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Abstract
Cognitive dysfunction is common in Parkinson’s disease (PD) and predicts poor clinical outcomes. It is associated primarily with
pathologic involvement of basal forebrain cholinergic and prefrontal dopaminergic systems. Impairments in executive functions,
attention, and visuospatial abilities are its hallmark features with eventual involvement of memory and other domains. Subtle
symptoms in the premotor and early phases of PD progress to mild cognitive impairment (MCI) which may be present at the time
of diagnosis. Eventually, a large majority of PD patients develop dementia with advancing age and longer disease duration, which
is usually accompanied by immobility, hallucinations/psychosis, and dysautonomia. Dopaminergic medications and deep brain
stimulation help motor dysfunction, but may have potential cognitive side effects. Central acetylcholinesterase inhibitors, and
possibly memantine, provide modest and temporary symptomatic relief for dementia, although there is no evidence-based
treatment for MCI. There is no proven disease-modifying treatment for cognitive impairment in PD. The symptomatic and
disease-modifying role of physical exercise, cognitive training, and neuromodulation on cognitive impairment in PD is under
investigation. Multidisciplinary approaches to cognitive impairment with effective treatment of comorbidities, proper rehabili-
tation, and maintenance of good support systems in addition to pharmaceutical treatment may improve the quality of life of the
patients and caregivers.

Key Words Parkinson’s disease . dementia .mild cognitive impairment . neuropsychology . cholinesterase inhibitors . deepbrain
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Introduction

Cognitive impairment in Parkinson’s disease (PD) ranges
from subjective cognitive symptoms to mild cognitive im-
pairment (MCI) with objective cognitive deficits and even-
tually to dementia (PDD) with progressive deficits severe
enough to impair daily life [1–3]. Cognitive impairment
affects important aspects of life such as occupation and
driving even in early phases of PD and becomes a key
predictor of nursing home placement and death later in
the course [4–11]. The diagnostic criteria for evaluating
MCI in PD (PD-MCI) by the International Parkinson and
Movement Disorder Society stipulate gradual decline in
cognitive ability that is not yet sufficient to interfere sig-
nificantly with functional independence despite subtle dif-
ficulties on complex functional tasks, accompanied by one
to two standard deviation (SD) reduction on cognitive test
performance or significant decline on serious testing [1].
MCI is found in about 20% of PD patients at the time of
diagnosis [3, 12–15]. Across all existing cases of PD, MCI
is found in about 27% with a range of 19 to 38% [1],
although some estimates suggest a frequency up to 60%
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[3]. The clinical profile of PD-MCI is heterogeneous with
involvement of a range of cognitive domains. However,
“nonamnestic, single-domain” is the most common sub-
type of PD-MCI [16]. It is important to identify patients
with PD-MCI as this could facilitate clinical trials for ther-
apies targeting cognitive impairment early during the dis-
ease course.

Diagnosis of PDD requires impairment in more than one
cognitive domain with test performance > 2 SD below appro-
priate norms, significant decline from premorbid levels, and
deficits severe enough to impair daily life in social or occupa-
tional realms [2, 8]. The point prevalence of dementia in PD is
about 30 to 40%, but it may eventually affect a large majority
(up to 80+%) of PD patients with increasing age and disease
duration [3, 17, 18]. Presence of MCI, older age, higher se-
verity of motor symptoms, predominant gait and bulbar dys-
function, autonomic symptoms, hallucinations, limited cogni-
tive reserve, and worsening of cognitive performance on serial
testing increase the risk for significant cognitive impairment
and PDD [2, 19–21]. PDD, as a late manifestation of the
disease, is usually accompanied by gait and balance disorders
not well responsive to dopaminergic treatment and deep brain
stimulation (DBS), apathy, sleep–wake cycle problems, hal-
lucinations/psychosis, hypophonia and dysphagia, and
dysautonomia with sometimes disabling orthostatic hypoten-
sion [22]. Many of these comorbid features are due to advanc-
ing neurodegeneration, sometimes exacerbated by treatments
for motor dysfunction [22]. PDD also places a strong burden
on caregivers and requires multidisciplinary care with contri-
butions from neuropsychology, psychiatry, physical therapy,
occupational therapy, speech therapy, social work, primary
care, and other disciplines in addition to neurology [21].

Dementia with Lewy bodies (DLB) and PDD both present
with Lewy body-related neuropathological changes [23, 24].
They also have similar clinical profiles, including visual hal-
lucinations, cognitive fluctuations, and parkinsonian motor
symptoms [23, 24]. The cognitive deficits in PD, PDD, and
DLB overlap with each other and are distinct from other neu-
rodegenerative diseases, such as Alzheimer’s disease (AD)
[25, 26]. Although some studies have reported differences in
neuropsychological profile between these diseases, general
consensus is they represent a spectrum of disease with a sim-
ilar pattern of deficits, including impairment in executive, at-
tention, visuospatial, and arousal domains [3, 23, 24]. Deficits
in episodic memory and language are more characteristic of
AD, but given the overlap in proteinopathies, especially in
later stages, these domains will also be discussed. In DLB,
dementia usually precedes the development of parkinsonian
motor symptoms. By the concensus criteria, DLB is diag-
nosed when dementia has developed up to 1 year after the
onset of motor symptoms, whereas PDD is defined as demen-
tia that arises in established PDwith more than 1 year duration
of motor symptoms [2, 25, 27].

Cognitive Domains and Neurotransmitters

Detailed mechanisms underlying the cognitive impairment in
PD are not fully understood. However, it has been well
established that PD patients have early cholinergic degenera-
tion in the basal forebrain, which provides cholinergic inner-
vations to the entire neocortex [28–30]. In addition, the abnor-
malities in the prefrontal dopaminergic system and other neu-
rotransmitter systems (e.g., noradrenergic, serotoninergic)
play a role [3, 31–33]. Pathology in brain regions associated
with cognitive functions include Lewy bodies, Lewy neurites,
coexistent Alzheimer’s pathology (amyloid and tau), and is-
chemic changes affecting the microvasculature [3, 31].

When a patient with parkinsonism presents with cognitive
complaints, the most useful evaluation would include a neu-
ropsychological assessment using normative data adjusted for
age and education. However, due to patient preference, avail-
ability, or insurance coverage, such an evaluation is not al-
ways immediately available. In such cases “bedside” testing
can assist the neurologist or general practitioner in corroborat-
ing the history, identifying potential deficits, or revealing key
changes from prior clinic visits. The Montreal Cognitive
Assessment (MOCA) includes several of the bedside tests
discussed below and has been validated and was recommend-
ed as screening measure in PD patients [34, 35]. Here, we
discuss general cognitive domains affected in PD and related
dementias, symptoms patients or families might describe, and
simple tests that help explore these deficits. Detection of the
specific cognitive domains involved in patient’s complaints
can be helpful as they may help predict improvement or wors-
ening with medication, highlight the need for detailed neuro-
psychological testing if symptoms do not fit a pattern, or help
the family understand the reasoning for behaviors. Finally, we
explore what is known about the effects of cholinergic and
dopaminergic treatment on these symptoms, given these are
the most commonly used medications in PD and may differ-
entially affect patients’ symptoms.

Executive Functions

“Executive” refers to a set of higher-order abilities that guide
goal-directed behavior, including planning, mental flexibility,
self-control, working memory, motor sequencing, timing, and
controlling attention. Executive functions generally require
coordinated activity in multiple, distributed brain regions, in-
cluding but not limited to the prefrontal cortex [36]. Table 1
indicates examples of executive functions, including relevant
symptoms patients or their families might describe. Bedside
tests of executive function are often sensitive to damage in
multiple cognitive domains and thus are not necessarily spe-
cific. However, using several bedside tasks can give the ex-
aminer significant clues to the pattern of deficits. Further,
watching how the patient performs the task may be more
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Table 1 Cognitive domains: clinical features, underlying pathology, response to neurotransmitter manipulation. Executive, visuospatial, and arousal
are cognitive domains commonly associate with Parkinson’s disease (PD) and associated dementias

Cognitive domain Relevant symptoms Localization AChRx DARx Bedside (< 5 min) test

Executive

Planning Trouble organizing DL PFC→ DL caudate ↑ ↑ Clock drawing, have patient describe
steps to plan for trip

Cognitive flexibility Perseveration, difficulty
switching tasks

DL PFC→ DL caudate ↑ ↑ Trail making test B, phonemic fluency
(“F” words in 60 s)

Motor inhibition Driving errors PFC to dorsal striatum ↑ Go/no-go, Luria loops, Luria parapets

Cognitive inhibition Impulsivity, sexual
disinhibition,
obsessions

PFC to ventral striatum ↓ Swearing during phonemic fluency

Working memory Forgetting reason for
entering room

DL PFC→ DL caudate ↑ Digit span forward and in reverse, simple
calculations

Motor sequencing Difficulty using new
tools

PFC to ventral striatum ↓ Luria (fist–edge–palm) motor sequence

Timing Misjudging time Medial PFC ↑ Finger tapping

Controlling attention Missing road signs DL PFC, AC ↑ ↑ Months backwards, auditory target
detection (tap on “A” in letter
sequence)

Initiation Procrastination of tasks PFC → striatum ↑ Write a sentence (time to initiate)

Arousal Fluctuations, delirium Thalamus, DMN, BF Screening by history

Daytime sleepiness Brainstem nuclei, BF ↑ ↓↑ Observation during exam

Visuospatial

Perceptual discrimination Recognizing object in
fridge

Occipitotemporal,
ventral “what”
pathway

~ ↑ Overlapping figures

Illusions, hallucinations Multiple, thalamus ↑ ↓ Noise pareidolia task

Face
recognition/discrimination

Confusion in social
settings

Right fusiform, PFC ~ Identify famous faces

Emotion recognition Interpersonal difficulties PFC, AC, amygdala, BG ↓ Examiner mimes emotional faces

Spatial orientation Getting lost P. parietal to DL caudate ~ Describe route home

Visual construction Trouble cooking or
making minor repairs

Parietal-occipital, dorsal
“where” pathway

~ Copy figure

Visual memory Losing wallet, keys Inferior temporal, V. caudate ↓ Draw figure from memory

Episodic memory* Forgetting conversations,
events

Limbic/HPC (often
mixed pathology)

↑ ↓↑ Verbal memory word list with category
and multiple-choice cues, orientation

Language* Expressive or receptive
aphasia

Left frontal/parietal
(often mixed pathology)

Noun naming, simple commands,
category fluency (animals in 60 s)

Ach = acetylcholine; AC = anterior cingulate; BF = basal forebrain; BG = basal ganglia; Da = dopamine; DL = dorsolateral; DMN = default mode
network; HPC = hippocampal; PFC = prefrontal cortex; P = posterior; Rx = treatment; V = ventral

*Some patients may also experience deficits in other areas, including episodic memory and language, but deficits in these areas may indicate overlapping
pathology with other proteinopathies, including amyloid, tau, and TDP-43. In general, identification of the specific pattern of deficits is best quantified
with neuropsychological testing using age and education-adjusted normative data. However, these cognitive domains can be screened for by asking
about potentially relevant symptoms (column 2) and using short bedside screening tests (column 6). Importantly, poor performance may be due to
deficits in multiple cognitive domains. For example, phonemic fluency may be deficient due to difficulty with executive dysfunction or a language
deficit. Comparing performance on several tests (for example phonemic to category fluency) may help distinguish the more significant deficit. Notably,
cognitive symptoms and performance on cognitive tasks respond differently to cholinergic [37–40] and dopaminergic [40–57] therapies commonly used
in PD. Up arrows indicate that at doses used clinically; there is some evidence for improvement in symptoms in PD patients, and down arrows indicate
worsening in symptoms. Up–down arrows indicate the medication has an effect, but the direction of change is dependent on the stage of the disease or
dose. ~ indicates no evidence for a change. See text for further details
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important than the overall score. For example, having the
patient draw a clock can demonstrate deficits in planning
(the patient starts at one side with poor spacing) or visuospa-
tial abnormalities (the patient places the 12, 3, 6, and 9 first,
but in abnormal locations). Clock drawings in PD and related
dementias are often different from patients with AD or mixed
dementias, who may make errors reflecting loss of semantic
knowledge (not understanding the concept of clock, therefore
putting too many numbers or other similar conceptual errors)
[58]. Asking the patient to recite months of the year back-
wards or simple mathematical calculations can be used very
quickly to asses attention, which affects most other tasks and
thus should be taken into consideration when evaluating per-
formance [59]. Self-control is also considered an executive
function, as the prefrontal cortex and basal ganglia circuit help
balance action with inhibition of action [60]. A bedside go/no-
go task (for example, as available from the Frontal
Assessment Battery [61]) can help elicit evidence of motor
impulsiveness, but an observant examiner may also see evi-
dence for motor impulsiveness during an auditory target de-
tection test of attention (e.g., tapping for “As” in a serial list of
letters, as available as part of the MOCA [62]. Luria loops or
written alternating sequencing (Luria parapets) can detect ev-
idence of perseveration if the patient fails to stop the sequence
[63, 64]. However, it is important to note that cognitive testing
for impulsivity differs significantly from impulse-control dis-
orders, and thus asking family about symptoms is essential
[65]. Multiple cognitive function tasks that are abnormal in
PD, including those aimed at executive functions (set-shifting
tasks) as well as nonexecutive functions (visuospatial tasks)
correlate with risk for developing impulse-control disorders,
but the underlying cause remains under investigation [66].

In general, medications that boost cholinergic signaling
tend to improve executive functions, both in Parkinson-
related disorders as well as in other neurodegenerative dis-
eases. Improvement in executive functions may account for
some of the benefit seen in both PD and AD patients on com-
posite measures. There is evidence, for example, that atten-
tion, rather than episodic memory, is improved in AD with
treatment with cholinesterase inhibitors [67]. Although most
clinical trials use composite scores of cognition, there is evi-
dence that clock drawing, phonemic fluency and tests of at-
tention improve with cholinesterase inhibitors in PD-related
dementias [37]. Symptoms of impulsivity, such as impulse
purchases, gambling, sexual disinhibition, and obsessions,
are varied and have multiple etiologies. Thus, response to
medications cannot always be predicted and a patient and
family-informed treatment trial may be necessary to determine
individual response. The use of cholinesterase inhibitors in
patients with sexually inappropriate behaviors has not been
studied in randomized clinical trials, but a few case studies
in AD suggest a mixed response including the potential for
worsening of behaviors [68, 69].

The effect of dopaminergic medications on executive func-
tion has been studied in detail, but the results vary depending
on the stage and severity of the disease, the dose of the med-
ication used, and the specific portion of the task being exam-
ined [70]. It has been postulated that dopaminergic medica-
tions may improve performance on dorsal caudate-related
tasks, but worsen ventral striatum-related tasks, due to uneven
dopaminergic deficits between these regions [41, 71, 72].
There is some evidence that working memory, planning, and
set shifting (behavioral flexibility) improve in patients taking
levodopa in some situations, but the effect follows a “U”-
shaped curve, and further, is dependent on the context of the
task, including distractors [42–44]. One study, for example,
showed patients naïve to dopaminergic medication improve in
tests of executive function, whereas increases in dosing in
those treated chronically may actually worsen executive func-
tion [70]. Impulse-control disorders, including pathological
gambling and hypersexuality are associated with higher doses
of levodopa and dopamine agonists [73], but a detailed inves-
tigation and discussion with the individual patient is required
as these psychiatric symptoms are often multi-factorial.
Further, motor inhibition (decreased motor impulsiveness)
may actually increase in patients treated with dopaminergic
medications, suggesting these domains may be modulated in
different ways [45, 46].

Arousal

Disorders of arousal are included as associated clinical fea-
tures in PDD and one of the core features in DLB [2, 27].
There are multiple proposed etiologies for fluctuations of
arousal, including known abnormalities in sleep and circadian
rhythm, as well as potential differences in the thalamus and
default mode network [74, 75]. Symptoms include daytime
sleepiness, sensitivity to delirium, and significant fluctuations
in cognition over minutes to days that can be severe enough to
be mistaken for stroke or seizure. Arousal also overlaps con-
siderable with proclivity for hallucinations and deficits and
fluctuation in attention. Although there is no specific bedside
test for fluctuations, it may be possible to note general changes
in arousal, especially excessive daytime sleepiness, over the
course of the exam. Comparing performance over several
visits may help elucidate fluctuations. Simple screening ques-
tions during the history, such as the four questions used for the
“dementia cognitive fluctuation scale” may help assess fluc-
tuations in patients [76]. Interestingly, fluctuations in cogni-
tion and fluctuations in alertness (arousal) may vary indepen-
dently, which may explain some of the difficulty in studying
these symptoms [76]. Importantly, a patient who presents with
a severe fluctuation in cognition or alertness should be
screened for causes of altered mental status (infection, seizure,
polypharmacy/medication effect, metabolic causes, etc.),

1498 Zhang et al.



especially if the fluctuation is out of proportion to prior epi-
sodes. One or more triggering etiologies may be found and
corrected.

Despite the importance of these symptoms to patients and
utilization of healthcare resources, fluctuations as outcome
measures were not included in most early studies or clinical
trials that evaluated response to acetylcholinesterase inhibitors
[77]. Trials of cholinesterase inhibitors to treat delirium in the
general hospital setting, including postoperatively, have been
negative [78, 79]. To our knowledge, randomized studies fo-
cusing on hospitalized PD patients have not been done. Thus,
it is unknown if acetylcholinesterase inhibitors improve fluc-
tuations or sensitivity to delirium in PD patients.

Although fluctuations have not been systematically evalu-
ated, there is evidence that dopaminergic medications have a
dose-dependent effect on daytime sleepiness/alertness, with
low doses of both dopamine agonists and levodopa causing
increased sleepiness, whereas high doses of levodopa promot-
ed wakefulness [47]. These paradoxical responses may be
important when counseling patients on side effects and
trade-offs of treating motor and cognitive symptoms.

Bedside testing of cognition and attention can be done
quickly during the physical exam with just a few selected
tests, which is especially useful for patients unable or unwill-
ing to sit through longer testing. For the detection of worsen-
ing over time, comparison of the patient’s performance to their
own performance during prior clinic visits helps decrease the
influence of education and age. Keeping copies of past tests,
such as clocks and copied figures provides an easy and accu-
rate method to track performance overtime. Because cognitive
fluctuations play such an important role in PD and related
dementias, worsening and even striking improvement can of-
ten be seen between visits even in simple tasks such as the
clock draw, making frequent serial testing more useful than a
single snapshot test.

Visuospatial Abilities

Deficits in visuospatial function are listed in the diagnostic
criteria of both PDD and DLB [2, 27]. Deficits throughout the
visual system, including the cornea, retina, eyelids, and nerves,
and cerebrum may contribute to visual disturbance in PD and
should be considered, but are beyond the scope of this review [4,
80]. Visuospatial domains specific to cognition include percep-
tual discrimination, facial recognition, emotional recognition,
spatial orientation, visual construction, and visual memory.
Hallucinations are a positive symptom most often presenting in
the visual domain in PDD and DLB. Although there is correla-
tion between some visual deficits and hallucinations, it is unclear
if hallucinations are driven by similar mechanisms [81]. Illusions
and visual hallucinations are hallmarks of PD and related demen-
tias and can occur early in the course of the disease, including
before the onset of dementia. Based on a brain bank study, the

absence of visual hallucinations or illusions during the clinical
course may indicate an incorrect diagnosis of synucleinopathy
[82]. Thus, screening by history and exam can be relevant for
diagnosis and treatment, and illusions and hallucinations may
occur before the onset of other cognitive symptoms.

Evidence for a propensity for illusions and hallucinations
can be tested at bedside by asking the patient if they see faces
in a random noise image (noise pareidolia task) [59].
Although the published task uses 40 images, a bedside ap-
proach with a single ambiguous image might be useful.
However, as with many bedside tests, clinical correlation
and interpretation is required given the lack of standardization.
Similarly, for testing visual construction and visual memory,
the Rey–Osterrieth complex figure has been validated in PD,
but requires a specific and detailed scoring system [83]. Given
the complexity and time required for this complex figure, for
bedside testing, a simpler figure such as a geometric doodle
could be utilized. As with the clock draw, deficits in planning
versus visuospatial abnormalities can often be distinguished
by watching the patient complete the task.

Based on a recent meta-analysis, there is no evidence of
improvement in visuospatial function in PD-related dementias
using cholinesterase inhibitors in recent clinical trials [38].
However, only three of the included clinical trials reported
tests of visuospatial function separately and none used over-
lapping tests. Interestingly, use of cholinergic drugs in healthy
controls has been shown to enhance aspects of visual function,
such as detecting a target versus a distractor [84]. However,
this may relate to visual attention, which was not tested in the
former trials. In contrast, there is evidence that visual halluci-
nations are responsive to cholinesterase inhibitors. For exam-
ple, a trial of the effect of donepezil in DLB patients showed
significant improvement in visual hallucinations [85]. A small
case series also supports the use of cholinesterase inhibitors
for treatment of visual hallucinations [39]. It has long been
accepted that dopaminergic medications, and especially dopa-
mine agonists, are associated with worsening or appearance of
visual hallucinations in some patients [86]. However, al-
though the medication itself may worsen the hallucinations,
prospective data suggests that time to hallucination onset is
unlikely to be influenced by the dopaminergic regimen used,
but rather by underlying factors of the disease itself [43].

Emotion recognition is impaired in PD even in patients
without cognitive impairment [87]. Processing of emotion in
faces is complex. Involved regions of brain include prefrontal
cortex, cingulate, amygdala, and basal ganglia [87].
Interestingly, identifying negative emotions (anger, fear,
etc.) has been shown to be more impaired than positive emo-
tions [88]. A recent meta-analysis specifically addressed the
effect of patients on and off dopaminergic medications, find-
ing evidence that the social recognition deficit is more severe
in patients who are currently on their dopaminergic medica-
tions, rather than holding them [88].
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Patient’s with PD also show impairments in visual recog-
nition of faces, and this may be secondary to impaired dis-
crimination and processing [89]. Facial recognition is proc-
essed in part in the fusiform face area [90]. Some studies have
shown memory for faces can be specifically impaired in PD
when memory for words is not, and this may be due to im-
paired configural processing (processing the whole of the face
rather than its features) [91]. The effect of dopaminergic med-
ications of facial discrimination has been examined in a few
studies, which did not show evidence of changes when pa-
tients were on medication [48, 49].

Episodic Memory

Compared with patients with AD, deficits in episodic memory
in PD-related dementias are typically mild and present later in
the course of the disease [2, 27]. However, compared with
controls, PD patients do exhibit some variable deficits in
memory. Specifically, in the absence of supplemental dopa-
mine, one study found memory encoding is normal in PD
patients, but retrieval is impaired [92]. This follows the gen-
erally accepted view that patients with PD have intact
encoding, whereas retrieval, which utilizes executive func-
tions, can be deficient. Memory deficits can be screened for
at the bedside with simple word lists. Improvement with cues
(category and then multiple-choice) is more indicative of re-
trieval errors associated with PD dementia, rather than
encoding deficits, which are more commonly associated with
hippocampal atrophy and overlapping amyloid/tau pathology.
Interestingly, the same study described above found that do-
paminergic treatment actually impaired encoding in PD pa-
tients, but improved retrieval [42]. The task dependent and
dose-dependent effects of dopamine may play a role in the
variability seen in cognition in PD and related dementias.
For cholinergic modulation, at least one clinical trial has
shown evidence for improvement in auditory word list mem-
ory with a cholinesterase inhibitory (donepezil) in PD, but
further studies are necessary to separate effects of encoding
and retrieval [40].

Language

Deficits in language usually indicate overlapping pathology
with other neurodegenerative conditions or vascular dementia.
Diagnostic criteria for PDD suggest that core functions in
language should be largely preserved [2]. However, given that
more than half of patients with PD-related dementia have co-
morbid amyloid pathology [27, 93], screening for these defi-
cits is important for prognosis and treatment. Screening for
language deficits is a common part of the general neurologic
exam, including naming nouns, repetition, and following
commands. Adding a test of category fluency (for example,
naming animals in 60 s) can indicate a deficit in language

when paired with corroborating evidence, such as symptom-
atic complaints of word-finding and paraphasic errors.

A recent meta-analysis of treatment with cholinesterase
inhibitors suggested there was improvement in the language
domain in Parkinson’s disease dementia [38]. However, tests
that are sensitive to executive dysfunction were included,
making it difficult to draw any conclusions. For example,
the tests of language included Stroop testing and letter
(phonemic) fluency, both of which are strongly associated
with executive functions. Thus, it is not clear that cholinergic
medications specifically improve language in PD, but addi-
tional studies are necessary to better address these questions.

Treatment of Cognitive Impairment in PD

Treatment of Risk Factors and Comorbidities

There is no disease-modifying therapy for PD, PDD, or DLB;
however, a recent systemic meta-analysis identified nine risk
factors that are associated with increased risk of cognitive
impairment in PD [24, 94, 95]. These risk factors include
PD-related symptoms (postural instability/gait disorder, hallu-
cinations, and orthostatic hypotension), comorbidities (cere-
brovascular disease, diabetes mellitus, obesity, and cardiac
disease), and lifestyles (alcohol consumption and smoking).
Importantly, several of these risk factors are potentially mod-
ifiable, including alcohol consumption, smoking, and obesity.

Evaluation for cognitive worsening should also include
detailed neuroimaging to rule out structural etiologies such
as stroke, chronic subdural hematoma, and neoplasm, espe-
cially if the cognitive change is abrupt or is associated with
other neurological deficits [3]. It is also imperative to check
for and treat reversible causes of cognitive impairment such as
systemic and central nervous system infections, impaired vi-
sion or hearing, metabolic abnormalities (e.g., hypothyroid-
ism), and nutritional deficiencies (e.g., vitamin B12 deficien-
cy) [3].

Factors that can exacerbate cognitive impairment should
also be evaluated and addressed. These include
polypharmacy, psychiatric disorders, and sleep disorders
[23, 24]. Psychoactive medications should be avoided if pos-
sible. When a treatment is necessary, medications with the
least adverse effects on cognition should be considered. For
example, paroxetine is highly effective in the management of
depression in PD. However, comparing to other depression
medications, paroxetine has the worst anticholinergic profile
and therefore should be avoided in PD patients with cognitive
impairment [96, 97]. Anticholinergic medications are known
to have the potential for acute worsening of cognitive func-
tion. In addition, some evidence suggests an association with
the development of dementia [98]. Medications with direct
anticholinergic as well as indirect anticholinergic properties
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should be screened for at every visit. Oxybutynin, an anticho-
linergic medications used for treatment of overactive bladder,
should not be prescribed as first line in patients with PD, as it
has been shown to distribute to the CNS and cause cognitive
impairment in some patients [99]. Alternatives exist, including
anticholinergics with less CNS distribution and beta-3 ago-
nists (mirabegron) [100]. Additionally, nonprescription med-
ications should be screened for, such as over the counter sleep
aids containing diphenhydramine, which also have anticholin-
ergic properties [101]. Patient’s should be counseled to dis-
con t inue these produc t s , and ins tead , ins t i tu te
nonpharmacological sleep hygiene approaches or pharmaco-
logical sleep aide approaches that also target comorbid symp-
toms such as hallucinations, psychosis, or depression [102].

Psychiatric disorders and sleep disorders can themselves
provoke and exacerbate cognitive impairment. Therefore, psy-
chiatric disorders, including depression and anxiety, and sleep
disorders, in particular obstructive sleep apnea, should be
evaluated and treated using a multidisciplinary approach when
necessary.

Pharmaceutical Management of PDD

Detailed mechanisms underlying the cognitive impairment in
PD are not fully understood. However, it has been well
established that PD patients have early cholinergic degenera-
tion in the basal forebrain, which provides cholinergic inner-
vations to the entire neocortex [28, 29]. Therefore, acetylcho-
linesterase inhibitors (AChEI) have been extensively evaluat-
ed for the treatment of PDD. Currently, only one drug,
rivastigmine, has been approved by the food and drug admin-
istration (FDA) for the treatment of cognitive impairment in
PDD. Table 2 shows medications used in PDD.

Rivastigmine is an AChEI, and one of the three AChEIs
currently approved by the FDA for the treatment of cognitive
symptoms in AD. It is unique in that it inhibits both acetyl-
cholinesterase and butrylcholinesterase, which has been sug-
gested as a potential reason for its efficacy [104].
Rivastigmine was determined to be efficacious in a 24-week,
double-blind, and placebo-controlled trial of 541 patients with
mild to moderate PDD [37]. Study drug doses were increased
during a 16-week dose-escalation period with the highest
well-tolerated dose for each patient being maintained for the
rest of the study. The mean dose of rivastigmine was 8.6 mg/
day at the end of the dose-escalation phase. Primary efficacy
variables included the scores for the Alzheimer Disease
Assessment Scale-Cognitive Subscale (ADAS-cog) and the
Alzheimer’s Disease Cooperative Study–Clinician’s Global
Impression of Change (ADCS-CGIC). Secondary outcomes
comprised the Alzheimer’s Disease Cooperative Study–
Activities of Daily Living (ADCS-ADL), the 10-item neuro-
psychiatric inventory (NPI), the mini-mental state exam
(MMSE) , t he Cogn i t ive Drug Resea rch (CDR)
Computerized Assessment System, the Delis–Kaplan
Executive Function System (D-KEFS) Verbal Fluency Test,
and the 10-point Clock Drawing Test. After 24 weeks of treat-
ment, the rivastigmine group showed a mean improvement of
2.1 points on the ADAS-cog, compared to a 0.7-point decline
in the placebo group. Clinical improvement on the ADCS-
CGIC was observed in 19.8% in the rivastigmine arm com-
pared to 14.5% in the placebo arm (p = 0.007). Furthermore,
clinically meaningful worsening on ADCS-CGIC was ob-
served in 13% in the rivastigmine group and 23.1% in the
placebo group (p = 0.007). Moreover, rivastigmine provided
significant benefit over placebo with respect to all secondary
efficacy variables. Of note, significantly more patients from
the rivastigmine group experienced nausea, vomiting, tremor,

Table 2 Pharmaceutical management of Parkinson’s disease dementia (PDD)

Drug Dose Comments

Rivastigmine (capsule) 1.5–6 mg twice daily Acetylcholinesterase inhibitor (AChEI), only FDA-approved medication for
cognitive symptoms of PDD. Common side effects include nausea, vomiting,
and tremor. Rare bradycardia

Rivastigmine (Patch) 4.6–13.3 mg daily Transdermal formulation, improved side effect profile, less nausea, vomiting, and
tremor compared to oral formulation

Donepezil 5–10 mg* daily AChEI, FDA approved for Alzheimer’s disease but not PDD. Reasonable to
consider in PDD. Similar side effect profile as rivastigmine

Galantamine 4–12 mg twice daily AChEI, FDA approved for Alzheimer’s disease but not PDD. Reasonable to consider
in PDD. Similar side effect profile as rivastigmineGalantamine extended release (ER) 8–24 mg daily

Memantine 5–10 mg twice daily N-Methyl-D-aspartate (NMDA) receptor antagonist, FDA approved for moderate
to severe Alzheimer’s disease, but not for PDD. Evidence of efficacy not established
in PDD, though widely prescribed partly due to tolerability. Occasional worsening
of hallucinations reported

Memantine extended release (ER) 7–28 mg daily

*23 mg/day of donepezil has been studied in moderate to severe Alzheimer’s disease and was found to have greater efficacy but increased side effects
[103]. This dose has not been studied in PDD
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and dizziness. In another 76-week, open-label study, 583 PDD
patients were randomized to either oral or transdermal formu-
lation of rivastigmine, to evaluate the long-term safety [105].
More tremor (24.5% vs. 9.7%), nausea (40.5% vs. 8.3%), and
vomiting (15.3% vs. 2.8%) were reported in the capsule
group, whereas more application site erythema (13.9% vs.
0%) was reported in the patch group. This study supports
the long-term safety of rivastigmine in PDD, and no new or
unexpected safety issues emerged. Of note, in addition to cog-
nitive impairment, rivastigmine may also improve apathy in
PD [106]. In a 6-month, double-blind, placebo-controlled, and
randomized clinical trial, among 30 PD patients without de-
mentia or depression, but with moderate to severe apathy,
rivastigmine transdermal patch significantly improved the
Lille Apathy Rating Scale (LARS).

Donepezil is an FDA-approved medication for the treat-
ment of cognitive symptoms in AD. A 24-week, double-blind,
placebo-controlled, and randomized clinical trial of 550 PDD
patients was performed to evaluate the efficacy of donepezil
on cognitive impairment in PDD [107]. Coprimary end points
were the ADAS-cog and Clinician’s Interview-Based
Impression of Change plus caregiver input (CIBIC+).
Secondary end points included executive function, attention,
activities of daily living (ADLs), and behavioral symptoms.
ADAS-cog changes from baseline to end point were not sig-
nificant for donepezil. The 10-mg group, but not the 5-mg
group, had significantly better CIBIC+ scores compared with
placebo. Secondary end points including the Mini-Mental
State Exam, Delis-Kaplan Executive Function System and
Brief Test of Attention showed significant benefit for both
donepezil doses. There were no significant differences in
ADLs or behavioral symptoms. In addition to this trial, 3
clinical trials (two cross-over, randomized controlled trials,
and one placebo-controlled, randomized trial) with smaller
numbers of patients (ranging from 14 to 22) were performed
to evaluate the efficacy of donepezil in PDD. Though one
study was positive for one of the two primary endpoints
[108], the other two studies had negative results for the pri-
mary endpoints [109, 110]. In another randomized, double-
blind, placebo-controlled study among 140 DLB patients,
donepezil improved MMSE, CIBIC+, behavioral measures,
and caregiver burden [111].

Galantamine is another AChEI approved by the FDA
for AD treatment. Only one open-label trial evaluated the
efficacy of galantamine in PDD. This was a 24-week,
open-label, and randomized controlled trial of 41 patients
with PDD. A primary outcome was not specified in this
study. Comparing to the placebo group, galantamine im-
proved scores on all measures of cognitive impairment in
this study, including MMSE, the ADAS-Cog, the Frontal
Assessment Battery (FAB), the Clock Drawing Test, the
NPI, the Disability Assessment for Dementia (DAD), and
assessment of distress of the relatives.

Despite these mixed results, a meta-analysis study has sug-
gested that AChEIs improve global impression of efficacy as
well as objective cognitive function [112]. Therefore, in addi-
tion to rivastigmine, it is reasonable to consider donepezil and
galantamine in PDD management. A recent study analyzed
medical records from 268,407 Medicare beneficiaries with
PD, and identified 73,093 (27.2%) patients who were pre-
scribed antidementia medications. Of these, 63.0% were tak-
ing donepezil, 26.4% were taking rivastigmine, 2.9% were
taking galantamine, and 41.8% were taking memantine [113].

Memantine is an N-methyl-D-aspartate (NMDA) receptor
antagonist and an FDA-approved medication for the manage-
ment of cognitive symptoms in moderate to severe AD. Three
double-blind, placebo-controlled, and randomized trials have
evaluated the efficacy of memantine in PDD [114], two of
which also included patients with DLB [115, 116]. The first
study included 25 PDD patients [114]. After 16 weeks of
treatment, no significant difference was noted between the
memantine and placebo group on the primary outcome: de-
mentia rating scale (DRS). The second study included 72 pa-
tients with PDD or DLB [115]. After 24 weeks of treatment,
patients in the memantine group had better ADCS-CGIC
scores (primary outcome) than those taking placebo, however,
with the exception of improved speed on attentional tasks in
the memantine group, there were no significant differences
between the groups in secondary outcome measures. A third
study included 199 patients with PDD or DLB [116]. After
24 weeks of treatment, there were no significant differences
between the memantine group and the placebo group on
CGIC, NPI, cognitive testing, activities of daily living, and
Zarit caregiver burden scores. However, subgroup analysis
indicated that DLB patients who were treated with memantine
had significantly higher sores on CGIC and NPI compared to
the placebo group. Because of these conflicting results, the
evidence to support the efficacy of memantine is generally
considered insufficient. However, as discussed earlier, one
study indicated that 41.8% of all PD patients taking
antidementia medications were prescribed memantine. This
is partly due to the very limited options of treatments and
the excellent side effect profile of memantine, with the excep-
tion of reports of worsening of hallucinations with memantine
in PDD and DLB [117, 118].

In summary, all 4 FDA-approved medications for AD have
been evaluated in PDD treatment. Although only rivastigmine
has been approved by the FDA for the treatment of PDD, it is
reasonable to consider donepezil and galantamine in PDD
despite the equivocal evidence from clinical trials. Side effects
of AChEIs include nausea/vomiting and worsened tremor,
which might be lessened by the transdermal formulation. On
the other hand, due to the conflicting results, currently, there is
insufficient evidence to determine the efficacy of memantine
in PDD. Despite this, memantine has been widely prescribed
among PDD patients, partly due to its tolerability.
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Clinical Trials Targeting PD-MCI

Currently, no medication has been approved by the FDA for
the treatment of cognitive symptoms in PD-MCI. However,
rivastigmine, rasagiline (a monoamine oxidase B (MAO-B)
inhibitor), and atomoxetine (a norepinephrine (NE) reuptake
inhibitor) have been evaluated for the treatment of PD-MCI.

Rivastigmine. A 24-week, cross-over, randomized, double-
blind, and placebo-controlled trial with 28 PD-MCI patients
showed no significant difference between the rivastigmine
transdermal patch and the placebo arms on the primary out-
come of ADCS-CGIC, although a trend favoring rivastigmine
was noted (p = 0.096) [119]. The Everyday Cognition Battery
(ECB) was significantly improved in the rivastigmine phase,
but no significant differences were noted with other secondary
outcomes.

Rasagiline, MAO-B inhibitor, has been approved by the
FDA for motor symptoms of PD [120]. Two randomized,
double-blind, and placebo-controlled trials evaluated the effi-
cacy of rasagiline in PD-MCI. In the first trial of 55 patients
with PD-MCI, after 3 months of treatment, the rasagiline
group had significant better performance in the digit span-
backward score, the verbal fluency total score, and the atten-
tional Z score [121]. However, in another study of 170 patients
with PD-MCI, after 24 weeks of treatment, there were no
significant difference between the rasagiline and the placebo
group on the primary outcome: Scales for Outcomes of
Parkinson’s Disease-Cognition scores [122]. There were also
no differences on secondary measures of cognitive
impairment.

Atomoxetine is an NE reuptake inhibitor. It can increase the
levels of NE and dopamine in certain parts of the brain such as
the prefrontal cortex. Atomoxetine has been approved by the
FDA for the treatment of attention-deficit hyperactivity disor-
der (ADHD). In a randomized, double-blind, and placebo-
controlled trial of 30 PD-MCI patients, after 10 weeks of
treatment, no significant difference was noted between the
atomoxetine group and the placebo group on the primary out-
come: global statistical test (standardized tests of attention,
working memory, processing speed, and set shifting) [123].
However, comparing to the placebo group, atomoxetine treat-
ment was associated with significant improvement in subjec-
tive measures of attention and impulsivity (Conners Adult
Attention Deficit Hyperactivity Disorder Rating Scale).

Neuromodulation for Cognitive Impairment in PD

Neuromodulation refers to the alteration of nervous system
activity through an external stimulus such as electrical pulses
[124]. Neuromodulation via deep brain stimulation (DBS) is
highly effective for motor symptoms of Parkinson’s disease
[125, 126]. This effort was based on decades of sustained and
principled investigation, followed by multiple high-quality

clinical trials. Unfortunately, far less is known about the basic
pathophysiology of cognitive symptoms of Parkinson’s dis-
ease including the key circuit nodes that malfunction in PD
patients with cognitive dysfunction. However, the potential
for current and emerging neuromodulation techniques to mod-
ulate these symptoms is palpable. We will discuss
neuromodulation technologies that have been shown to mod-
ulate cognition in humans, and discuss how these might be
applicable to PD.

First, DBS for motor symptoms of PD targets two primary
sites: the globus pallidus internal segment and the subthalamic
nucleus (STN). The STN is a densely packed and topograph-
ically organized nucleus that receives inputs from basal gan-
glia that are putatively involved in cognitive operations [127].
In addition, the STN receives monosynaptic input from across
the frontal cortex (Fig. 1, upper panel), including from pre-
frontal regions that are directly involved in cognitive opera-
tions such as working memory, attention, inhibitory control,
timing, attention, and language [133, 134]. Critically, STN-
DBS can often have cognitive side effects and can transiently
impact cognitive functions such as verbal fluency [135, 136].
These data suggest that current spread from DBS electrodes

Fig. 1 Upper panel: cortico-basal ganglia circuits involved in cognitive
control. The prefrontal cortex or subthalamic nucleus could be targets for
future neuromodulation aimed at improving cognition in Parkinson’s dis-
ease. Lower panel: work by Narayanan’s group suggests that PD patients
have decreased prefrontal ~ 4 Hz rhythms linked with cognitive control
and that 4 Hz neuromodulation via STN-DBS or tDCS has the potential to
boost these rhythms and improve cognitive control. See references
[128–132]
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targeting the dorsomedial motor regions of the STN have the
potential to impact cognitive function. Of note, DBS targeting
other sites (such as the nucleus basalis of Meynert) have been
attempted for cognitive function in PDD [137]. Other sites,
such as the fornix are currently considered as targets for cog-
nitive symptoms of other neurodegenerative diseases such as
AD [138].

STN-DBS for motor symptoms is typically at high-
frequencies > 60 Hz, leading to an “informational lesion” in
the indirect pathway. However, if STN brain stimulation can
worsen cognition, then a detailed understanding of its role in
cognitive operations might help elucidate how to modulate
STN circuits to improve cognition. Direct recordings from
the STN have reported marked modulation in 4 Hz electrical
oscillations during cognitive control tasks such as conflict–
reaction–time and interval timing, and 4 Hz coherence with
prefrontal cortical regions [128, 139, 140]. Strikingly, a small
study of PD patients found that low-frequency modulation of
STN-DBS can improve elementary cognitive tasks such as
interval timing, with 4 Hz STN-DBS resulting in more pre-
frontal 4 Hz power and more accurately timed responses (Fig.
1, lower panel) [128]. This finding was supported by earlier
findings that STN-DBS at 10 Hz could modulate interval
timing tasks, and independently replicated by work showing
that 5 Hz STN-DBS could improve performance of conflict–
reaction–time tasks [141, 142]. This line of evidence suggests
that STN-DBS has the potential to boost cognitive perfor-
mance in PD patients via the hyperdirect pathway. This idea
remains to be rigorously tested in clinical trials likely involv-
ing carefully mapping of STN microanatomy vis-à-vis pre-
frontal hyperdirect projections.

A second technology that has great potential is noninvasive
neuromodulation. This can take the form of transcranial mag-
netic stimulation (TMS), wherein carefully shaped magnetic
fields can modulate the electrical activity of neuronal net-
works. TMS has been shown to modulate primary motor cor-
tex and has been studied for motor symptoms of PD with
mixed results [143]. There are encouraging preliminary results
on the effect of TMS on depression and cognition in PD
[144–148]. A distinct technology is transcranial stimulation
with direct or alternating current (tDCS or tACS), which pu-
tatively passes low-amplitude current through the brain via
scalp electrodes. Transcranial direct-current stimulation can
result in working memory improvements in older adults
[149]. A small study showed that tDCS can boost working
memory in PD patients, although it is unclear if these effects
are transient, what the underlying mechanisms are, and if such
neuromodulation can transfer to real-world settings [150].

One challenge for neuromodulation is that it is unclear
exactly where and how to stimulate to modulate cognitive
function in PD. However, the ability to analyze ongoing brain
activity and adaptively deliver brain stimulation via closed-
loop algorithms has the potential to make progress on this

front. Closed-loop brain stimulation has used beta-
oscillations linked with motor dysfunction to adaptively tune
DBS for motor symptoms of PD [151, 152]. Prefrontal ~ 4 Hz
“theta” rhythms can be associated with cognitive symptoms of
PD [129–131, 153]. Advanced algorithmsmight harness these
rhythms as a control parameter [154] to deliver highly indi-
vidualized and personalized neuromodulation that is maxi-
mally effective for cognitive symptoms of PD.

Neuropsychological Rehabilitation

Every person’s daily behavioral and cognitive routines are
important contributors to long-term cognitive status, whether
or not they have PD. When facing the challenges of cognitive
impairment in the context of PD, optimizing daily cognitive–
behavioral routines is a key component of management and
treatment.

Neuropsychological rehabilitation refers to the use of psy-
chological (cognitive and behavioral) interventions directed at
optimizing cognitive, emotional, and psychosocial function in
PD. The interventions may include educational components,
psychotherapeutic, and motivational aspects, “exercises” di-
rected at activating or challenging specific cognitive func-
tions, review and refinement of the key drivers of
neuroplasticity underlying cognition (e.g., physical exercise,
cognitive training, sleep hygiene, social engagement), and
training in the use of compensatory strategies and devices.

Studies in healthy older adults suggest that physical exer-
cise might improve cognitive function, with particular effect
of aerobic exercise on executive functions [155–158].
Preliminary studies found cognitive benefits of aerobic and
resistance exercise on various cognitive domains in PD [159,
160]. However, further research is needed to determine opti-
mal type, frequency, and dosing of exercise and their efficacy
using rigorous clinical trial methodology employed for phar-
maceuticals in order to make evidence-based recommenda-
tions [21].

Cognitive profiles in PD are heterogeneous and change
over time for individual patients, as do their environmental
demands and support, requiring neuropsychological rehabili-
tation protocols to be individually tailored and updated over
time. However, there also are common themes that apply to
the treatment of most patients with PD who have cognitive
difficulties. Thus, interventions involve a combination of ad-
dressing “foundation” issues that impact cognition in most
patients (e.g., the negative impact of stress, poor sleep, and
limited social stimulation) and addressing specific problems
or goals that are important in the life of a given patient.

Targets for intervention are identified by the referring neu-
rologist or other members of the multidisciplinary team, from
the neuropsychological evaluation and from interviews with
the patient and family. Collaboratively establishing explicit
therapeutic goals with the patient and family is essential to
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success in this type of treatment. Compliance with cognitive–
behavioral interventions is considerably more demanding than
taking a medication on schedule, and it thus is essential to
have “buy in” from the participants. Success is more likely
when goals are tied to specific real-world activities or prob-
lems, rather than relatively abstract cognitive constructs. For a
patient with episodic memory impairment, “not losing my
keys” and “not missing appointments” could be very reason-
able goals, whereas “improving my memory” may be elusive
and require further specification.

The focus of this article is treatment of cognitive impair-
ments, but from a neuropsychological perspective, there is no
clear line of demarcation between impairments of cognition
and impairments of behavior or emotion. We have no direct
access to a patient’s cognitive functions, except as expressed
through their behavior. Further, emotional processing contrib-
utes to cognitive functions such as decision-making and allo-
cation of attention [161]. In addition, most behavioral disor-
ders appear to be accompanied by altered cognitive process-
ing. For example, an impulse-control disorder is expressed via
problematic behavior, but may be based on alterations in var-
ious aspects of cognition, such as perception of risk, social
perception/empathy, and cost–benefit analyses.

This blending or overlap of functions is reflected in what is
generally referred to as a cognitive–behavioral therapy (CBT)
framework for interventions directed at both altering cognition
and behavioral routines [162]. Some of the most important
steps for optimizing cognitive function in PD are indirect, in
that the direct target of the intervention is not cognition per se,
but rather facilitation of neuroplasticity with the downstream
goal of improving and/or maintaining cognitive function. As a
foundation for almost all specific interventions for cognition,
we begin by reviewing with the patient the common behav-
ioral influences on neuroplasticity and PD symptomatology,
including the importance of physical exercise, good sleep hy-
giene, adaptive stress management, and social engagement.
Also included in this educational discussion of neuroplasticity
is the importance of ongoing challenging cognitive stimula-
tion, irrespective of their specific cognitive profile or other
cognitive exercises that might be prescribed.

Importantly, this review is done in a CBT framework in
which the provider and patient/family collaboratively prob-
lem solve in each of these domains, with the goal of opti-
mizing the patient’s daily behavioral routines and enhanc-
ing their appreciation of how important these routines can
be in affecting the expression and progression of PD symp-
tomatology. Patients often are acutely aware that their PD
symptoms (including physical symptoms such as tremor
and cognitive symptoms such as word-finding problems)
worsen under stress and are motivated to learn behavioral
methods of stress management such as progressive muscle
relaxation [163]. As in all forms of rehabilitation, one role of
the therapist is to be a motivator and coach, with the goal of

the patient (and their family) internalizing this motivation to
guide behavior once they leave the clinic.

After addressing these general influences on cognitive
function, problems that arise from specific cognitive im-
pairments can be addressed. Several studies involving pa-
tients with PD have shown that regular practice of hierar-
chically challenging computer games can lead to improve-
ments in performance on measures of attention, working,
memory, and speed of processing [164–167]. Outcome
measures to this point have primarily been limited to labo-
ratory measures, and generalization to improvements in
real-world function is uncertain. A Cochrane Database re-
view on the effect of cognitive training in PD-MCI and PDD
found no clear evidence that cognitive training for 4 to
8 weeks improved global cognition, executive function, or
visual processing, whereas there was a suggestion of benefit
on attention and verbal memory. There was no evidence of
differences between treatment and control groups in activi-
ties of daily living or quality of life. More robust, adequately
powered studies of cognitive training were recommended
[168]. However, if a patient is interested in this type of
training task and has access to the requisite technology,
these approaches may provide a means of strengthening
specific cognitive abilities. It appears reasonable to con-
clude that ongoing repeated challenges in an area of cogni-
tive weakness is likely to benefit performance within that
function. The relative benefits of various types of chal-
lenges (e.g., dedicated computer programs, real-world arts
and crafts, reading, puzzles, card or board games, other
hobbies) are unknown, and it may be that the best advice
at this point is to pursue the form of cognitive challenge that
one is most likely to engage in on a regular basis.

Compensatory strategies and devices provide another
method for addressing problems that arise from cognitive im-
pairments and often are the most direct and practical approach.
Among the most common methods are making lists and keep-
ing calendars for memory problems, as well as use of medi-
cation organizers, key-finder alarms, and other reminder
alarms. Relevant personal technology, such as smart phones
and activity trackers, is changing rapidly and will continue to
alter the use of compensatory devices. As with the other as-
pects of treatment, it is necessary to individually tailor com-
pensatory strategies and devices to the needs and capabilities
of individual patients.

Neuropsychological rehabilitation is an important com-
ponent of the multimodal management of cognitive im-
pairments in PD. Cognitive and behavioral interventions
directly involve the patient in their own care, providing an
important sense of self-control in addressing PD that may
be otherwise largely absent. These interventions have the
potential to significantly impact on quality of life, are
relatively inexpensive, and are largely without negative
side effects.
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