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Abstract

Introduction: Geriatric symptoms are common in dementia cases, while few studies have focused on these symp-
toms in Lewy body dementia (LBD). The purpose of this study is to investigate the distributions of Apolipoprotein E
(APOE) €4 and geriatric symptoms, and explore their associaitons in Dementia with Lewy bodies (DLB) and Parkinson’s
disease dementia (PDD).

Methods: A retrospective study with 185 mild-moderate probable DLB (n=93) and PDD (n=92) patients was
assigned. Demographic and clinical characteristics, neuropsychological assessments, and APOE genotypes were
recorded. Description, correlation and logistic regression models were used to analyze the presence of geriatric symp-
tom complaints and their associations with APOE e4.

Results: DLB patients displayed more frequency of fluctuating cognition, visual hallucination, rapid eye movement
sleep behavior disorder, delusion, depression, anxiety, apathy, and loss of appetite, whereas the PDD cases had consti-
pation, fear of falling, and insomnia more frequently. The APOE &4 allele was more common in DLB than PDD (29.9%
vs. 7.0%, p<0.001), and the patients with DLB 4+ APOE €4 (+) were presented more delusions (p =0.005) and apathy
(p=0.007) than patients with PDD + APOE €4 (4). We also found that the APOE €4 allele was significantly associated
with hyperhidrosis (OR=3.472, 95%Cl: 1.082-11.144, p =0.036) and depression (OR=3.002, 95%Cl: 1.079-8.353,
p=0.035) in DLB patients, while there were no significant associations between APOE €4 allele and the age at visit,
the age at onset, scores of MDS-UPDRS Ill, H&Y stage, ADL, MMSE, MOCA and NPI, as well as the presences of fluctuat-
ing cognition, VH, parkinsonism and RBD in both groups.

Conclusion: The presence and co-incidence of geriatric symptoms are common in patients with mild-moderate LBD.
The presence of APOE &4 allele is associated with hyperhidrosis and depression, but not global cognition, activitives

of daily life, motor function and other neuropsychitric symptoms in DLB. These findings improve the awareness of
geriatric symptoms, and contribute to the healthcare management of mild-moderate DLB and PDD.

*Jinghuan Gan and Zhichao Chen contributed equally to this study and share
first authorship.

*Correspondence: jiyongusa@126.com

! Department of Neurology, Beijing Tiantan Hospital, Capital Medical
University, China National Clinical Research Center for Neurological Diseases,
119 Nansihuan West Road, Fengtai District, Beijing 100070, China

Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12883-022-02897-7&domain=pdf

Gan et al. BMC Neurology (2022) 22:355

Page 2 of 11

Keywords: Dementia with Lewy bodies, Parkinson’s disease dementia, APOE €4 carriers, Fall, Neuropsychiatric

symptom

Introduction

Lewy body dementia (LBD) is the second most common
neurodegenerative dementia, comprises both dementia
with Lewy bodies (DLB) and Parkinson’s disease demen-
tia (PDD) [1]. Though the two diseases are distinguished
clinically from “1-year rule” (in PDD the motor symp-
toms precede the onset of dementia by at least 1 year)
[2], their association remains to be clarified because of
pathological and genetic overlap on Lewy body disease
continuum [3].

LBD patients present with a wide range of motor and
nonmotor (cognitive, neuropsychiatric, sleep, autonomic
nervous dysfunction) symptoms. Numerous studies have
paid attention to “geriatric syndromes” of dementia older
adults, which can increase the disability and dependence
[4], play an important role in dementia diagnoses and
management as well. Previous studies point that poly-
pharmacy [5], falls [6], fear of falling (FoF) [7], frailty
[8], orthostatic hypotension (OH) [9], urinary and fecal
incontinence [10], depression [11], and sleep distribution
[2] may increase cognitive impairment, neuropsychiatric
symptoms, and dependence on daily living, even in early-
stage dementia subtypes [12]. What’s more, APOE &4
allele is a strong risk factor across the Lewy body disease
spectrum, and it has been confirmed to be associated
with the occurrence of LBD, and can accelerate LBD pro-
gression and cause poor prognosis [13—15]. Despite these
associations, it remains unknown the role of APOE €4 on
the geriatric symptoms in mild-moderate LBD patients.

Therefore, the purpose of this study is to compare the
presences of APOE genotypes and geriatric symptoms,
as well as explore the associations between them in mild-
moderate LBD patients. The recognition and awareness
of geriatric symptoms will markedly improve the early
identification and accurate treatment of DLB and PDD,
which may contribute to the healthcare management.

Material and methods

Participants

A total of 3221 subjects were seen by a cognitive impair-
ment specialty clinical service in the Tianjin Huanhu
Hospital, Tianjin, China from June 2017 to December
2020.

The panel made their diagnosis based on the corre-
sponding diagnostic criteria, namely DLB was based on
2017 criteria by McKeith et al. [2], PDD was diagnosed
according to the criteria proposed by the Movement

Disorder Society in 2007 [16]. A probable DLB diag-
nosis can be made with two or more core symptoms
together with or without indicative biomarkers, or only
one core symptom together with one or more indica-
tive biomarkers. PDD patients were diagnosed according
to the clinical criteria for probable PDD [16]. Interna-
tional consensus suggests that DLB should be diagnosed
when cognitive impairment precedes parkinsonism or
begins within a year of parkinsonism and PDD should
be diagnosed when parkinsonism precedes cognitive
impairment by more than 1 year. Blood tests, the APOE
genotypes, neuroimaging (including computerized
tomography scans and/or magnetic resonance imaging),
and positron emission computed tomography were per-
formed, if necessary, to make the diagnosis [17]. There-
fore, DLB and PDD mentioned in the study were from
a probable diagnosis. All included participants with
DLB and PDD had the score of Clinical Dementia Rat-
ing (CDR) between 1 and 2 (CDR=1.0, CDR=2.0), and
were at least 50years old.

Diagnoses were confirmed by a two-specialist panel
according to the basic diagnostic flowchart (the same
as our previous study [17]), if there was disagreement
between them, the subject would be excluded. Partici-
pants were also excluded if they had a major concurrent
psychiatric illness or a history of other serious neurologi-
cal illness, including stroke or alcohol/substance abuse
history. Because the Neuropsychiatric Inventory (NPI)
should be conducted with the caregivers, patients with-
out caregivers were also excluded. Finally, 185 mild-mod-
erate probable LBD patients, containing 93 DLB and 92
PDD, were invited in this research (Fig. 1).

Assessments for core clinical features

Fluctuating cognition

The Mayo Fluctuations Composite Scale was used to con-
firm the presence of cognitive fluctuations, with three or
more “yes” responses required for structured questions
from caregivers [18].

Visual hallucinations (VH)

Specifically formed and detailed VH and illusions, that
were complained about by the patient and/or caregiver
were determined by confirmation and quantification
according to the hallucinations item of the NPI [19]. The
chief complaint of seeing people, children or animals that
were not present was recorded as “visual hallucination”.
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Fig. 1 Flow chart of this study. Abbreviations: Cl, cognitive impairment; DLB, dementia with Lewy bodies; PDD, Parkinson’s disease dementia

Parkinsonism

One or more spontaneous cardinal features of parkinson-
ism included bradykinesia (defined as slowness of move-
ment and decrement in amplitude or speed), rest tremor
or rigidity, diagnosed by the motor section (Part III) of
the Movement Disorders Society Unified Parkinson’s
Disease Rating Scale (MDS-UPDRS) [20].

Rapid eye movement sleep behavior disorder (RBD):
This was confirmed by caregivers who mentioned five or
more behaviors that are mentioned in the RBD screening
questionnaire (RBD-SQ) [21] or someone who was diag-
nosed using an overnight video polysomnography [22].
Totally, 37 patients with DLB and 45 patients with PDD
underwent polysomnography; and 83 patients with DLB
and 81 patients with PDD underwent RBD-SQ to con-
firm RBD.

Assessments for geriatric symptom complaints

Demographic characteristics (age, gender, and years
of education), cardiometabolic conditions [heart dis-
ease, hypertension, diabetes mellitus (DM), stroke],
the history of smoking/alcohol consumption, drug
prescriptions for DLB/PDD were recorded. A battery
of standardized instruments, including the Chinese
version of the MMSE (C-MMSE), Montreal Cognitive
Assessment (MoCA), activities of daily living (ADL)
and NPI, was used to evaluate cognitive function status,
activities of daily living and neuropsychiatric symptoms
(NPS) respectively. The scores of C-MMSE [23, 24]
and MoCA [25] range O (severe impairment) to 30 (no
impairment). The NPI [19] comprises 12 items and pro-
vided by their caregivers. Each subscale ranges between

0 (no NPS) and 12 and the total composite score
between 0 (no NPS) and 144. The Chinese version of
ADL (revised by Zhang et.al) [26] consists of 20 items
to evaluate the function of physical self-maintenance
[include eating, bathing, dressing, grooming (and shear
toe nail), transferring (e.g. walk in a flat room, mov-
ing from chair to bed and return, walk up and down
stairs), and using the toilet.] and instrumental activities
[including use of the telephone, shopping, preparing a
hot meal, taking water for cooking and bathing, doing
housework, taking medication, managing financial
matters, getting to places beyond walking distances,
and doing laundry], with the total scores between 20
(no impairment) and 80 (severe dysfunction).

Patients were routinely evaluated the geriatric symp-
toms and conditions in our clinic, including OH, consti-
pation, urinary symptoms, hyperhidrosis (HH), falls, FoF,
delusion, depression, anxiety, apathy, loss of appetite,
insomnia, and excessive daytime sleepiness (EDS). The
measurement instruments were described as below:

+ OH: Over 20mmHg decrease in systolic blood
pressure or>10mmHg decrease in diastolic blood
pressure within 3min of standing or have symp-
toms of postural dizziness.

« Constipation: Defecation less than three times a
week, hard stool, having to strain to pass stools.

+ Urinary symptoms: Complaining of frequent or
urgent micturition, dysuria, or urinary inconti-
nence, except for urinary tract infection.

+ HH: Suffering from excessive sweating required to
regulate normal body temperature during the day
or at night.
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«+ Falls: Having fallen in the previous year except for
tripping on a rug and slipping on wet floor.

+ Fear of falling: Fearing of falling in daily activities and
having The Falls Efficacy Scale International > 16.

+ Delusion: The caregivers responded “Yes” to items 1
on the NPI.

+ Depression: The caregivers responded “Yes” to items
4 on the NPIL.

+ Anxiety: The caregivers responded “Yes” to items 5
on the NPI

+ Apathy: The caregivers responded “Yes” to items 7 on
the NPL

+ Loss of appetite: The caregivers reported that the
patient had a loss of appetite and a lack of desire to
eat, then responded “Yes” to items 12—1 on the NPI

+ Insomnia: Insomnia Severity Index score > 8.

+ Excessive daytime sleepiness: Epworth Sleepiness
Scale score>11.

APOE genotyping

We used peripheral blood to extract genomic DNA, and
polymerase chain reaction was amplified to determine
the APOE gene in this study. All the detailed method had
been described at our previous study [27]. We were sure
about all genotypes without knowledge of the patient
status.

Statistical analyses

Descriptive analyses were conducted using frequency
for qualitative variables and mean [+ standard deviation
(SD)] or median [interquartile range (IQR)] for quanti-
tative variables. Student’s t-test was run to compare the
two independent groups (DLB and PDD) for normally
distributed data and a Mann-Whitney U test was used
for nonparametric data. The comparisons among the
four groups [DLB with APOE &4 (+), DLB with APOE
€4 (—), PDD with APOE &4 (4), PDD with APOE &4 (—)]
were conducted by Mann—Whitney U tests and Bonfer-
roni corrections were applied. Qualitative variables were
assessed using a chi-squared test. Analysis of correlation
was made by using Pearson and Partial (adjusted gender,
education, habits of smoking and alcohol consumption,
heart disease, hypertension, diabetes mellitus, stroke and
CDR) correlations to evaluate the correlation between
APOE €4 allele, basic and clinical characteristics in prob-
able DLB and PDD. Logistic regression models (adjusted
gender, education, habits of smoking and alcohol con-
sumption, heart disease, hypertension, diabetes mellitus,
stroke and CDR) were used to analyze the associations
between APOE &4 allele and geriatric symptoms, and the
results were recorded with odds ratios (ORs) and 95%
confidential interval (95% CI).
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For the statistical analyses, the IBM Statistical Package
for the Social Sciences (SPSS) for Windows (version 22.0;
IBM Corporation, Armonk, NY) was used. Adjusted
odds ratios (OR) are presented with 95% confidence
interval (95% CI). A p - value of less than 0.05 was con-
sidered significant. All tests were performed bilaterally.

Results

Clinical characteristics

A total of 185 patients, 92 with mild-moderate DLB and
93 with mild-moderate PDD, were included in the study
(Table 1). The median and mean ages of DLB patients,
both age at visit and onset, were older, and DLB patients
had higher proportions of hypertension (32.6% vs. 17.2%,
p=0.015) and DM (23.9% vs. 10.8%, p =0.018), as well as
were more APOE &4 carriers (57.6% vs. 12.9%, p<0.001)
than PDD patients. Comparing to patients with PDD, the
DLB cases displayed more frequency of fluctuating cog-
nition (28.3% vs. 9.7%, p=0.001), VH (47.8% vs. 14.0%,
»<0.001) and RBD (55.4% vs. 22.6%, p <0.001) at the time
of diagnosis, while there was no significant difference in
APOE &4 allele subgroups (Additional file, Table S1).

The global and sub-item scores of MMSE and MoCA
were significantly higher in the PDD cases than DLB cases
at their first visit (Table 2). And patients with PDD had
significantly greater H&Y stage (mean score: 2.12+0.64
vs. 0.98+1.50, p=0.000) higher UPDRS part III scores
(mean score: 30.76+14.48 vs. 7.80+£1.50, p=0.000).
While the patients with DLB had higher scores of NPI
(mean score: 15.144+13.77 vs. 2.65+4.49, p=0.000)
and ADL (mean score: 32.77 +12.74 vs. 26.04+10.15,
p=0.000). We also found that the presence of APOE &4
allele was not significantly correlated with the age at visit,
the age at onset, scores of MDS-UPDRS III, H&Y stage,
ADL, MMSE, MOCA and NPI, as well as the presences
of fluctuating cognition, VH, parkinsonism and RBD in
both groups, except for the scores of MoCA-language
(r=—10.264, p=0.016) in DLB cases and MMSE-registra-
tion (r=—0.216, p=0.038) in PDD cases (Additional file,
Table S2). Besides, there were no significant associations
between clinical core features of LBD and APOE &4 allele
after adjusting confounders (Additional file, Table S3).

Associations between APOE €4 and geriatric symptom
complaints in DLB and PDD

In patients with DLB, the most frequent geriatric
symptom complaints were anxiety (50.0%), followed
by depression (48.9%), apathy (45.7%), loss of appe-
tite (38.0%) and delusion (34.8%), while constipation
(53.8%), insomnia (49.5%), FoF (45.2%), OH (25.8%)
and falls (25.8%) troubled patients with PDD mostly,
as summarized in Table 3. The presence of constipa-
tion, FoF, and insomnia were more common in the PDD
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Table 1 Sample characteristics
DLB PDD x%/Z-score P-value
(n=92) (n=93)
Gender, n (%) 0.046 0.830
Male 50 (54.3%) 52 (55.9%)
Female 42 (45.7%) 41 (44.1%)
Age at visit, years, median (IQR) 71 (66,78) 67 (62,74) —3.900 0.000
Age at onset, years, median (IQR) 69 (63,75) 63 (59,71) —3.456 0.001
Education, years, median (IQR) 9(9,15) 9(6,12) —2.142 0.032
Marital status, n (%) 0.144 0.705
Married 67 (72.8%) 70 (75.3%)
Widowed 20 (21.7%) 23 (24.7%)
Divorced 1(1.1%) 0 (0.0%)
Single 4 (4.3%) 0 (0.0%)
Smoking, yes, n (%) 25 (27.2%) 20 (21.5%) 0.807 0.369
Alcohol consumption, yes, n (%) 20 (21.7%) 15(16.1%) 0.949 0.330
Cardiometabolic conditions, n (%)
Heart disease 21 (22.8%) 31 (33.3%) 2527 0.112
Hypertension 30 (32.6%) 16 (17.2%) 5.874 0.015
DM 22 (23.9%) 10 (10.8%) 5.599 0.018
Stroke 12 (13.0%) 8 (8.6%) 0.946 0.331
APOE genotype frequency, n (%)
2/2 1(1.1%) 2(2.2%) 0328 1.000
2/3 3(3.3%) 8 (8.6%) 2359 0212
2/4 0 (0.0%) 1(1.1%) 0.995 1.000
3/3 35 (38.0%) 71 (76.3%) 27.728 0.000
3/4 51 (55.4%) 10 (10.8%) 41.779 0.000
4/4 2(2.2%) 1(1.1%) 0.350 0.621
APOE allele frequency, n (%)
€2 5(2.7%) 13 (7.0%) 3.647 0.056
€3 124 (67.4%) 160 (86.0%) 17.995 0.000
€4 55 (29.9%) 13 (7.0%) 32342 0.000
APOE €4 carriers, n (%) 40.557 0.000
Yes 53 (57.6%) 12 (12.9%)
No 39 (42.4%) 81 (87.1%)
Drug prescriptions, n (%)
ChEls 63 (68.5%) 9(9.7%) 67.266 0.000
Anti-Parkinsonism 11 (12.0%) 50 (53.8%) 36.575 0.000
Antipsychotics 18 (19.6%) 3(3.2%) 12.270 0.000
Core features, n (%)
FLC 26 (28.3%) 9(9.7%) 10412 0.001
VH 44 (47.8%) 13 (14.0%) 24.855 0.000
Parkinsonism 44 (47.8%) 93 (100.0%) 54914 0.000
RBD 51 (55.4%) 21 (22.6%) 21.000 0.000

Abbreviations: DLB Dementia with Lewy bodies, PDD Parkinson’s disease dementia, /QR Interquartile range, DM Diabetes mellitus, APOE Apolipoprotein E, ChEls
Cholinesterase inhibitors, FLC Fluctuating cognition, VH Visual hallucination, RBD Rapid eye movement sleep behavior disorder

than DLB (p<0.05), and delusion, depression, anxi-
ety, apathy, and loss of appetite were more common in
the DLB than PDD (p<0.001). And the patients with
DLB+ APOE €4 (+) were presented more delusions
(p=0.005) and apathy (p=0.007) than patients with

PDD + APOE €4 (+). But there were no significant dif-
ferences of geriatric symptoms between APOE ¢4 car-
riers and APOE &4 non-carriers in both DLB and PDD

groups.
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Table 2 Cognitive and motor function in patients with probable DLB and PDD

Characteristics DLB PDD Z-score P-value

Median (IQR) Mean (SD) Median (IQR) Mean (SD)

MMSE 18.00 (14.00, 24.00) 1857 £541 24.00 (20.00, 26.00) 23.02 £ 351 —5.500 0.000
Orientation 6.00 (4.00, 9.00) 6.38 +2.60 9.00 (8.00, 10.00) 867 + 148 —6.147 0.000
Registration 3.00 (3.00, 3.00) 275+ 055 3.00 (3.00, 3.00) 288 £0.39 —2.053 0.040
Attention and calculation 2.00(1.00, 3.00) 2154157 2.00 (2.00, 4.00) 283+ 136 —3.231 0.001
Recall 00 (0.00, 2.00) 095+ 1.03 2.00 (1.00, 2.00) 161 £097 —4.361 0.000
Language 6.00 (5.00, 7.00) 589+ 1.64 7.00 (5.50, 7.50) 648 £ 1.26 —2.326 0.020
Praxis 0.00 (0.00, 1,00) 045 £ 050 1.00 (1.00, 1.00) 0.54 £0.50 —1.248 0212

MoCA 12.00 (8.00, 18.75) 1336 £6.17 17.00 (13.00, 20.00) 1637 £ 444 —3.727 0.000
Visuospatial/executive abilities 1.50 (1.00, 3.00) 1.844+1.30 2.00 (1.00, 3.00) 213+£1.31 —1.646 0.100
Naming 2.00 (2.00, 3.00) 218 +£0.78 2.00 (2.00, 3.00) 227 £085 —1.029 0.304
Attention 4.00 (2.00, 6.00) 392+219 5.00 (4.00, 5.00) 442 +£1.42 —1.859 0.063
Language 00 (0.00, 1.00) 091 +£093 1.00 (1.00, 2.00) 1.30£0.78 —3.393 0.001
Abstraction 0.00 (0.00, 1.00) 045+ 0.67 0.00 (0.00, 1.00) 046 £0.72 —0.031 0.975
Recall 0.00 (0.00, 0.00) 050+ 1.11 0.00 (0.00, 1.50) 0.80 &+ 1.04 —3.138 0.002
Orientation 4.00 (2.00, 5.00) 354+178 5.00 (4.00, 6.00) 499+ 1.15 —5.655 0.000

NPI 11.00 (5.25, 22.50) 1514 £13.77 1.00 (0.00, 3.50) 265+ 449 —8.282 0.000

ADL 28.50 (23.00, 37.75) 3277 £12.74 22.00 (21.00, 25.00) 26.04 £10.15 —5.168 0.000

CDR 1.00 (1.00, 2.00) 1.36 £048 1.00 (1.00, 1.00) 113+£034 —3.630 0.000

MDS-UPDRS Il 3(0.00,12.75) 7.80£1.50 27.00 (19.50, 39.00) 30.76 + 1448 —9.539 0.000

H&Y stage 0.00 (0.00, 2.00) 098 £ 1.50 2.00 (2.00, 2.00) 212+ 064 —7.223 0.000

Abbreviations: DLB Dementia with Lewy bodies, PDD Parkinson’s disease dementia, IQR Interquartile range, SD Standard deviation, MMSE Mini-Mental State
Examination, MoCA the Montreal Cognitive Assessment, NPI Neuropsychiatric Inventory, ADL Activities of daily living, CDR Clinical Dementia Rating, MDS-UPDRS Il
Movement Disorder Society Unified Parkinson’s Disease Rating Scale part lll, H&Y stage Hoehn-Yahr stage

Table 3 Comparation of geriatric symptom complaints between probable DLB and PDD

Geriatric symptom DLB PDD P1 P2 P3 P4
complaints

All APOEe€4(+) APOEe4(—) Al APOE €4 (+) APOEe4(—)

(n=92) (n=53) (n=39) (n=93) (n=12) (n=81)
OH 20(21.7) (24.5) 7(17.9 4(258) 4(333) 20(24.7) 0516 0450 0523 0531
Constipation 21(22.8) (22.6) 9(23.1 0(538) 7(583) 43(53.1) 0.000 0961 0734 0014
Urinary Symptoms 18 (18.9) (22.6) 6 (154 23(47)  2(16.7) 21(25.9) 0.398 0386 0488 0.649
HH 23 (25.0) (32.1) 5(128 16(17.2)  1(83) 15(18.5) 0.194 0032 0383 0.097
Falls 16 (17.4) (18.9) 6(154 4(258)  4(333) 20(24.7) 0.164 0663 0523 0271
FoF 8(19.6) (18.9) 8(20.5 42 (452) 5(41.7) 37 (45.7) 0.000 0844 0794 0.091
Delusion 32(34.8) (434) 9(23.1 5(54) 0(0.0) 5(6.2) 0.000 0043 0376 0.005
Depression 45 (48.9) (56.6) 15 (385 22(237)  4(333) 18 (22.2) 0.000 0085 0398 0.145
Anxiety 46 (50.0) (52.8) 18 (46.2 7(183)  3(250) 14(17.3) 0.000 0527 0519 0.081
Apathy (45 7) (50.9) 15 (385 15(16.1) 1(83) 14(17.3) 0.000 0235 0431 0.007
Loss of appetite 5(38.0) (39.6) 14 (359 2(22) 1(83) 1(1.2) 0.000 0716 0114 0.039
Insomnia (27 2) (32 1) 8(20.5) 46 (49.5)  7(583) 39 (48.1) 0.002 0218 0510 0.089
EDS 7(185) 5.1) 9(23.1) 1(01.8)  2(167) 9(11.1) 0.207 0330 0578 0892

P1 means all DLBs vs. all PDDs

The comparations among the four groups--DLB with APOE €4 (+), DLB with APOE €4 (—), PDD with APOE €4 (+), PDD with APOE €4 (—) were recorded as P2, P3, P4.
The P2 means DLB with APOE €4 (+) vs. DLB with APOE g4 (—); P3 means PDD with APOE &4 (+) vs. PDD with APOE €4 (—); P4 means DLB with APOE g4 (+) vs. PDD
with APOE €4 (+), and the P-values were corrected by Bonferroni correction (a=0.05/4=0.0125)

Abbreviations: DLB Dementia with Lewy bodies, PDD Parkinson’s disease dementia, APOE Apolipoprotein E, OH Orthostatic hypotension, HH Hyperhidrosis, FoF Fear of

falling, EDS Excessive daytime sleepiness
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Table 4 Associations between APOE €4 allele and geriatric symptom complaints in DLB and PDD
Characteristics DLB PDD

(APOE €4 carriers vs. non-carriers) (APOE €4 carriers vs. non-carriers)

OR 95%ClI P-value OR 95%Cl P-value
OH 1488 0.496-4.461 0478 1.790 0426-7.520 0.525
Constipation 0977 0.341-2.800 0.961 1435 0.383-5.383 0.592
Urinary Symptoms 1452 0.448-4.702 0.534 0.773 0.141-2.244 0.767
HH 3472 1.082-11.144 0.036 0470 0.050-4.450 0510
Falls 1.342 0.407-4.428 0.629 1.790 0.426-7.520 0427
FoF 0.755 0.229-2.484 0.644 1.033 0.262-4.067 0.963
Delusion 1.923 0.669-5.527 0.225 0.000 0.000-0.000 0.998
Depression 3.002 1.079-8.353 0.035 2110 0.473-9410 0.328
Anxiety 1.358 0.565-3.266 0.494 1475 0.309-7.052 0.626
Apathy 1.925 0.760-4.879 0.167 0.655 0.068-6.277 0.714
Loss of appetite 131 0499-3.446 0.582 0.000 0.000-0.000 0.997
Insomnia 1.978 0.671-5.824 0216 1.838 0.455-7.427 0.393
EDS 0.552 0.162-1.884 0.343 1.375 0.208-9.091 0.741

The models for APOE €4 carriers vs. non-carriers in DLB and PDD groups were adjusted gender, age at visit, education, habits of smoking and alcohol consumption,

heart disease, hypertension, diabetes mellitus, stroke and CDR

Abbreviations: DLB Dementia with Lewy bodies, PDD Parkinson’s disease dementia, ORs Odds ratios, 95%Cl 95% confidence interval, APOE Apolipoprotein E, OH
Orthostatic hypotension, HH Hyperhidrosis, FoF Fear of falling, EDS Excessive daytime sleepiness, CDR Clinical Dementia Rating

Logistic regression models in Table 4 showed that
patients APOE &4 allele was associated with the presences
of HH (OR=3.472, 95%CI: 1.082-11.144, p=0.036) and
depression (OR=3.002, 95%CI: 1.079-8.353, p=0.035)
in the mild — moderate DLB patients after adjusted gen-
der, age at visit, education, habits of smoking and alcohol
consumption, heart disease, hypertension, diabetes mel-
litus, and stroke, while there was no associations between
APOE €4 allele and geriatric symptoms in mild-moderate
PDD patients.

Discussion

Our study reveals that the geriatric symptoms, particular
constipation, FoF, delusion, depression, anxiety, apathy,
insomnia, loss of appetite, are highly prevalent in mild-
moderate LBD patients. The APOE &4 allele was highly
significant over represented and associated with HH and
depression in DLB patients. While APOE €4 allele was
not associated with global cognitive impairment, motor
function, activities of daily life, as well as four clinical
core features in mild-moderate LBD patients.

Despite APOE €4 was reported to be risk factors for
LBD (including DLB and PDD) in previous literature
[28], the frequency of APOE &4 carriers in DLB and PDD
was not sure. The APOE &4 carriers was about 30 - 60%
in DLB [29, 30] and about 30-40% in PDD [31, 32], but
there was not significantly difference between them [32].
Our data showed the frequency of APOE e4 carriers in
DLB was line with previous studies, while higher than in
PDD.

In current study, we found that 28.3% DLB patients had
fluctuating cognition, 47.8% had VH, and 55.4% experi-
enced RBD, which were less prevalent than our previous
research [33]. We analyzed the percentages of the core
features among 37 probable DLB patients and reported
that 64.9% displayed fluctuation, and 73.0% showed VH,
the difference was possibly due to the mild-moderate
stage of these samples. While a longitudinal prospective
cohort study with 100 patients with DLB, showed that
about 39% patients had VH, 46% manifested fluctuating
cognition, and 77% patients experienced RBD in early
stage [34]. Moreover, we didn’t find significant associa-
tions between APOE €4 allele and core clinical features
in LBD patients. APOE €4 allele is reported to be asso-
ciated with hallucinations and Alzheimer’s disease (AD)-
pathological protein in parkinsonian syndromes [35, 36],
patients with DLB 4+ APOE &4 showed more pronounced
hallucinations in atypical Parkinson’s disease (PD) cohort
[37]. Consistent with our research, Gan-Or et al. [38]
reported a lack of association between the APOE &4 allele
and risk of RBD in LBD patients, and this finding was
confirmed by Sunwoo et al. [39], who demonstrated no
difference of APOE genotypes in patients with RBD as
well as general population. And APOE &4 allele was not
associated with the incidental parkinsonism symptoms in
parkinsonian syndromes, it could only derive progressive
cognitive impairment but not motor progression in par-
kinsonian syndromes [40, 41].

We also found higher proportions of constipation, FoF,
and loss of appetite in PDD, while the insomnia and NPS,
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such as hallucinations, delusions, anxiety, depression and
apathy, were more frequent in DLB patients. Constipa-
tion is the most prominent gastrointestinal manifesta-
tion in patients with PDD and DLB, and it may cause by
neuronal loss in the myenteric plexus [42]. The enteric
nervous system (ENS) origin suggested that the increased
intestinal permeability in PD triggered alpha-synuclein
aggregation within the ENS [43], so as to affect the gas-
trointestinal emptying function and ultimately produced
PD [44]. Gastrointestinal dysautonomia also played a
possible role in the etiology of constipation in PD, which
had been proved in dopamine transporter single-photon
emission computed tomography imaging in Hinkle's
research [45]. Constipation increased the risk of devel-
oping PD [46] and noting that individuals experiencing
the constipation may suffered from motor symptoms
of PD with a mean of 18.7years [47]. At the same time,
DLB and PDD patients also have a certain proportion of
gastroparesis [48]. Gastroparesis presented as nausea,
reduced appetite, early satiety, bloating, vomiting, and
weight loss [49], about 25-45% PD patients reported sub-
jective symptoms [50]. Loss of appetite may be caused
by prolonged gastric emptiness, which has an adverse
interaction with constipation. The NPS in mild - moder-
ate DLB are more frequent than PDD, which is consistent
with many studies [51]. Depression is particularly com-
mon in DLB and established as a supportive feature in
the revised criteria for the clinical diagnoses [2], and the
high depression rates assessed by NPI are also reported
in several cohort patients with mild dementia [37, 52].
A cohort with 223 dementia cases [52] (56 with DLB
and 11 with PDD) reported significantly more depres-
sion in DLB but there was no relationship between the
presence of APOE €4 allele and depression. However,
our study revealed opposite results. The APOE ¢4 allele
was associated with depression in mild-moderate DLB
after adjusted several confounders. Several studies had
reported an association between APOE €4 and depressive
phenomenology [53, 54]. APOE &4 allele can disturbed
the clearness of amyloid plaques stored in limbic regions
to regulate emotional processes, and the deficits if cho-
linergic [55] and noradrenergic [56] activities in APOE &4
carriers might explain the more severe depressive symp-
toms in mild DLB.

In addition, there are few studies comparing the falls
and FoF of DLB and PDD. In a prospective study involv-
ing 30 DLB and 40 PDD patients, the incidence of falls
(86.8%) was higher in PDD than in DLB (69.2%) [6].
Patients with DLB sustained 6 times, and PDD sustained
20 times more falls than normal cognition older adults
[57]. The old age, sleepiness, dementia, autonomic nerv-
ous dysfunction, and freezing of gait were all risk fac-
tors of falls [58]. However, the research on FoF is mostly
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limited to DLB and AD. In a comparative research among
old adults with DLB, AD, and non-dementias, DLB
patients had much higher proportion of FoF (86.9%) than
those with AD (36.0%) and without dementia (37.4%)
[59]. Parkinsonism, visual dysfunction (including visual
hallucination, color vision impairment, visuospatial dis-
order, and decreased occipital lobe activity), OH, and
attention disorders may provide plausible pathways caus-
ing development of FoF [12]. Patients with PDD had more
proportion of insomnia in our findings, which could be
proved in previous research. PDD patients slept shorter,
had more night-time behavior disturbances, and were
less satisfied with their sleep than patients with DLB [11],
which could prove our finding. Restless legs syndrome
(RLS), turn-over difficulty and pain [60] were in a higher
proportion, which may be possible reasons for insomnia
in PDD patients. The loss of hypocretinergic neurons in
the hypothalamus could decrease hypocretin and dis-
turb sleep-wake cycle regulation, resulted to insomnia in
PDD [61]. What’s more, dopaminergic dysfunction with
impairment of medial thalamic pain system in PD could
cause RLS, and the associations between RLS and insom-
nia in patients with LBD remained to explore.

Patients with DLB demonstrated a poorer cognitive
situation at their visit than patients with PDD. The ages
at onset and at visit were both older in DLB than PDD,
which was consistent with our multicenter findings [62]
in Chinese memory clinics. Moreover, patients with DLB
suffered more from hypertension and DM than PDD
patients. Take as the fact that the older ages at onset and
visit as well as the higher mean score of CDR in DLB
into consideration, once again the possibility that there
may be the demographic factors driving this cannot be
discounted.

We provide the relatively large sample size and reliable
information from outpatient records in current clinical
research on DLB and PDD in early stage, while we rec-
ognize some limitations in this study. Firstly, the lack of
specificity biomarkers (even pathological confirmation)
and objective polysomnography could lead to bias in the
determination of disease and RBD. And since all patients
came from a single center, there existed a misclassifica-
tion bias to some extents. Some relevant factors may be
not taken into account in this research, which need fur-
ther consideration in future.

Conclusion

The presence and co-incidence of geriatric symp-
toms, including sleep disorders, autonomic nervous
dysfunction, and NPS are common in patients with
mild-moderate DLB or PDD. The APOE &4 allele was
represented in DLB, and is associated with hyperhidro-
sis and depression, but not global cognition, activitives
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of daily life, motor function and other neuropsychitric
symptoms. While APOE &4 allele plays no role in the
clincal characteristics of PDD. These findings can sig-
nifiant improve the awareness of geriatric symptoms,
and contribute to the healthcare management of mild-
moderate DLB and PDD.

Abbreviations

AD: Alzheimer’s disease; ADL: Activities of daily living; APOE: Apolipoprotein E;
CDR: Clinical Dementia Rating; ChEls: Cholinesterase inhibitors; Cl: Cogni-

tive impairment; 95%Cl: 95% confidential interval; DM: Diabetes mellitus;

DLB: Dementia with Lewy bodies; EDS: Excessive daytime sleepiness; FLC:
Fluctuating cognition; FoF: Fear of falling; H&Y stage: Hoehn-Yahr stage; HH:
Hyperhidrosis; IQR: Interquartile range; LBD: Lewy body dementia; MDS-
UPDRS Ill: Movement Disorder Society Unified Parkinson’s Disease Rating Scale
part Ill; MMSE: Mini-Mental State Examination; MoCA: The Montreal Cognitive
Assessment; NPI: Neuropsychiatric Inventory; OH: Orthostatic hypotension;
ORs: Odds ratios; PCR: Polymerase chain reaction; PD: Parkinson'’s disease;
PDD: Parkinson’s disease dementia; RLS: Restless legs syndrome; RBD: Rapid
eye movement sleep behavior disorder; SD: Standard deviation; VH: Visual
hallucination.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512883-022-02897-7.

Additional file 1: Table S1. Comparation of clinical core features
between probable DLB and PDD. Table S2. Correlation between APOE
€4 allele, basic and clinical characteristics in probable DLB and PDD.
Table S3. Associations between APOE €4 allele and clinical core features
in DLB and PDD.

Acknowledgements

The authors are grateful to all those who participated in this study and wish
to acknowledge the valuable assistance obtained from all specialized physi-
cians. We sincerely gratitude Jing Li (Tianjin Huanhu Hospital, Tianjin, China),
Wenzheng Hu (Beijing Tiantan Hospital, Capital Medical University, Beijing,
China), Xiyu Li (Tianjin medical university, Tianjin, China), Han Zhu (Tianjin
medical university, Tianjin, China), Xiaoshan Du (Tianjin medical university,
Tianjin, China), Wenjing Zhou (Tianjin medical university, Tianjin, China), and
Lingyun Ma (Beijing Tiantan Hospital, Capital Medical University, Beijing, China)
for the data collection and input. We also thank the Tianjin Key Medical Disci-
pline (Specialty) Construction Project for their help. All these authors accept
responsibility for all aspects of the manuscript and approved the final version
of the manuscript.

Authors’ contributions

Yong Ji is responsible for the conception and design of the study; Jinghuan
Gan and Zhichao Chen draft and revise the manuscript; Jinghuan Gan and
Chunyan Liu conduct the analysis; Shuai Liu, Zhihong Shi, Yiming Liu, and
Xiao-Dan Wang are responsible for the acquisition of data, assisting with the
literature review and critically revising the manuscript. All three authors accept
responsibility for all aspects of the manuscript and approved the final version
of the manuscript.

Funding

The present study was supported by the National Natural Science Founda-
tion of China (funding number 82171182, 81571057), Science and Technol-
ogy Project of Tianjin Municipal Health Committee (grant number ZC20121
and KJ20048), the Tianjin Science and Technology Project (funding number
16ZXMJSY00010), and Tianjin Key Medical Discipline (Specialty) Construction
Project (grant number: TJYXZDXK-052B). The funder had no role in the design
and conduct of the study; collection, management, analysis, and interpreta-
tion of the data; preparation, review, or approval of the manuscript; and deci-
sion to submit the manuscript for publication.

Page 9 of 11

Availability of data and materials
The data that support the findings of this study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate

This study was performed according to the Helsinki Declaration and approved
by the Committee for Medical Research Ethics at Tianjin Huanhu Hospital and

the Tianjin Health Bureau (ID: 2011-1). The participants provided their written

informed consent to participate in this study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Neurology, Beijing Tiantan Hospital, Capital Medical Univer-
sity, China National Clinical Research Center for Neurological Diseases, 119
Nansihuan West Road, Fengtai District, Beijing 100070, China. 2Department

of Neurology, Beijing Friendship Hospital, Capital Medical University, Beijing,
China. *Department of Neurology, Tianjin Huanhu Hospital, Tianjin Key Labora-
tory of Cerebrovascular and of Neurodegenerative Diseases, Tianjin Dementia
Institute, 6 Jizhao Road, Jinnan District, Tianjin 300350, China. *Department

of Neurology, Qilu hospital, Shandong University, Jinan, China. >Department
of Neurology, Aviation General Hospital, Beijing, China.

Received: 23 June 2022 Accepted: 12 September 2022
Published online: 19 September 2022

References

1. Kane JPM, Surendranathan A, Bentley A, Barker SAH, Taylor JP, Thomas
AJ, et al. Clinical prevalence of Lewy body dementia. Alzheimers Res
Ther. 2018;10(1):19. https://doi.org/10.1186/513195-018-0350-6.

2. Mckeith IG, Boeve BF, Dickson DW, Halliday G, Taylor JP, Weintraub
D, et al. Diagnosis and management of dementia with Lewy bod-
ies: fourth consensus report of the DLB consortium. Neurology.
2017,89(1):88. https://doi.org/10.1212/wnl.0000000000004058.

3. Jellinger KA. Dementia with Lewy bodies and Parkinson'’s dis-
ease-dementia: current concepts and controversies. J Neural
Transm (Vienna). 2018;125(4):615-50. https://doi.org/10.1007/
s00702-017-1821-9.

4. Lauretani F, Ruffini L, Scarlattei M, Maggio M. Relationship between
comprehensive geriatric assessment and amyloid PET in older per-
sons with MCI. BMC Geriatr. 2020;20:1:337. https://doi.org/10.1186/
$12877-020-01746-x.

5. Kristensen RU, Ngrgaard A, Jensen-Dahm C, Gasse C, Wimberley T, Walde-
mar G. Polypharmacy and potentially inappropriate medication in people
with dementia: a Nationwide study. J Alzheimers Dis. 2018;63(1):383-94.
https://doi.org/10.3233/jad-170905.

Allan LM, Ballard CG, Rowan EN, Kenny RA. Incidence and prediction
of falls in dementia: a prospective study in older people. PLoS One.
2009:4(5):e5521. https//doi.org/10.1371/journal.pone.0005521.

7. Noh HM, Roh YK, Song HJ, Park YS. Severe fear of falling is associated with
cognitive decline in older adults: a 3-year prospective study. J Am Med
Dir Assoc. 2019;20(12):1540-7. https://doi.org/10.1016/jjamda.2019.06.
008.

8. Waite SJ, Maitland S, Thomas A, Yarnall AJ. Sarcopenia and frailty in
individuals with dementia: a systematic review. Arch Gerontol Geriatr.
2021,92:104268. https://doi.org/10.1016/j.archger.2020.104268.

9. Isik AT, Kocyigit SE, Smith L, Aydin AE, Soysal P. A comparison of the
prevalence of orthostatic hypotension between older patients with
Alzheimer's disease, Lewy body dementia, and without dementia. Exp
Gerontol. 2019;124:110628. https://doi.org/10.1016/j.exger.2019.06.001.


https://doi.org/10.1186/s12883-022-02897-7
https://doi.org/10.1186/s12883-022-02897-7
https://doi.org/10.1186/s13195-018-0350-6
https://doi.org/10.1212/wnl.0000000000004058
https://doi.org/10.1007/s00702-017-1821-9
https://doi.org/10.1007/s00702-017-1821-9
https://doi.org/10.1186/s12877-020-01746-x
https://doi.org/10.1186/s12877-020-01746-x
https://doi.org/10.3233/jad-170905
https://doi.org/10.1371/journal.pone.0005521
https://doi.org/10.1016/j.jamda.2019.06.008
https://doi.org/10.1016/j.jamda.2019.06.008
https://doi.org/10.1016/j.archger.2020.104268
https://doi.org/10.1016/j.exger.2019.06.001

Gan et al. BMC Neurology

20.

21

22.

23.

24.

25.

26.

27.

28.

(2022) 22:355

Coindreau V, Chesnel C, Babany F, Declemy A, Savard E, Charlanes A, et al.
Urinary tract symptoms in Lewy body dementia: about 19 cases. Prog
Urol. 2020;30(5):267-72. https://doi.org/10.1016/j.purol.2020.02.007.

. de Oliveira FF, Machado FC, Sampaio G, Marin SMC, Naffah-Mazzacoratti

MDG, Bertolucci PHF. Neuropsychiatric feature profiles of patients with
Lewy body dementia. Clin Neurol Neurosurg. 2020;194:105832. https://
doi.org/10.1016/j.clineuro.2020.105832.

Soysal P, Tan SG. The prevalence and co-incidence of geriatric syndromes
in older patients with early-stage Alzheimer’s disease and dementia with
Lewy bodies. Aging Clin Exp Res. 2021;33(9):2599-603. https://doi.org/10.
1007/540520-020-01774-y.

Robinson JL, Lee EB, Xie SX, Rennert L, Suh E, Bredenberg C, et al.
Neurodegenerative disease concomitant proteinopathies are prevalent,
age-related and APOE4-associated. Brain. 2018;141(7):2181-93. https://
doi.org/10.1093/brain/awy146.

Mirza SS, Saeed U, Knight J, Ramirez J, Stuss DT, Keith J, et al. APOE €4,
white matter hyperintensities, and cognition in Alzheimer and Lewy
body dementia. Neurology. 2019,93(19):e1807-e19. https://doi.org/10.
1212/wnl.0000000000008377.

Pillai JA, Bena J, Bonner-Jackson A, Leverenz JB. Impact of APOE €4 geno-
type on initial cognitive symptoms differs for Alzheimer's and Lewy body
neuropathology. Alzheimers Res Ther. 2021;13:1:31. https://doi.org/10.
1186/513195-021-00771-1.

Emre M, Aarsland D, Brown R, Burn DJ, Duyckaerts C, Mizuno Y, et al. Clini-
cal diagnostic criteria for dementia associated with Parkinson's disease.
Mov Disord. 2007;22(12):1689-707; quiz 837. https://doi.org/10.1002/
mds.21507.

Liu S, Gan J, Hu W, Wang X-D, Zhu H, Du X, et al. The clinical characteristics
and subtypes of patients with cognitive impairment in memory clinic. J
Clin Neurosci. 2020;82:186-91. https://doi.org/10.1016/jjocn.2020.10.031.
Ferman TJ, Smith GE, Boeve BF, Ivnik RJ, Petersen RC, Knopman D, et al.
DLB fluctuations: specific features that reliably differentiate DLB from AD
and normal aging. Neurology. 2004;62(2):181-7. https://doi.org/10.1212/
wnl.62.2.181.

Cummings JL, Mega M, Gray K, Rosenberg-Thompson S, Carusi DA, Gorn-
bein J. The neuropsychiatric inventory: comprehensive assessment of
psychopathology in dementia. Neurology. 1994;44(12):2308-14. https://
doi.org/10.1212/wnl.44.12.2308.

Goetz CG, Tilley BC, Shaftman SR, Stebbins GT, Fahn S, Martinez-Martin

P, et al. Movement Disorder Society-sponsored revision of the unified
Parkinson’s disease rating scale (MDS-UPDRS): scale presentation and
clinimetric testing results. Mov Disord. 2008;23(15):2129-70. https://doi.
0rg/10.1002/mds.22340.

Stiasny-Kolster K, Mayer G, Schéfer S, Moller JC, Heinzel-Gutenbrunner M,
Oertel WH. The REM sleep behavior disorder screening questionnaire--a
new diagnostic instrument. Mov Disord. 2007,22(16):2386-93. https://doi.
0rg/10.1002/mds.21740.

Sateia MJ. International classification of sleep disorders-third edition:
highlights and modifications. Chest. 2014;146(5):1387-94. https://doi.
0rg/10.1378/chest.14-0970.

Folstein MF, Folstein SE, McHugh PR.“Mini-mental state”: a practical
method for grading the cognitive state of patients for the clinician. J
Psychiatr Res. 1975;12(3):189-98.

Yue W, Wang XD, Shi Z, Wang Y, Ji Y. The prevalence of dementia

with Lewy bodies in a rural area of China. Parkinsonism Relat Disord.
2016;29:72-7.

Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V,
Collin I, et al. The Montreal cognitive assessment, MoCA: A Brief Screening
Tool For Mild Cognitive Impairment. J Am Geriatr Soc. 2005;53(4):695-9.
https://doi.org/10.1111/j.1532-5415.2005.53221 x.

Chen P, Yu ES, Zhang M, Liu WT, Hill R, Katzman R. ADL dependence and
medical conditions in Chinese older persons: a population-based survey
in Shanghai, China. J Am Geriatr Soc. 1995;43(4):378-83. https://doi.org/
10.1111/j.1532-5415.1995.tb05811 x.

Gan J,Liu S, Chen Z,Yang Y, Ma L, Meng Q, et al. Elevated plasma Orexin-
alevels in prodromal dementia with Lewy bodies. J Alzheimers Dis.
2022;1:1-12. https://doi.org/10.3233/JAD-220082.

Sanghvi H, Singh R, Morrin H, Rajkumar AP. Systematic review of genetic
association studies in people with Lewy body dementia. Int J Geriatr
Psychiatry. 2020;35(5):436-48. https://doi.org/10.1002/gps.5260.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

Page 10 of 11

Sacks D, Baxter B, Campbell BCV, Carpenter JS, Cognard C, Dippel D,

et al. Multisociety consensus quality improvement revised consensus
statement for endovascular therapy of acute ischemic stroke. Int J Stroke.
2018;13(6):612-32. https://doi.org/10.1177/1747493018778713.

Keogh MJ, Kurzawa-Akanbi M, Griffin H, Douroudis K, Ayers KL, Hussein RI,
et al. Exome sequencing in dementia with Lewy bodies. Trans| Psychiatry.
2016;6(2):e728. https://doi.org/10.1038/tp.2015.220.

Tsuang D, Leverenz JB, Lopez OL, Hamilton RL, Bennett DA, Schneider
JA, et al. APOE €4 increases risk for dementia in pure synucleinopathies.
JAMA Neurol. 2013;70(2):223-8. https://doi.org/10.1001/jamaneurol.2013.
600.

Meeus B, Verstraeten A, Crosiers D, Engelborghs S, Van den Broeck M,
Mattheijssens M, et al. DLB and PDD: a role for mutations in dementia
and Parkinson disease genes? Neurobiol Aging. 2012;33(3):629.e5-e18.
https://doi.org/10.1016/j.neurobiolaging.2011.10.014.

Liu S, Wang XD, Wang Y, Shi Z, Cai L, Liu S, et al. Clinical and neuroimag-
ing characteristics of Chinese dementia with Lewy bodies. PLoS One.
2017;12(3):e0171802. https://doi.org/10.1371/journal.pone.0171802.

van de Beek M, van Steenoven |, van der Zande JJ, Porcelijn |, Barkhof F,
Stam CJ, et al. Characterization of symptoms and determinants of disease
burden in dementia with Lewy bodies: DEVELOP design and baseline
results. Alzheimers Res Ther. 2021;13:1:53. https://doi.org/10.1186/
$13195-021-00792-w.

Monsell SE, Besser LM, Heller KB, Checkoway H, Litvan I, Kukull WA. Clini-
cal and pathologic presentation in Parkinson’s disease by apolipoprotein
e4 allele status. Parkinsonism Relat Disord. 2014;20(5):503-7. https://doi.
org/10.1016/j.parkreldis.2014.02.001.

Davis AA, Inman CE, Wargel ZM, Dube U, Freeberg BM, Galluppi A, et al.
APOE genotype regulates pathology and disease progression in synucle-
inopathy. Sci Transl Med. 2020;12(529):eaay3069. https://doi.org/10.1126/
scitransimed.aay3069.

Nasri A, Sghaier I, Gharbi A, Mrabet S, Ben Djebara M, Gargouri A, et al.
Role of Apolipoprotein E in the clinical profile of atypical Parkinsonian
syndromes. Alzheimer Dis Assoc Disord. 2022;36(1):36-43. https://doi.
0rg/10.1097/wad.0000000000000479.

Gan-Or Z, Montplaisir JY, Ross JP, Poirier J, Warby SC, Arnulf |, et al. The
dementia-associated APOE €4 allele is not associated with rapid eye
movement sleep behavior disorder. Neurobiol Aging. 2017,49:218.e13-5.
https://doi.org/10.1016/j.neurobiolaging.2016.10.002.

Sunwoo JS, Byun JI, Jun JS, Kim TJ, Shin JW, Kim HJ, et al. Apolipoprotein E
&4 is not associated with cognitive impairment in patients with idiopathic
REM sleep behavior disorder. Parkinsonism Relat Disord. 2021;92:13-4.
https://doi.org/10.1016/j.parkreldis.2021.10.002.

Tan MMX, Lawton MA, Jabbari E, Reynolds RH, Iwaki H, Blauwendraat C,
et al. Genome-wide association studies of cognitive and motor progres-
sion in Parkinson’s disease. Mov Disord. 2021;36(2):424-33. https://doi.
0rg/10.1002/mds.28342.

Jo S, Kim SO, Park KW, Lee SH, Hwang YS, Chung SJ. The role of APOE in
cognitive trajectories and motor decline in Parkinson’s disease. Sci Rep.
2021;11:1:7819. https://doi.org/10.1038/541598-021-86483-w.

Heimrich KG, Jacob VYP, Schaller D, Stallmach A, Witte OW, Prell T. Gastric
dysmotility in Parkinson’s disease is not caused by alterations of the
gastric pacemaker cells. NPJ Parkinsons Dis. 2019;5:1:15. https://doi.org/
10.1038/541531-019-0087-3.

Clairembault T, Leclair-Visonneau L, Coron E, Bourreille A, Le Dily S, Vavas-
seur F, et al. Structural alterations of the intestinal epithelial barrier in
Parkinson’s disease. Acta Neuropathol Commun. 2015;3(1):12. https://doi.
0rg/10.1186/540478-015-0196-0.

. Barbut D, Stolzenberg E, Zasloff M. Gastrointestinal immunity and alpha-

Synuclein. J Parkinsons Dis. 2019;9(s2):5313-s22. https://doi.org/10.3233/
jpd-191702.

Hinkle JT, Perepezko K, Mills KA, Mari Z, Butala A, Dawson TM, et al. Dopa-
mine transporter availability reflects gastrointestinal dysautonomia in
early Parkinson disease. Parkinsonism Relat Disord. 2018;55:8—14. https://
doi.org/10.1016/].parkreldis.2018.08.010.

Abbott RD, Petrovitch H, White LR, Masaki KH, Tanner CM, Curb JD, et al.
Frequency of bowel movements and the future risk of Parkinson’s dis-
ease. Neurology. 2001;57(3):456-62. https://doi.org/10.1212/wnl.57.3.456.
Ueki A, Otsuka M. Life style risks of Parkinson's disease: asso-

ciation between decreased water intake and constipation. J Neurol.
2004;251(7):vii18-23. https://doi.org/10.1007/500415-004-1706-3.


https://doi.org/10.1016/j.purol.2020.02.007
https://doi.org/10.1016/j.clineuro.2020.105832
https://doi.org/10.1016/j.clineuro.2020.105832
https://doi.org/10.1007/s40520-020-01774-y
https://doi.org/10.1007/s40520-020-01774-y
https://doi.org/10.1093/brain/awy146
https://doi.org/10.1093/brain/awy146
https://doi.org/10.1212/wnl.0000000000008377
https://doi.org/10.1212/wnl.0000000000008377
https://doi.org/10.1186/s13195-021-00771-1
https://doi.org/10.1186/s13195-021-00771-1
https://doi.org/10.1002/mds.21507
https://doi.org/10.1002/mds.21507
https://doi.org/10.1016/j.jocn.2020.10.031
https://doi.org/10.1212/wnl.62.2.181
https://doi.org/10.1212/wnl.62.2.181
https://doi.org/10.1212/wnl.44.12.2308
https://doi.org/10.1212/wnl.44.12.2308
https://doi.org/10.1002/mds.22340
https://doi.org/10.1002/mds.22340
https://doi.org/10.1002/mds.21740
https://doi.org/10.1002/mds.21740
https://doi.org/10.1378/chest.14-0970
https://doi.org/10.1378/chest.14-0970
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/j.1532-5415.1995.tb05811.x
https://doi.org/10.1111/j.1532-5415.1995.tb05811.x
https://doi.org/10.3233/JAD-220082
https://doi.org/10.1002/gps.5260
https://doi.org/10.1177/1747493018778713
https://doi.org/10.1038/tp.2015.220
https://doi.org/10.1001/jamaneurol.2013.600
https://doi.org/10.1001/jamaneurol.2013.600
https://doi.org/10.1016/j.neurobiolaging.2011.10.014
https://doi.org/10.1371/journal.pone.0171802
https://doi.org/10.1186/s13195-021-00792-w
https://doi.org/10.1186/s13195-021-00792-w
https://doi.org/10.1016/j.parkreldis.2014.02.001
https://doi.org/10.1016/j.parkreldis.2014.02.001
https://doi.org/10.1126/scitranslmed.aay3069
https://doi.org/10.1126/scitranslmed.aay3069
https://doi.org/10.1097/wad.0000000000000479
https://doi.org/10.1097/wad.0000000000000479
https://doi.org/10.1016/j.neurobiolaging.2016.10.002
https://doi.org/10.1016/j.parkreldis.2021.10.002
https://doi.org/10.1002/mds.28342
https://doi.org/10.1002/mds.28342
https://doi.org/10.1038/s41598-021-86483-w
https://doi.org/10.1038/s41531-019-0087-3
https://doi.org/10.1038/s41531-019-0087-3
https://doi.org/10.1186/s40478-015-0196-0
https://doi.org/10.1186/s40478-015-0196-0
https://doi.org/10.3233/jpd-191702
https://doi.org/10.3233/jpd-191702
https://doi.org/10.1016/j.parkreldis.2018.08.010
https://doi.org/10.1016/j.parkreldis.2018.08.010
https://doi.org/10.1212/wnl.57.3.456
https://doi.org/10.1007/s00415-004-1706-3

Gan et al. BMC Neurology

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

(2022) 22:355

Travagli RA, Browning KN, Camilleri M. Parkinson disease and the

gut: new insights into pathogenesis and clinical relevance. Nat Rev
Gastroenterol Hepatol. 2020;17(11):673-85. https://doi.org/10.1038/
$41575-020-0339-z.

Camilleri M, Parkman HP, Shafi MA, Abell TL, Gerson L. Clinical guideline:
management of gastroparesis. Am J Gastroenterol. 2013;108(1):18-37;
quiz 8. https://doi.org/10.1038/ajg.2012.373.

Heetun ZS, Quigley EM. Gastroparesis and Parkinson’s disease: a system-
atic review. Parkinsonism Relat Disord. 2012;18(5):433-40. https://doi.org/
10.1016/j.parkreldis.2011.12.004.

Taylor JP, McKeith IG, Burn DJ, Boeve BF, Weintraub D, Bamford C, et al.
New evidence on the management of Lewy body dementia. Lancet Neu-
rol. 2020;19(2):157-69. https://doi.org/10.1016/51474-4422(19)30153-x.
Fritze F, Ehrt U, Sennesyn H, Kurz M, Hortobagyi T, Nore SP, et al. Depres-
sion in mild dementia: associations with diagnosis, APOE genotype and
clinical features. Int J Geriatr Psychiatry. 2011,26(10):1054-61. https://doi.
0rg/10.1002/gps.2643.

Slifer MA, Martin ER, Gilbert JR, Haines JL, Pericak-Vance MA. Resolving
the relationship between ApolipoproteinE and depression. Neurosci Lett.
2009;455(2):116-9. https://doi.org/10.1016/j.neulet.2009.03.007.

Burns RA, Andrews S, Cherbuin N, Anstey KJ. Role of apolipoprotein E
epsilon 4 (APOE*€4) as an independent risk factor for incident depression
over a 12-year period in cognitively intact adults across the lifespan.
BJPsych open. 2020;6(3):e47. https://doi.org/10.1192/bjo.2020.29.
Bohnen NI, Kaufer DI, Hendrickson R, Constantine GM, Mathis CA,

Moore RY. Cortical cholinergic denervation is associated with depressive
symptoms in Parkinson'’s disease and parkinsonian dementia. J Neurol
Neurosurg Psychiatry. 2007;78(6):641-3. https://doi.org/10.1136/jnnp.
2006.100073.

Bohnen NI, Albin RL. Cholinergic denervation occurs early in Parkinson
disease. Neurology. 2009;73(4):256-7. https://doi.org/10.1212/WNL.0Ob013
€3181b0bd3d.

Rubenstein LZ, Josephson KR. The epidemiology of falls and syncope. Clin
Geriatr Med. 2002;18(2):141-58. https://doi.org/10.1016/50749-0690(02)
00002-2.

Joza S, Camicioli R, Ba F. Falls in Synucleinopathies. Can J Neurol Sci.
2019:1-14. https://doi.org/10.1017/cjn.2019.287.

Soysal P, Tan SG, Smith L. A comparison of the prevalence of fear of falling
between older patients with Lewy body dementia, Alzheimer’s disease,
and without dementia. Exp Gerontol. 2021;146:111248. https://doi.org/
10.1016/j.exger.2021.111248.

Antonini A, Tinazzi M, Abbruzzese G, Berardelli A, Chaudhuri KR, Defazio
G, et al. Pain in Parkinson'’s disease: facts and uncertainties. Eur J Neurol.
2018;25(7):917-e69. https://doi.org/10.1111/ene.13624.

Cagnin A, Fragiacomo F, Camporese G, Turco M, Busse C, Ermani M, et al.
Sleep-wake profile in dementia with Lewy bodies, Alzheimer’s disease,
and Normal aging. J Alzheimers Dis. 2017,55(4):1529-36. https://doi.org/
10.3233/jad-160385.

Gan J, Liu S, Wang X, Shi Z, Shen L, Li X, et al. Clinical characteristics

of Lewy body dementia in Chinese memory clinics. BMC Neurol.
2021;21:1:144. https://doi.org/10.1186/512883-021-02169-w.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1038/s41575-020-0339-z
https://doi.org/10.1038/s41575-020-0339-z
https://doi.org/10.1038/ajg.2012.373
https://doi.org/10.1016/j.parkreldis.2011.12.004
https://doi.org/10.1016/j.parkreldis.2011.12.004
https://doi.org/10.1016/s1474-4422(19)30153-x
https://doi.org/10.1002/gps.2643
https://doi.org/10.1002/gps.2643
https://doi.org/10.1016/j.neulet.2009.03.007
https://doi.org/10.1192/bjo.2020.29
https://doi.org/10.1136/jnnp.2006.100073
https://doi.org/10.1136/jnnp.2006.100073
https://doi.org/10.1212/WNL.0b013e3181b0bd3d
https://doi.org/10.1212/WNL.0b013e3181b0bd3d
https://doi.org/10.1016/s0749-0690(02)00002-2
https://doi.org/10.1016/s0749-0690(02)00002-2
https://doi.org/10.1017/cjn.2019.287
https://doi.org/10.1016/j.exger.2021.111248
https://doi.org/10.1016/j.exger.2021.111248
https://doi.org/10.1111/ene.13624
https://doi.org/10.3233/jad-160385
https://doi.org/10.3233/jad-160385
https://doi.org/10.1186/s12883-021-02169-w

	The presence and co-incidence of geriatric syndromes in older patients with mild-moderate Lewy body dementia
	Abstract 
	Introduction: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Material and methods
	Participants
	Assessments for core clinical features
	Fluctuating cognition
	Visual hallucinations (VH)
	Parkinsonism

	Assessments for geriatric symptom complaints
	APOE genotyping
	Statistical analyses

	Results
	Clinical characteristics
	Associations between APOE ε4 and geriatric symptom complaints in DLB and PDD

	Discussion
	Conclusion
	Acknowledgements
	References


