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Abstract
Introduction Dementia with Lewy bodies (DLB) may represent a diagnostic challenge, since its clinical picture overlaps 
with other dementia. Two toolkits have been developed to aid the clinician to diagnose DLB: the Lewy Body Composite Risk 
Score (LBCRS) and the Assessment Toolkit for DLB (AT-DLB). We aim to evaluate the reliability of these two question-
naires, and their ability to enhance the interpretation of the international consensus diagnostic criteria.
Methods LBCRS and AT-DLB were distributed to 135 Italian Neurological Centers for Cognitive Decline and Dementia 
(CDCDs), with the indication to administer them to all patients with dementia referred within the subsequent 3 months. We 
asked to subsequently apply consensus criteria for DLB diagnosis, to validate the diagnostic accuracy of the two toolkits.
Results A total of 23 Centers joined the study; 1854 patients were enrolled. We found a prevalence of possible or probable 
DLB of 13% each (26% total), according to the consensus criteria. LBCRS toolkit showed good reliability, with a Cronbach 
alpha of 0.77, stable even after removing variables from the construct. AT-DLB toolkit Cronbach alpha was 0.52 and, after 
the subtraction of the “cognitive fluctuation” criterion, was only 0.31. Accuracy, sensitivity, and specificity were higher 
for LBCRS vs. AT-DLB. However, when simultaneously considered in the logistic models, AT-DLB showed a better per-
formance (p < 0.001). Overall, the concordance between LBCRS positive and AT-DLB possible/probable was of 78.02%
Conclusions In a clinical setting, the LBCRS and AT-DLB questionnaires have good accuracy for DLB diagnosis.

Keywords Dementia with Lewy bodies · Diagnostic toolkits · Consensus criteria · Clinical diagnosis · Dementia · 
Cognitive impairment · Diagnostic accuracy

Introduction

Dementia with Lewy bodies (DLB), the second most com-
mon neurological cause of dementia after Alzheimer’s dis-
ease (AD), is characterized by cognitive fluctuations (CF), 
visual hallucinations (VH), parkinsonism, and REM sleep 
behavior disorder (RBD), which are considered as its core 
clinical features [1]. The accuracy of the clinical diagnosis 
of DLB is however not satisfactory, as the clinical presenta-
tion may overlap with AD [2].
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The recent efforts of the researchers focusing on DLB 
have been addressed toward the identification of biomark-
ers which could help diagnose DLB as compared with AD.

Great emphasis has recently been placed on the necessity 
to identify more sensitive and specific diagnostic markers 
and to define the prodromal stage of DLB in order to put 
in place timely pharmacological and management interven-
tions [3].

This research stream is witnessed by the recent flourish-
ing of International Consortia on DLB (E-DLB, American 
Lewy Body Dementia (LBD) association, ISTAART LBD 
Professional Interest Area (PIA)). The efforts of the Con-
sortia are aimed to overcome the challenges in recruiting 
sufficiently large and unbiased cohorts, and to identify which 
diagnostic instruments are sensitive to change in DLB.

Toward these aims, the Italian Neurological Society for 
dementia (SINdem) promoted the constitution of an Italian 
DLB study group. The general objectives of the study group 
were defined as follows:

a. To improve DLB identification by physicians working in 
Centers for Cognitive Decline and Dementia (CDCDs).

b. To identify the DLB cohorts available in Italy and 
develop an efficient method of data collection.

A first survey conceived to identify the DLB cohorts 
available in Italy was performed in 2016 [4]. The CDCDs 
were asked to answer a semi-structured questionnaire, which 
investigated the following: (1) incidence and prevalence of 
DLB; (2) clinical assessment; (3) relevance and availabil-
ity of diagnostic tools; (4) pharmacological management of 
cognitive, motor, and behavioral disturbances; (5) causes of 
hospitalization, with specific focus on delirium and its treat-
ment. Overall, 135 centers (23.6% of all CDCDs) contrib-
uted to that first survey. A total of 5624 patients with DLB 
were followed at the time of the survey by the 135 centers 
in a year (2042 of them were new referrals). The percentage 
of DLB patients among neurodegenerative dementia was 
27 ± 8%.

The prevalence of DLB in the Italian dementia population 
appeared therefore to be far higher than the one reported in 
literature, which ranges from 5 to 15% [1].

We explained that result by judging a semi-structured 
questionnaire as insufficiently accurate to avoid catching up 
cases of mixed dementia, which could be wrongly classified 
as DLB, in a country where neurodegenerative disease cases 
are not neuropathologically confirmed.

The aim of the present study is to re-evaluate the preva-
lence of DLB patients by using two standardized question-
naires, based on clinical diagnostic criteria for DLB. The 
questionnaires were specifically designed to address the 
problem of inadequate recognition and diagnosis of DLB 
[5, 6].

The first questionnaire, the Lewy Body Composite Risk 
Score (LBCRS) [7], was designed to improve the ability 
to detect DLB in clinical and research populations and to 
increase the likelihood of determining whether Lewy bod-
ies are a contributing pathology to the dementia syndrome. 
The LBCRS was derived from clinical features in autopsy-
verified cases of healthy controls, AD, DLB, and Parkinson 
disease (PD) with and without dementia (PDD). The LBCRS 
was tested in comparison with gold standard measures of 
cognition, motor symptoms, function, and behavior.

The second questionnaire, the Assessment Toolkit for 
DLB (AT-DLB) [8], was developed to be aligned with the 
standard diagnostic criteria for DLB [1], and to be applied 
by clinicians in regular clinical services and easily integrated 
into routine care.

Methods

In this cross-sectional observational study, the two question-
naires were distributed in March 2019 to the 135 neurologi-
cal CDCDs, which participated in the previous survey. The 
CDCDs included were evenly distributed over the country 
from north to south. Out of the 23 participating Centers, 
10 CDCDs (43%) are located within Neurology Units of 
University Hospitals, 5 CDCDs (22%) belong to Scien-
tific Institute for Research, Hospitalization and Healthcare 
(IRCSS), 5 CDCDs (22%) are placed in Neurology Units of 
Non-Academic Hospitals, and 3 CDCDs (13%) belong to 
territorial out-patient clinics.

We asked to administer the surveys to all the patients 
with dementia (Mini-Mental State Examination (MMSE) 
score < 24) [9] referred to the Centers in the subsequent 
3 months, independently from the initial suspected diagnosis 
and from the final diagnoses.

All Centers were trained to apply the most recent diag-
nostic criteria for DLB [1].

More specifically, the neurologists of each Center were 
instructed to carry out in each patient a physical and neuro-
logical examinations.

The presence of cognitive fluctuations was confirmed by 
detailed semi-structured interview and quantified using the 
Clinician Assessment of Fluctuations questionnaire [10]. 
Visual hallucinations were determined by detailed interview 
with the patient and caregiver followed by confirmation and 
quantification according to the Neuropsychiatric Inventory 
[11]. Parkinsonism was diagnosed by the Motor part (part 
III) of the Unified Parkinson’s Disease (PD) Rating Scale 
(UPDRS) [12]. Symptoms of RBD were assessed by inter-
view and scored according to the Mayo Sleep Questionnaire 
[13]. The application of the DLB diagnostic criteria based 
on the aforementioned tests took about 60 min.
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Each of the two questionnaires (LBCRS and AT-DLB) 
were administered to patients in random order.

The administration of the questionnaires took between 
30 and 60 min, depending on the compliance of the patients 
and caregivers, and on the severity of the clinical picture. 
Considering the items included in each questionnaire, the 
aim was to compare the results of either LBCRS or AT-
DLB with the recent criteria. Where considered clinically 
appropriate, the patients underwent neuroimaging and neu-
rophysiology assessments, as DaT-SPECT, myocardial scin-
tigraphy, FDG-PET for detection of the Cingulate Island 
Sign, Quantitative EEG, polysomnography to confirm RBD. 
All procedures were in accordance with the ethical standards 
of the institutional and national research committee and with 
the Helsinki Declaration. Informed consent was obtained by 
all participants.

Lewy Body Composite Risk Score

The LBCRS [7] evaluates the presence of four motor and six 
non-motor symptoms within the last 6 months. Motor signs 
include slowness, rigidity, postural instability, and resting 
tremor. Non-motor symptoms are the following: excessive 
daytime sleepiness, illogical thoughts, frequent episodes of 
staring, visual hallucinations (VH), enacted dreaming, and 
autonomic dysfunctions.

The symptoms were considered as present if they 
occurred at least three times during the 6 months preceding 
the clinical investigation.

A global score equal or superior to 3 indicates a probable 
DLB diagnosis (LBCRS positive), whereas a score ranging 
from 0 to 2 is not suggestive of DLB diagnosis (LBCRS 
negative).

Assessment Toolkit for Dementia with Lewy Bodies

The Assessment Toolkit for DLB [8] is based on a series 
of specific questions carried out to identify core and sug-
gestive features of DLB. Beyond the evidence of global 
cognitive decline, four domains are investigated (core clini-
cal features): CF, VH, RBD, and parkinsonism. The toolkit 
includes a questionnaire that is administered by the rater to 
the patient and the caregiver, and a short neurological exam 
to determine the 5-item Unified Parkinson’s Disease Rating 
Scale (UPDRS) score. Moreover, the presence of dopamin-
ergic deficit in basal ganglia on SPECT/PET, low uptake 
on metaiodobenzylguanidine (MIBG) myocardial scintigra-
phy, or polysomnography confirmation of RBD is evaluated. 
These features are considered as indicative biomarkers. A 
diagnosis of probable DLB is made if either two core fea-
tures or one core and one indicative feature are identified. 
A diagnosis of possible DLB is considered if one feature is 
satisfied.

Statistical analysis

Statistical analysis was performed using Statistical Analysis 
Software (SAS).

Data were reported as mean ± standard errors, for con-
tinuous variables, and as absolute number and percentage 
for categorical ones.

To assess the differences in the prevalence of symptoms 
in the three study groups, logistic models were used, where 
the absence of DLB study group was the reference. Moreo-
ver, to test whether the magnitude of association of each 
risk factor with DLB diagnosis differed between the 2 DLB 
group (probable and possible), the equivalence of the odds 
ratios (ORs) was computed by a Mantel–Haenszel χ2 statistic 
based on the weighted sum of the squared deviations of the 
stratum-specific log ORs from their weighted mean [14].

The statistical agreement of LBCRS and AT-DLB with 
the most recent diagnostic criteria of DLB was calculated. 
To consider how each variable reflects the reliability of a 
scale with standardized variables, the standardized alpha 
coefficient (Cronbach alpha) was also estimated. If the 
standardized alpha decreases after removing a variable from 
the model, that variable is strongly correlated with other 
variables included in the scale and contributes to the reli-
ability of the scale. Conversely, if the standardized alpha 
increases after removing a variable from the model, remov-
ing that variable makes the scale more reliable [15]. The 
rate of concordance between the DLB clinical criteria [16] 
and the two toolkits was evaluated by accuracy, sensitiv-
ity, and specificity calculation. Logistic regression models 
were applied to calculate receiver operating characteristics 
(ROC) and to estimate the area under the curve (AUC). In 
the models, DLB criteria were the dependent variable while 
LBCRS and AT-DLB were the independent variables, which 
were simultaneously considered. When ROC was estimated 
for the “possible DLB” group, those classified as “probable 
DLB” were excluded from the analysis, and vice versa.

Results

Twenty-three CDCDs joined the research and performed the 
survey. Of the 2006 patients enrolled, 152 (7.58%) subjects 
were excluded because of missing data. Among the 1854 
remaining patients, 1048 (56.53%) were female and the 
mean age of the sample was 75.06 ± 14.58 years. MMSE 
was 16.4 ± 7.1. All the patients underwent computed tomog-
raphy/magnetic resonance imaging.

Seventy-four patients (4.7%) underwent DaT-SPECT, 
5 patients (0.3%) underwent myocardial scintigraphy, 
51 patients (2.8%) underwent FDG-PET for detection of 
the Cingulate Island Sign, 29 patients (1.6%) underwent 
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quantitative EEG, and 5 patients (0.3%) underwent poly-
somnography to confirm RBD.

Our results showed a prevalence of possible or probable 
DLB of 13% each (26% total), according to the consensus 
criteria (Table 1).

Lewy Body Composite Risk Score

Applying the LBCRS in the study sample, 555 (30.66%) 
patients were classified as DLB (LBCRS positive). The 
Cronbach alpha showed good reliability of the scale 
(0.77). Indeed, removing variables from the model, the 
alpha coefficient ranged from 0.74 to 0.76.

Table  2 reports the frequencies of all the features 
included in the assessment, according to diagnosis reached 
using clinical DLB criteria. Among all items, those related 
to VH and RBD (questions 8 and 9) reported a higher ORs 
for diagnosis of probable DLB (VH-Q8: 40.61, 95%CI: 
27.48–60.01; RBD-Q9: 31.31, 95%CI: 21.10–46.46).

Assessment Toolkit for Dementia with Lewy Bodies

After performing AT-DLB, 445 (24.59%) patients were 
diagnosed as possible-DLB, whereas 322 (17.79%) were 
probable DLB. For AT-DLB, the Cronbach alpha was of 
0.52. Only when removing the item “CF,” the alpha coef-
ficient decreased to 0.31.

Table 3 shows the frequencies of symptoms, consid-
ered in this scale, according to the recent DLB criteria. 
Among all items, those related to CF and VH (questions 
1 and 7–10) were associated with the five highest ORs 
for diagnosis of probable DLB (CF-Q1: 52.73, 95%CI: 
36.06–77.09; RBD-Q7: 21.51, 95%CI: 13.43–34.47; RBD-
Q8: 29.28, 95%CI: 18.93–45.29; RBD-Q9: 42.79, 95%CI: 
28.13–64.18; RBD-Q10: 35.50, 95%CI: 24.20–52.07).

Comparison between Assessment Toolkit 
for Dementia with Lewy Bodies and Lewy Body 
Composite Risk Score

The percentage of agreement between AT-DLB possible 
and LBCRS positive was 32.43%, whereas the concord-
ance between AT-DLB probable and LBCRS positive 
was higher (45.59%). Overall, the concordance between 
LBCRS positive and AT-DLB possible/probable was of 
78.02% (see Table 4 for the comparison between the two 
assessments). The agreement between LBCRS negative 
and AT-DLB negative was 88.30%.

Table 5 shows the discrepancies between the two tool-
kits for attribution of patients to DLB diagnosis. Among 
all features, CF and VH showed a higher ORs for catego-
rization of AT-DLB negative and LBCRS positive.

Table 1  Patient diagnoses according to the consensus criteria for 
DLB (McKeith et al. 2017) at the two times of assessment

Abbreviations: DLB, dementia with Lewy bodies

Patient diagnoses Consensus criteria
First assessment

Consensus criteria
Second assessment

No DLB 73.46% 73.03%
Possible DLB 13.43% 13.75%
Probable DLB 13.11% 13.21%

Table 2  Frequencies of all features included in the LBCRS in comparison with diagnostic criteria

Data are reported as number of patients, n (%); CI, confidence interval; OR, odds ratio; Q, questions. The p-values* refer to test of comparison of 
the OR

No DLB Possible DLB OR (95%CI)
No vs. possible

Probable DLB OR (95%CI)
No vs. probable

p-value

Patients (n) 1342 233 235
Q1 Slowness 258 (19.2) 99 (42.5) 3.1 (2.3–4.2) 174 (74.0) 12.0 (8.7–16.5)  < 0.001
Q2 Rigidity 201 (15.0) 128 (54.9) 6.9 (5.1–9.3) 168 (71.5) 14.2 (10.3–19.6)  < 0.001
Q3 Postural instability 190 (14.2) 74 (31.8) 2.8 (2.1–3.9) 110 (46.8) 5.3 (4.0–7.2) 0.003
Q4 Rest tremor 57 (4.3) 29 (12.5) 3.2 (2.0–5.1) 67 (28.5) 9.0 (6.1–13.3) 0.004
Q5 Day sleepiness 159 (11.8) 54 (23.2) 2.3 (1.6–3.2) 126 (53.6) 8.6 (6.3–11.7)  < 0.001
Q6 Illogical thinking 287 (21.4) 72 (30.9) 1.6 (1.2–2.3) 122 (51.9) 4.0 (3.0–5.3)  < 0.001
Q7 Episodes of absence or star-

ing off into space
231 (17.2) 77 (33.1) 1.8 (1.3–2.4) 116 (49.4) 4.0 (3.0–5.3)  < 0.001

Q8 Visual hallucination 47 (3.5) 54 (23.2) 8.3 (5.5–12.7) 140 (59.6) 40.6 (27.5–60.0)  < 0.001
Q9 Dreams enacted 44 (3.3) 44 (18.9) 6.9 (4.4–10.7) 121 (51.5) 31.3 (21.1–46.5)  < 0.001
Q10 Orthostatic hypotension 28 (2.1) 7 (3.0) 1.5 (0.6–3.7) 51 (21.7) 13.0 (8.0–21.2)  < 0.001
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Comparison between results of the two 
questionnaires with the most recent DLB criteria 
(McKeith 2017)

Results of each questionnaire, LBCRS and AT-DLB, were 
compared with the final diagnosis made by each Center, 
based only on the most recent criteria. In every group con-
sidered (non-DLB, possible DLB, and probable DLB), the 
percentage of the agreement between the two assessments 
and the final diagnosis based on international diagnostic cri-
teria was higher than 93%.

LBCRS and AT-DLB toolkits showed similar values 
of accuracy, sensitivity, and specificity, even though AT-
DLB seemed to be less efficient (Table 6). On the contrary, 
when simultaneously considered in the logistic models to 
assess the AUC, AT-DLB was significantly more inform-
ative (Supplementary Materials) in assessing possible 
(0.13 ± 0.02 p < 0.001) and probable DLB (0.10 ± 0.01 
p < 0.001).

REM sleep behavior disorder was not correlated with pos-
sible DLB diagnosis, while it was directly correlated with 
probable DLB diagnosis.

Table 3  Frequencies of all features included in AT-DLB in comparison with diagnostic criteria

Unless marked by the *, which distinguishes questions posed to the patient, the questions are posed to the patient’s caregiver. Data are reported 
as number of patients, n (%). UPDRS 5-item score data are reported as mean ± standard deviation
Abbreviations: CF, cognitive fluctuations; CI, confidence interval; OR, odds ratio; RBD, REM sleep behavior disorder; VH, visual hallucina-
tions; Q, questions. Data are reported as number of patients, n (%). The p-values* refer to test of comparison of the OR

No DLB Possible DLB OR (95%CI)
No DLB vs possible

Probable DLB OR (95%CI)
No DLB vs probable

p-value

Patients (n) 1342 233 235
CF

  Q1 Changes in functioning 88 (6.6) 82 (35.2) 7.7 (5.5–10.9) 185 (78.7) 52.7 (36.1–77.1)  < 0.001
  Q2 > 1 h day sleeping 82 (6.1) 50 (21.5) 4.2 (2.9–6.2) 86 (36.6) 8.9 (6.3–12.6)  < 0.001
  Q3 > 1 h drowsy 305 (22.7) 141 (60.5) 5.2 (3.9–7.0) 159 (67.7) 7.1 (5.3–9.6) 0.05
  Q4 Difficult to arouse 254 (18.9) 106 (45.5) 3.6 (2.7–4.8) 135 (57.5) 5.8 (4.3–7.8)  < 0.001

RBD
  Q5 Dream enact 56 (4.2) 15 (6.4) 1.6 (0.9–2.8) 106 (45.1) 18.9 (13.0–27.4)  < 0.001
  Q6 Dream enact* 47 (3.5) 12 (5.2) 1.5 (0.8–2.9) 69 (29.4) 11.5 (7.6–17.2)  < 0.001

VH
  Q7 Eye tricks* 27 (2.0) 7 (3.0) 1.5 (0.7–3.5) 72 (30.6) 21.5 (13.4–34.5)  < 0.001
  Q8 Sees things* 32 (2.4) 16 (6.9) 3.0 (1.6–5.6) 98 (41.7) 29.3 (18.9–45.3)  < 0.001
  Q9 False visions 38 (2.8) 33 (14.2) 5.7 (3.5–9.2) 130 (55.3) 42.79 (28.13–64.18)  < 0.001
  Q10 Sees things 50 (3.7) 32 (13.7) 4.1 (2.6–6.6) 136 (57.9) 35.50 (24.20–52.07)  < 0.001

Motor symptoms
  UPDRS 5-item score 0.8 ± 1.7 2.9 ± 2.7 3.4 (1.7–7.0) 4.82 ± 3.2 19.68 (11.64–33.28)  < 0.001

Table 4  Stratification of 
patients according to LBCRS 
and AT-DLB toolkits

Bold text: percentage of patients, whose diagnosis with AT-DLB and LBCRS was concordant
Abbreviations: DLB, dementia with Lewy bodies; AT-DLB, Assessment Toolkit for DLB; LBCRS, Lewy 
Body Composite Risk Score; LBCRS positive, probable DLB according to LBCRS; LBCRS negative, sub-
jects who did not meet the criteria for probable DLB according to the LBCRS toolkit

AT-DLB
No DLB

AT-DLB
Possible DLB

AT-DLB
Probable DLB

Total

LBCRS negative 921
50.88
73.39
88.30

265
14.64
21.12
59.55

69
3.81
5.50
21.43

1255
69.34

Frequency
% (whole cohort)
% (of the row)
% (of the column)

LBCRS positive 122
6.74
21.98
11.70

180
9.94
32.43
40.45

253
13.98
45.59
78.57

555
30.66

Frequency
% (whole cohort)
% (of the row)
% (of the column)

Total 1043
57.62

445
24.59

322
17.79

1810
100.00
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Discussion

Our results showed a prevalence of about 26% of possible 
or probable DLB diagnosis in the Dementia Centers as 
compared to the total diagnoses. With this second survey, 
the percentage of DLB diagnosis was comparable with 
the results of our first survey [4], higher than the preva-
lence reported in autopsy proven cohorts [1, 4]. Our data 
indicate a higher frequency of in vivo DLB diagnosis also 
compared to other European countries, according to recent 
observations [17, 18]. In a large UK’s multicenter study, 

DLB prevalence was 2.4–5.9% [17]. Despite a globally 
lower prevalence (3.4%), compared to our observation, 
a recent Belgian study found significant differences, in 
terms of DLB prevalence, according to the patients’ eth-
nicity [18]. DLB diagnosis was more frequent in North-
Africans and Latin-American first-generation immigrants, 
compared to subjects born in Belgium [18]. Overall, these 
findings suggest a complex interplay between genetic and 
acquired factors that could underlie different epidemio-
logical results for DLB. Furthermore, the high percentage 
of DLB diagnosis observed among the Italian Demen-
tia Centers could be at least partially explained by the 

Table 5  Frequency of distribution for the items of AT-DLB, according to AT-DLB and LBCRS toolkits

Unless marked by the *, which distinguishes questions posed to the patient, the questions are posed to the patient’s caregiver
Abbreviations: CF, cognitive fluctuations; RBD, REM sleep behavior disorder; VH, visual hallucinations; Q, questions

LBCRS negative
AT-DLB positive

LBCRS positive
AT-DLB positive

LBCRS negative
AT-DLB negative

LBCRS positive
AT-DLB negative

LBCRS positive 
AT-DLB positive vs 
LBCRS positive
AT-DLB negative

LBCRS negative 
AT-DLB negative 
vs 
LBCRS negative
AT-DLB positive

Patients (n) 334 433 921 122
CF

  Q1 Changes in 
functioning

86 (25.75) 214 (49.42) 19 (2.06) 36 (29.51) 2.33 (1.52–3.60) 0.06 (0.04–0.10)

  Q2 > 1 h day sleep-
ing

47 (14.07) 135 (31.18) 14 (1.52) 22 (18.03) 2.06 (1.25–3.41) 0.09 (0.05–0.17)

  Q3 > 1 h drowsy 242 (72.46) 315 (72.75) 20 (2.17) 28 (22.95) 8.96 (5.60–14.37) 0.01 (0.01–0.02)
  Q4 Difficult to 

arouse
198 (59.28) 255 (58.89) 16 (1.74) 26 (21.31) 5.29 (3.30–8.49) 0.01 (0.01–0.02)

RBD
  Q5 Dream enact 24 (7.19) 115 (26.56) 12 (1.30) 26 (21.31) 1.34 (0.82–2.16) 0.17 (0.08–0.35)
  Q6 Dream enact* 20 (5.99) 68 (15.70) 15 (1.63) 25 (20.49) 0.72 (0.43–1.20) 0.26 (0.13–0.51)

VH
  Q7 Eye tricks* 10 (2.99) 77 (17.78) 1 (0.11) 18 (14.75) 1.25 (0.72–2.18) 0.04 (0.01–0.28)
  Q8 Sees things* 25 (7.49) 101 (23.33) 4 (0.43) 16 (13.11) 2.02 (1.14–3.57) 0.05 (0.02–0.16)
  Q9 False visions 26 (7.78) 150 (34.64) 5 (0.54) 20 (16.39) 2.70 (1.61–4.54) 0.07 (0.03–0.17)
  Q10 Sees things 28 (8.38) 157 (36.26) 7 (0.76) 26 (21.31) 2.10 (1.31–3.38) 0.08 (0.04–0.19)

Motor symptoms
  UPDRS 5-item 

score
1.59 ± 1.59 3.67 ± 3.27 0.34 ± 0.90 3.98 ± 3.24 0.97 (0.92–1.03) 0.45 (0.40–0.51)

Table 6  Analysis of sensitivity, 
specificity, accuracy, and AUC 
of the two toolkits vs. consensus 
criteria

* Possible DLB: Comparison between LBCRS positive and AT-DLB possible
^Probable DLB: Comparison between LBCRS positive and AT-DLB probable
Abbreviations: AUC , area under curve

LBCRS vs. pos-
sible DLB

LBCRS vs. prob-
able DLB

AT-DLB possible vs. 
possible DLB

AT-DLB probable 
vs. probable DLB

Accuracy 0.78 0.83 0.72 0.76
Sensitivity 0.53 0.85 0.13 0.75
Specificity 0.83 0.83 0.72 0.75
AUC 0.68 ± 0.02 0.84 ± 0.01 0.81 ± 0.01* 0.94 ± 0.008^
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inclusion of cases of mixed dementia, which may have 
been classified as possible DLB [12, 13], as clinical diag-
nostic criteria for this entity are indeed very unspecific [1].

We found a good agreement between the two ques-
tionnaires, especially for probable DLB diagnosis. Even 
though the two questionnaires were validated before the 
most recent criteria were published [1], both toolkits have 
reached a high concordance with the current international 
diagnostic criteria. LBCRS toolkit showed a better internal 
consistency, as compared to AT-DLB, whereas the latter 
showed a better performance in identifying individuals 
with probable DLB (Table 6).

As regards as AT-DLB toolkit, CF was the most relevant 
factor, among all variables, for the accuracy of the diagnosis. 
CF are not an easy feature to be assessed in clinical practice. 
Clinician Assessment of Fluctuation (CAF) [19] is a helpful 
tool for the clinicians to identify properly this typical symp-
tom of DLB. The AT-DLB toolkit could represent a suitable 
alternative for CF assessment. Indeed, positive answer to the 
CF item of AT-DLB correlated with a higher risk of DLB 
diagnosis, only followed by VH items. As regards to LBCRS 
toolkit, and in accordance with literature data, which reports 
that VH are the most specific symptom in differentiating 
DLB from AD [20], VH were the most relevant symptom, 
followed by RBD, for the accuracy of diagnosis.

From a speculative point of view, the combination of 
the two toolkits could lead to a superior diagnostic accu-
racy for the evaluation of CF, VH, and RBD, which are 
currently considered as core clinical features.

Limitations of this study are related to missing informa-
tion during data collection, such as comorbidities and the 
final clinical diagnosis made for each patient recruited in 
each Center. This issue did not allow to estimate the pres-
ence of other dementias which could have been diagnosed as 
DLB (especially possible DLB). A further limitation is the 
low number of patients whose diagnose was corroborated 
through the study of biomarkers. Only a very low percentage 
of patients were studied by indicative or supportive biomark-
ers including DaT-SPECT, myocardial scintigraphy, FDG-
PET, quantitative EEG, polysomnography.

To conclude, standardization in the clinical assessment 
of DLB symptoms should be regarded as a priority, until 
the discovery of novel and optimal biomarkers.

Supplementary Information The online version contains supplemen-
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