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Novel clinicopathological characteristics differentiate dementia with Lewy bodies from

Parkinson’s disease dementia

Dementia with Lewy bodies (DLB) and Parkinson’s dis-

ease dementia (PDD) known as Lewy body dementias

have overlapping clinical and neuropathological fea-

tures. Neuropathology in both includes combination of

Lewy body and Alzheimer’s disease (AD) pathology.

Cerebral amyloid angiopathy (CAA), often seen in AD, is

increasingly recognized for its association with dementia.

Aims: This study investigated clinical and neuropatho-

logical differences between DLB and PDD. Methods: 52

PDD and 16 DLB cases from the Queen Square Brain

Bank (QSBB) for Neurological disorders were included.

Comprehensive clinical data of motor and cognitive fea-

tures were obtained from medical records. Neuropatho-

logical assessment included examination of CAA, Lewy

body and AD pathology. Results: CAA was more

common in DLB than in PDD (P = 0.003). The severity

of CAA was greater in DLB than in PDD (P = 0.009),

with significantly higher CAA scores in the parietal lobe

(P = 0.043), and the occipital lobe (P = 0.008), in DLB

than in PDD. The highest CAA scores were observed in

cases with APOE e4/4 and e2/4. Survival analysis

showed worse prognosis in DLB, as DLB reached each

clinical milestone sooner than PDD. Absence of dyskine-

sia in DLB is linked to the significantly lower lifetime

cumulative dose of levodopa in comparison with PDD.

Conclusions: This is the first study which identified

prominent concurrent CAA pathology as a pathological

substrate of DLB. More prominent CAA and rapid disease

progression as measured by clinical milestones distin-

guish DLB from PDD.
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Introduction

PDD and DLB, currently characterized as a clinical

spectrum of disorders and referred to as Lewy body

dementia, share many clinical and neuropathological

features [1,2]. The one year rule describing temporal

onset of parkinsonism and dementia is used as the

main criterion for their differentiation in clinical and

research settings [1,3,4]. Several other differences in

motor and cognitive features have been described [2,5].

More profound cognitive deficits occur in DLB [6–8]

with DLB having more severe deficits in attention,
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executive functions, constructional tasks [6–8] and epi-

sodic verbal memory [7,8]. More severe parkinsonism

was found in PDD than in DLB [6,9] with rest tremor

being less frequent in DLB [7,9,10] and also milder and

symmetrical in DLB [11].

Cortical Lewy bodies are the main neuropathological

hallmark of Lewy body dementias [1]. Previous studies

demonstrated that cortical Lewy bodies correlate with

dementia in PD [12–14], with Lewy bodies in the fron-

tal and cingulate gyrus correlating with the severity of

cognitive impairment in PD and PDD [15]. Others

found that the combination of Lewy body and Alzhei-

mer’s disease (AD) pathology correlates with dementia

in PDD [16]. Neuropathological differences are rela-

tively minor [17], and the main differentiating features

are that DLB has less severe neuronal loss in the sub-

stantia nigra [18] and more severe AD pathology

[19,20].

CAA is a condition defined by the presence of amy-

loid-b in the walls of small or medium cerebral blood

vessels, mainly arteries and capillaries in leptomeninges

and brain parenchyma [21–23]. There is increasing

evidence that CAA is more frequently observed in

demented rather than in nondemented individuals [24–

27]. CAA is very common in AD with the prevalence

of up to 97% [28]. However, CAA also occurs in Lewy

body dementias and an association between CAA and

cognitive decline in PDD and DLB has been demon-

strated [29].

CAA is characterized as an age-related small vessel

disease with increasing prevalence in older individuals

[28,30]. It was found that CAA occurs in 36% of indi-

viduals over 60 years of age and 46% of those over

70 years [30]. Another study found a wider range of

age-related CAA prevalence (2.3% in those aged 65-

74 years and 100% in those older than 80 years) [28].

The primary objective of this study was to identify clini-

cal and neuropathological differences that can distinguish

PDD from DLB more clearly. CAA, as a concomitant neu-

ropathology, was investigated with its frequency and

topographical distribution in addition to Lewy body and

AD neuropathology. APOE genotype was determined and

its relationship to CAAwas examined.

Materials and methods

Eight hundred brain donors with the clinical diagnosis

of PDD, PD or DLB were identified in the database of

Queen Square Brain Bank for Neurological disorders

(QSBB) between 1990 and 2018. The clinical records

were reviewed and only cases with sufficient clinical

information for the clinical diagnosis of PDD according

to Movement Disorders Task force criteria [3] and DLB

according to McKeith’s criteria [4,31] were selected. 95

clinically well-documented consecutive PDD and DLB

cases were identified. Full clinical records of these cases

were systematically reviewed by a neurologist (DH). 27

cases were excluded because they did not fulfil clinical

diagnostic criteria for PDD, criteria for DLB (n = 13) or

they had diagnosis of genetically confirmed PD/PDD

(n = 6) or their neuropathological diagnosis was other

than PDD or DLB (n = 8). The 1-year rule was used as

the main criterion for the clinical differentiation

between PDD and DLB. Overall, 68 (PDD 52, DLB 16)

clinically well-documented and pathological confirmed

PDD and DLB cases were included in this study. None

of included cases had either a typical clinical course or

typical clinical features for AD.

Clinical features

Demographic and clinical data were collected including

gender, disease duration, age at first cognitive symp-

toms onset, age at first motor symptoms onset (defined

as the year when clinical symptoms of parkinsonism

occurred in clinical records for the first time), age at

death, presence of visual hallucinations, age at visual

hallucinations onset, presence of tremor and dyskine-

sia. Clinical data also included cumulative lifetime

levodopa dose, calculated as follows: (daily amount

of L-dopa [mg]) at 1 year after commence-

ment 9 365 + [1/2] [maximum daily amount

L-dopa + daily amount L-dopa at 1 year after com-

mencement] 9 [interval from 1 year after commence-

ment to reaching maximum dose (years) 9 365] + [1/

2] [maximum daily amount L-dopa + daily amount L-

dopa at death or discontinuation of L-dopa] 9 [interval

from reaching maximum dose to death of L-dopa dis-

continuation (years) 9 365] [32], and other medica-

tion use (dopamine agonists, monoamine oxidase

inhibitors, amantadine, anticholinergics, antipsychotics,

cholinesterase inhibitors and NMDA receptor antago-

nists). Cognitive data included last MMSE scores [33]

and formal neuropsychometry assessments, where

available. Severity of parkinsonism was evaluated retro-

spectively at the time of dementia and time at death by
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using modified Hoehn–Yahr scale (retrospective assess-

ment was performed by a neurologist (DH) and was

based on the clinical description of motor symptoms in

clinical records) [34,35]. Clinical milestones of the dis-

ease progression included: time to regular falls, time to

wheelchair dependence, time to dysphagia, time to resi-

dential care placement and time to cognitive disability

[36].

Neuropathology

All cases had been formally examined by a neu-

ropathologist according to the standard protocols.

Immunohistochemistry included the following antibod-

ies: a-synuclein (Vector Laboratories; KM51; 1:50),

phosphorylated tau (AT8; BioScience Life Sciences;

1:600), amyloid-b peptide (Dako; 6F/3D; 1:100). A

standard immunohistochemistry avidin-biotin complex

(ABC) method was used. Paraffin sections were blocked

in methanol with 0.3% H₂O₂, followed by the treatment

in citrate buffer (pH 6) in the pressure cooker and

blocking in 10% dried milk. Incubation with the pri-

mary antibody was followed by the incubation with the

secondary antibody and incubation with the ABC com-

plex (Dako). Finally, sections were blocked in di-

aminobenzidine activated by 0.3% H₂O₂ to visualize the

pathology of interest.

Neuropathological data such as brain weight and

post-mortem delay were acquired from reports. Neu-

ropathological assessment of Lewy pathology to provide

Braak staging and McKeith typing was performed

according to the current and established criteria [4,37].

AD neuropathology with Thal phases for amyloid-b
[38], Braak and Braak stages for neurofibrillary tangles

[39], CERAD criteria for neuritic plaques [40] were per-

formed. ‘ABC’ scores for AD neuropathology were also

determined [41]. CAA was assessed for all included

cases by a neuropathologist (JH) from five brain regions

(frontal lobe, parietal lobe, temporal lobe, occipital lobe

and the cerebellum) according to the consensus proto-

col for the assessment of CAA in post-mortem brain tis-

sue [21]. Scores (0-3) were used for the assessment of

parenchymal and meningeal CAA. Scores (0-1) were

used for the assessment of capillary CAA and scores (0-

2) for vasculopathic changes associated with CAA sepa-

rately in the neocortex and leptomeninges. The maxi-

mum CAA score per brain region was 11 (represented

by the sum of maximum scores from: brain

parenchyma (maximum score of 3), leptomeninges

(maximum score of 3), capillaries (maximum score of

1), vasculopathic changes were evaluated separately in

neocortex (maximum score of 2), and in leptomeninges

(maximum score of 2). An overall CAA score for each

case was then calculated as the sum of all scores from

all brain regions (maximum possible overall score was:

11 9 5 brain regions = 55). Three cases (2 PDD and 1

DLB) had missing data where suitable tissue was not

available for the assessment of CAA. One DLB case had

missing data in the temporal lobe and two PDD cases

had missing data in the parietal lobe, occipital lobe and

in the cerebellum. To account for missing data, the

total CAA scores were expressed as the percentage of

the total score available for each case (Total CAA per-

centage score). We have also compared the severity of

CAA in a subgroup of PDD and DLB cases with lower

severity of AD neuropathology (Braak and Braak neu-

rofibrillary tangles stage up to 4 and Thal amyloid-b
phases up to 3).

A sample of 10% of the cases were randomly selected

and analysed for the second time for the intra-rater

reliability or level agreement to assess the consistency

of the CAA neuropathological assessment.

APOE genotype

APOE genotype was determined in 58 cases (PDD 46,

DLB 12) using DNA extracted from frozen cerebellar

tissue using polymerase chain reaction (PCR) followed

by restriction enzyme digestion [42]. APOE genotyping

was not possible for 10 cases where DNA was not

available.

Statistical analysis

Statistical software IBM SPSS version 26 was used for

the statistical analysis. Nonparametric Mann–Whitney

U test was used for the assessment of continuous vari-

ables as they did not have normal data distribution.

Categorical variables were assessed according to chi-

squared test or Fisher’s exact test depending on the

data distribution. Kaplan–Meier survival curves and

Log Rank (Mantel–Cox) were used for the assessment

of clinical milestones. Assessment of CAA also included

multiple logistic regression and assessment for intra-

rater reliability (level of agreement, assessment per-

formed for the second time by the same examiner (JH)
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blinded to the initial result) with Cohen’s j coefficient.

P value of < 0.05 was considered as statistically signifi-

cant.

Results

Clinical findings

68 (52 PDD, 16 DLB) neuropathologically confirmed

cases were included in this study (demographic data

summarized in Table 1). All cases fulfilled clinical diag-

nostic criteria for PDD [3] or DLB [4,31]. Males were

more frequent in both groups (71.2% PDD, 68.8%

DLB). Disease duration differed between the two groups;

DLB had significantly shorter disease duration

(P < 0.001) and were younger at death (P = 0.048)

compared with the PDD group. DLB patients were sig-

nificantly older at the time of their first motor symp-

toms onset (P = 0.012) compared with PDD. No

significant differences were found in the age at onset of

the first cognitive symptoms (P = 0.110). Visual hallu-

cinations had a similar frequency in both groups

(88.5% PDD, 87.5% DLB, P = 1.000) and a similar age

at onset (P = 0.209). Last (closest to death) MMSE

Table 1. Demographic, clinical and neuropathological characteristics

PDD n = 52

Median (IQR)

or %

DLB n = 16

Median (IQR)

or % P value

Gender (male) % 37 (71.2%) 11 (68.8%) 1.000‡

Disease duration yrs 20 (14, 25) 9 (6, 10.75) <0.001*,†

Age at 1st cognitive symptoms onset yrs 70 (60, 76) 65 (57.5, 70.5) 0.110†

Age at 1st motor symptoms onset yrs 58 (49, 66) 66 (62.7, 70.5) 0.012*,†

Age at death yrs 77.5 (72, 82) 71.5 (67, 78.5) 0.048*,†

Visual hallucinations % 46 (88.5%) 14 (87.5%) 1.000‡

Visual hallucinations age at onset yrs n = 4671 (63, 76) n = 1167 (64, 70) 0.209ᵃ
Last MMSE n = 25 20 (17, 23) n = 11 17 (8.5, 19.5) 0.035*,†

Last MMSE to death yrs 2 (1, 6) 2 (2, 4) 0.589†

Tremor % 44 (84.6%) 9 (56.3%) 0.034*,‡

Dyskinesia % 37 (71.2%) 0 (0%) <0.001*,§

Cumulative lifetime dose of levodopa kg n = 47 2.01 (1.21, 3.17) n = 8 0.31 (0, 0.47) <0.001*,†

Dopamine agonists % 39 (75%) 2 (12.5%) <0.001*,§

MAOi % 34 (65.4%) 1 (6.3%) <0.001*,§

Amantadine % 19 (36.5%) 0 (0%) 0.003*,‡

Anticholinergics % 44 (84.6%) 7 (43.8%) 0.002*,‡

Antipsychotics % 24 (46.2%) 7 (43.8%) 0.866§

Cholinesterase inhibitors % 39 (75%) 12 (75%) 1.000‡

NMDA antagonists % 5 (9.6%) 1 (6.3%) 1.000‡

Braak and Braak neurofibrillary tangles stages

0 3 (5.8%) 0 (0%) 0.034‡

1 7 (13.5%) 1 (6.3%)

2 25 (48.1%) 5 (31.3%)

3 9 (17.3%) 2 (12.5%)

4 5 (9.6%) 1 (6.3%)

5 2 (3.8%) 4 (25%)

6 1 (1.9%) 3 (18.8%)

Thal amyloid-b phases

0 7 (13.5%) 0 (0%) 0.083†

1 7 (13.5%) 0 (0%)

2 2 (3.8%) 1 (6.3%)

3 11 (21.2%) 1 (6.3%)

4 14 (26.9%) 7 (43.8%)

5 11 (21.2%) 7 (43.8%)

*Statistically significant P values < 0.05.
†

represents Mann–Whitney U test.
‡

Fisher’s exact test.
§

chi2 test.
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score was significantly lower in DLB compared to PDD

(P = 0.035), where the median of the interval between

the last MMSE and death was the same in both groups

(P = 0.589). Tremor was less frequent in the DLB

group (56.3%) than in the PDD group (84.6%)

(P = 0.034). Dyskinesia was absent in DLB cases com-

pared to 71.2% of PDD, (P < 0.001) which is likely to

relate to significantly lower lifetime cumulative dose of

levodopa in DLB (P < 0.001). Similarly, DLB patients

were treated with less dopamine agonists (P < 0.001),

monoamine oxidase inhibitors (P < 0.001), amantadine

(P < 0.003) and anticholinergics (P = 0.002). No sig-

nificant differences were found in the frequency of use

of antipsychotics (P = 0.866), cholinesterase inhibitors

(P = 1.000) and NMDA antagonists (P = 1.000).

Severity of parkinsonism was assessed at the time of

the diagnosis of dementia and time of death according

to the modified Hoehn–Yahr scale and is illustrated in

Figure 1, Table S1. Parkinsonism at the time of demen-

tia was significantly less severe in DLB compared to

PDD (P < 0.001) as the majority of DLB patients

(56.3%) had bilateral symmetrical symptoms at the

time of dementia diagnosis while PDD (44.9%) had sev-

ere disability. No significant differences in the severity

of motor symptoms were found at the time of death

(P = 0.346).

Clinical milestones of disease progression (time to

regular falls, time to wheelchair dependence, time to

dysphagia, time to cognitive disability and time to resi-

dential care placement) were assessed in both groups

(Figure 2). Survival analysis showed that DLB patients

reached each clinical milestone of the disease progres-

sion sooner than PDD (time to regular falls Log Rank

P < 0.001, time to wheelchair dependence Log Rank

P < 0.001, time to dysphagia Log Rank P < 0.001,

time to cognitive disability Log Rank P < 0.001, time

to residential care placement Log Rank P < 0.001).

Scores from specific tests of cognitive domains in the

neuropsychometry assessment were included for those

cases where available (6 PDD, 4 DLB). No significant

differences were found between PDD and DLB in any

cognitive domain, this is most likely due to the small

number of cases for which data were available;

Table S2.

Neuropathological results

Neuropathological assessment demonstrated similar

brain weight in both groups (P = 0.452) and similar

post-mortem delay (P = 0.129). Lewy body pathology

did not show any statistically significant difference

between PDD and DLB (P = 1.000). The majority of

PDD cases (94.2%) and all DLB cases (100%) had neo-

cortical stage of LB pathology. Only three cases (5.8%)

in the PDD group had limbic type Lewy body pathol-

ogy, Table S3.

AD neuropathology according to National Institute

on Ageing – Alzheimer’s association guidelines (NIA-

AA) was more severe in DLB compared with PDD for

Braak and Braak neurofibrillary tangles stages

(P = 0.034) and B score (NIA-AA criterion reflecting

Braak and Braak neurofibrillary stages) (P = 0.004),

and in neuritic plaques according to C score (NIA-AA
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Figure 1. Modified Hoehn–Yahr stages at the time of dementia

and time at death. Stage 1 – mild unilateral symptoms, stage 2 -

bilateral involvement, stage 2.5 - mild bilateral involvement with

recovery on pull test, stage 3 - mild to moderate symptoms with

postural instability, stage 4 – severe disability, stage 5 -

wheelchair or bed bound.
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CERAD neuritic plaque score) (P = 0.006) [41]. The

distribution of amyloid-b neuropathology did not show

any significant differences (Thal phases P = 0.083, A

score (NIA-AA amyloid-b deposits) P = 0.059) [38],

Figures 3 and 4, Table 1, Tables S4 and S5.

CAA frequency in both groups was significantly dif-

ferent (P = 0.003). CAA pathology was observed in

63.5% (33/52) of PDD cases and 100% (16/16) of DLB

cases. Multivariable logistic regression showed that the

risk of CAA decreased with the diagnosis of PDD after

adjusting for age at death (the odds are 0.039 times

(96%) lower in PDD than in DLB; OR 0.039; 95% CI

0.004 – 0.355; P = 0.004; Hosmer Lemeshow test

P = 0.292). The severity of CAA was evaluated using

the CAA score in each brain region and for each case

the total score was expressed as the percentage of the

possible available score from all brain regions (Total

CAA percentage score) and compared between the two

disease groups (Figure 5 and Table S6). Our results

showed significant differences in CAA scores between

DLB and PDD with higher CAA load in posterior brain

areas (occipital lobe P = 0.008, parietal lobe

P = 0.043) and also an increased total CAA percentage

score (P = 0.009). Anterior brain regions showed simi-

lar CAA scores in both groups (frontal lobe P = 0.152,

temporal lobe P = 0.061).

Most variables (CAA assessment of meninges, cortex

and capillaries in the frontal, temporal lobe and the

cerebellum, and meninges in parietal lobe and occipital

lobe) had Cohen’s j 1.000, P = 0.0008 and SE 0.000

which is consistent with ‘almost perfect’ level of intra-

Figure 2. Kaplan-Meier survival curves of clinical milestones of

PDD and DLB. Time to regular falls is the interval between disease

onset and time of reaching regular falls, Log Rank (Mantel–Cox)
P < 0.001. Time to wheelchair dependence is the interval

between disease onset and time of wheelchair dependence, Log

Rank (Mantel–Cox) P < 0.001. Time to dysphagia is the interval

between disease onset and time of severe dysphagia, Log Rank

(Mantel–Cox) P < 0.001. Time to residential care placement is the

interval between disease onset and time of residential care

placement, Log Rank (Mantel–Cox) P < 0.001. Time to cognitive

disability is the interval between the disease onset and time of

cognitive disability, Log Rank (Mantel–Cox) P < 0.001. PDD blue

dotted line, DLB green dotted line. PDD – Parkinson’s disease

dementia, DLB, dementia with Lewy bodies.
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Figure 3. Thal phases for amyloid-b and Braak and Braak stages

for neurofibrillary tangles in PDD and DLB. Significant P

value < 0.05 is marked *.
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rater agreement. Two CAA variables: CAA of cortex in

the occipital lobe (Cohen’s j 0.741, P = 0.013, SE

0.198 had ‘moderate’ level of agreement) and in the

parietal lobe (Cohen’s j 0.588, P = 0.088, SE 0.347

had ‘weak’ level of agreement).

Results from the analysis of CAA severity in a sub-

group of 26 PDD and 2 DLB cases with a low degree of

AD neuropathology (Braak and Braak neurofibrillary

stage less than 4 and Thal phases for amyloid-b up to

3) also showed significant differences in the severity of

CAA in the temporal lobe (P = 0.032), parietal lobe

(P = 0.032), occipital lobe (P = 0.023), in the

cerebellum (P = 0.011) and in the total CAA percent-

ages score (P = 0.032), Table S9.

APOE genotype was determined in 58 cases (46

PDD, 12 DLB). The most frequent genotype was e3/3
(47.8% PDD, 41.7% DLB) and followed by the genotype

e3/4 (41.3% PDD, 33.3% DLB). No significant differ-

ences were found between PDD and DLB in six different

APOE genotypes (Figure 6 and Table S7). The relation-

ship between APOE genotype and CAA was investi-

gated. No significant differences between CAA scores in

the combined PDD and DLB cohort were found across

all six APOE genotypes but the highest CAA scores

were observed in cases with APOE e4/4 (median 19.5;

35.45%) and e2/4 (median 24; 43.25%) (Figure 7,

Table S8).
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Figure 4. Alzheimer’s disease neuropathology assessed via ABC

score. A score reflects amyloid-b pathology (Thal phases), B score

neurofibrillary tangles (Braak and Braak stages) and C score

neuritic plaques (CERAD criteria). Significant P value < 0.05 is

marked *.

Figure 5. CAA scores in different brain regions and total CAA

percentage scores for PDD and DLB. Boxplots demonstrate CAA

scores in the frontal lobe, temporal lobe, parietal lobe, occipital

lobe, cerebellum and the total CAA percentage scores. There was

a statistically significant increase in CAA in the parietal and

occipital lobes and also in the overall CAA load in DLB compared

with PDD. Boxplots show median CAA scores, interquartile range,

full range (minimum – maximum score is represented by

whiskers) and outliers in each brain region. P value < 0.05 was

considered as statistically significant and is marked with *. CAA –
cerebral amyloid angiopathy, PDD, Parkinson’s disease dementia,

DLB, dementia with Lewy bodies.
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Discussion

This retrospective clinico-pathological study of neu-

ropathologically confirmed PDD and DLB cases identi-

fied three novel differences.

The novel neuropathological finding is the higher fre-

quency of CAA in DLB compared to PDD (100% vs.

63.5%, respectively) with lower risk for CAA in PDD

after adjusting for age at death. Our results showed

that DLB patients have more severe overall CAA scores,

and higher CAA scores especially in the occipital lobe.

CAA is most commonly seen in AD, again with the

occipital lobe being most frequently involved [28]. The

co-occurrence of CAA and AD neuropathology is

already well-known [43]. Our CAA findings would be

in keeping with previous studies showing more severe

AD neuropathology in DLB than PDD [19,20]. CAA, as

a part of the ‘AD profile’ on the neuropathological

assessment is therefore more typical for DLB than for

PDD. Nevertheless, interesting observation of more sev-

ere CAA neuropathology in DLB compared to PDD in a

subgroup of cases with low degree of AD neuropathol-

ogy might suggest a different mechanism of CAA

pathogenesis in DLB.

CAA is more common in individuals with dementia

compared to those without dementia [24–27] and pre-

vious research showed that cognitive decline is also

associated with CAA in PDD and DLB [29]. CAA occurs

in patients with cognitive impairment and cognitive

profile of CAA has been characterized [44–46]. Boyle

et al. found that CAA is an independent contributor to

dementia in AD with an increased rate of global cogni-

tive decline, perceptual speed, episodic and semantic

memory after adjusting for AD neuropathology [44].

CAA also plays a role in multiple cognitive impairment

in nondemented individuals who performed worse in

nonamnestic domains including processing speed, exec-

utive functions, episodic memory, semantic fluency and

attention [45]. This cognitive profile resembles that

which is seen in cerebrovascular disease rather than in

AD as individuals with CAA performed well on episodic

memory tasks [46]. Further evidence that CAA is an

independent contributor to cognitive decline was

shown in a large multicentre study, CROMIS-2, in

patients prior to the development of spontaneous

intracerebral haemorrhage [47]. Therefore, CAA

pathology may also have an effect on cognition in DLB,

independent from AD neuropathological changes.

Currently, assessment of CAA is not included in the

neuropathological criteria for DLB [4], which include

only assessment of Lewy body and AD neuropathology

with amyloid-b plaques, neurofibrillary tangles and

neuritic plaques, with semi-quantitative assessment of

neuronal loss in the substantia nigra [4]. Given our

CAA findings and a strong link between CAA and AD
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Figure 6. APOE genotypes in PDD and DLB. Bar charts represent

prevalence of individual homozygous and heterozygous APOE

genotypes. APOE genotype e2/2 was not represented in this

cohort. PDD, Parkinson’s disease dementia, DLB, dementia with

Lewy bodies.

Figure 7. The relationship between APOE genotype and total

CAA percentage score. Boxplots demonstrating the median and

interquartile range illustrate the total CAA percentage scores in

the combined DLB and PDD cohort. The highest CAA scores were

observed in the group with APOE e2/e4 and e4/e4 but there was

no statistical significance between the genotypes, P = 0.313. P

value < 0.05 was considered as statistically significant in the

Kruskal–Wallis test.
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neuropathology, we propose adding CAA into

McKeith’s neuropathological assessment scheme.

CAA findings in the occipital lobe might have impor-

tant clinical implications for neuroimaging in DLB.

Functional imaging (SPECT and PET) studies of DLB

patients have shown reduced metabolism and reduced

perfusion in the occipital lobe [1,4]. Relative preserva-

tion of FDG-PET uptake in posterior or mid-cingulate

metabolism, is known as the ‘cingulate island sign’, a

useful marker when differentiating DLB from AD [48].

It has also been found that nigrostriatal abnormalities

appear to be preceded by occipital hypometabolism in

mild DLB [49]. Functional imaging in PDD shows

reduced metabolism in the frontal, parietal and occipi-

tal regions [1,50]. One study correlated the reduced

glucose metabolism in DLB with white matter spongi-

form changes and gliosis in the occipital lobe [51]. In

the present study, CAA pathology is most prominent in

the occipital lobe in DLB, suggesting that this may also

contribute to the reduced occipital metabolism and per-

fusion on functional imaging.

CAA can be demonstrated on MRI blood-sensitive

sequences, such as T2 – weighted gradient echo

sequences and susceptibility-weighted images [47] as

cerebral micro-bleeds or cortical superficial siderosis

[45]. Boston criteria are commonly used for the clinical

diagnosis of probable or possible CAA [52]. There is a

strong association between cortical superficial siderosis

and cognitive impairment prior to developing intracere-

bral haemorrhage [47], suggesting that leptomeningeal

haemorrhages play a more important role in cognitive

deficits than parenchymal haemorrhages [47]. Cortical

superficial siderosis was shown to be the most impor-

tant MRI marker of severe leptomeningeal CAA [53].

CAA often presents with cerebral microbleeds on

the MRI imaging [54,55]. One study found that clini-

cally diagnosed cases of DLB, demonstrated more fre-

quent cerebral micro-bleeds compared to AD in the

occipital and frontal lobe followed by the temporal

and parietal lobe [54]. Furthermore, greater burden

of cerebral microbleeds with lobar predominance was

found in DLB compared to PDD [55]. These findings

suggest that DLB patients have more cerebral microb-

leeds than PDD with prominent occipital lobe involve-

ment. These imaging studies are consistent with our

neuropathological findings with more severe CAA in

DLB compared with PDD, particularly in the occipital

lobe.

CAA pathology is important as it can be diagnosed

in life on MRI (Boston criteria) [53]. CAA most fre-

quently presents with spontaneous intracerebral haem-

orrhage, cognitive impairment and dementia, acute

convexity subarachnoid haemorrhage and transient

neurological symptoms [53]. Transient focal neurologi-

cal episodes, known as ‘amyloid spells’ commonly man-

ifest as short, recurrent and stereotyped focal episodes

(often paraesthesia) with gradual spread of symptoms

lasting for minutes [53,56,57].

The recurrent and transient nature of ‘amyloid

spells’ may overlap with cognitive fluctuations in DLB

or fluctuations in attention in PDD which to date do

not have a neuropathological correlate. Cognitive fluc-

tuations are described as spontaneous alterations of

cognition which are often accompanied by changes in

alertness or arousal [58]. Diagnostic criteria for DLB

[4] define cognitive fluctuations as deficits in cognitive

performance alternating with normal cognitive func-

tioning. Cognitive fluctuations, with their character of

transient and unpredictable events, can be, for exam-

ple, staring spells, or episodes of blank or vague epi-

sodes [58]. It is known that the duration of cognitive

fluctuations can range from seconds to minutes lasting

episodes or even longer episodes lasting days or weeks

[58]. We hypothesize that CAA may contribute as a

pathological correlate of cognitive fluctuations in DLB

which warrants further studies to validate.

Previous studies estimated genetic component of DLB

to be approximately 36% [59]. DLB has been associated

mainly with APOE genotype, mutations in the SNCA,

GBA [59] and SCARB2 [60]. APOE is a cholesterol

transporter protein and regulator of amyloid-b metabo-

lism and APOE e4 is an important genetic risk factor

for both Alzheimer’s disease [61,62] and DLB [59].

However, information on the role of APOE in PDD

remains contradictory [63]; both APOE e2 and e4 allele

are associated with increased risk for dementia in PD

with APOE e2 showing a stronger association [64].

Our data showed no differences between the six dif-

ferent APOE genotypes in PDD and DLB, although

there were increased CAA scores in those with APOE

e2/4 and e4/4 genotypes. The e4 allele is associated

with increased frequency of CAA [65–67]. However,

one large clinico-pathological study demonstrated that

the severity of CAA was associated with lower cogni-

tion in those without APOE e4 allele which suggests

that there might be different CAA subtypes (i.e. with or
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without AD neuropathology, and with or without

APOE e4 allele) [68].

CAA has different amyloid-b composition compared

to amyloid-b plaques in the brain parenchyma with dif-

ferent amyloid-b₄₀/ amyloid-b₄₂ ratio in vessels and

plaques [69]. Shams et al. showed an association

between low amyloid-b₄₂ levels in CSF and increasing

number of cerebral microbleeds in cognitively impaired

patients [70]. In AD, low CSF levels of amyloid-b₄₀ and

amyloid-b₄₂ were found in patients with CAA related

cortical microbleeds [71]. One study with hereditary

cerebral haemorrhage with amyloidosis-Dutch type as

a model for sporadic cerebral amyloid angiopathy,

demonstrated decreased CSF levels of amyloid-b₄₀ and

amyloid-b₄₂ before these subjects developed clinical

symptoms which suggests that their decreased levels

might represent a biomarker for preclinical CAA [72].

Amyloid-b₄₀, amyloid-b₄₂ and their ratio might there-

fore represent a potential CSF biomarker for CAA posi-

tive Lewy body dementia cases.

CAA, a vascular dementia subtype [27] seems to be

of great importance for future research in Lewy body

dementias. This idea is further supported by the fact

that currently there is no specific treatment for CAA

[56] and also our clinical abilities to diagnose CAA are

limited [67].

AD neuropathology is well-described in Lewy body

dementias [19]. Increasing levels of AD neuropathology

contributes to shorter survival, interval to motor symp-

toms, and onset to dementia [19]. Our study is in keep-

ing with previous research showing that AD

neuropathology is more severe in DLB than in PDD

[19,20]. Nevertheless, in our study, we did not find

any significant difference in amyloid-b plaques,

although our data show a trend for increased severity

in DLB than in PDD. This variation from the results

from previous studies is most likely caused by smaller

number of DLB cases compared to PDD.

The strength of our study was use of pathologically

confirmed cases and detailed clinical characterization of

PDD and DLB. We recognize that one limitation of this

project is the smaller number of DLB cases.

Two novel clinical findings from this study include

differences in clinical milestones between DLB and PDD

and the absence of dyskinesia in DLB.

We believe that this is the first study comparing clin-

ical milestones of disease progression (residential care

placement, dysphagia, regular falls, wheelchair

dependence and cognitive disability) between DLB and

PDD cases. DLB patients reached each clinical mile-

stone sooner than those with PDD. DLB is the second

most common neurodegenerative dementia after AD,

but only a few studies have compared the two condi-

tions [73,74]. These studies concluded that the progno-

sis in DLB is poorer than in AD, most likely due to

increased frequency of neuropsychiatric features and

faster cognitive decline [73].

There has been little research comparing prognosis

and a long-term cognitive decline between DLB and

PDD. Kramberger et al. showed that the mean annual

decline in MMSE is greater in DLB (2 points) compared

to PDD (1.8 points) and AD (1.6 points) [75]. Our find-

ings contribute substantially to the description of dis-

ease progression in terms of functional disability with

worse prognosis in DLB compared with PDD.

Absence of dyskinesia in DLB represents an absolute

difference between PDD and DLB (present in PDD and

completely absent in DLB). Previous research has iden-

tified differences in cognitive, motor and neuropatho-

logical features. However, they represent only relative

differences as they describe mainly different severity

levels in certain specific features. Dyskinesia is linked to

the levodopa dose and the reason for their presence is

clear in PDD, higher dose of levodopa due to more sev-

ere motor features, and longer disease duration. The

most obvious reason for the absence of dyskinesia in

DLB relates to the overall lower cumulative dose of

levodopa therapy. This is due to less severe motor

symptoms in DLB but may also relate to the more

prominent psychiatric features. DLB patients are very

sensitive to antipsychotics medication [4], and the

same is likely to be the case for dopaminergic drugs.

Therefore, levodopa doses may be deliberately kept low

in DLB patients to avoid deterioration of neuropsychi-

atric features such as visual hallucinations or psy-

chosis.

Other significant differences between PDD and DLB

identified in the present study are in keeping with

results in the literature. We have shown that the fre-

quency of tremor is higher in PDD than in DLB as pre-

viously documented [7,9,10], as is the severity of

motor features or parkinsonism [6,9]. Our results also

confirmed that DLB patients had worse cognitive defi-

cits than PDD [6–8]. We did not demonstrate any sig-

nificant differesnces in cognitive domains according to

the neuropsychometry assessments, which may reflect
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the small sample size in which such data were avail-

able. Other studies have shown worse performance in a

number of cognitive domains in DLB than in PDD [6–

8].

In summary, the role of CAA pathology in Lewy

body dementias, particularly DLB, is an important new

finding warranting further study of its contribution to

the disease pathogenesis, influence on the characteristic

clinical features (cognitive fluctuations) and imaging

findings, as well as disease progression and prognosis.

The role of different APOE genotypes and subtypes of

CAA also requires further exploration. DLB is known

for its specific genetic background and given the fact,

that CAA occurs in two main forms, hereditary and

sporadic [23], it would be of interest to investigate for

other genetic risk factors associated with CAA, particu-

larly in DLB cases. Amyloid-b₄₀ is the main component

of CAA and might represent a good target for future

treatment strategies or in studies focusing on biomark-

ers. Furthermore, CAA with its ‘vascular’ cognitive pro-

file requires further investigation to understand the

contribution of cerebral blood vessel pathology in DLB

and other dementias.

Conclusion

This study identified three important findings: 1) CAA

as an important neuropathological feature, which may

help distinguish DLB from PDD, 2) study of clinical

milestones shows more rapid progression and worse

prognosis of DLB compared with PDD, 3) absence of

dyskinesia in DLB reflects lower doses of levodopa treat-

ment in DLB.
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