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Objective: Characteristic parkinsonism is the major comorbidity of dementia with
Lewy bodies (DLB). We aimed to differentiate DLB from Alzheimer’s disease (AD) with
motor dysfunction using a composite scale with a characteristic motor dysfunction
questionnaire (MDQ) and dopamine transporter (DAT) imaging. It could help detect DLB
easily in healthcare settings without movement disorder specialists.

Methods: Thisis a two-phase study. In the design phase, seven questions were selected
and composed of a novel MDQ. In the test phase, all participants with DLB, AD, or
non-dementia (ND) control completed dementia and parkinsonism survey, the novel
designed questionnaire, DAT imaging, and composite scales of MDQ and DAT. The cutoff
scores of the MDQ, semiquantitative analysis of the striatal-background ratio (SBR) and
visual rating of DAT, and the composite scale of MDQ and DAT for discriminating DLB
from AD or ND were derived and compared.

Results: A total of 277 participants were included in this study (126 with DLB, 86 with
AD, and 65 with ND). Compared with the AD or ND groups, the DLB group showed
a significantly higher frequency in all seven items in the MDQ and a significantly lower
SBR. For discrimination of DLB from non-DLB with MDQ, SBR, and composite scale,
the cutoff scores of 3/2, 1.37/1.38, and 6/5 were suggested for the diagnosis of DLB
with the sensitivities/specificities of 0.91/0.72, 0.91/0.80, and 0.87/0.93, respectively.
The composite scale significantly improved the accuracy of discrimination compared with
either the MDQ or SBR.
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Conclusion: This study showed that the novel designed simple questionnaire was a
practical screening tool and had similar power to DAT scanning to detect DLB. The
questionnaire can be applied in clinical practice and population studies for screening
DLB. In addition, the composite scale of MDQ and DAT imaging further improved the

diagnostic accuracy, indicating the superiority of the dual-model diagnostic tool.

Keywords: Alzheimer’s disease,

striatal-background ratio

INTRODUCTION

Dopamine transporter (DAT) imaging is an indicative biomarker
for diagnosing dementia with Lewy bodies (DLB). A recent
systematic analysis showed that the sensitivity and specificity
for the differentiation of DLB from other brain disorders
were 0.86 and 0.81 and 093 and 0.75 for visual and
semiquantitative assessments of DAT-Single Photon Emission
Computed Tomography (DAT-SPECT), respectively (Nihashi
et al,, 2020). However, there is still a lack of tracers that target o-
synuclein, and DAT has become the most important biomarker
for the diagnosis of DLB.

Clinical diagnosis of DLB is mainly based on consensus
criteria, and the core clinical features help detect and
differentiate DLB from other dementia syndromes. Core
clinical features include fluctuations of cognition, characteristic
visual hallucinations (VH), rapid eye movement (REM) sleep
behavior disorder (RBD), and spontaneous parkinsonism.
For the clinical detection of DLB, Galvin (2015) provided a
simple risk score composed of 10 questions associated with
core/supportive clinical features.

Parkinsonism is a cardinal feature for the diagnosis of
Parkinson’s disease (PD) (Emre et al., 2007; Postuma et al., 2015)
and a core clinical feature for the diagnosis of DLB (McKeith
et al., 2017). However, PD is also comorbid with many other
neurological and systemic disorders. The prevalence rate of
the coexistence of parkinsonism and AD may be higher than
previously recognized (Lopez et al., 1997; Sasaki, 2018). Clinical
and differential diagnosis of DLB can only be made accurately by
acquiring a detailed clinical history and performing neurological
examinations, neuroimaging, or other laboratory studies. The
characteristics of parkinsonism associated with DLB are different
from motor dysfunction due to other common disease entities,
such as essential tremor (ET), skeletal disorders, cardiovascular
diseases, cerebrovascular diseases, and frailty in older adults. In
particular, the characteristics of parkinsonism associated with
DLB are unfamiliar and difficult for researchers or clinicians
without well-trained skills in taking neurological history and/or
performing the neurological examination. Therefore, several
clinical and community-based screening questionnaires for PD
were designed and studied with a sensitivity of 48-100% and a
specificity of 22-100% (Tanner et al., 1990; Mutch et al., 1991;
Chang et al., 1996; The Italian Longitudinal Study on Aging
Working Group, 1997; Chan et al., 2000; Dahodwala et al., 2012).
The screening efficacies of these scales on clinical or community
populations vary (Dahodwala et al., 2012). However, none of

dementia with Lewy bodies, non-dementia, motor dysfunction,

these scales addressed the discrimination of motor dysfunction
between DLB and other dementia disorders, although DLB is
the second most common degenerative dementia (McKeith et al.,
2005, 2017; Zaccai et al., 2005), and the clinical presentations of
DLB and Alzheimer’s disease (AD) dementia are easily confused.

Based on clinical experience and the previous study on the
diagnosis of parkinsonism, we also found some discrepancies
between the characteristic motor symptoms described by
caregivers and the performance of patients examined by
physicians (Lin et al., 2018). To narrow down the differences,
this study aims to compare the different presentations of
parkinsonism to those with AD as observed by the caregivers
of patients with DLB, and therefore, to design a simple
motor dysfunction questionnaire (MDQ). The questionnaire
was constructed with clinically frequent questions or usual
complaints of characteristic motor symptoms obtained from
caregivers or patients in the clinics or bedsides and modified
according to the clinical diagnostic criteria for PD dementia
(PDD) or DLB. In addition, we intended to validate the newly
designed informant-based motor dysfunction screening tool by
testing it among a registered-based population with a diagnosis
objectively proven by DAT imaging. Furthermore, during
the consecutive data collection, the embedded auto-judgment
program in the questionnaire will continue to revise the
weighting of each question using machine learning techniques to
improve the diagnostic ability.

METHODS

Participants

This was a two-phase study to design and test the MDQ
embedded in the History-based Artificial Intelligence Clinical
Dementia Diagnostic System (HAICDDS), which is currently
used to register patients with dementia or motor dysfunction
in the Show Chwan Healthcare System (Lin et al, 2018;
Chiu et al., 2019a,b; Wang et al., 2020; Zhu et al,, 2020).
Before beginning the project, 30 patients with their caregivers
were tested by neuropsychologists from three centers, and
the reproducibility was studied using the interrater reliability
analysis. Then, the coefficient was calculated to estimate the
reliability of the newly developed questionnaire. After that, the
baseline and follow-up data of participants were continuously
collected, and the embedded diagnostic system was modified with
machine learning techniques to improve the diagnostic accuracy
and efficiency.
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In the design phase (2014-2016), we retrospectively analyzed
13 motor-associated questions, including resting tremor, action
tremor, bradykinesia, rigidity, postural instability, monotonic
and hypotonic speech, jerk, impaired fine motor movement,
restlessness, gait or truncal deviation, dystonic movement,
asymmetric onset, and repeated falls in the early stage. These
questions were selected based on the characteristic PD/DLB
motor symptoms suggested by the criteria (Emre et al., 2007).
Along with other common motor symptoms observed in patients
with brain disorders, the original 13 questions were compared
between the PD/DLB and AD groups. The first seven questions
with the highest odds ratios (ORs) for the discrimination of
PD/DLB from non-PD/DLB were selected to compose the MDQ
(HAI-MDQ) (Supplementary Table 1).

In the test phase (2017-2020), the participants with DLB or
AD who registered in the HAICDDS database with at least one
DAT imaging were analyzed and compared for their HAI-MDQ,
DAT imaging, and demographic, clinical, neuropsychological,
and neuroimaging characteristics. The cutoff scores for HAI-
MDQ and the striatal-background ratio (SBR) of DAT were
derived. Composite scores of HAI-MDQ and SBR were calculated
using the total HAI-MDQ score plus abnormal DAT (DATabN)
by either visual rating (VR) or SBR. The weighting of DATabN
by either VR or SBR was given as the same as the cutoff score
for diagnosing DLB in HAI-MDQ based on a presumed equal
diagnostic power of clinical and imaging tools.

Diagnostic Procedures

The diagnosis of DLB was made according to the revised
consensus criteria for probable DLB developed by the fourth
report of the DLB consortium in 2017 (McKeith et al., 2017).
Patients with AD were diagnosed according to the criteria for
probable AD with dementia developed by the National Institute
on Aging and Alzheimer’s Association (NIA-AA) 2011 criteria
(McKhann et al., 2011).

Neuropsychological tests, including cognitive and daily
function, were assessed using the Montreal Cognitive Assessment
(MoCA) (Chen et al, 2016) and instrumental activities of
daily living (IADL) scales (Lawton and Brody, 1969). The tests
for all patients were performed by trained neuropsychologists.
The clinical features of DLB, including REM, RBD, VH, and
cognitive fluctuations, were assessed by neurologists using
a structured interview. Motor signs of all participants were
assessed by neurologists using the motor subscale of the
Unified Parkinson’s Disease Rating Scale (UPDRS-m) (Ballard
et al., 1997). The motor symptoms of each participant were
assessed using the HAI-MDQ. In performing HAI-MDQ, the
caregivers of the participants were interviewed by a well-
trained neuropsychologist. They were requested to complete
the whole HAICDDS questionnaire, including the 13-item
motor questionnaire (the original Chinese version of the
questionnaire with a tentative English translation is shown
in Supplementary Table 1). DATabN derived from Tc99m
TRODAT-1 imaging by VR was assessed by two nuclear medicine
physicians using interrater reliability tests. Only participants with
at least one cerebral structure imaging (CT or MRI) and Tc99m
TRODAT-1 imaging were analyzed.

Statistics

The Chinese version of SPSS 22.0 software for Windows (IBM,
SPSS Inc., Chicago) was used for statistical analyses. For the
composition of the MDQ, the chi-square test for each question
in the HAI-MDQ was compared between the DLB and non-DLB
groups. Demographic data, including sex, RBD, VH, cognitive
fluctuation, DATabN, SBR, UPDRS-m, levodopa equivalent
dose (LED), and neuropsychological tests, including Clinical
Dementia Rating (CDR), IADL, MoCA, HAI-MDQ, and the sum
of scores of the Neuropsychiatric Inventory (NPI-sum) (Ballard
et al., 1997), were summarized. The cutoff scores of the HAI-
MDQ and SBR to differentiate DLB from non-DLB were derived.
To determine the cutoft scores and maximize both sensitivity and
specificity, Youden’s index was applied. A composite score of the
HAI-MDQ and positive SBR were summed with a total score of
7.0, and the cutoff score was also derived and compared. ORs for
each variable adjusted for age and disease severity (sum of boxes
of the Clinical Dementia Rating scale, CDR-SB) were compared
between the DLB and non-dementia (ND) groups, the DLB and
AD groups, or HAI-MDQ+ and the HAI-MDQ-groups.

RESULTS

In the design phase, 253 participants with PD/DLB and 491
with non-PD/DLB were analyzed and compared for the 13
candidate symptoms for the composition of the HAI-MDQ. All
13 symptoms were much higher in the PD/DLB group than
those in the non-PD/DLB group (all p < 0.001). Therefore, seven
questions (i.e., MD01, MD02, MD03, MD04, MD05, MD07,
and MDO08) with the highest ORs were selected to compose the
HAI-MDQ (Supplementary Table 1).

In the test phase, a total of 277 participants with complaints
of motor dysfunction were referred for this study, including
65 participants with ND, 86 participants with AD, and 126
participants with DLB. The duration of motor dysfunction
among patients with ND (2.0 £ 4.3), AD (1.0 & 1.7), and DLB
(2.3 £ 2.7) was significantly different (p = 0.010). The duration
of dementia in patients with AD (2.8 & 1.0) and DLB (2.5 + 2.8)
was not different. The frequencies of DATabN determined using
VR by nuclear medicine physicians were significantly higher in
the DLB group (92.1%) than those in the AD (30.2%) or ND
(9.2%) groups. The prevalence of each item among the different
diagnostic groups in the test phase is shown in Figure 1.

The selected items were equally weighed; therefore, the total
HAI-MDQ score was 7.0. The comparison of the demographic
data among the DLB, ND, and AD groups revealed significantly
higher HAI-MDQ total score, UPDRS-m, LED, and lower SBR
(all p < 0.001). The DLB non-motor features, including DATabN,
RBD, cognitive fluctuations, and VH (all p < 0.005), were also
significantly higher in the DLB group than those in the other
groups (Table 1).

Among the participants with DLB, at least three symptoms
of HAI-MDQ were reported in 91.2% of the DLB group. These
symptoms were reported to be much lower in the non-DLB
groups (30.8% for ND and 23.3% for AD). Therefore, a cutoff
score of 3/2 for the total HAI-MDQ score was suggested for
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FIGURE 1 | Prevalence of each item in MDQ among different diagnostic groups. MDQ, motor dysfunction questionnaire.
TABLE 1 | Comparison of demographic data among the ND (N = 65), AD (N = 86), and DLB (N = 126) groups.
ND, mean (SD) AD, mean (SD) DLB, mean (SD) P Post-hoc/paired comparison
Age, year 75.1 (6.3 75.3 (10.5) 76.9 (7.6) NS ND = AD = DLB
Female, N (%) 40 (61.5) 53 (61.6) 71 (56.3) 0.12
Education, year 6.4 (4.4) 4.5 (4.4) 4.909.7) NS ND = AD =DLB
Disease duration
Dementia, year - 2.8(2.5) 2.5(2.8) NS AD = DLB
Motor, year 2.0(4.9 1.0(1.7) 2.3(2.7) 0.010 ND = AD; ND = DLB; AD < DLB

CDR-SB 1.8(0.8) 5.5(3.9 7.7 (4.4) <0.001 ND < AD < DLB
CASI 76.4 (11.6) 50.1 (22.7) 47.3 (22.7) <0.001 ND > AD = DLB
MoCA 17.5(5.8) 9.9 (6.4) 8.4 (5.9 <0.001 ND > AD = DLB
NPI-sum 5.5(8.8) 9.8(11.9) 13.7 (11.0) <0.001 ND < AD < DLB
UPDRS-m 14.9 (9.9 17.1 (14.3) 35.4 (19.3) <0.001 ND = AD < DLB
LED 98.7 (136.9) 52.2 (117.3) 205.4 (202.3) <0.001 ND = AD < DLB
MDQ 1.6(1.6) 1.6 (1.5) 4.4 (1.5 <0.001 ND = AD < DLB
DATabN, N (%) 6(9.2) 26 (30.2) 116 (92.1) <0.001 ND < AD < DLB
RBD, N (%) 10 (15.4) 10 (11.6) 67 (563.2) <0.001 ND < AD < DLB
Fluctuation, N (%) 2(3.1) 14 (16.3) 87 (69.0) <0.001 ND < AD < DLB
VH, N (%) 0(0.0) 11(12.8) 52 (41.3) <0.001 ND < AD < DLB

ND, non-dementia control; AD, Alzheimer’s disease; N, number of participants; DLB, dementia with Lewy bodies; NS, non-significance; CDR-SB, Sum of Boxes of the Clinical Dementia
Rating scale; CASI, Cognitive Abilities Screening Instrument; MoCA, Montreal Cognitive Assessment; NPI-sum, sum score of neuropsychiatric inventory; UPDRS-m, the motor score of
the Unified Parkinson’s Disease Rating Scale; LED, levodopa equivalent dose; SBR, striatal-background ratio of dopamine transporter imaging;, MDQ, motor dysfunction questionnaire
in the History-based Attificial Intelligence Clinical Dementia Diagnostic System; DATabN, abnormal dopamine transporter imaging by VR; RBD, REM sleep behavior disorder; Fluctuation,
fluctuation of cognition; VVH, visual hallucinations.

the screening of motor dysfunction due to DLB vs. non-DLB  DAT imaging was derived with a sensitivity of 0.91, a specificity
with a sensitivity of 0.91, a specificity of 0.72, and an area under  of 0.80, and an AUC of 0.90. Two types of composite scores
the curve (AUC) of 0.89. A cutoff score of 1.37/1.38 for SBRin  were derived from a further combination of the questionnaire
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TABLE 2 | Comparison of SEN, SPEC, PPV, NPV, and AUC with 95% Cl among
the DLB vs. ND, DLB vs. AD, and DLB vs. non-DLB groups using a cutoff score of
3/2 for the HAI-MDQ, a cutoff score of 1.37/1.38 for the SBR, and a cutoff score
of 6/5 for the combination of the MDQVR or MDQSBR.

SEN SPEC PPV NPV AUC (95% CI)

HAI-MDQ
DLB vs. ND 0.91 0.68 0.85 0.80 0.87 (0.84-0.94)
DLB vs. AD 0.91 0.76 0.85 0.86 0.89 (0.84-0.94)
DLB vs. Non-DLB 0.91 0.72 0.73 0.91 0.89 (0.85-0.93)
SBR
DLB vs. ND 0.91 0.89 0.97 0.84 0.93 (0.89-0.97)
DLB vs. AD 0.91 0.72 0.83 0.85 0.93 (0.89-0.97)
DLB vs. Non-DLB 0.91 0.80 0.79 0.92 0.90 (0.86-0.94)
MDQVR
DLB vs. ND 0.87 0.97 0.98 0.79 0.98 (0.96-1.00)
DLB vs. AD 0.87 0.91 0.93 0.82 0.95 (0.93-0.98)
DLB vs. Non-DLB 0.87 0.93 0.92 0.89 0.96 (0.94-0.98)
MDQSBR
DLB vs. ND 0.86 0.97 0.98 0.78 0.98 (0.96-1.00)
DLB vs. AD 0.86 0.90 0.92 0.81 0.95 (0.92-0.98)
DLB vs. Non-DLB 0.86 0.93 0.91 0.89 0.96 (0.94-0.98)

SEN, sensitivity; SPEC, specificity; PPV, positive predictive value;, NPV, negative predictive
value; AUC, area under the curve; DLB, Lewy body dementia; ND, non-dementia control;
AD, Alzheimer’s disease; SBR, striatal-background ratio of dopamine transporter imaging;
HAI-MDQ, motor dysfunction questionnaire in the History-based Artificial Intelligence
Clinical Dementia Diagnostic System; MDQVR, the composite scale of MDQ and DAT
VR scale; MDQSBR, the composite scale of MDQ and SBR.

and DAT imaging. First, the composite score was combined with
a total HAI-MDQ plus SBR (MDQSBR); if SBR < 1.38, the
weighing of SBR was scored as 3, which is the same as the cutoff
score for DLB in HAI-MDQ; on the contrary, if SBR > 1.38,
the weighing of SBR was scored as 0. Second, the composite
score was combined with the total HAI-MDQ plus VR of DAT
(MDQVR) by a nuclear medicine physician. If the rating was
abnormal, the weighing of VR was 3, which is the same as the
weighing of SBR and the cutoft score of the abnormal MDQ. In
contrast, if VR is negative, the score is 0. A cutoff score of 6/5 of
the composite score of MDQSBR was derived for discriminating
DLB from non-DLB with a satisfactory sensitivity, specificity,
positive predictive value, negative predictive value, and AUC.
The AUCs discriminating DLB from non-DLB in HAI-MDQ,
SBR, and composite scores were 0.94, 0.89, and 0.96, respectively
(Table 2).

A comparison of the total scores of the four diagnostic tools
among the DLB, ND, and AD groups is shown in Figure 2, which
shows significantly higher MDQ, MDQVR, and MDQSBR and a
significantly lower SBR in the DLB group (all p < 0.001).

The comparison of receiver operating characteristic (ROC)
curves of MDQ, SBR, MDQSBR composite scale, and MDQVR
composite scale among the ND, AD, and DLB groups are shown
in Figure 3.

To investigate the clinical significance of positive HAI-
MDQ among all participants, multivariate risk estimates for
all participants in the positive MDQ (HAI-MDQ+) group

were compared with the negative (HAI-MDQ-) group with
adjustment for age and disease severity (CDR). The HAI-MDQ+
group had a higher diagnosis of PD/DLB (OR = 38.72, p <
0.001), lower MoCA (OR = 0.95, p = 0.014), lower IADL (OR
= 0.69, p < 0.001), higher LED (OR = 1.01, p = 0.004), higher
UPDRS-m (OR = 1.12, p < 0.001), lower SBR (OR = 0.07, p <
0.001), and higher frequency of all PD/DLB non-motor features,
including DATabN (OR = 11.27, p < 0.001), RBD (OR = 4.31, p
< 0.001), cognitive fluctuation (OR = 4.11, p < 0.001), and VH
(OR = 2.47, p = 0.020) (Table 3).

DISCUSSION

We retrospectively analyzed the data from a relatively large
population with a DAT imaging study along with a complete
dementia/motor function survey and obtained some important
results. First, after adjustment for age and disease severity
by CDR, the participants with DLB in this study revealed
significantly more motor dysfunction and higher non-motor
features, including fluctuations of cognition, VH, RBD, and
DATabN. These findings of the participants with DLB were
consistent with the clinical criteria for the diagnosis of DLB
(Galvin, 2015; McKeith et al, 2017). A higher frequency of
DATabN than that in the non-DLB group (9.2% in ND and 30.2%
in AD) was probably because the patients who received DAT
imaging in the non-DLB group were clinically considered to have
motor dysfunction that needed to be ruled out of the possibility
of PD/PDD or DLB. In this study, 25 participants with ET were
enrolled and classified into the NC group (28.1%). According to
previous findings, DATabN was found in some cases of ET (Isaias
et al., 2008; Waln et al., 2015) or AD (Costa et al., 2003; McKeith
et al., 2007). Studies on ET showed that patients with ET had
higher uptake values compared with those in patients with PD
but lower than those in healthy subjects (Isaias et al., 2008; Waln
etal., 2015). Studies comparing DLB and AD have also found that
DATabN appears in some patients with AD (Costa et al., 2003;
McKeith et al., 2007).

Second, instead of the neurological examination by
physicians, from the point of view of caregivers, high rates
of different manifestations of characteristic motor dysfunction
in patients with DLB are noticeable and significantly higher in
different stages or subtypes of the disease. In this study, three or
more symptoms of HAI-MDQ were reported in 91.2% of patients
with DLB, and these were reported to be much lower in NC
(32.2%) or AD (24.4%) with motor dysfunction. These results
demonstrated much higher characteristic motor symptoms
in DLB than those in non-DLB using the HAI-MDQ, which
indicated the practical use of the HAI-MDAQ for the screening of
parkinsonism due to DLB.

In addition, to differentiate DLB from non-DLB using either
the HAI-MDQ (sensitivity: 0.91, specificity: 0.72, and AUC:
0.89) or SBR (sensitivity: 0.91, specificity: 0.80, and AUC: 0.90)
was satisfied, whereas a combination of both tools (MDQVR)
further increased the power of differentiation with a sensitivity
of 0.87, a specificity of 0.93, and an AUC of 0.96. Therefore,
we are looking forward to combining complex clinical data

Frontiers in Aging Neuroscience | www.frontiersin.org

August 2021 | Volume 13 | Article 709215


https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/aging-neuroscience#articles

Chiu et al.

Clinical Imaging Questionnaire for DLB

8.00

6.00
5.00

438

4.00

2.00 176

714
240
I 191

2.00

1.60

097

1.00 .

0.00
MDQ SBR

MDQSBR MDQVR

ND mAD mDLB

FIGURE 2 | Comparison of MDQ, SBR, MDQSBR, and MDQVR among the ND, AD, and DLB groups. MDQ, motor dysfunction questionnaire in the history-based
artificial intelligence clinical dementia diagnostic system; SBR, striatal-background ratio of dopamine transporter imaging; MDQSBR, the composite scale of MDQ and
SBR; MDQVR, the composite scale of MDQ and DAT VR scale; ND, non-dementia control; AD, Alzheimer’s disease; DLB, dementia with Lewy bodies.

ROC Curve ROC Curve ROC Curve
' 1 —
T — Sourcs of the = - Source of the ! = Soutce of the
= Curve Curve
— MDOSER MOOSER —woaser
MDQVR MOOVR MOQVR
w00 w00 w00
— S8R — S8R — s8R
— Reference Une — Reference Lne — Reference Line
z
z 2 2
% e e
H H §
" “ 3
|
|
|
[ Fa |
o T T T T 0 T T T T T T T T
00 02 04 08 08 10 00 02 04 08 08 10 0o 02 04 06 o8 10
1- Specificity 1- Specificity 1- Specificity

FIGURE 3 | Comparison of ROC curves of MDQ, SBR, MDQSBR composite scale, and MDQVR composite scale among ND, AD, and DLB groups. (A) DLB vs.
non-DLB (ND+AD). (B) DLB vs. AD. (C) DLB vs. ND. ROC, receiver operating characteristic; MDQ, motor dysfunction questionnaire in the history-based artificial
intelligence clinical dementia diagnostic system; SBR, striatal-background ratio of dopamine transporter imaging; MDQSBR, the composite scale of MDQ and SBR;
MDQVR, the composite scale of MDQ and DAT VR scale; ND, non-dementia control; AD, Alzheimer’s disease dementia; DLB, dementia with Lewy bodies.

and biomarkers supplemented with artificial intelligence and
deep learning procedures to provide an even better diagnostic
tool for the clinical diagnosis of dementia with and without
movement disorders.

Third, the factors associated with positive MDQVR in all
participants in this study provided clinical evidence of the value
of the questionnaire for clinical screening of DLB in non-DLB.
Findings of much higher MDQVR total score in the MDQVR+
group (7.5 & 1.3) than that in the MDQVR- group (2.2 £ 1.8)
and higher UPDRS-m subscores in the MDQVR+ group (34.4 £+
19.4) than those in the MDQVR- group (17.6 £ 14.3) indicated a
positive correlation of motor dysfunction between the two tools.
The correlation coefficient of MDQVR with UPDRS-m is 0.56
in the later analysis. In other words, the DLB motor features

can be well-detected and differentiated from non-DLB using a
combined scale of both tools. A significantly lower SBR in the
MDQVR+ group (1.1 & 0.5) than that in the MDQVR- group
(1.7 £ 0.4) and a high correlation coeflicient of MDQVR with
SBR (—0.65) indicated a good correlation of the questionnaire
with reducing DAT uptake in striatal areas, which is currently the
hallmark of brain imaging study for the diagnosis of DLB. Higher
rates of non-motor DLB features, including DATabN, RBD,
VH, and cognitive fluctuations, were found in the HAI-MDQ+
group, revealing that the MDQ and the composite questionnaire
MDQVR for the clinical detection of DLB were simple, practical,
and reliable.

This study has several limitations. First, the original
HAICDDS questionnaire was written in Chinese. Although
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TABLE 3 | Multivariate risk estimates (ORs) for all participants in the positive
MDQVR composite scale (MDQVR+) group compared with the negative
(MDQVR-) group adjusted for age, sex, and CDR-SB.

MDQVR+, MDQVR-, ORs P
mean (SD) mean (SD)
N 119 158
Age, year 76.2 (7.2) 75.8(9.1) NA
CDR-SB 7.5 (4.4) 4.2 (3.8) NA
Female, N (%) 90 (54.2) 69 (50.0) NA
CASI 48.8 (22.8) 61.3 (22.9) 1.01 NS
MoCA 8.9 (5.9 12.5(7.4) 1.01 NS
NPI-sum 14.1 (12.1) 7.909.9 1.03 0.048
NPI-burden 6.6 (6.0) 3.5(56.1) 1.06 0.037
UPDRS-m 34.4 (19.4) 17.6 (14.9) 1.06 <0.001
Fluctuation, N (%) 74 (62.2) 29 (18.4) 4.56 <0.001
VH, N (%) 42 (35.9) 21 (13.9) 212 0.024
RBD, N (%) 56 (47.1) 31(19.6) 3.41 <0.001
Parkinsonism 112 (94.1) 68 (43.0) 23.3 <0.001
SBR 0.96 (0.38) 1.64 (0.45) 1.06 <0.001
LED 208.7 (204.5) 69.9 (125.3) 1.01 0.001

ORs, odds ratio; MDQVR, the composite scale of MDQ and DAT VR scale; CDR-SB,
Sum of Boxes of the Clinical Dementia Rating scale; N, number of participants; NA, not
applicable; NS, non-significance; CASI, Cognitive Abilities Screening Instrument; MoCA,
Montreal Cognitive Assessment,; NPI-sum, sum score of Neuropsychiatric Inventory; NPI-
burden, caregiver burden score of neuropsychiatric inventory; UPDRS-m, the motor score
of the Unified Parkinson’s Disease Rating Scale; Fluctuation, fluctuation of cognition; VH,
visual hallucinations; RBD, REM sleep behavior disorder; SBR, striata-background ratio
of dopamine transporter imaging,; LED, levodopa equivalent dose.

we tentatively translated the questionnaire to English, more
colloquial and precise translations are required. Second, this
study was conducted in only three regional hospitals in Taiwan.
Therefore, the findings of different presentations of motor
dysfunction might not be generalizable to all patients. Third,
the diagnoses of ND, AD, and DLB were based only on clinical
criteria. Therefore, the diagnosis of AD was not based on the
newest research framework that emphasizes some important
biomarkers, including amyloid PET, tau PET, or CSF studies for
the diagnosis of AD with or without dementia (Jack et al., 2018).
However, detailed clinical information and DAT imaging may
help to differentiate DLB from non-DLB, which was supported
by robust clinicopathological evidence (Rizzo et al., 2018).

CONCLUSION

This study showed that an informant-based motor questionnaire
is a practical tool for the screening of characteristic motor
symptoms related to DLB, and this should be the first simple
clinical questionnaire for the screening of motor dysfunction
characteristic of DLB. The diagnostic value of the questionnaire
was further confirmed by positive correlations with the DAT
imaging study and motor subscores of the UPDRS. Both
questionnaires and DAT imaging were effective in differentiating

DLB from AD or ND. A combination of both tools can further
improve diagnostic accuracy. This simple screening tool can be
applied at the bedside and in clinics for the screening of motor
dysfunction related to DLB, and it can help non-specialists to
detect DLB easily in healthcare settings without neurologists.
Embedded in the HAICDDS project, the MDQ diagnosis requires
further machine learning techniques using artificial intelligence
and is expected to improve the accuracy and efficiency of the
clinical diagnosis of DLB and the differential diagnosis of AD
from DLB. Further study of the HAI-MDQ on the discrimination
or detection of parkinsonism due to PD and PDD is warranted
and is currently in progress.
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