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A B S T R A C T

Objective: Differential diagnosis between Parkinson’s disease (PD) dementia and dementia with Lewy bodies
(DLB) is difficult due to common features, whereas management decisions and research endpoints depend upon
knowledge of dementia severity. We aimed to assess risk factors for age at dementia onset, as well as which
neuropsychiatric features are associated with pharmacotherapy and signs and symptoms of Lewy body dementia.
Patients and methods: Patients with PD dementia or DLB were evaluated for age at disease onset, education,
sanitation, anthropometric measures, alcohol use, smoking, history of infections or head trauma with un-
consciousness, family history of neurodegenerative diseases, functional independence, cognition, behavior,
motor features, caregiver burden and pharmacotherapy.
Results: Fifty-one patients were recruited (37 with DLB, 14 with PD dementia). Cumulative alcohol use and
married status were associated with earlier dementia onset, whereas history of treated systemic infections and
cumulative family history of primary neurodegenerative diseases led to later dementia onset. The length of
dementia was shorter only for severely impaired patients who used anti-depressants, but not for users of cho-
linesterase inhibitors, while no behavioral symptom was associated with dopaminergic therapy. Night-time
behavior disturbances were inversely associated with sleep satisfaction, while caregiver burden was more af-
fected by depression and motor features. Non-motor symptoms were more burdensome for patients with DLB,
while in PD dementia anxiety and dysphoria occurred when motor features were less burdensome.
Conclusions: PD dementia and DLB are two phenotypes of the same pathological entity, differing mostly by the
occurrence of parkinsonian signs. Predictors of dementia onset differ from other neurodegenerative diseases.

1. Introduction

Lewy-type synucleinopathy [1] consists of pathological neuronal
inclusions and aggregates accumulating in the neocortex, in basal nu-
clei, in the brainstem and in peripheral neurons [1,2], causing the ty-
pical neuropsychiatric manifestations of Lewy body dementia (LBD)
when neurotransmitter deficits arise in cortical and subcortical struc-
tures [3]; amyloidogenesis and the presence of APOE-ε4 alleles are also
represented [4], but less so than in Alzheimer’s disease (AD) [3,5],
though APOE-ε4 alleles have been associated with earlier onset of
motor features in Parkinson’s disease (PD) [6]. Nevertheless, the amy-
loid-β load does not affect sensitivity of clinical diagnosis of dementia
with Lewy bodies (DLB) [7].

Differential diagnosis between LBD syndromes (essentially

consisting of PD dementia and DLB) is still difficult due to common
features between them [8]. The main criterion is still the “one year
rule”, with dementia occurring before or concurrently with parkin-
sonism in DLB, and parkinsonism preceding the onset of dementia for at
least one year in PD dementia [9].

Clinical diagnosis of probable DLB requires a dementia syndrome
with two of the following core features with or without indicative
biomarkers: recurrent visual hallucinations, fluctuating cognition with
pronounced variations in attention and alertness, at least one sponta-
neous cardinal feature of parkinsonism, and REM sleep behavior dis-
order [10]. These criteria are potentially applicable to patients with PD
dementia [3,9], but it should be noted that up to half of all patients with
DLB have no extrapyramidal signs [11].

Some clinical features might be useful for differential diagnoses. In
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LBD, earlier onset of visual hallucinations is the best predictor of limbic
pathology which, in addition to cortical pathology, associates with vi-
sual misperceptions and misidentification [12]. Contrariwise, absence
of visuospatial impairment is the best negative predictor of Lewy-type
synucleinopathy [13]. Paranoid delusions are the most frequent delu-
sions in LBD, whereas Capgras delusions may occur in up to 10 % of
patients with DLB, but have not been described in PD dementia [9].
Apathy, anxiety and depression support clinical diagnosis of DLB, but
are not specific [10]. REM sleep behavior disorder is a parasomnia that
increases risk of α-synucleinopathies and dementia whether occurring
with or without narcolepsy, and is associated with more hallucinations
and delusions [9,10]. Orthostatic hypotension presents with fluctuating
cognition, confusion, drowsiness and dizziness [14]. Repeated falls and
syncope result from dysautonomia, whereas urinary incontinence is
more prevalent than in AD, usually due to detrusor hyperactivity sec-
ondary to lesions of nigrostriatal dopaminergic neurons [15]. Overall,
extrapyramidal signs are not useful for differential diagnosis between
DLB and AD [13].

Risk factors for DLB consist of AD and PD risk factors in combina-
tion, except for smoking and education (which cause opposing risks for
AD and PD); nonetheless, depression and low caffeine intake are asso-
ciated with both AD and PD, and have additive risks for DLB [5]. For PD
dementia, age and severity of motor symptoms seem to have a com-
bined effect on dementia risk [9], leading to higher mortality in com-
parison with cognitively unimpaired patients with PD [16]. Moreover,
older age at PD onset has been associated with more sensory and au-
tonomic symptoms, sleep disorders, dementia and psychosis [17],
whereas the postural instability gait difficulty phenotype of PD is as-
sociated with faster cognitive decline and higher incidence of dementia,
depression and apathy [18]. Nevertheless, risk factors for age at LBD
onset have not been reported before.

Management decisions and research endpoints depend upon
knowledge of dementia severity and its correlations with other neu-
ropsychiatric features [19]. Our primary aim was to assess the risk
factors for age at dementia onset, as well as which features were as-
sociated with the length of signs and symptoms of LBD. Secondarily, we
sought to determine which neuropsychiatric features were associated
with the length of dementia, pharmacological therapy and parkinsonian
signs and symptoms for DLB and PD dementia in independent asso-
ciations (considering that parkinsonism usually differs in onset and
intensity for these dementia syndromes).

2. Patients and methods

2.1. Participants and clinical assessment

In this cross-sectional study, consecutive outpatients with LBD
syndromes were recruited from the Department of Neurology and
Neurosurgery at Hospital São Paulo, Federal University of São Paulo –
UNIFESP, from January 2014 to June 2017. All patients who had either
probable or possible PD dementia according to Movement Disorder
Society Task Force clinical diagnostic criteria [9], or either probable or
possible DLB [10], were invited to participate. Clinical diagnosis of PD
followed traditional recommendations [20] derived from the Queen
Square Brain Bank criteria. All patients had a magnetic resonance exam
of the brain or, in cases of claustrophobia, a computed tomography scan
to exclude vascular lesions, whereas cerebrospinal fluid biomarkers
(total tau, phospho-tau Thr181, and amyloid – Aβ1−42, Aβ1−40, Aβ1−38)
measured by way of enzyme-linked immunosorbent assays were em-
ployed for diagnostic confirmation when cognitive decline was slower
than expected or atypical behavioral features were presented. Patients
with prior history of stroke or intracranial mass lesions, such as tumors,
would be excluded.

After diagnostic confirmation, patient assessment consisted of: sex,
age, country of birth, estimated age at onset of dementia, education,
marital status, lifetime urban living and sanitary conditions, history of

head trauma with loss of consciousness, history of depression under
pharmacotherapy before dementia onset, history of systemic infection
treated with antibiotic, family history of primary neurodegenerative
diseases, sleep satisfaction and estimated daily length of sleep [21],
body mass index, waist circumference, quantification of alcohol use and
smoking, daily amount of different medications (with particular at-
tention to cholinesterase inhibitors, Memantine, Levodopa, anti-de-
pressants and anti-psychotics), and scores on the Neuropsychiatric In-
ventory (NPI) [22], digit span (digits forward and digits backward),
Mini-Mental State Examination (MMSE) [23], Severe MMSE [24],
Clinical Dementia Rating (CDR) [25], a 15-item Clock Drawing Test
(free drawing) [19], the Index of Independence in Activities of Daily
Living (ADL) [26], Lawton’s Scale for Instrumental Activities of Daily
Living (IADL) [27], the Brazilian Version of the Zarit Caregiver Burden
Interview [28], the Movement Disorder Society – Unified Parkinson’s
Disease Rating Scale (MDS-UPDRS) [29], and the Schwab & England
scale [30]. Demographic data was provided by caregivers, as well as
information on the length of time since the following neuropsychiatric
features started: fluctuating cognition (including daytime drowsiness,
behavioral inconsistency and incoherent speech), episodic complex vi-
sual hallucinations, spontaneous cardinal features of parkinsonism,
REM sleep behavior disorder without atonia, episodic transient un-
consciousness, systematized delusions, and depression. All cognitive
and functional assessments, body mass index and waist circumference
measurements were conducted on weekdays at morning time, by the
same examiner (FFO), whereas clinical features based on interviews
were assessed in a detailed self-report or proxy-report.

The ADL reflects behavioral levels of six sociobiological functions:
bathing, dressing, toileting, transfer, continence, and feeding; after
caregivers were queried, each function was scored as zero for de-
pendency or one for independence, with an index total of zero to six. A
trichotomous version (1=unable; 2= able with help; 3= able
without help) of IADL was employed [19]; caregivers provided all in-
formation, with a total score of 9–27.

Information concerning age at dementia onset was determined fol-
lowing a review of medical records, and confirmed after an interview
with the caregiver, who should have frequent visits with the patient
(preferably a family member). The time of subjective memory com-
plaints or mild cognitive impairment was not taken into account, but
rather only the time at dementia onset.

Retrospective information from patient files was also retrieved to
estimate the time it took them to reach scores over 1.0 on the CDR, as
well as a score of 15 on the MMSE. Only patients who had already
reached these scores were taken into account for statistics on cognitive
and functional outcomes.

2.2. Outcome measures

The main outcome measures were the risk factors for age at de-
mentia onset, as well as features which were associated with the length
of signs and symptoms of LBD. Secondarily, we measured which neu-
ropsychiatric features were independently associated with the length of
dementia, pharmacological therapy and parkinsonian signs and symp-
toms for DLB and PD dementia separately.

2.3. Statistical analyses

A multiple regression model considering all the assessed risk factors
was employed, with age at dementia onset as the dependent variable.
Linear regressions were used to compare clinical parameters with the
length of signs and symptoms of LBD, as well as to compare neu-
ropsychiatric features with the length of dementia, pharmacological
therapy and scores on the MDS-UPDRS for each dementia syndrome.
Statistical comparisons for continuous variables were conducted by way
of the Kruskal-Wallis test (or Mann-Whitney test when only two un-
matched groups were compared). Fisher’s exact test was employed to
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correlate categorical variables. Spearman correlations were estimated
for items from the neuropsychiatric, functional and motor tests, with
levels of significance corrected for false discovery rates to minimize the
occurrence of type I errors. The threshold of significance was set at
p < 0.05.

2.4. Ethical aspects

This study is part of the research project 064990/2013 (CAAE
21514813.0.0000.5505) approved by the Ethics Committee of Hospital
São Paulo, Federal University of São Paulo – UNIFESP, in October 2013.
All invited patients and their legal representatives agreed to participate
on the research and signed the Informed Consent Form before the
evaluation, with no exceptions.

3. Results

Overall, 51 patients with LBD syndromes were recruited, con-
sidering 37 patients with DLB (72.5 %) and 14 patients with PD de-
mentia (27.5 %). Of all 51 patients, 18 were in the mild dementia stage
(35.3 %), 21 were in the moderate dementia stage (41.2 %), and 12
were in the severe dementia stage (23.5 %). Cerebrospinal fluid bio-
markers were required for diagnostic confirmation from 27 patients
with DLB.

Table 1 shows clinical and demographic results for all patients,
whereas Table 2 shows features of neuropharmacological therapy. Pa-
tients with DLB slept longer than patients with PD dementia
(9.62 ± 1.8 h per day versus 8.07 ± 3.4 h per day, p=0.005) and
were more satisfied with their sleep (81.1 % versus 42.9 %, p= 0.014),
but none of the anthropometric or demographic parameters from
Table 1 were significantly different according to the dementia syn-
drome. All patients who used cholinesterase inhibitors (76.5 % of all

patients) or Memantine (7.8 % of all patients) used these medications in
the highest possible dosages. The mean number of cholinesterase in-
hibitors that had been used at any time was 0.98 ± 0.7; none of them
(Donepezil, Galantamine, Rivastigmine, or no cholinesterase inhibitor
therapy) affected the length of the disease in any of the dementia stages
(p > 0.28). Regarding patients with severe dementia, depression under
specific pharmacological therapy was associated with shorter length of
the dementia syndrome (2.67 ± 1.5 years, n=6) in comparison to
patients who used no anti-depressant (7.08 ± 2.5 years, n=6),
p=0.01; nevertheless, the difference was non-significant in the mild
(p= 0.53) and moderate (p= 0.12) dementia stages.

Table 3 shows results of risk factors affecting age at LBD onset,
while Table 4 shows associations between several clinical parameters
and the length of the most notable signs and symptoms of LBD. The
length of fluctuating cognition was associated with slower time to
cognitive and functional outcomes, as well as with MDS-UPDRS scores,
and inversely associated with Severe MMSE scores, with digit span –
digits forward, and with the Schwab & England scale. The length of
time since the first visual hallucination was associated with slower time
to cognitive and functional outcomes, and inversely associated with the
Schwab & England scale. The length of parkinsonism was associated
with slower time to cognitive and functional outcomes, as well as with
MDS-UPDRS scores, and inversely associated with Severe MMSE scores
and functionality. The length of REM sleep behavior disorder was as-
sociated with slower time to reach a MMSE score of 15, as well as with
scores on Part IV of the MDS-UPDRS. The length of time since the first
episode of transient unconsciousness was associated with scores on
Parts II and III of the MDS-UPDRS, and inversely associated with most
cognitive and functional scores. The length of time since the first sys-
tematized delusion was associated with slower time to cognitive and
functional outcomes, with the amount of different medications, and
with MDS-UPDRS scores, and inversely associated with the Clock

Table 1
Clinical and demographic results for Lewy body dementia.

Variables, n=51 Mean SDa Range n (%)

Age at dementia onset (years-old) 73.50 8.3 50−88 –
Current age (years-old) 77.76 7.8 55−90 –
Length of dementia (years) 4.26 3.3 0−14 –
Sex Female – – – 20 (39.2 %)

Male – – – 31 (60.8 %)

Marital status Married – – – 23 (45.1 %)
Single – – – 3 (5.9 %)
Divorced – – – 1 (1.9 %)
Widower – – – 24 (47.1 %)

Schooling (years) 4.02 4.0 0−15 –
Country of birth Brazil – – – 48 (94.1 %)

Portugal – – – 3 (5.9 %)

Lifetime urban living (%) 74.61 % 25.5 % 5%-100 % –
Lifetime living with sanitation (%) 74.80 % 25.9 % 5%-100 % –
History of head trauma with loss of consciousness – – – 7 (13.7 %)
History of depression under pharmacotherapy before dementia onset – – – 33 (64.7 %)
History of systemic infection treated with antibiotic – – – 24 (47.1 %)
Lifetime alcohol use (liters per year) 18.24 52.6 0−325 14 (27.5 %)b

Lifetime smoking (packs per year) 67.04 142.1 0−670 24 (47.1 %)c

Estimated daily length of sleep (hours per day) 9.20 2.4 4−18 –
Sleep satisfaction – – – 36 (70.6 %)
Body mass index (kg/m2) 26.80 5.35 13.59−43.28 13 (25.5 %)d

Waist circumference (cm) 94.76 12.54 65−131 –
Family history of primary neurodegenerative diseases – – 0−4e 24 (47.1 %)f

a SD= standard deviation.
b Patients who had any history of alcohol use during their lifetimes.
c Patients who had any history of smoking during their lifetimes.
d Patients with obesity (body mass index>30 kg/m2).
e Range of the number of family members with primary neurodegenerative diseases (up to third degree) for each patient.
f Patients with family history.
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Drawing Test and with functional scores. The length of time since the
first episode of depression was associated with slower time to cognitive
and functional outcomes, with caregiver burden, and with scores on
Parts II, III and IV of the MDS-UPDRS, and inversely associated with
Severe MMSE scores and functionality.

Overall, 36 patients with LBD (70.6 %) reported sleep satisfaction.
Patients who were satisfied with their sleep slept longer (9.64 ± 2.4 h
per day versus 8.13 ± 2.0 h per day, p=0.026), and had higher scores
on the CDR sum-of-boxes (12.11 ± 3.8 versus 9.90 ± 3.7, p= 0.044).
Sex (p=0.755), years of schooling (p= 0.959), age (p= 0.926), age at
dementia onset (p= 0.385), length of dementia (p=0.054), body mass
index (p=0.563), the daily amount of different medications
(p=0.154), and scores on the MMSE (p=0.086), the Severe MMSE
(p=0.193), the Clock Drawing Test (p= 0.282), the Brazilian Version

of the Zarit Caregiver Burden Interview (p= 0.176), the CDR
(p= 0.107), the NPI (p= 0.612), ADL (p= 0.251) or IADL (p= 0.959)
had no associations with sleep satisfaction.

Regarding behavioral domains of the NPI, only night-time behavior
disturbances were inversely associated with sleep satisfaction: satisfied
patients scored 2.69 ± 3.6 versus 8.93 ± 3.8, p < 0.0001. Agitation
(p= 0.788), hallucinations (p=0.061), anxiety (p=0.260), apathy
(p= 0.508), delusions (p=0.072), disinhibition (p= 0.352), dys-
phoria (p= 0.311), euphoria (p= 0.756), irritability (p=0.292),
aberrant motor behavior (p= 0.057), and appetite and eating ab-
normalities (p= 0.926) had no associations with sleep satisfaction.

Table 5 shows associations of each functional, cognitive or beha-
vioral test, as well as of caregiver burden with length of dementia, daily
amount of different medications, and scores on the MDS-UPDRS for
patients with DLB. Table 6 shows the same associations for patients
with PD dementia. Length of dementia was associated with higher
scores on the CDR sum-of-boxes, and lower scores on the digit span –
digits forward and on the Schwab & England scale only for patients with
DLB, as well as with higher caregiver burden and lower scores on the
Clock Drawing Test for patients with PD dementia. The amount of
different medications was associated with higher scores on the digit
span – digits backward, more anxiety and more night-time behavior
disturbances only for patients with PD dementia. Scores on Parts II and
III of the MDS-UPDRS were associated with more cognitive and func-
tional impairments, as well as with higher caregiver burden for all
patients. Non-motor aspects of experiences of daily living were asso-
ciated with higher caregiver burden, dysphoria, euphoria, night-time
behavior disturbances, and appetite and eating abnormalities only in
patients with DLB, and with apathy, delusions and irritability only in
patients with PD dementia. Motor complications were associated with
less basic independence and lower scores on the Severe MMSE, the digit
span – digits backward, and the Schwab & England scale, as well as with
more apathy only in patients with DLB.

The Supplementary tables show distinct correlations among specific
items of the NPI (including caregiver distress scores), ADL, IADL, of the
Brazilian Version of the Zarit Caregiver Burden Interview, of the MMSE,
of the CDR sum-of-boxes, and of MDS-UPDRS Parts I, II, III and IV for
patients with DLB and PD dementia. Most significant correlations were
found for patients with DLB, though patients with PD dementia had

Table 2
Features of neuropharmacological therapy for Lewy body dementia.

Variables, n=51 n Meana SDa Rangea

Use of a cholinesterase inhibitor Donepezil 15 10.00mg/day 0.0 mg/day 10−10mg/day
Galantamine 9 24.00mg/day 0.0 mg/day 24−24mg/day
Rivastigmine 15 12.00mg/day 0.0 mg/day 12−12mg/day

Use of Memantine 4 20.00mg/day 0.0 mg/day 20−20mg/day
Use of Levodopa 24 445.83mg/day 321.7 mg/day 200−1500mg/day

Use of an anti-psychoticb Olanzapine 3 8.33mg/day 2.9 mg/day 5−10mg/day
Quetiapine 20 107.50mg/day 137.0 mg/day 25−600mg/day
Risperidone 1 1.00mg/day 0.0 mg/day 1−1mg/day

Use of anti-depressantsb Amitriptyline 1 25.00mg/day 0.0 mg/day 25−25mg/day
Citalopram 2 30.00mg/day 14.1 mg/day 20−40mg/day
Duloxetine 2 45.00mg/day 21.2 mg/day 30−60mg/day
Escitalopram 1 20.00mg/day 0.0 mg/day 20−20mg/day
Fluvoxamine 1 50.00mg/day 0.0 mg/day 50−50mg/day
Mirtazapine 2 30.00mg/day 0.0 mg/day 30−30mg/day
Nortriptyline 1 25.00mg/day 0.0 mg/day 25−25mg/day
Sertraline 14 96.43mg/day 36.5 mg/day 50−150mg/day
Trazodone 5 80.00mg/day 27.4 mg/day 50−100mg/day
Venlafaxine 2 75.00mg/day 0.0 mg/day 75−75mg/day

a SD= standard deviation; the mean values, standard deviations, and ranges of doses for medications only consider patients who used them.
b Overall, 30 patients (58.82 %) used anti-depressants (but one patient used two anti-depressants at the same time: Duloxetine+Trazodone), and 24 patients

(47.06 %) used an anti-psychotic during the evaluation, but nineteen of them used an anti-depressant and an anti-psychotic at the same time: eight used
Sertraline+Quetiapine, three used Sertraline+Olanzapine, two used Duloxetine+Quetiapine, two used Mirtazapine+Quetiapine, two used
Trazodone+Quetiapine, one used Citalopram+Quetiapine, one used Venlafaxine+Quetiapine, and one used Fluvoxamine+Risperidone.

Table 3
Multiple regression results for age at Lewy body dementia onset.

Effectsa, n=51 β t p

Constant 82.6125 8.1349 <0.0001
Male sex 7.1534 1.9976 0.0533
Married status −8.5653 −2.9912 0.0050
Years of schooling −0.5765 −1.5548 0.1287
Born abroad 4.4284 0.9133 0.3671
Lifetime urban living (%) −5.5877 −0.6337 0.5303
Lifetime living with sanitation (%) 5.5672 0.6418 0.5250
History of head trauma with loss of

consciousness
−3.5837 −1.1356 0.2636

History of depression under
pharmacotherapy before dementia onset

−2.3315 −1.0994 0.2788

History of systemic infection treated with
antibiotic

4.7842 2.1455 0.0387

Lifetime alcohol use (liters per year) −0.0681 −3.0554 0.0042
Lifetime smoking (packs per year) −0.0020 −0.2501 0.8039
Body mass index (kg/m2) 0.1030 0.2241 0.8240
Waist circumference (cm) −0.1051 −0.5575 0.5806
Family historyb of primary

neurodegenerative diseases
3.3890 2.8756 0.0067

a n=51; F-ratio= 3.0067; p=0.0041; Multiple R= 0.7342; Adjusted
Squared Multiple R=0.3597.

b Coefficient for the number of family members (up to third degree) with the
condition.
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more night-time behavior disturbances affecting NPI total scores.
Whereas registration, naming and repetition did not affect MMSE total
scores for any patient groups, hobbies were the only item not to affect
CDR sum-of-boxes final scores only for patients with PD dementia.

Fig. 1 shows direct associations of dysphoria with non-motor (A)
and motor (B) aspects of experiences of daily living in DLB, as well as
inverse associations of dysphoria with subjective (C) and objective (D)
motor features in PD dementia, similar to associations with anxiety
scores (E and F).

4. Discussion

In this study, the only risk factors for earlier dementia onset were
cumulative alcohol use and married status, whereas history of systemic
infection treated with antibiotic or cumulative family history of pri-
mary neurodegenerative diseases were associated with later onset of
dementia. Moreover, the length of dementia was shorter only for se-
verely impaired patients with depression who used anti-depressants,
but not for users of cholinesterase inhibitors in any dementia stage,
unlike what is usually seen in AD [31]. In line with these findings,

Table 5
Linear regressions for major test results regarding patients with dementia with Lewy bodies.

Variable, n=37 Mean ± SDa

(range)
Coefficient for
length of
dementia (years)

Coefficient for
daily amount of
different
medications

Coefficient for
scores on the MDS-
UPDRSb Part I

Coefficient for
scores on the MDS-
UPDRSb Part II

Coefficient for scores
on the MDS-UPDRSb

Part III

Coefficient for
scores on the
MDS-UPDRSb Part
IV

Mean ± SDa (range) – 4.04 ± 3.0
(0.0−14.0)

5.24 ± 2.9
(1−13)

17.68 ± 7.3
(5−33)

16.86 ± 10.6
(1−44)

25.54 ± 21.4
(0−87)

1.73 ± 3.6
(0−14)

Clinical Dementia Rating
Sum-of-Boxes
(0.0−18.0 points)

11.49 ± 3.7
(5.0−18.0)

0.3361
(p=0.011)

−0.1614
(p=0.220)

1.0043
(p=0.001)

1.8679
(p < 0.001)

3.3602
(p < 0.001)

0.2473
(p= 0.135)

Mini-Mental State
Examination (0−30
points)

15.46 ± 5.2
(3−28)

−0.1005
(p= 0.298)

−0.0143
(p=0.879)

−0.5698
(p=0.012)

−1.0694
(p < 0.001)

−2.0089
(p=0.002)

−0.1645
(p= 0.159)

Severe Mini-Mental State
Examination (0−30
points)

25.97 ± 5.2
(11−30)

−0.1108
(p= 0.251)

−0.0211
(p=0.822)

−0.6789
(p=0.002)

−1.2565
(p < 0.001)

−2.5051
(p < 0.001)

−0.2699
(p=0.018)

Clock Drawing Test (0−15
points)

4.00 ± 4.0
(0−15)

−0.0239
(p= 0.850)

−0.0307
(p=0.800)

−0.7628
(p=0.009)

−1.4369
(p < 0.001)

−1.9420
(p=0.026)

−0.1007
(p= 0.511)

Digit Span – digits forward 4.43 ± 1.1
(2−7)

−1.0625
(p=0.021)

−0.0217
(p=0.962)

−2.3079
(p=0.042)

−2.9171
(p=0.077)

−5.1763
(p=0.122)

−0.5520
(p= 0.338)

Digit Span – digits
backward

1.76 ± 1.1
(0−3)

−0.1316
(p= 0.778)

−0.6730
(p=0.128)

−2.8946
(p=0.008)

−3.9760
(p=0.012)

−8.0619
(p=0.011)

−1.4116
(p=0.009)

Index of Independence in
Activities of Daily
Living (0−6 points)

4.43 ± 1.8
(0−6)

−0.4881
(p= 0.077)

−0.0162
(p=0.953)

−2.2105
(p < 0.001)

−4.3631
(p < 0.001)

−6.3430
(p < 0.001)

−0.6976
(p=0.036)

Lawton’s Scale for
Instrumental Activities
of Daily Living (9−27
points)

11.86 ± 2.9
(9−20)

−0.3200
(p= 0.058)

0.0490
(p=0.769)

−1.3812
(p < 0.001)

−2.0484
(p < 0.001)

−2.5596
(p=0.033)

−0.0656
(p= 0.756)

Schwab & England Scale (0
%–100 %)

58.11 ± 21.3 (10
%–90 %)

−6.1839
(p=0.006)

−0.9346
(p=0.684)

−22.3778
(p < 0.001)

−40.3203
(p < 0.001)

−63.6757
(p < 0.001)

−6.4696
(p=0.021)

Brazilian version of the
Zarit Caregiver Burden
Interview (0−56
points)

20.35 ± 9.3
(3−38)

0.0535
(p= 0.326)

−0.0055
(p=0.917)

0.4107
(p=0.001)

0.4899
(p=0.008)

0.5435
(p=0.160)

0.0798
(p= 0.227)

Neuropsychiatric Inventory
(0−144 points)

43.05 ± 21.3
(7−84)

0.0138
(p= 0.563)

−0.0039
(p=0.866)

0.2102
(p < 0.001)

0.1695
(p=0.039)

−0.0155
(p=0.928)

0.0059
(p= 0.839)

Agitation 3.38 ± 4.2
(0−12)

0.1370
(p= 0.254)

0.0135
(p=0.908)

0.3648
(p= 0.215)

0.3937
(p=0.356)

−0.6406
(p=0.458)

−0.0665
(p= 0.652)

Hallucinations 5.70 ± 4.0
(0−12)

−0.0290
(p= 0.818)

−0.1707
(p=0.154)

0.4329
(p= 0.155)

0.2255
(p=0.613)

−0.2485
(p=0.783)

−0.1344
(p= 0.378)

Anxiety 5.54 ± 5.3
(0−12)

−0.0106
(p= 0.912)

0.0612
(p=0.506)

0.2743
(p= 0.239)

0.1780
(p=0.599)

0.0376
(p=0.956)

−0.0360
(p= 0.757)

Apathy 7.35 ± 4.7
(0−12)

0.0050
(p= 0.963)

−0.0392
(p=0.707)

0.3238
(p= 0.218)

0.2477
(p=0.517)

0.2630
(p=0.734)

0.2524
(p=0.049)

Delusions 3.68 ± 4.5
(0−12)

0.0342
(p= 0.765)

−0.0532
(p=0.628)

0.4470
(p= 0.104)

0.3566
(p=0.375)

0.6626
(p=0.415)

0.0374
(p= 0.788)

Disinhibition 0.89 ± 2.5
(0−12)

−0.1389
(p= 0.493)

0.0841
(p=0.667)

−0.0723
(p= 0.885)

−0.0246
(p=0.973)

−1.3337
(p=0.356)

−0.0935
(p= 0.706)

Dysphoria 3.43 ± 3.5
(0−12)

0.0173
(p= 0.904)

−0.0152
(p=0.912)

1.1305
(p < 0.001)

1.0333
(p=0.036)

0.8329
(p=0.415)

0.0272
(p= 0.876)

Euphoria 1.27 ± 2.8
(0−12)

−0.0177
(p= 0.923)

−0.0448
(p=0.800)

1.0900
(p=0.011)

0.7586
(p=0.238)

−0.3080
(p=0.814)

−0.1706
(p= 0.443)

Irritability 2.62 ± 3.9
(0−12)

0.1711
(p= 0.185)

0.0867
(p=0.489)

0.2844
(p= 0.373)

0.1612
(p=0.727)

−0.8513
(p=0.359)

−0.0819
(p= 0.606)

Aberrant Motor Behavior 3.05 ± 4.2
(0−12)

0.1261
(p= 0.289)

−0.1408
(p=0.218)

0.1733
(p= 0.555)

0.2358
(p=0.578)

0.1799
(p=0.834)

−0.0099
(p= 0.946)

Night-Time Behavior
disturbances

3.81 ± 4.5
(0−12)

0.0692
(p= 0.543)

0.1080
(p=0.322)

0.8347
(p=0.001)

0.7185
(p=0.068)

−0.2921
(p=0.720)

−0.0054
(p= 0.969)

Appetite and Eating
abnormalities

2.32 ± 3.8
(0−12)

−0.1118
(p= 0.396)

0.0039
(p=0.976)

0.7872
(p=0.011)

0.5950
(p=0.199)

0.2753
(p=0.771)

0.2598
(p= 0.100)

a SD, standard deviation.
b MDS-UPDRS, Movement Disorder Society-Unified Parkinson’s Disease Rating Scale.
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patients with LBD are more likely to have depression than patients with
AD [32], and more likely to have family history of PD or cere-
brovascular pathology than cognitively healthy people [5,9], possibly
translating into a survival bias in our sample – our patients survived
longer without dementia when they had family history of primary
neurodegenerative diseases. Systemic bacterial infections and deficient
sanitary conditions have been associated with LBD [8], but not with AD
onset [33], suggesting involvement of environmental factors in devel-
opment of LBD syndromes, though antibiotic use might delay dementia
onset.

The association of alcohol use with earlier onset of LBD may be
explained by several different mechanisms, such as the modulation of
dopamine transmission by α-synuclein leading to alcohol craving, or
SNCA overexpression associated with alcohol dependence [34]. Fur-
thermore, married patients probably had earlier dementia onset be-
cause of earlier detection of functional impairment by their partners.

The length of fluctuating cognition and parkinsonism, as well as the
length of time since the first systematized delusion, the first visual
hallucination and the first episode of depression, were associated with
slower time to cognitive and functional outcomes, probably reflecting
less aggressive disease course. However, only the length of fluctuating
cognition and parkinsonism, the length of time since the first system-
atized delusion, the first episode of transient unconsciousness and the
first episode of depression, were associated with motor and non-motor
experiences of daily living. The length of time since the first system-
atized delusion was the only feature to be associated with the amount of
different medications, whereas the length of fluctuating cognition was
the only feature to be inversely associated with attention. It should be

noted that delusional jealousy [35] and visual hallucinations [36] have
been associated with dopaminergic therapy, though less than half of our
patients received such therapy at evaluation time.

The length of REM sleep behavior disorder was associated with
motor complications and with slower time to cognitive outcomes, while
the length of time since the first episode of depression was the only
feature associated with caregiver burden. Whereas autonomic symp-
toms have been reported to interact with REM sleep behavior disorder
increasing risk of α-synucleinopathies [37], depression may be caused
by atrophy or dysfunction of the pontomesencephalic-limbic emotional
circuitry [5], thus being associated with more functional impairment
and caregiver burden.

More than 70 % of the patients with LBD reported sleep satisfaction,
sleeping longer, but with higher scores on the CDR sum-of-boxes.
Length of sleep has been correlated with sleep satisfaction in AD [21],
while overall prolonged sleep duration has been associated with smaller
brain volumes, poorer executive function, and higher risk of dementia
[38]. Regarding behavioral domains of the NPI, only night-time beha-
vior disturbances were inversely associated with sleep satisfaction, but
it should be noted that patients with PD dementia had more night-time
behavior disturbances affecting NPI total scores, and were less satisfied
with their sleep.

Length of dementia was associated with worse cognitive and func-
tional scores, and particularly worse attentional scores only in patients
with DLB. Significant associations of length of dementia with worsening
functionality have been shown for AD [19], suggesting that progression
of this dementia syndrome is more similar to DLB than to PD dementia.
Anterior CA1 field atrophy in both hippocampi impairs processing and

Fig. 1. A – Associations of dysphoria with scores on Part I of the MDS-UPDRS (non-motor aspects of experiences of daily living) in patients with dementia with Lewy
bodies, p < 0.001. B – Associations of dysphoria with scores on Part II of the MDS-UPDRS (motor aspects of experiences of daily living) in patients with dementia
with Lewy bodies, p= 0.036. C – Associations of dysphoria with scores on Part II of the MDS-UPDRS (motor aspects of experiences of daily living) in patients with
Parkinson’s disease dementia, p= 0.016. D – Associations of dysphoria with scores on Part III of the MDS-UPDRS (motor examination) in patients with Parkinson’s
disease dementia, p= 0.016. E – Associations of anxiety with scores on Part II of the MDS-UPDRS (motor aspects of experiences of daily living) in patients with
Parkinson’s disease dementia, p= 0.037. F – Associations of anxiety with scores on Part III of the MDS-UPDRS (motor examination) in patients with Parkinson’s
disease dementia, p= 0.034.
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execution of planned and context-appropriate behavioral responses,
and has been described in patients with DLB, corresponding to atten-
tional and executive impairment rather than the early memory dys-
function that is typical of posterior CA1 field atrophy in AD [39].
Moreover, length of dementia was associated with higher caregiver
burden only in patients with PD dementia. Behavioral symptoms and
severity of parkinsonism have been associated with higher caregiver
burden in cognitively unimpaired patients with PD [40], but for pa-
tients with dementia it is likely that cognition and functionality assume
a greater burden over caregivers depending upon the start time of be-
havioral and motor impairments relative to the dementia syndrome.

The amount of different medications was associated with more an-
xiety and more night-time behavior disturbances (probably reflecting
the need of more diverse therapeutic options), but also with better
working memory only in patients with PD dementia. Memory dys-
function in PD seems to involve mostly retrieval, rather than encoding
and storage [9], possibly explaining why registration and repetition did
not affect MMSE total scores as well.

Scores on Parts II and III of the MDS-UPDRS were associated with
more cognitive and functional impairments, as well as with higher
caregiver burden for all patients, as expected [40]. Non-motor symp-
toms had wider associations with functional, cognitive and behavioral
outcomes for patients with DLB than for patients with PD dementia, but
were associated with higher caregiver burden only in patients with
DLB. Non-motor symptoms impact quality of life [41] and have been
reported to predict caregiver burden more often than motor impair-
ments, particularly when parkinsonism is not so intense [40].

Motor aspects of experiences of daily living were associated with
dysphoria only in patients with DLB, whereas motor aspects of ex-
periences of daily living and the motor examination were associated
with less anxiety and less dysphoria only in patients with PD dementia.
Motor complications were associated with less independence, worse
working memory, and more apathy only in patients with DLB. Motor
performance is known to affect self-maintenance in LBD [8] but, con-
trarily to DLB, in PD dementia anxiety and dysphoria usually occur
when motor signs and symptoms are less burdensome.

Limitations of this study include the relatively small sample size, its
cross-sectional nature precluding the assessment of causal relations, the
lack of pathological confirmation, and the fact that all patients came
from a single center. Nevertheless, misclassification bias was reduced
by use of stringent diagnostic criteria. LBD syndromes are not as fre-
quent as AD, and our original approach led to important conclusions
regarding our analyses.

PD dementia and DLB seem to be two possible phenotypes of the
same pathological entity [11], differing mostly by the length of par-
kinsonian signs. The fact that some neuropsychiatric features might
help distinguish these two dementia syndromes should be considered in
future biomarker research for elucidation of the pathophysiological
processes that lead some patients to phenotypically develop DLB, while
others develop PD dementia.
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