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Abstract
This study aimed to develop a criterion for screening high risk elderly
using Demura’s fall risk assessment chart (DFRA), compared with the Tokyo
Metropolitan Institute of gerontology (TMIG) fall risk assessment chart.
Participants included 1122 healthy elderly individuals aged 60 years and over
(380 males and 742 females) 15.8% of whom had experienced a fall. We
assessed fall risk of the elderly by DFRA and TMIG. To develop a criterion for
screening

high

fall

risk

subjects

among

community-dwelling

elderly,

receiver-operating-characteristic (ROC) analysis was conducted using fall
experience (separated into the categories of faller and non-faller) and the
following fall risk scale scores: (1) TMIG score, (2) DFRA score, and (3)
potential for falling score according to the DFRA (summing the scores of three
items). In ROC analyses, the area under the ROC curve (AUC) for evaluating
the potential for falling gave a value of 0.797 (95% CI = 0.759-0.834) which
proved better than the evaluation of the overall TMIG (0.654, 95% CI =
0.600-0.706) and DFRA scores (0.680, 95% CI = 0.633-0.727). Assessment of
the potential for falling and fall experience are of benefit in screening for
3

elderly persons deemed to be at a high fall risk. Further examinations based on
the prospective data setting will be required.

Keywords: ROC analysis, cross-sectional study, prevention of falls, risk
profiles

1. Introduction
Prevention of falls for the elderly is an extremely important social issue
(American Geriatrics Society, 2001; Perell et al., 2001; Chan et al., 2006;
Russell et al., 2009). Various approaches to prevent these falls have been
examined, one of which was fall risk assessment. The main objective of fall risk
assessment is to connect the outcomes these assessments to prevent falls in
the future. Thus, fall risk assessment should provide information concerning
the prediction of the possibility of falling in the future and the determination of
problems that lead to falls for individuals.
In the many cases, before a fall occurs, the “precursors” that a fall is
about to happen appear as a stumble, slip, stagger, etc. However, because the
4

causes of a fall are infinite in variety it is difficult to screen for high-fall risk
subjects among the elderly population using only a composite index which
summarizes the assessments regarding each fall risk factor. Furthermore, in
the previous study it was reported that there is a limitation in the ability to
predict fall experiences from an overall score consisting of several risk factors
because of the diversity pattern of fall causes among individuals (Demura et al.,
2010a). It may be recommended that the possibility of future falls (screening
the high-fall risk elderly) be checked by the assessment of precursors for a fall,
and, next, a risk profile assessment is conducted for multi-factorial risk
domains to determine problems that lead to falls for individuals. Based on
these processes, the prevention measures for falls can be developed for the
individual.
Several fall risk assessments have been reported which have been
based on questionnaires and performance tests (Tinetti et al., 1988; Suzuki,
2000; Gates et al., 2008; Tiedemann et al., 2008). Fall risk assessments that
are questionnaire-based are an inexpensive and simple method and are widely
used for the general population. In Japan, the fall risk assessment chart
5

developed by the TMIG is widely used for the community-dwelling elderly
population (Suzuki, 2000). However, it has been suggested that this chart is
unclear with respect to the selection process of the assessment items as well
as the basis for criteria calculation for the screening of high risk elderly.
Furthermore, it is difficult to determine a risk profile for specific individuals
(Demura et al., 2010a,b). Considering these problems, we aim to develop a
new fall risk assessment chart. We have examined a selection of useful
assessment items (Demura et al., 2010b), and have examined useful risk
factor to predict fall experience (Demura et al., 2010a). However, there is no
criterion for the screening of high fall risk elderly based on objective evidence.
This study aims to develop a criterion for screening high-risk elderly with
respect to DFRA chart and, subsequently, to compare these criteria with the
TMIG fall risk chart.

2. Subjects and methods

2.1. Subjects and data collection

6

The subjects participating in this study were healthy community-dwelling
elderly individuals aged 60 and over, living in the Akita, Kanagawa, Ishikawa,
Fukui, Nagano, Gifu, Aichi, Tottori and Fukuoka prefectures in Japan. Mail or
field surveys were sent to 1927 elderly subjects from which there were 1464
respondents. Among these, 1122 elderly (70.3 + 7.1 years) showing missing
values of less than 10% were used for data analysis in this study. This pool of
subject was composed of 380 males (70.5 + 7.0 years) and 742 females (70.4
+ 7.2 years) with 177 of them (15.8%) having had a fall experience in the last
12 months.

2.2. Fall risk assessment
The DFRA is composed of previous fall experience and 50 other fall risk
assessment items representing the five risk factors regarding the “potential for
falling,” “physical function,” “disease and physical symptoms,” “environment,”
and “behavior and character” (Demura et al., 2010a,b). The “potential for
falling” that a fall is currently happening and is a concept regarding the
occurrence of precursors that are related to falls, such as the act of stumbling.
7

We assessed the potential for falling by asking the patients to answer the
following three questions: “Have you often stumbled?” “In the past year, have
you felt like you might fall down?” and “Have you ever been told that you look
like you might fall down?” Physical function was assessed using 22 items
selected from three categories (fundamental function, advanced function, and
gait) and eight elements (muscular strength, lower limb strength, balancing
ability, walking ability, going and down stairs, changing and holding posture,
upper limb function, and gait). Diseases and physical symptoms were
assessed using 13 items selected from six categories (dizziness and instances
of blackout, medication, sight/hearing and cognitive disorder, cerebral vascular,
arthritic and bone disease, and circulatory disease). The environment was
assessed using four items selected from two categories (surrounding
environment, and clothing). The behavior and character was assessed using
eight items selected from four categories (inactivity, frequent urination, fear of
falling, and risk behavior). All questions were responded to on a dichotomous
scale (yes or no), and with 1 point being assigned to each response falling into
the “high risk” category.
8

In addition, we also used the TMIG fall risk assessment chart. The TMIG
assessment chart is composed of 15 items with each item assessed using a
dichotomous scale (yes or no). The subject with an overall score of 5 or higher
or with fall experience is considered to be at a high risk for a fall.

2.3. Analyses
To develop a criterion for screening high fall risk subjects among the
community-dwelling elderly, ROC analysis was conducted using previous fall
experience (faller or non-faller) and the followed fall risk scale scores; (1)
TMIG score, (2) DFRA score, and (3) potential for falling score for the DFRA.
We performed the ROC analysis on all of the trial models and determine the
AUC of the ROC. Next, we calculated the positive likelihood ratio with a 95%
confidence interval (95% CI) and set cut-off points in order to maximize the
sensitivity and specificity for each score.

2.3.1. ROC analyses based on TMIG score
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The TMIG score (TMIG-15) was calculated by summing all 15 items in the
TMIG scale. As mentioned above, in the TMIG fall risk scale, a cut-off point for
screening high fall risk subjects is recommended to be a score of 5 points
without statistical procedures (Suzuki, 2000). To confirm the cut-off point of the
TMIG for screening high fall risk person, we conducted ROC analysis using the
TMIG-15 as a dependent variable.
The TMIG scale includes previous fall experience. However, we must use
fall experience as a dependent variable in this study based on cross-sectional
data. Therefore, we confirmed the accuracy of predictions made regarding the
TMIG when excluding the influence of the previous fall experience. Thus, we
calculated the TMIG score which summed over 14 TMIG item scores, excluding
the “previous fall experience” (TMIG-14). Then the ROC analysis was
conducted using the TMIIG-14 score as a dependent variable.

2.3.2. ROC analyses based on DFRA score
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The DFRA score was calculated by summing over 50 fall risk item scores.
This study conducted ROC analysis using the DFRA score as a dependent
variable.

2.3.3. ROC analyses based on the score of the potential for falling in the DFRA

scale
The potential for falling in the DFRA scale was calculated by summing
over the scores for three items (PF-3). Next, ROC analyses were conducted
using this score to confirm the accuracy of predictions regarding these
precursors. In our previous study, we confirmed that the relationship between
previous fall experiences and the potential for falling score was comparable to
those with overall DFRA score. If the degree of fall risk in elderly subjects
could be predicted from the score of potential for falling, simplifying as well as
improving fall risk screening.
Furthermore, for comparison with the TMIG scale, a similar ROC analysis
was also conducted using the scores of four items concerning previous fall
experience combined with the three potential for falling (PF-4).
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3. Results
3.1. ROC curve in TMIG
In ROC analysis using the TMIG-14 score (excluding fall experience) (Fig.
1a), the AUC was 0.654 (95% CI = 0.602-0.706). A cut-off point was set at 3
points and the sensitivity and specificity were 0.425 and 0.169, respectively.
Fig. 1b shows the ROC curve using the TMIG-15 score (including fall
experience). The AUC, cut-off point, sensitivity and specificity were 0.786 (95%
CI = 0.747-0.825), 4-points, 0.594, and 0.831, respectively.

3.2. ROC curve in DFRA
In ROC analysis based on an overall score of DFRA (Fig. 2), the AUC
was 0.680 (95% CI = 0.633-0.727). The cut-off point was set at 22 points, and
the sensitivity and specificity were 0.306 and 0.072.

3.3. ROC curve in potential for falling DFRA score
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In the ROC analysis using the PF-3 score (Fig. 3a), the AUC was 0.797
(95% CI = 0.759-0.834). The cut-off point was set at 1 point, and the sensitivity
and specificity were 0.869 and 0.657. When using the PF-4 score (including
previous fall experiences) (Fig. 3b), the AUC was 0.946 (95% CI =
0.931-0.960). The cut-off point was set at 2 points, and the sensitivity and
specificity were 0.869 and 0.906. These results show effectiveness of fall risk
prediction using the potential for falling.

4. Discussion
This study examined a criterion for screening high fall risk elderly based
on the ROC analysis. The TMIG fall risk scale, which is widely used in Japan,
recommends a score of 5 points as a criterion for high fall risk in elderly
persons. However, there is no report regarding an objective basis for the
calculation of this criterion. In fact, in the examination of the validity of the
criterion in the TMIG based on our study sample, cut-off points for screening
fallers (participants who had previous experienced episodes of falling) was
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different from the recommended value. This result indicates the importance of
this statistical demonstration in the development of a criterion for screening.
Our previous study has reported that risk factor of the potential for falling
are closely related to previous fall experience, compared with other fall risk
factors of “physical function”, “disease and physical symptoms”, “environment”,
and “character and behavior” (Demura et al., 2010a). Therefore, we examined
the screening of high fall risk by potential for falling score, and proposed the
criterion in this study.
In ROC analysis, the AUC evaluates the diagnostic accuracy of the test
because the area is equal to the provability of accurately discriminating
between a randomly chosen person with the outcome and a randomly chosen
person without the outcome (Eisenmann et al., 2010; Wray et al., 2010). It has
been suggested that the AUC be interpreted according to the following
guidelines: non-informative/test equal to chance (AUC = 0.5), less accurate
(0.5 < AUC < 0.7), moderately accurate (0.7 < AUC < 0.9), highly accurate (0.9
< AUC < 1.0), and perfect discriminatory test (AUC = 1.0) (Swets, 1988;
Eisenmann et al., 2010). An AUC of 0.8 has been stated to represent a
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reasonably powerful model. In this study, the AUC for evaluating the potential
for falling score (3 items) gave a value of 0.80 and it was better than for
evaluating the overall scores of the TMIG (15 items) and the DFRA (50 items).
Furthermore, this value was better than those reported in previous studies
examining the validity of performance tests for the screening of high fall risk
(Muir et al., 2008). It indicates the availability of screening by the potential for
falling.
The potential for recurrent falls or multiple falls is high, and “previous fall
experience” is one of the important assessment items in a fall risk assessment
(American Geriatrics Society, 2001). Therefore, although this study examined
cut-off points using the potential for falling score, a fall risk assessment which
takes into account previous fall experience in the three items in the potential
for falling may prove effective in improving the accuracy of predicting future
instances of falling.
On the other hand, the criterion proposed in this study has a limitation.
Fall risk is defined as the possibility of a fall occurring in the future. Therefore,
essentially, it is preferable that validity of a criterion for screening high fall risk
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is examined by falls in the future based on the prospective study setting.
However, because this study is based on a cross-sectional data setting, we
have to analyze our results using previous fall experiences. In further
examinations, the accuracy of predictions regarding future instances of falling
should be examined based on the prospective study.
According to the results in this study, the assessment of the potential for
falling may be useful to screen high fall risk subjects, but it cannot propose
information concerning the specific risk profile for individuals. Comprehensive
assessment based on several risk factors is essential for taking measures to
prevent falls in the future. Fall risk assessment is not an end in itself, and the
outcomes will be incorporated into the prevention of falls. Therefore, it is very
important to determine problems for specific individuals in addition to
comprehensive screening for patients who are at a high risk for falling. The
results of this study support that idea that the potential for falling and previous
fall experience provide useful information for the screening of high fall risk
subjects. However, we do not deny the significance of the assessment of other
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risk factors. Further research will be required to develop an assessment of the
fall risk profile for individuals based on multiple risk factors.

5. Conclusion
This study examined a criterion for screening high fall risk elderly
subjects and proposed a cut-off point based on the potential for falling score.
In addition, in examinations based on our study sample, a cut-off point for
screening using the TMIG fall risk scale differed from the previously
recommended cut-off value for screening high fall risk elderly. Assessment of
the potential for falling and previous fall experience is beneficial for screening
high fall risk elderly. In addition, further research examining the accuracy of
predictions regarding future instances of falling will be required based on the
prospective data setting.
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Fig. 1. The result of ROC analysis based on the TMIG score: (a) ROC curve when using the TMIG-14
score; (b) ROC curve when using the TMIG-15 score
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Fig. 2. The result of ROC analysis based on the DFRA
score
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Figure 3. The result of ROC analysis using the score of potential for falling in the DFRA: (a) ROC curve when
using the PF-3 score; (b) ROC curve when using the PS-4 score

