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Abstract

dopaminergic and anticholinergic medication,
treatment of neuropsychiatric complications, sleep
optimization, rehabilitation, caregiver support, and
advanced-care planning. Disease-modifying
therapies remain investigational, but future directions
include biological staging, precision phenotyping,
synuclein-targeted immunotherapy, lysosomal
enhancement, neuroinflammation modulation, digital

Parkinson’s disease dementia (PDD) is a common,
disabling, and prognostically important neurocogni-
tive syndrome arising in the context of established
Parkinson’s disease (PD). It represents one of the
major late-stage manifestations of synucleinopathy
and reflects the convergence of cortical Lewy body
pathology, cholinergic degeneration, dopaminergic
network dysfunction, Alzheimer-type co-pathology,
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neuroinflammation, vascular injury, and age-relat-
ed vulnerability. Clinically, PDD is characterized by
progressive impairment in attention, executive func-
tion, visuospatial processing, memory retrieval, and
behavioural regulation, typically accompanied by
neuropsychiatric symptoms such as visual hallucina-
tions, apathy, depression, anxiety, delusions, REM
sleep behaviour disorder, and fluctuating cognition.
The diagnostic distinction between PDD and demen-
tia with Lewy bodies remains anchored in the one-
year rule, although biological and clinicopathological
evidence increasingly supports their conceptualiza-
tion as overlapping Lewy body dementias. Diagnosis
remains primarily clinical, supported by neuropsy-
chological testing, structural and functional imaging,
exclusion of reversible contributors, and emerging
biomarkers including a-synuclein seed amplification
assays, amyloid and tau biomarkers, and neurode-
generation markers. Rivastigmine remains the best-
supported symptomatic pharmacologic therapy, while
management requires systematic rationalization of

biomarkers, and integrated trials across the Lewy
body disease spectrum.
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Parkinson’s disease dementia (PDD) is a progressive
major neurocognitive disorder that develops in patients with
established Parkinson’s disease (PD). Itis clinically defined
by cognitive decline severe enough to impair activities
of daily living and occurring in the setting of previously
diagnosed idiopathic PD. The central diagnostic premise
is temporal: motor Parkinsonism precedes dementia
by more than one year. When dementia precedes or
emerges within one year of Parkinsonism, the syndrome
is conventionally classified as dementia with Lewy
bodies (DLB), although both disorders share a-synuclein
pathology and are increasingly viewed as related clinical
expressions within a Lewy body disease continuum (Emre
et al., 2007; McKeith et al., 2017; Aarsland et al., 2021).

PDD is not merely an extension of motor PD. It represents
widespread failure of distributed neural systems,
particularly frontostriatal, limbic, cholinergic, attentional,
and posterior cortical networks. The cognitive profile differs
from typical Alzheimer’s disease in that early impairments
often involve attention, executive function, processing
speed, visuospatial ability, and retrieval-based memory
rather than isolated amnestic encoding failure (Emre
et al.,, 2007; Litvan et al., 2012; Aarsland et al., 2021).
Nevertheless, Alzheimer-type amyloid and tau pathology
frequently coexist and influence phenotype, progression,
and prognosis (Irwin et al., 2013; Compta et al., 2011;
Halliday et al., 2014).

The clinical importance of PDD is substantial. Cognitive
impairment in PD predicts loss of independence,
medication complexity, psychosis, falls, institutionalization,
caregiver burden, and mortality (Hely et al., 2008; Lawson
et al., 2016; Aarsland et al., 2021). PDD also complicates
treatment of motor symptoms because dopaminergic
escalation can aggravate hallucinations, impulse-control
symptoms, confusion, and orthostatic hypotension, while
reduction of dopaminergic therapy may worsen mobility
and quality of life. Thus, clinical reasoning in PDD requires
balancing cognition, psychosis, sleep, autonomic function,
mobility, swallowing, falls risk, caregiver capacity, and
patient preferences.

From a neuropathological standpoint, PDD is usually
associated with cortical and limbic Lewy body-type
a-synuclein pathology, frequently accompanied by
degeneration of cholinergic nuclei, noradrenergic and
serotonergic  systems, dopaminergic mesocortical
pathways, and variable amyloid-f and tau co-pathology
(Braak et al., 2003; Halliday et al., 2014; Irwin et al.,
2013). The heterogeneity of PDD arises from differential
involvement of these systems. A patient with severe
cholinergic and posterior cortical involvement may present
with hallucinations, attentional fluctuation, and visuospatial
impairment, whereas another with prominent frontostriatal
dysfunction may show dysexecutive slowing, apathy, and
impaired planning.

Theetiology of PDD is multifactorialand cannotbe attributed
toa single lesion, neurotransmitter deficit, or proteinopathy.
Rather, PDD emerges when neurodegenerative burden
crosses a threshold sufficient to impair large-scale
cognitive networks. The dominant etiological substrate is
Lewy body disease, but dementia risk is shaped by age,
disease duration, genetic susceptibility, motor phenotype,
neuropsychiatric =~ manifestations, sleep  disorders,
autonomic dysfunction, vascular injury, systemic illness,
and medication exposure.

The primary pathological process is aggregation of
misfolded a-synuclein into Lewy bodies and Lewy
neurites. In PD, a-synuclein pathology classically involves
the substantia nigra and other brainstem nuclei, but
progression to limbic and neocortical regions is strongly
associated with dementia (Braak et al., 2003; Dickson,
2018). Cortical Lewy body pathology is particularly
relevant when it affects temporal, parietal, cingulate, and
frontal association cortices. However, the relationship
between Lewy body counts and cognition is imperfect,
suggesting that synaptic dysfunction, soluble a-synuclein
species, network disconnection, and co-pathologies may
be as important as visible inclusions (Kramer & Schulz-
Schaeffer, 2007; Halliday et al., 2014).

Cholinergic degeneration is another central etiological
contributor.  The nucleus Dbasalis of Meynert,
pedunculopontine nucleus, and other cholinergic structures
are affected in PD and PDD. Cholinergic dysfunction
correlates with attentional deficits, visual hallucinations,
fluctuations, gait impairment, and falls (Bohnen & Albin,
2011; Bohnen et al.,, 2015). The therapeutic benefit
of cholinesterase inhibitors, particularly rivastigmine,
supports the clinical relevance of cholinergic loss (Emre
et al., 2004).

Alzheimer-type pathology contributes variably to PDD.
Amyloid-f3 plaques and tau neurofibrillary tangles are more
frequent in cognitively impaired PD than in cognitively
normal PD and may accelerate cognitive decline (Compta
et al., 2011; Irwin et al., 2013). The presence of mixed
Lewy and Alzheimer pathology may shift the phenotype
toward more prominent memory impairment and faster
progression.

Medication effects are not usually the primary etiology
of PDD, but they can unmask or exacerbate cognitive
impairment.  Anticholinergics, = dopamine  agonists,
amantadine,  benzodiazepines, opioids, sedative
hypnotics, and polypharmacy may contribute to delirium,
hallucinations, orthostasis, and attentional impairment.
The clinician must therefore distinguish progressive
dementia from medication-induced encephalopathy or
delirium, particularly when symptoms evolve abruptly.
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Epidemiology

Cognitive impairment is common across the PD disease course. Mild cognitive impairment in PD may occur early, including
near diagnosis, whereas dementia typically increases with age and disease duration (Aarsland et al., 2021). Longitudinal
studies indicate that a substantial proportion of patients with PD develop dementia over time, with cumulative risk rising
markedly after 10—20 years of disease (Hely et al., 2008; Buter et al., 2008; Aarsland et al., 2021).

The prevalence of PDD varies by diagnostic criteria, population age, disease duration, ascertainment method, and survival
bias. Clinic-based cohorts tend to over-represent advanced disease, whereas community-based studies may capture
broader severity. Older age at PD onset, greater motor severity, postural instability-gait disorder phenotype, hallucinations,
REM sleep behaviour disorder, autonomic dysfunction, depression, and baseline mild cognitive impairment consistently
predict dementia (Aarsland et al., 2003; Williams-Gray et al., 2009; Lawson et al., 2016).

The epidemiology of PDD is also shaped by survival. Patients with tremor-dominant PD and younger onset may live for
many years before dementia, while patients with older-onset akinetic-rigid or postural instability phenotypes may progress
more quickly. Male sex has often been associated with higher PD incidence and may influence dementia risk indirectly

through phenotype, comorbidity, and survival, although sex-specific risk estimates vary across cohorts.

Table 1. Epidemiologic and clinical risk factors for PDD

Oider age

Longer PD duration
Older age at PD onset

Postural instability-gait
disorder phenotype

Visual hallucinations

REM sleep behaviour
disorder

Orthostatic
hypotension/autonomic
dysfunction

Alzheimer co-pathology

Clinical implication
Strongest demographic predictor

Dementia risk increases over time
Higher early dementia risk

Higher dementia and falls risk
Predictor and marker of Lewy body

dementia phenotype
Associated with diffuse

synucleinopathy
Associated with cognitive decline
Major prodromal state

Increased risk and faster decline

Faster decline and memaory
impairment

Mechanistic interpretation
Reduced cognitive reserve, higher
mixed pathology burden
Progressive cortical and limbic spread
of synucleinocpathy
Greater baseline wulnerability and co-
pathology
Non-dopaminergic netwaork
involvement
Cholinergic dysfunction and posterior
cortical involvement
Brainstem-limbic netwark
involvement
Diffuse o-synuclein burden and
vascular vulnerability

Early network-level cognitive
involvement

Lysosomal dysfunction and o-
synuclein accumulation
Amyloid-tau-synuclein interaction
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Genetic Factors

PDD is usually sporadic, but genetic factors influence susceptibility, age at onset, phenotype, and rate of cognitive decline. The
strongest and most clinically relevant genetic association is with glucocerebrosidase gene variants. GBA encodes the lysosomal
enzyme glucocerebrosidase, and heterozygous pathogenic variants increase risk for PD and are associated with earlier onset,
more rapid progression, autonomic dysfunction, hallucinations, and dementia (Sidransky et al., 2009; Gan-Or et al., 2015; Liu et
al., 2016). The mechanistic link is biologically plausible: impaired lysosomal function may reduce a-synuclein clearance, while
a-synuclein accumulation may further impair glucocerebrosidase trafficking, creating a pathogenic feedback loop.

SNCAmutations and multiplications are associated with autosomal dominant PD and may produce prominent cognitive impairment,
psychiatric symptoms, and dementia, especially with gene multiplications that increase a-synuclein dosage (Singleton et al.,
2003; Fuchs et al., 2007). These families illustrate the principle that a-synuclein burden is sufficient to drive a diffuse Lewy body
phenotype.

MAPT haplotypes have been associated with cognitive outcomes in PD. Tau biology may influence network vulnerability, especially
where Alzheimer-type pathology coexists. APOE €4 is associated with Alzheimer’s disease risk and may also influence cognitive
decline in PD, likely through amyloid and tau pathways rather than synuclein-specific mechanisms (Irwin et al., 2013; Tsuang et
al., 2013).

LRRK2-associated PD is heterogeneous. Some LRRK2 patients resemble idiopathic PD, while others show less cognitive
impairment and less Lewy body pathology, depending on mutation, ancestry, and pathological substrate. This variability
emphasizes that clinical PD is etiologically heterogeneous and that dementia risk is not uniform across genetic forms.

Table 2. Genetic contributors to cognitive impairment and PDD

Geneflocus Biological pathway PDD relevance Clinical interpretation
Lysocsomal function Strong association with High-risk genctype; consider
cognitive decline and Closer cognitive surveillance
dementia
o-synuclein Multiplications associated Supports dose-dependent
production/ageregation with dementia and synuclein toxicity
psychiatric features
Tau biclogy Modifies cognitive Suggests tau-synuclein
phenoctype and risk interaction
Lipid transport, amyloid £4 may increase cognitive Often indicates mixed
risk decline risk Alzheimer-Lewyvulnerability
Kinase signalling, vesicle Variable dementia risk Mutation-specific and
trafficking pathology-dependent
PRKN/PINK1/DI-1 Mitochondrial guality Often young-onset; Cognitive risk depends on
control dementia less typical early duration and phenctype
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Pathophysiology

The pathophysiology of PDD is best understood as a multi-level process involving protein aggregation, synaptic failure,
neurotransmitter depletion, circuit disruption, neuroinflammation, mitochondrial dysfunction, lysosomal impairment, and
co-pathology.

1 a-Synuclein aggregation and propagation

a-Synuclein is a presynaptic protein involved in vesicular trafficking and synaptic function. In disease states, misfolded
a-synuclein aggregates into oligomers, fibrils, Lewy neurites, and Lewy bodies. The distribution of Lewy pathology
correlates broadly with clinical stage. Brainstem-predominant pathology produces motor and autonomic features; limbic
and neocortical involvement is more closely associated with hallucinations, fluctuations, and dementia (Braak et al., 2003;
Dickson, 2018).

The prion-like propagation hypothesis proposes that pathological a-synuclein spreads through connected neural systems.
Although this model remains debated, it explains the stereotyped involvement of olfactory, autonomic, brainstem, limbic,
and cortical regions in many patients. The cognitive phenotype depends not simply on the presence of a-synuclein but on
where it accumulates, which neurons are vulnerable, and how it interacts with aging and co-pathologies.

2 Cholinergic dysfunction

Cholinergic loss is one of the most important neurochemical correlates of PDD. Degeneration of the Nucleus Basalis of
Meynert (NBM) reduces cortical acetylcholine, compromising attention, arousal, visual processing, and memory retrieval.
Cholinergic deficits may be more severe in PDD than in Alzheimer’s disease in certain cortical regions, which helps explain
the responsiveness of some patients to cholinesterase inhibitors (Bohnen & Albin, 2011; Emre et al., 2004).

Clinically, cholinergic dysfunction helps unify several PDD features: fluctuating cognition, visual hallucinations, attentional
lapses, falls, gait instability, and sleep-wake dysregulation. This also explains why anticholinergic drugs can be
disproportionately harmful in PD patients at risk for dementia.

3 Dopaminergic and frontostriatal dysfunction

The dopaminergic model of PD cognition emphasizes frontostriatal loops. Dopamine depletion in dorsal striatum and
mesocortical pathways impairs working memory, cognitive flexibility, set-shifting, and planning. Early PD-MCI often
manifests as dysexecutive slowing related to frontostriatal dysfunction. However, dementia usually requires additional
posterior cortical, cholinergic, limbic, or Alzheimer-type pathology. This distinction is clinically important: dopaminergic
optimization may improve some executive functions in selected patients but can worsen hallucinations, impulsivity, and
confusion in PDD.

4 Posterior cortical involvement

Visuospatial dysfunction is a major predictor of dementia in PD. Impairment in pentagon copying, clock drawing, visual
discrimination, and spatial orientation often reflects posterior cortical involvement. Occipital and parietal hypometabolism
on FDG-PET, posterior cortical atrophy, and cholinergic denervation have been associated with Lewy body dementia
phenotypes (McKeith et al., 2017; Aarsland et al., 2021).

5 Alzheimer-type co-pathology

Amyloid-B and tau co-pathology are common in older patients with Lewy body disease and may accelerate cognitive
decline. Patients with both Lewy and Alzheimer pathology often show more severe memory impairment, faster progression,
and reduced survival compared with patients with relatively pure synucleinopathy (Compta et al., 2011; Irwin et al., 2013).
This co-pathology complicates biomarker interpretation and may eventually justify biologically stratified treatment trials.

6 Neuroinflammation, mitochondrial dysfunction, and lysosomal impairment

Microglial activation, oxidative stress, mitochondrial dysfunction, and impaired autophagy-lysosomal pathways contribute
to neuronal injury in PD and PDD. GBA-associated disease illustrates the importance of lysosomal biology. Mitochondrial
impairment may contribute to neuronal vulnerability in substantia nigra and cortical networks. Neuroinflammation may
amplify synaptic dysfunction and protein aggregation, although it remains uncertain whether inflammatory changes are
primary drivers or secondary responses.
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Differential Diagnosis

The differential diagnosis of cognitive decline in PD is broad. The most important distinction is between PDD and DLB. The
one-year rule remains the practical clinical convention: dementia developing after more than one year of established PD
supports PDD; dementia preceding or occurring within one year of Parkinsonism supports DLB (McKeith et al., 2017). This rule
is imperfect biologically but useful clinically and in research.

Alzheimer’s disease should be considered when early memory encoding failure, prominent hippocampal atrophy, aphasia, or
biomarker evidence of amyloid and tau pathology is present. Vascular cognitive impairment is suggested by stepwise decline,
focal neurological signs, extensive white matter disease, lacunes, strategic infarcts, or vascular risk burden. Normal pressure
hydrocephalus may mimic gait disorder and cognitive impairment but typically presents with magnetic gait, urinary symptoms,
ventriculomegaly, and a different motor pattern.

Medication-induced cognitive impairment is common and must be actively excluded. Anticholinergics, dopamine agonists,
amantadine, sedatives, opioids, and polypharmacy can produce confusion, hallucinations, and attentional impairment. Delirium
must be considered when cognitive change is acute or fluctuates dramatically over hours to days.

Depression may produce cognitive symptoms, but true PDD often shows objective visuospatial and executive deficits,
hallucinations, functional decline, and progressive course. Sleep disorders, hypothyroidism, vitamin B12 deficiency, infection,
dehydration, renal or hepatic dysfunction, and sensory impairment may worsen cognition and should be addressed.

Table 4. Differential diagnosis of dementia in a patient with Parkinsonism

Key distinguishing features Clinical reasoning point

Alzheimer's disease

Vascular cognitive impairment
Drug-induced cognitive impairment
Delirium

Mormal pressure hydrocephalus

Frontotemporal dementia

Progressive supranuclear palsy

Multiple system atrophy

Dementia develops after established
PD, usually =1 year after motor onset

Dementia before or within 1 year of
Parkinsonism; early
hallucinations/fluctuations

Early amnestic encoding deficit,
hippocampal atrophy, amyloid/tau
biomarkers

Stepwise decling, focal signs, infarcts,

severe small vessel disease
Temporal relationship to medication
change

Acute onset, altered arousal, medical
trigger

Ventriculomegaly, gait apraxia, urinary

symptoms

Early disinhibition, compulsions,
aphasia

Early falls, vertical gaze palsy, axial
rigidity

Severe autonomic failure, cerebellar
signs

Diagnosis requires cognitive
functional decline beyond motor
disability

Biclogical overlap with PDD;
temporal rule remains
conventional

Common co-pathology in FDD

May coexist and lower cognitive
resene

Review anticholinergics, dopaming
agonists, amantadine, sedatives
Must be excluded before
diagnosing progression
Parkinsonism can coexist

Parkinsonism may ocour in atypical
syndromes

Cognitive syndrome often frontal

Dementia less prominent early

WORLD FAMILY MEDICINE/MIDDLE EAST JOURNAL OF FAMILY MEDICINE VOLUME 24, ISSUE 4, JUNE 2026

35



DEMENTIA SPECIAL SERIES

Diagnostic Approach

Diagnosis of PDD is clinical, supported by structured cognitive assessment and exclusion of alternative causes. The
Movement Disorder Society criteria define probable PDD by established PD, dementia syndrome with impairment in more
than one cognitive domain, decline from premorbid level, functional impairment, and absence of features suggesting
another primary cause (Emre et al., 2007; Dubois et al., 2007).

Table 5. Diagnostic criteria for Parkinson’s disease dementia
Domain Requirement

Established PD Diagnosis of idiopathic PD precedes dementia

Dementia syndrome Cognitive decline from previous level

Cognitive domains Impairment in more than one domain, commonly attention, executive
function, visucspatial ability, and memory
AT T e = =gt 8 Cognitive deficits impair daily living independent of motor symptoms
Associated features Apathy, hallucinations, delusions, depression, anxiety, excessive
daytime sleepiness, fluctuations
Exclusion Delirium, major depression alone, medication toxicity, vascular event,
metabolic disease, other dementia syndrome

Temporal distinction Dementia occurs after at least one year of established Parkinsonism

1 Clinical history

The clinician should establish the chronology of motor symptoms, cognitive decline, hallucinations, fluctuations, sleep
disturbance, medication changes, and functional loss. Collateral history is essential because insight is often impaired. The
history should identify whether deficits interfere with instrumental activities of daily living such as medication administration,
finances, shopping, cooking, driving, communication, and appointment management.

2 Cognitive screening

The Montreal Cognitive Assessment is generally more sensitive than the Mini-Mental State Examination for PD-related
executive and visuospatial deficits. However, screening tests are insufficient for complex cases. Neuropsychological
testing should assess attention, processing speed, executive function, visuospatial ability, memory, language, mood, and
performance validity. In advanced PD, motor slowing, tremor, dysarthria, fatigue, and visual impairment may confound
testing; therefore, interpretation should be individualized.

3 Functional assessment

Functional impairment should be attributed carefully. Cognitive impairment may be masked by caregiver compensation.
Conversely, motor disability may mimic cognitive dependence. Structured informant scales, medication management review,
financial capacity assessment, and occupational therapy evaluation can help determine whether cognition independently
affects daily living.
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4 Clinical algorithm

= - Ln &~ ra I—'E
=

Action
Confirm idiopathic PD and chronology

Obtain collateral cognitive and functional history
Review medications and recent medical events

screen cognition with MoCA or comparable
instrument

Perform neuropsychological testing when diagnosis
uncertain

screen mood, psychosis, sleep, autonomic

SYM ptoms
Order laboratory tests and structural imaging

Consider biomarkers when phenotype is atypical or
trials are considered

Apply PDD criteria
Stage severity and create management plan

DEMENTIA SPECIAL SERIES

Clinical purpose
Distinguish PDD from DLE and atypical
Parkinsonism
Identify decline and real-world impairment
Exclude reversible cognitive worsening
Establish objective impairment

Define domains and severity
Identify treatable contributors

Exclude metabolic, vascular, mass,
hydrocephalus causes

Detect synuclein, amyloid, taw, or
neurcdegeneration signatures
Assignprobable or possible diagnosis
Aligntreatment with goals and safety
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Laboratory and Imaging Studies

Laboratory tests do not diagnose PDD but are necessary to identify reversible or contributory causes. A reasonable baseline
evaluation includes complete blood count, electrolytes, renal and liver function, thyroid-stimulating hormone, vitamin B12,
folate when indicated, glucose or HbA1c, inflammatory or infectious tests when clinically suspected, and medication/toxicology
review when relevant.

Structural MRI is recommended in most patients with new or worsening cognitive impairment. MRI may show generalized
atrophy, posterior cortical atrophy, medial temporal atrophy if Alzheimer co-pathology is present, white matter disease,
lacunes, infarcts, microbleeds, hydrocephalus, mass lesions, or subdural collections. Imaging is particularly important when
decline is rapid, focal signs are present, gait changes are disproportionate, or vascular disease is suspected.

FDG-PET can show posterior cortical hypometabolism, including occipital and parietotemporal regions, in Lewy body
dementia. Dopamine transporter imaging supports presynaptic dopaminergic degeneration but does not distinguish PDD
from DLB and is less useful when PD is already established. Cardiac MIBG scintigraphy may support Lewy body disease in
some settings but is affected by cardiac disease and medications.

Amyloid and tau PET or CSF biomarkers may be useful when Alzheimer co-pathology is suspected, when phenotype is
atypically amnestic, or when disease-modifying Alzheimer therapies are being considered. a-Synuclein seed amplification
assays are among the most important emerging biomarkers because they detect misfolded a-synuclein seeding activity and
may enable biological classification of synucleinopathies. Their role in routine PDD diagnosis is still evolving, but they are
increasingly important for research stratification and future disease-modifying trials.

Table 6. Laboratory and imaging studies in suspected PDD

Investigation Role Interpretation
CBC, CMP Detect anaemia, infection clues, Abnormalities may cause delirium or
renal/hepatic dysfunction WOrsen cognition
T5H, vitamin B12 Detect reversible cognitive contributors Treat deficiencies but do not assume
they fully explain syndrome
Exclude structural lesions and assess Mixed vascular or Alzheimer pathology
vascular/atrophy burden may be suggested
Characterize metabolic pattern Posterior cortical hypometabolism
supports Lewy body dementia
phenotype
DAT-SPECT Demonstrate dopaminergic deficit Useful if Parkinsonism diagnosis
uncertain
T e Ty a= 1 Detect Alzheimer co-pathology Helps explain amnestic phenotype or
rapid decline
a-Synuclein SAA Detect synuclein seeding activity Emerging biclogical marker; strongest
research role currently
Polysomnography Confirm REM sleep behaviour disorder Treatable sleep disorders affect
or sleep apnea cognition and safety
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Histopathology

Histopathology is not required for clinical diagnosis but remains the reference standard for understanding disease
mechanisms. The defining pathological feature is Lewy body-type a-synuclein pathology involving brainstem, limbic, and
neocortical regions. Lewy bodies are eosinophilic intraneuronal inclusions containing a-synuclein, ubiquitin, neurofilament
proteins, and other components. Lewy neurites represent abnormal a-synuclein accumulation in neuronal processes and
may be more closely related to synaptic dysfunction than Lewy bodies themselves.

In PDD, cortical Lewy pathology is typically more extensive than in PD without dementia. Limbic structures, cingulate
cortex, temporal association cortex, parietal cortex, and frontal cortex may be involved. Neuronal loss and gliosis occur in
affected regions, although cognitive impairment often reflects synaptic failure before frank neuronal loss.

Co-pathology is common. Amyloid plaques and tau neurofibrillary tangles may coexist, particularly in older patients.
Cerebrovascular disease, TDP-43 pathology, hippocampal sclerosis, and age-related tau astrogliopathy may further modify
clinical expression. This explains why two patients with similar motor PD duration can have dramatically different cognitive
trajectories.

Table 7. Histopathological contributors to PDD

Pathology Typical substrate Clinical relevance
[T R = = Misfolded o-synuclein Core substrate of PDD
neurites
Limhic Lewy pathology Amvyedala, cingulate, hippocampal Hallucinations, mood, memaory,
regions fluctuations
Cholinergic neuronal loss MNucleus Basalis of Meynert Attention, hallucinations, treatment
response
Alzheimer-type pathology Amvyloid plagues and tau tangles Faster decline, amnestic phenotype
Vascular pathology Lacunes, infarcts, small vessel Stepwise decling, gait worsening,
disease reduced reserve
Synaptic degeneration Cortical and subcortical networks May correlate strongly with cognition
Neuroinflammation Microglial activation Potential amplifier of
neurcdegeneration
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1 General principles

The first step is to identify reversible contributors. Infection, dehydration, constipation, urinary retention, sleep deprivation,
pain, medication toxicity, orthostatic hypotension, sensory impairment, and depression can all worsen cognition. Treating
these contributors may improve function even when underlying dementia remains.

Medication review is central. Anticholinergics should generally be discontinued. Dopamine agonists, amantadine, monoamine
oxidase-B inhibitors, catechol-O-methyltransferase inhibitors, sedatives, and opioids should be reviewed carefully. In patients
with hallucinations or confusion, simplification often proceeds from anticholinergics and sedatives first, then amantadine,
dopamine agonists, MAO-B inhibitors, COMT inhibitors, and finally levodopa adjustments if necessary. Levodopa is usually
preserved as the most effective and often best-tolerated motor therapy.

2 Cognitive pharmacotherapy

Rivastigmine has the strongest evidence and is approved for PDD in many jurisdictions. It improves global cognition,
attention, executive symptoms, and neuropsychiatric symptoms modestly in some patients. Gastrointestinal adverse effects,
tremor worsening, bradycardia, syncope, weight loss, and sleep disturbance require monitoring. Transdermal rivastigmine
may improve tolerability.

Donepezil and galantamine have less robust evidence but may be considered when rivastigmine is not tolerated. Memantine
has mixed evidence; it may provide modest global or behavioural benefit in selected patients but is not consistently effective

for cognition.

Table 8. Pharmacologic treatment comparison in PDD

Treatment Main indication Evidence strength Advantages Limitations
Rivastigmine Cognitive symptoms  Strongestamong  Approved; mayhelp Gl effects, tremor,
oral/transdermal [T 151 cognitive agents attention and bradycardia, weight

hallucinations loss
Donepezil Cognitive symptoms  Moderate/limited Once daily; often Less definitive PDD
_ tolerated evidence
Galantamine Cognitive symptoms  Limited Cholinergic Less studied in PDD
Global /behavioural Mixed Generallytolerated  Modest and
symptoms inConsistent cognitive
benefit
Pimavanserin Parkinson disease Evidence for Less dopamine QT prolongation,
- psychosis psychosis, not blockade cost/access
cognition
Quetiapine Psychosis/agitation  Commaonly used; Low motor Sedation, orthostasis,
limited trial worsening risk metabolic effects
evidence
Clozapine Refractory Strong efficacyfor  Effective with Agranulocytosis
psychosis PD psychosis minimal motor monitoring burden
WOorsening
SS5RIs/SMNRIs Depression/anxiety  Symptom-based Treats comorbid Hyponatremia, falls,
_ mood REM sleep effects
Melatonin,/ REM sleep Symptom-based Reduces dream Clonazepam worsens
behaviour disorder enactment cognition/Talls
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3 Management of psychosis

Psychosis management begins with determining whether symptoms are distressing or dangerous. Benign hallucinations with
preserved insight may not require antipsychotic therapy. When treatment is necessary, clinicians should first treat triggers
and reduce offending medications. Pimavanserin is used for Parkinson disease psychosis in some regions and has the
advantage of avoiding dopamine receptor blockade. Quetiapine is widely used because it is practical and usually has limited
motor worsening, although controlled evidence is weaker. Clozapine is the most effective antipsychotic for PD psychosis but
requires blood monitoring.

Typical antipsychotics and potent dopamine-blocking atypical antipsychotics such as risperidone and olanzapine should
generally be avoided because they can worsen Parkinsonism and precipitate severe sensitivity reactions.

4 Motor management

Motor treatment in PDD requires conservative optimization. The goal is not maximal motor control at all costs, but the best
balance between mobility, cognition, psychosis, orthostasis, dyskinesia, and caregiver feasibility. Levodopa remains the
cornerstone. Dopamine agonists are often poorly tolerated in older cognitively impaired patients because they increase
hallucinations, sleep attacks, edema, orthostasis, and impulse-control disorders.

Deep brain stimulation is generally not appropriate for patients with dementia. Cognitive impairment is a major contraindication
because DBS may worsen cognition and does not treat axial, cognitive, or neuropsychiatric progression.

5 Non-pharmacologic management

Non-pharmacologic interventions are essential. These include structured routines, environmental cueing, medication
dispensing systems, caregiver education, exercise adapted to fall risk, occupational therapy, physical therapy, speech-
language therapy, swallowing evaluation, nutrition support, driving assessment, home safety assessment, and legal/financial
planning.

Cognitive rehabilitation should be practical rather than restorative. Patients benefit from external memory aids, simplified
choices, visual contrast enhancement, lighting optimization, reduction of clutter, sleep regularity, and caregiver-mediated
routines. Exercise may support mobility, mood, sleep, and general health, although it is not a proven disease-modifying
therapy for PDD.

gorithm
First step Second step Escalation
Mew cognitive Exclude delirium, Cognitive testing and MRI Biomarkers/neuropsychol
decline medication toxicity, ogy if atypical

metabolic causes

treat triggers

Start rivastigmine if
appropriate

Cognitive symptoms

Review orthostasis,
sedatives, vision, gait
Hydration, salt,
compression, medication
review

Safety measures, remove
behaviour disorder hazards
S
psychotherapy/support

Caregiver strain Education, respite, social
work

Orthostatic
hypotension

Assess distress and insight;

Reduce
anticholinergics/dopamine
agonists/amantadine
Switch formulation or
alternative ChEl if
intolerant

PT, home safety, assistive
devices
Midodrine/droxidopa,
fludrocortisone when
appropriate

Melatonin

S5RI/SNRI cautiously

Community resources

Pimavanserin, guetiapine,
or clozaping

Consider memantine
selectively

Specialist falls climic

Autonomic specialist

Clonazepam cautiously
Psychiatry referral

Long-term care planning
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Prognosis

PDD is associated with worse prognosis than PD without
dementia. It predicts accelerated functional decline, falls,
psychosis, hospitalization, institutionalization, aspiration
risk, frailty, and mortality. Prognosis varies widely
according to age, comorbidity, motor severity, dysphagia,
psychosis, autonomic dysfunction, caregiver support,
and co-pathology.

The development of dementia often marks a transition
in care goals. Medication regimens should be simplified,
safety prioritized, and advance care planning revisited.
Driving, financial capacity, medication management,
firearm or hazard access, cooking safety, wandering risk,
swallowing, nutrition, and caregiver sustainability should
be assessed proactively.

Patients with prominent hallucinations, fluctuations,
orthostatic hypotension, dysphagia, recurrent falls, or
mixed Alzheimer pathology often progress faster. GBA
mutation carriers may also show more rapid cognitive
decline. Conversely, patients with slower dysexecutive
progression, strong caregiver support, and fewer systemic
complications may remain at home longer.

Future Directions

The future of PDD research is moving from syndromic
diagnosis toward biological classification. a-Synuclein
seed amplification assays may allow identification of
synuclein biology during life and may help stratify patients
for synuclein-targeted therapies. However, clinical
implementation requires standardization, longitudinal
validation, and interpretation alongside amyloid, tau,
neurofilament light, inflammatory, lysosomal, and imaging
biomarkers.

Disease-modifying strategies include anti-a-synuclein
immunotherapy, small molecules reducing aggregation,
enhancement of autophagy-lysosomal pathways,
glucocerebrosidase-targeted  therapy, = mitochondrial
support, anti-inflammatory approaches, and neurotrophic
strategies. Prior trials in PD have faced challenges related
to late intervention, heterogeneous biology, insensitive
outcomes, and inadequate target engagement. Future
PDD trials will likely require biomarker enrichment,
earlier disease stages, digital cognitive endpoints, and
stratification by co-pathology.

Precision medicine will be especially important. A patient
with GBA-associated synucleinopathy, hallucinations,
and positive a-synuclein SAA may require different
intervention than a patient with PD, severe amyloid/tau
positivity, and amnestic decline. The field is likely to move
toward integrated Lewy body dementia frameworks rather
than rigid separation of PDD and DLB.

Digital biomarkers may improve monitoring through
passive gait analysis, speech metrics, sleep tracking,
medication adherence data, and cognitive fluctuation
detection. Ethical issues will become increasingly
important, including disclosure of biomarker status,
driving safety, autonomy, caregiver burden, and equitable
access to advanced diagnostics and therapies.

Conclusion

Parkinson’s disease dementia is a complex,
heterogeneous, and clinically consequential disorder
arising from diffuse synucleinopathy and interacting
cholinergic, dopamiriergic, Aizheimer-type, vascular,
inflammatory, genetic, ana network-level mechariisins. Its
diagnosis requires careful teinporal assessmeint, cognitive
and functional characterization, exciusicn of reveisible
causes, and differentiatior from DLB, Alzneimer’s aisease,
vascular cognitive impairmient, medication effects, and
delirium. Rivastigmine remains the best-supported
symptomatic treatment, but optirnal care is broaaer than
pharmacotherapy and requires individualizea riedication
rationalization, psychosis mariagement, renaoilitation,
caregiver support, and amicipatory plaiining. Future
progress depends on biological staging, vaidated
biomarkers, synuclein-targeted therapies, and precision
approaches that recognize the heterogeneity of Lewy
body dementias.
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