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Parkinson disease and cognitive
impairment
Five new things
Albert A. Davis, MD, PhD; Brad Racette, MD

Abstract
Purpose of review: While the distinctive motor symp-
toms of Parkinson disease (PD) have been described
for centuries, cognitive impairment has only recently
been recognized as a central feature. Studies have
yielded clues to the etiology and natural history of
cognitive impairment in PD, but much remains un-
clear and effective therapies are needed. Recent
findings: Longitudinal cohort studies demonstrate
that almost all patients with PDwill develop dementia
if they live long enough. New CSF biomarker and ge-
netic studies suggest that it may soon be possible to
forecast and track the progression of dementia in PD.
Sleep and sleep disturbance appear to be intrinsically
linkedwith PD, although the implications for individual
outcomes and opportunities for intervention are unclear.
Multidisciplinary treatment approaches incorporating
cognitive training may help to improve outcomes. Sum-
mary: We review several recent advances in understanding the pathophysiology, genetics,
and management of cognitive impairment in PD. Neurol Clin Pract 2016;6:452–458

C
ognitive impairment is a disabling comorbidity for many patients with Parkinson
disease (PD) and represents a major challenge for physicians, caregivers, and the
health care system.

Prevalence and natural history of PD dementia: Near-universal
prevalence and progression
Clinical features of cognitive impairment in PD involve a wide range of cognitive domains,
including executive function, visuospatial reasoning, memory, and language function, and
can include additional features including visual hallucinations, paranoia, and fluctuations in
attention.1 PD is often marked primarily by visuospatial and executive deficits, in contrast
to Alzheimer disease (AD), where memory impairment predominates. Cognitive impairment
in PD encompasses a spectrum of severity from relatively mild symptoms to end-stage
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dementia. Despite the controversy surrounding the nomenclature and clinical significance of
the term mild cognitive impairment (MCI), careful characterization of early symptoms is
needed for both research and clinical purposes, and formal criteria for diagnosis of MCI in
PD have been established.2

Overall prevalence of PD-associated dementia (PDD) is approximately 25%–30% of total
PD cases, and increases dramatically with advancing age.3 While some patients with PD
survive a decade or more before developing dementia, others experience cognitive impairment
shortly after, or concurrent with the onset of motor symptoms, leading to the arbitrary
distinction of patients who develop dementia within 1 year of parkinsonism as having
dementia with Lewy bodies (DLB).4

The Sydney Multicenter Study, the longest PD cohort study to date, found that 83% of
patients who survived 20 years developed dementia.5 This and other studies, including a large
retrospective study of Medicare beneficiaries,3 demonstrate that patients with PD are almost
universally at risk of dementia if they survive long enough. Studies are mixed when assessing
the individual contributions of age, age at onset of PD, and disease duration to the risk of
dementia. These mixed findings make it difficult to draw conclusions regarding the impor-
tance of factors other than the chronic accumulation of PD pathology on the development of
dementia.6,7

A recent study followed 141 patients with PD with normal cognition at baseline over a pe-
riod of 2–6 years, finding that nearly half of participants developed cognitive impairment
within 5 years, and that 100% of individuals who developed MCI progressed to dementia
within 5 years.8 Consistent with other recent studies, predictors of progression from normal
cognition to cognitive impairment included male sex, higher Unified Parkinson’s Disease
Rating Scale motor score, and lower (poorer) baseline cognitive scores. Although comparisons
of rate of cognitive decline across diseases are challenging, we note for reference that in
cognitively normal patients with CSF biomarker evidence of preclinical AD, the 5-year pro-
gression rate to Clinical Dementia Rating 0.5 (very mild dementia) was between 11% and
26%.9 Further work is needed to address the relative relationships of PD-specific pathology vs
other age-related neuropathology on the development of dementia in patients with PD. For
example, nearly 60% of patients with PD with dementia have concurrent cortical Ab
pathology.10 Nevertheless, these data emphasize that patients with PD progress quickly from
normal cognition through stages of cognitive impairment, including dementia, and that
dementia in PD contributes to greater public health burden than previously recognized.

Biomarkers: An ongoing quest for molecular fingerprints
PD remains a clinical diagnosis, with only one commercially available biomarker
([123I]-ioflupane, a dopamine transporter radioligand) approved to distinguish PD from es-
sential tremor, although the value of this biomarker compared to longitudinal follow-up with
a movement disorders specialist is unclear.11 Neurologists, even experienced movement dis-
orders specialists, are frequently inaccurate in distinguishing idiopathic PD from other par-
kinsonian syndromes, especially early in the disease course. Predicting the risk and timing of
dementia in patients with PD is equally challenging and is complicated by the heterogeneity
of molecular neuropathology observed in PDD cases when autopsy examination is used as
a gold standard. While multiple studies support a direct relationship between the presence of
cortical Lewy pathology and cognitive impairment,12 some patients with PDD have very few
cortical Lewy bodies.12,13 Conversely, extensive cortical Lewy pathology is occasionally seen in
cognitively normal patients with PD and even individuals without PD.12,14 These observa-
tions suggest that a-synuclein (aSyn) is not solely responsible for cognitive impairment in
PD. Multiple studies have documented the presence of concomitant b-amyloid (Ab) in
approximately 60% of patients with PD with dementia, as well as tau pathology in a smaller
subset,10 underscoring the need for accurate biomarkers to define molecular disease signatures
prior to autopsy, ideally in presymptomatic or early symptomatic phases.
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Several recent studies report associations between CSF biomarkers and risk of cognitive de-
cline in PD. In approximately 300 participants from the Deprenyl and Tocopherol Antioxida-
tive Therapy of Parkinsonism (DATATOP) study, investigators found that higher CSF aSyn
levels predicted worse cognitive performance at follow-up, despite average length to follow-up
of only 1.8 years.15 Another DATATOP study found that CSF levels of phospho-tau and
phospho-tau/Ab42 ratio predicted decline in cognitive tasks over approximately 4 years.16

Notably, this was the first study to show an association with CSF tau and progression of
cognitive impairment in PD, building on previous reports documenting higher CSF tau levels
in patients with PDD than in patients with PD without dementia and controls. Another
smaller prospective study found that lower CSF Ab 1–42 (Ab42) and higher aSyn levels at
baseline predicted cognitive decline over 2 years.17 In this study, higher baseline levels of CSF
phospho-tau were associated with worsening of motor but not cognitive symptoms.

Although these findings demonstrate the potential value of CSF biomarkers for cognitive im-
pairment in PD, there are several caveats. First, the duration of follow-up was relatively short,
compared to the timeframe over which many patients with PD develop dementia, so the gener-
alizability to the full spectrum of cognitive decline in PD is unclear. As such, these biomarkers
may better reflect accelerated cognitive decline and could potentially be useful for prognostication
in cases of rapid cognitive decline. Most studies have been based on clinical diagnoses and not
neuropathologic criteria, which has been shown repeatedly to be the gold standard for diagnosis
of neurodegenerative disease. While CSF data have the advantage of an objective molecular
marker, future studies will hopefully be combined with pathology, and especially pathologic bur-
den, to further increase our understanding of the molecular signatures of PD and PDD.

Genetics: Renewed importance of APOE; GBA variants and
potential role of lysosomal dysfunction
Given the overlap in clinical symptoms and neuropathologic features among PDD, AD, and
DLB, genetic association studies represent a powerful tool to identify areas of potential diver-
gence in molecular mechanism and to highlight shared genetic risk factors that may represent
common neurodegenerative pathways. A recent multicenter study of neuropathologically con-
firmed DLB cases reported 3 genetic loci with significant associations with the DLB phenotype,
corresponding to the genes for APOE (odds ratio [OR] 2.786, 95% confidence interval [CI]
2.397–3.239), aSyn (SNCA; OR 0.754, 95% CI 0.6725–0.8468), and SCARB2 (OR 0.749,
95% CI 0.658–0.854), a lysosomal protein previously linked to PD. Another study found
that the APOE e4 allele associated with DLB regardless of the presence of Ab pathology,
suggesting that APOE may have an Ab-independent effect on DLB and PDD pathogenesis.18

The importance of APOE was further underscored by the finding that the APOE e4 variant
was associated with poorer cognitive performance in a study of more than 1,000 patients with
PD across multiple centers.19 Interestingly, the authors noted that the MAPT H1 haplotype,
while associated with overall PD risk, did not predict cognitive performance in this dataset.
Other recent studies have been mixed with respect to association of the MAPT H1 haplotype
and rate of cognitive decline in PD.20,21

Evidence continues to point towards a role of GBA, the gene that encodes glucocerebrosidase,
in the pathogenesis of PD and PDD. Loss of function mutations in GBA cause Gaucher disease,
a recessive lysosomal storage disorder, and mounting data indicate that carriers of GBA muta-
tions are at higher risk of dementia, in addition to the well-recognized increased risk of PD.22 A
recent study found that mutations, as well as a common polymorphism in GBA, were associated
with deficits in executive and visuospatial function in patients with PD.23 When considered in
the context of a recent study that demonstrated that glucocerebrosidase activity was lower in
GBA mutation carriers and that lower glucocerebrosidase activity correlated with shorter disease
duration in patients with PD (i.e., more rapid progression),24 these studies strongly implicate
GBA in the neurodegenerative cascade leading to dementia in PD, and underscore the need for
further work to determine precisely how GBA may interact with other disease-relevant
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molecules to modulate neurodegeneration, possibly via changes in lysosomal biology. Ulti-
mately, genetic screening may be clinically useful in PDD to guide the selection of disease-
modifying treatments based on knowledge of an underlying pathophysiologic mechanism.

Sleep
Sleep disturbance is almost universal in PD, markedly more frequent than in the general pop-
ulation,25,26 with patients manifesting a range of symptoms including sleep fragmentation,
excessive daytime sleepiness, and REM behavior disorder. In addition to the detrimental
effects on cognitive function associated with poor sleep, growing evidence supports a proxi-
mate role for sleep disturbance in the pathophysiology of dementia. A recent meta-analysis
compiled data from 16 studies that addressed sleep disturbance and cognitive function in
patients with PD using objective measures including polysomnography or validated sleep
questionnaires and neuropsychological testing to assess cognitive function.27 Despite meth-
odologic variability between studies, the authors calculated that patients with PD with poor
sleep performed more poorly on tests of global cognitive ability and multiple subdomains of
executive function (shifting, updating, generativity, and fluid reasoning) compared to those
without sleep problems.

REM behavior disorder (RBD) is recognized as a risk factor for PD, and a recent study found
that RBD predicted development of dementia in a prospective study of 80 patients with PD
followed over 4 years with an OR of 49.7 (95% CI 7.4–333).28 Using a novel high-
sensitivity visual short-term memory task, another recent study showed that patients with
RBD have the same characteristic visual memory deficit as patients with PD.29 Interestingly,
the authors noted that patients with PD made one specific type of error on this task, while
carriers of mutations in glucocerebrosidase (GBA), a genetic risk factor for PD, made a sep-
arate type of error on the same task. These data, along with the finding that patients with
idiopathic RBD have aSyn pathology, suggest that individuals with RBD may share a specific
underlying pathology with patients with PD, even prior to the development of PD symp-
toms, emphasizing the possibility that RBD is an attractive target phenotype for identifying
individuals at risk of developing PDD and perhaps as candidates for clinical trials.

Further work is needed to address whether sleep disturbance affects aspects of cognition in
PD differently than in other neurodegenerative disorders or in the general population, and
whether targeted therapies can improve sleep and cognition in PD. Perhaps the most funda-
mental issue is to distinguish to what extent the cognitive impairment in patients with PD with
sleep disorders is simply a symptom of the sleep deprivation itself, whether the underlying sleep
disorder actually contributes to dementia pathology, or whether the neurodegeneration causes
the sleep pathology.

Cognitive training
Effective therapies for cognitive impairment represent a critical unmet need in PD therapeutics.
In a recent retrospective study utilizing Medicare data from nearly 500,000 patients with PD,
dementia was the strongest predictor of nursing home placement.30 Given the societal costs of
caring for patients with dementia, any intervention that improves cognition has the potential
for meaningful benefit in terms of reducing cost of care and improving quality of life. Cognitive
training is broadly defined to include “structured and theoretically driven teaching of strategies
or guided practice on tasks that target particular cognitive domains.”31 Indeed, a multidisciplin-
ary rehabilitation program for patients with PD that incorporated cognitive-behavioral therapy

Growing evidence supports a proximate role for
sleep disturbance in the pathophysiology of
dementia.
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was superior when compared to general physiotherapy alone with respect to motor scores,
activities of daily living, and cognition.32

One intriguing study that bridges 2 important areas in PD examined the effect of sleep on
cognitive task learning. In this study, digit span backward testing (a measure of working memory)
improved following a period of nocturnal sleep, but only in patients with PD taking dopaminer-
gic medication.33 This finding has several important implications. First, working memory was
once thought not to respond to training, but this and other recent studies indicate that working
memory can be improved with targeted intervention in patients with PD. Second, these data
suggest that sleep plays a pivotal role in cognitive function and training in PD, and that
cognitive training may be more effective in patients who get sufficient quantity and quality
of sleep. Finally, the divergence in working memory outcomes between medicated and non-
medicated patients with PD indicates a specific role for dopaminergic neurotransmission in
sleep-dependent improvements in cognitive function. Interestingly, the authors noted that they
did not observe a similar improvement in patients diagnosed with DLB, although this may be
a reflection of many factors, including worse baseline cognitive scores in the DLB group, rather
than a difference in underlying neurobiology.

While cognitive training has been employed for both cognitive and gait symptoms, includ-
ing in PD, the clinical benefits of this approach have only recently been studied systematically.
A meta-analysis of several recent studies found that cognitive training had small but significant
effects on multiple domains of cognitive function often impaired in PD, including executive
function, processing speed, working memory, and overall cognitive performance.31 There
was substantial variability in the design, implementation, and evaluation of the trials included
in this analysis, and further work will be needed to refine the optimal patient and symptom
targets as well as the mode, frequency, and duration of implementation. Patients and care-
givers should understand that cognitive training has not yet been proven to translate into
clinically meaningful improvements in patient or caregiver quality of life. Nevertheless, these
early studies demonstrate that cognitive training has a promising role in the multidisciplinary
approach to treating cognitive impairment in PD. Ideally, cognitive training would be imple-
mented in at-risk patients with PD at early stages of cognitive impairment, with the goal of
preserving remaining cognitive function and maximizing adaptive compensation to enable
patients to continue to work or live independently. Properly designed cost-effectiveness
studies will be needed to justify additional health care expenditures required for widespread
coverage by government or private payers.
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PD and cognitive impairment:
Five new things

• Longitudinal studies show that the risk of
dementia in PD increases with advancing
age and that nearly all patients with PD
develop dementia if they survive 20 years
with the disease.

• CSF biomarkers are beginning to define
molecular signatures that may help to
stratify risk of dementia in PD and track
disease progression.

• Genetic association studies have revealed
links to other neurodegenerative diseases
and implicate lysosomal dysfunction in the
pathophysiology of PD dementia.

• Sleep disturbance appears to exacerbate
cognitive impairment in PD; in particular,
REM behavior disorder shares an
overlapping pattern of cognitive impairment
with PD and increases the risk of dementia.

• Cognitive training may help improve
outcomes when incorporated in
a multidisciplinary therapy program.
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