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Abstract
Aim: This study aimed to determine the main risk factors for 
falls in patients with Alzheimer disease (AD) by comparing 
balance, cognition, and visuospatial ability between those 
who have experienced a fall and those who have not. Meth-
ods: Forty-seven AD patients were admitted to a ward for 
patients with dementia (22 men and 25 women). The bal-
ance of patients was evaluated using the Functional Reach 
Test (FRT), the one-leg standing duration, and the Timed Up 
and Go (TUG) test. The Mini-Mental State Examination-Japa-
nese (MMSE-J) was used to evaluate cognition. For visuospa-
tial ability assessment, the Clock-Drawing Test (CDT) as well 
as overlapping figure identification and shape discrimina-
tion in the Visual Perception Test for Agnosia (VPTA) were 
used. The patients were allocated to either the fall group or 
the nonfall group based on their history of falls in the past 
year. The relationships between patients’ characteristics and 
evaluation outcomes were compared and examined. Logis-

tic regression analysis was performed using a fall as the ob-
jective variable. The area under the curve (AUC) and the cut-
off value were calculated. Results: Of the 47 participants, 22 
had experienced falls within the past year (46.8%). The re-
sults of the FRT, one-leg standing duration, the TUG, the CDT, 
and the VPTA were significantly lower in the fall group. No 
significant difference between the MMSE-J scores of the fall 
group and those of the nonfall group was observed. The re-
sults of the logistic regression analysis indicated that falls in 
AD patients were significantly associated with the FRT. It was 
found that a shorter FRT distance (cm) had a significant im-
pact on falls. For the FRT, the fall-related AUC was 0.755. At a 
cutoff value of 24.5 cm, the level of sensitivity was 68.0%, and 
the level of specificity was 77.3%. Conclusions: The findings 
of this study indicate that balance and visuospatial abilities 
are risks factors for falls in AD patients. In contrast, cognitive 
impairment was not a risk factor for falls. It was demonstrat-
ed that the FRT could be an appropriate risk predictor for falls 
in AD patients. In particular, falls in AD patients were strong-
ly affected by a reduced dynamic balance.
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Introduction

A fracture from a fall accounts for approximately 10% 
of all causes that lead to long-term care needs in older 
adults. Therefore, falls in older adults are a serious con-
cern for the community in Japan. Particularly, patients 
with dementia are at high risk for a fall [1–5]. It has been 
found that a patient can become bedridden following a 
fall, accelerating the progression of dementia [6]. Hence, 
prevention of falls in patients with dementia is key to 
averting the progression of dementia and the increased 
burden of nursing care. Studies have found that the causes 
of falls in patients with dementia include reduced balance 
[7, 8], advanced dementia [9], the presence of advanced 
white matter lesions as determined by a head MRI [10], 
behavioral and psychological symptoms of dementia 
[11], consumption of antipsychotics [10], hypertension 
[2], and a reduced visuospatial ability [12, 13]. A few of 
these studies have reported on the relationship between a 
reduced visuospatial ability and falls and pointed out that, 
compared to gait disorders, a reduced visuospatial ability 
is more significantly associated with falls [12, 13]. These 
studies have examined patients with dementia other than 
Alzheimer disease (AD). Therefore, they may not have 
sufficiently examined reduced balance in comparison 
with visuospatial disability in association with the risk of 
falls in patients with dementia. Hence, the authors de-
cided to investigate which conditions among balance 
evaluation, cognition evaluation, or visuospatial ability 
evaluation best predict falls in patients with AD. This 
study examined patients with AD, which reportedly ac-
counts for half to 3 quarters of the total cases of dementia 
[14]. We aimed to analyze the characteristics of falls in 
patients with AD by evaluating and comparing balance, 
cognition, and visuospatial ability between those who 
have experienced a fall and those who have not.

Materials and Methods

Participants
Forty-seven AD patients admitted to a ward for patients with 

dementia (22 men and 25 women; mean age 80.9 ± 6.3 years) were 
enrolled.

Patients were admitted to the dementia care ward for various 
purposes including: early diagnosis and early treatment of demen-
tia, treatment of physical complications, and management of be-
havioral and psychological symptoms. The inclusion criteria were: 
consecutive admission to a dementia care ward and a diagnosis of 
AD by a physician based on the 10th version of the Internation- 
al Classification of Diseases (ICD-10). The exclusion criteria in-
cluded the following 6 potential causes of falls: (1) inability to walk 

50 m or more (a functional independence measure [FIM] score of 
5 points or lower for walking; (2) motor paralysis; (3) severe sen-
sory disturbances; (4) a history of impaired consciousness, loss  
of consciousness, or delirium; (5) marked visual impairment; and 
(6) being considered ineligible for this study by the principal in-
vestigator. One of the authors evaluated each participant within 1 
week of admission. Data on the participant’s characteristics (sex, 
age, duration of AD, number of years of education after graduating 
elementary school, comorbidities, number of types of medicines) 
were obtained from the hospital’s medical records (Table 1).

Evaluation
Patients were evaluated using the following tests: the Mini-

Mental State Examination-Japanese (MMSE-J) [15] for cognition; 
the Functional Reach Test (FRT) [16], one-leg standing duration, 
and the Timed Up and Go Test (TUG) [17] for balance; the Clock-
Drawing Test (CDT) [18] and overlapping figure identification 
and shape discrimination in the Visual Perception Test for Agno-
sia (VPTA) were sued to assess visuospatial ability.

This study depicted the method reported by Duncan et al. [16] 
for performing the FRT. Participants started the test in a standing 
position with their legs spread shoulder width apart. They then 
reached forward without changing the base of support, with their 
shoulder joints flexed at 90 degrees, elbow joints fully extended, 
and forearms pronated, which was the starting position of the 
limbs. In this position, the participant made a loose fist, and the 
tips of the middle fingers were set as the starting points. The hori-
zontal distance between the starting and end points, which were 
the points that the participant could reach in the above position, 
were measured in centimeters using a measuring tape. The dis-
tance was measured twice. The higher measurement was used as 
the representative value.

For measurement of the one-leg standing durations, the par-
ticipants rounded their shoulders and positioned their arms in 
front of the chest while keeping their eyes open. The duration for 
which each participant could maintain their posture, from the time 
when the sole of one of the feet leaves the floor to the time when it 
again touches the ground, was measured using a digital stop watch. 
The duration was measured twice on each side (right and left). The 
mean of the longer duration (in s) on both sides was used as the 
representative value.

The method of Okaji and Iida [17] was adopted for perfor-
mance of the TUG. The time (in s) that it took for each participant 
to complete the following movements was measured: standing up 
from the chair, walking 3 m to the target object, turning around, 
walking back to the chair, and sitting down on it. Each participant 
started the test in a seated position with their back and buttocks in 
contact with the seat back. The measurement was started when the 
examiner said “go.” The time from the start of measurement until 
the buttocks of the participant came in contact with the seat was 
measured using a digital stop watch.

The CDT evaluates visuospatial ability and executive function. 
It is a simple test that is widely used in dementia screening. In this 
study, the participants were instructed to draw a clock indicating 
11: 10 on white paper. Their performance was evaluated with a 
score ranging from 0 to 10 points in accordance with the method 
of Rouleau et al. [18]. The higher the score, the more favorable the 
participant’s function.

For the overlapping figure identification and shape discrimina-
tion tasks of the VPTA, the participants were shown a picture of 
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overlapping objects or geometric shapes on a card (card 1). They 
were asked to say the names of the objects or the number of the 
geometric shapes drawn. The participant was asked to trace the 
contour of each object and shape with a finger if they found it dif-
ficult to say the names of the objects or the number of the shapes. 
Subsequently, they were shown another card (card 2) on which 
multiple figures including those drawn on the previous card (card 
1). The participants were shown both cards (cards 1 and 2) simul-
taneously. The participants were then asked to point to the shapes 
that were drawn on both cards. Their performance was evaluated 
with a score ranging from 0 to 6 points, which was based on the 
number of correct answers. The lower the score, the more favor-
able the participant’s function.

In addition to the above evaluations, the Neuropsychiatric In-
ventory (NPI) was used to evaluate the behavioral and psycholog-
ical symptoms of dementia, and the FIM was used to evaluate ac-
tivities of daily living.

Procedures
All of the evaluations were performed by a physical therapist 

(with 14 years of experience) or an occupational therapist (with 
10–16 years of experience) within a week after hospitalization. 
During all of the evaluation periods, the participants’ oral medica-
tions and conditions remained unchanged.

Falls were defined as “any unintentional action where a part of 
the body other than the soles of the feet comes in contact with the 
ground or lower location” [19]. Information regarding the pa-
tient’s fall history was obtained from the main caregiver. The main 
caregiver was also familiar with the patient’s prehospitalization 
living conditions and therefore also provided information regard-

ing the patient’s prehospital history in the last year, for assess-
ment.

The participants were categorized into those who had experi-
enced falls within the last year (fall group; n = 22) and those who 
had not (nonfall group; n = 25).

Data Analysis
In comparing the fall group and the nonfall group, the Fisher 

exact test, a 2-sample t test, and the Mann-Whitney U test were 
used. The effect size (φ) was calculated for the Fisher exact test, and 
the effect size (r) was calculated for the 2-sample t test and the 
Mann-Whitney U test. The index proposed by Cohen [20] was 
referenced to interpret the effect size, with 0.1–0.29 as low, 0.3–
0.49 as moderate, and ≥0.5 as high.

Also, to validate the degrees of impacts, a logistic regression 
analysis (forward stepwise selection, the likelihood ratio test) was 
performed. In doing so, history of falls was set as an objective vari-
able, and items for which significant differences were observed 
were set as explanatory variables.

Additionally, to confirm the effectiveness of fall prediction, a 
receiver operating characteristic (ROC) curve was obtained. In do-
ing so, the results of the logistic regression analysis were set as in-
dependent variables, and history of falls as an objective variable. 
The cutoff value, the levels of sensitivity and specificity, and the 
area under the curve (AUC) were then calculated. The AUC varies 
between 0.5 and 1. An AUC ≥0.9 indicates a high accuracy one 
between 0.7 and 0.9 indicates a medium accuracy, and one between 
0.5 and 0.7 indicates a low accuracy [21].

SPSS (version 21.0, IBM Corporation, Armonk, USA) was used 
for the statistical analysis, and the significance level was set as < 5%.

Table 1. Participants’ characteristics and evaluation outcomes

Total
(n = 47)

Fall group
(n = 22)

Nonfall group
(n = 25)

p value Effect
size

Men/women ratio 22/25 7/15 15/10 0.080 0.28
Age, years 80.9±6.3 82.9±6.1 79.1±6.0 0.035* 0.31
Duration of AD, months 30 (1–144) 18 (1–132) 36 (3–144) 0.331 0.14
Education, years 6 (0–10) 6 (0–10) 6 (3–10) 0.385 0.13
Comorbidities, n 5 (1–12) 5 (1–11) 5 (1–12) 0.932 0.01
Types of oral medicines, n 7 (0–35) 7 (0–35) 6 (1–27) 0.601 0.08
MMSE-J scorea 16.4±5.4 16.7±4.6 16.2±6.1 0.754 0.05
NPI scoreb 6 (0–40) 6 (0–36) 4 (0–40) 0.599 0.08
FIM scorec 98 (59–120) 98 (59–117) 98 (73–120) 0.529 0.09
FRT, cm 23.0±8.3 19.5±7.0 26.1±8.3 0.005** 0.40
One-leg standing duration, s 4.2 (0–91.8) 2.5 (0–5.8) 8.0 (0.8–91.8) 0.000** 0.55
TUG, s 12.5 (5.9–91.7) 13.8 (8.0–91.7) 10.0 (5.9–25.9) 0.004** 0.43
CDT scored 5 (0–10) 3 (0–10) 6 (0–10) 0.021* 0.34
VPTA scoree 0 (0–5) 1 (0–5) 0 (0–5) 0.011* 0.37

Values are presented as means ± SD or medians (range) unless otherwise stated. * p < 0.05. ** p < 0.01. Sex: Fisher exact test. Age, 
MMSE-J, FRT: 2-sample t test. Other items: Mann-Whitney U test. a Range:  0–30 points; the higher the score, the more favorable 
the participant’s function. b Range: 1–120 points; the higher the score, the worse the participant’s symptoms. c Range: 18–126 points; the 
higher the score, the higher the degree of independence. d Range: 0–10 points; the higher the score, the more favorable the participant’s 
function. e Range: 0–6 points; the lower the score, the more favorable the participant’s function.
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Results

The participant’s characteristics are shown in Table 1. 
Of the 47 participants, 22 had fallen within the past year 
(46.8%). The differences in sex, AD duration, number of 
years of education, number of comorbidities, types of oral 
medicines, NPI, and FIM were not significant between 
the fall and nonfall groups. The difference in age was sig-
nificant. The fall group (n = 22) was significantly older 
than the nonfall group (n = 25).

Upon comparing cognition, balance, and visuospatial 
ability, the difference in FRT, one-leg standing duration, 
TUG, CDT, and VPTA was significant, with the fall group 
(n = 22) showing a significantly poorer result compared 
to that of the nonfall group (n = 25). Conversely, the dif-
ference in MMSE-J was not significant between the fall 
and nonfall groups (Table 1).

The 2 groups to which the participants were allocated 
based on their history of falls were set as objective vari-
ables. Items for which significant intergroup differences 
(p < 0.05) were observed were selected as explanatory 
variables. The possibility of multicollinearity was also ex-
amined. It was determined that there was no collinearity 
between the explanatory variables because the correlation 
coefficients in internal correlations between the variables, 
which were examined prior to the analysis, were 0.800 or 
below. Hence, binomial logistic regression analysis (for-
ward stepwise selection, likelihood ratio test) was applied 
in choosing the optimal model. In doing so, the following 
6 items were set as explanatory variables: age, FRT, one-
leg standing duration, TUG, CDT, and the overlapping 
figure identification and shape discrimination tasks of the 
VPTA. The results indicated that falls in patients with AD 
were significantly associated with the FRT (OR = 1.118; 
95% CI 1.026–1.219). It was found that shorter FRT dis-
tances had a significant impact on falls (Table 2).

Based on the results of the logistic regression analysis, 
an ROC curve for the FRT, which was extracted as an 

evaluation that had a strong association with falls, was 
created. The levels of sensitivity and specificity, and the 
cutoff value, were then examined. It was found that the 
fall-related AUC for the FRT was 0.755 (95% CI 0.613–
0.896; p = 0.003), and that the FRT had a moderate level 
of prediction precision as per the Anthony classification 
[21]. At a cutoff value of 24.5 cm for the FRT, the level of 
sensitivity was 68.0% and the level of specificity was 77.3% 
(Fig. 1).

Discussion

In this study, patients with AD were allocated to either 
the fall group or the nonfall group. The study then exam-
ined the differences between groups in terms of balance, 
cognition, and visuospatial ability. The results indicated 
between-group differences in the following evaluations: 
the FRT, one-leg standing duration, the TUG, the CDT, 
and the VPTA. The effect size (r) for one-leg standing 
duration was found to be high at 0.55. Moderate effect 
sizes were observed for other indicators (r = 0.34–0.43). 
These results indicated that balance and visuospatial abil-
ity are risk factors for falls in patients with AD. van Dijk 
et al. [7] and Sterke et al. [8] both reported that a reduced 
balance is a predictor of falls. The results of this study 

Table 2. Logistic regression analysis to identify factors associated 
with falls in AD patients admitted to a ward for patients with de-
mentia

OR 95% CI p value

FRT 1.118 1.026–1.219 0.011*

The total number of patients is 47. *  p < 0.05. Dependent 
variables: fall group, nonfall group. Independent variables: 6 items, 
i.e., age, FRT, TUG, one-leg standing duration, CDT, and VPTA.
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Fig. 1. At a cutoff value of 24.5 cm for the FRT, the level of sensi-
tivity was 68.0% and the level of specificity was 77.3%.
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concurred with their findings and confirmed that a re-
duced balance was associated with an increased risk of 
falls. A reduced visuospatial ability is reportedly a factor 
associated with falls in patients with dementia [12, 22]. 
The results of this study support the findings from earlier 
studies. Falls among patients with AD are greatly affected 
by visuospatial ability, which can be evaluated by the 
CDT and the VPTA.

While a low CDT score was found to be a risk factor 
for falls, no significant differences in the MMSE-J were 
observed between the fall and nonfall groups. The 
MMSE-J evaluates general cognition including memo-
ry, orientation, attention, and spatial cognition. Mean-
while, the CDT evaluates not only visuospatial ability 
but also a combination of visuospatial and executive 
functions. Muir et al. [9] and Ambrose et al. [23] point-
ed out that a reduction in attention and executive func-
tions (areas of cognition) is highly likely to increase the 
risk of falls. For an individual to not fall when they 
move, it is particularly necessary for them to exert ex-
ecutive functions such as controlling their thoughts and 
behaviors. This may explain why the incidence of falls 
is greatly affected by executive functions, which can be 
evaluated by the CDT.

In this study, we used multiple indicators to evaluate 
balance and visuospatial ability. Through these evalua-
tions, the study validated the degree of impact of these 
indicators on falls in patients with AD. Based on the 
results of the logistic regression analysis, the FRT was 
extracted as an indicator that is strongly associated with 
the risk of falls. The ROC curve indicated that the fall-
related AUC was 0.755, suggesting that the FRT has a 
moderate level of prediction precision as per the An-
thony classification [22]. These results indicated that 
poor FRT results are associated with an increased risk 
of falls. The FRT measures the distance that the par-
ticipants can reach when they stretch their arms for-
ward in a standing position. It evaluates dynamic bal-
ance in a standing position. The results of this study 
indicated that a patient with AD who has a reduced dy-
namic balance has a higher likelihood of falling. Clini-
cal evaluations that are time consuming to complete 
and those with a high level of difficulty may need to be 
suspended mid-evaluation if the patient who is being 
evaluated complains of fatigue or refuses to continue. 
When evaluating a patient with AD, it is necessary for 
the therapist to collect accurate information on the 
characteristics of the patient by using a small number 
of simple indicators. The FRT is a good test, as it takes 
only several minutes to perform. Also, only simple in-

structions are needed to perform the test. Therefore, 
FRT results can be used as an effective clinical predictor 
of falls in patients with AD.

The ROC curve indicated that the levels of sensitiv-
ity and specificity were 68.0 and 77.3%, respectively, 
when the FRT result was 24.5 cm. Several studies have 
reported on FRT cutoff values for falls in patients with 
different diseases. Thomas and Lane [24] reported that 
an FRT result < 18.5 cm was the cutoff value that could 
be used as a criterion for the risk of falls in fragile older 
adults. Another study reported that an FRT result < 15.0 
cm could be a criterion for the risk of falls in patients 
with poststroke hemiplegia [25]. Yet another study re-
ported that an FRT result of 31.75 cm was the cutoff 
value for falls in Parkinson disease [26]. As shown 
above, various studies have examined the FRT as a pre-
dictor of falls. The results of this study indicated that 
the cutoff value for falls in patients with AD was an FRT 
result of 24.5 cm, meaning that a patient with an FRT 
result < 24.5 cm is at risk of falls. A therapist may use 
FRT results as an indicator for falls in patients with AD. 
In other words, a therapist may be able to select those 
at risk of falls using the FRT and provide advanced care 
to prevent falls for a patient with AD whose FRT result 
is 24.5 cm or shorter, including a fall prevention pro-
gram and reminding the patient to take every precau-
tion to prevent falls.

One of the limitations of this study is that evaluation 
by the CDT may include factors other than visuospatial 
ability. This is because the CDT usually measures not only 
visuospatial ability but also a combination of visuospatial 
and executive functions. This study focused only on pa-
tients with AD admitted to a dementia care ward, and 
hence generalization of the results may not be possible. 
To obtain more generalizable results, patients with AD, 
who are living at home, should also be included in the in-
vestigation of associated factors and history of falls. More-
over, it should be noted that this study retrospectively ex-
amined history of falls in a small number of cases. Future 
studies are warranted to prospectively examine factors for 
falls in a larger number of patients.
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