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PARKINSON’S DISEASE : 
                         THE PSYCHOSIS SPECTRUM

 Symptoms of the psychosis spectrum 
in early stages of Parkinson’s Disease include 
minor experiences, such as passage and pres-
ence hallucinations, illusions, and formed 
hallucinations — most commonly, recur-
ring visual hallucinations of people, animals 
or inanimate objects — with insight pre-
served. In later Parkinson’s Disease stages, 
delusions and hallucinations occur in other 
modalities.

 For example, auditory hallucinations 
consisting of a voice that may not be com-
prehensible, or non-verbal sounds, such as 
steps or music. �e hallucinations tend to 
occur in conditions of low ambient stimu-
lation, typically when the individual is 
alone in a quiet environment. �e person 
may experience symptoms, several times a 
day, and last for seconds to minutes in the 
early stages of Parkinson’s Disease psycho-
sis. Evidence that has emerged since the 
publication of the consensus work group 
recommendations has helped to further 

characterize the phenomenology of di�erent 
Parkinson’s Disease psychosis stages, and 
their relationship with the progression of 
Lewy body pathology. [6, Rank 3]
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skills in dealing with complex medical scenarios. APRNWORLD® does not bear any responsi-

bility for the claims that the information presented through its platforms caused injury or 
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 Symptoms of the psychosis spectrum 
in early stages of Parkinson’s Disease include 
minor experiences, such as passage and pres-
ence hallucinations, illusions, and formed 
hallucinations — most commonly, recur-
ring visual hallucinations of people, animals 
or inanimate objects — with insight pre-
served. In later Parkinson’s Disease stages, 
delusions and hallucinations occur in other 
modalities.

 For example, auditory hallucinations 
consisting of a voice that may not be com-
prehensible, or non-verbal sounds, such as 
steps or music. �e hallucinations tend to 
occur in conditions of low ambient stimu-
lation, typically when the individual is 
alone in a quiet environment. �e person 
may experience symptoms, several times a 
day, and last for seconds to minutes in the 
early stages of Parkinson’s Disease psycho-
sis. Evidence that has emerged since the 
publication of the consensus work group 
recommendations has helped to further 

characterize the phenomenology of di�erent 
Parkinson’s Disease psychosis stages, and 
their relationship with the progression of 
Lewy body pathology. [6, Rank 3]
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 Parkinson’s Disease is increasingly 
recognized as a heterogeneous multisystem 
disorder involving other neurotransmitter 
systems, such as the serotonergic, noradren-
ergic and cholinergic circuits. �us, a wide 
variety of nonmotor symptoms (Nonmotor 
symptoms) linked with these neurotransmit-
ters are commonly observed in patients with 
Parkinson’s Disease. In light of this variabili-
ty, subtyping of Parkinson’s Disease has been 
proposed, including a system based on time 
of onset and ongoing rate of cognitive 
decline.
 In light of the di�erent aspects related 
to Parkinson’s disease, the present article has 
the following aims: 
 �e timing, pro�le and rate of cogni-
tive decline vary widely among individuals 
with Parkinson’s Disease. �erefore, identify-
ing and predicting future cognitive decline in 
this population is crucial for researchers and 
clinicians alike. Identi�cation of clinical and 
biological markers that can predict which 
patients are at increased risk of early and 
rapid cognitive decline is important for com-
municating the prognosis and managing 
patients clinically. Established demographic 
and clinical risk factors include increasing 

Need Assessment 

Goal
 �e goal of this article is to discuss 
clinical and biological markers that can pre-
dict patients who are at increased risk of 
Parkinson’s disease (PD) along with prog-
nosis and clinical management of these 
patients. �e article also discusses  key 
research �ndings and directions in Parkin-
son’s Disease psychosis, and their implica-
tions for clinical practice and the neurosci-
ence of Parkinson’s Disease.

Discuss the landscape of psychosis in 
Parkinson’s disease 
Describe the psychosis spectrum in 
Parkinson’s disease
Identify the early psychosis Parkinson’s 
Disease symptoms
Describe the psychosis spectrum pro-
gression in Parkinson’s disease
Discuss the mechanisms and risk 
factors in Parkinson’s disease 

Objectives 

age and more severe parkinsonism, in particu-
lar, non-tremor features. Here, we focus on 
cognitive and biomarker features as potential 
predictors of cognitive decline in Parkinson’s 
Disease. [1, Rank 5]

 Symptoms of the psychosis spectrum 
in early stages of Parkinson’s Disease include 
minor experiences, such as passage and pres-
ence hallucinations, illusions, and formed 
hallucinations — most commonly, recur-
ring visual hallucinations of people, animals 
or inanimate objects — with insight pre-
served. In later Parkinson’s Disease stages, 
delusions and hallucinations occur in other 
modalities.

 For example, auditory hallucinations 
consisting of a voice that may not be com-
prehensible, or non-verbal sounds, such as 
steps or music. �e hallucinations tend to 
occur in conditions of low ambient stimu-
lation, typically when the individual is 
alone in a quiet environment. �e person 
may experience symptoms, several times a 
day, and last for seconds to minutes in the 
early stages of Parkinson’s Disease psycho-
sis. Evidence that has emerged since the 
publication of the consensus work group 
recommendations has helped to further 

characterize the phenomenology of di�erent 
Parkinson’s Disease psychosis stages, and 
their relationship with the progression of 
Lewy body pathology. [6, Rank 3]



2

® Parkinson’s Disease

4

Introduction 

 Recently, the clinical and research 
pro�le of illusions, hallucinations, delusions 
and related symptoms in Parkinson disease 
(PD) was raised with the publication of a 
consensus de�nition of Parkinson’s Disease 
psychosis. Symptoms that were previously 
deemed benign and clinically insigni�cant 
were incorporated into a continuum of 
severity, leading to the rapid expansion of 
literature focusing on clinical aspects, 
mechanisms and treatment. Major research 
topics include 

• �e prospective risk of dementia in 
individuals with Parkinson’s Disease psycho-
sis, causal and modifying e�ects of Parkin-
son’s Disease medication along with recent 
developments
• Recognition of an increase in the 
prevalence of psychosis with disease dura-
tion
• Addition of new visual symptoms to 
the psychosis continuum
• Identi�cation of frontal executive, 
visual perceptual and memory dysfunction 
at di�erent disease stages. 

 In addition, there are several novel 
risk factors — for example, autonomic dys-
function — that have emerged from pro-
spective studies, structural MRI evidence of 

frontal, parietal, occipital and hippocam-
pal involvement, for the treatment of Par-
kinson’s Disease psychosis. �e accumulat-
ing evidence raises novel questions and 
directions for future research to explore the 
clinical management and biomarker poten-
tial of Parkinson’s Disease psychosis. [2, 
Rank 4]

 In a study, Researchers rede�ned the 
landscape of psychosis in Parkinson disease 
(Parkinson’s Disease). Symptoms of psycho-
sis, such as illusions, hallucinations and 
delusions, are collectively referred to as ‘pos-
itive’, carrying the implication of an excess 
of function or brain activity, in contrast 
with ‘negative’ symptoms of de�cit. �ough 
all long recognized as nonmotor manifesta-
tions of Parkinson’s Disease, positive symp-
toms (as shown in �g.1)such as illusions, 
hallucinations and delusions were tradition-
ally considered to be distinct from one 
another, with di�erent clinical implications. 
In particular, hallucinations of a person, 
animal or inde�nite object passing through 

Landscape of Psychosis in 
Parkinson’s disease

Symptoms of psychosis, such as 

illusions, hallucinations and 

delusions, are collectively 

referred to as ‘positive’

the peripheral visual �eld (passage halluci-
nations), misperception of actual stimuli 
(illusions) and a distinct class of perceptual 
experiences without visual content but a 
‘feeling’ of someone present (presence hallu-
cinations) were not thought to carry the 
same clinical signi�cance as formed visual 
hallucinations of animals, objects or �gures. 
�is distinction was re�ected in the termi-
nology, whereby illusions and passage and 
presence hallucinations were described as 
‘benign’ or ‘minor’ hallucinations. [3, Rank 
3]

 Symptoms of the psychosis spectrum 
in early stages of Parkinson’s Disease include 
minor experiences, such as passage and pres-
ence hallucinations, illusions, and formed 
hallucinations — most commonly, recur-
ring visual hallucinations of people, animals 
or inanimate objects — with insight pre-
served. In later Parkinson’s Disease stages, 
delusions and hallucinations occur in other 
modalities.

 For example, auditory hallucinations 
consisting of a voice that may not be com-
prehensible, or non-verbal sounds, such as 
steps or music. �e hallucinations tend to 
occur in conditions of low ambient stimu-
lation, typically when the individual is 
alone in a quiet environment. �e person 
may experience symptoms, several times a 
day, and last for seconds to minutes in the 
early stages of Parkinson’s Disease psycho-
sis. Evidence that has emerged since the 
publication of the consensus work group 
recommendations has helped to further 

characterize the phenomenology of di�erent 
Parkinson’s Disease psychosis stages, and 
their relationship with the progression of 
Lewy body pathology. [6, Rank 3]
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 In a study, Researchers rede�ned the 
landscape of psychosis in Parkinson disease 
(Parkinson’s Disease). Symptoms of psycho-
sis, such as illusions, hallucinations and 
delusions, are collectively referred to as ‘pos-
itive’, carrying the implication of an excess 
of function or brain activity, in contrast 
with ‘negative’ symptoms of de�cit. �ough 
all long recognized as nonmotor manifesta-
tions of Parkinson’s Disease, positive symp-
toms (as shown in �g.1)such as illusions, 
hallucinations and delusions were tradition-
ally considered to be distinct from one 
another, with di�erent clinical implications. 
In particular, hallucinations of a person, 
animal or inde�nite object passing through 

�e Psychosis Spectrum 
in Parkinson’s disease

Pareidolia refers to a speci�c class 

of illusion where faces and objects 

are seen in formless visual stimuli, 

such as clouds, �ames or tree bark 

or in geometric visual patterns, 

such as carpets or wallpaper

the peripheral visual �eld (passage halluci-
nations), misperception of actual stimuli 
(illusions) and a distinct class of perceptual 
experiences without visual content but a 
‘feeling’ of someone present (presence hallu-
cinations) were not thought to carry the 
same clinical signi�cance as formed visual 
hallucinations of animals, objects or �gures. 
�is distinction was re�ected in the termi-
nology, whereby illusions and passage and 
presence hallucinations were described as 
‘benign’ or ‘minor’ hallucinations. [3, Rank 
3]

 Positive symptoms in Parkinson 
disease (Parkinson’s Disease) vary across its 
course. Early in the disease, symptoms expe-
rienced include passage hallucinations 
(where a person, animal or inde�nite object 
is seen brie�y passing in the peripheral visual 
�eld), illusions (for example, seeing the 
branch of a tree as a cat), and presence hallu-
cinations (a feeling that someone is nearby).  

 Symptoms of the psychosis spectrum 
in early stages of Parkinson’s Disease include 
minor experiences, such as passage and pres-
ence hallucinations, illusions, and formed 
hallucinations — most commonly, recur-
ring visual hallucinations of people, animals 
or inanimate objects — with insight pre-
served. In later Parkinson’s Disease stages, 
delusions and hallucinations occur in other 
modalities.

Figure 1 : Positive symptoms of Parkinson’s disease

 Pareidolia refers to a speci�c class of 
illusion where faces and objects are seen in 
formless visual stimuli, such as clouds, 
�ames or tree bark, or in geometric visual 
patterns, such as carpets or wallpaper. �is 
type of illusion can occur as a normal per-
ceptual experience, but is increased in 
frequency in Parkinson’s Disease and 
related disorders such as dementia with 
Lewy bodies.

 Later in Parkinson’s Disease, formed 

visual hallucinations, typically of animals or 
people, occur. Insight — that is, recognition 
that the experiences are hallucinations — is 
preserved at this stage, but becomes lost as 
Parkinson’s Disease progresses, with the 
onset of false beliefs (delusions) and halluci-
nations in other sensory modalities (multi-
modality hallucinations). Cognitive decline 
and loss of insight follows symptom pro-
gression.
�e terms pseudo hallucination and halluci-
nosis are used as synonyms for hallucina-
tions with insight in some psychiatric and 
neurological traditions. [4, Rank 3]

 For example, auditory hallucinations 
consisting of a voice that may not be com-
prehensible, or non-verbal sounds, such as 
steps or music. �e hallucinations tend to 
occur in conditions of low ambient stimu-
lation, typically when the individual is 
alone in a quiet environment. �e person 
may experience symptoms, several times a 
day, and last for seconds to minutes in the 
early stages of Parkinson’s Disease psycho-
sis. Evidence that has emerged since the 
publication of the consensus work group 
recommendations has helped to further 

characterize the phenomenology of di�erent 
Parkinson’s Disease psychosis stages, and 
their relationship with the progression of 
Lewy body pathology. [6, Rank 3]

POSITIVE
SYMPTOMS OF
PARKINSONS

DISEASE

Hallucinations

IllusionDelusions
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Early Parkinson’s 
Disease Psychosis Symptoms

 Symptoms of the psychosis spectrum 
in early stages of Parkinson’s Disease include 
minor experiences, such as passage and pres-
ence hallucinations, illusions, and formed 
hallucinations — most commonly, recur-
ring visual hallucinations of people, animals 
or inanimate objects — with insight pre-
served. In later Parkinson’s Disease stages, 
delusions and hallucinations occur in other 
modalities.

Figure 2 : Insight and Parkinson’s disease

 For example, auditory hallucinations 
consisting of a voice that may not be com-
prehensible, or non-verbal sounds, such as 
steps or music. �e hallucinations tend to 
occur in conditions of low ambient stimu-
lation, typically when the individual is 
alone in a quiet environment. �e person 
may experience symptoms, several times a 
day, and last for seconds to minutes in the 
early stages of Parkinson’s Disease psycho-
sis. Evidence that has emerged since the 
publication of the consensus work group 
recommendations has helped to further 

characterize the phenomenology of di�erent 
Parkinson’s Disease psychosis stages, and 
their relationship with the progression of 
Lewy body pathology. [6, Rank 3]
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Psychosis Spectrum Progression 
in Parkinson’s Disease

 Symptoms of the psychosis spectrum 
in early stages of Parkinson’s Disease include 
minor experiences, such as passage and pres-
ence hallucinations, illusions, and formed 
hallucinations — most commonly, recur-
ring visual hallucinations of people, animals 
or inanimate objects — with insight pre-
served. In later Parkinson’s Disease stages, 
delusions and hallucinations occur in other 
modalities.

Figure 3: Psychosis symptoms in di�erent stages of parkinson’s disease

Figure 4 : Early psychosis symptoms in parkinson’s disease

 For example, auditory hallucinations 
consisting of a voice that may not be com-
prehensible, or non-verbal sounds, such as 
steps or music. �e hallucinations tend to 
occur in conditions of low ambient stimu-
lation, typically when the individual is 
alone in a quiet environment. �e person 
may experience symptoms, several times a 
day, and last for seconds to minutes in the 
early stages of Parkinson’s Disease psycho-
sis. Evidence that has emerged since the 
publication of the consensus work group 
recommendations has helped to further 

characterize the phenomenology of di�erent 
Parkinson’s Disease psychosis stages, and 
their relationship with the progression of 
Lewy body pathology. [6, Rank 3]

 �e fact that illusions, passage and 
presence hallucinations progress to 
formed visual hallucinations in Parkin-
son disease (Parkinson’s Disease) do not 
imply that they all have the same underly-
ing mechanism. Evidence showed minor 
hallucinations and formed visual halluci-
nations are associated with di�erent sets 
of risk factors. For example, presence hal-
lucinations have been linked to sleep regu-
lation and somnolence scores whereas, illu-
sions are related to somnolence. Neurobio-
logical explanations of passage hallucina-
tions implicate dysfunctional brainstem eye 
movement control mechanisms and sub-
cortical and cortical motion pathways, 
including dorsal stream areas in the visual 

parietal lobe are responsible for the symp-
toms. 

 Previous studies of visual hallucina-
tions have linked visual parietal areas to hal-
lucinations in the peripheral visual �eld (as 
described for passage hallucinations). By 
contrast, formed visual hallucinations are 
associated with changes in cognition, 
visual function and a�ect, probably 
re�ecting cortical involvement in ventral 
occipitotemporal lobe regions. �e onset 
of minor hallucinations might even 
precede the development of motor symp-
toms.

 As Parkinson’s Disease progresses, 
hallucinations in non-visual (auditory, tac-
tile and olfactory) modalities occur along-
side visual hallucinations (as shown in 
�g.5). In one cohort of Parkinson’s Disease 
patients without hallucinations at baseline, 

majority were experiencing hallucinations 
in multiple sensory modalities by 10 years 
of follow-up. �ese non-visual hallucina-
tions are not con�ned to end-stage Parkin-
son’s Disease dementia; they are also found 
in patients whose cognition is relatively 
intact (Mini-Mental State Examination 
(MMSE) score 24 or 25).

 �e delusional themes (as shown in 
�g.6) identi�ed depends on the assessment 
instruments used.  �ey typically include 
sin or guilt, grandiosity, reference, religion, 
persecution, jealousy, and theft, without 
prominence of any speci�c theme. Delu-
sional mis-identi�cation syndromes are a 
speci�c subset of delusions characterized 
by pathological familiarity. �is  include 
the Capgras delusion (the belief that 
someone familiar has been replaced by an 
imposter), reduplicative paramnesia (the 
belief that a room or place has been dupli-
cated and is present at two locations 
simultaneously) and the mirror sign (fail-
ure to recognize oneself in the mirror). In 
patients who have dementia with Lewy 
bodies (DLB), the prevalence of misidenti-
�cation syndromes was found to increase 
with greater cognitive decline. A similar 
trend was observed in individuals with 
Alzheimer’s disease, although the preva-
lence was lower overall. A smaller-scale 
study of patients with Parkinson’s Disease 
dementia found a 16.7% prevalence of mis-

identi�cation symptoms, and also noted an 
association between these symptoms and a 
speci�c pro�le of memory and language 
de�cits. [5, Rank 1]  Neuropathological studies provide 

important insights into the distribution of 
Lewy body (DLB) pathology at di�erent 
stages of the Parkinson’s Disease psychosis 
spectrum. �e �rst study to report on this 
issue found signi�cantly higher Lewy body 
load in the amygdala and parahippocam-
pal gyrus in patients with visual halluci-
nations, half of whom met the clinico-
pathological criteria for Parkinson’s Dis-
ease and half of whom met the criteria for 
DLB. Subsequent studies have replicated 
the �nding of limbic pathology associated 
with visual hallucinations.  Increased pathol-
ogy also found in other regions, including 
the superior and lateral frontal cortex (Brod-
mann area), inferior and lateral temporal 
cortex, inferior parietal cortex, and cingulate 
cortex. Visual hallucinations are also linked 
to higher levels of amyloid and tau patholo-
gy in frontal, parietal and hippocampal 
areas. Only one study has investigated the 
occipital lobe in patients with visual halluci-
nations: Lewy body and tau pathologies 
were found to be absent, and amyloid 
burden was rated as mild.

 Unlike patients with Parkinson’s Dis-
ease psychosis who have dementia, those 
without dementia do not have cortical Lewy 
body involvement. An early study of Parkin-

son’s Disease patients with visual hallucina-
tions and MMSE scores >25 found 
increased Lewy body load in the basolateral 
nucleus of the amygdala, but only sparse 
Lewy bodies in the cortex and hippocampus. 
Consistent with the lack of cortical involve-
ment, a recent study has found no associa-
tion between Lewy body, tau or amyloid 
pathology in frontal, parietal and temporal 
regions and visual hallucinations after con-
trolling for dementia, but found strong asso-
ciations with dementia after controlling for 
visual hallucinations. Such �ndings suggest 
that the neuropathological changes underly-
ing visual hallucinations are distinct from 
those underlying dementia.

 Involvement of the cholinergic system 
in visual hallucinations is suggested by 
brainstem atrophy in the pedunculopontine 
nucleus and atrophy of the substantia 
innominata, which contains the nucleus 
basalis of Meynert. �e cause of the atrophy 
is unclear, as no association has been found 
between visual hallucinations and Lewy 
body, tau or amyloid load in the nucleus 
basalis of Meynert. [8, Rank 3]

 Patients with visual hallucinations 
exhibit abnormalities on a range of auto-
nomic tests, including the tilt-table test, 
the Valsalva manoeuvre. In addition, auto-
nomic dysfunction was found to be an inde-
pendent risk factor for hallucinations (all 
modalities included) in, a large-scale 5-year 

prospective study. �e same study also 
reported female sex as an independent risk 
factor. REM sleep behaviour disorder (REM 
Sleep behavior disorder) is also associated 
with visual hallucinations, although the 
association is weak. Proportions of patients 
with visual hallucinations who do and do 
not have REM Sleep behavior disorder are 
similar. Vivid dreams are associated with 
visual hallucinations after controlling for 

factors including Parkinson’s Disease dura-
tion, depression, anxiety and scores. Depres-
sion has been associated with hallucina-
tions in Parkinson’s Disease. �e urinary 
concentration of the oxidative stress marker 
8-hydroxydeoxyguanosine was found to cor-
relate with the hallucination score (modality 
unspeci�ed) after controlling for MMSE 
score, age, duration and part 3 score. [12, 
Rank 4]

Passage and presence 
hallucinations, illusions,

and formed 
hallucinations

EARLY PSYCHOSIS SYMPTOMS
IN PARKINSON’S DISEASE

Ricurring visual hallucinations
of people, animals or inanimate
objects - with insight preserved.

Auditory hallucinations consisting
of a voice that may not be

comprehensible, or non-verbal
sounds, such as steps or music

Stages of Parkinson’s Disease
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 Symptoms of the psychosis spectrum 
in early stages of Parkinson’s Disease include 
minor experiences, such as passage and pres-
ence hallucinations, illusions, and formed 
hallucinations — most commonly, recur-
ring visual hallucinations of people, animals 
or inanimate objects — with insight pre-
served. In later Parkinson’s Disease stages, 
delusions and hallucinations occur in other 
modalities.

Figure 5: Hallusinations and Parkinson’s disease

 For example, auditory hallucinations 
consisting of a voice that may not be com-
prehensible, or non-verbal sounds, such as 
steps or music. �e hallucinations tend to 
occur in conditions of low ambient stimu-
lation, typically when the individual is 
alone in a quiet environment. �e person 
may experience symptoms, several times a 
day, and last for seconds to minutes in the 
early stages of Parkinson’s Disease psycho-
sis. Evidence that has emerged since the 
publication of the consensus work group 
recommendations has helped to further 

characterize the phenomenology of di�erent 
Parkinson’s Disease psychosis stages, and 
their relationship with the progression of 
Lewy body pathology. [6, Rank 3]

 �e fact that illusions, passage and 
presence hallucinations progress to 
formed visual hallucinations in Parkin-
son disease (Parkinson’s Disease) do not 
imply that they all have the same underly-
ing mechanism. Evidence showed minor 
hallucinations and formed visual halluci-
nations are associated with di�erent sets 
of risk factors. For example, presence hal-
lucinations have been linked to sleep regu-
lation and somnolence scores whereas, illu-
sions are related to somnolence. Neurobio-
logical explanations of passage hallucina-
tions implicate dysfunctional brainstem eye 
movement control mechanisms and sub-
cortical and cortical motion pathways, 
including dorsal stream areas in the visual 

parietal lobe are responsible for the symp-
toms. 

 Previous studies of visual hallucina-
tions have linked visual parietal areas to hal-
lucinations in the peripheral visual �eld (as 
described for passage hallucinations). By 
contrast, formed visual hallucinations are 
associated with changes in cognition, 
visual function and a�ect, probably 
re�ecting cortical involvement in ventral 
occipitotemporal lobe regions. �e onset 
of minor hallucinations might even 
precede the development of motor symp-
toms.

 As Parkinson’s Disease progresses, 
hallucinations in non-visual (auditory, tac-
tile and olfactory) modalities occur along-
side visual hallucinations (as shown in 
�g.5). In one cohort of Parkinson’s Disease 
patients without hallucinations at baseline, 

majority were experiencing hallucinations 
in multiple sensory modalities by 10 years 
of follow-up. �ese non-visual hallucina-
tions are not con�ned to end-stage Parkin-
son’s Disease dementia; they are also found 
in patients whose cognition is relatively 
intact (Mini-Mental State Examination 
(MMSE) score 24 or 25).

 �e delusional themes (as shown in 
�g.6) identi�ed depends on the assessment 
instruments used.  �ey typically include 
sin or guilt, grandiosity, reference, religion, 
persecution, jealousy, and theft, without 
prominence of any speci�c theme. Delu-
sional mis-identi�cation syndromes are a 
speci�c subset of delusions characterized 
by pathological familiarity. �is  include 
the Capgras delusion (the belief that 
someone familiar has been replaced by an 
imposter), reduplicative paramnesia (the 
belief that a room or place has been dupli-
cated and is present at two locations 
simultaneously) and the mirror sign (fail-
ure to recognize oneself in the mirror). In 
patients who have dementia with Lewy 
bodies (DLB), the prevalence of misidenti-
�cation syndromes was found to increase 
with greater cognitive decline. A similar 
trend was observed in individuals with 
Alzheimer’s disease, although the preva-
lence was lower overall. A smaller-scale 
study of patients with Parkinson’s Disease 
dementia found a 16.7% prevalence of mis-

identi�cation symptoms, and also noted an 
association between these symptoms and a 
speci�c pro�le of memory and language 
de�cits. [5, Rank 1]  Neuropathological studies provide 

important insights into the distribution of 
Lewy body (DLB) pathology at di�erent 
stages of the Parkinson’s Disease psychosis 
spectrum. �e �rst study to report on this 
issue found signi�cantly higher Lewy body 
load in the amygdala and parahippocam-
pal gyrus in patients with visual halluci-
nations, half of whom met the clinico-
pathological criteria for Parkinson’s Dis-
ease and half of whom met the criteria for 
DLB. Subsequent studies have replicated 
the �nding of limbic pathology associated 
with visual hallucinations.  Increased pathol-
ogy also found in other regions, including 
the superior and lateral frontal cortex (Brod-
mann area), inferior and lateral temporal 
cortex, inferior parietal cortex, and cingulate 
cortex. Visual hallucinations are also linked 
to higher levels of amyloid and tau patholo-
gy in frontal, parietal and hippocampal 
areas. Only one study has investigated the 
occipital lobe in patients with visual halluci-
nations: Lewy body and tau pathologies 
were found to be absent, and amyloid 
burden was rated as mild.

 Unlike patients with Parkinson’s Dis-
ease psychosis who have dementia, those 
without dementia do not have cortical Lewy 
body involvement. An early study of Parkin-

son’s Disease patients with visual hallucina-
tions and MMSE scores >25 found 
increased Lewy body load in the basolateral 
nucleus of the amygdala, but only sparse 
Lewy bodies in the cortex and hippocampus. 
Consistent with the lack of cortical involve-
ment, a recent study has found no associa-
tion between Lewy body, tau or amyloid 
pathology in frontal, parietal and temporal 
regions and visual hallucinations after con-
trolling for dementia, but found strong asso-
ciations with dementia after controlling for 
visual hallucinations. Such �ndings suggest 
that the neuropathological changes underly-
ing visual hallucinations are distinct from 
those underlying dementia.

 Involvement of the cholinergic system 
in visual hallucinations is suggested by 
brainstem atrophy in the pedunculopontine 
nucleus and atrophy of the substantia 
innominata, which contains the nucleus 
basalis of Meynert. �e cause of the atrophy 
is unclear, as no association has been found 
between visual hallucinations and Lewy 
body, tau or amyloid load in the nucleus 
basalis of Meynert. [8, Rank 3]

 Patients with visual hallucinations 
exhibit abnormalities on a range of auto-
nomic tests, including the tilt-table test, 
the Valsalva manoeuvre. In addition, auto-
nomic dysfunction was found to be an inde-
pendent risk factor for hallucinations (all 
modalities included) in, a large-scale 5-year 

prospective study. �e same study also 
reported female sex as an independent risk 
factor. REM sleep behaviour disorder (REM 
Sleep behavior disorder) is also associated 
with visual hallucinations, although the 
association is weak. Proportions of patients 
with visual hallucinations who do and do 
not have REM Sleep behavior disorder are 
similar. Vivid dreams are associated with 
visual hallucinations after controlling for 

factors including Parkinson’s Disease dura-
tion, depression, anxiety and scores. Depres-
sion has been associated with hallucina-
tions in Parkinson’s Disease. �e urinary 
concentration of the oxidative stress marker 
8-hydroxydeoxyguanosine was found to cor-
relate with the hallucination score (modality 
unspeci�ed) after controlling for MMSE 
score, age, duration and part 3 score. [12, 
Rank 4]
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Frequency and Clinical 
Consequences of Parkinson’s disease

Mechanisms and Risk Factors 
for Parkinson’s disease

Previous studies of visual halluci-

nations have linked visual parietal 

areas to hallucinations in the 

peripheral visual �eld (as 

described for passage hallucina-

tions) and palinopsia (helping to 

account for palinparousia — 

recently described palinopsia-like 

presence hallucinations), and 

subregions of the intraparietal 

sulcus are linked to eye 

movement control.

 Symptoms of the psychosis spectrum 
in early stages of Parkinson’s Disease include 
minor experiences, such as passage and pres-
ence hallucinations, illusions, and formed 
hallucinations — most commonly, recur-
ring visual hallucinations of people, animals 
or inanimate objects — with insight pre-
served. In later Parkinson’s Disease stages, 
delusions and hallucinations occur in other 
modalities.

Figure 6: Delusional theme in Parkinson’s disease

 For example, auditory hallucinations 
consisting of a voice that may not be com-
prehensible, or non-verbal sounds, such as 
steps or music. �e hallucinations tend to 
occur in conditions of low ambient stimu-
lation, typically when the individual is 
alone in a quiet environment. �e person 
may experience symptoms, several times a 
day, and last for seconds to minutes in the 
early stages of Parkinson’s Disease psycho-
sis. Evidence that has emerged since the 
publication of the consensus work group 
recommendations has helped to further 

characterize the phenomenology of di�erent 
Parkinson’s Disease psychosis stages, and 
their relationship with the progression of 
Lewy body pathology. [6, Rank 3]

 �e fact that illusions, passage and 
presence hallucinations progress to 
formed visual hallucinations in Parkin-
son disease (Parkinson’s Disease) do not 
imply that they all have the same underly-
ing mechanism. Evidence showed minor 
hallucinations and formed visual halluci-
nations are associated with di�erent sets 
of risk factors. For example, presence hal-
lucinations have been linked to sleep regu-
lation and somnolence scores whereas, illu-
sions are related to somnolence. Neurobio-
logical explanations of passage hallucina-
tions implicate dysfunctional brainstem eye 
movement control mechanisms and sub-
cortical and cortical motion pathways, 
including dorsal stream areas in the visual 

parietal lobe are responsible for the symp-
toms. 

 Previous studies of visual hallucina-
tions have linked visual parietal areas to hal-
lucinations in the peripheral visual �eld (as 
described for passage hallucinations). By 
contrast, formed visual hallucinations are 
associated with changes in cognition, 
visual function and a�ect, probably 
re�ecting cortical involvement in ventral 
occipitotemporal lobe regions. �e onset 
of minor hallucinations might even 
precede the development of motor symp-
toms.

 As Parkinson’s Disease progresses, 
hallucinations in non-visual (auditory, tac-
tile and olfactory) modalities occur along-
side visual hallucinations (as shown in 
�g.5). In one cohort of Parkinson’s Disease 
patients without hallucinations at baseline, 

majority were experiencing hallucinations 
in multiple sensory modalities by 10 years 
of follow-up. �ese non-visual hallucina-
tions are not con�ned to end-stage Parkin-
son’s Disease dementia; they are also found 
in patients whose cognition is relatively 
intact (Mini-Mental State Examination 
(MMSE) score 24 or 25).

 �e delusional themes (as shown in 
�g.6) identi�ed depends on the assessment 
instruments used.  �ey typically include 
sin or guilt, grandiosity, reference, religion, 
persecution, jealousy, and theft, without 
prominence of any speci�c theme. Delu-
sional mis-identi�cation syndromes are a 
speci�c subset of delusions characterized 
by pathological familiarity. �is  include 
the Capgras delusion (the belief that 
someone familiar has been replaced by an 
imposter), reduplicative paramnesia (the 
belief that a room or place has been dupli-
cated and is present at two locations 
simultaneously) and the mirror sign (fail-
ure to recognize oneself in the mirror). In 
patients who have dementia with Lewy 
bodies (DLB), the prevalence of misidenti-
�cation syndromes was found to increase 
with greater cognitive decline. A similar 
trend was observed in individuals with 
Alzheimer’s disease, although the preva-
lence was lower overall. A smaller-scale 
study of patients with Parkinson’s Disease 
dementia found a 16.7% prevalence of mis-

identi�cation symptoms, and also noted an 
association between these symptoms and a 
speci�c pro�le of memory and language 
de�cits. [5, Rank 1]

 Psychosis spectrum symptoms are 
common in Parkinson’s Disease and have 
important clinical consequences, in par-
ticular, an increased risk of dementia, 
nursing home placement and mortality. 
Quality of life is also impaired, both overall 
and in subdomains of emotional well-be-
ing, daily living, cognition and bodily dis-
comfort. Recent studies have provided 
revised prevalence estimates for Parkinson’s 
Disease psychosis based on longitudinal 
study data, and have better characterized 
the link to poor cognitive outcome. [9, 
Rank 3]

 �e predominantly visual nature of 
Parkinson’s Disease psychosis spectrum 
symptoms points to dysfunction in the 
visual system. Early studies focused on 
low-level de�cits in colour vision, contrast 
sensitivity and acuity. More recently, evi-
dence has emerged of retinal changes in 
Parkinson’s Disease, as measured by tech-
niques such as ocular coherence tomogra-

 A range of possible mechanisms to 
explain the psychosis spectrum, including 
changes in visual function, sleep, medica-
tion e�ects and cognition, were identi�ed 
by researchers.

�e eye and low-level vision

phy (OCT) and electroretinography. 
However, to date, only one study using 
such techniques has investigated the reti-
nal associations of the Parkinson’s Disease 
psychosis spectrum. In patients with 
visual hallucinations, OCT revealed 
thinning of the retinal ganglion cell 
layer in the dominant eye at both nasal 
and temporal retinal locations. Such 
thinning could be the result of a primary 
process within the eye, or could be sec-
ondary to retrograde trans-synaptic 
degeneration caused by changes in the 
brain. �inning was more pronounced in 
Parkinson’s Disease psychosis patients 
without dementia, pointing to a primary 
process within the eye.

 Neuropathological studies provide 
important insights into the distribution of 
Lewy body (DLB) pathology at di�erent 
stages of the Parkinson’s Disease psychosis 
spectrum. �e �rst study to report on this 
issue found signi�cantly higher Lewy body 
load in the amygdala and parahippocam-
pal gyrus in patients with visual halluci-
nations, half of whom met the clinico-
pathological criteria for Parkinson’s Dis-
ease and half of whom met the criteria for 
DLB. Subsequent studies have replicated 
the �nding of limbic pathology associated 
with visual hallucinations.  Increased pathol-
ogy also found in other regions, including 
the superior and lateral frontal cortex (Brod-
mann area), inferior and lateral temporal 
cortex, inferior parietal cortex, and cingulate 
cortex. Visual hallucinations are also linked 
to higher levels of amyloid and tau patholo-
gy in frontal, parietal and hippocampal 
areas. Only one study has investigated the 
occipital lobe in patients with visual halluci-
nations: Lewy body and tau pathologies 
were found to be absent, and amyloid 
burden was rated as mild.

 Unlike patients with Parkinson’s Dis-
ease psychosis who have dementia, those 
without dementia do not have cortical Lewy 
body involvement. An early study of Parkin-

son’s Disease patients with visual hallucina-
tions and MMSE scores >25 found 
increased Lewy body load in the basolateral 
nucleus of the amygdala, but only sparse 
Lewy bodies in the cortex and hippocampus. 
Consistent with the lack of cortical involve-
ment, a recent study has found no associa-
tion between Lewy body, tau or amyloid 
pathology in frontal, parietal and temporal 
regions and visual hallucinations after con-
trolling for dementia, but found strong asso-
ciations with dementia after controlling for 
visual hallucinations. Such �ndings suggest 
that the neuropathological changes underly-
ing visual hallucinations are distinct from 
those underlying dementia.

 Involvement of the cholinergic system 
in visual hallucinations is suggested by 
brainstem atrophy in the pedunculopontine 
nucleus and atrophy of the substantia 
innominata, which contains the nucleus 
basalis of Meynert. �e cause of the atrophy 
is unclear, as no association has been found 
between visual hallucinations and Lewy 
body, tau or amyloid load in the nucleus 
basalis of Meynert. [8, Rank 3]

 Patients with visual hallucinations 
exhibit abnormalities on a range of auto-
nomic tests, including the tilt-table test, 
the Valsalva manoeuvre. In addition, auto-
nomic dysfunction was found to be an inde-
pendent risk factor for hallucinations (all 
modalities included) in, a large-scale 5-year 

prospective study. �e same study also 
reported female sex as an independent risk 
factor. REM sleep behaviour disorder (REM 
Sleep behavior disorder) is also associated 
with visual hallucinations, although the 
association is weak. Proportions of patients 
with visual hallucinations who do and do 
not have REM Sleep behavior disorder are 
similar. Vivid dreams are associated with 
visual hallucinations after controlling for 

factors including Parkinson’s Disease dura-
tion, depression, anxiety and scores. Depres-
sion has been associated with hallucina-
tions in Parkinson’s Disease. �e urinary 
concentration of the oxidative stress marker 
8-hydroxydeoxyguanosine was found to cor-
relate with the hallucination score (modality 
unspeci�ed) after controlling for MMSE 
score, age, duration and part 3 score. [12, 
Rank 4]
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The clinical and research 

pro�le of illusions, 

hallucinations, delusions and 

related symptoms in 

Parkinson disease (PD) was 

raised with the publication of 

a consensus de�nition of 

Parkinson ’s disease 

psychosis

 Symptoms of the psychosis spectrum 
in early stages of Parkinson’s Disease include 
minor experiences, such as passage and pres-
ence hallucinations, illusions, and formed 
hallucinations — most commonly, recur-
ring visual hallucinations of people, animals 
or inanimate objects — with insight pre-
served. In later Parkinson’s Disease stages, 
delusions and hallucinations occur in other 
modalities.

 For example, auditory hallucinations 
consisting of a voice that may not be com-
prehensible, or non-verbal sounds, such as 
steps or music. �e hallucinations tend to 
occur in conditions of low ambient stimu-
lation, typically when the individual is 
alone in a quiet environment. �e person 
may experience symptoms, several times a 
day, and last for seconds to minutes in the 
early stages of Parkinson’s Disease psycho-
sis. Evidence that has emerged since the 
publication of the consensus work group 
recommendations has helped to further 

characterize the phenomenology of di�erent 
Parkinson’s Disease psychosis stages, and 
their relationship with the progression of 
Lewy body pathology. [6, Rank 3]

 �e predominantly visual nature of 
Parkinson’s Disease psychosis spectrum 
symptoms points to dysfunction in the 
visual system. Early studies focused on 
low-level de�cits in colour vision, contrast 
sensitivity and acuity. More recently, evi-
dence has emerged of retinal changes in 
Parkinson’s Disease, as measured by tech-
niques such as ocular coherence tomogra-

Visual perception and cognition

phy (OCT) and electroretinography. 
However, to date, only one study using 
such techniques has investigated the reti-
nal associations of the Parkinson’s Disease 
psychosis spectrum. In patients with 
visual hallucinations, OCT revealed 
thinning of the retinal ganglion cell 
layer in the dominant eye at both nasal 
and temporal retinal locations. Such 
thinning could be the result of a primary 
process within the eye, or could be sec-
ondary to retrograde trans-synaptic 
degeneration caused by changes in the 
brain. �inning was more pronounced in 
Parkinson’s Disease psychosis patients 
without dementia, pointing to a primary 
process within the eye.

 Early studies of the psychosis spec-
trum focused on visual hallucinations, and 
included patients with a range of severity of 
what might now be termed Parkinson’s Dis-
ease-Mild Cognitive Impairment ( 
PD-MCI). �ere are a range of cognitive 
tests that have been repeated in di�erent 
studies, although the same version of a 
given test is rarely used by di�erent groups. 
Most studies investigating visual percep-
tion, irrespective of the selection criteria 
(for example, unselected Parkinson’s Dis-
ease-MCI cohorts versus participants 
selected for higher cognitive function) have 

shown de�cits in the perception of objects, 
including faces. Similarly, most studies 
investigating executive function, as meas-
ured by the Stroop task, response inhibition 
and verbal �uency, have found de�cits in 
patients with visual hallucinations. [10, 
Rank 2]

 De�cits in memory and related hip-
pocampal function tests are found in Par-
kinson’s Disease patients with visual hallu-
cinations, in both unselected Parkinson’s 
Disease-MCI and higher-function groups. 
Some studies have reported de�cits that are 
speci�c to visual — as opposed to verbal — 
memory. Greater memory de�cits have also 
been found for black-and-white visual stim-
uli than for coloured visual stimuli. A tran-
sitive inference test thought to measure hip-
pocampal function has uncovered impair-
ments in patients with Parkinson’s Disease 
psychosis. [7, Rank 2]

 Neuropathological studies provide 
important insights into the distribution of 
Lewy body (DLB) pathology at di�erent 
stages of the Parkinson’s Disease psychosis 
spectrum. �e �rst study to report on this 
issue found signi�cantly higher Lewy body 
load in the amygdala and parahippocam-
pal gyrus in patients with visual halluci-
nations, half of whom met the clinico-
pathological criteria for Parkinson’s Dis-
ease and half of whom met the criteria for 
DLB. Subsequent studies have replicated 
the �nding of limbic pathology associated 
with visual hallucinations.  Increased pathol-
ogy also found in other regions, including 
the superior and lateral frontal cortex (Brod-
mann area), inferior and lateral temporal 
cortex, inferior parietal cortex, and cingulate 
cortex. Visual hallucinations are also linked 
to higher levels of amyloid and tau patholo-
gy in frontal, parietal and hippocampal 
areas. Only one study has investigated the 
occipital lobe in patients with visual halluci-
nations: Lewy body and tau pathologies 
were found to be absent, and amyloid 
burden was rated as mild.

 Unlike patients with Parkinson’s Dis-
ease psychosis who have dementia, those 
without dementia do not have cortical Lewy 
body involvement. An early study of Parkin-

son’s Disease patients with visual hallucina-
tions and MMSE scores >25 found 
increased Lewy body load in the basolateral 
nucleus of the amygdala, but only sparse 
Lewy bodies in the cortex and hippocampus. 
Consistent with the lack of cortical involve-
ment, a recent study has found no associa-
tion between Lewy body, tau or amyloid 
pathology in frontal, parietal and temporal 
regions and visual hallucinations after con-
trolling for dementia, but found strong asso-
ciations with dementia after controlling for 
visual hallucinations. Such �ndings suggest 
that the neuropathological changes underly-
ing visual hallucinations are distinct from 
those underlying dementia.

 Involvement of the cholinergic system 
in visual hallucinations is suggested by 
brainstem atrophy in the pedunculopontine 
nucleus and atrophy of the substantia 
innominata, which contains the nucleus 
basalis of Meynert. �e cause of the atrophy 
is unclear, as no association has been found 
between visual hallucinations and Lewy 
body, tau or amyloid load in the nucleus 
basalis of Meynert. [8, Rank 3]

 Patients with visual hallucinations 
exhibit abnormalities on a range of auto-
nomic tests, including the tilt-table test, 
the Valsalva manoeuvre. In addition, auto-
nomic dysfunction was found to be an inde-
pendent risk factor for hallucinations (all 
modalities included) in, a large-scale 5-year 

prospective study. �e same study also 
reported female sex as an independent risk 
factor. REM sleep behaviour disorder (REM 
Sleep behavior disorder) is also associated 
with visual hallucinations, although the 
association is weak. Proportions of patients 
with visual hallucinations who do and do 
not have REM Sleep behavior disorder are 
similar. Vivid dreams are associated with 
visual hallucinations after controlling for 

factors including Parkinson’s Disease dura-
tion, depression, anxiety and scores. Depres-
sion has been associated with hallucina-
tions in Parkinson’s Disease. �e urinary 
concentration of the oxidative stress marker 
8-hydroxydeoxyguanosine was found to cor-
relate with the hallucination score (modality 
unspeci�ed) after controlling for MMSE 
score, age, duration and part 3 score. [12, 
Rank 4]
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Compared with patients without 

psychosis spectrum symptoms, 

patients with minor hallucina-

tions had no signi�cant differenc-

es in verbal memory, verbal �uency 

or sustained attention

 Symptoms of the psychosis spectrum 
in early stages of Parkinson’s Disease include 
minor experiences, such as passage and pres-
ence hallucinations, illusions, and formed 
hallucinations — most commonly, recur-
ring visual hallucinations of people, animals 
or inanimate objects — with insight pre-
served. In later Parkinson’s Disease stages, 
delusions and hallucinations occur in other 
modalities.

 For example, auditory hallucinations 
consisting of a voice that may not be com-
prehensible, or non-verbal sounds, such as 
steps or music. �e hallucinations tend to 
occur in conditions of low ambient stimu-
lation, typically when the individual is 
alone in a quiet environment. �e person 
may experience symptoms, several times a 
day, and last for seconds to minutes in the 
early stages of Parkinson’s Disease psycho-
sis. Evidence that has emerged since the 
publication of the consensus work group 
recommendations has helped to further 

characterize the phenomenology of di�erent 
Parkinson’s Disease psychosis stages, and 
their relationship with the progression of 
Lewy body pathology. [6, Rank 3]

Minor hallucinations

Multimodal hallucinations

Delusions

 Only few studies  focused on the cogni-
tive pro�le associated with minor hallucinations 
in Parkinson’s Disease. Compared with patients 
without psychosis spectrum symptoms, 
patients with minor hallucinations had no 
signi�cant di�erences in verbal memory, verbal 
�uency or sustained attention. Progressive 
decreases in cognitive performance were seen 
across the spectrum from no hallucinations, 
through minor hallucinations and hallucina-
tions with insight, to hallucinations without 
insight. �e lack of cognitive de�cits in patients 
with minor hallucinations raises the issue of 
whether the onset of psychosis spectrum symp-
toms predates measurable cognitive decline.

 One might expect patients with 
non-visual hallucinations in the later stages of 
Parkinson’s Disease to exhibit greater cognitive 
de�cits or a di�erent cognitive pro�le compared 
with Parkinson’s Disease patients with visual 
hallucinations alone. However, one study com-
pared patients with visual only and visual plus 
non-visual hallucinations found no evidence of 
signi�cant additional decline in the latter group 
for any of the cognitive domains tested (includ-
ing verbal memory and verbal �uency). �e 
number of patients with hallucinations in multi-
ple modalities were small, as the study might 
have been underpowered to detect such changes.

 Only one study has compared cogni-
tive pro�les between Parkinson’s Disease 
psychosis spectrum patients with hallucina-
tions but not delusions and those with delu-
sions but not hallucinations. Cognitive pro-
�les did not di�er signi�cantly between the 
two groups. Cognitive scores in a range of 
domains were found to correlate with the 
severity and number of hallucination modal-
ities (for example, auditory, olfactory somat-
ic and/or visual), but not with the severity 
and number of delusion modalities (for 
example, jealousy, grandiosity and/or reli-
gious delusions). �ese �ndings suggest that 
cognitive risk factors for hallucinations and 
delusions might di�er. �is view is support-
ed by evidence from a study investigating 
risk factors for a speci�c delusion (delusional 
jealousy), where an association was found 
with dopamine agonist treatment but not 
dementia, in contrast to hallucinations, 
where an association was found with demen-
tia but not dopamine agonist treatment

 Neuropathological studies provide 
important insights into the distribution of 
Lewy body (DLB) pathology at di�erent 
stages of the Parkinson’s Disease psychosis 
spectrum. �e �rst study to report on this 
issue found signi�cantly higher Lewy body 
load in the amygdala and parahippocam-
pal gyrus in patients with visual halluci-
nations, half of whom met the clinico-
pathological criteria for Parkinson’s Dis-
ease and half of whom met the criteria for 
DLB. Subsequent studies have replicated 
the �nding of limbic pathology associated 
with visual hallucinations.  Increased pathol-
ogy also found in other regions, including 
the superior and lateral frontal cortex (Brod-
mann area), inferior and lateral temporal 
cortex, inferior parietal cortex, and cingulate 
cortex. Visual hallucinations are also linked 
to higher levels of amyloid and tau patholo-
gy in frontal, parietal and hippocampal 
areas. Only one study has investigated the 
occipital lobe in patients with visual halluci-
nations: Lewy body and tau pathologies 
were found to be absent, and amyloid 
burden was rated as mild.

 Unlike patients with Parkinson’s Dis-
ease psychosis who have dementia, those 
without dementia do not have cortical Lewy 
body involvement. An early study of Parkin-

son’s Disease patients with visual hallucina-
tions and MMSE scores >25 found 
increased Lewy body load in the basolateral 
nucleus of the amygdala, but only sparse 
Lewy bodies in the cortex and hippocampus. 
Consistent with the lack of cortical involve-
ment, a recent study has found no associa-
tion between Lewy body, tau or amyloid 
pathology in frontal, parietal and temporal 
regions and visual hallucinations after con-
trolling for dementia, but found strong asso-
ciations with dementia after controlling for 
visual hallucinations. Such �ndings suggest 
that the neuropathological changes underly-
ing visual hallucinations are distinct from 
those underlying dementia.

 Involvement of the cholinergic system 
in visual hallucinations is suggested by 
brainstem atrophy in the pedunculopontine 
nucleus and atrophy of the substantia 
innominata, which contains the nucleus 
basalis of Meynert. �e cause of the atrophy 
is unclear, as no association has been found 
between visual hallucinations and Lewy 
body, tau or amyloid load in the nucleus 
basalis of Meynert. [8, Rank 3]

 Patients with visual hallucinations 
exhibit abnormalities on a range of auto-
nomic tests, including the tilt-table test, 
the Valsalva manoeuvre. In addition, auto-
nomic dysfunction was found to be an inde-
pendent risk factor for hallucinations (all 
modalities included) in, a large-scale 5-year 

prospective study. �e same study also 
reported female sex as an independent risk 
factor. REM sleep behaviour disorder (REM 
Sleep behavior disorder) is also associated 
with visual hallucinations, although the 
association is weak. Proportions of patients 
with visual hallucinations who do and do 
not have REM Sleep behavior disorder are 
similar. Vivid dreams are associated with 
visual hallucinations after controlling for 

factors including Parkinson’s Disease dura-
tion, depression, anxiety and scores. Depres-
sion has been associated with hallucina-
tions in Parkinson’s Disease. �e urinary 
concentration of the oxidative stress marker 
8-hydroxydeoxyguanosine was found to cor-
relate with the hallucination score (modality 
unspeci�ed) after controlling for MMSE 
score, age, duration and part 3 score. [12, 
Rank 4]
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Neuropathology of 
Parkinson’s disease

 Symptoms of the psychosis spectrum 
in early stages of Parkinson’s Disease include 
minor experiences, such as passage and pres-
ence hallucinations, illusions, and formed 
hallucinations — most commonly, recur-
ring visual hallucinations of people, animals 
or inanimate objects — with insight pre-
served. In later Parkinson’s Disease stages, 
delusions and hallucinations occur in other 
modalities.

 For example, auditory hallucinations 
consisting of a voice that may not be com-
prehensible, or non-verbal sounds, such as 
steps or music. �e hallucinations tend to 
occur in conditions of low ambient stimu-
lation, typically when the individual is 
alone in a quiet environment. �e person 
may experience symptoms, several times a 
day, and last for seconds to minutes in the 
early stages of Parkinson’s Disease psycho-
sis. Evidence that has emerged since the 
publication of the consensus work group 
recommendations has helped to further 

characterize the phenomenology of di�erent 
Parkinson’s Disease psychosis stages, and 
their relationship with the progression of 
Lewy body pathology. [6, Rank 3]

 Neuropathological studies provide 
important insights into the distribution of 
Lewy body (DLB) pathology at di�erent 
stages of the Parkinson’s Disease psychosis 
spectrum. �e �rst study to report on this 
issue found signi�cantly higher Lewy body 
load in the amygdala and parahippocam-
pal gyrus in patients with visual halluci-
nations, half of whom met the clinico-
pathological criteria for Parkinson’s Dis-
ease and half of whom met the criteria for 
DLB. Subsequent studies have replicated 
the �nding of limbic pathology associated 
with visual hallucinations.  Increased pathol-
ogy also found in other regions, including 
the superior and lateral frontal cortex (Brod-
mann area), inferior and lateral temporal 
cortex, inferior parietal cortex, and cingulate 
cortex. Visual hallucinations are also linked 
to higher levels of amyloid and tau patholo-
gy in frontal, parietal and hippocampal 
areas. Only one study has investigated the 
occipital lobe in patients with visual halluci-
nations: Lewy body and tau pathologies 
were found to be absent, and amyloid 
burden was rated as mild.

 Unlike patients with Parkinson’s Dis-
ease psychosis who have dementia, those 
without dementia do not have cortical Lewy 
body involvement. An early study of Parkin-

son’s Disease patients with visual hallucina-
tions and MMSE scores >25 found 
increased Lewy body load in the basolateral 
nucleus of the amygdala, but only sparse 
Lewy bodies in the cortex and hippocampus. 
Consistent with the lack of cortical involve-
ment, a recent study has found no associa-
tion between Lewy body, tau or amyloid 
pathology in frontal, parietal and temporal 
regions and visual hallucinations after con-
trolling for dementia, but found strong asso-
ciations with dementia after controlling for 
visual hallucinations. Such �ndings suggest 
that the neuropathological changes underly-
ing visual hallucinations are distinct from 
those underlying dementia.

 Involvement of the cholinergic system 
in visual hallucinations is suggested by 
brainstem atrophy in the pedunculopontine 
nucleus and atrophy of the substantia 
innominata, which contains the nucleus 
basalis of Meynert. �e cause of the atrophy 
is unclear, as no association has been found 
between visual hallucinations and Lewy 
body, tau or amyloid load in the nucleus 
basalis of Meynert. [8, Rank 3]

 Patients with visual hallucinations 
exhibit abnormalities on a range of auto-
nomic tests, including the tilt-table test, 
the Valsalva manoeuvre. In addition, auto-
nomic dysfunction was found to be an inde-
pendent risk factor for hallucinations (all 
modalities included) in, a large-scale 5-year 

prospective study. �e same study also 
reported female sex as an independent risk 
factor. REM sleep behaviour disorder (REM 
Sleep behavior disorder) is also associated 
with visual hallucinations, although the 
association is weak. Proportions of patients 
with visual hallucinations who do and do 
not have REM Sleep behavior disorder are 
similar. Vivid dreams are associated with 
visual hallucinations after controlling for 

factors including Parkinson’s Disease dura-
tion, depression, anxiety and scores. Depres-
sion has been associated with hallucina-
tions in Parkinson’s Disease. �e urinary 
concentration of the oxidative stress marker 
8-hydroxydeoxyguanosine was found to cor-
relate with the hallucination score (modality 
unspeci�ed) after controlling for MMSE 
score, age, duration and part 3 score. [12, 
Rank 4]
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Genetic Aetiology of Psychosis 
in Parkinson’s disease

Neuropathological studies have 

replicated the �nding of limbic 

pathology associated with visual 

hallucinations, with increased 

pathology also found in other 

regions, including the superior and 

lateral frontal cortex, inferior and 

lateral temporal cortex, inferior 

parietal cortex, and cingulate cortex

Figure 7: Neuronal activity in Parkinson’s disease

 Neuropathological studies provide 
important insights into the distribution of 
Lewy body (DLB) pathology at di�erent 
stages of the Parkinson’s Disease psychosis 
spectrum. �e �rst study to report on this 
issue found signi�cantly higher Lewy body 
load in the amygdala and parahippocam-
pal gyrus in patients with visual halluci-
nations, half of whom met the clinico-
pathological criteria for Parkinson’s Dis-
ease and half of whom met the criteria for 
DLB. Subsequent studies have replicated 
the �nding of limbic pathology associated 
with visual hallucinations.  Increased pathol-
ogy also found in other regions, including 
the superior and lateral frontal cortex (Brod-
mann area), inferior and lateral temporal 
cortex, inferior parietal cortex, and cingulate 
cortex. Visual hallucinations are also linked 
to higher levels of amyloid and tau patholo-
gy in frontal, parietal and hippocampal 
areas. Only one study has investigated the 
occipital lobe in patients with visual halluci-
nations: Lewy body and tau pathologies 
were found to be absent, and amyloid 
burden was rated as mild.

 Unlike patients with Parkinson’s Dis-
ease psychosis who have dementia, those 
without dementia do not have cortical Lewy 
body involvement. An early study of Parkin-

son’s Disease patients with visual hallucina-
tions and MMSE scores >25 found 
increased Lewy body load in the basolateral 
nucleus of the amygdala, but only sparse 
Lewy bodies in the cortex and hippocampus. 
Consistent with the lack of cortical involve-
ment, a recent study has found no associa-
tion between Lewy body, tau or amyloid 
pathology in frontal, parietal and temporal 
regions and visual hallucinations after con-
trolling for dementia, but found strong asso-
ciations with dementia after controlling for 
visual hallucinations. Such �ndings suggest 
that the neuropathological changes underly-
ing visual hallucinations are distinct from 
those underlying dementia.

 Involvement of the cholinergic system 
in visual hallucinations is suggested by 
brainstem atrophy in the pedunculopontine 
nucleus and atrophy of the substantia 
innominata, which contains the nucleus 
basalis of Meynert. �e cause of the atrophy 
is unclear, as no association has been found 
between visual hallucinations and Lewy 
body, tau or amyloid load in the nucleus 
basalis of Meynert. [8, Rank 3]

 Patients with visual hallucinations 
exhibit abnormalities on a range of auto-
nomic tests, including the tilt-table test, 
the Valsalva manoeuvre. In addition, auto-
nomic dysfunction was found to be an inde-
pendent risk factor for hallucinations (all 
modalities included) in, a large-scale 5-year 

prospective study. �e same study also 
reported female sex as an independent risk 
factor. REM sleep behaviour disorder (REM 
Sleep behavior disorder) is also associated 
with visual hallucinations, although the 
association is weak. Proportions of patients 
with visual hallucinations who do and do 
not have REM Sleep behavior disorder are 
similar. Vivid dreams are associated with 
visual hallucinations after controlling for 

factors including Parkinson’s Disease dura-
tion, depression, anxiety and scores. Depres-
sion has been associated with hallucina-
tions in Parkinson’s Disease. �e urinary 
concentration of the oxidative stress marker 
8-hydroxydeoxyguanosine was found to cor-
relate with the hallucination score (modality 
unspeci�ed) after controlling for MMSE 
score, age, duration and part 3 score. [12, 
Rank 4]

 �e genetic aetiology of psychosis in 
Parkinson’s Disease is complex, and is likely 
to involve many genes each with a small 
e�ect size. In the broader literature, recent 
advances in the analysis of genome-wide 
data sets have uncovered genetic pleiotropy 
between clinically distinct diseases. Moreo-
ver, analyses whereby biological pathways 
(for example, molecular, cellular, organ/sys-

tem or disease) are constructed on the basis 
of genomic data have shown promise in 
late-life depression. �ese types of emerging 
techniques have clear applications in hetero-
geneous conditions such as Parkinson’s Dis-
ease, where questions surrounding the over-
lapping etiology of psychosis across neuro-
degenerative diseases and psychiatric disor-
ders remain unanswered. �e increasing 
availability of larger, better-characterized 
data sets will provide greater potential to 
conduct these more-sophisticated genetic 
analyses.  [14, Rank 4]

 Parkinson disease (Parkinson’s Dis-
ease) is one of the most common age-related 
brain disorders. Parkinson’s Disease is 
de�ned primarily as a movement disorder, 
with the typical symptoms being resting 
tremor, rigidity, bradykinesia and postur-
al instability, and is pathologically charac-
terized by degeneration of nigrostriatal 
dopaminergic neurons and the presence of 
Lewy bodies in the surviving neurons.

  In addition to the de�ning dopa-
mine-related motor symptoms, Parkinson’s 
Disease is increasingly recognized as a heter-
ogeneous multisystem disorder involving 
other neurotransmitter systems, such as the 
serotonergic, noradrenergic and cholinergic 
circuits. �us, a wide variety of nonmotor 
symptoms (Nonmotor symptoms) linked 
with these neurotransmitters are commonly 
observed in patients with Parkinson’s Dis-

ease. In light of this variability, subtyping of 
Parkinson’s Disease has been proposed, 
including a system based on time of onset 
and ongoing rate of cognitive decline.

  Cognitive decline is among the most 
common and important Nonmotor symp-
toms, and in this article we review the cur-
rent status of knowledge regarding cognitive 
impairment in Parkinson’s Disease. Robust 
evidence indicates that in comparison with 
age-matched groups without Parkinson’s 
Disease, people with  exhibit more rapid 
decline in a number of cognitive domains — 
in particular, executive, attentional and visu-
ospatial domains, but also memory. �e full 
spectrum of cognitive abilities can be 
observed in Parkinson’s Disease, from 
normal cognition, through early mild sub-
jective and objective decline (mild cognitive 
impairment (MCI)), to mild, moderate and 
even severe Parkinson’s Disease dementia 
(Parkinson’s Disease). Studies convincingly 
demonstrated a much higher cumulative risk 
of dementia in people with Parkinson’s Dis-
ease than in the general population. System-
atic reviews showed that the point preva-
lence of dementia was 25–30%. Several 
long-term longitudinal studies have indicat-
ed that the majority of patients with Parkin-
son’s Disease will develop dementia if they 
survive for more than 10 years after diagno-
sis. On the basis of numerous, varied studies, 
we now know that dementia in Parkinson’s 

Disease has important adverse implications 
for functioning, quality of life, caregiver 
burden, and health-related costs.

 �e timing, pro�le and rate of cogni-
tive decline vary widely among individuals 
with Parkinson’s Disease. �erefore,  identi-
fying and predicting future cognitive decline 
in this population is crucial for researchers 
and clinicians alike. Identi�cation of clinical 
and biological markers that can predict 
which patients are at increased risk of early 
and rapid cognitive decline is important for 
communicating the prognosis and manag-
ing patients clinically. Established demo-
graphic and clinical risk factors include 
increasing age and more severe parkinson-
ism, in particular, non-tremor features. [44, 
Rank 4]
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Developments in Imaging 
Methodology in 

Parkinson’s disease

Structural MRI

 Neuropathological studies provide 
important insights into the distribution of 
Lewy body (DLB) pathology at di�erent 
stages of the Parkinson’s Disease psychosis 
spectrum. �e �rst study to report on this 
issue found signi�cantly higher Lewy body 
load in the amygdala and parahippocam-
pal gyrus in patients with visual halluci-
nations, half of whom met the clinico-
pathological criteria for Parkinson’s Dis-
ease and half of whom met the criteria for 
DLB. Subsequent studies have replicated 
the �nding of limbic pathology associated 
with visual hallucinations.  Increased pathol-
ogy also found in other regions, including 
the superior and lateral frontal cortex (Brod-
mann area), inferior and lateral temporal 
cortex, inferior parietal cortex, and cingulate 
cortex. Visual hallucinations are also linked 
to higher levels of amyloid and tau patholo-
gy in frontal, parietal and hippocampal 
areas. Only one study has investigated the 
occipital lobe in patients with visual halluci-
nations: Lewy body and tau pathologies 
were found to be absent, and amyloid 
burden was rated as mild.

 Unlike patients with Parkinson’s Dis-
ease psychosis who have dementia, those 
without dementia do not have cortical Lewy 
body involvement. An early study of Parkin-

son’s Disease patients with visual hallucina-
tions and MMSE scores >25 found 
increased Lewy body load in the basolateral 
nucleus of the amygdala, but only sparse 
Lewy bodies in the cortex and hippocampus. 
Consistent with the lack of cortical involve-
ment, a recent study has found no associa-
tion between Lewy body, tau or amyloid 
pathology in frontal, parietal and temporal 
regions and visual hallucinations after con-
trolling for dementia, but found strong asso-
ciations with dementia after controlling for 
visual hallucinations. Such �ndings suggest 
that the neuropathological changes underly-
ing visual hallucinations are distinct from 
those underlying dementia.

 Involvement of the cholinergic system 
in visual hallucinations is suggested by 
brainstem atrophy in the pedunculopontine 
nucleus and atrophy of the substantia 
innominata, which contains the nucleus 
basalis of Meynert. �e cause of the atrophy 
is unclear, as no association has been found 
between visual hallucinations and Lewy 
body, tau or amyloid load in the nucleus 
basalis of Meynert. [8, Rank 3]

 Patients with visual hallucinations 
exhibit abnormalities on a range of auto-
nomic tests, including the tilt-table test, 
the Valsalva manoeuvre. In addition, auto-
nomic dysfunction was found to be an inde-
pendent risk factor for hallucinations (all 
modalities included) in, a large-scale 5-year 

prospective study. �e same study also 
reported female sex as an independent risk 
factor. REM sleep behaviour disorder (REM 
Sleep behavior disorder) is also associated 
with visual hallucinations, although the 
association is weak. Proportions of patients 
with visual hallucinations who do and do 
not have REM Sleep behavior disorder are 
similar. Vivid dreams are associated with 
visual hallucinations after controlling for 

factors including Parkinson’s Disease dura-
tion, depression, anxiety and scores. Depres-
sion has been associated with hallucina-
tions in Parkinson’s Disease. �e urinary 
concentration of the oxidative stress marker 
8-hydroxydeoxyguanosine was found to cor-
relate with the hallucination score (modality 
unspeci�ed) after controlling for MMSE 
score, age, duration and part 3 score. [12, 
Rank 4]

 �e genetic aetiology of psychosis in 
Parkinson’s Disease is complex, and is likely 
to involve many genes each with a small 
e�ect size. In the broader literature, recent 
advances in the analysis of genome-wide 
data sets have uncovered genetic pleiotropy 
between clinically distinct diseases. Moreo-
ver, analyses whereby biological pathways 
(for example, molecular, cellular, organ/sys-

 �e raised pro�le of Parkinson’s Dis-
ease psychosis, combined with develop-
ments in imaging methodology, has result-
ed in a rapidly advancing evidence base 
that helps to inform the risk factor and 
mechanistic accounts of the symptom spec-
trum

tem or disease) are constructed on the basis 
of genomic data have shown promise in 
late-life depression. �ese types of emerging 
techniques have clear applications in hetero-
geneous conditions such as Parkinson’s Dis-
ease, where questions surrounding the over-
lapping etiology of psychosis across neuro-
degenerative diseases and psychiatric disor-
ders remain unanswered. �e increasing 
availability of larger, better-characterized 
data sets will provide greater potential to 
conduct these more-sophisticated genetic 
analyses.  [14, Rank 4]

 Despite methodological di�erences, 
structural imaging studies of visual halluci-
nations have yielded a number of consistent 
�ndings. Several studies have reported atro-
phy in the visual cortex — broadly de�ned 
as extending into lateral and ventral occip-

itotemporal regions including the fusiform 
gyrus and visual parietal cortex (correspond-
ing to dorsal and ventral visual streams) — 
although this �nding is not universal. A 
study focusing on minor hallucinations 
found atrophy in the midbrain, cerebellar 
vermis and visual parietal cortex, as well as 
areas of increased cortical volume in the 
limbic cortex and the posterior lobe of the 
cerebellum, which might be linked to com-
pensatory mechanisms..

 �e distribution of atrophy described 
in the various studies is consistent with the 
pro�le of cognitive de�cits found in Parkin-
son’s Disease psychosis. At 30-month 
follow-up, patients who report visual hallu-
cinations at baseline have greater progression 
of cortical atrophy within limbic, frontal 
and thalamic regions, and are more likely to 
have developed dementia. �e greater rate of 
atrophy and hypothesized progression from 
hippocampal head involvement to di�use 
hippocampal atrophy in patients with visual 
hallucinations might account for the associa-
tion between visual hallucinations and poor 
cognitive outcome. [13, Rank 3]

 Few studies have investigated white 
matter changes in Parkinson’s Disease psy-
chosis. An early study found no di�erences 
with regard to a range of clinically de�ned 
white matter lesion indices in patients with 
and without visual hallucinations. A more 
recent volumetric study described decreased 

white matter volume in occipital and para-
hippocampal regions. Another study showed 
that the microstructural integrity of deep 
white matter, as measured by fractional ani-
sotropy, was a�ected in Parkinson’s Disease 
psychosis (de�ned as the presence of percep-
tual errors, hallucinations in any modality, 
or delusions). 

 Parkinson disease (Parkinson’s Dis-
ease) is one of the most common age-related 
brain disorders. Parkinson’s Disease is 
de�ned primarily as a movement disorder, 
with the typical symptoms being resting 
tremor, rigidity, bradykinesia and postur-
al instability, and is pathologically charac-
terized by degeneration of nigrostriatal 
dopaminergic neurons and the presence of 
Lewy bodies in the surviving neurons.

  In addition to the de�ning dopa-
mine-related motor symptoms, Parkinson’s 
Disease is increasingly recognized as a heter-
ogeneous multisystem disorder involving 
other neurotransmitter systems, such as the 
serotonergic, noradrenergic and cholinergic 
circuits. �us, a wide variety of nonmotor 
symptoms (Nonmotor symptoms) linked 
with these neurotransmitters are commonly 
observed in patients with Parkinson’s Dis-

ease. In light of this variability, subtyping of 
Parkinson’s Disease has been proposed, 
including a system based on time of onset 
and ongoing rate of cognitive decline.

  Cognitive decline is among the most 
common and important Nonmotor symp-
toms, and in this article we review the cur-
rent status of knowledge regarding cognitive 
impairment in Parkinson’s Disease. Robust 
evidence indicates that in comparison with 
age-matched groups without Parkinson’s 
Disease, people with  exhibit more rapid 
decline in a number of cognitive domains — 
in particular, executive, attentional and visu-
ospatial domains, but also memory. �e full 
spectrum of cognitive abilities can be 
observed in Parkinson’s Disease, from 
normal cognition, through early mild sub-
jective and objective decline (mild cognitive 
impairment (MCI)), to mild, moderate and 
even severe Parkinson’s Disease dementia 
(Parkinson’s Disease). Studies convincingly 
demonstrated a much higher cumulative risk 
of dementia in people with Parkinson’s Dis-
ease than in the general population. System-
atic reviews showed that the point preva-
lence of dementia was 25–30%. Several 
long-term longitudinal studies have indicat-
ed that the majority of patients with Parkin-
son’s Disease will develop dementia if they 
survive for more than 10 years after diagno-
sis. On the basis of numerous, varied studies, 
we now know that dementia in Parkinson’s 

Disease has important adverse implications 
for functioning, quality of life, caregiver 
burden, and health-related costs.

 �e timing, pro�le and rate of cogni-
tive decline vary widely among individuals 
with Parkinson’s Disease. �erefore,  identi-
fying and predicting future cognitive decline 
in this population is crucial for researchers 
and clinicians alike. Identi�cation of clinical 
and biological markers that can predict 
which patients are at increased risk of early 
and rapid cognitive decline is important for 
communicating the prognosis and manag-
ing patients clinically. Established demo-
graphic and clinical risk factors include 
increasing age and more severe parkinson-
ism, in particular, non-tremor features. [44, 
Rank 4]
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Reduced occipital low frequency 

�uctuations have been found in the 

resting state in Parkinson’s Disease 

patients with a history of visual 

hallucinations. These �uctuations 

are thought to be an indirect meas-

ure of cerebral glucose metabolism 

and local �eld potentials, support-

ing the idea of occipital hypome-

tabolism in patients with Parkin-

son’s Disease who are susceptible to 

visual hallucinations

Figure 8 : Dopamine activity in Parkinson’s disease

Neurotransmitter Imaging

Functional MRI

 Neuropathological studies provide 
important insights into the distribution of 
Lewy body (DLB) pathology at di�erent 
stages of the Parkinson’s Disease psychosis 
spectrum. �e �rst study to report on this 
issue found signi�cantly higher Lewy body 
load in the amygdala and parahippocam-
pal gyrus in patients with visual halluci-
nations, half of whom met the clinico-
pathological criteria for Parkinson’s Dis-
ease and half of whom met the criteria for 
DLB. Subsequent studies have replicated 
the �nding of limbic pathology associated 
with visual hallucinations.  Increased pathol-
ogy also found in other regions, including 
the superior and lateral frontal cortex (Brod-
mann area), inferior and lateral temporal 
cortex, inferior parietal cortex, and cingulate 
cortex. Visual hallucinations are also linked 
to higher levels of amyloid and tau patholo-
gy in frontal, parietal and hippocampal 
areas. Only one study has investigated the 
occipital lobe in patients with visual halluci-
nations: Lewy body and tau pathologies 
were found to be absent, and amyloid 
burden was rated as mild.

 Unlike patients with Parkinson’s Dis-
ease psychosis who have dementia, those 
without dementia do not have cortical Lewy 
body involvement. An early study of Parkin-

son’s Disease patients with visual hallucina-
tions and MMSE scores >25 found 
increased Lewy body load in the basolateral 
nucleus of the amygdala, but only sparse 
Lewy bodies in the cortex and hippocampus. 
Consistent with the lack of cortical involve-
ment, a recent study has found no associa-
tion between Lewy body, tau or amyloid 
pathology in frontal, parietal and temporal 
regions and visual hallucinations after con-
trolling for dementia, but found strong asso-
ciations with dementia after controlling for 
visual hallucinations. Such �ndings suggest 
that the neuropathological changes underly-
ing visual hallucinations are distinct from 
those underlying dementia.

 Involvement of the cholinergic system 
in visual hallucinations is suggested by 
brainstem atrophy in the pedunculopontine 
nucleus and atrophy of the substantia 
innominata, which contains the nucleus 
basalis of Meynert. �e cause of the atrophy 
is unclear, as no association has been found 
between visual hallucinations and Lewy 
body, tau or amyloid load in the nucleus 
basalis of Meynert. [8, Rank 3]

 Patients with visual hallucinations 
exhibit abnormalities on a range of auto-
nomic tests, including the tilt-table test, 
the Valsalva manoeuvre. In addition, auto-
nomic dysfunction was found to be an inde-
pendent risk factor for hallucinations (all 
modalities included) in, a large-scale 5-year 

prospective study. �e same study also 
reported female sex as an independent risk 
factor. REM sleep behaviour disorder (REM 
Sleep behavior disorder) is also associated 
with visual hallucinations, although the 
association is weak. Proportions of patients 
with visual hallucinations who do and do 
not have REM Sleep behavior disorder are 
similar. Vivid dreams are associated with 
visual hallucinations after controlling for 

factors including Parkinson’s Disease dura-
tion, depression, anxiety and scores. Depres-
sion has been associated with hallucina-
tions in Parkinson’s Disease. �e urinary 
concentration of the oxidative stress marker 
8-hydroxydeoxyguanosine was found to cor-
relate with the hallucination score (modality 
unspeci�ed) after controlling for MMSE 
score, age, duration and part 3 score. [12, 
Rank 4]

 Despite methodological di�erences, 
structural imaging studies of visual halluci-
nations have yielded a number of consistent 
�ndings. Several studies have reported atro-
phy in the visual cortex — broadly de�ned 
as extending into lateral and ventral occip-

itotemporal regions including the fusiform 
gyrus and visual parietal cortex (correspond-
ing to dorsal and ventral visual streams) — 
although this �nding is not universal. A 
study focusing on minor hallucinations 
found atrophy in the midbrain, cerebellar 
vermis and visual parietal cortex, as well as 
areas of increased cortical volume in the 
limbic cortex and the posterior lobe of the 
cerebellum, which might be linked to com-
pensatory mechanisms..

 �e distribution of atrophy described 
in the various studies is consistent with the 
pro�le of cognitive de�cits found in Parkin-
son’s Disease psychosis. At 30-month 
follow-up, patients who report visual hallu-
cinations at baseline have greater progression 
of cortical atrophy within limbic, frontal 
and thalamic regions, and are more likely to 
have developed dementia. �e greater rate of 
atrophy and hypothesized progression from 
hippocampal head involvement to di�use 
hippocampal atrophy in patients with visual 
hallucinations might account for the associa-
tion between visual hallucinations and poor 
cognitive outcome. [13, Rank 3]

 Few studies have investigated white 
matter changes in Parkinson’s Disease psy-
chosis. An early study found no di�erences 
with regard to a range of clinically de�ned 
white matter lesion indices in patients with 
and without visual hallucinations. A more 
recent volumetric study described decreased 

white matter volume in occipital and para-
hippocampal regions. Another study showed 
that the microstructural integrity of deep 
white matter, as measured by fractional ani-
sotropy, was a�ected in Parkinson’s Disease 
psychosis (de�ned as the presence of percep-
tual errors, hallucinations in any modality, 
or delusions). 

 Reduced dopamine transporter bind-
ing in the striatum in early Parkinson’s Dis-
ease is associated with an increased prospec-
tive risk of Parkinson’s Disease psychosis at 5 
years. It is unclear whether this binding 
reduction represents the underlying mecha-
nism of the psychosis spectrum or is an indi-
rect association, for example, re�ecting 
more-extensive neurodegenerative involve-

 �ere is a paucity of data on brain 
changes occurring in Parkinson’s Disease at 
the time of a hallucination. One functional 
MRI (fMRI) case study found a decrease in 
activity in visual areas coincident with 
visual hallucinations. �is decrease in 
occipital activity contrasts with evidence 
from eye disease, schizophrenia and induced 
visual hallucinations, which indicates that 
activity in visual areas increases at the time 
of visual hallucinations. �e Parkinson’s Dis-
ease case study also reported increased activity 
in the frontal lobe during the hallucinations. 
Frontal activations are not found in eye disease 
and schizophrenia during hallucinations. 

ment in Parkinson’s Disease psychosis.In a 
serotonergic imaging study [16, Rank 2]

 Studies in which visual stimulation 
was used to probe cerebral activity have 
reported decreased activation in the parietal 
lobe, lateral occipitotemporal cortex and 
occipital cortex in Parkinson’s Disease 
patients with a history of visual hallucina-
tions. [16, Rank 5]

 Parkinson disease (Parkinson’s Dis-
ease) is one of the most common age-related 
brain disorders. Parkinson’s Disease is 
de�ned primarily as a movement disorder, 
with the typical symptoms being resting 
tremor, rigidity, bradykinesia and postur-
al instability, and is pathologically charac-
terized by degeneration of nigrostriatal 
dopaminergic neurons and the presence of 
Lewy bodies in the surviving neurons.

  In addition to the de�ning dopa-
mine-related motor symptoms, Parkinson’s 
Disease is increasingly recognized as a heter-
ogeneous multisystem disorder involving 
other neurotransmitter systems, such as the 
serotonergic, noradrenergic and cholinergic 
circuits. �us, a wide variety of nonmotor 
symptoms (Nonmotor symptoms) linked 
with these neurotransmitters are commonly 
observed in patients with Parkinson’s Dis-

ease. In light of this variability, subtyping of 
Parkinson’s Disease has been proposed, 
including a system based on time of onset 
and ongoing rate of cognitive decline.

  Cognitive decline is among the most 
common and important Nonmotor symp-
toms, and in this article we review the cur-
rent status of knowledge regarding cognitive 
impairment in Parkinson’s Disease. Robust 
evidence indicates that in comparison with 
age-matched groups without Parkinson’s 
Disease, people with  exhibit more rapid 
decline in a number of cognitive domains — 
in particular, executive, attentional and visu-
ospatial domains, but also memory. �e full 
spectrum of cognitive abilities can be 
observed in Parkinson’s Disease, from 
normal cognition, through early mild sub-
jective and objective decline (mild cognitive 
impairment (MCI)), to mild, moderate and 
even severe Parkinson’s Disease dementia 
(Parkinson’s Disease). Studies convincingly 
demonstrated a much higher cumulative risk 
of dementia in people with Parkinson’s Dis-
ease than in the general population. System-
atic reviews showed that the point preva-
lence of dementia was 25–30%. Several 
long-term longitudinal studies have indicat-
ed that the majority of patients with Parkin-
son’s Disease will develop dementia if they 
survive for more than 10 years after diagno-
sis. On the basis of numerous, varied studies, 
we now know that dementia in Parkinson’s 

Disease has important adverse implications 
for functioning, quality of life, caregiver 
burden, and health-related costs.

 �e timing, pro�le and rate of cogni-
tive decline vary widely among individuals 
with Parkinson’s Disease. �erefore,  identi-
fying and predicting future cognitive decline 
in this population is crucial for researchers 
and clinicians alike. Identi�cation of clinical 
and biological markers that can predict 
which patients are at increased risk of early 
and rapid cognitive decline is important for 
communicating the prognosis and manag-
ing patients clinically. Established demo-
graphic and clinical risk factors include 
increasing age and more severe parkinson-
ism, in particular, non-tremor features. [44, 
Rank 4]
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Treatment Options for 
Parkinson’s disease Psychosis

Atypical Antipsychotics

 Neuropathological studies provide 
important insights into the distribution of 
Lewy body (DLB) pathology at di�erent 
stages of the Parkinson’s Disease psychosis 
spectrum. �e �rst study to report on this 
issue found signi�cantly higher Lewy body 
load in the amygdala and parahippocam-
pal gyrus in patients with visual halluci-
nations, half of whom met the clinico-
pathological criteria for Parkinson’s Dis-
ease and half of whom met the criteria for 
DLB. Subsequent studies have replicated 
the �nding of limbic pathology associated 
with visual hallucinations.  Increased pathol-
ogy also found in other regions, including 
the superior and lateral frontal cortex (Brod-
mann area), inferior and lateral temporal 
cortex, inferior parietal cortex, and cingulate 
cortex. Visual hallucinations are also linked 
to higher levels of amyloid and tau patholo-
gy in frontal, parietal and hippocampal 
areas. Only one study has investigated the 
occipital lobe in patients with visual halluci-
nations: Lewy body and tau pathologies 
were found to be absent, and amyloid 
burden was rated as mild.

 Unlike patients with Parkinson’s Dis-
ease psychosis who have dementia, those 
without dementia do not have cortical Lewy 
body involvement. An early study of Parkin-

son’s Disease patients with visual hallucina-
tions and MMSE scores >25 found 
increased Lewy body load in the basolateral 
nucleus of the amygdala, but only sparse 
Lewy bodies in the cortex and hippocampus. 
Consistent with the lack of cortical involve-
ment, a recent study has found no associa-
tion between Lewy body, tau or amyloid 
pathology in frontal, parietal and temporal 
regions and visual hallucinations after con-
trolling for dementia, but found strong asso-
ciations with dementia after controlling for 
visual hallucinations. Such �ndings suggest 
that the neuropathological changes underly-
ing visual hallucinations are distinct from 
those underlying dementia.

 Involvement of the cholinergic system 
in visual hallucinations is suggested by 
brainstem atrophy in the pedunculopontine 
nucleus and atrophy of the substantia 
innominata, which contains the nucleus 
basalis of Meynert. �e cause of the atrophy 
is unclear, as no association has been found 
between visual hallucinations and Lewy 
body, tau or amyloid load in the nucleus 
basalis of Meynert. [8, Rank 3]

 Patients with visual hallucinations 
exhibit abnormalities on a range of auto-
nomic tests, including the tilt-table test, 
the Valsalva manoeuvre. In addition, auto-
nomic dysfunction was found to be an inde-
pendent risk factor for hallucinations (all 
modalities included) in, a large-scale 5-year 

prospective study. �e same study also 
reported female sex as an independent risk 
factor. REM sleep behaviour disorder (REM 
Sleep behavior disorder) is also associated 
with visual hallucinations, although the 
association is weak. Proportions of patients 
with visual hallucinations who do and do 
not have REM Sleep behavior disorder are 
similar. Vivid dreams are associated with 
visual hallucinations after controlling for 

factors including Parkinson’s Disease dura-
tion, depression, anxiety and scores. Depres-
sion has been associated with hallucina-
tions in Parkinson’s Disease. �e urinary 
concentration of the oxidative stress marker 
8-hydroxydeoxyguanosine was found to cor-
relate with the hallucination score (modality 
unspeci�ed) after controlling for MMSE 
score, age, duration and part 3 score. [12, 
Rank 4]

 �ere is a paucity of data on brain 
changes occurring in Parkinson’s Disease at 
the time of a hallucination. One functional 
MRI (fMRI) case study found a decrease in 
activity in visual areas coincident with 
visual hallucinations. �is decrease in 
occipital activity contrasts with evidence 
from eye disease, schizophrenia and induced 
visual hallucinations, which indicates that 
activity in visual areas increases at the time 
of visual hallucinations. �e Parkinson’s Dis-
ease case study also reported increased activity 
in the frontal lobe during the hallucinations. 
Frontal activations are not found in eye disease 
and schizophrenia during hallucinations. 

 Studies in which visual stimulation 
was used to probe cerebral activity have 
reported decreased activation in the parietal 
lobe, lateral occipitotemporal cortex and 
occipital cortex in Parkinson’s Disease 
patients with a history of visual hallucina-
tions. [16, Rank 5]

 Evidence for the e�cacy of clozapine 
in Parkinson’s Disease psychosis sparked 
interest in the potential e�cacy of quetia-
pine, a structurally related compound. 
Although early studies suggested a bene�cial 
e�ect of quetiapine, several subsequent stud-
ies failed to replicate the �ndings in Parkin-
son’s Disease and across the spectrum of 
dementia with parkinsonian symptoms. 
Similarly, open-label studies suggested that 
olanzapine was e�cacious for Parkinson’s 
Disease psychosis, but placebo-controlled 
and comparative trials found a worsening of 
motor symptoms without signi�cant 
improvement of hallucinations. �e Move-
ment Disorder Society evidence-based med-
icine review of treatments for nonmotor 
symptoms concluded that there was insu�-
cient evidence on the e�cacy of quetiapine, 
and that olanzapine carried unacceptable 
risk.
 Despite the lack of an evidence base, 
atypical and typical antipsychotics contin-
ue to be used in clinical practice, but are 
associated with increased mortality in the 
context of clinical trials and a retrospec-
tive database analysis, which ranked halo-
peridol as carrying the highest risk, 
followed by olanzapine, risperidone and 

 Treatment of Parkinson’s Disease 
psychosis includes psychological therapies, 
dose reduction of Parkinson’s Disease med-
ication, and medication to treat psychosis 
symptoms. For patients without prominent 
cognitive impairment, clozapine and pima-
vanserin have the best evidence of e�cacy in 
Parkinson’s Disease psychosis. In patients 
with cognitive impairment and visual hallu-
cinations, rivastigmine was found to reduce 
the Neuropsychiatric Inventory score (pre-
dominantly the agitation component) in a 
secondary analysis.  Unpublished evidence 
suggests e�cacy of pimavanserin in Parkin-
son’s Disease psychosis with cognitive 
impairment. �e clozapine and pimavanser-
in trials have indicated a therapeutic e�ect 
speci�c to hallucinations as a whole but, to 
date, no studies have reported a speci�c 
e�ect on visual hallucinations. No treatment 
trials targeting minor symptoms have yet 
been reported. [23, Rank 4]

quetiapine. Such evidence cautions against 
the use of antipsychotics in Parkinson’s Dis-
ease, and highlights the need for further 
studies in this area, as well as the develop-
ment of new therapeutic approaches for Par-
kinson’s Disease psychosis. [25, Rank 2]

 Parkinson disease (Parkinson’s Dis-
ease) is one of the most common age-related 
brain disorders. Parkinson’s Disease is 
de�ned primarily as a movement disorder, 
with the typical symptoms being resting 
tremor, rigidity, bradykinesia and postur-
al instability, and is pathologically charac-
terized by degeneration of nigrostriatal 
dopaminergic neurons and the presence of 
Lewy bodies in the surviving neurons.

  In addition to the de�ning dopa-
mine-related motor symptoms, Parkinson’s 
Disease is increasingly recognized as a heter-
ogeneous multisystem disorder involving 
other neurotransmitter systems, such as the 
serotonergic, noradrenergic and cholinergic 
circuits. �us, a wide variety of nonmotor 
symptoms (Nonmotor symptoms) linked 
with these neurotransmitters are commonly 
observed in patients with Parkinson’s Dis-

ease. In light of this variability, subtyping of 
Parkinson’s Disease has been proposed, 
including a system based on time of onset 
and ongoing rate of cognitive decline.

  Cognitive decline is among the most 
common and important Nonmotor symp-
toms, and in this article we review the cur-
rent status of knowledge regarding cognitive 
impairment in Parkinson’s Disease. Robust 
evidence indicates that in comparison with 
age-matched groups without Parkinson’s 
Disease, people with  exhibit more rapid 
decline in a number of cognitive domains — 
in particular, executive, attentional and visu-
ospatial domains, but also memory. �e full 
spectrum of cognitive abilities can be 
observed in Parkinson’s Disease, from 
normal cognition, through early mild sub-
jective and objective decline (mild cognitive 
impairment (MCI)), to mild, moderate and 
even severe Parkinson’s Disease dementia 
(Parkinson’s Disease). Studies convincingly 
demonstrated a much higher cumulative risk 
of dementia in people with Parkinson’s Dis-
ease than in the general population. System-
atic reviews showed that the point preva-
lence of dementia was 25–30%. Several 
long-term longitudinal studies have indicat-
ed that the majority of patients with Parkin-
son’s Disease will develop dementia if they 
survive for more than 10 years after diagno-
sis. On the basis of numerous, varied studies, 
we now know that dementia in Parkinson’s 

Disease has important adverse implications 
for functioning, quality of life, caregiver 
burden, and health-related costs.

 �e timing, pro�le and rate of cogni-
tive decline vary widely among individuals 
with Parkinson’s Disease. �erefore,  identi-
fying and predicting future cognitive decline 
in this population is crucial for researchers 
and clinicians alike. Identi�cation of clinical 
and biological markers that can predict 
which patients are at increased risk of early 
and rapid cognitive decline is important for 
communicating the prognosis and manag-
ing patients clinically. Established demo-
graphic and clinical risk factors include 
increasing age and more severe parkinson-
ism, in particular, non-tremor features. [44, 
Rank 4]
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Pimavanserin

Exploratory and con�rmato-

ry cluster analysis of a large 

Parkinson’s Disease data set 

revealed associations 

between non-tremor-domi-

nant Parkinson’s Disease and 

psychopathology, including 

hallucinations and cognitive 

impairment

Apomorphine

 Neuropathological studies provide 
important insights into the distribution of 
Lewy body (DLB) pathology at di�erent 
stages of the Parkinson’s Disease psychosis 
spectrum. �e �rst study to report on this 
issue found signi�cantly higher Lewy body 
load in the amygdala and parahippocam-
pal gyrus in patients with visual halluci-
nations, half of whom met the clinico-
pathological criteria for Parkinson’s Dis-
ease and half of whom met the criteria for 
DLB. Subsequent studies have replicated 
the �nding of limbic pathology associated 
with visual hallucinations.  Increased pathol-
ogy also found in other regions, including 
the superior and lateral frontal cortex (Brod-
mann area), inferior and lateral temporal 
cortex, inferior parietal cortex, and cingulate 
cortex. Visual hallucinations are also linked 
to higher levels of amyloid and tau patholo-
gy in frontal, parietal and hippocampal 
areas. Only one study has investigated the 
occipital lobe in patients with visual halluci-
nations: Lewy body and tau pathologies 
were found to be absent, and amyloid 
burden was rated as mild.

 Unlike patients with Parkinson’s Dis-
ease psychosis who have dementia, those 
without dementia do not have cortical Lewy 
body involvement. An early study of Parkin-

son’s Disease patients with visual hallucina-
tions and MMSE scores >25 found 
increased Lewy body load in the basolateral 
nucleus of the amygdala, but only sparse 
Lewy bodies in the cortex and hippocampus. 
Consistent with the lack of cortical involve-
ment, a recent study has found no associa-
tion between Lewy body, tau or amyloid 
pathology in frontal, parietal and temporal 
regions and visual hallucinations after con-
trolling for dementia, but found strong asso-
ciations with dementia after controlling for 
visual hallucinations. Such �ndings suggest 
that the neuropathological changes underly-
ing visual hallucinations are distinct from 
those underlying dementia.

 Involvement of the cholinergic system 
in visual hallucinations is suggested by 
brainstem atrophy in the pedunculopontine 
nucleus and atrophy of the substantia 
innominata, which contains the nucleus 
basalis of Meynert. �e cause of the atrophy 
is unclear, as no association has been found 
between visual hallucinations and Lewy 
body, tau or amyloid load in the nucleus 
basalis of Meynert. [8, Rank 3]

 Patients with visual hallucinations 
exhibit abnormalities on a range of auto-
nomic tests, including the tilt-table test, 
the Valsalva manoeuvre. In addition, auto-
nomic dysfunction was found to be an inde-
pendent risk factor for hallucinations (all 
modalities included) in, a large-scale 5-year 

prospective study. �e same study also 
reported female sex as an independent risk 
factor. REM sleep behaviour disorder (REM 
Sleep behavior disorder) is also associated 
with visual hallucinations, although the 
association is weak. Proportions of patients 
with visual hallucinations who do and do 
not have REM Sleep behavior disorder are 
similar. Vivid dreams are associated with 
visual hallucinations after controlling for 

factors including Parkinson’s Disease dura-
tion, depression, anxiety and scores. Depres-
sion has been associated with hallucina-
tions in Parkinson’s Disease. �e urinary 
concentration of the oxidative stress marker 
8-hydroxydeoxyguanosine was found to cor-
relate with the hallucination score (modality 
unspeci�ed) after controlling for MMSE 
score, age, duration and part 3 score. [12, 
Rank 4]

 Evidence for the e�cacy of clozapine 
in Parkinson’s Disease psychosis sparked 
interest in the potential e�cacy of quetia-
pine, a structurally related compound. 
Although early studies suggested a bene�cial 
e�ect of quetiapine, several subsequent stud-
ies failed to replicate the �ndings in Parkin-
son’s Disease and across the spectrum of 
dementia with parkinsonian symptoms. 
Similarly, open-label studies suggested that 
olanzapine was e�cacious for Parkinson’s 
Disease psychosis, but placebo-controlled 
and comparative trials found a worsening of 
motor symptoms without signi�cant 
improvement of hallucinations. �e Move-
ment Disorder Society evidence-based med-
icine review of treatments for nonmotor 
symptoms concluded that there was insu�-
cient evidence on the e�cacy of quetiapine, 
and that olanzapine carried unacceptable 
risk.
 Despite the lack of an evidence base, 
atypical and typical antipsychotics contin-
ue to be used in clinical practice, but are 
associated with increased mortality in the 
context of clinical trials and a retrospec-
tive database analysis, which ranked halo-
peridol as carrying the highest risk, 
followed by olanzapine, risperidone and 

quetiapine. Such evidence cautions against 
the use of antipsychotics in Parkinson’s Dis-
ease, and highlights the need for further 
studies in this area, as well as the develop-
ment of new therapeutic approaches for Par-
kinson’s Disease psychosis. [25, Rank 2]

 A large double-blind, placebo-con-
trolled study of pimavanserin found a 
signi�cant improvement on the brain, with 
greater improvement in a subgroup with 
more-pronounced cognitive impairment. In 
an earlier study, a global measure of halluci-
nations assessed as a secondary end point 
improved in patients treated with pimavan-
serin, but the reduction in visual hallucina-
tions was not signi�cant when considered 

 Unlike other dopamine agonists, this 
drug exerts intrinsic antagonist e�ects at the 
5-HT2A receptor and agonist a�ects at both 
D1-like and D2-like receptors. �is unique 
pro�le might account for case report and 
open-label study evidence that apomorphine 
does not exacerbate psychosis symptoms 
and, in some studies, may ameliorate these 
symptoms or improve visual contrast sensi-
tivity. �e mode of apomorphine adminis-
tration may in�uence its impact on psychot-
ic symptoms. An open-label study found 
improvements in perceptual and hallucina-
tion symptoms in patients treated with 
either apomorphine or intrajejunal levodo-
pa. �e e�ect size for apomorphine was 
larger than for intrajejunal levodopa, 
although the di�erence was not signi�cant. 
Apomophine might have a place in the treat-
ment of Parkinson’s Disease psychosis; how-
ever, a better evidence base is needed to 
guide future recommendations. [33, Rank 3]

separately. Pimavanserin received FDA 
approval for the treatment of Parkinson’s 
Disease psychosis. Its adverse event pro�le 
to date suggests advantages over other 
anti-psychotics in terms of risk of stroke, 
falls, fatigue, blood dyscrasia, neuroleptic 
malignant syndrome, orthostatic hypoten-
sion, and worsening of motor symptoms. 
[29, Rank 3]

 Parkinson disease (Parkinson’s Dis-
ease) is one of the most common age-related 
brain disorders. Parkinson’s Disease is 
de�ned primarily as a movement disorder, 
with the typical symptoms being resting 
tremor, rigidity, bradykinesia and postur-
al instability, and is pathologically charac-
terized by degeneration of nigrostriatal 
dopaminergic neurons and the presence of 
Lewy bodies in the surviving neurons.

  In addition to the de�ning dopa-
mine-related motor symptoms, Parkinson’s 
Disease is increasingly recognized as a heter-
ogeneous multisystem disorder involving 
other neurotransmitter systems, such as the 
serotonergic, noradrenergic and cholinergic 
circuits. �us, a wide variety of nonmotor 
symptoms (Nonmotor symptoms) linked 
with these neurotransmitters are commonly 
observed in patients with Parkinson’s Dis-

ease. In light of this variability, subtyping of 
Parkinson’s Disease has been proposed, 
including a system based on time of onset 
and ongoing rate of cognitive decline.

  Cognitive decline is among the most 
common and important Nonmotor symp-
toms, and in this article we review the cur-
rent status of knowledge regarding cognitive 
impairment in Parkinson’s Disease. Robust 
evidence indicates that in comparison with 
age-matched groups without Parkinson’s 
Disease, people with  exhibit more rapid 
decline in a number of cognitive domains — 
in particular, executive, attentional and visu-
ospatial domains, but also memory. �e full 
spectrum of cognitive abilities can be 
observed in Parkinson’s Disease, from 
normal cognition, through early mild sub-
jective and objective decline (mild cognitive 
impairment (MCI)), to mild, moderate and 
even severe Parkinson’s Disease dementia 
(Parkinson’s Disease). Studies convincingly 
demonstrated a much higher cumulative risk 
of dementia in people with Parkinson’s Dis-
ease than in the general population. System-
atic reviews showed that the point preva-
lence of dementia was 25–30%. Several 
long-term longitudinal studies have indicat-
ed that the majority of patients with Parkin-
son’s Disease will develop dementia if they 
survive for more than 10 years after diagno-
sis. On the basis of numerous, varied studies, 
we now know that dementia in Parkinson’s 

Disease has important adverse implications 
for functioning, quality of life, caregiver 
burden, and health-related costs.

 �e timing, pro�le and rate of cogni-
tive decline vary widely among individuals 
with Parkinson’s Disease. �erefore,  identi-
fying and predicting future cognitive decline 
in this population is crucial for researchers 
and clinicians alike. Identi�cation of clinical 
and biological markers that can predict 
which patients are at increased risk of early 
and rapid cognitive decline is important for 
communicating the prognosis and manag-
ing patients clinically. Established demo-
graphic and clinical risk factors include 
increasing age and more severe parkinson-
ism, in particular, non-tremor features. [44, 
Rank 4]
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Cognitive Decline in 
Parkinson’s disease

As Parkinson’s Disease 

progresses, hallucinations in 

non-visual (auditory, tactile and 

olfactory) modalities occur along-

side visual hallucinations.

Figure 9: Typical symptoms of Parkinson’s disease

Electroconvulsive therapy

Systemic illness

 Neuropathological studies provide 
important insights into the distribution of 
Lewy body (DLB) pathology at di�erent 
stages of the Parkinson’s Disease psychosis 
spectrum. �e �rst study to report on this 
issue found signi�cantly higher Lewy body 
load in the amygdala and parahippocam-
pal gyrus in patients with visual halluci-
nations, half of whom met the clinico-
pathological criteria for Parkinson’s Dis-
ease and half of whom met the criteria for 
DLB. Subsequent studies have replicated 
the �nding of limbic pathology associated 
with visual hallucinations.  Increased pathol-
ogy also found in other regions, including 
the superior and lateral frontal cortex (Brod-
mann area), inferior and lateral temporal 
cortex, inferior parietal cortex, and cingulate 
cortex. Visual hallucinations are also linked 
to higher levels of amyloid and tau patholo-
gy in frontal, parietal and hippocampal 
areas. Only one study has investigated the 
occipital lobe in patients with visual halluci-
nations: Lewy body and tau pathologies 
were found to be absent, and amyloid 
burden was rated as mild.

 Unlike patients with Parkinson’s Dis-
ease psychosis who have dementia, those 
without dementia do not have cortical Lewy 
body involvement. An early study of Parkin-

son’s Disease patients with visual hallucina-
tions and MMSE scores >25 found 
increased Lewy body load in the basolateral 
nucleus of the amygdala, but only sparse 
Lewy bodies in the cortex and hippocampus. 
Consistent with the lack of cortical involve-
ment, a recent study has found no associa-
tion between Lewy body, tau or amyloid 
pathology in frontal, parietal and temporal 
regions and visual hallucinations after con-
trolling for dementia, but found strong asso-
ciations with dementia after controlling for 
visual hallucinations. Such �ndings suggest 
that the neuropathological changes underly-
ing visual hallucinations are distinct from 
those underlying dementia.

 Involvement of the cholinergic system 
in visual hallucinations is suggested by 
brainstem atrophy in the pedunculopontine 
nucleus and atrophy of the substantia 
innominata, which contains the nucleus 
basalis of Meynert. �e cause of the atrophy 
is unclear, as no association has been found 
between visual hallucinations and Lewy 
body, tau or amyloid load in the nucleus 
basalis of Meynert. [8, Rank 3]

 Patients with visual hallucinations 
exhibit abnormalities on a range of auto-
nomic tests, including the tilt-table test, 
the Valsalva manoeuvre. In addition, auto-
nomic dysfunction was found to be an inde-
pendent risk factor for hallucinations (all 
modalities included) in, a large-scale 5-year 

prospective study. �e same study also 
reported female sex as an independent risk 
factor. REM sleep behaviour disorder (REM 
Sleep behavior disorder) is also associated 
with visual hallucinations, although the 
association is weak. Proportions of patients 
with visual hallucinations who do and do 
not have REM Sleep behavior disorder are 
similar. Vivid dreams are associated with 
visual hallucinations after controlling for 

factors including Parkinson’s Disease dura-
tion, depression, anxiety and scores. Depres-
sion has been associated with hallucina-
tions in Parkinson’s Disease. �e urinary 
concentration of the oxidative stress marker 
8-hydroxydeoxyguanosine was found to cor-
relate with the hallucination score (modality 
unspeci�ed) after controlling for MMSE 
score, age, duration and part 3 score. [12, 
Rank 4]

 No sham-controlled studies of elec-
troconvulsive therapy (ECT) for Parkinson’s 
Disease psychosis have been undertaken, but 
two case series have reported improvements 
in Parkinson’s Disease psychosis spectrum 
symptoms. In one study, Brief Psychiatric 
Rating Scale scores improved after �ve to 12 
ECT sessions, and the e�ects persisted for 
5–30 weeks. [36, Rank 2]

 Psychosis is part of a range of acute 
events in Parkinson’s Disease, and is often 
seen in hospitalized patients with systemic 
infection, dopamine agonist withdrawal syn-
drome or parkinsonism– hyperpyrexia syn-
drome, as well as in postsurgical states. Man-
agement of the underlying precipitant, along 
with rehydration, cautious use of antipsy-
chotic agents and — in suitable cases — 
gentle introduction of low-dose dopamine 
agonists, may be required. [41, Rank 3]

 Parkinson disease (Parkinson’s Dis-
ease) is one of the most common age-related 
brain disorders. Parkinson’s Disease is 
de�ned primarily as a movement disorder, 
with the typical symptoms being resting 
tremor, rigidity, bradykinesia and postur-
al instability, and is pathologically charac-
terized by degeneration of nigrostriatal 
dopaminergic neurons and the presence of 
Lewy bodies in the surviving neurons.

  In addition to the de�ning dopa-
mine-related motor symptoms, Parkinson’s 
Disease is increasingly recognized as a heter-
ogeneous multisystem disorder involving 
other neurotransmitter systems, such as the 
serotonergic, noradrenergic and cholinergic 
circuits. �us, a wide variety of nonmotor 
symptoms (Nonmotor symptoms) linked 
with these neurotransmitters are commonly 
observed in patients with Parkinson’s Dis-

ease. In light of this variability, subtyping of 
Parkinson’s Disease has been proposed, 
including a system based on time of onset 
and ongoing rate of cognitive decline.

  Cognitive decline is among the most 
common and important Nonmotor symp-
toms, and in this article we review the cur-
rent status of knowledge regarding cognitive 
impairment in Parkinson’s Disease. Robust 
evidence indicates that in comparison with 
age-matched groups without Parkinson’s 
Disease, people with  exhibit more rapid 
decline in a number of cognitive domains — 
in particular, executive, attentional and visu-
ospatial domains, but also memory. �e full 
spectrum of cognitive abilities can be 
observed in Parkinson’s Disease, from 
normal cognition, through early mild sub-
jective and objective decline (mild cognitive 
impairment (MCI)), to mild, moderate and 
even severe Parkinson’s Disease dementia 
(Parkinson’s Disease). Studies convincingly 
demonstrated a much higher cumulative risk 
of dementia in people with Parkinson’s Dis-
ease than in the general population. System-
atic reviews showed that the point preva-
lence of dementia was 25–30%. Several 
long-term longitudinal studies have indicat-
ed that the majority of patients with Parkin-
son’s Disease will develop dementia if they 
survive for more than 10 years after diagno-
sis. On the basis of numerous, varied studies, 
we now know that dementia in Parkinson’s 

Disease has important adverse implications 
for functioning, quality of life, caregiver 
burden, and health-related costs.

 �e timing, pro�le and rate of cogni-
tive decline vary widely among individuals 
with Parkinson’s Disease. �erefore,  identi-
fying and predicting future cognitive decline 
in this population is crucial for researchers 
and clinicians alike. Identi�cation of clinical 
and biological markers that can predict 
which patients are at increased risk of early 
and rapid cognitive decline is important for 
communicating the prognosis and manag-
ing patients clinically. Established demo-
graphic and clinical risk factors include 
increasing age and more severe parkinson-
ism, in particular, non-tremor features. [44, 
Rank 4]
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Clinical Challenges in 
Parkinson’s disease

 Parkinson disease (Parkinson’s Dis-
ease) is one of the most common age-related 
brain disorders. Parkinson’s Disease is 
de�ned primarily as a movement disorder, 
with the typical symptoms being resting 
tremor, rigidity, bradykinesia and postur-
al instability, and is pathologically charac-
terized by degeneration of nigrostriatal 
dopaminergic neurons and the presence of 
Lewy bodies in the surviving neurons.

  In addition to the de�ning dopa-
mine-related motor symptoms, Parkinson’s 
Disease is increasingly recognized as a heter-
ogeneous multisystem disorder involving 
other neurotransmitter systems, such as the 
serotonergic, noradrenergic and cholinergic 
circuits. �us, a wide variety of nonmotor 
symptoms (Nonmotor symptoms) linked 
with these neurotransmitters are commonly 
observed in patients with Parkinson’s Dis-

ease. In light of this variability, subtyping of 
Parkinson’s Disease has been proposed, 
including a system based on time of onset 
and ongoing rate of cognitive decline.

  Cognitive decline is among the most 
common and important Nonmotor symp-
toms, and in this article we review the cur-
rent status of knowledge regarding cognitive 
impairment in Parkinson’s Disease. Robust 
evidence indicates that in comparison with 
age-matched groups without Parkinson’s 
Disease, people with  exhibit more rapid 
decline in a number of cognitive domains — 
in particular, executive, attentional and visu-
ospatial domains, but also memory. �e full 
spectrum of cognitive abilities can be 
observed in Parkinson’s Disease, from 
normal cognition, through early mild sub-
jective and objective decline (mild cognitive 
impairment (MCI)), to mild, moderate and 
even severe Parkinson’s Disease dementia 
(Parkinson’s Disease). Studies convincingly 
demonstrated a much higher cumulative risk 
of dementia in people with Parkinson’s Dis-
ease than in the general population. System-
atic reviews showed that the point preva-
lence of dementia was 25–30%. Several 
long-term longitudinal studies have indicat-
ed that the majority of patients with Parkin-
son’s Disease will develop dementia if they 
survive for more than 10 years after diagno-
sis. On the basis of numerous, varied studies, 
we now know that dementia in Parkinson’s 

Disease has important adverse implications 
for functioning, quality of life, caregiver 
burden, and health-related costs.

 �e timing, pro�le and rate of cogni-
tive decline vary widely among individuals 
with Parkinson’s Disease. �erefore,  identi-
fying and predicting future cognitive decline 
in this population is crucial for researchers 
and clinicians alike. Identi�cation of clinical 
and biological markers that can predict 
which patients are at increased risk of early 
and rapid cognitive decline is important for 
communicating the prognosis and manag-
ing patients clinically. Established demo-
graphic and clinical risk factors include 
increasing age and more severe parkinson-
ism, in particular, non-tremor features. [44, 
Rank 4]

 Cognitive decline in Parkinson’s 
Disease is a continuous process a�ecting 
nearly all patients over time. A clinical 
challenge is the distinction between Par-
kinson’s Disease with Dementia (PDD) 
and dementia with Lewy bodies (DLB), 
owing to their clinical and pathological 
overlap. �e ‘1-year rule’, in which PDD 
is de�ned as dementia that occurs at least 
1 year after onset of Parkinson’s Disease 
motor symptoms, whereas dementia 
occurring before, simultaneously with, or 

within the �rst year of onset of parkinson-
ism is classi�ed as DLB.  A substantial 
proportion of patients lie within the grey 
zone, and categorization is usually per-
formed retrospectively. In addition, pro-
dromal Parkinson’s Disease and DLB 
symptoms overlap; for example, REM 
sleep behaviour disorder (REM Sleep 
behavior disorder) can evolve into either 
Parkinson’s Disease or DLB. 

 Recent evidence indicates that cog-

nitive impairment can be present in pro-
dromal Parkinson’s Disease, further blur-
ring the distinction between Parkinson’s 
Disease and DLB. �e recently revised 
clinical diagnostic criteria for Parkinson’s 
Disease propose that Parkinson’s Disease 
can be diagnosed regardless of when 
dementia occurs in relation to parkinson-
ism onset.  In cases where parkinsonism 
subsequently develops in a patient with 
dementia, the diagnosis ‘Parkinson’s Dis-
ease (DLB subtype)’ is recommended. �e 
relationship between Parkinson’s Disease 
and DLB requires further exploration. For 
example, recent �ndings indicate several 
nonmotor subtypes of Parkinson’s Disease, 
including cognitive and non-cognitive 
forms, which can occur in early untreated 
motor disease in late-onset Parkinson’s 
Disease and in early-onset Parkinson’s Dis-
ease [55, Rank 5]
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Mechanisms of 
Cognitive Decline

Visual hallucinations and dementia risk

 Parkinson disease (Parkinson’s Dis-
ease) is one of the most common age-related 
brain disorders. Parkinson’s Disease is 
de�ned primarily as a movement disorder, 
with the typical symptoms being resting 
tremor, rigidity, bradykinesia and postur-
al instability, and is pathologically charac-
terized by degeneration of nigrostriatal 
dopaminergic neurons and the presence of 
Lewy bodies in the surviving neurons.

  In addition to the de�ning dopa-
mine-related motor symptoms, Parkinson’s 
Disease is increasingly recognized as a heter-
ogeneous multisystem disorder involving 
other neurotransmitter systems, such as the 
serotonergic, noradrenergic and cholinergic 
circuits. �us, a wide variety of nonmotor 
symptoms (Nonmotor symptoms) linked 
with these neurotransmitters are commonly 
observed in patients with Parkinson’s Dis-

ease. In light of this variability, subtyping of 
Parkinson’s Disease has been proposed, 
including a system based on time of onset 
and ongoing rate of cognitive decline.

  Cognitive decline is among the most 
common and important Nonmotor symp-
toms, and in this article we review the cur-
rent status of knowledge regarding cognitive 
impairment in Parkinson’s Disease. Robust 
evidence indicates that in comparison with 
age-matched groups without Parkinson’s 
Disease, people with  exhibit more rapid 
decline in a number of cognitive domains — 
in particular, executive, attentional and visu-
ospatial domains, but also memory. �e full 
spectrum of cognitive abilities can be 
observed in Parkinson’s Disease, from 
normal cognition, through early mild sub-
jective and objective decline (mild cognitive 
impairment (MCI)), to mild, moderate and 
even severe Parkinson’s Disease dementia 
(Parkinson’s Disease). Studies convincingly 
demonstrated a much higher cumulative risk 
of dementia in people with Parkinson’s Dis-
ease than in the general population. System-
atic reviews showed that the point preva-
lence of dementia was 25–30%. Several 
long-term longitudinal studies have indicat-
ed that the majority of patients with Parkin-
son’s Disease will develop dementia if they 
survive for more than 10 years after diagno-
sis. On the basis of numerous, varied studies, 
we now know that dementia in Parkinson’s 

Disease has important adverse implications 
for functioning, quality of life, caregiver 
burden, and health-related costs.

 �e timing, pro�le and rate of cogni-
tive decline vary widely among individuals 
with Parkinson’s Disease. �erefore,  identi-
fying and predicting future cognitive decline 
in this population is crucial for researchers 
and clinicians alike. Identi�cation of clinical 
and biological markers that can predict 
which patients are at increased risk of early 
and rapid cognitive decline is important for 
communicating the prognosis and manag-
ing patients clinically. Established demo-
graphic and clinical risk factors include 
increasing age and more severe parkinson-
ism, in particular, non-tremor features. [44, 
Rank 4]

 Cognitive decline in Parkinson’s 
Disease is a continuous process a�ecting 
nearly all patients over time. A clinical 
challenge is the distinction between Par-
kinson’s Disease with Dementia (PDD) 
and dementia with Lewy bodies (DLB), 
owing to their clinical and pathological 
overlap. �e ‘1-year rule’, in which PDD 
is de�ned as dementia that occurs at least 
1 year after onset of Parkinson’s Disease 
motor symptoms, whereas dementia 
occurring before, simultaneously with, or 

within the �rst year of onset of parkinson-
ism is classi�ed as DLB.  A substantial 
proportion of patients lie within the grey 
zone, and categorization is usually per-
formed retrospectively. In addition, pro-
dromal Parkinson’s Disease and DLB 
symptoms overlap; for example, REM 
sleep behaviour disorder (REM Sleep 
behavior disorder) can evolve into either 
Parkinson’s Disease or DLB. 

 Recent evidence indicates that cog-

nitive impairment can be present in pro-
dromal Parkinson’s Disease, further blur-
ring the distinction between Parkinson’s 
Disease and DLB. �e recently revised 
clinical diagnostic criteria for Parkinson’s 
Disease propose that Parkinson’s Disease 
can be diagnosed regardless of when 
dementia occurs in relation to parkinson-
ism onset.  In cases where parkinsonism 
subsequently develops in a patient with 
dementia, the diagnosis ‘Parkinson’s Dis-
ease (DLB subtype)’ is recommended. �e 
relationship between Parkinson’s Disease 
and DLB requires further exploration. For 
example, recent �ndings indicate several 
nonmotor subtypes of Parkinson’s Disease, 
including cognitive and non-cognitive 
forms, which can occur in early untreated 
motor disease in late-onset Parkinson’s 
Disease and in early-onset Parkinson’s Dis-
ease [55, Rank 5]

 Several longitudinal studies have iden-
ti�ed visual hallucinations and illusions as 
risk factors for cognitive decline and demen-
tia in Parkinson’s Disease, with the time 
frame depending on the study design. In one 
study, a history of visual hallucinations at 
baseline was found to increase the risk of 
dementia at 8 years, and another group 
found that baseline visual hallucinations or 
illusions increased the risk of dementia at 
4–5 years. �e association between visual 
hallucinations and dementia that has been 
observed in prospective studies might re�ect 
progression of cognitive dysfunction, which 
seems to be present before or coincident 
with hallucination onset. [51, Rank 4]

 A variety of mechanisms, in addition 
to the classic nigrostriatal α-synuclein mis-
folding and dopaminergic neuronal loss, 
contribute to the brain changes associated 
with Parkinson’s Disease. Parkinson’s Disease 
is now recognized to involve multisystem, 
multipeptide neurodegeneration, with 
non-dopaminergic degeneration having a 
crucial role.

 Compared with the motor symptoms, 
little is known about the mechanisms under-
lying cognitive decline in Parkinson’s Dis-

ease. Information on the mechanisms 
underlying cognitive decline in Parkinson’s 
Disease has come from a variety of sources. 
In addition to post-mortem studies, in vivo 
studies, including clinicopathological stud-
ies and biomarker studies involving electro-
physiological, imaging, electrophysiology 
and bio�uid analyses, and genetic studies, 
have all contributed to an increased 
understanding. [34, Rank 4]
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Figure 10: Parkinson’s symptoms based on the a�ected area

Synaptic pathology and cognition

Neurotransmitters

 Parkinson disease (Parkinson’s Dis-
ease) is one of the most common age-related 
brain disorders. Parkinson’s Disease is 
de�ned primarily as a movement disorder, 
with the typical symptoms being resting 
tremor, rigidity, bradykinesia and postur-
al instability, and is pathologically charac-
terized by degeneration of nigrostriatal 
dopaminergic neurons and the presence of 
Lewy bodies in the surviving neurons.

  In addition to the de�ning dopa-
mine-related motor symptoms, Parkinson’s 
Disease is increasingly recognized as a heter-
ogeneous multisystem disorder involving 
other neurotransmitter systems, such as the 
serotonergic, noradrenergic and cholinergic 
circuits. �us, a wide variety of nonmotor 
symptoms (Nonmotor symptoms) linked 
with these neurotransmitters are commonly 
observed in patients with Parkinson’s Dis-

ease. In light of this variability, subtyping of 
Parkinson’s Disease has been proposed, 
including a system based on time of onset 
and ongoing rate of cognitive decline.

  Cognitive decline is among the most 
common and important Nonmotor symp-
toms, and in this article we review the cur-
rent status of knowledge regarding cognitive 
impairment in Parkinson’s Disease. Robust 
evidence indicates that in comparison with 
age-matched groups without Parkinson’s 
Disease, people with  exhibit more rapid 
decline in a number of cognitive domains — 
in particular, executive, attentional and visu-
ospatial domains, but also memory. �e full 
spectrum of cognitive abilities can be 
observed in Parkinson’s Disease, from 
normal cognition, through early mild sub-
jective and objective decline (mild cognitive 
impairment (MCI)), to mild, moderate and 
even severe Parkinson’s Disease dementia 
(Parkinson’s Disease). Studies convincingly 
demonstrated a much higher cumulative risk 
of dementia in people with Parkinson’s Dis-
ease than in the general population. System-
atic reviews showed that the point preva-
lence of dementia was 25–30%. Several 
long-term longitudinal studies have indicat-
ed that the majority of patients with Parkin-
son’s Disease will develop dementia if they 
survive for more than 10 years after diagno-
sis. On the basis of numerous, varied studies, 
we now know that dementia in Parkinson’s 

Disease has important adverse implications 
for functioning, quality of life, caregiver 
burden, and health-related costs.

 �e timing, pro�le and rate of cogni-
tive decline vary widely among individuals 
with Parkinson’s Disease. �erefore,  identi-
fying and predicting future cognitive decline 
in this population is crucial for researchers 
and clinicians alike. Identi�cation of clinical 
and biological markers that can predict 
which patients are at increased risk of early 
and rapid cognitive decline is important for 
communicating the prognosis and manag-
ing patients clinically. Established demo-
graphic and clinical risk factors include 
increasing age and more severe parkinson-
ism, in particular, non-tremor features. [44, 
Rank 4]

 A variety of mechanisms, in addition 
to the classic nigrostriatal α-synuclein mis-
folding and dopaminergic neuronal loss, 
contribute to the brain changes associated 
with Parkinson’s Disease. Parkinson’s Disease 
is now recognized to involve multisystem, 
multipeptide neurodegeneration, with 
non-dopaminergic degeneration having a 
crucial role.

 Compared with the motor symptoms, 
little is known about the mechanisms under-
lying cognitive decline in Parkinson’s Dis-

 �e structural pathologies described 
above are relevant, but only partially explain 
the variance in cognitive decline in patients 
with Parkinson’s Disease. A better under-
standing of the disease substrate is needed 
for targeted drug discovery and to enable 
better monitoring of disease progression. 
Changes in synaptic function followed by 
synaptic loss are likely to be early and key 
events in neurodegenerative diseases. In 

ease. Information on the mechanisms 
underlying cognitive decline in Parkinson’s 
Disease has come from a variety of sources. 
In addition to post-mortem studies, in vivo 
studies, including clinicopathological stud-
ies and biomarker studies involving electro-
physiological, imaging, electrophysiology 
and bio�uid analyses, and genetic studies, 
have all contributed to an increased 
understanding. [34, Rank 4]

Alzheimer’s dimentia, loss of synapses was 
found to be more robustly correlated with 
cognitive decline than was morphological 
pathology [39, Rank 5].

 Convincing evidence is available that 
mesolimbic and mesocortical dopaminergic 
activity is associated with cognitive function-
ing. �e association between dopaminergic 
drugs and cognition is complex, however, 
and antiparkinson drugs can improve, 
worsen or have no in�uence on cognition. 
For example, good evidence from postmor-
tem and imaging studies indicates that the 
cholinergic system is a�ected relatively early 
in Parkinson’s Disease and contributes to the 
cognitive decline. Interestingly, Lewy body 
and amyloid plaque pathologies were associ-
ated with earlier onset of dementia. Cholin-
ergic de�cits were more pronounced in indi-
viduals with dementia occurring later in the 
disease course. �ese observations provide a 
rationale for the positive e�ects of cholinest-
erase inhibitors in Parkinson’s Disease, and 
worsening cognition associated with the use 
of medications with anticholinergic activity. 
[43, Rank 4]

 Striatal GABAergic neurons express 
adenosine A2A receptors, which have 
become a drug target to improve motor 
functioning in Parkinson’s Disease. �ese 

receptors are also located in the thalamus 
and neocortex, and some evidence indicates 
that increased receptor activity is associated 
with worsening cognition. Adenosine A2A 
antagonists may increase dopamine activity 
in the prefrontal cortex, and preliminary 
evidence suggests that they can improve cog-
nition — in particular, working memory — 
in Parkinson’s Disease.
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Mitochondrial activity

In�ammation and neurotrophic factors

 Parkinson disease (Parkinson’s Dis-
ease) is one of the most common age-related 
brain disorders. Parkinson’s Disease is 
de�ned primarily as a movement disorder, 
with the typical symptoms being resting 
tremor, rigidity, bradykinesia and postur-
al instability, and is pathologically charac-
terized by degeneration of nigrostriatal 
dopaminergic neurons and the presence of 
Lewy bodies in the surviving neurons.

  In addition to the de�ning dopa-
mine-related motor symptoms, Parkinson’s 
Disease is increasingly recognized as a heter-
ogeneous multisystem disorder involving 
other neurotransmitter systems, such as the 
serotonergic, noradrenergic and cholinergic 
circuits. �us, a wide variety of nonmotor 
symptoms (Nonmotor symptoms) linked 
with these neurotransmitters are commonly 
observed in patients with Parkinson’s Dis-

ease. In light of this variability, subtyping of 
Parkinson’s Disease has been proposed, 
including a system based on time of onset 
and ongoing rate of cognitive decline.

  Cognitive decline is among the most 
common and important Nonmotor symp-
toms, and in this article we review the cur-
rent status of knowledge regarding cognitive 
impairment in Parkinson’s Disease. Robust 
evidence indicates that in comparison with 
age-matched groups without Parkinson’s 
Disease, people with  exhibit more rapid 
decline in a number of cognitive domains — 
in particular, executive, attentional and visu-
ospatial domains, but also memory. �e full 
spectrum of cognitive abilities can be 
observed in Parkinson’s Disease, from 
normal cognition, through early mild sub-
jective and objective decline (mild cognitive 
impairment (MCI)), to mild, moderate and 
even severe Parkinson’s Disease dementia 
(Parkinson’s Disease). Studies convincingly 
demonstrated a much higher cumulative risk 
of dementia in people with Parkinson’s Dis-
ease than in the general population. System-
atic reviews showed that the point preva-
lence of dementia was 25–30%. Several 
long-term longitudinal studies have indicat-
ed that the majority of patients with Parkin-
son’s Disease will develop dementia if they 
survive for more than 10 years after diagno-
sis. On the basis of numerous, varied studies, 
we now know that dementia in Parkinson’s 

Disease has important adverse implications 
for functioning, quality of life, caregiver 
burden, and health-related costs.

 �e timing, pro�le and rate of cogni-
tive decline vary widely among individuals 
with Parkinson’s Disease. �erefore,  identi-
fying and predicting future cognitive decline 
in this population is crucial for researchers 
and clinicians alike. Identi�cation of clinical 
and biological markers that can predict 
which patients are at increased risk of early 
and rapid cognitive decline is important for 
communicating the prognosis and manag-
ing patients clinically. Established demo-
graphic and clinical risk factors include 
increasing age and more severe parkinson-
ism, in particular, non-tremor features. [44, 
Rank 4]

 Convincing evidence is available that 
mesolimbic and mesocortical dopaminergic 
activity is associated with cognitive function-
ing. �e association between dopaminergic 
drugs and cognition is complex, however, 
and antiparkinson drugs can improve, 
worsen or have no in�uence on cognition. 
For example, good evidence from postmor-
tem and imaging studies indicates that the 
cholinergic system is a�ected relatively early 
in Parkinson’s Disease and contributes to the 
cognitive decline. Interestingly, Lewy body 
and amyloid plaque pathologies were associ-
ated with earlier onset of dementia. Cholin-
ergic de�cits were more pronounced in indi-
viduals with dementia occurring later in the 
disease course. �ese observations provide a 
rationale for the positive e�ects of cholinest-
erase inhibitors in Parkinson’s Disease, and 
worsening cognition associated with the use 
of medications with anticholinergic activity. 
[43, Rank 4]

 Striatal GABAergic neurons express 
adenosine A2A receptors, which have 
become a drug target to improve motor 
functioning in Parkinson’s Disease. �ese 

receptors are also located in the thalamus 
and neocortex, and some evidence indicates 
that increased receptor activity is associated 
with worsening cognition. Adenosine A2A 
antagonists may increase dopamine activity 
in the prefrontal cortex, and preliminary 
evidence suggests that they can improve cog-
nition — in particular, working memory — 
in Parkinson’s Disease.

 Mitochondrial dysfunction occurs in 
Parkinson’s Disease, but little is known 
regarding its potential role in cognitive 
decline. However, mitochondrial pathology 
seems to contribute to cognitive decline in 
Alzheimer’s disease. Mitochondrial activity 
is particularly high at the synapse, and is cru-
cial to synaptic activity. A relationship 
between α-synuclein and mitochondrial 
activities at the level of synapses has been 
demonstrated, but their causal relationship 
needs to be further explored. �erapeutic 
approaches targeting mitochondrial activity 
are being developed. �e role of mitochon-
drial dysfunction in cognitive decline in Par-
kinson’s Disease needs to be further 
explored. [29, Rank 3]

 Neuroin�ammation is relevant for 
both Alzheimer’s Disease and Parkinson’s 
Disease, and might have important implica-

tions for cognitive decline in Parkinson’s Dis-
ease, with a potential for novel treatment 
targets. Increased microglial activation is 
thought to lead to cell death in Alzheimer’s 
Disease and Parkinson’s Disease with demen-
tia, and in�ammation markers represent pos-
sible prognostic biomarkers. Interestingly, 
CSF levels of cytokines are found to be asso-
ciated with cognitive impairment in Parkin-
son’s Disease and, thus, represent possible 
biomarkers.

 Findings from many di�erent sources 
convincingly demonstrate a link between dia-
betes, insulin resistance and Parkinson’s Dis-
ease, possibly via mechanisms involving neu-
ro-in�ammation and mitochondrial dysfunc-
tion. A recent imaging study in a cohort of 36 
patients, 12 of whom had diabetes, reported 
an association between diabetes, grey matter 
loss and cognitive impairment in Parkinson’s 
Disease, indicating a possible role for antidia-
betic drugs in the treatment or prevention of 
cognitive decline in Parkinson’s Disease, as 
has been suggested in Alzheimer’s disease.

 Neurotrophic factors are crucial for 
neuronal plasticity and, thus, learning and 
other cognitive functions. A longitudinal 
study showed that cognitive impairment in 
Parkinson’s Disease was associated with 
reduced levels of growth factors, such as 
brain-derived neurotrophic factor and epi-
dermal growth factor, in CSF and plasma 
[54, Rank 4]
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Genetic E�ects on the Clinical 
Presentation of Parkinson’s Disease

Management of Patients with 
REM Sleep Behaviour disorder 

and Parkinson’s Disease

Figure 11: Genes associated in Parkinson’s disease

 Parkinson disease (Parkinson’s Dis-
ease) is one of the most common age-related 
brain disorders. Parkinson’s Disease is 
de�ned primarily as a movement disorder, 
with the typical symptoms being resting 
tremor, rigidity, bradykinesia and postur-
al instability, and is pathologically charac-
terized by degeneration of nigrostriatal 
dopaminergic neurons and the presence of 
Lewy bodies in the surviving neurons.

  In addition to the de�ning dopa-
mine-related motor symptoms, Parkinson’s 
Disease is increasingly recognized as a heter-
ogeneous multisystem disorder involving 
other neurotransmitter systems, such as the 
serotonergic, noradrenergic and cholinergic 
circuits. �us, a wide variety of nonmotor 
symptoms (Nonmotor symptoms) linked 
with these neurotransmitters are commonly 
observed in patients with Parkinson’s Dis-

ease. In light of this variability, subtyping of 
Parkinson’s Disease has been proposed, 
including a system based on time of onset 
and ongoing rate of cognitive decline.

  Cognitive decline is among the most 
common and important Nonmotor symp-
toms, and in this article we review the cur-
rent status of knowledge regarding cognitive 
impairment in Parkinson’s Disease. Robust 
evidence indicates that in comparison with 
age-matched groups without Parkinson’s 
Disease, people with  exhibit more rapid 
decline in a number of cognitive domains — 
in particular, executive, attentional and visu-
ospatial domains, but also memory. �e full 
spectrum of cognitive abilities can be 
observed in Parkinson’s Disease, from 
normal cognition, through early mild sub-
jective and objective decline (mild cognitive 
impairment (MCI)), to mild, moderate and 
even severe Parkinson’s Disease dementia 
(Parkinson’s Disease). Studies convincingly 
demonstrated a much higher cumulative risk 
of dementia in people with Parkinson’s Dis-
ease than in the general population. System-
atic reviews showed that the point preva-
lence of dementia was 25–30%. Several 
long-term longitudinal studies have indicat-
ed that the majority of patients with Parkin-
son’s Disease will develop dementia if they 
survive for more than 10 years after diagno-
sis. On the basis of numerous, varied studies, 
we now know that dementia in Parkinson’s 

Disease has important adverse implications 
for functioning, quality of life, caregiver 
burden, and health-related costs.

 �e timing, pro�le and rate of cogni-
tive decline vary widely among individuals 
with Parkinson’s Disease. �erefore,  identi-
fying and predicting future cognitive decline 
in this population is crucial for researchers 
and clinicians alike. Identi�cation of clinical 
and biological markers that can predict 
which patients are at increased risk of early 
and rapid cognitive decline is important for 
communicating the prognosis and manag-
ing patients clinically. Established demo-
graphic and clinical risk factors include 
increasing age and more severe parkinson-
ism, in particular, non-tremor features. [44, 
Rank 4]

 Genetic variants that cause monogenic 
forms of Parkinson’s Disease have been exten-
sively investigated with respect to their e�ects 
on the clinical presentation of Parkinson’s 
Disease, including cognition and susceptibil-
ity to dementia. Most other research in spo-
radic Parkinson’s Disease has largely focused 
on four candidate genes: glucosylceramidase 
(GBA), microtubule-associated protein tau 
(MAPT), apolipoprotein E (APOE) and 
catechol-O-methyltransferase (COMT).
 

 Of these, GBA has the strongest 
evidence base for association with cognitive 
measures.  GBA is a highly polymorphic gene, 
and two large independent studies found that 
the type of mutation modulates the relation-
ship with cognitive decline, furthering the 
possibility of disease subtyping on the basis of 
genetic status.

 Despite some compelling �ndings, 
experiments designed to examine the e�ects 
of single genes can only capture a small pro-
portion of the variance of complex traits such 
as cognition. Genome-wide association stud-
ies go some way towards addressing this issue 
by simultaneously genotyping markers across 
the genome. One such study conducted in 
Parkinson’s Disease cognition found no 
genome-wide signi�cant hits but, with only 
some cases, was underpowered. �e applica-
tion of genome-wide methods in other 
diseases across neurology and psychiatry has 
generated promising �ndings, but much 
larger data sets are needed in Parkinson’s Dis-
ease. �e availability of such samples — and, 
consequently, the potential to conduct more 
powerful genetic analyses — is increasing. 
[56, Rank 3]

 Adequately powered, randomized 
studies for treatment of REM Sleep behavior 
disorder in Parkinson’s Disease have not 
been conducted. Clonazepam and mela-
tonin are commonly used based on guide-
lines established for idiopathic REM Sleep 
behavior disorder, but there are limited data 
on the e�cacy of these drugs in individuals 
with REM Sleep behavior disorder and a 
diagnosed neurodegenerative disorder. 

While data are limited, it is probable that 
this group of patients are more susceptible to 
side e�ects of benzodiazepines. In regards to 
other drug classes examined in studies 
including more than 30 patients, open-label 
data suggest that memantine may reduce the 
frequency of dream enactment.

 An integral part of the management 
of REM Sleep behavior disorder is interven-
tion aimed at reducing injury to both the 
patient and the bed-partner. �is includes 
not only pharmacologic management but 
also institution of environmental modi�ca-
tions, such as removing sharp objects on 
which the patient can injure themselves, 
placing the mattress on the �oor, and secur-
ing windows.

 Nocturnal hallucinations are 
common in Parkinson’s Disease, particu-
larly advanced Parkinson’s Disease, and 
are more common in Parkinson’s Disease 
patients with REM Sleep behavior disor-
der compared to those without. Anecdotal-
ly, individuals with Parkinson’s Disease, par-
ticularly those with vivid dreams as occurs in 
REM Sleep behavior disorder, often have 
di�culty distinguishing nocturnal halluci-
nations from dreams. In such individuals, 
particularly when hallucinations are fright-
ening and contribute to insomnia, consider-
ation for treatment with anti-psychotics 
such quetiapine is warranted. Of course, the 
risks of worsening parkinsonism and other 

side e�ects need to be weighed against 
potential bene�ts in such cases. [34, Rank 5]

 �e majority of RCTs investigating 

treatment of insomnia in Parkinson’s Dis-
ease in the past decade have included <30 
patients and were excluded from this review. 
�e available evidence to support treatment 
of insomnia in Parkinson’s Disease was con-
sidered insu�cient in the Movement Disor-
ders Society Taskforce Guidelines. Con-
trolled release carbidopa-levodopa, eszopi-
clone, and melatonin 3-5 mg were consid-
ered to have an acceptable risk without need 
for specialized monitoring. Since that time, 
some additional randomized trial data has 
become available for eszopicilone and mela-
tonin, though the quality of evidence for 
these and other agents continues to be sub-
optimal. 

 While insomnia can be a side e�ect of 
anti-depressants, placebo-controlled studies 
of nortriptyline, paroxetine, and venlafaxine 
provide evidence that treating depression in 
Parkinson’s Disease improves symptoms of 
insomnia. �ough evidence supporting 
treatment of other psychiatric disorders that 
may be contributing to insomnia are limit-
ed, targeting speci�c psychiatric symptoms 
such as anxiety, nocturnal panic attacks, and 
nocturnal hallucinations in the management 
of insomnia are worthy of consideration and 
investigation in clinical trials. [55, Rank 5]

Microtubule-associated
 protein tau(MAPT)

Glucosylceramidase (GBA)

Apolipoprotein E (APOE)

Catechol-o-methyl-
transferase (COMT)
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 Parkinson disease (Parkinson’s Dis-
ease) is one of the most common age-related 
brain disorders. Parkinson’s Disease is 
de�ned primarily as a movement disorder, 
with the typical symptoms being resting 
tremor, rigidity, bradykinesia and postur-
al instability, and is pathologically charac-
terized by degeneration of nigrostriatal 
dopaminergic neurons and the presence of 
Lewy bodies in the surviving neurons.

  In addition to the de�ning dopa-
mine-related motor symptoms, Parkinson’s 
Disease is increasingly recognized as a heter-
ogeneous multisystem disorder involving 
other neurotransmitter systems, such as the 
serotonergic, noradrenergic and cholinergic 
circuits. �us, a wide variety of nonmotor 
symptoms (Nonmotor symptoms) linked 
with these neurotransmitters are commonly 
observed in patients with Parkinson’s Dis-

ease. In light of this variability, subtyping of 
Parkinson’s Disease has been proposed, 
including a system based on time of onset 
and ongoing rate of cognitive decline.

  Cognitive decline is among the most 
common and important Nonmotor symp-
toms, and in this article we review the cur-
rent status of knowledge regarding cognitive 
impairment in Parkinson’s Disease. Robust 
evidence indicates that in comparison with 
age-matched groups without Parkinson’s 
Disease, people with  exhibit more rapid 
decline in a number of cognitive domains — 
in particular, executive, attentional and visu-
ospatial domains, but also memory. �e full 
spectrum of cognitive abilities can be 
observed in Parkinson’s Disease, from 
normal cognition, through early mild sub-
jective and objective decline (mild cognitive 
impairment (MCI)), to mild, moderate and 
even severe Parkinson’s Disease dementia 
(Parkinson’s Disease). Studies convincingly 
demonstrated a much higher cumulative risk 
of dementia in people with Parkinson’s Dis-
ease than in the general population. System-
atic reviews showed that the point preva-
lence of dementia was 25–30%. Several 
long-term longitudinal studies have indicat-
ed that the majority of patients with Parkin-
son’s Disease will develop dementia if they 
survive for more than 10 years after diagno-
sis. On the basis of numerous, varied studies, 
we now know that dementia in Parkinson’s 

Disease has important adverse implications 
for functioning, quality of life, caregiver 
burden, and health-related costs.

 �e timing, pro�le and rate of cogni-
tive decline vary widely among individuals 
with Parkinson’s Disease. �erefore,  identi-
fying and predicting future cognitive decline 
in this population is crucial for researchers 
and clinicians alike. Identi�cation of clinical 
and biological markers that can predict 
which patients are at increased risk of early 
and rapid cognitive decline is important for 
communicating the prognosis and manag-
ing patients clinically. Established demo-
graphic and clinical risk factors include 
increasing age and more severe parkinson-
ism, in particular, non-tremor features. [44, 
Rank 4]

 Adequately powered, randomized 
studies for treatment of REM Sleep behavior 
disorder in Parkinson’s Disease have not 
been conducted. Clonazepam and mela-
tonin are commonly used based on guide-
lines established for idiopathic REM Sleep 
behavior disorder, but there are limited data 
on the e�cacy of these drugs in individuals 
with REM Sleep behavior disorder and a 
diagnosed neurodegenerative disorder. 

While data are limited, it is probable that 
this group of patients are more susceptible to 
side e�ects of benzodiazepines. In regards to 
other drug classes examined in studies 
including more than 30 patients, open-label 
data suggest that memantine may reduce the 
frequency of dream enactment.

 An integral part of the management 
of REM Sleep behavior disorder is interven-
tion aimed at reducing injury to both the 
patient and the bed-partner. �is includes 
not only pharmacologic management but 
also institution of environmental modi�ca-
tions, such as removing sharp objects on 
which the patient can injure themselves, 
placing the mattress on the �oor, and secur-
ing windows.

 Nocturnal hallucinations are 
common in Parkinson’s Disease, particu-
larly advanced Parkinson’s Disease, and 
are more common in Parkinson’s Disease 
patients with REM Sleep behavior disor-
der compared to those without. Anecdotal-
ly, individuals with Parkinson’s Disease, par-
ticularly those with vivid dreams as occurs in 
REM Sleep behavior disorder, often have 
di�culty distinguishing nocturnal halluci-
nations from dreams. In such individuals, 
particularly when hallucinations are fright-
ening and contribute to insomnia, consider-
ation for treatment with anti-psychotics 
such quetiapine is warranted. Of course, the 
risks of worsening parkinsonism and other 

side e�ects need to be weighed against 
potential bene�ts in such cases. [34, Rank 5]

 �e majority of RCTs investigating 

treatment of insomnia in Parkinson’s Dis-
ease in the past decade have included <30 
patients and were excluded from this review. 
�e available evidence to support treatment 
of insomnia in Parkinson’s Disease was con-
sidered insu�cient in the Movement Disor-
ders Society Taskforce Guidelines. Con-
trolled release carbidopa-levodopa, eszopi-
clone, and melatonin 3-5 mg were consid-
ered to have an acceptable risk without need 
for specialized monitoring. Since that time, 
some additional randomized trial data has 
become available for eszopicilone and mela-
tonin, though the quality of evidence for 
these and other agents continues to be sub-
optimal. 

 While insomnia can be a side e�ect of 
anti-depressants, placebo-controlled studies 
of nortriptyline, paroxetine, and venlafaxine 
provide evidence that treating depression in 
Parkinson’s Disease improves symptoms of 
insomnia. �ough evidence supporting 
treatment of other psychiatric disorders that 
may be contributing to insomnia are limit-
ed, targeting speci�c psychiatric symptoms 
such as anxiety, nocturnal panic attacks, and 
nocturnal hallucinations in the management 
of insomnia are worthy of consideration and 
investigation in clinical trials. [55, Rank 5]
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Restless Leg Syndrome in 
Patients with Parkinson’s disease

 Restless legs syndrome (RLS) or Willis 
Ekbom disease belongs to the group of 
Sleep-Related Movement Disorders. 
According to ICSD III criteria, RLS diag-
nosis requires “an urge to move the legs, 
usually accompanied by uncomfortable 
and unpleasant sensations in the legs”. 
�ese symptoms must begin or worsen 
during periods of relative inactivity and 
must be partially or totally relieved by move-
ment. �e symptoms must cause signi�cant 
distress or impairment in function. �e 
interface of RLS and Parkinson’s Disease has 
been of increasing interest over the past 
decade.

 Compared to RLS, Periodic limb 
movement disorder (PLMD) has drawn less 
attention in Parkinson’s Disease research. 
PLMD is a sleep-related movement disorder 
characterized by periodic limb movements 
during sleep (PLMS) (>5/hr in children and 
>15/hr in adults) that result in clinically 
signi�cant sleep disturbance or impairment 
of functioning. [27, Rank 4]

 RLS in Parkinson’s Disease negatively 
impacts quality of life. One study found 
associations between RLS and younger age 
of Parkinson’s Disease onset, male gender 
and higher Mini-Mental State Examination 
score. RLS has also been associated with 

non-motor Parkinson’s Disease symptoms, 
which suggests the role of a non-dopaminer-
gic system in the link between RLS and Par-
kinson’s Disease. However, domperidone 
treatment has been linked with higher rates 
of RLS in Parkinson’s Disease, suggesting a 
role for dopaminergic neurons outside of the 
blood-brain barrier in the pathophysiology 
of RLS. �e main obstacle in interpreting 
these studies is that most enrolled Parkin-
son’s Disease patients are already treated 
with dopaminergic agents, which may mask 
co-existent RLS. Associations between RLS 
and neuropathy have been well recognized, 
but not systematically studied. In one study, 
no correlations were found between RLS 
and neuropathy, levodopa exposure, and 
vitamin B12 levels in patients with Parkin-
son’s Disease. Although not systematically 
studied in the Parkinson’s Disease popula-
tion, it is likely that RLS contributes not 
only to sleep onset insomnia but also sleep 
maintenance insomnia in Parkinson’s Dis-
ease. �is aspect is even more signi�cant 
considering that RLS frequently mimics 
many symptoms intrinsic to Parkinson’s Dis-
ease, making timely diagnosis challenging. 
[47, Rank 4]

 While many of the dopaminergic 
agents used to treat Parkinson’s Disease 
(levodopa, ropinirole, pramipexole, and 
rotigotine) also have been independently 
demonstrated in randomized trials to be 

e�ective in treating RLS, there are no ran-
domized trials examining the treatment of 
RLS speci�cally in the Parkinson’s Disease 
population. In addition, the occurrence and 
management of augmentation of RLS symp-
toms in Parkinson’s Disease patients being 
treated with dopaminergic medications for 
their motor symptoms is poorly described. 
Two mainstays of evidence-based treat-
ment of RLS in the non-Parkinson’s Dis-
ease literature are applicable to Parkin-
son’s Disease as well: (i) assessment for and 
correction of any iron de�ciency, and (ii) 
consideration of reduction of and/or discon-
tinuation of contributing agents such as 
anti-depressants.

 Deep brain stimulation (DBS) is an 
important treatment modality for patients 
with Parkinson’s Disease. Several groups 
reported positive postoperative e�ects of 
subthalamic nucleus(STN) DBS on RLS. 
However, emergence of RLS subsequent to 
STN DBS may occur as well, emphasizing 
the need to screen for RLS postoperatively as 
the reduction in anti-parkinsonian medica-
tions may lead to unmasking of RLS. [59, 
Rank 4]

 Central sleep apnea in Parkinson’s 
Disease patients has been associated with 
higher doses of dopamine agonists. Interest-
ingly, control subjects with OSA have higher 
levels of sympathetic activity during sleep 
than Parkinson’s Disease patients with OSA, 

suggesting that sympathetic dysfunction in 
Parkinson’s Disease leads to a blunted 
response to apnea. �ese �ndings support 
the argument that sleep apnea in Parkinson’s 
Disease may have fewer cardiovascular con-
sequences. In addressing cardiovascular 
health among Parkinson’s Disease patients 
with and without SDB, one study showed a 
trend toward more history of cardiovascular 
events in Parkinson’s Disease patients with 
sleep apnea, but this did not reach signi�-
cance. Another study found no di�erence in 
presence of cardiovascular disease between 
Parkinson’s Disease participants with and 
without SDB or between controls and Par-
kinson’s Disease subjects with OSA. [56, 
Rank 2]

 �e association between daytime 
sleepiness and sleep apnea has not been 
de�nitively established in Parkinson’s Dis-
ease. Among Parkinson’s Disease patients 
not selected for any sleep complaint, patients 
with objective sleepiness by MSLT had 
higher apnea hypopnea index (AHI), with 
no correlation between subjective sleepiness 
and AHI. Similar �ndings of absence of cor-
relation between ESS and AHI have been 
reported in other studies as well, and one 
study found no correlation between self-re-
ported snoring and subjective sleepiness. 

 In contrast, other studies have 
demonstrated a relationship between subjec-
tive sleepiness and sleep apnea, including 

one showing signi�cant correlation between 
both subjective and objective sleepiness and 
AHI. Available data indicate that objective 
sleepiness is consistently in�uenced by the 
presence of sleep-disordered breathing, but 
its e�ect on subjective sleepiness is less well 
established. �is suggests that some Parkin-
son’s Disease patients may underestimate 
their degree of sleepiness. [42, Rank 3]

 Dopaminergic medications may also 
a�ect levels of somnolence, and studies of 
dopamine agonists frequently note somno-
lence as an adverse e�ect. However, some 
investigations have shown no correlation 
between medications and subjective sleepi-
ness. To summarize, dopaminergic medica-
tions, particularly dopamine agonists, in�u-
ence subjective sleepiness in some patients, 
but do not appear to cause changes in objec-
tive measures of sleepiness. �is is another 
example of the disconnect between patient 
perception and objective outcomes.
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 Restless legs syndrome (RLS) or Willis 
Ekbom disease belongs to the group of 
Sleep-Related Movement Disorders. 
According to ICSD III criteria, RLS diag-
nosis requires “an urge to move the legs, 
usually accompanied by uncomfortable 
and unpleasant sensations in the legs”. 
�ese symptoms must begin or worsen 
during periods of relative inactivity and 
must be partially or totally relieved by move-
ment. �e symptoms must cause signi�cant 
distress or impairment in function. �e 
interface of RLS and Parkinson’s Disease has 
been of increasing interest over the past 
decade.

 Compared to RLS, Periodic limb 
movement disorder (PLMD) has drawn less 
attention in Parkinson’s Disease research. 
PLMD is a sleep-related movement disorder 
characterized by periodic limb movements 
during sleep (PLMS) (>5/hr in children and 
>15/hr in adults) that result in clinically 
signi�cant sleep disturbance or impairment 
of functioning. [27, Rank 4]

 RLS in Parkinson’s Disease negatively 
impacts quality of life. One study found 
associations between RLS and younger age 
of Parkinson’s Disease onset, male gender 
and higher Mini-Mental State Examination 
score. RLS has also been associated with 

non-motor Parkinson’s Disease symptoms, 
which suggests the role of a non-dopaminer-
gic system in the link between RLS and Par-
kinson’s Disease. However, domperidone 
treatment has been linked with higher rates 
of RLS in Parkinson’s Disease, suggesting a 
role for dopaminergic neurons outside of the 
blood-brain barrier in the pathophysiology 
of RLS. �e main obstacle in interpreting 
these studies is that most enrolled Parkin-
son’s Disease patients are already treated 
with dopaminergic agents, which may mask 
co-existent RLS. Associations between RLS 
and neuropathy have been well recognized, 
but not systematically studied. In one study, 
no correlations were found between RLS 
and neuropathy, levodopa exposure, and 
vitamin B12 levels in patients with Parkin-
son’s Disease. Although not systematically 
studied in the Parkinson’s Disease popula-
tion, it is likely that RLS contributes not 
only to sleep onset insomnia but also sleep 
maintenance insomnia in Parkinson’s Dis-
ease. �is aspect is even more signi�cant 
considering that RLS frequently mimics 
many symptoms intrinsic to Parkinson’s Dis-
ease, making timely diagnosis challenging. 
[47, Rank 4]

 While many of the dopaminergic 
agents used to treat Parkinson’s Disease 
(levodopa, ropinirole, pramipexole, and 
rotigotine) also have been independently 
demonstrated in randomized trials to be 

e�ective in treating RLS, there are no ran-
domized trials examining the treatment of 
RLS speci�cally in the Parkinson’s Disease 
population. In addition, the occurrence and 
management of augmentation of RLS symp-
toms in Parkinson’s Disease patients being 
treated with dopaminergic medications for 
their motor symptoms is poorly described. 
Two mainstays of evidence-based treat-
ment of RLS in the non-Parkinson’s Dis-
ease literature are applicable to Parkin-
son’s Disease as well: (i) assessment for and 
correction of any iron de�ciency, and (ii) 
consideration of reduction of and/or discon-
tinuation of contributing agents such as 
anti-depressants.

 Deep brain stimulation (DBS) is an 
important treatment modality for patients 
with Parkinson’s Disease. Several groups 
reported positive postoperative e�ects of 
subthalamic nucleus(STN) DBS on RLS. 
However, emergence of RLS subsequent to 
STN DBS may occur as well, emphasizing 
the need to screen for RLS postoperatively as 
the reduction in anti-parkinsonian medica-
tions may lead to unmasking of RLS. [59, 
Rank 4]

 Central sleep apnea in Parkinson’s 
Disease patients has been associated with 
higher doses of dopamine agonists. Interest-
ingly, control subjects with OSA have higher 
levels of sympathetic activity during sleep 
than Parkinson’s Disease patients with OSA, 

suggesting that sympathetic dysfunction in 
Parkinson’s Disease leads to a blunted 
response to apnea. �ese �ndings support 
the argument that sleep apnea in Parkinson’s 
Disease may have fewer cardiovascular con-
sequences. In addressing cardiovascular 
health among Parkinson’s Disease patients 
with and without SDB, one study showed a 
trend toward more history of cardiovascular 
events in Parkinson’s Disease patients with 
sleep apnea, but this did not reach signi�-
cance. Another study found no di�erence in 
presence of cardiovascular disease between 
Parkinson’s Disease participants with and 
without SDB or between controls and Par-
kinson’s Disease subjects with OSA. [56, 
Rank 2]

 �e association between daytime 
sleepiness and sleep apnea has not been 
de�nitively established in Parkinson’s Dis-
ease. Among Parkinson’s Disease patients 
not selected for any sleep complaint, patients 
with objective sleepiness by MSLT had 
higher apnea hypopnea index (AHI), with 
no correlation between subjective sleepiness 
and AHI. Similar �ndings of absence of cor-
relation between ESS and AHI have been 
reported in other studies as well, and one 
study found no correlation between self-re-
ported snoring and subjective sleepiness. 

 In contrast, other studies have 
demonstrated a relationship between subjec-
tive sleepiness and sleep apnea, including 

one showing signi�cant correlation between 
both subjective and objective sleepiness and 
AHI. Available data indicate that objective 
sleepiness is consistently in�uenced by the 
presence of sleep-disordered breathing, but 
its e�ect on subjective sleepiness is less well 
established. �is suggests that some Parkin-
son’s Disease patients may underestimate 
their degree of sleepiness. [42, Rank 3]

 Dopaminergic medications may also 
a�ect levels of somnolence, and studies of 
dopamine agonists frequently note somno-
lence as an adverse e�ect. However, some 
investigations have shown no correlation 
between medications and subjective sleepi-
ness. To summarize, dopaminergic medica-
tions, particularly dopamine agonists, in�u-
ence subjective sleepiness in some patients, 
but do not appear to cause changes in objec-
tive measures of sleepiness. �is is another 
example of the disconnect between patient 
perception and objective outcomes.
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Conclusion

 Restless legs syndrome (RLS) or Willis 
Ekbom disease belongs to the group of 
Sleep-Related Movement Disorders. 
According to ICSD III criteria, RLS diag-
nosis requires “an urge to move the legs, 
usually accompanied by uncomfortable 
and unpleasant sensations in the legs”. 
�ese symptoms must begin or worsen 
during periods of relative inactivity and 
must be partially or totally relieved by move-
ment. �e symptoms must cause signi�cant 
distress or impairment in function. �e 
interface of RLS and Parkinson’s Disease has 
been of increasing interest over the past 
decade.

 Compared to RLS, Periodic limb 
movement disorder (PLMD) has drawn less 
attention in Parkinson’s Disease research. 
PLMD is a sleep-related movement disorder 
characterized by periodic limb movements 
during sleep (PLMS) (>5/hr in children and 
>15/hr in adults) that result in clinically 
signi�cant sleep disturbance or impairment 
of functioning. [27, Rank 4]

 RLS in Parkinson’s Disease negatively 
impacts quality of life. One study found 
associations between RLS and younger age 
of Parkinson’s Disease onset, male gender 
and higher Mini-Mental State Examination 
score. RLS has also been associated with 

non-motor Parkinson’s Disease symptoms, 
which suggests the role of a non-dopaminer-
gic system in the link between RLS and Par-
kinson’s Disease. However, domperidone 
treatment has been linked with higher rates 
of RLS in Parkinson’s Disease, suggesting a 
role for dopaminergic neurons outside of the 
blood-brain barrier in the pathophysiology 
of RLS. �e main obstacle in interpreting 
these studies is that most enrolled Parkin-
son’s Disease patients are already treated 
with dopaminergic agents, which may mask 
co-existent RLS. Associations between RLS 
and neuropathy have been well recognized, 
but not systematically studied. In one study, 
no correlations were found between RLS 
and neuropathy, levodopa exposure, and 
vitamin B12 levels in patients with Parkin-
son’s Disease. Although not systematically 
studied in the Parkinson’s Disease popula-
tion, it is likely that RLS contributes not 
only to sleep onset insomnia but also sleep 
maintenance insomnia in Parkinson’s Dis-
ease. �is aspect is even more signi�cant 
considering that RLS frequently mimics 
many symptoms intrinsic to Parkinson’s Dis-
ease, making timely diagnosis challenging. 
[47, Rank 4]

 While many of the dopaminergic 
agents used to treat Parkinson’s Disease 
(levodopa, ropinirole, pramipexole, and 
rotigotine) also have been independently 
demonstrated in randomized trials to be 

e�ective in treating RLS, there are no ran-
domized trials examining the treatment of 
RLS speci�cally in the Parkinson’s Disease 
population. In addition, the occurrence and 
management of augmentation of RLS symp-
toms in Parkinson’s Disease patients being 
treated with dopaminergic medications for 
their motor symptoms is poorly described. 
Two mainstays of evidence-based treat-
ment of RLS in the non-Parkinson’s Dis-
ease literature are applicable to Parkin-
son’s Disease as well: (i) assessment for and 
correction of any iron de�ciency, and (ii) 
consideration of reduction of and/or discon-
tinuation of contributing agents such as 
anti-depressants.

 Deep brain stimulation (DBS) is an 
important treatment modality for patients 
with Parkinson’s Disease. Several groups 
reported positive postoperative e�ects of 
subthalamic nucleus(STN) DBS on RLS. 
However, emergence of RLS subsequent to 
STN DBS may occur as well, emphasizing 
the need to screen for RLS postoperatively as 
the reduction in anti-parkinsonian medica-
tions may lead to unmasking of RLS. [59, 
Rank 4]

 Central sleep apnea in Parkinson’s 
Disease patients has been associated with 
higher doses of dopamine agonists. Interest-
ingly, control subjects with OSA have higher 
levels of sympathetic activity during sleep 
than Parkinson’s Disease patients with OSA, 

suggesting that sympathetic dysfunction in 
Parkinson’s Disease leads to a blunted 
response to apnea. �ese �ndings support 
the argument that sleep apnea in Parkinson’s 
Disease may have fewer cardiovascular con-
sequences. In addressing cardiovascular 
health among Parkinson’s Disease patients 
with and without SDB, one study showed a 
trend toward more history of cardiovascular 
events in Parkinson’s Disease patients with 
sleep apnea, but this did not reach signi�-
cance. Another study found no di�erence in 
presence of cardiovascular disease between 
Parkinson’s Disease participants with and 
without SDB or between controls and Par-
kinson’s Disease subjects with OSA. [56, 
Rank 2]

 �e association between daytime 
sleepiness and sleep apnea has not been 
de�nitively established in Parkinson’s Dis-
ease. Among Parkinson’s Disease patients 
not selected for any sleep complaint, patients 
with objective sleepiness by MSLT had 
higher apnea hypopnea index (AHI), with 
no correlation between subjective sleepiness 
and AHI. Similar �ndings of absence of cor-
relation between ESS and AHI have been 
reported in other studies as well, and one 
study found no correlation between self-re-
ported snoring and subjective sleepiness. 

 In contrast, other studies have 
demonstrated a relationship between subjec-
tive sleepiness and sleep apnea, including 

one showing signi�cant correlation between 
both subjective and objective sleepiness and 
AHI. Available data indicate that objective 
sleepiness is consistently in�uenced by the 
presence of sleep-disordered breathing, but 
its e�ect on subjective sleepiness is less well 
established. �is suggests that some Parkin-
son’s Disease patients may underestimate 
their degree of sleepiness. [42, Rank 3]

 Dopaminergic medications may also 
a�ect levels of somnolence, and studies of 
dopamine agonists frequently note somno-
lence as an adverse e�ect. However, some 
investigations have shown no correlation 
between medications and subjective sleepi-
ness. To summarize, dopaminergic medica-
tions, particularly dopamine agonists, in�u-
ence subjective sleepiness in some patients, 
but do not appear to cause changes in objec-
tive measures of sleepiness. �is is another 
example of the disconnect between patient 
perception and objective outcomes.

 �e paradigmatic shift in perspective 
that followed the consensus de�nition of 
Parkinson’s Disease psychosis, revitalized 
research interest and led to a rapidly expand-
ing literature. �e impact of these studies is 
still evolving, but there have already been 
important clinical consequences, such as a 
change in our understanding of the preva-
lence of Parkinson’s Disease psychosis, given 

that it increases with Parkinson’s Disease 
duration. �ese research evidence also 
helped in expansion of the range of symp-
toms considered part of the psychosis spec-
trum and recognition of new prospective 
risk factors for Parkinson’s Disease psychosis. 
�e largest expansion of literature has been 
in the mechanism domain, particularly in 
studies of cognitive pro�le, structural brain 
imaging and genetics. Evidence from studies 
of minor hallucinations, formed hallucina-
tions and delusions, for example, suggest 
that the mechanisms are not the same for all 
symptoms. �is information has signi�cant 
implications for the assessment of Parkin-
son’s Disease psychosis in research studies. 
[60, Rank 5] 
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a�ect levels of somnolence, and studies of 
dopamine agonists frequently note somno-
lence as an adverse e�ect. However, some 
investigations have shown no correlation 
between medications and subjective sleepi-
ness. To summarize, dopaminergic medica-
tions, particularly dopamine agonists, in�u-
ence subjective sleepiness in some patients, 
but do not appear to cause changes in objec-
tive measures of sleepiness. �is is another 
example of the disconnect between patient 
perception and objective outcomes.

*Important information for post-test are highlighted 
in red letters, boxes and diagrams.
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