Vol.2, No.3, 87-93 (2013)
http://dx.doi.org/10.4236/aar.2013.23012

Advances in Aging Research

Risk assessment of and targeted intervention for falls
In the elderly based on the relationship between
physical function levels and risk factors for falls

Susumu Sato, Shinichi Demura? Masanobu Uchiyama®

!Kanazawa Institute of Technology, Ishikawa, Japan; *Corresponding Author: sssato@neptune.kanazawa-it.ac.jp
’Graduate School of Natural Science and Technology, Kanazawa University, Ishikawa, Japan

3Akita Prefectural University, Akita, Japan

Received 22 April 2013; revised 22 May 2013; accepted 2 June 2013

Copyright © 2013 Susumu Sato et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

ABSTRACT

Although fall experience is an important pre-
dictor of future falls, clinicians place too much
emphasis on this factor during risk assessment
of falls. This study aimed to determine individu-
als with high and low fall risk on the basis of the
relationship between physical function levels
[competence in performing activities of daily liv-
ing (ADL)] and risk factors for falls (fall experi-
ence, locomotive organ impairment, and poten-
tial for falling). Participants were 1057 indepen-
dent community-dwelling elderly individuals. ADL
competence and the status of risk factors for
falls were evaluated using a questionnaire and
the relationship between the two was determin-
ed. We calculated the cumulative relative fre-
guency curves for ADL scores after categorizing
the participants into several groups according to
combinations of risk factors and analyzed those
combinations that showed wide individual dif-
ferences in the cumulative relative frequency
curves. Intergroup differences when the partici-
pants were categorized on the basis of fall ex-
perience alone were small; however, those when
the participants were categorized on the basis of
locomotive impairment and potential for falling
were much greater. On classifying the partici-
pants into eight groups on the basis of locomo-
tive organ health, fall risk, and fall experience,
we found that fallers with locomotive impairment
and a high fall risk exhibited the lowest ADL
scores while fallers without locomotive impair-
ment and with a low fall risk exhibited the high-
est ADL scores. Fall risk assessments that are
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overtly dependent on fall experience are funda-
mentally limited. Grouping key risk factors can
help in determining target groups, including high-
risk fallers, low-risk fallers, and high-risk nonfal-
lers, which require primary preventive measures
among the community-dwelling elderly.

Keywords: Locomotive Organ Impairment;
Fall Experience; ADL Competence

1. INTRODUCTION

Japan has the highest longevity indices in the world
(WHO), with a healthy life expectancy of 73 years for
men and 78 years for women [1,2]. Healthy aging by bri-
dging the gap between life expectancy and healthy life
expectancy is therefore important for both individuals
and society. A decline in physical function and locomo-
tive impairment decrease healthy life expectancy, and
falling is a typical event that can induce such sequelae
among the elderly by causing fractures and enhancing
inactivity [3-5]. In addition, a fall experience increases
the risk of future falls. Several interventions that aim to
prevent future falls or maintain or improve physical fun-
ction have been introduced to minimize the fall risk and
other sequelae.

Independent community-dwelling elderly individuals
include those with good physical health and outstanding
physical function as well as those with impaired locomo-
tion, decreased physical function, and low levels of ac-
tivity. Although previous studies have emphasized on fall
experience as a risk factor during fall risk assessment [6],
the diversity in physical function and fall risk levels
among the community-dwelling elderly necessitate the
need for analysis of additional factors in order to devise
appropriate preventive measures against falls. For exam-
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ple, it may be inappropriate to uniformly categorize all
elderly individuals as high-risk fallers following a fall
experience, considering that even young individuals ex-
perience falls. Therefore, there is a need to discriminate
between high-risk fallers and low-risk fallers and deter-
mine individualized interventions. In addition, high-risk
nonfallers also need to be identified as a target group for
primary fall prevention.

Assessing the health of locomotive organs and risk
factors for falls is reportedly essential to apply effective
primary preventive measures for the community-dwell-
ing elderly [7,8]. Fall experiences together with the num-
ber of falls are useful predictors of future falls [9]. Pre-
vious studies developed procedures to screen for elderly
individuals at a high risk of falling using fall experience
as a validity criterion and examination of physical func-
tional characteristics. However, assessments that are overt-
ly dependent on fall experiences may miss out on some
important elderly groups that require targeted interven-
tion. The Japanese Orthopaedic Association has proposed
the concept of a “locomotive syndrome,” which is an
umbrella term referring to locomotive conditions requir-
ing care services or high-risk locomotive conditions that
may soon require care services because of impairments
in locomotive organs [5,10]. Locomotive diseases are
ranked as major reasons attributing to the requirement of
long-term care services among the independent Japanese
elderly and cannot be overlooked while determining ap-
propriate primary preventive measures against falls [11].
Although locomotive organ health and fall risk factors
are often assessed independently, combining these assess-
ments may provide useful information for determining
the required preventive measures and subsequent inter-
ventions.

While independent community-dwelling elderly indi-
viduals cannot be referred to as extremely healthy indi-
viduals, many of them have no serious disorders or im-
pairments. The low-risk individuals in this population
may be defined as those with high levels of physical
function and activity, healthy locomotive organs, and a
low potential for falling. In contrast, high-risk individu-
als can be defined as those with low levels of physical
function and activity, unhealthy locomotive organs, and a
high potential for falling. However, fall risk assessment
based on the classification of community-dwelling eld-
erly individuals as high-risk fallers, low-risk fallers, low-
risk nonfallers, and high-risk nonfallers has not been per-
formed in previous studies. The characteristics of each
category of fallers also remain to be clarified.

The aims of this study were as follows: to deter-mine
the relationship between physical function [activities of
Daily Living (ADL) competence] and the status of risk
factors for falls, including fall experience, locomotive
organ health, and fall risk level; to examine whether a

Copyright © 2013 SciRes.

target group requiring primary preventive measures against
falls, including high-risk fallers and high-risk nonfallers,
could be identified on the basis of this relationship; and
to confirm whether fall experience could independently
identify high-risk fallers among independent elderly com-
munity-dwelling individuals.

2. METHODS
2.1. Participants

A total of 1530 independent community-dwelling eld-
erly individuals were recruited from Ishikawa, Fukui,
Aichi, and Oita Prefectures in Japan. A questionnaire
that included questions related to fall experience, loco-
motive organ impairment, fall risk, and ADL competence
was then administered to all participants. The response
rate was 85% (1296/1530). Participants who provided in-
complete responses were excluded, and 1057 respon-
dents (69%) were eventually subjected to statistical ana-
lysis. A written explanation of the purpose of this study
was provided and written informed consent was obtained
from each participant. This study was approved by the
Ethics Committee on Human Experimentation of Faculty
of Human Science, Kanazawa University.

2.2. Fall Risk Assessment

Fall risk was assessed using Demura’s fall risk assess-
ment chart (DFRA), which includes 50 fall risk assess-
ment items representing five key risk factors: potential
for falling, physical function, disease and physical symp-
tom, environment, and “behavior and character” [12]. All
responses were recorded on a dichotomous scale (yes or
no), with one point being assigned for each response fall-
ing into the high-risk category. The risk factor score was
calculated by adding individual scores of the structural
items of each risk factor. In the DFRA, a comprehensive
fall risk level is evaluated using the potential for falling
score. Potential for falling is a factor concerned with the
presence of fall precursors and is assessed by the fol-
lowing 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?” The cutoff point is set at a single point
(i.e. the screening assessment) [13,14]. Participants were
judged to be high-risk individuals or low-risk individuals
on the basis of their potential for falling score.

2.3. Assessment of Fall Experience

Participants were asked to rate their experiences of
falling in the previous 12 months, and they were classi-
fied as fallers and nonfallers on the basis of their response
to this question.
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2.4. Assessment of Locomotive Organ
Impairment

Participants were questioned whether they had any
joint or musculoskeletal disorders (pain, complaints, di-
seases, disabilities) in the locomotive organs (feet, ankle,
knees, hips) and trunk and were instructed to answer as
yes or no for each site. The participants self assessed the
status of their locomotive organ health. This study identi-
fied an individual to have locomotive impairments if he/
she was symptomatic or had a disorder involving any of
the abovementioned sites.

2.5. Assessment of ADL Competence

To evaluate physical function, the ADL assessment
sheet approved by the Ministry of Education, Culture,
Sports, Science and Technology in Japan was used [15].
This ADL assessment sheet comprises 12 items repre-
senting four domains: locomotive activities, manual ac-
tivities, balancing activities, and posture-changing activi-
ties. Each item is graded on a 3-point scale and scores
are combined to achieve a total score (minimum 12, ma-
ximum 36) and subscale scores. Higher scores are asso-
ciated with better physical function.

2.6. Statistical Analyses

This study classified the participants into several groups
on the basis of risk factor assessment: fall experience
(faller and nonfaller), locomotive organs impairment, and
potential for falling (high-risk individual and low-risk in-
dividual). ADL competence was compared among these
groups to examine the relationship between physical
function and risk factors. Statistical differences in mean
ADL scores among these groups were confirmed by
ANCOVA (adjusted by age effect).

To compare the distribution characteristics of ADL
scores among groups, a frequency distribution was con-
verted to a cumulative relative frequency distribution
curve for each group. Among the groups with different
physical function levels based on ADL competence, their
cumulative relative frequency distribution curves were
positioned to either side. For example, the distribution
curve of a group with high ADL competence tends to po-
sition on the right side (high-score area), whereas that of
a low ADL competence group tends to position on the
left side (low score area). We considered that group dif-
ferences in distribution curves would change depending
on specific fall risk factors and their combinations used
for grouping and that individual factors or combinations
that showed greater intergroup differences could provide
useful information for determining primary preventive
measures against falls.

Participants in this study were grouped as described
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below.

a) Classification by fall experience: On the basis of
fall experience in the previous 12 months, participants
were divided into fallers and nonfallers.

b) Classification by locomotive organ impairment and
potential for falling: On the basis of locomotive organ
impairment and potential for falling, participants were
divided into four groups: a no locomotive impairment
and low fall risk group (NLLR), a no locomaotive impair-
ment and high fall risk group (NLHR), a locomotive im-
pairment and low fall risk group (LLR), and a locomo-
tive impairment and high fall risk group (LHR).

c) Classification by fall experience, locomotive organ
impairment, and potential for falling: On the basis of fall
experience, locomotive organ impairment, and potential
for falling, participants were divided into eight groups:
nonfallers with no locomotive impairment and low fall
risk (NLLR-nonfaller), nonfallers with no locomotive im-
pairment and high fall risk (NLHR-nonfaller), nonfallers
with locomotive impairment and low fall risk (LLR-non-
faller), nonfallers with locomotive impairment and high
fall risk (LHR-nonfaller), fallers with no locomotive im-
pairment and low fall risk (NLLR-faller), fallers with no
locomotive impairment and high fall risk (NLHR-fall-
er), fallers with locomotive impairment and low fall risk
(LLR-faller), and fallers with locomotive impairment and
high fall risk (LHR-faller).

For all three categories mentioned above, cumulative
relative frequency distribution curves were calculated for
each group and statistical differences in mean ADL scores
among groups were determined.

3. RESULTS

3.1. Classification by Fall Experience

The mean ADL score was significantly higher for the
nonfallers than for the fallers (Table 1). In addition, the
cumulative relative frequency distribution curve for the
nonfallers was positioned more toward the right (high
score area) compared with that for the faller group (Fig-
ure 1).

3.2. Classification by Locomotive Organ
Impairment and Potential for Falling

Table 2 and Figure 2 show the results for the NLLR,

Table 1. The results for the fallers and nonfallers.

Nonfaller Faller ANCOVA

Mean SD Mean SD F p
ADL score 27.6 5.3 25.1 6.4 255 0.0
Mean age” 72.2 6.9 74.0 7.6 4121 0.0

#Covariate.
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Figure 1. The cumulative relative frequency distribution curve
for the faller and nonfaller.

NLHR, LLR, and LHR groups. The mean ADL score
was significantly different among groups, with the NLLR
group exhibiting the highest score, followed by the
NLHR, LLR, and LHR groups. Cumulative relative fre-
quency distribution curves for the two groups without
locomotive impairment (NLLR and NLHR) were posi-
tioned more toward the right (high score area) compared
with that for the two groups with locomotive impairment
(LLR and LHR). Among groups with the same locomo-
tive condition, the distribution curves for the high fall
risk groups tended to be positioned more toward the left
(low score area). The influence on the distribution of
ADL score tended to be greater with locomotive impair-
ment than with fall risk level. Furthermore, intergroup
differences in the distribution characteristics of ADL
scores tended to be greater when participants were clas-
sified according to locomotive impairment and potential
for falling than when they were classified according to
fall experience.

3.3. Classification by Fall Experience,
Locomotive Impairment, and
Potential for Falling

Table 3 and Figure 3 show the results for the NLLR-
nonfaller, NLHR-nonfaller, LLR-nonfaller, LHR-non-
faller, NLLR-faller, NLHR-faller, LLR-faller, and LHR-
faller groups. The mean ADL score was significantly dif-
ferent among groups, with the LHR-faller group exhibit-

ing the lowest score. The two groups without locomotive
impairment and with a low fall risk (NLLR-nonnfaller
and NLLR-faller) exhibited high ADL scores, albeit with
no significant differences. As shown in Figure 3, the dis-
tribution curve for the NLLR-faller group was positioned
more toward the right side (high score area) compared
with that for the NLLR-nonfaller group. This suggests
that fallers include elderly individuals with high physical
function. Furthermore, there were no significant differ-
ences in mean ADL scores between pairs of groups with
the same locomotive conditions and fall risk (NLLR-
faller and nonfaller, NLHR-faller and nonfaller, LLR-
faller and nonfaller, and LHR-faller and nonfaller).

4. DISCUSSION

In Japan, fall prevention in the elderly is becoming an
issue of increasing importance, particularly with regard
to primary preventive measures against falls in the com-
munity-dwelling elderly. Independent elderly communi-
ty-dwelling individuals are a heterogeneous group with a
wide range of physical functions and independence lev-
els, ranging from those who are physically very fit and
active to those who have minimal physical function. Im-
provement of physical function is an essential goal of
primary preventive measures against falls. Individuals
with fall experience reportedly have a high re-fall rate;
therefore, fall experience is considered to be an impor-
tant factor in fall risk assessment [3,9]. However, be-
cause of the diversity in physical function and inde-
pendence levels in the independent community-dwelling
elderly, prediction of future falls on the basis of fall ex-
perience alone may not be entirely reliable. Not all fall-
ers are at risk of falling in the future, and not all non-
fallers are at negligible risk of falling in the future. Clas-
sification of elderly individuals with good physical func-
tion as high-risk fallers on the basis of a single fall ex-
perience may introduce inactivity into their daily life and
increase the fall risk as a consequence. Further, a wrong
estimation of high-risk and low-risk individuals can lead
to a misrepresentation of the magnitude of the problem
and the inappropriate management of high-risk individu-
als. It is particularly important to distinguish high-risk
fallers from low-risk faller among the community-dwe-

Table 2. The results for classification by locomotive organ impairment and potential for falling.

NLLR NLHR LLR LHR
(n = 415) (n = 88) (n = 373) (n = 181) ANCOVA
Mean SD Mean SD Mean SD Mean SD F p Multiple comparison
ADL score 30.1 4.3 27.4 57 254 52 224 5.6 86.8 0.0 NLLR > NLHR > LLR > LHR
Mean age” 70.7 6.7 71.6 74 73.8 6.9 75.5 7.1 333.1 0.0

NLLR: a no locomotive impairment and low fall risk group; NLHR: a no locomotive impairment and high fall risk group; LLR: a locomotive impairment and
low fall risk group; and LHR: a locomotive impairment and high fall risk group. “covariate.
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Figure 2. The cumulative relative frequency distribution curves
for classification by locomotive organ impairment and potential
for falling. NLLR: a no locomotive impairment and low fall
risk group, NLHR: a no locomotive impairment and high fall
risk group, LLR: a locomotive impairment and low fall risk
group, and LHR: a locomotive impairment and high fall risk

group.

lling elderly and establish appropriate measures for pre-
venting falls. However, these approaches have not been
sufficiently examined in the past.

Although there is no clear definition of a low-risk
faller, it may be convenient to think of this group as hav-
ing superior physical function, healthy locomotive or-
gans, and low potential for falling. In this study, nearly
40% of the community-dwelling elderly had no locomo-
tive impairment and a low potential for falling, and 14%
of these reported a previous fall experience (low-risk
faller). Therefore, a third of elderly individuals without
problems in physical function and locomotive organs in
this study had experienced falls, indicating that fallers
include elderly individuals with varying fall risk factors.

In addition, nonfallers included elderly individuals with a
high fall risk; nearly 17% of the elderly individuals in
this study had both locomotive impairment and a high
fall risk, and a third of participants (34%) were high-risk
nonfallers. Overlooking these high-risk nonfallers during
risk assessment based on fall experience alone may be a
serious problem. It is important to explore the character-
istics of these target groups and determine appropriate
fall prevention measures.

This study dealt with locomotive organ impairment,
fall risk, and fall experience (within the last year) as im-
portant risk factors for future falls and examined the in-
fluence of these risk factors on physical function (ADL
competence). In this study sample, fallers with locomo-
tive impairment and a high fall risk exhibited the lowest
ADL score, whereas fallers without locomotive impair-
ment and with a low fall risk exhibited the highest score.
Some inferences can be made from this finding.

First, there is a limitation to fall risk assessment based
on fall experience alone. As shown in Figure 1, there
were no clear differences in the distribution characteris-
tics of ADL score between the faller and nonfaller groups,
although there was a statistically significant difference in
ADL score. A similar trend is exhibited in Figure 3. Ca-
tegorizing all fallers as high-risk individuals may lead to
the misinterpretation of low-risk individuals as high-risk
individuals. In addition, there are elderly individuals with
locomotive impairment and a high potential for falling
but have not experienced previous falls. It is important to
ensure that these high-risk nonfallers should not be eva-
luated as low-risk individuals.

Second, because locomotive organ health and fall risk
are closely related to ADL competence, it is preferable to

Table 3. The results for classification by fall experience, locomotive organ impairment, and potential for falling.

Mean age ADL score
n
Mean SD ANOVA Multiple comparison Mean SD ANCOVA Multiple comparison

LHR-faller

(G1) 118 761 7.1 21.8 5.7
LHR-nonfaller

(G2) 62 743 70 235 5.2

LLR-faller

(G3) 75 747 6.7 24.7 5.7

LLR-nonfaller
(G4) 298 736 7.0 F=119
NLHR-faller p=0.00
(G5) 48 723 81
NLHR-nonfaller
(G6)
NLLR-nonfaller
(G7)
NLLR-faller
(G8)

40 708 6.4

359 707 65

59 704 7.8

G1> G4, G5, G6, G7, G8/ 25.6 5.0

G2,G3,G4>G7,G8 27.0 6.1

G1, G2 < G4, G5 < G6, G8/
Gl1<G2/
G3<G6<G8/ G3<G7/G4
< G6

F=383
p=0.00

28.0 51
29.9 4.4

311 3.8

NLLR-faller: nonfallers with no locomotive impairment and low fall risk; NLHR-nonfaller: nonfallers with no locomotive impairment and high fall risk, LLR-
nonfaller: nonfallers with locomotive impairment and low fall risk; LHR-nonfaller: nonfallers with locomotive impairment and high fall risk; NLLR-faller:
fallers with no locomotive impairment and low fall risk; NLHR-faller: fallers with no locomotive impairment and high fall risk; LLR-faller: fallers with loco-
motive impairment and low fall risk; and LHR-faller: fallers with locomotive impairment and high fall risk. Statistical differences in mean ADL scores among

these groups were confirmed by ANCOVA (adjusted by age effect).
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Figure 3. The cumulative relative frequency distribution curves classifica-
tion by fall experience, locomotive organ impairment, and potential for
falling. NLLR-faller: nonfallers with no locomotive impairment and low fall
risk, NLHR-nonfaller: nonfallers with no locomotive impairment and high
fall risk, LLR-nonfaller: nonfallers with locomotive impairment and low fall
risk, LHR-nonfaller: nonfallers with locomotive impairment and high fall
risk, NLLR-faller: fallers with no locomotive impairment and low fall risk,
NLHR-faller: fallers with no locomotive impairment and high fall risk, LLR-
faller: fallers with locomotive impairment and low fall risk, and LHR-faller:
fallers with locomotive impairment and high fall risk. Statistical differences
in mean ADL scores among these groups were confirmed by ANCOVA (ad-
justed by age effect).

assess a combination of these factors during fall risk as-
sessments. As is obvious from the results of this study,
there is a limitation to the effectiveness of risk stratifica-
tion using fall experience alone. Grouping of individuals
on the basis of a combination of locomotive organ health,
fall risk level, and fall experience may provide the op-
portunity to screen a target group that requires primary
preventive measures against falls. Understanding the fall
risk profile together with the physical function characte-
ristics is also helpful to determine adequate fall preven-
tive measures.

Third, even the simple ADL check list used in this
study can evaluate physical function as part of fall pre-
vention screening of the community-dwelling elderly. Al-
though physical function assessment based on a perfor-
mance test may be desirable, there are difficulties in the
application of performance tests because these include
physical and personal costs as well as safety considera-
tions. In contrast, a questionnaire-based assessment is a
simple and versatile approach. The ADL assessment chart
used in this study is also used to determine the suitability
of a performance test (cutoff is 24 points). Among the
eight groups classified by fall experience, locomotive or-
gan impairment, and potential for falling in this study,
the two groups with locomotive organ impairment and a
high fall risk (LHR-nonfaller and LHR-faller) exhibited
mean ADL scores that were less than 24 points, indicat-
ing the possibility that elderly individuals with locomo-
tive impairment and a high fall risk cannot be easily sub-
jected to performance-based physical function assess-
ment.

Copyright © 2013 SciRes.

5. CONCLUSION

This study classified a cohort of independent commu-
nity-dwelling elderly individuals into several groups on
the basis of key fall risk characteristics, namely fall ex-
perience, locomotive organ health, and potential for fal-
ling, and compared the physical function characteristics
among groups. Classification of elderly individuals on
the basis of these risk factors may help in the identifica-
tion of target populations requiring primary preventive
measures against falls, including high-risk fallers, low-ri-
sk fallers, and high-risk nonfallers; in addition, such a
classification may be important in the assessment of fall
risk characteristics among the community-dwelling eld-
erly.
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