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Abstract:

Objective Dementia with Lewy bodies (DLB) is the second-most common form of neurodegenerative de-
mentia after Alzheimer’s disease (AD). Falls are a vital prognostic factor in patients with dementia and are a
characteristic feature of DLB. This study investigated the screening potential of the fall risk evaluation for
DLB and compared it with that of AD to facilitate an accurate diagnosis.

Methods We enrolled patients diagnosed with DLB (n=410) and AD (n=2,683) and categorized the partici-
pants into 3 groups depending on their physical ability, age, cognitive function, and fall events. Using the
Fall Risk Index-21 (FRI-21) questionnaire, we evaluated and comparatively analyzed the fall risk between
DLB and AD patients in three defined groups of participants.

Results
ing this score, we were able to distinguish between DLB and AD patients in each group. Among the three

The FRI-21 score was significantly higher in DLB patients than in AD patients in every group. Us-

groups, the group with a young age, relatively mild cognitive dysfunction, and no fall events exhibited the
best specificity for DLB (0.895).

Conclusions The FRI-21 is a useful tool for screening for DLB and differentiating it from AD. This ques-
tionnaire can be used at a relatively early stage of the disease in young patients with mild cognitive dysfunc-
tion and no history of falling. These preliminary results need to be validated in an interventional study to
evaluate the effectiveness of rehabilitative measures and daily environmental changes carried out to prevent
falls using this tool.
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quently than patients with Alzheimer’s disease (AD) (7), the

Introduction

Falls are a major cause of a decline in daily activities and
an increase in the rate of institutionalization and mortality in
older people, especially those with dementia (1, 2). People
with dementia are more likely to fall frequently and recover
poorly after a falling event than those without (3-5). Demen-
tia with Lewy body disease (DLB) is prevalent in approxi-
mately 25% of patients diagnosed with dementia (6). Pa-
tients with DLB are affected by falls three times more fre-

most common type of dementia.

The characteristic features of DLB include recurrent vis-
ual hallucinations, parkinsonism, and rapid eye movement-
sleep behavior disorder (8). However, an accurate diagnosis
of DLB is often difficult, especially in the early stages of
the disease due to variable clinical presentation (9, 10). DLB
is often misdiagnosed as AD and only confirmed as DLB on
a postmortem pathological evaluation (11-13). From a clini-
cal viewpoint, the progression and prognosis of DLB are
worse than those of AD (14). For example, patients with
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DLB have a shorter survival time (by nearly two years) than
those with AD (15). Furthermore, pharmacotherapy also dif-
fers between DLB and AD patients. DLB is treated using
anti-Parkinson’s drugs with due consideration of the medica-
tion response because of the risk of severe hypersensitivity
reactions to neuroleptic drugs. Therefore, an accurate and
early diagnosis of DLB is vital for a detailed examination
and improved outcomes.

The differential diagnosis of DLB can be arrived at using
dopamine transporter (DAT) imaging via single-photon emission
computed tomography (16) or *I-metaiodobenzylguanidine
myocardial scintigraphy (17, 18). However, these tests are
relatively expensive and not readily available at all centers.
Therefore, doctors should effectively screen and differentiate
DLB from AD when diagnosing a patient with cognitive im-
pairment. An easy-to-use and efficient tool for screening for
DLB is thus necessary to achieve an early diagnosis.

Given the above, we focused on fall events and risks in
the present analysis, as the tendency to fall is a characteris-
tic feature of DLB (8) that considerably affects the lives of
patients. It can be difficult to determine the cause of a fall
based on clinical symptoms, as there are often various un-
derlying conditions. Physical strength measurement tests,
such as the 1-foot standing test and 10-m walking speed, are
generally performed to evaluate the fall risk. However, these
are ineffective in DLB patients because of the characteristic
feature of intraday symptom variations in such patients (8).
Hence, a questionnaire can more appropriately ascertain the
actual presenting condition. An ideal tool should help clini-
cians diagnose DLB early and develop a preventive strategy
by evaluating the risk of a fall before an actual fall occurs.

In the present study, we analyzed and evaluated the possi-
bility of screening and differentiating DLB from AD using a
validated fall risk questionnaire to identify factors associated
with fall risk in patients with DLB.

Materials and Methods

Ethical approval

This study was approved by the Medical Ethics Commit-
tee of the National Center for Geriatrics and Gerontology,
Obu, Japan. All data were analyzed while preserving the
anonymity of the subjects. Participants’ consent was ob-
tained in the form of opt-out on the institutional website. In-
dividuals who opted out were excluded from the study.

Participants and the diagnosis

We analyzed outpatients with AD and DLB registered at
the Center for Comprehensive Care and Research for Mem-
ory Disorders in the National Center for Geriatrics and Ger-
ontology, Aichi, Japan, between January 2010 and June
2020. All patients were newly diagnosed, which ensured that
their responses and assessments were unaffected by various
medications. For an accurate diagnosis, we standardized the
protocol. All participants underwent the following assess-

ments: 1) laboratory analyses - complete blood test, includ-
ing vitamin B./folate levels, syphilis serology, and thyroid
function tests; 2) neuroimaging - 3-T magnetic resonance
imaging and single-photon emission computed tomography;
3) psychological assessments - the Mini-Mental State Ex-
amination (MMSE) (19) and Geriatric Depression Scale
(GDS) (20); additional neuropsychological tests were per-
formed, if needed; and 4) the level of daily living skills was
evaluated using the Barthel Index (BI) (21) and the Instru-
mental Activities of Daily Living (IADL) scale (22). To as-
sess physical and mental decline, we evaluated physical
frailty based on the standard phenotype model of the Car-
diovascular Health Study established by Fried et al. (23).
These examinations were reviewed by experienced neurolo-
gists, psychiatrists, and/or geriatricians. Cases that could not
be diagnosed clearly or had a possible overlap of multiple
dementia diseases were excluded.

For this study, all patients were evaluated again retrospec-
tively for the presence of probable AD per the criteria de-
fined by the National Institute on Aging - Alzheimer’s Asso-
ciation (24) or possible and probable DLB per the criteria
specified in the Fourth Report of the DLB Consortium (8).

Evaluation of the fall risk

We measured the height and weight of all patients and
calculated their body mass index (BMI) for the general
physical evaluation. All patients were asked to answer the
Fall Risk Index-21 (FRI-21) questionnaire (25) and report
any fall events that had occurred within the last year. The
caregivers of the participants were asked to ensure the accu-
racy of the responses.

Table 1 lists the questions in the FRI-21 (25). The ques-
tionnaire evaluates the risk factors for falls and was devel-
oped by the Working Group of Fall Prevention commis-
sioned by the Japanese Ministry of Health, Labor, and Wel-
fare. It comprises 21 items, including previously established
risk factors for falls, such as the physical function, presence
of geriatric syndromes, and environmental factors. The inter-
class coefficient (ICC) of the 1-month test-retest reproduci-
bility of the scores of this questionnaire was satisfactory
[ICC, 0.74; 95% confidence interval (CI), 0.46-0.89]. The
questionnaire significantly correlated with physical function
tests, such as the timed up and go, one-foot standing, and
functional reach tests, which are also used to predict the risk
of falls (26).

Grouping for analyses

We conducted several analyses to evaluate the data ac-
cording to the demographics of the patients. Figure shows
the study flowchart. To decrease the bias of other diseases,
we first excluded participants with muscle weakness due to
other diseases, such as brain stroke or spinal cord injury,
based on a doctor’s evaluation and medical history (AD, n=
133; DLB, n=69). We defined this population as group A.
Next, we set the age criteria, since older people already
have various reasons they might fall, as well as the MMSE
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score criteria, since the accuracy of the reproducibility of
the results would be lower in patients with severe dementia
than mild stage. Group B was screened for their age and

Table 1. The Fall Risk Index-21 (FRI-21).

QI. Tripping or stumbling

Q2. Inability to ascend or descend stairs without help
Q3. Decreased walking speed

Q4. Inability to cross a road during a green signal interval
Q5. Inability to walk 1 km without a break

Q6. Inability to stand on one leg for 5 seconds (eyes open)
Q7. Using a cane

Q8. Inability to wring a towel

Q9. Dizziness or faintness

Q10. Stooped or rounded back

QI11. Knee joint pain

Q12. Visual trouble

Q13. Hearing trouble

Q14. Decline in cognitive functioning

QI5. Fear of falling

Q16. Taking five or more prescribed drugs

Q17. Sensation of darkness at home

QI18. Obstacles inside the house

Q19. Barriers on the carpet or floor

Q20. Using steps daily at home

Q21. Steep slopes around home

All patients
AD, n=2,683,and DLB, n=410

Physical ability screened

Group A: Physical ability identified
AD, n=2,490, and DLB, n = 341

Age screened

Cognitive test result screened

I

Group B: Cognitive test result identified
AD, n=367, and DLB, n =45

Fall event within 1 year

Group C: All criteria included
AD, n=275, and DLB, n =26

Figure.
Mental State Examination

cognitive function; patients older than 75 years (AD, n=
1,915; DLB, n=272) and those with an MMSE score <18
points (AD, n=208; DLB, n=24) were excluded, based on
previously reported cut-off levels between mild and severe
AD (27, 28). The remaining patients were selected for the
group B evaluation. Finally, because it is ideal to be able to
conduct screening before a fall event occurs, we excluded
participants with a history of falls in the past year in order
to rule out the impact of a fall event (AD, n=92; DLB, n=
24). The remaining patients progressed to group C screen-
ing.

We thus categorized the study participants based on a set
of criteria into three groups: (A) physical ability; (B) physi-
cal ability, age, and cognitive function; and (C) physical
ability, age, cognitive function, and fall events.

Statistical analyses

We performed descriptive analyses using the demographic
data of the patients. We derived the mean scores and 95%
CIs for quantitative variables, numbers, and percentages for
qualitative variables. The two groups of DLB and AD were
compared; quantitative data were evaluated using the #-test,
and qualitative variables were evaluated using Fisher’s exact
test. Next, we determined a cut-off point that would differ-
entiate DLB from AD. For a revised evaluation, the sensitiv-
ity, specificity, and area under the receiving operating char-

Exclusion: Muscle weakness due to
other diseases
AD,n=133, and DLB, n =69

Exclusion: Age >75 years
AD,n=1,915,and DLB, n =272

Exclusion: MMSE score <18 points
AD, n=208, and DLB, n =24

Exclusion: Fall event
AD,n=92,and DLB,n= 19

Study flowchart. AD: Alzheimer’s disease, DLB: dementia with Lewy bodies, MMSE: Mini-
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Table 2. Demographic Data of All Study Participants.

Total (n=3,093) AD (n=2,683) DLB (n=410) p value

Sex, female (%) 69.6 70.8 61.5
Age (years) 79.05 (6.95) 78.99 (7.03) 79.43 (6.41) N.S.
BMI (kg/m?) 21.80 (3.53) 21.80 (3.48) 21.82 (3.84) N.S.
MMSE 17.93 (5.04) 17.91 (5.00) 18.05 (5.35) N.S.
GDS 4.14 (3.01) 3.98 (2.94) 5.25(3.22) <0.01
BI 92.19 (14.88) 93.27 (13.45)  85.06 (20.80) <0.01
TIADL

Male 2.87 (1.43) 2.94 (1.42) 2.50 (1.42) <0.01

Female 4.99 (2.14) 5.09 (2.10) 4.16 (2.27) <0.01
Frailty (%) 19.90 18.60 28.80 <0.01

Data are presented as the mean (standard deviation) or %. p<0.01: statistically significant
difference between the AD and DLB groups. AD: Alzheimer’s disease, BI: Barthel Index,
BMI: body mass index, DLB: dementia with Lewy bodies, GDS: Geriatric Depression
Scale, IADL: Instrumental Activities of Daily Living, MMSE: Mini-Mental State Examina-

tion, N.S.: not significant

Table 3. FRI-21 Scores and Percentages of Fall Events within 1 Year for Patients with AD and DLB in Each Group.

Group A Group B Group C
AD DLB p value AD DLB p value AD DLB p value
FRI-21 8.80(3.96) 11.43(3.66) <0.01 6.31(3.31) 9.65(3.64) <0.01 5.49(2.80) 8.58(3.78)  <0.01
Fall event (%) 35.7 56.9 <0.01 232 35 N.S.

Participants are grouped into three groups according to physical ability (group A); physical ability, age, and cognitive test results (group B); and physical

ability, age, cognitive test results, and fall events (group C). Data are presented as the mean (standard deviation) or %. p<0.01: statistically significant
difference between the AD and DLB groups. AD: Alzheimer’s disease, DLB: dementia with Lewy bodies, FRI-21: Fall Risk Index-21, N.S.: not signifi-

cant

acteristic (ROC) curve (AUC) were calculated at each point
for the diagnosis of DLB.

All data management and statistical analyses were per-
formed using the SPSS™ Statistics software program, version
26.0 (IBM, Armonk, USA). P<0.05 was considered statisti-
cally significant.

Results

Table 2 shows the demographic data of all participants; a
total of 2,683 patients were diagnosed with AD and 410
with DLB. There was no significant difference between the
two groups with respect to the age, BMI, or MMSE score.
The GDS score was significantly worse in patients with
DLB than in those with AD. The scores of daily living abil-
ity, BI and IADL, showed significant group differences, and
the ratio of frailty was also higher in the DLB group than in
the AD group.

Supplementary materials 1-3 present the demographic
data of the patients in groups A, B, and C, respectively. The
MMSE score was significantly better in DLB patients than
in AD patients in groups B and C. Regarding the abilities of
daily living, both the BI and IADL showed significant dif-
ferences between DLB and AD patients in group A but not
in groups B or C. The ratio of frailty was higher in patients
with DLB than in those with AD in all three groups.

Table 3 shows the FRI-21 scores and percentage of fall

events within one year for the patients in each group. Over-
all, the FRI-21 score was significantly worse in the DLB
group than in the AD group. In group A, the DLB patients
had more fall events; however, in group B, there was no sig-
nificant difference in fall events between DLB and AD pa-
tients.

Using the FRI-21 score, we calculated the ROC curves
(Table 4) to differentiate between AD and DLB in each
group. The AUC was 0.688 (95% CI, 0.678-0.834) for
group A. We then determined the cut-off for discrimination.
The maximum cut-off of the Youden Index was 10/11 (sen-
sitivity, 0.641; specificity, 0.816). The AUCs were 0.756
(95% CI, 0.678-0.834) and 0.746 (95% CI, 0.647-0.845) for
groups B and C, respectively. The maximum cut-off for the
Youden Index was 9/10 in both groups (group B: sensitivity,
0.575; specificity, 0.816; group C: sensitivity, 0.462; speci-
ficity, 0.895). Among the 3 groups, group C had the highest
specificity, indicating that the probable ratio to distinguish
DLB from AD was 0.895.

Discussion

The FRI-21 questionnaire evaluates the fall risk in daily
situations and may help caregivers provide appropriate sup-
port to patients in order to prevent falls. Frequent falling is
considered a characteristic feature of DLB, and it would be
ideal to diagnose DLB and prepare a prevention strategy be-
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Table 4. Results of the ROC Analysis (Cutoff, Sensitivity,

Specificity, and AUC).
Cutoff  Sensitivity
Group A 10/11 0.641
Group B 9/10 0.575
Group C 9/10 0.462

Specificity AUC (95% CI)
0.665 0.688 (0.678-0.834)
0.816 0.756 (0.678-0.834)
0.895 0.746 (0.647-0.845)

Cutoff: cutoff score of the Fall Risk Index-21 (FRI-21), CI: confidence interval,
ROC: receiver operating characteristics, AUC: area under the curve

fore any fall occurs. As patients and their caregivers can an-
swer the FRI-21 questionnaires themselves, it is a conven-
ient and time-saving tool for doctors.

The novelty of our study is the practical application of
the FRI-21 questionnaire. For a definitive diagnosis of DLB,
a detailed examination is necessary. Therefore, previous re-
ports have indicated the use of a specialized instrument or
elaborated evaluation to distinguish between DLB and AD.
However, a screening tool for a routine clinical evaluation
for DLB in patients with cognitive deficits has not yet been
established. We therefore focused on one of DLB’s charac-
teristic symptoms - falling - and analyzed the risk with a
tool that can be used in actual daily clinical situations.

Another feature of our study is that we were able to fur-
ther categorize participants into subgroups to analyze the
cognitive function, age, and percentage of fall events. As
shown in Table 2 and Supplementary materials 1-3, all
groups maintained an average score of >85 points in BI, in-
dicating that the included patients were independent in terms
of their basic activities of daily living. Furthermore, in
groups B and C, there was no significant difference between
the AD and DLB groups in terms of the BI and IADL
scores. By contrast, the frailty score was always higher in
the DLB group than in the AD group, even in the groups
with the most basic activities of daily living level, indicating
an increased likelihood of falling. This suggests that the
FRI-21 questionnaire is useful for evaluating the possibility
of fall at a stage without significant differences in the activi-
ties of daily living, illustrating the effectiveness of this tool
at a relatively early stage of the disease.

Another novel point of our study is that we analyzed sev-
eral parameters, including the 1) age, 2) cognitive function,
and 1) fall event itself. First, in elderly patients, any number
of factors can be associated with falls, such as eyesight dete-
rioration and muscle weakness. These factors might have
generated a bias in our analysis. In addition, patients
younger than 75 years old have a higher possibility of ac-
tively participating in various therapies, such as occupational
therapy, than older patients. As DLB is a disease that can
occur at a relatively young age, and falling events can se-
verely reduce the quality of life of patients, fall prevention
strategies have a greater impact on younger patients than
older ones. Second, the group with a low MMSE score re-
portedly did not respond well to a fall prevention pro-
gram (29). We hypothesized that patients in the mild stage
of cognitive impairment (27, 28) would respond better to

improvements in the daily environment and interventions,
such as rehabilitation, than others. Furthermore, the medical
costs for DLB were calculated to be 70% greater than those
for AD due to differences in the cognitive and functional
status of the patients (30, 31). Therefore, the early diagnosis
of DLB and a fall risk evaluation and prevention will help
reduce medical costs as well. Third, the evaluation of the
fall risk in these patients (Table 3) denoted a higher risk in
patients with DLB than in those with AD in all groups, as
fall events were significantly more frequent in group A than
in group B. This implies that the history of a fall event
alone is inadequate to evaluate the risk, and the use of the
FRI-21 questionnaire may be more useful. Group B showed
better specificity (0.815) than group A (0.665), but group C
showed the highest specificity (0.895). There was no signifi-
cant difference with regard to fall events in group B be-
tween patients with DLB and AD (Table 3). The increasing
specificity from group A to group C in Table 4 demonstrates
the utility of this tool at a relatively early phase in young
patients with mild cognitive decline and no falls. To support
the interpretation of these results, we also evaluated the inci-
dence rate of main parkinsonism, which is characterized by
tremor, rigidity, bradykinesia, akinesia, and retropulsion, in
each group; the incidence rates were 51% (174/341 patients)
in group A, 60% (27/45 patients) in group B, and 50% (13/
26 patients) in group C. The rate of parkinsonism was not
increased in group C. This suggests the possibility of using
this tool to evaluate latent symptoms of parkinsonism and
the risk of falls.

Several limitations associated with the present study war-
rant mention. First, as the results depend on the answers to
the questionnaire, the accuracy of these answers may be af-
fected by the level of cognitive dysfunction of the partici-
pant; although a previous study evaluated its validity and re-
producibility (27), this is a common problem with such
studies among patients with dementia. A longitudinal study
is thus necessary to ascertain the reliability of this assess-
ment. Second, we used only the MMSE as a scale for evalu-
ating the cognitive function, as the purpose of this study
was to establish an analysis during routine clinical examina-
tions. Therefore, it is important to examine the cognitive
function using other scales in further evaluations of this tool.

The findings of this study will help formulate preventive
interventions for patients at risk of falls and alert patients
and their caregivers on the risk of future falls. These find-
ings are particularly applicable to young patients with mild
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cognitive dysfunction who have a high score on this scale.
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