key role in the progression to
Parkinson’s disease dementia (red arrow). Neuropsychological deﬁcits are
shared with those of the frontal dysexecutive syndrome (overlapping boxes of
cognitive deﬁcits), which indicate the primary catecholaminergic and
comparatively circumscribed cholinergic pathological changes of early
Parkinson’s disease. Pathways outlined on the brain section are those
compromised by the disease and likely to be implicated in cognitive
impairment. The cholinergic pathways are from the pedunculopontine
nucleus to the thalamus (1) and from the basal nucleus of Meynert to the
neocortex (2). The dopaminergic pathways are the nigrostriatal, from the
substantia nigra (pars compacta) to the striatum (3); mesolimbic, from the
ventral tegmental area to the nucleus accumbens (4); mesocortical, from the
ventral tegmental area to the frontal cortex (5); and tuberoinfundibular, from
the hypothalamus to the pituitary gland (6). The noradrenergic pathways are
from the lateral tegmental nucleus to the amygdala and hippocampus (7); and
from the locus coeruleus to the hypothalamus, thalamus, amygdala, cortex,
and cerebellum (8). Serotonergic deﬁcits are also present in Parkinson’s
disease (not shown). WCST=Wisconsin card sorting test. TOL=Tower of
London test. EDS=extra-dimensional shifting.
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cognitive ﬂexibility deﬁcits. In an 8-week, dose-ﬂexible
pilot study, atomoxetine, a norepinephrine-reuptake
inhibitor licensed for the treatment of attention-deﬁcit
hyperactivity disorder, improved executive function,
attention, and verbal memory in patients with Parkinson’s
disease,172 suggesting a novel treatment approach for the
cognitive sequelae of noradrenergic dysfunction in
this disease.

Cholinergic treatment of cognitive deﬁcits
By contrast with the early executive deﬁcits, deliberate
attention has been given to the pharmacological
management of Parkinson’s disease dementia owing to
its devastating and pervasive eﬀect on patients and
caregivers. Cholinesterase inhibitors, a class of drugs
typically used in the management of Alzheimer’s
disease, can be used with modest beneﬁt in Parkinson’s
disease dementia, at least in the early stages, with few
side-eﬀects (table 2).177–179 Rivastigmine, a dual inhibitor
of acetylcholinesterase and butyrylcholinesterase,
improves dementia symptoms mainly by ameliorating
the ﬂuctuating attention that interferes with the simplest
of tasks in patients with Parkinson’s disease dementia,
while only slightly increasing tremor.135,180 In one study,
rivastigmine improved activities of daily living in
Parkinson’s disease dementia relative to baseline, but
only stabilised patients with Alzheimer’s disease, and
the presence of visual hallucinations predicted treatment
response.181 Other cholinesterase inhibitors, such as
donepezil, also improve cognition, as measured by
mini-mental state examination scores and clinicians’
interview-based impression of change with caregiver
input,
without
exacerbating
parkinsonism.173
Galantamine, with its additional nicotinic action,
ameliorates dementia but might be associated with
adverse physical side-eﬀects.174

Consequently, anticholinergic drugs, which have
typically been used to target tremor in Parkinson’s
disease, have the most adverse eﬀects with regard to
dementia160 and are a substantial risk factor for Parkinson’s
disease dementia. Prolonged use of these drugs is
associated with increased frequency of cortical plaques
and tangles in patients with Parkinson’s disease without
dementia;182 thus any disease-modifying beneﬁt is
outweighed by the risk of these side-eﬀects.
In addition to cholinesterase inhibitors, NMDA receptor
antagonists are also proving clinically relevant for the
management of Parkinson’s disease dementia. Amantadine
might delay and attenuate the severity of dementia in
Parkinson’s disease,176 but can induce hallucinations and
confusion in patients with advanced disease. Memantine,
a glutamatergic compound and non-competitive antagonist
of nicotinic acetylcholine receptors, has ameliorated
cognitive impairment in Parkinson’s disease dementia in
recent trials.175,183

Cognitive rehabilitation
Pharmacotherapy can be complemented by the provision
of psychosocial support and cognitive rehabilitation
through structured training programmes. In patients with
Parkinson’s disease without dementia, cognitive training
that targeted attention, abstract reasoning, and visuospatial
abilities improved aspects of cognition reliant on frontal
function.184 Results from this preliminary study indicated
lasting improvements compared with baseline verbal
ﬂuency and recall, emphasising the importance of
continued mental stimulation in the preservation of
cognitive capacity. We are not aware of other similar studies
in Parkinson’s disease dementia and, in this regard,
evidence from a study in patients with Alzheimer’s disease
and mild cognitive deﬁcits who received cholinesterase
inhibitors might be relevant.185 In this study, training on

Neurochemical action

Study design*

n (total)

Moderate clinical beneﬁts

Rivastigmine

Dual acetylcholinesterase and
butyrylcholinesterase inhibition

Randomised, placebo-controlled
trial135

410

ADAS-Cog, ADCS-activities
of daily living, MMSE, verbal
ﬂuency, attention, clock
drawing

Donepezil

Acetylcholinesterase inhibition

Double-blind, randomised,
placebo-controlled, crossover trial173

14

MMSE, CIBIC+

Galantamine

Acetylcholinesterase inhibition,
nicotinic acetylcholine receptor
stimulation

Open-label placebo-controlled trial174

41

MMSE, NPI, clock drawing,
reduction in sleep
disturbance, anxiety,
hallucinations

Memantine

NMDA receptor antagonist, nicotinic
acetylcholine receptor antagonist

Double-blind, randomised,
72 patients with Parkinson’s
placebo-controlled, multicentre trial175 disease dementia or dementia
with Lewy bodies

CGIC, attentional speed

Amantadine

NMDA receptor antagonist

Retrospective study involving survival
analysis of a group of patients with
Parkinson’s disease176

Greater MMSE and slower
cognitive decline to
dementia endpoint

593

*Only representative studies are shown. ADAS-Cog=Alzheimer’s disease assessment scale-cognitive subscale. ADCS=Alzheimer’s Disease Cooperative Study. MMSE=mini-mental
state examination. CIBIC+=clinicians’ interview-based impression of change with caregiver input. NPI=neuropsychiatric inventory. CGIC=clinical global impression of change.

Table 2: Targeting cholinergic and glutamatergic imbalance in the early stages of Parkinson’s disease dementia can confer modest beneﬁts to
overall functioning
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recall, orientation, and functional tasks (eg, paying bills)
resulted in greater improvement compared with a simple
programme of therapist-led mental stimulation, and this
improvement was maintained even at a 3-month followup. These approaches are becoming increasingly relevant
to progressive neurodegenerative disorders with cognitive
and psychiatric symptoms such as Parkinson’s disease
dementia and could be tailored to the needs of cognitively
impaired patients with Parkinson’s disease, particularly
early in the course of dementia. For example, such a
programme could incorporate strategies that promote
physical independence by focusing on walking diﬃculties
faced by patients with visuospatial deﬁcits. A large cluster
randomised controlled trial186 across urban residential sites
for patients with dementia studied the eﬀects of personcentred care and dementia care. Although non-speciﬁc
intervention eﬀects were not controlled for, there were
reductions in agitation and prescription of psychotropic
drugs, highlighting new ways of improving the quality of
life of patients with dementia.

Conclusions
In this Review, we have outlined cognitive decline in
Parkinson’s disease in terms of various neuropsychological
and neurochemical pathways (ﬁgure). Early cognitive
impairment, particularly in the form of executive
dysfunction, is indicative of mainly fronto-striatal
pathological changes and might originate in nigrostriatal
and subsequent mesocortical dopamine denervation
rather than cortical Lewy body formation. A potential
parallel noradrenergic deﬁcit, stemming from coeruleal
degeneration, and the inevitable eﬀect of circumscribed
cholinergic disturbance in patients without dementia
might also contribute to mild cognitive impairment in
early Parkinson’s disease. Cognitive impairment in some
patients might be constrained to manageable executive
and memory deﬁcits. Others, in whom extensive Lewy
body pathological changes lead to widespread cortical and
subcortical degeneration and a profound cholinergic
deﬁcit, might develop dementia. Some aspects of mild
cognitive impairment in early Parkinson’s disease can be
prodromal to dementia, but its association with this
qualitatively distinct, severe level of dysfunction is unclear,
as is the role of cholinergic deﬁcits in its expression.
Pharmacological amelioration of the executive deﬁcits is
mostly a typical consequence of the dopaminergic regimen
that targets motor symptoms, whereas cholinesterase
inhibitors are the treatment of choice for early-stage
Parkinson’s disease dementia. Advances are being made
in disentangling the cognitive phenotypes of Parkinson’s
disease, but large longitudinal studies are needed to
understand the speciﬁc neurochemical and neuropathological bases of cognitive impairment. Early
identiﬁcation of patients at risk of severe cognitive
impairment and dementia will help to better inform
choice of pharmacotherapy and aid a personalised
approach to treatment.
www.thelancet.com/neurology Vol 9 December 2010

Search strategy and selection criteria
References for this Review were identiﬁed through searches of
PubMed from 1966 to August, 2010, with the search terms
“Parkinson’s disease”, “mild cognitive impairment”,
“Parkinson’s disease dementia”, “bradyphrenia”, “age”,
“executive”, “memory”, “visuospatial”, “epidemiology”,
“longitudinal”, “dopamine”, “acetylcholine”, “noradrenaline”,
“genes”, and “neuroimaging” as combined main keywords.
Articles were also identiﬁed through searches of the authors’
own ﬁles. Only papers published in English were reviewed.

Contributors
AAK prepared the paper with guidance and comments from TWR and
RAB.
Conﬂicts of interest
TWR is co-inventor of the CANTAB neuropsychological test battery and
consultant share option holder for Cambridge Cognition. He also
consults for Allon Therapeutics, Eli Lilly, Lundbeck, and Roche, and is a
member of the Pﬁzer Scientiﬁc Advisory Board. TWR has received
research grants from GlaxoSmithKline and Eli Lilly while working at the
Department of Experimental Psychology, University of Cambridge, UK.
AAK and RAB have no conﬂicts of interest.
Acknowledgments
This work was completed at the Behavioural and Clinical Neuroscience
Institute at the University of Cambridge, UK, supported by a joint award
from the Medical Research Council and the Wellcome Trust
(G00001354). AAK and RAB are supported by a Parkinson’s UK
programme grant (Incidence of Cognitive Impairment in Cohorts with
Longitudinal Evaluation—Parkinson’s Disease [RG54024]) jointly held
with the University of Newcastle Upon Tyne, UK, and a National
Institute for Health Research Biomedical Research Centre award to
Addenbrooke’s Hospital and the University of Cambridge. AAK holds an
Isaac Newton fellowship at the University of Cambridge.
References
1
Litvan I, Bhatia KP, Burn DJ, et al. Movement Disorders Society
Scientiﬁc Issues Committee report: SIC Task Force appraisal of
clinical diagnostic criteria for parkinsonian disorders. Mov Disord
2003; 18: 467–86.
2
Kalaitzakis ME, Pearce RK. The morbid anatomy of dementia in
Parkinson’s disease. Acta Neuropathol 2009; 118: 587–98.
3
Braak H, Del Tredici K, Rub U, et al. Staging of brain pathology
related to sporadic Parkinson’s disease. Neurobiol Aging 2003;
24: 197–211.
4
de Lau LM, Breteler MM. Epidemiology of Parkinson’s disease.
Lancet Neurol 2006; 5: 525–35.
5
Levy G, Tang MX, Louis ED, et al. The association of incident
dementia with mortality in PD. Neurology 2002; 59: 1708–13.
6
Emre M. Dementia associated with Parkinson’s disease.
Lancet Neurol 2003; 2: 229–37.
7
Parkinson J. An essay on the shaking palsy. 1817.
J Neuropsychiatry Clin Neurosci 2002; 14: 223–36.
8
Charcot J-M. On Paralysis Agitans (lecture V). Lectures on the Disease
of the Nervous System. London: New Sydenham Society, 1877: 129–56.
9
Levy G, Jacobs DM, Tang MX, et al. Memory and executive function
impairment predict dementia in Parkinson’s disease. Mov Disord
2002; 17: 1221–26.
10 Mahieux F, Fenelon G, Flahault A, Manifacier MJ, Michelet D,
Boller F. Neuropsychological prediction of dementia in Parkinson’s
disease. J Neurol Neurosurg Psychiatry 1998; 64: 178–83.
11 Janvin C, Aarsland D, Larsen JP, Hugdahl K. Neuropsychological
proﬁle of patients with Parkinson’s disease without dementia.
Dement Geriatr Cogn Disord 2003; 15: 126–31.
12 Hobson P, Meara J. Risk and incidence of dementia in a cohort of
older subjects with Parkinson’s disease in the United Kingdom.
Mov Disord 2004; 19: 1043–49.

1209

Review

13

14

15

16

17

18

19

20

21
22

23

24

25

26

27

28

29

30
31

32

33

34

35

1210

Aarsland D, Bronnick K, Larsen JP, Tysnes OB, Alves G. Cognitive
impairment in incident, untreated Parkinson disease: the
Norwegian ParkWest study. Neurology 2009; 72: 1121–26.
Foltynie T, Brayne CE, Robbins TW, Barker RA. The cognitive
ability of an incident cohort of Parkinson’s patients in the UK. The
CamPaIGN study. Brain 2004; 127: 550–60.
Williams-Gray CH, Foltynie T, Brayne CE, Robbins TW, Barker RA.
Evolution of cognitive dysfunction in an incident Parkinson’s
disease cohort. Brain 2007; 130: 1787–98.
Janvin CC, Larsen JP, Aarsland D, Hugdahl K. Subtypes of mild
cognitive impairment in Parkinson’s disease: progression to
dementia. Mov Disord 2006; 21: 1343–49.
Caviness JN, Driver-Dunckley E, Connor DJ, et al. Deﬁning mild
cognitive impairment in Parkinson’s disease. Mov Disord 2007;
22: 1272–77.
Bowen FP, Kamienny RS, Burns MM, Yahr M. Parkinsonism:
eﬀects of levodopa treatment on concept formation. Neurology 1975;
25: 701–04.
Owen AM, James M, Leigh PN, et al. Fronto-striatal cognitive
deﬁcits at diﬀerent stages of Parkinson’s disease. Brain 1992;
115: 1727–51.
Morris RG, Downes JJ, Sahakian BJ, Evenden JL, Heald A,
Robbins TW. Planning and spatial working memory in Parkinson’s
disease. J Neurol Neurosurg Psychiatry 1988; 51: 757–66.
Taylor AE, Saint-Cyr JA. The neuropsychology of Parkinson’s
disease. Brain Cogn 1995; 28: 281–96.
Brown RG, Marsden CD. Internal versus external cues and the
control of attention in Parkinson’s disease. Brain 1988;
111: 323–45.
Jahanshahi M, Jenkins IH, Brown RG, Marsden CD,
Passingham RE, Brooks DJ. Self-initiated versus externally
triggered movements. I. An investigation using measurement of
regional cerebral blood ﬂow with PET and movement-related
potentials in normal and Parkinson’s disease subjects. Brain 1995;
118: 913–33.
Cools R, Barker RA, Sahakian BJ, Robbins TW. L-Dopa medication
remediates cognitive inﬂexibility, but increases impulsivity in
patients with Parkinson’s disease. Neuropsychologia 2003;
41: 1431–41.
Kehagia AA, Cools R, Barker RA, Robbins TW. Switching between
abstract rules reﬂects disease severity but not dopaminergic status
in Parkinson’s disease. Neuropsychologia 2009; 47: 1117–27.
Rahman S, Griﬃn HJ, Quinn NP, Jahanshahi M. Quality of life in
Parkinson’s disease: the relative importance of the symptoms.
Mov Disord 2008; 23: 1428–34.
Muslimovic D, Post B, Speelman JD, Schmand B, de Haan RJ.
Determinants of disability and quality of life in mild to moderate
Parkinson disease. Neurology 2008; 70: 2241–47.
Schiehser DM, Han SD, Lessig S, Song DD, Zizak V, Filoteo JV.
Predictors of health status in nondepressed and nondemented
individuals with Parkinson’s disease. Arch Clin Neuropsychol 2009;
24: 699–709.
Bronnick K, Ehrt U, Emre M, et al. Attentional deﬁcits aﬀect
activities of daily living in dementia-associated with Parkinson’s
disease. J Neurol Neurosurg Psychiatry 2006; 77: 1136–42.
Taylor AE, Saint-Cyr JA, Lang AE. Parkinson’s disease. Cognitive
changes in relation to treatment response. Brain 1987; 110: 35–51.
Gotham AM, Brown RG, Marsden CD. ‘Frontal’ cognitive function
in patients with Parkinson’s disease ‘on’ and ‘oﬀ ’ levodopa. Brain
1988; 111: 299–321.
Lange KW, Robbins TW, Marsden CD, James M, Owen AM,
Paul GM. L-dopa withdrawal in Parkinson’s disease selectively
impairs cognitive performance in tests sensitive to frontal lobe
dysfunction. Psychopharmacology 1992; 107: 394–404.
Cooper JA, Sagar HJ, Doherty SM, Jordan N, Tidswell P,
Sullivan EV. Diﬀerent eﬀects of dopaminergic and anticholinergic
therapies on cognitive and motor function in Parkinson’s disease.
A follow-up study of untreated patients. Brain 1992; 115: 1701–25.
Pessiglione M, Czernecki V, Pillon B, et al. An eﬀect of dopamine
depletion on decision-making: the temporal coupling of
deliberation and execution. J Cogn Neurosci 2005; 17: 1886–96.
Gauggel S, Rieger M, Feghoﬀ TA. Inhibition of ongoing responses
in patients with Parkinson’s disease. J Neurol Neurosurg Psychiatry
2004; 75: 539–44.

36

37

38
39

40

41

42

43

44

45

46

47

48

49
50
51

52

53

54

55
56

57
58

Costa A, Peppe A, Dell’Agnello G, Caltagirone C, Carlesimo GA.
Dopamine and cognitive functioning in de novo subjects with
Parkinson’s disease: eﬀects of pramipexole and pergolide on
working memory. Neuropsychologia 2009; 47: 1374–81.
Lewis SJ, Slabosz A, Robbins TW, Barker RA, Owen AM.
Dopaminergic basis for deﬁcits in working memory but not
attentional set-shifting in Parkinson’s disease. Neuropsychologia
2005; 43: 823–32.
Lee AC, Harris JP, Calvert JE. Impairments of mental rotation in
Parkinson’s disease. Neuropsychologia 1998; 36: 109–14.
Owen AM, Beksinska M, James M, et al. Visuospatial memory
deﬁcits at diﬀerent stages of Parkinson’s disease. Neuropsychologia
1993; 31: 627–44.
Sahakian BJ, Morris RG, Evenden JL, et al. A comparative study of
visuospatial memory and learning in Alzheimer-type dementia and
Parkinson’s disease. Brain 1988; 111: 695–718.
Kish SJ, Shannak K, Hornykiewicz O. Uneven pattern of dopamine
loss in the striatum of patients with idiopathic Parkinson’s disease.
Pathophysiologic and clinical implications. N Engl J Med 1988;
318: 876–80.
Swainson R, Rogers RD, Sahakian BJ, Summers BA, Polkey CE,
Robbins TW. Probabilistic learning and reversal deﬁcits in patients
with Parkinson’s disease or frontal or temporal lobe lesions:
possible adverse eﬀects of dopaminergic medication.
Neuropsychologia 2000; 38: 596–612.
Kwak Y, Muller ML, Bohnen NI, Dayalu P, Seidler RD. Eﬀect of
dopaminergic medications on the time course of explicit motor
sequence learning in Parkinson’s disease. J Neurophysiol 2010;
103: 942–49.
Czernecki V, Pillon B, Houeto JL, Pochon JB, Levy R, Dubois B.
Motivation, reward, and Parkinson’s disease: inﬂuence of
dopatherapy. Neuropsychologia 2002; 40: 2257–67.
Cools R, Barker RA, Sahakian BJ, Robbins TW. Enhanced or
impaired cognitive function in Parkinson’s disease as a function of
dopaminergic medication and task demands. Cereb Cortex 2001;
11: 1136–43.
Cools R, Lewis SJ, Clark L, Barker RA, Robbins TW. L-DOPA
disrupts activity in the nucleus accumbens during reversal learning
in Parkinson’s disease. Neuropsychopharmacology 2007; 32: 180–89.
Weintraub D, Siderowf AD, Potenza MN, et al. Association of
dopamine agonist use with impulse control disorders in Parkinson
disease. Arch Neurol 2006; 63: 969–73.
van Eimeren T, Ballanger B, Pellecchia G, Miyasaki JM, Lang AE,
Strafella AP. Dopamine agonists diminish value sensitivity of the
orbitofrontal cortex: a trigger for pathological gambling in
Parkinson’s disease? Neuropsychopharmacology 2009; 34: 2758–66.
Knowlton BJ, Mangels JA, Squire LR. A neostriatal habit learning
system in humans. Science 1996; 273: 1399–402.
Saint-Cyr JA, Taylor AE, Lang AE. Procedural learning and
noestriatal dysfunction in man. Brain 1988; 111: 941–59.
Shohamy D, Myers CE, Grossman S, Sage J, Gluck MA,
Poldrack RA. Cortico-striatal contributions to feedback-based
learning: converging data from neuroimaging and
neuropsychology. Brain 2004; 127: 851–59.
Frank MJ, Claus ED. Anatomy of a decision: striato-orbitofrontal
interactions in reinforcement learning, decision making, and
reversal. Psychol Rev 2006; 113: 300–26.
Cools R, Altamirano L, D’Esposito M. Reversal learning in
Parkinson’s disease depends on medication status and outcome
valence. Neuropsychologia 2006; 44: 1663–73.
Frank MJ, Seeberger LC, O’Reilly RC. By carrot or by stick: cognitive
reinforcement learning in parkinsonism. Science 2004;
306: 1940–43.
Schultz W. Getting formal with dopamine and reward. Neuron 2002;
36: 241–63.
Pycock CJ, Kerwin RW, Carter CJ. Eﬀect of lesion of cortical
dopamine terminals on subcortical dopamine receptors in rats.
Nature 1980; 286: 74–76.
Cools R, Miyakawa A, Sheridan M, D’Esposito M. Enhanced frontal
function in Parkinson’s disease. Brain 2010; 133: 225–33.
Swainson R, SenGupta D, Shetty T, et al. Impaired dimensional
selection but intact use of reward feedback during visual
discrimination learning in Parkinson’s disease. Neuropsychologia
2006; 44: 1290–304.

www.thelancet.com/neurology Vol 9 December 2010

Review

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75
76

77

78

79

80

81

Filoteo JV, Maddox WT, Ing AD, Song DD. Characterizing rulebased category learning deﬁcits in patients with Parkinson’s
disease. Neuropsychologia 2007; 45: 305–20.
Filoteo JV, Maddox WT, Salmon DP, Song DD.
Information-integration category learning in patients with
striatal dysfunction. Neuropsychology 2005; 19: 212–22.
Dubois B, Pilon B, Lhermitte F, Agid Y. Cholinergic deﬁciency and
frontal dysfunction in Parkinson’s disease. Ann Neurol 1990;
28: 117–21.
Dubois B, Danze F, Pillon B, Cusimano G, Lhermitte F, Agid Y.
Cholinergic-dependent cognitive deﬁcits in Parkinson’s disease.
Ann Neurol 1987; 22: 26–30.
Dubois B, Ruberg M, Javoy-Agid F, Ploska A, Agid Y. A
subcortico-cortical cholinergic system is aﬀected in Parkinson’s
disease. Brain Res 1983; 288: 213–18.
Rinne JO, Lonnberg P, Marjamaki P, Rinne UK. Brain muscarinic
receptor subtypes are diﬀerently aﬀected in Alzheimer’s and
Parkinson’s disease. Brain Res 1989; 483: 402–06.
Ruberg M, Rieger F, Villageois A, Bonnet AM, Agid Y.
Acetylcholinesterase and butyrylcholinesterase in frontal cortex and
cerebrospinal ﬂuid of demented and non-demented patients with
Parkinson’s disease. Brain Res 1986; 362: 83–91.
Mattila PM, Roytta M, Lonnberg P, Marjamaki P, Helenius H,
Rinne JO. Choline acetyltransferase activity and striatal dopamine
receptors in Parkinson’s disease in relation to cognitive
impairment. Acta Neuropathol 2001; 102: 160–66.
Shimada H, Hirano S, Shinotoh H, et al. Mapping of brain
acetylcholinesterase alterations in Lewy body disease by PET.
Neurology 2009; 73: 273–78.
Bohnen NI, Muller ML, Kotagal V, et al. Olfactory dysfunction,
central cholinergic integrity and cognitive impairment in
Parkinson’s disease. Brain 2010; 133: 1747–54.
Monchi O, Petrides M, Doyon J, Postuma RB, Worsley K, Dagher A.
Neural bases of set-shifting deﬁcits in Parkinson’s disease.
J Neurosci 2004; 24: 702–10.
Collins P, Wilkinson LS, Everitt BJ, Robbins TW, Roberts AC. The
eﬀect of dopamine depletion from the caudate nucleus of the
common marmoset (Callithrix jacchus) on tests of prefrontal
cognitive function. Behav Neurosci 2000; 114: 3–17.
Slabosz A, Lewis SJ, Smigasiewicz K, Szymura B, Barker RA,
Owen AM. The role of learned irrelevance in attentional set-shifting
impairments in Parkinson’s disease. Neuropsychology 2006;
20: 578–88.
Kehagia AA, Murray GK, Robbins TW. Learning and cognitive
ﬂexibility: frontostriatal function and monoaminergic modulation.
Curr Opin Neurobiol 2010; 20: 1–6.
Baloyannis SJ, Costa V, Baloyannis IS. Morphological alterations of
the synapses in the locus coeruleus in Parkinson’s disease.
J Neurol Sci 2006; 248: 35–41.
Braak E, Sandmann-Keil D, Rub U, et al. alpha-synuclein
immunopositive Parkinson’s disease-related inclusion bodies in
lower brain stem nuclei. Acta Neuropathol 2001; 101: 195–201.
Dubois B, Pillon B. Cognitive deﬁcits in Parkinson’s disease.
J Neurol 1997; 244: 2–8.
Emre M, Aarsland D, Brown R, et al. Clinical diagnostic criteria for
dementia associated with Parkinson’s disease. Mov Disord 2007;
22: 1689–707.
Dubois B, Burn D, Goetz C, et al. Diagnostic procedures for
Parkinson’s disease dementia: recommendations from the
Movement Disorder Society task force. Mov Disord 2007;
22: 2314–24.
Buter TC, van den Hout A, Matthews FE, Larsen JP, Brayne C,
Aarsland D. Dementia and survival in Parkinson disease: a 12-year
population study. Neurology 2008; 70: 1017–22.
Hely MA, Reid WG, Adena MA, Halliday GM, Morris JG. The
Sydney multicenter study of Parkinson’s disease: the inevitability of
dementia at 20 years. Mov Disord 2008; 23: 837–44.
de Lau LM, Schipper CM, Hofman A, Koudstaal PJ, Breteler MM.
Prognosis of Parkinson disease: risk of dementia and mortality: the
Rotterdam Study. Arch Neurol 2005; 62: 1265–69.
Yip AG, Brayne C, Matthews FE. Risk factors for incident dementia
in England and Wales: the Medical Research Council Cognitive
Function and Ageing Study. A population-based nested case-control
study. Age Ageing 2006; 35: 154–60.

www.thelancet.com/neurology Vol 9 December 2010

82

83

84
85

86

87

88

89

90

91

92

93

94

95
96

97

98

99

100

101

102

103

104
105

Aarsland D, Larsen JP, Tandberg E, Laake K. Predictors of nursing
home placement in Parkinson’s disease: a population-based,
prospective study. J Am Geriatr Soc 2000; 48: 938–42.
Aarsland D, Cummings JL, Larsen JP. Neuropsychiatric diﬀerences
between Parkinson’s disease with dementia and Alzheimer’s
disease. Int J Geriatr Psychiatry 2001; 16: 184–91.
McKeith I. Commentary: DLB and PDD: the same or diﬀerent?
Is there a debate? Int Psychogeriatr 2009; 21: 220–24.
Girotti F, Soliveri P, Carella F, et al. Dementia and cognitive
impairment in Parkinson’s disease.
J Neurol Neurosurg Psychiatry 1988; 51: 1498–502.
McFadden L, Mohr E, Sampson M, Mendis T, Grimes JD. A proﬁle
analysis of demented and nondemented Parkinson’s disease
patients. Adv Neurol 1996; 69: 339–41.
Noe E, Marder K, Bell KL, Jacobs DM, Manly JJ, Stern Y.
Comparison of dementia with Lewy bodies to Alzheimer’s disease
and Parkinson’s disease with dementia. Mov Disord 2004; 19: 60–67.
Pillon B, Deweer B, Agid Y, Dubois B. Explicit memory in
Alzheimer’s, Huntington’s, and Parkinson’s diseases. Arch Neurol
1993; 50: 374–79.
Tierney MC, Nores A, Snow WG, Fisher RH, Zorzitto ML,
Reid DW. Use of the Rey auditory verbal leraning test in
diﬀerentiating normal aging from Alzheimer’s and Parkinson’s
dementia. Psychol Assess 1994; 6: 129–34.
Higginson CI, Wheelock VL, Carroll KE, Sigvardt KA. Recognition
memory in Parkinson’s disease with and without dementia:
evidence inconsistent with the retrieval deﬁcit hypothesis.
J Clin Exp Neuropsychol 2005; 27: 516–28.
Kuzis G, Sabe L, Tiberti C, Merello M, Leiguarda R, Starkstein SE.
Explicit and implicit learning in patients with Alzheimer disease
and Parkinson disease with dementia.
Neuropsychiatry Neuropsychol Behav Neurol 1999; 12: 265–69.
Farlow MR, Cummings J. A modern hypothesis: The distinct
pathologies of dementia associated with Parkinson’s disease versus
Alzheimer’s disease. Dement Geriatr Cogn Disord 2008; 25: 301–08.
Kraybill ML, Larson EB, Tsuang DW, et al. Cognitive diﬀerences in
dementia patients with autopsy-veriﬁed AD, Lewy body pathology,
or both. Neurology 2005; 64: 2069–73.
Bronnick K, Aarsland D, Larsen JP. Neuropsychiatric disturbances
in Parkinson’s disease clusters in ﬁve groups with diﬀerent
prevalence of dementia. Acta Psychiatr Scand 2005; 112: 201–07.
Aarsland D, Kvaloy JT, Andersen K, et al. The eﬀect of age of onset
of PD on risk of dementia. J Neurol 2007; 254: 38–45.
Schrag A, Ben-Shlomo Y, Brown R, Marsden CD, Quinn N.
Young-onset Parkinson’s disease revisited—clinical features,
natural history, and mortality. Mov Disord 1998; 13: 885–94.
Kempster PA, O’Sullivan SS, Holton JL, Revesz T, Lees AJ.
Relationships between age and late progression of Parkinson’s
disease: a clinico-pathological study. Brain 2010; 133: 1755–62.
Janvin CC, Aarsland D, Larsen JP. Cognitive predictors of dementia
in Parkinson’s disease: a community-based, 4-year longitudinal
study. J Geriatr Psychiatry Neurol 2005; 18: 149–54.
Woods SP, Troster AI. Prodromal frontal/executive dysfunction
predicts incident dementia in Parkinson’s disease.
J Int Neuropsychol Soc 2003; 9: 17–24.
Folstein MF, Folstein SE, McHugh PR. ‘Mini Mental State’: a
practical method for grading the cognitive state of patients for the
clinician. J Psychiatr Res 1975; 12: 189–98.
Williams-Gray CH, Evans JR, Goris A, et al. The distinct cognitive
syndromes of Parkinson’s disease: 5 year follow-up of the
CamPaIGN cohort. Brain 2009; 132: 2958–69.
Hosokai Y, Nishio Y, Hirayama K, et al. Distinct patterns of regional
cerebral glucose metabolism in Parkinson’s disease with and
without mild cognitive impairment. Mov Disord 2009; 24: 854–62.
Hu MT, Taylor-Robinson SD, Chaudhuri KR, et al. Cortical
dysfunction in non-demented Parkinson’s disease patients: a
combined (31)P-MRS and (18)FDG-PET study. Brain 2000;
123: 340–52.
Tessa C, Giannelli M, Della Nave R, et al. A whole-brain analysis in
de novo Parkinson disease. AJNR Am J Neuroradiol 2008; 29: 674–80.
Burton EJ, McKeith IG, Burn DJ, O’Brien JT. Brain atrophy rates in
Parkinson’s disease with and without dementia using serial
magnetic resonance imaging. Mov Disord 2005; 20: 1571–76.

1211

Review

106 Beyer MK, Aarsland D. Grey matter atrophy in early versus late
dementia in Parkinson’s disease. Parkinsonism Relat Disord 2008;
14: 620–25.
107 Ramirez-Ruiz B, Marti MJ, Tolosa E, et al. Longitudinal evaluation
of cerebral morphological changes in Parkinson’s disease with and
without dementia. J Neurol 2005; 252: 1345–52.
108 Summerﬁeld C, Junque C, Tolosa E, et al. Structural brain changes
in Parkinson disease with dementia: a voxel-based morphometry
study. Arch Neurol 2005; 62: 281–85.
109 Junque C, Ramirez-Ruiz B, Tolosa E, et al. Amygdalar and
hippocampal MRI volumetric reductions in Parkinson’s disease
with dementia. Mov Disord 2005; 20: 540–44.
110 Burton EJ, McKeith IG, Burn DJ, Williams ED, O’Brien JT. Cerebral
atrophy in Parkinson’s disease with and without dementia: a
comparison with Alzheimer’s disease, dementia with Lewy bodies
and controls. Brain 2004; 127: 791–800.
111 Firbank MJ, Colloby SJ, Burn DJ, McKeith IG, O’Brien JT. Regional
cerebral blood ﬂow in Parkinson’s disease with and without
dementia. Neuroimage 2003; 20: 1309–19.
112 Rowe CC, Ng S, Ackermann U, et al. Imaging beta-amyloid burden
in aging and dementia. Neurology 2007; 68: 1718–25.
113 Edison P, Rowe CC, Rinne JO, et al. Amyloid load in Parkinson’s
disease dementia and Lewy body dementia measured with [11C]PIB
positron emission tomography. J Neurol Neurosurg Psychiatry 2008;
79: 1331–38.
114 Ballard C, Ziabreva I, Perry R, et al. Diﬀerences in neuropathologic
characteristics across the Lewy body dementia spectrum. Neurology
2006; 67: 1931–34.
115 Burn D, Emre M, McKeith I, et al. Eﬀects of rivastigmine in
patients with and without visual hallucinations in dementia
associated with Parkinson’s disease. Mov Disord 2006; 21: 1899–907.
116 Moretti R, Torre P, Vilotti C, Antonello RM, Pizzolato G.
Rivastigmine and Parkinson dementia complex.
Expert Opin Pharmacother 2007; 8: 817–29.
117 Aarsland D, Ballard C, Larsen JP, McKeith I. A comparative study of
psychiatric symptoms in dementia with Lewy bodies and
Parkinson’s disease with and without dementia.
Int J Geriatr Psychiatry 2001; 16: 528–36.
118 Harding AJ, Broe GA, Halliday GM. Visual hallucinations in Lewy
body disease relate to Lewy bodies in the temporal lobe. Brain 2002;
125: 391–403.
119 Ibarretxe-Bilbao N, Ramirez-Ruiz B, Tolosa E, et al. Hippocampal
head atrophy predominance in Parkinson’s disease with
hallucinations and with dementia. J Neurol 2008; 255: 1324–31.
120 Nagano-Saito A, Washimi Y, Arahata Y, et al. Visual hallucination in
Parkinson’s disease with FDG PET. Mov Disord 2004; 19: 801–06.
121 Sanchez-Castaneda C, Rene R, Ramirez-Ruiz B, et al. Frontal and
associative visual areas related to visual hallucinations in dementia
with Lewy bodies and Parkinson’s disease with dementia.
Mov Disord 2010; 25: 615–22.
122 Mosimann UP, Mather G, Wesnes KA, O’Brien JT, Burn DJ,
McKeith IG. Visual perception in Parkinson disease dementia and
dementia with Lewy bodies. Neurology 2004; 63: 2091–96.
123 Kurita A, Murakami M, Takagi S, Matsushima M, Suzuki M. Visual
hallucinations and altered visual information processing in
Parkinson disease and dementia with Lewy bodies.
Mov Disord 2010; 25: 167–71.
124 Kuhl DE, Minoshima S, Fessler JA, et al. In vivo mapping of
cholinergic terminals in normal aging, Alzheimer’s disease, and
Parkinson’s disease. Ann Neurol 1996; 40: 399–410.
125 Hilker R, Thomas AV, Klein JC, et al. Dementia in Parkinson
disease: functional imaging of cholinergic and dopaminergic
pathways. Neurology 2005; 65: 1716–22.
126 Lippa CF, Emre M. Characterizing clinical phenotypes: the
Lewys in their life or the life of their Lewys? Neurology 2006;
67: 1910–11.
127 Bohnen NI, Kaufer DI, Ivanco LS, et al. Cortical cholinergic
function is more severely aﬀected in parkinsonian dementia than in
Alzheimer disease: an in vivo positron emission tomographic study.
Arch Neurol 2003; 60: 1745–48.
128 Bohnen NI, Albin RL. The cholinergic system and Parkinson
disease. Behav Brain Res 2010; published online Jan 7. DOI:10.1016/j.
bbr.2009.12.048.

1212

129 Tiraboschi P, Hansen LA, Alford M, et al. Cholinergic dysfunction
in diseases with Lewy bodies. Neurology 2000; 54: 407–11.
130 Perry EK, Curtis M, Dick DJ, et al. Cholinergic correlates of
cognitive impairment in Parkinson’s disease: comparisons with
Alzheimer’s disease. J Neurol Neurosurg Psychiatry 1985; 48: 413–21.
131 Colloby SJ, Williams ED, Burn DJ, Lloyd JJ, McKeith IG, O’Brien JT.
Progression of dopaminergic degeneration in dementia with Lewy
bodies and Parkinson’s disease with and without dementia assessed
using 123I-FP-CIT SPECT. Eur J Nucl Med Mol Imaging 2005;
32: 1176–85.
132 Perry EK, Perry RH. Acetylcholine and hallucinations: diseaserelated compared to drug-induced alterations in human
consciousness. Brain Cogn 1995; 28: 240–58.
133 Colloby SJ, Pakrasi S, Firbank MJ, et al. In vivo SPECT imaging of
muscarinic acetylcholine receptors using (R,R) 123I-QNB in
dementia with Lewy bodies and Parkinson’s disease dementia.
Neuroimage 2006; 33: 423–29.
134 Manganelli F, Vitale C, Santangelo G, et al. Functional involvement
of central cholinergic circuits and visual hallucinations in
Parkinson’s disease. Brain 2009; 132: 2350–55.
135 Emre M, Aarsland D, Albanese A, et al. Rivastigmine for dementia
associated with Parkinson’s disease. N Engl J Med 2004;
351: 2509–18.
136 Kurz MW, Larsen JP, Kvaloy JT, Aarsland D. Associations between
family history of Parkinson’s disease and dementia and risk of
dementia in Parkinson’s disease: a community-based, longitudinal
study. Mov Disord 2006; 21: 2170–74.
137 Kurz MW, Schlitter AM, Larsen JP, Ballard C, Aarsland D. Familial
occurrence of dementia and parkinsonism: a systematic review.
Dement Geriatr Cogn Disord 2006; 22: 288–95.
138 Goris A, Williams-Gray CH, Clark GR, et al. Tau and alphasynuclein in susceptibility to, and dementia in, Parkinson’s disease.
Ann Neurol 2007; 62: 145–53.
139 Chartier-Harlin MC, Kachergus J, Roumier C, et al. Alpha-synuclein
locus duplication as a cause of familial Parkinson’s disease. Lancet
2004; 364: 1167–69.
140 Healy DG, Abou-Sleiman PM, Lees AJ, et al. Tau gene and
Parkinson’s disease: a case-control study and meta-analysis.
J Neurol Neurosurg Psychiatry 2004; 75: 962–65.
141 Holmes C, Ballard C, Lehmann D, et al. Rate of progression of
cognitive decline in Alzheimer’s disease: eﬀect of
butyrylcholinesterase K gene variation. J Neurol Neurosurg Psychiatry
2005; 76: 640–43.
142 Ballard C, Morris C, Kalaria R, McKeith I, Perry R, Perry E. The
k variant of the butyrylcholinesterase gene is associated with
reduced phosphorylation of tau in dementia patients.
Dement Geriatr Cogn Disord 2005; 19: 357–60.
143 Poirier J, Delisle MC, Quirion R, et al. Apolipoprotein E4 allele as
a predictor of cholinergic deﬁcits and treatment outcome in
Alzheimer disease. Proc Natl Acad Sci USA 1995; 92: 12260–64.
144 Williams-Gray CH, Goris A, Saiki M, et al. Apolipoprotein E
genotype as a risk factor for susceptibility to and dementia in
Parkinson’s disease. J Neurol 2009; 256: 493–98.
145 Kurz MW, Dekomien G, Nilsen OB, Larsen JP, Aarsland D,
Alves G. APOE alleles in Parkinson disease and their relationship to
cognitive decline: a population-based, longitudinal study.
J Geriatr Psychiatry Neurol 2009; 22: 166–70.
146 Lane R, He Y, Morris C, Leverenz JB, Emre M, Ballard C. BuChE-K
and APOE epsilon4 allele frequencies in Lewy body dementias, and
inﬂuence of genotype and hyperhomocysteinemia on cognitive
decline. Mov Disord 2009; 24: 392–400.
147 Neumann J, Bras J, Deas E, et al. Glucocerebrosidase mutations in
clinical and pathologically proven Parkinson’s disease. Brain 2009;
132: 1783–94.
148 Goker-Alpan O, Lopez G, Vithayathil J, Davis J, Hallett M,
Sidransky E. The spectrum of parkinsonian manifestations associated
with glucocerebrosidase mutations. Arch Neurol 2008; 65: 1353–57.
149 Lewis SJ, Barker RA. Understanding the dopaminergic deﬁcits in
Parkinson’s disease: insights into disease heterogeneity.
J Clin Neurosci 2009; 16: 620–25.
150 Sawamoto N, Piccini P, Hotton G, Pavese N, Thielemans K,
Brooks DJ. Cognitive deﬁcits and striato-frontal dopamine release
in Parkinson’s disease. Brain 2008; 131: 1294–302.

www.thelancet.com/neurology Vol 9 December 2010

Review

151 Foltynie T, Goldberg TE, Lewis SG, et al. Planning ability in
Parkinson’s disease is inﬂuenced by the COMT val158met
polymorphism. Mov Disord 2004; 19: 885–91.
152 Williams-Gray CH, Hampshire A, Barker RA, Owen AM.
Attentional control in Parkinson’s disease is dependent on COMT
val 158 met genotype. Brain 2008; 131: 397–408.
153 Williams-Gray CH, Hampshire A, Robbins TW, Owen AM,
Barker RA. Catechol O-methyltransferase Val158Met genotype
inﬂuences frontoparietal activity during planning in patients with
Parkinson’s disease. J Neurosci 2007; 27: 4832–38.
154 Goldman-Rakic PS, Muly III EC, V. Williams GB. D(1) receptors in
prefrontal cells and circuits. Brain Res Rev 2000; 31: 295–301.
155 Lachman HM, Papolos DF, Saito T, Yu YM, Szumlanski CL,
Weinshilboum RM. Human catechol-O-methyltransferase
pharmacogenetics: description of a functional polymorphism and
its potential application to neuropsychiatric disorders.
Pharmacogenet Genomics 1996; 6: 243–50.
156 Burn DJ, Rowan EN, Allan LM, Molloy S, O’Brien JT, McKeith IG.
Motor subtype and cognitive decline in Parkinson’s disease,
Parkinson’s disease with dementia, and dementia with Lewy bodies.
J Neurol Neurosurg Psychiatry 2006; 77: 585–89.
157 Lewis SJ, Foltynie T, Blackwell AD, Robbins TW, Owen AM,
Barker RA. Heterogeneity of Parkinson’s disease in the early clinical
stages using a data driven approach. J Neurol Neurosurg Psychiatry
2005; 76: 343–48.
158 Alves G, Larsen JP, Emre M, Wentzel-Larsen T, Aarsland D.
Changes in motor subtype and risk for incident dementia in
Parkinson’s disease. Mov Disord 2006; 21: 1123–30.
159 Halliday G. Clarifying the pathological progression of Parkinson’s
disease. Acta Neuropathol 2008; 115: 377–78.
160 Rezak M. Current pharmacotherapeutic treatment options in
Parkinson’s disease. Dis Mon 2007; 53: 214–22.
161 Rowe JB, Hughes L, Ghosh BC, et al. Parkinson’s disease and
dopaminergic therapy—diﬀerential eﬀects on movement, reward
and cognition. Brain 2008; 131: 2094–105.
162 Voon V, Fernagut PO, Wickens J, et al. Chronic dopaminergic
stimulation in Parkinson’s disease: from dyskinesias to impulse
control disorders. Lancet Neurol 2009; 8: 1140–49.
163 Voon V, Hassan K, Zurowski M, et al. Prospective prevalence of
pathologic gambling and medication association in Parkinson
disease. Neurology 2006; 66: 1750–52.
164 Antonini A, Cilia R. Behavioural adverse eﬀects of dopaminergic
treatments in Parkinson’s disease: incidence, neurobiological basis,
management and prevention. Drug Saf 2009; 32: 475–88.
165 Diederich NJ, Fenelon G, Stebbins G, Goetz CG. Hallucinations in
Parkinson disease. Nat Rev Neurol 2009; 5: 331–42.
166 Fenelon G. Psychosis in Parkinson’s disease: phenomenology,
frequency, risk factors, and current understanding of
pathophysiologic mechanisms. CNS Spectr 2008;
13 (3 suppl 4): 18–25.
167 Fenelon G, Mahieux F, Huon R, Ziegler M. Hallucinations in
Parkinson’s disease: prevalence, phenomenology and risk factors.
Brain 2000; 123: 733–45.
168 Poewe W. When a Parkinson’s disease patient starts to hallucinate.
Pract Neurol 2008; 8: 238–41.
169 Bostwick JM, Hecksel KA, Stevens SR, Bower JH, Ahlskog JE.
Frequency of new-onset pathologic compulsive gambling or
hypersexuality after drug treatment of idiopathic Parkinson disease.
Mayo Clin Proc 2009; 84: 310–16.

www.thelancet.com/neurology Vol 9 December 2010

170 Brusa L, Bassi A, Stefani A, et al. Pramipexole in comparison to
l-dopa: a neuropsychological study. J Neural Transm 2003;
110: 373–80.
171 Brusa L, Tiraboschi P, Koch G, et al. Pergolide eﬀect on cognitive
functions in early-mild Parkinson’s disease. J Neural Transm 2005;
112: 231–37.
172 Marsh L, Biglan K, Gerstenhaber M, Williams JR. Atomoxetine for
the treatment of executive dysfunction in Parkinson’s disease: a
pilot open-label study. Mov Disord 2009; 24: 277–82.
173 Aarsland D, Laake K, Larsen JP, Janvin C. Donepezil for cognitive
impairment in Parkinson’s disease: a randomised controlled study.
J Neurol Neurosurg Psychiatry 2002; 72: 708–12.
174 Litvinenko IV, Odinak MM, Mogil’naya VI, Emelin AY. Eﬃcacy and
safety of galantamine (Reminyl) for dementia in patients with
Parkinson’s disease (an open controlled trial). Neurosci Behav Physiol
2008; 38: 937–45.
175 Aarsland D, Ballard C, Walker Z, et al. Memantine in patients with
Parkinson’s disease dementia or dementia with Lewy bodies: a
double-blind, placebo-controlled, multicentre trial. Lancet Neurol
2009; 8: 613–18.
176 Inzelberg R, Bonuccelli U, Schechtman E, et al. Association
between amantadine and the onset of dementia in Parkinson’s
disease. Mov Disord 2006; 21: 1375–79.
177 Horstink M, Tolosa E, Bonuccelli U, et al. Review of the therapeutic
management of Parkinson’s disease. Report of a joint task force of
the European Federation of Neurological Societies and the
Movement Disorder Society-European Section. Part I: early
(uncomplicated) Parkinson’s disease. Eur J Neurol 2006; 13: 1170–85.
178 Maidment I, Fox C, Boustani M. Cholinesterase inhibitors for
Parkinson’s disease dementia. Cochrane Database Syst Rev 2006;
1: CD004747.
179 Miyasaki JM, Shannon K, Voon V, et al. Practice parameter:
evaluation and treatment of depression, psychosis, and dementia in
Parkinson disease (an evidence-based review): report of the Quality
Standards Subcommittee of the American Academy of Neurology.
Neurology 2006; 66: 996–1002.
180 Gurevich TY, Shabtai H, Korczyn AD, Simon ES, Giladi N. Eﬀect of
rivastigmine on tremor in patients with Parkinson’s disease and
dementia. Mov Disord 2006; 21: 1663–66.
181 Emre M, Cummings JL, Lane RM. Rivastigmine in dementia
associated with Parkinson’s disease and Alzheimer’s disease:
similarities and diﬀerences. J Alzheimers Dis 2007; 11: 509–19.
182 Perry EK, Kilford L, Lees AJ, Burn DJ, Perry RH. Increased
Alzheimer pathology in Parkinson’s disease related to
antimuscarinic drugs. Ann Neurol 2003; 54: 235–38.
183 Litvinenko IV, Odinak MM, Mogil’naya VI, Perstnev SV. Use of
memantine (Akatinol) for the correction of cognitive impairments
in Parkinson’s disease complicated by dementia.
Neurosci Behav Physiol 2010; 40: 149–55.
184 Sinforiani E, Banchieri L, Zucchella C, Pacchetti C, Sandrini G.
Cognitive rehabilitation in Parkinson’s disease.
Arch Gerontol Geriatr Suppl 2004; 9: 387–91.
185 Loewenstein DA, Acevedo A, Czaja SJ, Duara R. Cognitive
rehabilitation of mildly impaired Alzheimer disease patients on
cholinesterase inhibitors. Am J Geriatr Psychiatry 2004; 12: 395–402.
186 Chenoweth L, King MT, Jeon YH, et al. Caring for Aged Dementia
Care Resident Study (CADRES) of person-centred care,
dementia-care mapping, and usual care in dementia:
a cluster-randomised trial. Lancet Neurol 2009; 8: 317–25.

1213

