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ABSTRACT. Background and aims: The relationship
between falls and physical performance has focused on
the frail elderly who have several health problems,
particularly those in nursing homes or care facilities. It
is important to clarify the relationship between falls
and physical performance among the community-
dwelling elderly. Methods: We examined the rela-
tionship between falls and physical performance mea-
sures (grip strength, chair stand time, functional reach,
usual walking speed) among 402 community-dwelling
Japanese elderly women aged 60 years and over. Re-
sults: Overall prevalence of falls was 21.1%, and in-
creased with age. In univariate analysis, grip strength
and functional reach were not significantly different be-
tween women who did and did not fall. Chair stand
time of women who fell was longer than that of wom-
en who did not (p=0.05), and the usual walking speed
of women who fell was significantly slower than that of
women who did not fall (p<0.0001). Physical func-
tioning significantly decreased with age; grip strength,
functional reach and usual walking speed decreased,
and chair stand time increased. Logistic regression
analysis, adjusting for age and other covariates, showed
that slower usual walking speed was significantly as-
sociated with falls, but grip strength and functional
reach were not. Increased chair stand time had a bor-
derline association (p=0.1). Conclusions: Our findings
indicate that poor lower extremity function, especial-
ly walking ability, is an important risk factor for falls
in elderly Japanese community-dwelling women.
(Aging Clin Exp Res 2005; 17: 211-216)
©2005, Editrice Kurtis
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INTRODUCTION
Falls are major health problems among the elderly

because of the risk of morbidity and mortality (1). Ap-
proximately 20 to 40% of people aged 65 years and over
living in the community experience falls each year (2-6)
and this incidence increases with age (4). One study re-
ported that 6% of the falls resulted in major injury (7).
Even when no physical injury occurs, falls can lead to fear
of falling, activity limitations, and loss of confidence,
mobility and independence (2, 8, 9). 

Much attention has been paid to the problem of falls
and related injuries in the expanding elderly population,
and standardized physical performance measures have
been applied in geriatric assessments and aging research
(10, 11). Previous studies have demonstrated that poor
physical performance is associated with increased risk of
falls (8, 9), and physical performance measures are also as-
sociated with health status, such as medical condition
and physical functioning (11). 

The relationship between falls and physical perfor-
mance has focused mainly on the frail elderly who have
several health problems, particularly those in nursing
homes or care facilities (12, 13). The usefulness of each
test of physical performance in predicting falls varies, de-
pending on the health status and level of function of the
elderly person being tested. Findings among the elderly in
nursing homes or care facilities cannot be extrapolated to
those in the community. 

It would be important to clarify the relationship between
falls and physical performance among the community-
dwelling elderly. However, there have only been a few
studies in Western countries (8, 9, 14) and none in
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Japan. The purpose of this study was to examine the re-
lationship between falls and physical performance mea-
sures (grip strength, chair stand time, functional reach,
usual walking speed) among community-dwelling elderly
women aged 60 years and over in Japan.

SUBJECTS AND METHODS
Subjects 
The Hizen-Oshima Study is a prospective population-

based cohort study on musculoskeletal conditions (osteo-
porosis, osteoarthritis). We recruited community-dwelling
women aged 40 years and over living in the town of Os-
hima, Nagasaki Prefecture, Japan. Oshima has a popu-
lation of approximately 5800 (2850 men, 2950 women),
in which the number of women aged 40 years and over is
approximately 2000. All women aged 40 and over were
invited to participate, and baseline examination was per-
formed at the Oshima Health Center between 1998 and
1999. A total of 586 women participated. In this study, we
selected 402 elderly women (36% of those eligible) aged
60 years and over. We compared the age distribution of
participants vs non-participants. In total, the mean age of
participants (69.0±5.8 years) was significantly younger than
that of non-participants (71.6±8.0 years). The participa-
tion rate of each age group was 45% at 60-69 years, 39%
at 70-79 years, and 15% at 80 years and over. 

Although Oshima has a shipyard, it is mainly a rural
(farming/fishing) district. Approximately half of the wom-
en who participated in the study continue to grow rice and
vegetables by manual labor, sometimes using machinery.
The information about the amount of each task was not
available. At study entry, none of the participants were in-
stitutionalized and all lived independently. All partici-
pants gave their written informed consent before exam-
ination. Additional details of this study have been published
previously (15, 16).

Assessment of falls
A fall was defined as falling and landing on the floor or

ground, or falling and hitting something like a table or
stairs (17). Information on falls was obtained by ques-
tionnaire, participants being asked: “Did you fall and
land on the floor or ground?” or “Have you fallen and hit
something like a table or stairs during the previous 12
months? (yes/no)”. We did not obtain this information on
the total number of falls in this study.

Measures
Height and weight were measured in light clothing and

without shoes. The body mass index (BMI) was calculat-
ed as weight (kg)/height (m)2. The physical activity index
was calculated using a validated questionnaire (18).

Measures of physical performance included grip strength,
chair stand time, functional reach, and usual walking speed
according to the previous report (19). Grip strength of

the dominant hand was measured using a hydraulic dy-
namometer (Jamar Hydraulic Hand Dynamometer,
Jafayette Instrument Company, Inc., IN, USA) and calcu-
lated as the average of two trials. Chair stand time was mea-
sured as the time it took (average of two trials) to stand up
from a standard chair five times; subjects were asked not to
use their arms for assistance. Functional reach was calcu-
lated as the difference between two measurements (average
of three trials). Subjects first stood comfortably upright, fac-
ing forward, hand in a fist, with their arm extended next to
a yardstick mounted on a wall. They then reached forward
as far as possible without stepping or losing their balance.
Usual walking speed was calculated from the time re-
quired for subjects to walk a 6-meter course bounded by two
lines at their usual pace (average of two trials), and the num-
ber of steps taken to cover the course was also recorded.
Step length was calculated as the 6-meter length of the
course divided by the number of steps. Subjects were
asked to stand one meter behind the starting line and to
walk all the way one meter past the end line before stop-
ping; subjects entered the course in usual walking condition. 

Statistical analysis
Statistical analysis was performed using SAS version

6.12 software (SAS Institute, Cary, NC, USA). Stu-
dent’s t-test for continuous variables and the chi-square
test for categorical variables were used to determine
the significance of differences between women who did
and did not fall. Correlations between age, physical ac-
tivity index and physical performance measures were ex-
amined using Pearson’s correlation analysis. Logistic
regression analysis was used to explore the association of
falls with physical performance measures after adjustment
for age and other covariates.

RESULTS
Table 1 shows the prevalence of falls among women in

each age group during a 12-month period. Overall preva-
lence of falls was 21.1%, and increased with age.

As shown in Table 2, no differences in age, height,
weight, BMI, or physical activity index were found be-
tween women who did and did not fall. Physical perfor-
mance measures of women who did and did not fall are
shown in Table 3. Grip strength and functional reach were
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Table 1 - Prevalence  of falls among women for each age group.

Age group Participants Women who fell
(years) No. No. %

60-69 221 42 19.0
70-79 157 36 22.9
80+ 24 7 29.2
Total 402 85 21.1



not significantly different between women who did and did
not fall. Chair stand time of women who fell was longer
than that of women who did not (p=0.05), and the usu-
al walking speed of women who fell was significantly
slower than that of women who did not (p<0.0001).

Physical functioning significantly decreased with age;
grip strength (r=–0.49, p<0.0001), functional reach
(r=–0.33, p<0.0001) and usual walking speed (r=–0.52,
p<0.0001) decreased, and chair stand time (r=0.44,

p<0.0001) increased (the longer time required to com-
plete the test represents a decline in function). Physical
functioning significantly increased with the higher physi-
cal activity index; grip strength (r=0.15, p=0.003), func-
tional reach (r=0.12, p=0.014) and usual walking speed
(r=0.19, p<0.0001) increased, and chair stand time
(r=–0.14, p=0.005) decreased.

Logistic regression analysis was conducted to examine
the independent contributions of each physical perfor-

Falls and physical performance in Japanese women

Aging Clin Exp Res, Vol. 17, No. 3   213

Aging Clin Exp Res 17: 211-216, 2005
©2005, Editrice Kurtis 

Table 2 - Characteristics of women who did and did not fall.

Characteristic Overall (n=402) Fell (n=85) Did not fall (n=317) p-value*  

Age (years) 69.0±5.8 70.0±6.4 68.8±5.6 ns
Height (cm) 148.0±5.4 147.4±6.1 148.2±5.2 ns
Weight (kg) 51.4±8.5 51.8±7.8 51.3±8.7 ns
Body Mass index (kg/m2) 23.4±3.4 23.8±3.0 23.3±3.5 ns
Physical activity Index (METs†) 52.2±13.6 50.0±13.2 52.7±13.7 ns

Values are means ± standard deviation. *p-value for comparison between women who did and did not fall. †METs: metabolic equivalents.

Table 3 - Comparison of physical performance measures for women who did and did not fall.

Physical performance measure Overall (n=402) Fell (n=85) Did not fall (n=317) p-value*

Grip strength (kg) 22.4±4.7 22.0±5.3 22.5±4.6 ns
Chair stand time (sec) 10.1±3.3 10.8±4.0 9.9±3.1 0.05
Functional reach (cm) 23.5±6.7 23.1±8.1 23.7±6.2 ns
Usual walking speed (m/sec) 1.18±0.25 1.08±0.31 1.21±0.23 <0.0001  

Values are means ± standard deviation. *p-value for comparison between women who did and did not fall.

Table 4 - Adjusted odds ratio and 95% confidence interval for fall at each physical performance measure.

Unit Odds ratio 95% confidence interval  

Grip strength
Age adjusted 5.0 kg decreased 1.01 0.76-1.36
Age and height adjusted 5.0 kg decreased 0.99 0.73-1.35
Age and weight adjusted 5.0 kg decreased 1.04 0.77-1.41
Age and BMI adjusted 5.0 kg decreased 1.03 0.77-1.39

Chair stand time
Age adjusted 5.0 sec increased 1.36 0.94-1.96
Age and height adjusted 5.0 sec increased 1.45 0.94-1.98
Age and weight adjusted 5.0 sec increased 1.35 0.93-1.95
Age and BMI adjusted 5.0 sec increased 1.35 0.93-1.95

Functional reach
Age adjusted 5.0 cm decreased 1.01 0.83-1.23
Age and height adjusted 5.0 cm decreased 1.00 0.81-1.22
Age and weight adjusted 5.0 cm decreased 1.02 0.84-1.23
Age and BMI adjusted 5.0 cm decreased 1.00 0.83-1.22

Usual walking speed
Age adjusted 0.5 m/sec decreased 3.14 1.75-5.63
Age and height adjusted 0.5 m/sec decreased 3.13 1.74-5.63
Age and weight adjusted 0.5 m/sec decreased 3.10 1.72-5.58
Age and BMI adjusted 0.5 m/sec decreased 3.06 1.70-5.52  

BMI: body mass index.



mance measure to falls. Table 4 shows the odds ratio (OR)
and 95% confidence interval (CI) in physical performance
measures, adjusting for age and other covariates. Slower
usual walking speed was associated with falls, but grip
strength and functional reach were not. Increased chair
stand time had a borderline association (p=0.1). 

DISCUSSION
The number of community-dwelling elderly women

in Japan is increasing (20). Falls are reported to be a ma-
jor risk for morbidity and mortality among the elderly (1).
The elderly who fall are less mobile and have more diffi-
culty in activities of daily living than those who do not fall
(6). In community-dwelling elderly women aged 65 years
and over, the prevalence of falls in the previous year
was reported to be approximately 30-40% in Western
countries (4-6) and approximately 20% in Japan (2, 3).
Our result was lower than that of published community
studies in Western countries (4-6) but similar to other
Japanese studies (2, 3). These findings suggest that the dif-
ference in prevalence of falls may partly be related to
lifestyle (environmental) factors and/or ethnicity (genetics).
Two factors which may account for the reduced risk of
falling among Japanese compared with people in West-
ern countries are better neuromuscular function due to sit-
ting directly on the floor (a traditional Japanese custom)
plus the shorter legs of Japanese people (at least partly re-
lated to genetics) (21).

Previous studies showed that grip strength (19, 22),
functional reach (19, 23), usual walking speed (19, 24) de-
creased and chair stand time (11, 19) increased with
age, which were consistent with our results. We also
found a positive relationship between physical activity in-
dex and physical performance measures. People with a
higher level of physical activity have good physical func-
tioning (and vice versa), which may contribute to pre-
venting falls.

Poor physical performance on the neuromuscular
tests such as chair stand time and usual walking speed was
associated with an increased risk of falls in our study. In-
ability to perform the chair stand has been reported as a
risk factor for falls (9), as is slower walking speed (8).
Length of lower extremities and step length can affect
walking speed. Since the length of lower extremities was
not available in our study, we examined the association us-
ing height as surrogate. Usual walking speed had a sig-
nificant positive association with height (r=0.29,
p<0.0001) and step length (r=0.83, p<0.0001). Step
length was significantly shorter in women who fell than in
women who did not (0.52±0.086 vs 0.55±0.065, re-
spectively, p=0.003). Narrower step length may result
from poor walking ability. Several studies have found
strong associations between shorter step length and the
likelihood of falls among frail elderly in nursing homes or
intermediate care facilities (12, 13), which is consistent

with our results, which indicate that poor physical per-
formance on lower extremity function can predict the like-
lihood of falls.

Although grip strength (8) and functional reach (9)
were reported to be available to confirm the risk of falls,
they were not associated with falls in our study. This re-
lationship may be complex, and was inconclusive.

We selected performance measures according to the
previous report (19). However, recent studies have re-
ported that the “Get up and Go” test is also a reliable and
valid test quantifying functional mobility, and is frequent-
ly used in community-dwelling population studies (14,
25-27). It is considered to be a good measure of combined
physiological attributes (power, speed, agility, balance),
which reflects the common mobility and gait maneuvers re-
quired in independent living (26). However, although it
would be another good predictor of falling, it was not avail-
able in this study. Future study will be needed to determine
the role of this test in predicting falls among our cohort.

Physical performance measures may be useful in pri-
mary health care and clinical practice because they are
simple to administer and safe to perform. The practitioner
can recreate situations in which falls are likely to occur and
provide a dynamic, integrated assessment of physical
capacity for the elderly (10). In recent studies, the elder-
ly with poor physical performance were found to suffer
musculoskeletal pain (28), disability in activities of daily liv-
ing (29), and had chronic medical conditions such as
arthritis and the results of hip fracture (11). These findings
indicate that physical performance measures capture in-
formation about several physical factors.

With advancing age, most people experience a decline
in lower extremity function such as decrease in walking
speed (24) and muscle strength (30). This decline is one
of the most important risk factors for falls (12). Efforts to
improve lower extremity function serve to decrease the
risk of falls (31). Intervention studies among community-
dwelling elderly show that the “stand-up/step-up” pro-
cedure improves strength and balance (32) and low-in-
tensity training with resistance bands and putty strength-
ens the knee extensor muscle (31).

Self-reported pain in the knee and hip joints and foot
is reported to be associated with increased risk of falls (28),
and arthritis of the lower extremities was the most fre-
quent reason for disability in our cohort (33). We had al-
so reported that physical disability or limited activity in-
creased the risk of falls (2). A population-based study
has found an increasing prevalence of osteoarthritis of the
knee with aging (34), indicating that knee osteoarthritis is
an important risk factor for falls among the elderly. 

Our study has several limitations. First, although we at-
tempted to obtain a representative sample of the popu-
lation, our subjects had to be mobile enough to attend the
study center. Only 15% of eligible women aged 80 and
over participated in our study, which is a potential source
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of selection bias. Women with the most severe symptoms
and disability may not have participated. Second, there
may be inaccuracies in subject recall about falls in the pre-
vious 12 months. Cummings et al. (35) found that sur-
veying falls during the past 12 months at a single point in
time underestimated the true number of falls by 13%.
Among the cognitively impaired especially, falls may be
forgotten or reported more than once. We did not obtain
information about our subjects’ cognitive status. When sub-
jects had cognitive problems, information on their falls was
provided by their family members, which may have in-
fluenced the results to some extent.

In conclusion, our results show that decreased usual
walking speed is associated with increased risk of falls, and
that increased chair stand time had a borderline associa-
tion, suggesting that poor lower extremity function, es-
pecially gait ability, is an important risk factor for falls.
However, the cross-sectional design of our study makes it
difficult to establish cause and effect, and a prospective
study is needed to investigate this issue further. Physical
functioning generally decreases with age, but maintaining
or improving lower extremity function may be useful in
preventing falls in the elderly (36). Poor muscle strength
in the upper or lower extremities may be used to identi-
fy people who are dependent in activities of daily living,
and maintaining muscle strength may reduce the risk of
dependence in activities of daily living (37). Interven-
tions to reduce the risk of falls among community-dwelling
elderly should target physical factors, especially lower
extremity function, that are likely to cause falls (31).
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