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Introduction

Parkinson’s Disease Dementia (PDD) is quite common 
in elderly patients in clinical practice and is the second next 
common dementia form after Alzheimer’s Disease (AD). 
Another dementia form is Dementia with Lewy Bodies (DLB) 
which has been more and more recognized and diagnosed 
during the last decade [1]. Both diseases will fi rst be described 
separately below, followed by a brief comparison of the two.

Dementia, despite its origin, is a devastating condition that 
brings suffering and burden not only to the patient but also to 
the carers as well as worsening the quality of life. There is no 
curable treatment available so far; the condition is responsible 
for a shortened life duration for an affl icted individual – in 
AD the average survival rate after diagnosis varies between 4 
to 8 years [2] whereas PPD is associated with high morbidity 
and mortality, forerunning the death by approximately 4 years 
[3,4]. Mortality rates for PDD and DLB do not differ according 
to a study from Sweden published in 2018 (Larsson et al.) 

and are approximately three times higher than in the general 
population [5]. 

The cognitive decline is usually insidious. Memory 
impairment increases the risk of progression to dementia 
together with other risk factors like older age, early 
hallucination, cortical atrophy, and affected EEG changes [6].

AD is the main cause leading to dementia in modern times 
[7]. There is no doubt that the disease pathogenesis is complex 
and many molecular changes are involved. Mechanisms and 
interactions between changes are not fully explained [7,8]. 
Amongst existing hypotheses some regard the main proteins 
involved in pathogenesis - beta-amyloid (AB) and tau, 
normal proteins in the brain ( not only there); the presence 
of pathological changes in these proteins is a sine qua non 
for the pathological process and diagnosis [7]. Metabolism 
of both – AB and tau - goes the wrong way for an unknown 
reason and leads for the fi rst one to so-called amyloid plaques 
building outside neurons– AB aggregations which are insoluble 
oligomers and are supposed to be toxic. The tau protein 
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Abstract

The second most common neurodegenerative disease causing dementia in the population over 65 years is Parkinson´s Disease Dementia (PDD), sharing many 
clinical, genetic, pathophysiological, imaging, and morphological features with Dementia with Lewy Bodies (DLB). There is an ongoing debate whether these two diseases 
are separate diseases, just different phenotypes on the basis of the same Lewy Body pathology or the same disease. The differences are rather few and many authors 
tend to believe that PDD and DLB may be manifestations of the same neurodegenerative disorder.

Based on a single examination, without regard to the temporal sequence of events, it is difficult or impossible to differentiate a single patient with parkinsonism as 
PDD or DLB. The relative timing when cognitive and motor symptoms appear, applying the 1-year rule, could be helpful in clinical practice in distinguishing the diseases. 
The subtle differences are hard to observe with more executive problems in PDD and a tendency of more easily triggered psychotic problems in DLB. Eventually, PDD and 
DLB might be the same disease - as long as unquestionable biomarkers defi nitely distinguishing both entities are not found.
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undergoes phosphorylation – and when hyperphosphorylated 
presents aberrant aggregations – neurofi brillary tangles which 
lead to destruction in the axons transportation system and 
eventually to cell death [8]. There is a hypothesis that AB and 
tau pathways can act parallel and enhance each other’s toxic 
effects [9].

Synucleinopathies are the second most common process of 
neurodegenerative disorders after Alzheimer’s disease that can 
lead to dementia [10]. They are characterized by the accumulation 
of aggregated protein alfa-synuclein ( -syn) in both neuronal 
and non-neuronal cells in the brain. Aggregations are called 
either Lewy Bodies (LB) - when accumulated in neurons, or 
Lewy neuritis (LN) - when found in neuronal processes. Most 
synucleinopathies are Lewy Body Diseases (LBDs), amongst 
them the most common is Parkinson’s Disease (PD), PDD, 
and DLB. Multiple System Atrophy (MSA) is also considered 
synucleinopathy, but it neuropathologically differs from DLB:s 
as it builds a type of aggregated -syn inclusions called GCIs in 
non-neuronal cells (in oligodendrocytes) [11].

Alfa-synuclein aggregates have a strong predilection to 
specifi c neurons – they are found in the Substantia Nigra (SN) 
in the midbrain, in the olfactory nerve, vagus nerve branches 
and nuclei, locus ceruleus, and other brainstems nuclei. When 
PD progresses and dementia symptoms occur, different cortical 
regions are also involved, the latest is very characteristic of 
DLB [12].

It is not completely known how -syn spreads in the brain. 
The Braak hypothesis says that Lewy pathology primarily 
occurs in the lower brainstem, successively spreading up to the 
striatum and to the cortex. Later research localized primary 
changes in the nose and guts. These spreads are prion-like, 
transferring misfolded proteins from cell to cell [13].

However, the latest theories say that the propagation of 
the disease observed by Braak and colleagues is refl ecting 
the vulnerability of specifi c cells that are fi rst engaged in 
PD. These “vulnerable cells” are in SN, locus coeruleus, and 
pedunculopontine nucleus. A hypothesis trying to explain why 
and how these specifi c neurons are most affected describes 
some possible mechanisms disturbing cells’ functioning. 
Which of those is the most critical is yet to be investigated 
and shown. What is common to these cells is the high demand 
for good mitochondrial and lysosome functions – and this 
can explain why mutations affecting mitochondrial functions 
are so common in PD [13]. Mitochondrial functions decrease 
with age [13] and many neurodegenerative diseases are age-
dependent. 

It is not clearly shown whether LB and LN have a 
neuroprotective or neurotoxic role. It is also unclear to what 
extent they contribute to the clinical picture of dementia - some 
individuals have had a severe -syn pathology at autopsy but no 
clinical symptoms of DLB [5,11]. It is assumed that LB and LN 
in the neocortex are not associated with neuron loss or atrophy 
[12] but there is a correlation between total -syn burden and 
neuronal loss [13]. Conversely, AD pathology (neurofi brillary 
tangles and amyloid  pathology) that often coexist in DLB 
and PDD, leads to cortical neuronal loss [12]. The prevalence of 

mixed  -syn and AD pathology is unknown; autopsy studies 
showed that more than 30% of clinically diagnosed AD patients 
had LB pathology to some extent as well – mostly located in 
the amygdala [11,14]. A mixed pathology can be assumed as a 
substrate of dementia and it differs slightly for PDD and DLB, 
which is described separately below. 

Parkinson’s Disease Dementia (PDD)

Diagnostic criteria: Cognitive impairments are common in 
PD and can be present as mild dysfunction in the prodromal 
and early stages, or as dementia in the advanced stages of the 
disease. Approximately 20% of patients with newly diagnosed 
PD have already Mild Cognitive Impairment (MCI). The concept 
of PD-MCI was introduced in 2012 (MDS Task Force) and is 
characterized by a cognitive decline that can be assessed by 
neuropsychological testing but does not impair activities of 
daily living or social functioning. 

PDD is diagnosed with established PD which means that 
Parkinsonian signs always precede cognitive defi cits [15]. 
There is a common agreement about the one-year rule – 
cognitive decline fi rst appears one year after Parkinsonian 
motor signs onset. This is a completely arbitrary consensus 
that makes it possible to clinically distinguish PDD from DLB. 
The cognitive impairment is of such a level that it interferes 
with the activities of daily living.

Diagnostic criteria for PDD are shown in Movement Disorder 
Society Task Force which was designated to defi ne and develop 
diagnostic guidelines for PDD and was published by Christopher 
G. Goetz, et al in 2008 [16]. The suggested clinical diagnostic 
criteria for PDD involve four domains and are anchored in core 
features, associated clinical features, features that make the 
diagnosis uncertain, and features that are not compatible with 
the diagnosis of PDD. When all four criteria are satisfactorily 
met, probable PDD is designated; when the fi rst and last criteria 
are met, but clinical characteristics are atypical or uncertainty 
factors exist, possible PDD is designated. Diagnostic criteria 
are presented as followed [16]:

Features of dementia associated with Parkinson’s Di-
sease

 I. Core features (Both 1 and 2 must be present) 

1. Diagnosis of idiopathic Parkinson’s disease 

2. A dementia syndrome with insidious onset and slow 
progression with: 

 -Impairment in more than one cognitive domain (see later)

- Representing a decline from the premorbid level

- Defi cits severe enough to impair daily life 

II.  Associated Clinical Features:

Cognitive features: 

Impaired attention, which may fl uctuate 
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Impaired executive functions and mental speed 
(bradyphrenia).

Impaired visuospatial functions

Impaired memory, which usually improves with cueing

Language is largely preserved.

Behavioral features: 

Loss of motivation, interest, and effortful behavior.

Personality and mood changes. 

Often hallucinations and delusions, mostly visual.

Excessive daytime sleepiness.

III. Features that do not exclude Parkinson’s disease with 
dementia but make the diagnosis uncertain

Coexistence of any other abnormality that may by itself 
cause cognitive impairment.

The time interval between the development of motor and 
cognitive symptoms is not known.

IV. Features suggesting other conditions or diseases as the 
cause of mental impairment that when present makes 
it impossible to reliably diagnose Parkinson’s disease 
with dementia:

Cognitive and behavioral symptoms appearing solely in the 
context of other conditions such as:

Acute confusion is caused by systemic diseases or 
abnormalities or by drug intoxication. 

Major depression 

Features compatible with “Probable Vascular dementia” 
e.g.onset of dementia within 3 months after a recognized 
stroke, abrupt deterioration in cognitive functions, and 
fl uctuating, stepwise progression of cognitive defi cits.

Criteria for the diagnosis of probable and possible Par-
kinson’s Disease with Dementia (PDD)

Probable PDD

I must be met: Core features: both must be present. 

II must be met: Associated clinical features: 

The typical profi le of cognitive defi cits includes impairment 
in at least two of the four core cognitive domains (impaired 
attention that may fl uctuate, impaired executive functions, 
impairment in visuospatial functions, and impaired free recall 
memory that usually improves with cueing). The presence of 
at least one behavioral symptom (apathy, depressed or anxious 
mood, hallucinations, delusions, excessive daytime sleepiness) 
supports the diagnosis of probable PDD; lack of behavioral 
symptoms, however, does not exclude the diagnosis. 

III must be met: None of the uncertainty factors are present.

IV must be met: None of the factors suggesting other 
diagnoses are present.

Possible PDD 

I must be met: Core features: both must be present.

II, III, or both not met

II not met: Atypical profi le of cognitive impairment in one 
or more domains, such as prominent or receptive-type (fl uent) 
aphasia, or pure storage failure–type amnesia (memory does 
not improve with cueing or in recognition tasks) with preserved 
attention. Behavioral symptoms may or may not be present OR

III did not meet: One or more of the uncertain items is 
present. 

IV must be met: None of the factors suggesting other 
diagnoses is present.

Epidemiology of PDD

According to the literature prevalence numbers differ; up to 
80% of patients with diagnosed PD will develop dementia [5]. 
The mean duration of PD symptoms prior to dementia in PDD 
is 10 years [14,17]. The incidence of dementia is approximately 
threefold higher than in the normal population [4].

Estimating the true occurrence of dementia in PD is not easy 
for the clinician [18]. In clinical practice, mild dementia may 
be missed because motor signs are dominating and problems 
requiring medication adjustments such as fl uctuating motor 
symptoms, dyskinesias, sleep problems, or dysautonomia 
may overshadow cognitive problems or lead to their 
misinterpretation as the result of motor disability. The patient 
himself is often unaware of cognitive dysfunction whereas the 
relative is likely to relate all sorts of symptoms to the latter. It 
is most likely that patients with moderate or severe dementia 
are the fi rst to be identifi ed [19,20].

Age and PD duration are the leading risk factors for PDD 
[12]. Other clinical factors, such as male sex, low level of 
education, higher Hoehn & Yahr stage, axial impairment, 
akinetic-rigid or postural instability PD- type, excessive 
daytime sleepiness, cardiovascular autonomic dysfunction, 
REM sleep behavior disorder, hallucinations, and PD-MCI 
were found to be predictors of the development of PDD. Also 
specifi cally impairment of memory and language seems to be 
linked to a higher risk of PDD [21,22]. It is suggested, that some 
factors leading to earlier dementia development in PD may have 
some genetic underpinnings [13]. Dementia development leads 
to shortening lifetime expectancy and signifi cantly worsens 
the quality of life both for the patient and the relatives, not to 
mention the huge economic care costs.

Genetics

The genetics of dementia with Lewy bodies (DLB), PDD, 
PD, and AD is overlapping. Most cases of DLBs seem to be 
sporadic. There is a rare autosomal dominant inheritance 
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involving mutations in the SNCA (gene for -syn, a quite rare 
mutation) and LRRK2 (leucine-rich receptor kinase 2) genes. 
These mutations can manifest as PD, PDD, or DLB [5]. It is 
not known, though, if SNCA mutations add a risk to develop 
PDD [23]. Other genes identifi ed by genome-wide association 
studies (GWAS) for late-life DLB or PDD that are also associated 
with the risk for both diseases are GBA (glucocerebrosidase 
A), MAPT (microtubule-associated protein tau), SCARB2 
(scavenger receptor class B member 2) [12].

Heterozygous mutations in the GBA gene are a signifi cant 
risk factor for both DLB and PDD. The homozygous mutations 
in GBA cause a lysosomal storage disorder called Gaucher 
disease [13]. The carriers of mutations in GBA may develop 
dementia at an earlier age than non-carriers, though the latest 
was not proven in all studies. There is an overrepresentation 
of the APOE 4 allele, which is a strong risk factor for late-
onset AD, in sporadic LBDs [perhaps more in DLB than in 
PDD [23]], but it is less common than in patients with AD [5]. 
APOE 4, when present, brings an increased risk for more 
widespread synucleinopathy and dementia [23]. The APOE 
2 allele (the least common allele) might reduce the risk of 
developing DLB [5]. According to Galasko, despite some genetic 
factors contributing to the understanding of both diseases’ 
mechanisms, clinical genetic testing in DLB or PDD is not 
recommended at present [12].

Neuropathology

Lewy pathology (Lewy Bodies/LB and Lewy Neurites/LN) 
predominantly occurs in dopaminergic neurons in pure PD 
(nigrostriatal system); with the disease course, they are seen 
diffusely spread to different regions of the brain, including the 
neocortex (mainly parietal, temporal and frontal lobes). Limbic 
and neocortical -synuclein lesions distinguish PDD from PD 
[12]. However, Lewy bodies also appear in most PD patients 
without dementia and, conversely, dementia may occur in 
patients without neocortical LB [24].

Alfa-synuclein, the main substrate in LB and LN, can 
induce tau hyperphosphorylation and in this way promote 
neurofi brillary tau tangle formation. This synergistic 
relationship between AD pathology and -syn is bidirectional 
– the main modifi cation in -syn is that it becomes 
phosphorylated. Levels of phosphorylated -syn correlate with 
the severity of the disease [13]. Cortical -syn is assumed to 
be the strongest candidate substrate for PDD. The presence of 
cortical neurofi brillary tangles and beta-amyloid pathology 
leads to more advanced dementia, implying that the two 
pathologies work together [5,13]. Thus, the combination of 
Lewy pathology and AD pathology predicts dementia in PD 
better than the severity of any single pathology ] [13]. There 
is little evidence that cerebrovascular pathology contributes 
substantially to cognitive impairment in PDD or DLB [5,25]. 

Clinical features of PDD

PD symptoms such as bradykinesia, rigidity, tremor, and 
postural instability are present in different combinations and 
with different intensities. Obviously, not all symptoms are 

present in every patient. These motor symptoms are most 
probably caused by impairment of the signaling from basal 
ganglia to various motor cortex areas via cortical- basal 
ganglia- thalamocortical loops [26]. In PDD impairment in 
signaling from other areas to the cortex, as well as within the 
cortex itself, is believed to play an important role [27]. Cognitive 
problems, as mentioned above, can be detected in about 20% of 
de novo diagnosed PD cases (defi ned as PD-MCI), but they do 
not interfere with daily activities in a signifi cant way which is 
the case when dementia has been developing. 

There is little known about the natural course of cognitive 
functions in PD patients --- studies that have cognition in 
PD in focus are few. There is a need for large cohort studies 
that use neuropsychological test battery covering all relevant 
domains with both base and longitudinal follow-up data [20]. 
Nevertheless, what seems to be characteristic is that changes 
in cognition over the disease course are not limited to one 
domain [20]. The cognitive profi le in PDD typically shows 
impairments in executive and visuospatial functions. There 
is no consent between the authors which one of those can 
be predictive of dementia development. Some claim memory 
and language impairment predicts dementia as well [28,29]. 
Fluctuations in attention are often noticed, in the later stages 
of PD they can cycle as a peak-dose phenomenon related to 
dopaminergic medication [4]. The pure language defi cit is not 
typical but naming and letter fl uency may be impaired to a 
different degree [4,14]. Memory defi cits are not due to encoding 
problems, as free recall can be improved with the cues, which 
suggests impairment in the retrieval (recall) function [4]. 
Bradyphrenia is often present and psychiatric symptoms 
are relatively common in PDD, mainly manifesting as visual 
hallucinations [4]. They should be differentiated from visual 
illusions, in which an object is visually misinterpreted. This is 
a relatively often described phenomenon in early disease and 
may occur at twilight or in poorly lit environments [4].

Hallucinations are very similar to those in DLB, often 
animated – patients can see humans, often children, persons 
who are known or already dead, or animals. Initially, there is 
no lack of insight when hallucinations occur. However, during 
the disease’s progress insight may lack and patients may 
respond to hallucinations in various ways. When the symptoms 
lead to fear or dysphoria therapeutic interventions are often 
necessary [4,14]. Other modalities of hallucinations are seldom 
described. Delusions and psychosis may be very disabling and 
raise problems in mutual relations as the delusions can have a 
paranoid quality. 

Diagnostic process 

Neuropsychological assessment is necessary to assess 
cognitive functions. There are many tests that evaluate 
cognition. In clinical praxis screening for global cognition in 
suspected dementia is very useful. The most commonly used 
are MMSE (Mini-Mental State Examination) and MoCA (The 
Montreal Cognitive Assessment). These were developed for AD 
assessment but they are widely used also for screening PD. The 
latest recommendations are preferable to MoCA, which was 
found superior to detect cognitive impairment in PD patients 
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[28,30]. Another test instrument found suitable is SCOPA-COG 
(SCales for Outcomes of Parkinson’s Disease – Cognition) [31]. 
However, there is no strict regulation on what cognitive test 
battery to be used, but it is commonly agreed that cognitive 
scales must evaluate a broad range of cognitive domains 
- attention, language, visuospatial function, memory, and 
executive function [22,28].

Brain imaging is necessary in diagnosing PD in order 
to exclude other similar conditions that can give rise to 
Parkinsonian signs. Structural brain imaging with CT or MRI 
can also be supportive in PDD mostly in order to exclude other 
diseases as there is no specifi city in the fi ndings of PDD. MRI 
is preferable as it better provides a measure of cerebral atrophy 
and gives specifi c tissue characterization. Studies investigating 
gray matter loss in order to compare PDD and DLB have shown 
it is more pronounced in DLB albeit no specifi c pattern could 
be found [32]. The fi nding of white matter hyperintensities 
(WMH) – a fi nding often observed in elderly   – does not have a 
signifi cant difference in PDD and DLB [33].

Molecular imaging has given the possibility to assess 
neurobiological functions in living objects. Functional imaging 
techniques are promising but more studies are necessary, 
given the variable results of existing investigations [26]. 
Single photon emission tomography (SPECT) can be used to 
trace presynaptic dopaminergic function in basal ganglia with 
a specifi c radiotracer [123I]FP-CIT and is useful to diagnose 
parkinsonian syndromes, however with no possibility 
to distinguish between PD or any atypical parkinsonian 
syndromes, including DLB) [32].

[123I]MIBG cardiac scintigraphy is another imaging 
technique that allows assessing cardiac postganglionic 
degeneration, which is specifi c for Lewy body pathology. 
Although its specifi city and sensitivity are high for DLB, no 
data for PDD are available. Similarly, as for [123I]FP-CIT-
SPECT, there is no possibility to distinguish between PDD and 
DLB [34].

[18F]FDG PET (positron emission imaging – PET)--- yet 
another imaging technique--- is used to detect cerebral glucose 
metabolism, which is pathological if neuronal degeneration 
or synaptic pathology is the case. Changes in frontal and 
temporoparietal association areas have been seen, similar 
for PDD and DLB, and more severe in non-demented PD [35]. 
Occipital hypometabolism has also been described but must be 
interpreted cautiously as it has been seen in other entities [4].

[11]C-PIB PET, technology targeting fi brillary amyloid in 
AD, tau imaging PET (using a specifi c tau binding substrate), 
as well  -syn imaging have a limited value in diagnosing PDD 
so far.

There is still insuffi cient evidence for using biomarkers in 
cerebrospinal fl uid (CSF) that are specifi c for PDD. Both tau 
and beta-amyloid can be found and the possibility to assess 
-syn is coming to the clinical practice, but the evidence is 
not suffi cient to prove that it correlates to cognitive decline 
[26,34] The results of studies that assessed -syn in CSF are 

confl icting. It seems that CSF -syn levels may increase with 
the disease stage and this could be an explanation for high 
levels of - syn and cognitive decline in more advanced disease 
stages [20]. In patients with newly diagnosed PD evidence 
for beta-amyloid pathology (e.g. low concentrations of A1-
42) in CSF is a signifi cant predictor of subsequent cognitive 
impairment [13].

Therapy 

PD symptoms with the disease progress are challenging for 
the clinician and good control of both motor and non-motor 
Parkinson’s signs is seldom durable or fully satisfactory. It 
is important to remember that any Parkinsonian drug can 
be responsible for precipitating or exacerbating psychiatric 
symptoms and for cognitive impairment itself. Therapy 
modifi cation is then necessary. Reducing dopaminergic 
replacement is recommended, but when the cognitive functions 
are improved, motor disabling problems can emerge. Usually, 
the nondopaminergic PD medications (MAO-B inhibitors, 
amantadin, anticholinergics) are discontinued at fi rst, as 
they are believed to be less benefi cial to motor symptoms 
[28]. Any other coexisting illness/condition that occurs 
must be evaluated if it is believed to contribute to cognitive 
impairment. Medications such as sedatives or psychoactive 
need to be assessed if they are necessary for the patient as 
they can exacerbate cognitive decline [28]. Currently, there 
is no curable treatment for any of the neurodegenerative 
disorders at present but studies targeting disease modifi cation 
are currently being conducted [26,34]. As in all dementia 
syndromes, the treatment is complex and should focus on 
pharmacological and non-pharmacological approaches carried 
out by multi-professional teams  together with caregivers, 
social workers, and municipalities as well as volunteer-driven 
organizations (day centers, and institutions). There is a range 
of pharmacological as well as non-pharmacological treatments 
and interventions, but very few of those are effi cacious [36].

The goal is to decrease the disease burden for a patient 
and caregiver by slowing the progress of the illness; 
alleviating symptoms and postponing the worsening [37]. 
The pharmacological treatment of cognition in PDD takes 
advantage of studies on AD and is based on the knowledge that 
cholinergic projections to the cortex are disturbed in PD because 
of the affected nucleus basalis of Meynert (as in AD). Thus, 
acetylcholinesterase inhibitors (AChE-Is) are used, giving a 
modest but signifi cant benefi t to cognition in PD [23]. All three 
currently available AChE-I drugs - donepezil, rivastigmine, 
and galantamine - are in clinical use but only rivastigmine 
has been approved and donepezil is given a recommendation 
(lower evidence) in PDD [38]. They provide a benefi t not only 
regarding global cognitive function and behavioral symptoms 
but also in specifi c cognitive domains [39]. AChE-Is are shown 
to reduce apathy and neuropsychiatric symptoms such as visual 
hallucinations and delusions [14]. Rivastigmine is available as 
a transdermal patch which can be preferable if gastrointestinal 
adverse effects or dysphagia are prominent. Moreover, it is 
possible to switch drugs within the group. Memantine is a 
glutamatergic NMDA receptor antagonist used for moderate 
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and severe AD, however, no substantial clinical evidence exists 
on the effects on PDD [14]. According to the latest meta-
analysis [39], good results in certain cognitive domains have 
been shown as well as good safety outcomes. Stabilization or 
amelioration of cognitive outcomes is often the endpoint in 
many trials for novel treatments [1]. There is, however, a need 
for longitudinal further clinical studies in order to assess the 
effi cacy and safety of AChE-Is and memantine in PDD better 
[39].

Hallucinations and psychosis may be very problematic, 
and if they do not respond to AChE-I other medications may 
need to be considered. Of neuroleptic drugs only clozapine 
and quetiapine are recommended, as they do not exacerbate 
parkinsonism or give rise to the neuroleptic malignant syndrome 
in a signifi cant way [4]. The fi rst one is more complicated in 
clinical use as it can produce an important adverse effect such 
as agranulocytosis implying that the white blood cells must be 
weekly monitored. Quetiapine is more sedative, which can be 
an advantage when sleep disorder coexists.

Other therapeutic pharmacological trials are ongoing 
in PD, having a potential for PDD. The focus is to modify 
the disease course. Studies regarding different approaches 
against -syn are complicated by the fact that there is still 
an incomplete understanding of the precise role of -syn in 
disease development, though, no doubts about its role in the 
pathogenesis of PD. The way to develop such a therapy seems 
to be complicated, costly, and takes a long time [40] as does the 
research on genetic interventions.

Dementia with Lewy Bodies (DLB)

Dementia with Lewy bodies is considered a diagnostic 
challenge because of the clinical and pathological overlap 
with other neurodegenerative diseases, such as AD, PDD, and 
frontotemporal lobar degeneration (FTLD) [41]. This is one 
of the reasons why DLB is not as frequently recognized as AD 
is; mis- or underdiagnoses are frequent [42]. Interestingly, 
DLB was described as a separate entity for the fi rst time in 
1984 as diffuse Lewy body disease (DLBD) and in 1995 at an 
international meeting the name” Dementia with Lewy bodies 
“was proposed [42]. This might be the reason why data on 
many aspects regarding DLB are still limited. DLB should be 
diagnosed when dementia occurs before, or concurrently with 
parkinsonism. Because of its clinical overlap with other forms 
of dementia, DLB is often underdiagnosed and misdiagnosed 
[41]. The term Parkinson’s disease dementia should be used to 
describe dementia that occurs in the context of well-established 
Parkinson’s disease. In research studies in which a distinction 
needs to be made between DLB and PDD the existing one-
year rule between the onset of dementia and parkinsonism 
continues to be recommended [11].

Revised criteria for the clinical diagnosis of probable 
and possible DLB according to Outeiro, et al. [11]

Essential for a diagnosis of DLB is dementia, defi ned as 
a progressive cognitive decline of suffi cient magnitude to 

interfere with normal social or occupational functions, or 
with usual daily activities. Prominent or persistent memory 
impairment may not necessarily occur in the early stages 
but is usually evident with progression. Defi cits on tests of 
attention, executive function, and visuoperceptual ability may 
be especially prominent and occur early [11].

Core clinical features (the fi rst three typically occur early 
and may persist throughout the course)

1. Fluctuating cognition with pronounced variations in 
attention and alertness

2. Recurrent visual hallucinations that are typically well-
formed and detailed

3. REM sleep behavior disorder (RBD) which may precede 
cognitive decline

4. One or more spontaneous cardinal features of 
parkinsonism – bradykinesia, rest tremor, or rigidity.

Supportive clinical features

- Severe sensitivity to antipsychotic agents 

- Postural instability 

- Repeated falls

- Syncope or other transient episodes of unresponsiveness

- Severe autonomic dysfunction e.g. constipation, 
orthostatic hypotension, urinary incontinence

- Hypersomnia 

- Hyposmia

- Hallucinations in other modalities

- Systematized delusions

- Apathy, anxiety, and depression

Indicative biomarkers 

Reduced dopamine transporter (DaT) uptake in basal 
ganglia demonstrated by SPECT or PET 

Abnormal (low uptake) MIBG myocardial scintigraphy 

Polysomnographic confi rmation of REM sleep without 
atonia 

Supportive biomarkers

- Relative preservation of medial temporal lobe structures 
on CT/MRI scan

- Generalised low uptake on SPECT/PET perfusion/
metabolism scan 

- Prominent posterior slow wave activity on EEG with 
periodic fl uctuations in the pre-alpha/theta range
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Probable DLB if:

a) Two or more core clinical features of DLB are present, 
with or without the presence of indicative biomarkers or 

b) Only one core clinical feature is present, but with one or 
more indicative biomarkers

Possible DLB if:

a) Only one core clinical feature of DLB is present, with no 
indicative biomarker evidence, or

b) One or more indicative biomarkers are present but there 
are no core clinical features

DLB is less likely: 

a) In the presence of any other physical illness or brain 
disorder including cerebrovascular disease

b) If Parkinsonian features are the only core clinical 
feature and appear for the fi rst time at a stage of severe 
dementia. DLB should be diagnosed when dementia 
occurs before, or concurrently with parkinsonism. 

Epidemiology of DLB

The data regarding the epidemiology of DLB worldwide are 
limited [19]. Similar to PDD, the risk of DLB increases with age 
and is more frequent in men. The men-to-women difference 
in risk of DLB suggests different etiologic mechanisms - 
chromosomes X and Y depending, on endocrinological, 
environmental, social, and cultural factors [14,19]. The average 
age of disease onset is over 70 years [11]. The incidence is 
approximately 1 of 25 or 20% - 30% of new dementia diagnoses 
in the general population [14]. DLB patients survive from 
symptoms onset 5-8 years on average [43], whereas in cases 
with rapid progression, the average survival is 9 months [44].

Apart from the male gender and older age, there are 
some more factors modifying mortality rates - the presence 
of at least one APOE 4 allele and extrapyramidal signs are 
found to be strong predictors of mortality and long-term care 
placement [43]. In tremor-predominant forms of DLB, which 
are rare, better outcomes than in rigid-predominant forms of 
DLB were found [43,45].

Genetics

The genetic studies regarding distinctively DLB are few, as 
previous researchers focused on Lewy body disease (PD, PDD, 
and DLB) as a whole [46]. The GWAS (genome-wide association 
study) was conducted fi rst in 2017, long after such studies were 
performed on other diseases [42]. Though most DLB cases are 
sporadic, there is strong evidence for genetic components 
and family occurrence has been reported [42]. Observations 
on familial DLB indicate a predominant PD- phenotype with 
parkinsonian signs at the onset--- very few families with 
suggested DLB present cognitive problems initially [11].

There are only three genes that have been convincingly 
established to be involved in DLB: APOE, GBA, and SNCA, 

meaning a strong risk for dementia with Lewy bodies [42]. 
These genes are also considered to increase the risk of either 
AD (APOE) or PD [GBA, SNCA] [42]. Even mutation in MAPT 
can give risk to DLB [34]. AP OE 4 carries can often develop 
mixed DLB-AD pathology, but even pure DLB and PDD cases are 
seen; a greater severity of LB pathology and low AD pathology 
was also reported which implies that APOE is involved in the 
mechanism of LB pathology spread [11]. It does not seem that 
APOE 4 is an independent driver of synuclein pathology in 
DLB [46].

Some reports have shown that heterozygous carriers of 
mutations in GBA develop dementia at an earlier age than non-
carriers but other large studies reported confl icting results [5]. 
GBA is likely the APOE gene involved in the mechanism of LB 
pathology in DLB, though there is more uncertainty about what 
the cause of this involvement is [11]. GWAS results indicate that 
DLB genetically resembles both AD and PD, probably in equal 
measure, whereas PD and AD genetically are different [23]. 
Some DLB patients have a family history of neurodegenerative 
disease, not necessarily of DLB, and family members were 
diagnosed with AD or PD [42].

According to the fourth consensus report of the DLB 
Consortium, it is not recommended to perform genetic testing 
in a clinical setting, neither for confi rmation of diagnosis nor 
for prediction of disease, and genetic studies should be limited 
to research settings [47].

Neuropathology of DLB

Autopsy studies from research centers suggest that LB 
pathology (α-synuclein aggregations) occurs in about 20% to 
25% of cases of dementia in the elderly [12]. Most DLB cases 
show loss of dopaminergic neurons in the substantia nigra in 
the midbrain, like PD cases, albeit the most characteristic sign 
is LB pathology [11,48],.

There are 3 variations of -syn pathology in DLB: brainstem 
predominant, limbic (also called transitional), and neocortical. 
Brainstem lesions are found in the substantia nigra, nuclei of 
the vagus and glossopharyngeal nerves, reticular nuclei, and 
locus ceruleus. Limbic or transitional pathology occurs in the 
amygdala, transentorhinal cortex, and cingulate. Neocortical 
pathology is found in the temporal, frontal, and parietal cortex. 
Limbic and neocortical -syn lesions are associated with clinical 
features characteristic of DLB [12]. As in PDD, concomitant 
AD pathology is often found and is believed to contribute to 
cognitive impairment [12]. Alfa-synuclein may induce tau 
hyperphosphorylation and in this way promote neurofi brillary 
tau tangle formation. This synergistic relationship between AD 
pathology and -syn is bidirectional – the main modifi cation 
in -syn is that it becomes phosphorylated. Levels of 
phosphorylated -syn correlate with the severity of the disease 
[13]. There are confl icting results considering which pathology 
plays a more important role in dementia: high cortical LB 
burden or AD-related pathology. However, it is agreed that 
there is a strong correlation between both cortical pathologies 
[34]. There is little evidence that cerebrovascular pathology, 
which is relatively mild, contributes substantially to cognitive 
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impairment in DLB [5,25,34]. Apart from the occurrence of 
AD pathology, fi ndings of intracellular inclusions of TDP-43 
(which is a hallmark of FTLD) have been recorded at different 
rates [11]. The presence of FTLD pathology is believed to worsen 
cognitive impairment [11]. LB pathology’s role is not quite clear 
(toxic or protective) and no correlation between LB burden and 
clinical features of DLB has been shown [11]. 

Clinical features

Clinical features of DLB can be categorized into 3 groups: 
cognitive impairments, behavioral/ psychiatric phenomena, 
and physical symptoms [49].

Cognitive impairment 

Cognitive defi cit/dementia is characterized by both 
subcortical and cortical dementia. Disease often begins with 
dementia marked by fl uctuating cognition and arousal [5,50]. 
Cognitive decline typically has a gradual onset and progression 
like in AD; sometimes DLB may, however, progress more 
rapidly [12]. Cognitive impairment usually affects attention, 
executive function, and visual processing leaving memory 
relatively preserved initially [5,11,14] unlike the cognitive 
profi le in early AD. Memory impairment and naming problems 
appear later in the disease course [14], albeit patients with 
signifi cant concomitant AD pathology show defi cits on tests 
of memory and learning [12]. Moreover, short-term memory 
impairment refl ects, as in PDD, disturbed retrieval of stored 
information, which can be improved with cues [4].

The presence of early, severe visuospatial defi cits or 
delirium at disease onset predicts rapid decline [5,44]. 
Episodes of confusion occur otherwise during the course of 
the disease and may have confabulatory or delusional qualities 
[14]. Cognitive fl uctuations can be described by caregivers 
as episodes of disengagement or “blank staring”. Daytime 
somnolence is also frequently reported as a sign of fl uctuating 
arousal [4,14]. 

Psychiatric/behavioral features

Visual hallucinations are prevalent in DLB in up to 80% of 
patients and are typically recurrent [14]. Early in the course 
of the illness hallucinations are usually unimodal, e.g. only 
visual. Typically they are well-formed and animate, patients 
can see adults or small children, deceased family members, or 
small animals [4]. They are usually emotionally neutral but 
can sometimes be scary or dysphoric [4]. Hallucinations must 
be differentiated from visual illusions, in which an object is 
visually misinterpreted; illusions are also common early in the 
illness, but are nonspecifi c for DLB [4]. Related phenomena, 
such as passage hallucinations, and a sense of presence, are 
reported [11].

It is observed that in the presence of severe vision loss, 
recurrent and vivid visual hallucinations suggest Charles Bonnet 
syndrome rather than DLB. When hallucinations are present 
only in a delirium state it is not suffi cient for diagnosis of DLB 
[12]. A good indicator for the development of hallucinations is 
a severe visuospatial defi cit early in the disease [14] although 

they may occur independently from visuospatial or perceptual 
impairment or dopaminergic medication [34,50]. Auditory and 
tactile hallucinations are seldom reported [14].

Delusions can arise typically later in the course and usually 
have a paranoid quality. Delusions about a partner’s infi delity, 
house intruders, and theft are common. A phenomenon known 
as Capgras syndrome is described – as when a patient believes 
that a spouse or caregiver has been replaced by an imposter [4]. 
Delusions in some patients may relate to visual hallucinations 
and maybe systematized [12].

Depression and anxiety may be present but have no 
specifi c value as they are relatively common in the elderly 
(7, 43). Apathy without depression is often present, although 
not specifi c. With the progression of dementia, troublesome 
anxiety, and agitation may often develop [12].

Physical signs

Many patients with DLB have symmetric or axial 
predominant parkinsonism with bradykinesia and gait 
disturbance, while tremor is seen less frequently [51]. Tremor 
typically presents as a symmetric postural tremor, rather than 
an asymmetric rest tremor, though any variants are described. 
Gait impairment mimics that of PD with shuffling, slow turns, 
and decreased arm swing [4,52]. Stooped posture and postural 
instability are often present [12]. In up to 25% cases with 
autopsy verifi ed DLB parkinsonian signs may be absent or very 
mild [11]. According to the Fourth consensus report of the DLB 
Consortium, 15% to 40% of DLB cases die without motor signs 
[47].

Rapid Eye Movement (REM) sleep Behavior Disorder (RBD), 
olfactory dysfunction, and constipation are common and may 
precede the illness over several years [53]. They are considered 
risk factors for all synucleinopathies [4]. RBD is a parasomnia 
in which normal paralysis of REM sleep is impaired. Dreams 
in RBD are acted out (e.g punching, kicking, shouting out), 
and often can result in injury – e.g. falling out of bed [4,49]. 
Other disturbances during sleep (common in DLB and PDD) are 
obstructive sleep apnea and periodic limb movements in sleep 
[12].

Autonomic impairments are very common in all LBDs. 
The most frequent are neurogenic urinary frequency or 
incontinence, orthostatic hypotension, constipation, siallorhea 
and seborrhea, altered sweating, and erectile dysfunction [4,12]. 
Orthostatic hypotension, more common later in the course of 
DLB, and its complications, particularly syncope and falls, can 
be exacerbated by medications [4]. It can be very problematic 
leading to inactivity and signifi cantly worsening the quality 
of life. Falls are not only related to dysautonomia; they may 
be also due to cognitive impairment, motor symptoms, or a 
combination of these factors [52].

Diagnostic process

As dementia is an essential feature of DLB neurocognitive 
assessment is necessary. Neurocognitive assessment is 
necessary to perform but there are no specifi c recommendations 
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on what neuropsychological tests should be performed [11,47]. 
However, as the cognitive profi le is the same as that in PDD [12], 
the cognitive scales must evaluate a broad range of cognitive 
domains - attention, language, visuospatial function, memory, 
and executive function. It is useful to identify the fi rst cognitive 
domains impaired, as these can point toward DLB [4,6]. The 
mixed pathology complicates the neuropsychological profi le, 
making it diffi cult to distinguish mixed AD and DLB from 
pure AD [5]. The disease is a diagnostic challenge, especially 
at the early stages of the disease, and in patients with mixed 
neuropathology, which occur in over 50% of DLB patients [51].

Structural imaging of the brain can be performed by CT 
or MRI, the latter is superior because it offers better specifi c 
tissue characterization including gray matter atrophy [32]. 
MRI may show some overlap with atrophy patterns seen in 
AD [32] but generally shows a pattern of generalized cortical 
atrophy, with less marked atrophy in the hippocampus than 
in AD 25]. Medial temporal lobe atrophy on MRI has robust 
discriminatory power for distinguishing AD from DLB [32,47]. 
Vascular pathologies, which are often seen in the elderly, need 
still to be evaluated concerning the infl uence of dementia 
syndrome, clinical features of DLB, and its rate of progression 
[32]. The MRI is nondiagnostic in DLB as well as in PDD [25].

Molecular imaging

FDG-PET in DLB demonstrates decreased occipital glucose 
metabolism which is the most distinct fi nding that is helpful 
in distinguishing from other neurodegenerative diseases and 
healthy controls [5,52]. Both AD and DLB show hypometabolism 
in the temporal and parietal regions [5]. In some patients, only 
the AD pattern of hypometabolism may be present [4].

Dopamine transporter (DAT) imaging with [[123I] FP-
CIT-SPECT, in order to assess dopaminergic function shows, 
decreased DAT uptake in basal ganglia which is, however, 
not characteristic just for DLB because it also occurs in other 
atypical Parkinsonian syndromes and PD/PDD. It has been 
useful to distinguish between AD and DLB and has high 
sensitivity (78% to 88%) and specifi city (90% to 100%) [4]. 
Although [[123I] FP-CIT-SPECT has high accuracy, the absence 
of an abnormal scan cannot fully exclude the presence of DLB  
[32]. 

Reduced uptake of 123iodine-MIBG (123I-MIBG) on 
myocardial scintigraphy is a widely accepted biomarker for DLB 
[14]. A decreased uptake of 123I -MIBG is a sign of denervation 
of cardiac sympathetic ganglia [4], a characteristic of LBDs 
in general [32]. Patients with coexisting diabetes mellitus or 
cardiac disease might provide false positive results and should 
not be examined only for diagnostic purposes [5,32].

Imaging of amyloid, tau, cholinergic dysfunction, and 
neuroinfl ammation is not available in a routine assessment. 
Emerging knowledge relating to considering new as well as 
current biomarkers seems likely to give more information 
about the different pathologies and corresponding clinical 
picture, however, more research is needed [5,54].

Other diagnostic tools

There is still an area lacking suffi cient evidence for using 
biomarkers in CSF that are specifi c to DLB. CSF may show 
decreased levels of A1-42 or increased total and /or phospho 
tau (AD-related pathology) [12]. CSF levels of -syn may be 
slightly decreased in DLB or PD (relative to AD and controls), 
but this cannot be used in the clinic yet [12]. Extracellular -syn 
might be the pathological substrate of Lewy body disorders and 
is promising as a therapeutic target [5].

Polysomnography for RBD confi rmation is a helpful 
diagnostic tool, especially in formal diagnosis but adequate 
information can be assessed by accurate questions/ 
questionnaires [5].

Analysis of electroencephalogram (EEG) is useful for 
differentiating DLB and AD [theta/delta waves in particularly 
posterior and anterior/temporal regions are more signifi cant 
in DLB] [12,14] but measures and methods have not been 
validated for routine use [12].

Therapy 

There is no curable treatment for any neurodegenerative 
disorder at present but studies targeting disease modifi cation 
are being conducted [26,34]. The paucity of signifi cant evidence 
for medications in the treatment of DLB for several agents 
alone or in combination with no medication approved either in 
Europa or in the US [55]. However, many medications known 
to be effective for PD or AD are found to be also benefi cial for 
symptom management in DLB [12,47,52,56]. As in all dementia 
syndromes, the treatment is complex and should focus on 
pharmacological and non-pharmacological approaches carried 
by the multi-professional team together with caregivers, 
social workers, and municipality as well as volunteer-driven 
organizations (day centers, and institutions). Education both 
for the patients and caregivers is necessary for the satisfactory 
management of the disease’s process--- the goal is to decrease 
the disease burden for a patient and caregiver by slowing the 
progress of the illness; alleviating symptoms and postponing 
the worsening [57].

The medication can be selected in groups targeting: 
cognitive impairment, neuropsychiatric/ behavioral 
symptoms, gait/balance problems, and other symptoms (e.g. 
due to autonomic failure). Dosing and medication must be 
selected and individualized taking into account the degree of 
the functional impact of symptoms being targeted and side-
effect thresholds [52,58]. For cognition acetylcholinesterase 
inhibitors (AChE-Is) are used based on the loss of cholinergic 
neurons in the nucleus basalis of Meynert and decreased 
cortical choline acetyltransferase [52]. 

The results on cognition for the whole group of AChE-Is 
indicate benefi cial effects on global impression and some 
specifi c cognitive domains (attention, processing speed, 
executive functions, memory, and language) but did not 
improve visuospatial cognition when compared to placebo 
[39]. Slightly different effects for separate AChE-I were noted 
as well as safety outcomes, which in general are very good. All 
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drugs- rivastigmine, donepezil, and galantamine - reduced 
visual hallucinations and delusions in mild to moderate states 
[39,55]. None of them has worsened Parkinsonian signs [55]. 
Memantine is a glutamatergic NMDA receptor antagonist 
and was proven to improve attention, processing speed and 
executive functions, and global impression [39,55]. It has been 
reported that memantine decreases the probable rapid eye 
movement sleep behavior disorder in patients with DLB and 
PDD [39] and improves behavior [55].

Hallucinations and psychosis may be very problematic if 
they don’t respond to AChE-Is. Some patients may need low 
doses of an atypical antipsychotic drug such as quetiapine 
to manage their agitation and prevent cognitive fl uctuations 
[55]. Clozapine has been established in PD psychosis, but 
effi cacy and tolerability in DLB have not been proven [47]. 
Antipsychotic drugs are problematic as DLB patients are 
particularly sensitive to neuroleptics (specifi cally those with 
D2 receptor antagonism), e.g. typical antipsychotic agents 
such as haloperidol or high-potency atypical agents such as 
olanzapine [4,19,54]. Such drugs can trigger or exacerbate 
parkinsonism, as they can in PD, and this may be irreversible 
[4]. Neuroleptics have been associated with increased mortality, 
and patients with DLB are at increased risk for the neuroleptic 
malignant syndrome [4,19]. Neuroleptics can also negatively 
affect cognition and impair attention and alertness [4]. Some 
other drugs might be recommended in the future – such as low 
doses of valproic acid (or divalproex) as an adjunct to drugs like 
quetiapine in managing the agitation of DLB or pimavanserin 
[selective 5-hydroxytryptophan (5-HT) 2A receptor inverse 
agonist] which had been approved for psychosis in PD [55].

Treatment of parkinsonism may be challenging as patients 
with DLB often have a limited response to dopaminergic 
medications [4]. Levodopa is recommended - in low doses 
in order to avoid aggravating cognition or psychosis– but is 
generally less effective than in PD [4,55]. Dopamine agonists 
are usually not recommended as they are more likely to cause/
worsen hallucinations and other side effects [12]. A phase 3 trial 
on zonisamide, an anticonvulsant that is approved in Japan for 
parkinsonism in PD, is ongoing in DLB patients [55].

In RBD, if treatment is required, a number of non-
pharmacologic steps may be useful. These include removing 
sharp objects from the sleep environment, adding soft bedding 
to the fl oor next to the patient, or something alike. Several 
medications can be effective in REM sleep behavior disorder. 
Benzodiazepines (especially clonazepam) are particularly 
effective, but these carry the risk of exacerbating confusion. 
Melatonin can be effective as well and is usually well tolerated 
[4,55]. Some patients with REM sleep behavior disorder have 
concomitant obstructive sleep apnea, and the use of positive 
airway pressure may resolve both obstructive sleep apnea and 
REM sleep behavior disorder [4]. For insomnia, similar drugs 
used for agitation may be considered as well as low doses 
of benzodiazepines such as zolpidem [12]. There are newer 
sleep-promoting agents, e.g. extended-release zolpidem, 
which have a theoretic advantage of lower risk of tolerance 
but have not been formally studied in patients with DLB [12]. 
Selective serotonin reuptake inhibitors (SSRI) or serotonin-

norepinephrine reuptake inhibitors (SNRI) for depression or 
apathy may be used [12].

There are some novel drugs in ongoing clinical trials with the 
potential for disease-modifying effects. Some immunotherapy 
interventions in animal models are tested (against -syn) and 
the future will show what could be relevant in clinical practice 
[50].

Comparison of DLB vs. PDD

The similarity between DLB and PDD is striking [59]. 
However, there are some differences found between them, 
though not consistent in all researched papers [60]. First, 
patients with DLB may be younger at the onset of symptoms 
than patients with PDD [11]. A predominance of DLB incidence 
in men across all ages, more than in PDD, was found in the 
Olmsted County study [19]. PDD patients must have established 
Parkinsonian signs at the time of dementia onset, whereas not 
all DLB patients will develop them at all or only mild symptoms 
during the disease course. Parkinsonism may easily be foreseen 
by inexperienced movement disorders clinicians. Parkinsonian 
motor signs, if developed, are in DLB often symmetric, and 
bradykinesia and gait impairment is more common than the 
rest tremor [4]. Visual hallucinations are shown to be more 
frequent, as well as cognitive fl uctuations at the disease 
onset in DLB [11,34]; hallucinations are more common during 
the course of DLB (62.5%) than in those of PDD (20%) [19]. 
Hallucinations in DLB may occur spontaneously, while in PDD 
they typically occur after dopaminergic therapy. However, they 
have been described even in drug-naïve PD patients [34].

The pattern of initial cognitive dysfunction was found in 
some studies slightly different between DLB and PDD with 
greater defi ciencies of attention, executive function, and 
constructive abilities, as well as signifi cantly lower ratings 
in episodic verbal memory tasks in DLB. The rate of cognitive 
decline can be faster in DLB than in PDD [34]. A visuospatial 
function may be disproportionally affected in DLB compared to 
PDD, possibly related to the higher degree of parietal atrophy 
seen in DLB compared to PDD [5]. 

Nonmotor features develop typically early in DLB, many 
of which may be subtle, including olfactory dysfunction, 
sleep disorders, autonomic dysfunction, constipation, and 
sialorrhea, although not specifi c to DLB [52]. RBD (REM sleep 
behavior disorder) shows a high prevalence in DLB. It may 
precede cognitive decline by decades and is now included as 
a core clinical feature, though it is not specifi c to DLB [34]. 
Generalized myoclonus can occur in some patients with DLB 
[4], which is not typical for PDD.

Genetically, there is a signifi cant genetic overlap between 
PDD and DLB, as well as AD [42,61] but GWAS suggests that 
DLB may also have genetic risk factors that are distinct from 
those in AD and PD [42]. The genetic differences between PDD 
and DLB have, so far, not been studied in detail [13].

Neuropathologically, PDD and DLB are diffi cult to 
differentiate, apart from a higher prevalence of Alzheimer’s-
like pathology (found in the limbic and striatum) that occurs 
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in DLB [11,13,32]. The presence of severe AD pathology is rather 
a result of pathological aging, not necessarily determining the 
severity of cognitive impairment. Many research studies have 
shown that overwhelming AD pathology may mask PDD or DLB 
symptoms, thus resulting in AD diagnosis rather than PDD or 
DLB [61]. Brainstem may show minimal LB pathology in DLB 
and cortical distribution occur earlier than in PDD. However, in 
later stages, PDD and DLB show similar LB patterns [62]. Some 
studies have shown higher cortical LB load in the temporal and 
parietal regions, which seems to be a distinguishing feature of 
DLB [34]. Moreover, a lesser degree of dopaminergic cell loss is 
found in DLB compared to PDD [11,61].

On brain imaging a higher degree of parietal atrophy is 
seen in DLB compared to PDD, as well as temporal and occipital 
atrophy is more pronounced in DLB [23]. Normal FP-CIT scan 
excludes a diagnosis of PDD, but it does not exclude a diagnosis 
of DLB [5]. Some authors claim that dopamine uptake in the 
striatum is signifi cantly lower in PDD compared to DLB [63]. 
A reduced occipital metabolism on FDG-PET is the most 
distinguishable fi nding for DLB, but patients with PDD may 
show hypometabolism in frontal, parietal, and occipital regions 
as well [5,52]. The same pattern without a signifi cant difference 
in PDD and DLB is found when white matter hyperintensities 
(WMH) are investigated, however also often observed in elderly 
persons [33].

Patients with DLB are generally very sensitive to 
medications, especially neuroleptics. An almost pathognomic 
adverse worsening of symptoms is found when DLB patients 
are having neuroleptics in order to cope with psychotic 
problems. They often have a limited response to dopaminergic 
medications or show a lower threshold for adverse effects on 
them [4]. Despite the lack of specifi c studies on medication 
for symptoms of DLB, the pharmacological treatments do not 
differ from that approved for symptoms of PDD [36]. Symptom 
treatments are often managed by different specialist and in 
isolation, which make care more diffi cult to achieve [37].

Summary

DLB and PDD together are  the second most common 
neurodegenerative disease causing dementia in the 
population over 65 years [5], sharing many clinical, genetic, 
pathophysiological, imaging, and morphological features [34]. 
There is a continuous debate among scientists whether these 
two are separate diseases, just different phenotypes on the 
basis of the same LB pathology (within the LBD spectrum), 
or the same disease [12,13,19,34,64]. Many authors tend to 
believe that PDD and DLB may be manifestations of the same 
neurodegenerative disorder [13,19]. The differences shown 
above are rather few and had not been reproduced in all studies 
[54,59].

It is difficult or impossible to differentiate a single 
patient with parkinsonism as PDD or DLB based on a single 
examination, without regard to the temporal sequence of 
events [5]. The 1-year rule, distinguishing both entities by the 
relative timing of when cognitive and motor symptoms appear, 
is helpful in clinical practice [59]. However, recent studies 

question this 1-year rule, because emerging new evidence has 
shown that cognition may be severely impaired in PD several 
years before the onset of motor symptoms [34].

The research regarding these issues is in progress, but 
many questions are still unanswered. With more information 
given, new questions and doubts arise, which make science a 
challenge but also an attractive fi eld to deal with despite the 
huge efforts and economic costs needed. One of the questions 
is why dopaminergic neurons in substantia nigra are more 
vulnerable to PDD despite the same underlying LB pathology 
[61]. What is the role of AD pathology in the occurrence of LB 
pathology? What is driving the processes that can give rise to 
different phenotypes [61]? Why are there different phenotypes 
despite the same gene mutations? Is it due to other loci for 
mutations, or are other factors cooperating? And, if so, which 
are those? Another issue is the clinical similarity between AD 
and DLB, especially at the beginning of the disease courses 
[64-66]. It might be, at the end of the day that “DLB and PDD 
are the same diseases - as long as unquestionable biomarkers 
defi nitely distinguishing both entities are not found [64-66].
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