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Abstract
Lewy body diseases share clinical, pathological, genetic and
biochemical signatures, and are regarded as a highly hetero-
geneous group of neurodegenerative disorders. Inclusive of
Parkinson’s disease (PD), Parkinson’s disease dementia
(PDD) and dementia with Lewy bodies (DLB), controversy
still exists as to whether they should be considered as
separate disease entities or as part of the same disease
continuum. Here we discuss emerging knowledge relating to

both clinical, and neuropathological differences and consider
current biomarker strategies as we try to improve our
diagnostic capabilities and design of disease modifying
therapeutics for this group of debilitating neurodegenerative
disorders.
Keywords: clinical heterogeneity, dementia with Lewy
bodies, neuropathology, Parkinson’s disease, Parkinson’s
disease dementia.
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Clinical aspects

Clinically, both dementia with lewy bodies (DLB) and
Parkinson’s disease dementia (PDD) share the core features
of Lewy body dementias: cognitive decline, parkinsonism
(which is required by definition in PDD, but does not always
occur in DLB), fluctuating level of cognition and alertness
and visual hallucinations; of note, Rapid eye movement
(REM) Sleep Behaviour Disorder has recently been included
in the core features of DLB (McKeith et al. 2017), and is
frequently present in PDD as well. What differentiates the
two conditions on clinical grounds is the ‘1 year rule’; if
dementia occurs in the setting of established Parkinson’s
disease (PD), at least after 1 year of the onset of parkinson-
ism, this is deemed to be PDD; if, on the other hand,
dementia precedes, or occurs concurrently or within a year of
the onset of parkinsonism, this is deemed to be DLB. This
rather arbitrary definition has been criticized, but neverthe-
less is useful clinically. A number of studies have attempted
to compare the clinical profiles of the two conditions, using

the above definition. The overall conclusion is that DLB is
generally a more severe condition than PDD, especially with
regard to the cognitive and possibly neuropsychiatric domain
(Bougea et al. 2018). It is difficult or impossible however to
differentiate a single patient with parkinsonism as PDD or
DLB based on a single examination, without regard to the
temporal sequence of events. With progression of the
disease, the two conditions appear even more alike, as most
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neurodegenerative afflictions do, while with time there is also
an increasing influence of other comorbidities. Indicatively,
mortality rates for PDD and DLB do not differ in a recently
published study from Sweden, and are approximately three
times higher than the general population, underscoring their
severity (Larsson et al. 2018). In an effort to examine
similarities and differences between the two conditions,
attempts have been made to compare the groups at their
earliest stages. MCI-DLB cases are more affected cognitively
than MCI-PD in domains such as frontal executive function,
verbal and non-verbal memory and visuospatial abilities,
which are the core cognitive domains that are affected in
LBDs (Yoon et al. 2014). This reflects mostly a quantitative,
rather than a qualitative difference between the two groups,
and could result from case selection bias. On the other hand,
in cases with an overall similar degree of mild dementia
(defined as MMSE > or = 24), DLB cases had a slightly
worse performance on tests of attention-executive function,
and were severely affected in tests of visuospatial abilities,
especially the intersecting pentagon test, compared to PDD
(Petrova et al. 2015). This suggests that 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; however, temporal and occipital
atrophy were also more pronounced in DLB (Beyer et al.
2007). Naturally, parkinsonism is more severe in these earlier
stages of the conditions in PDD, despite higher use of
dopaminergic medications (Petrova et al. 2015). This
includes classical resting tremor, which is considered
uncommon in DLB.

Neuropathological considerations

Despite the differences in temporal sequence of emerging
clinical symptoms in PD, PDD and DLB, they share a
neuropathological hallmark lesion assumed to be the
causative substrate for motor symptoms observed in PD,
and extrapyramidal symptoms and cognitive impairment in
PDD and DLB (Spillantini et al. 1998; Hurtig et al. 2000;
Braak et al. 2003; Mori 2005; Tsuboi and Dickson 2005;
Ballard et al. 2006; Galvin et al. 2006; Tsuboi et al. 2007;
Compta et al. 2011; Irwin et al. 2012). a-synuclein (a-syn)
is a small protein 140aa in length, and under pathological
conditions aggregates into b-sheet-rich oligomers and fibrils
predominantly in neuronal cells and their processes (termed
Lewy bodies and Lewy neurites respectively (Fig. 1a)
(Spillantini et al. 1997; Serpell et al. 2000). The patholog-
ical delineation of PD compared to PDD/DLB lies in the
stage of progression of pathology through the brain; PD
patients have inclusions restricted to the brainstem and limbic
regions, whilst in PDD and DLB patients Lewy body
pathology extends to the neocortex. Based on the neu-
ropathological observations at post-mortem examination,
distinguishing between PDD and DLB is a universal

challenge and confounded by the common pathologies
shared by both. Primarily classed a synucleinopathies, Lewy
bodies and neurites are central to the neuropathological
diagnosis of PD, PDD and DLB, with the progression of
these lesions to the limbic and neocortical structures
providing a robust correlate for clinical dementia in PDD
and DLB (Braak et al. 2003; McKeith et al. 2017). In a
cohort of 52 Lewy body disease (LBD) cases (inclusive of
PD, PDD, and DLB), 80% of PD cases were classified as the
limbic transitional stage according to McKeith criteria, whilst
both PDD and DLB cases were classified as neocortical LBD
(with a slightly higher percentage of DLB cases fulfilling
criteria for neocortical LBD compared to PDD cases 97% vs
90%) Fig. 2a. This finding has been reported previously
(Jellinger 2018), and supports clinical data regarding the
pronounced onset of cognitive impairment in relation to
extrapyramidal symptoms in DLB compared to PDD, whilst
it has also been reported that striatal a-syn is increased in
PDD in relation to DLB, consistent with PDD being
principally a motor disorder (Tsuboi et al. 2007). Further-
more, DLB cases seem to have a higher burden of Lewy
bodies/neurites in limbic and neocortical regions, specifically
the temporal lobe, and the CA2 region of the hippocampus
compared to PDD cases (Fig. 1), whilst dopaminergic cell
loss in the substantia nigra is reportedly higher in PDD and
PD (mainly affecting the dorsolateral regions), compared to
DLB (where medioventral regions are most affected) (Mori
2005; Tsuboi and Dickson 2005; Kovari et al. 2009;
Jellinger 2018).
Although primarily classed as synucleinopathies, LBDs

are heterogeneous disorders with pathologic substrates
including synaptic degeneration, vascular pathology, neu-
ronal loss and basal forebrain cholinergic degeneration. AD-
related pathologies are also a common feature of PD, PDD
and DLB, with hyperphosphorylated tau (HP-T) and amy-
loid-b (Ab) thought to contribute to the cognitive decline
observed in DLB and PDD. DLB cases exhibit concurrent
AD-related pathology at more advanced stage compared to
PDD cases (Braak neurofibrillary tangle ≥IV, 38% vs 20%;
Thal phase ≥ 4, 63% vs 50%; consortium to establish a
registry for Alzheimer’s disease B/C, 50% vs 30%) (Fig. 2c
and d). Of note 28% of DLB and 10% PDD cases had
sufficient pathology for a secondary neuropathological
diagnosis of AD. This has been consistently demonstrated
in multiple studies, as Ab plaques are reportedly observed
more in the entorhinal cortex, amygdala and putamen (Hepp
et al. 2016), in addition to Ab burden being significantly
higher in cortical and subcortical regions in DLB compared
to PDD (Jellinger and Attems 2006; Edison et al. 2008;
Halliday et al. 2011; Walker et al. 2015; Hepp et al. 2016).
The presence of concomitant pathologies are also reflected

in the clinical phenotype of DLB and PDD as the burden of
additional pathologies has been associated with a more rapid
decline in cognition, and a shorter survival time from the
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onset of clinical symptoms compared to ‘pure’ LBD groups
(Olichney et al. 1998; Serby et al. 2003; Kraybill et al.
2005). In particular, the additive effect of AD-related
pathologies to the clinical phenotype has been well docu-
mented; however, the relative contribution of each pathology
to the clinical course of LBD is still unclear, as both
concomitant HP-T pathology and Ab burden have been
associated with a shorter latency between the onset of motor
symptoms and development of dementia in LBD cases
(Ruffmann et al. 2016; Irwin et al. 2017). Although many
studies into PDD and DLB can be longitudinal, post-mortem
investigations are by nature cross-sectional, therefore making
it challenging to decipher the exact contribution of individual
pathologies to the individual clinical phenotype of DLB or
PDD as onset of accumulation of such neuropathological
lesions may appear years before they are clinically relevant.
Numerous studies report conflicting results as to the relative
contribution to each clinical disorder. It has been suggested
that the occurrence of the DLB clinical syndrome is
positively related to the presence of a-syn and negatively
related to the severity of HP-T pathology, whilst Ab has no
effect (Tiraboschi et al. 2015), with regional HP-T scores
relating to cognitive performance in LBD (Coughlin et al.
2019). In addition, PDD cases with greater AD-related
pathology have a clinical phenotype similar to DLB, with a
shorter time to dementia (Hely et al. 2008; Irwin et al.
2013), whilst other studies suggest Ab and a-syn are strongly
correlated with survival and timing of dementia (Ferman
et al. 2018). This is currently a major challenge as there is no
reliable neuropsychological testing to identify co-existent

AD-related pathology in an LBD context, although work in
our laboratory has suggested the presence of complex visual
hallucinations in AD patients indicates the presence of
concomitant LBD (Thomas et al. 2018).
It is therefore perhaps a combination of multiple patholo-

gies that is detrimental to cognition in patients with DLB or
PDD. Indeed, it has been shown that in both DLB and PDD
that exhibit a-syn, HP-T and Ab, the additive effect of all the
three pathologies is a better predictor of dementia compared
to one single pathology (Compta et al. 2011; Howlett et al.
2015).
The neuropathological staging of a-syn in LBD has been

suggested to follow a caudal-rostral progression as outlined
by Braak and colleagues progressing from the brainstem,
through the limbic structures to the neocortex (Braak et al.
2003). However, as there is a current lack of validated-
imaging biomarkers for a-syn, it is impossible to distinguish
differences in protein propagation patterns between DLB and
PDD. Of note, a recent study conducted by Irwin and
colleagues reported 18% of neuropathologically confirmed
DLB cases did not develop a motor disorder as part of their
disease course, but the majority exhibited intermediate/high
AD-related neuropathologic change, as assessed by National
Institute on Ageing – Alzheimer’s Association guidelines
(Montine et al. 2012; Irwin et al. 2017). This may suggest
that Lewy body formation in the limbic system and neocortex
may occur without involvement of the brainstem, and may be
triggered or exacerbated in vulnerable brain regions already
subjected to pathological insults by the accumulation of HP-T
and/or Ab. The staging criteria proposed by Beach and

(a) (b)

(c) (d)

Fig. 1 Examples of Lewy body pathology:

Lewy bodies, black arrows (a), and Lewy
neurites, red arrow heads (b) in the temporal
cortex and hippocampus of DLB and PDD
cases. DLB cases appear to have more

a-syn positive Lewy bodies and Lewy
neurites in both the temporal lobe and CA2
of the hippocampus (a and c) compared to

PDD cases (b and d). Blue dashed lines
highlight the dentate gyrus. Scale bars
represent 100 lm in (a) and (b), and

50 lm in (c) and (d). Abbreviations: DLB,
dementia with lewy bodies; PDD,
Parkinson’s disease dementia; CA, Cornu

Ammonis.
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colleagues, where 10% of DLB cases were categorized as
limbic predominant, without involvement of the brainstem,
supports this observation (Beach et al. 2009). The colocal-
ization of a-syn and HP-T has been demonstrated in human
post-mortem tissue (Colom-Cadena et al. 2013), and
potential interactions between pathological protein aggre-
gates (a-syn, HP-T and Ab) have been described in human
and transgenic animals (Giasson et al. 2003; Clinton et al.
2010; Badiola et al. 2011).
Perhaps difficulties facing researchers in deciphering

differences between these heterogeneous disorders stem
from inconsistencies in experimental approaches. Histori-
cally, pathological lesions were assessed using semi-
quantitative methodologies (utilizing mild, moderate, severe
and very severe categories for HP-T and a-syn (Alafuzoff
et al. 2008; McKeith et al. 2005)). This has the inherent

problem of a subjective scoring between individual raters.
Although semi-quantitative evaluation is extremely valuable
when classifying neurodegenerative diseases, it lacks the
accuracy to detect subtle differences in pathology loads,
particularly in the later stages of disease when pathology
burden is considerable. For, example the amount of HP-T can
differ by up to 100% between cases that are classified as
having severe pathology when assessed semi-quantitatively
(Attems and Jellinger 2013). The introduction of quantitative
neuropathological assessment, such as slide scanning with
digital pathologic image analysis, or automated microscopy
[for more details see (Attems et al. 2014; Walker et al.
2017)], will greatly add to our ability to potentially detect
discrete clinic-pathological phenotypes of DLB and PDD,
similar to what has been described in AD (Murray et al.
2011). As a result of financial and time restrictions, many

Fig. 2 The frequency of DLB cases that
have a-syn progression to the neocortex as

classified by McKeith criteria (a) and Braak
LB staging (b) is higher than PDD and PD.
AD-related pathology pathology also

appears more advanced in DLB compared
to PDD, and PD as classified by
neurofibrillary tangle (NFT) Braak stage (c),

Thal Ab phase (d), and consortium to
establish a registry for Alzheimer’s disease
(CERAD) score for neuritic plaque pathology
(e). Abbreviations: DLB, dementia with Lewy

bodies; LB, Lewy body; PDD, Parkinson’s
disease dementia; PD, Parkinson’s disease;
NFT, neurofibrillary tangle; CERAD, Con-

sortium to Establish a Registry for
Alzheimer’s disease.
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studies to date select a limited number of brain regions to
investigate a particular component of disease e.g. burden of
pathological protein aggregates, or degeneration of synapses.
However, to tease out the global differences between DLB
and PDD, increased number of brain regions and potential
disease components should be encouraged. Tissue microar-
ray provides an excellent platform for such studies as it
allows the study of multiple components of disease to be
studied in serial sections across 35 brain regions (Walker
et al. 2017).

Genetic characteristics

Another approach in examining whether the two conditions
are ends of a spectrum is to examine their genetic underpin-
nings. A number of studies have now confirmed that ApoE4 is
a genetic risk factor for both DLB and, perhaps less so, PDD.
In particular, regarding DLB, a recent Genome wide
association studies (GWAS) and previous more targeted
approaches have definitively shown that ApoE4 allele status
is linked to an increased risk of DLB, even after considering
only pathologically proven cases (Bras et al. 2014; Guerreiro
et al. 2016, 2018). Despite earlier controversy, it appears
clear that an ApoE4 allele also confers a higher risk of
developing PDD. This was confirmed in a meta-analysis of
case–control studies (Sun et al. 2019) and is evident also in
neuropathological series (Tsuang et al. 2013). The fact of this
association in LBDs could be taken to indicate the influence
of concomitant AD pathology, but robust neuropathological
data now indicate that, even in cases without such pathology,
ApoE4 confers an increased risk for more widespread
synucleinopathy and dementia, across the full spectrum of
LBDs (Tsuang et al. 2013; Dickson et al. 2018). Two other
major GWAS hits that emerged from the recent DLB study
(Guerreiro et al. 2018), the loci for Glucocerebrosidase
(GBA) and a-synuclein (SNCA) had also been previously
ascertained as risk loci for DLB based on targeted approaches.
GBAmutations were identified to strongly increase the risk of
developing DLB (Nalls et al. 2013), and are known to
increase the risk of developing PDD (Brockmann et al.
2015). Thus, GBAmutations may lead to either PDD or DLB,
but whether there is a difference in the particular causal
mutations has not been rigorously assessed. The SNCA locus
of course is also the main hit in GWAS in PD (Nalls et al.
2011), but whether it is associated with an increased risk of
developing PDD is not known. SNCA point mutations such
as the originally identified p.A53T led usually to PD-PDD
(Papadimitriou et al. 2016), but cases with a DLB presenta-
tion have been described (Morfis and Cordato 2006),
underscoring again the fact that, like in GBA-PD, the same
genetic defect may lead to either PDD or DLB. In an earlier
focused study, the SCARB2 gene encoding for LIMP2, a
transporter for the product of the GBA gene Glucocerebro-
cidase, was also shown to be marginally associated with DLB

(Bras et al. 2014). This gene locus is also associated with PD
(Nalls et al. 2011; Michelakakis et al. 2012). Interestingly,
the exact location within the SCARB2 and SNCA loci was
different in PD versus DLB, suggesting that there could be
particular factors, perhaps operating in a region-specific
manner that could differentially alter the transcriptional
regulation of these genes, and therefore cause region-specific
alterations. Overall, GWAS indicate that, even without taking
into account the strong ApoE signal, DLB genetically
resembles both AD and PD, probably in equal measures,
whereas PD and AD are genetically distinct (Guerreiro et al.
2016). It would be interesting to perform such GWAS on
‘pure’ DLB in the absence of AD pathology to examine
whether the association with AD risk genes still occurs; if so,
this would suggest the existence of the same genetic factors
that could contribute either to synucleinopathy or to HP-T/Ab
pathology, with the end clinical result of dementia. As
mentioned, ApoE4 appears to be such a factor.
Cerebrospinal fluid (CSF) biomarkers showing an AD

profile are common in DLB, ranging from 25 to 50%, with an
even higher percentage showing only low beta-amyloid
(Schoonenboom et al. 2012; van Steenoven et al. 2016;
Bougea et al. 2018). This is lower than the percentages of
cases found on autopsy with AD pathology, and this likely
reflects the accumulation of AD pathology with ageing and
within the DLB condition. CSF biomarker data are quite
consistent with imaging studies, showing overall about 50%
of DLB cases with positivity on Ab PET imaging
(Ossenkoppele et al. 2015). Percentages of AD CSF
biomarkers are much lower in PDD, but still above controls
or PD, providing in vivo data for a smaller contribution of
AD pathology to PDD as well (van Steenoven et al. 2016).
Interestingly, levels of AD CSF biomarkers in GBA-PD were
not different from controls and were not associated with the
development of dementia, suggesting that in this defined
genetic cohort AD-type pathology was not a determinant of
PDD (Lerche et al. 2017). Whether this would be true in a
cohort of GBA-DLB cases as well remains to be determined.
In conclusion, PDD and DLB both represent rather

heterogeneous conditions. It is clear from neuropathological,
biomarker and imaging studies that AD-type pathology is
more of a determinant factor in DLB compared to PDD. The
vast majority of PDD cases have dementia in the absence of
significant AD pathology, indicating that the synucleinopa-
thy per se is the major cause of the cognitive decline. The
same is true for at least a large proportion of DLB cases.
Genetic data suggest that DLB can be viewed rather as a
combination of PD and AD in terms of pathogenetic
mechanisms. The recent finding that ApoE4 is a risk factor
for widespread synucleinopathy and consequent dementia
regardless of AD pathology suggests that specific genetic
factors may contribute to worse cognitive function and more
widespread aberrant protein deposition in the context of both
AD and pure LBDs. In addition, genetic differences within
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the particular loci identified to be shared between PD and
DLB may be responsible for the differential regional
affectation by the synucleinopathic process in the case of
DLB compared to PD. Six missense mutations have been
identified in the SNCA gene in PD whilst to date only two
have been associated with diffuse neuropathological Lewy
body disease (Rosborough et al. 2017; Orme et al. 2018). In
addition, gene-based mutation analyses of DLB and PDD has
identified three missense mutations in PSEN1 and PSEN2
(three in DLB and one in PDD) (Meeus et al. 2012). These
findings underscore the need to clearly define the separate
nosological entitities within the LBD spectrum, taking into
account concomitant biomarker, imaging and genetic data.
Such approaches in the future may hold promise for more
personalized treatments based on the individual profile of
each patient within the LBD spectrum.
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