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Physical Function Tests in the National Institute for Longevity Sciences Longitudinal
Study of Aging (NILS-LSA).

Naoakira Niino, Rumi Kozakai, Hitomi Ogasawara, Shigeki Tsuzuku,
Fujiko Ando, Hiroshi Shimokata

The purpose of the present study was to report the contents and results
of physical function tests in the National Institute for Longevity Sciences
Longitudinal Study of Aging (NILS-LSA).

The NILS-LSA is a multidisciplinary longitudinal project conducted by
the Department of Epidemiology, the National Institute for Longevity
Sciences. The subjects of the NILS-LSA are 2400 male and female residents
of 40 to 79 years old, who are stratified by both age and gender, and
randomly selected from resident registrations around the institute. They will
be followed up every two years. The variables examined in the NILS-LSA
include various areas of gerontology and geriatrics such as medical
examinations, anthropometry, body composition, physical functions,
psychological assessments, nutritional analysis and molecular epidemiology.

Physical function tests included 1) Exercise test system : Foot balance
with eye closed, Reaction time, Sitting trunk flexion, Grip power, Leg
extension power, Static leg strength, Sit ups, 2)Walking test (10 m walking
test system using four cameras and two force plates), 3) Balance test
(stabilometer), and 4) Physical activity (Electric pedometer).

The recent major outcomes of physical function tests between November,
1997 and March, 1999 were as follows. Foot balance with eye closed, grip
power, leg extension power, static leg strength and sit ups inversely
correlated with age, and reaction time was prolonged with aging. Sitting
trunk flexion showed no relationship with age. Pitch, step length and
velocity in 10 m walking test showed negative correlation with age. There
were significant positive relationship between leg extension power with pitch
stride and speed.
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Abstract. Fracture risk is influenced by both bone strength
and by falls. Measures of physical function and performance
are predictors of falls. However, the interrelationships
among bone mineral density (BMD), regular physical ac-
tivity, and measures of physical performance are not well
known. We studied 447 community-dwelling Japanese
people aged 40 years and over (96 men and 351 women) to
examine the association of calcaneus BMD with measures
of physical performance (grip strength, walking speed, chair
stand, and functional reach) and regular physical activity.
Calcaneus BMD decreased with age by approximately 25%
in men and 42% in women. Measures of physical perfor-
mance decreased with age by approximately 30% in both
genders, however, performance on the chair stand test de-
clined by approximately 60%. There were only minimal
differences in performance measures and calcaneus BMD
between people with and those without regular physical
activity in both genders, and most differences were not sig-
nificant. However, there were significant BMD increases of
3-6% per standard deviation (8D} increase in all perfor-
mance measures for women and a 7% increase in BMD per
SD increase in grip strength for men, after adjusting for age.
These associations remained after additional adjustment for
body mass index and regular physical activity. These find-
ings suggest that bone density and physical function decline
markedly in both men and women with age, and that low
BMD and poor function tend to occur together, which
would increase fracture risk more than either risk factor
alone.

Key words: Bone density — Physical activity — Physical
performance — Physical function.

Fracture risk is influenced by both bone strength and falls.
Measures of physical function and performance are predic-
tors of falls, and both BMD and physical performance are
independent predictors of fracture risk [1-3]. However, the
interrelationships among bone mineral density (BMD),
regular physical activity, and measures of physical perfor-
mance are not well known,

Previous studies demonstrated that regular physical ac-
tivity was associated with better measures of physical per-

Correspondence to: K. Aoyagi
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formance, compared with less activity [4-6]. As such, mea-
sures of performance may provide some indication of ha-
bitual activity levels, However, performance may also vary
independently of physical activity. To explore how BMD
and performance are related, we examined the associations
of calcaneus BMD with regular physical activity and mea-
sures of physical performance (grip strength, walking speed,
chair stand, and functional reach) among Japanese men and
women aged 40 years and over.

Subjects and Methods

The Mitsugi Bone and Joint Study (MBJS) was conducted between
1994 and 1995 on community-dwelling people aged 4085 in Mit-
sugi town, Hiroshima, Japan., A total of 447 people (96 men and
351 women) participated in the study. All subjects gave informed
consent prior to the examination.

BMD was measured at the calcaneus using a single-energy
X.ray densitometer (Osteoanalyzer, Dove Medical, CA, USA) [7].
This measure is a consistent predictor of vertebral and noaverte-
bral fracture risk [8—11]. Height and weight were measured, and
body mass index (BMI) was calculated as weight (kg)/height (m)2.
Information on regular physical activity (yes/no) was collected by
questionnaire; participants were asked whether they do any physi-
cal activity (e.g., walking, jogging, or bicycling) long enough to
wortk up a sweat at least once a week.

Measures of physical performance [6] included grip strength of
the dominant hand, measured by hydraulic dynamometer and cal-
culated as the average of two trials. Chair stand time was measured
as the time it took (average of two trials) to stand up from a
standard chair five times; the subjects were asked, if possible, not
to use their arms for assistance. Walking speed was calculated
from the time required for subjects to watk a 6 m course at their
usual pace (usual walking speed; average of two trials), and at a
rapid but safe pace (rapid walking speed, single trial). Functional
reach was calculated as the difference between two measurements
(average of three trials). The subjects first stood comfortably up-
right, facing forward, hand in a fist, with their arm extended next
to a yardstick mounted on a wall; subsequently, they reached for-
ward as far as possible without stepping or losing their balance.

Statistical Analysis

Statistical analyses were performed using SAS version 6.12 soft-
ware (SAS Institute, Cary, NC, USA). Student’s ¢-tests were used
to compare the characteristics between men and women subjects
for continuous variables; the Chi-square statistic was used for cat-
egorical variables. Age-specific means of calcaneus BMD and
measures of physical performance [analysis of variance
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Table 1. Characteristics of subjects

Characteristic Men Women P-vatue
Mean (SD)
Age (years) 66.2{9.4) 612100 <0.001
Height (cm) 161.3(3.7) 130.3(3.9) <0.001
Weight (kg) 59.7(8.7) 51677 <0.001
Body mass index (kg/m®)  22.9(2.7) 228(29) 0.79
Percentage
Regular physical activity ~ 42.7 350 0.17

(ANOVA)], and age-adjusted means between people with and
those without regular physical activity [analysis of covariance
{ANCOVA)] were performed using general linear modeling meth-
ods. Multiple linear regression analysis was used to explore the
associations of measures of physical performance with calcaneus
BMD after adjustment for age and other covariates. Characteristics
of subjects are shown in Table 1.

Results

Calcaneus BMD decreased significantly with age, espe-
cially in women (Table 2). The BMD values among ages
=80 were 25% lower for men and 42% lower for women,
compared with ages 40-49. Physical performance also de-
creased with age: grip strength, walking speed (both usual
and rapid), and functional reach decreased and chair stand
time increased (the longer time required to complete the test
represents a decline in function). In contrast to BMD, the
declines were similar (approximately 30%) for both men
and women,; differences in chair stand time were greater
(56~65%) than for the other measures.

There were no significant differences in calcaneus BMD
between men and women with and those without regular
physical activity (Table 3). Walking speed (both usual and
rapid) of men who were physically active was significantly
faster than that of men who were not. Women with regular
physical activity had shorter chair stand time compared with
the nonphysically active women.

Better performance was associated with higher BMD for
all variables. The magnitudes of age-adjusted associations
with BMD were generally smaller among men than among
women, and were not significant among men, except for
grip strength (Table 4). For example, each SD increase in
chair stand, grip strength, and walking speed was associated
with a 3-6% increase in BMD. Associations with grip
strength were greater in magnitude than for other perfor-
marnce variables in both genders. Additional adjustment for
BMI and regular physical activity were also explored, but
had little effect on most associations, as evidenced by the
similarity of values across each row in Table 4. Adjustment
for weight and height instead of BMI did not affect the
associations except for functional reach among women; the
association was no longer significant.

Discussion

We found that grip strength, chair stand time, walking
speed, and functional reach declined with age in both gen-
ders, in accordance with previous studies [5, 12-14]. Poor
performance on these neuromuscular tests was significantly
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associated with an increased risk of falis [13, 16]. Calcaneus
BMD also decreased dramatically with age, more 50 in
women, similar to reports by others [17, 18], Poor physical
performance and low BMD were independent, complimen-
tary predictors of increased risk of hip fracture in a separate
study, suggesting that both the declines in BMD and physi-
cal performance may contribute to increased fracture risk
with age [1-3].

There were no significant differences in calcaneus BMD
between those with and those without regular physical ac-
tivity. In contrast, measures of physical performance were
associated with BMD, especially in women. Some of the
performance measures were also associated with physical
activity; both performance and physical activity may reflect
general health. However, adjustment for regular physical
activity had little effect on associations of physical perfor-
mance measures with BMD. Each SD difference in mea-
sures of physical performance was associated with 3-6%
difference in BMD. Thus, women with [ SD above average
performance would have 6-12% greater BMD compared
with those with 1| SD below average performance. A 6%
difference in calcaneus BMD corresponds to a 27% differ-
ence in vertebral fracture risk; a 12% difference in BMD
corresponds to a 60% difference in fracture risk [9].

Increased stress on bone during physical activity could
stimulate bone to maintain or increase bone density [19-
21]. There is substantial evidence that the magnitude of
loading is more important than the frequency of loading. In
support of this, the highest bone densities have been found
in bones subjected to high-impact or high-loading activities
such as weight lifting [19], football [20], and squash [21].
However, the role of customary physical activity, such as
walking, has remained inconclusive. Krall and Dawson-
Hughs [22] reported a possible association of customary
physical activity with bone density, but Uusi-Rasi et al. [23]
did not. In this study, we defined regular physical activity as
current activity at least once a week, performed long enough
to work up a sweat, such as walking, jogging, or bicycling.
This definitton may include, but is not limited to high-
impact or high-loading activities.

Thus, our failure to detect an association between BMD
and physical activity may have been due to the fact that the
average loading involved in these activities was insufficient
to influence the rate of bone loss [23]. It is also difficult to
accurately assess physical activity by self-report; in particu-
lar, our questionnaire has important limitations (see below).
These factors may partly explain the variability in results
between studies regarding the influence of regular physical
activity on BMD {22, 24]. Furthermore, there is evidence
that mechanical stimulation may be insufficient to maintain
skeletal mass, especially among postmenopausal women
[25]. Antiresorptive [reatments may reverse this blunting,
resulting in an increase in bone mass in response to me-
chanical demands [26].

We demonstrated that grip strength was significantly as-
sociated with calcaneus BMD in both genders. One study
[27] reported that grip strength was significantly associated
with BMD at the sites of wrist, lumbar spine, and hip, but
another study [28] found no association with hip BMD.
Although grip strength does not directly reflect forces on the
heel, calcaneus BMD correlates with the radius, spine, and
hip BMD [8], and greater grip strength is associated with
more strenuous activities of daily living [6). These findings
suggest that grip strength may be indirectly associated with
bone density because it is an indicator of general health and
activity. Since this study was cross-sectional, we also can-
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Table 2. Age-specific means (SD) of calcaneus BMD and performance measures

K. Aoyagi et al.: Bone Density and Physical Performance

Calcaneus Grip strength Chatr stand Usual walking Rapid walking Functional
Age group N BMD (mg/cm?) (kg) time {sec) speed (m/fsec} speed (m/sex) reach {cm)
Men
4049 7 481.6(55.3) 48.9 (7.4) 5.2 (0.6) 1.26 (0.18) 1.73(0.15) 38.5 (6.0)
50-39 10 4433 (37.3) 41.5(6.3) 6.5 (1.2) 1.10 (0.14) 1.59 (0.37} 32.5(5.8)
60-69 41 415.1 (88.8) 38.0(7.4) 7.3(1.6) |NER(AYF 1.51 (0.22) 200 (6.8)
70-79 32 392.0(88.2) 35.0(4.8) 79{L.3 1.00 (0.17) 1.42 (0.21) 275{5.4)
80 6 362.5 (90.3) 34.0(5.5) 8.6(1.3) 0.93(0.11) 1.25 (0.25) 246 (6.0)
Total 96 411.9 (86.9} 38.0(7.3) 7.4{1.6) 1.08 (0.19) 1.49 (0.25) 29.3(6.8)
Change 247 % 305 % 65.4 % 26.2 % 277 % 36.1 %
Trend” P = 0.046 P <0001 P<0.00! P <0.001 P = 0.002 P <0.001
Women
40-49 57 409.5 (62.6) 32.5(6.1) 3.7(1.3) 1.26 (0.18) 1.66(0.23) 33.7(3.7)
30-59 76 352.5(73.'1) 28.9(5.5) 63 (1.6) 1.24 (017 1.36 (0.21) 306 (5.3)
60-69 146 293.1 (36.6) 26.4 {4.6) 7820 112 (0.17) 1.43 (0.23) 28.0 (3.5
70-79 63 2470 (62.1) 23.1 (4.9) 902 0.97 (0.17) 1.24(0.23) 25.7(6.3)
80- 9 238.3 (387 21.4(4.5) 89(1.9) 0.84 (0.24) 1.13 (0.34) 23.0(3.8)
Total 351 315.4 (82.2) 27.2(5.9) 74 (2.3) 1.13 (0.21) 1.45 (0.27) 29.0 (6.3)
Change 41.8 % 342 % 36.1 % 333 % 307 % 318 %
Trend® P <0.001 P <0.001 P <0.001 P <0.001 P <0.001 P < 0.001

* P values relate to a test for trend versus age group

Table 3. Comparison of age-adjusted means® (SE) of calcaneus BMD and performance
measures between people with and without regular physical activity

Regular physical activity

With Without P value
Men n = 41 n =53
Calcaneus BMD (mg/em?) 4114 (13.0) 4122 (11.2) 0.96
Grip strength (kg} 387 (1.0 37.4(0.9) 0.30
Chair stand time {s) 7.4 0.2y 7.4 (0.2) 0.86
Usual walking speed (mv/s) 1.13 (0.03) 1.05 (0.02) 0.03
Rapid walking speed (m/s) 1.35{0.04) 1.44 (0.03) 0.62
Functional reach {cm) 203(L.0) 29.2(0.8) 0.81
Women n=123 n = 228
Calcaneus BMD (mgfem?) 319.5(5.6) 313.1(4.1) 0.36
Grip strength (kg) 27.4(0.5) 27.1(0.3) 0.61
Chair stand time (s) 7.0(0.2) 7.6{0.1) 0.01
Usual walking speed (m/s) 1.15(0.02) 1.13 (D.01} 0.17
Rapid walking speed {m/s) 1.47 (0.02) 1.45 (0.01) 0.43
Functional reach (em} 20.6 (0.5) 28.6(04) .14

* Means adjusted by general linear modeling {analysis of covariance) methods

not rule out a possible genetic basis for the observed asso-
ciations: both BMD and measures of physical performance
may be influenced by heredity.

Another possibility is that muscle mass is associated
with both performance and BMD. Some studies have re-
ported that higher values of muscle mass, lean body mass
(which is correlated with muscle mass), and muscle strength
were associated with increased BMD [29-31]. However,
other studies did not find associations [28, 32, 33], and some
have reported that hip fracture risk and BMD at certain
skeletal sites were more strongly associated with fat mass
than with lean mass [2, 29]. Increased muscle mass would
be associated with greater skeletal loading, both from
weight bearing and from muscular forces exerted on the
skeleton. Consequently, the associations of muscle mass
with BMD may be stronger for some skeletal sites than
others [29, 34].

Our findings suggest that measures of physical perfor-
mance may be better indicators of physical function than the
physical activity question used in this study. Muscle
strength may partly reflect customary physical activity.
Both chair stand time and walking speed are associated with
lower extremity muscle strength [13, 35]. Physical activity
also has been reported to be assoctated with increased grip
strength [4, 27]. Higher levels of physical activity may help
maintain general muscie strength and independent activities
of daily living in old age.

One limitation of this study is that only one measure of
physical activity was available, and this measure may not be
optimal for exploring associations. Although walking was
found to be as effective as vigorous exarcise for preventing
cardiovascular disease {36], the magnitude of skeletal load-
ing may be more important for bone health than the energy-
expending or aerobic qualities of physical activity. Also,
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Table 4. The percent difference” in calcaneus BMD per standard deviation® of performance

measures
Age, BMI, and
Age and BM1 physical activity
Age adjusted adjusted adjusted
Men
Grip strength {kg) 70{P =0.003) 6.0 = 0.006) 3.9 (P = 0.007)
Chair stand time (sec) -[5(P =032 -14(P =051 -l4(P =052
Usual walking speed (m/sec) 36(P=0.12) 2.4 (P = 0.26) 23(P =031
Rapid walking speed (m/fsec) 33 (P = 0.13) 2.1(P = 0.33) 1.9 (P = 0.38)
Functional reach {cm) 2.2 (P = 0.36) 0.8¢(P =0.70) 0.8(P =072)
Women
Grip strength (kg) 6.3 (P <0.001) 5.9 (P <0.001) 5.9 (P <0.001)
Chair stand time (sec) -3.0(P = 002) =37(P=0002) -3.6(F=0003
Usual walking speed {(m/fsecy 4.7 (P < 0.001) 45 (P<0.0001) 4.4 (P<0.000D)
Rapid walking speed (m/sec) 5.4 (P<0.001) 54 (P<000) 54 (P<0.00D)
Functional reach (cm) 28(P = 0.02) 2.5(P =003 34 (P = 0.04)

“The difference was divided by the mean of BMD for all people in each gender: 411.9

mg/cm? in men and 315.4 mg/cm® in women (see Table 2)

b For example, the standaed deviation for grip strength among men was 7.3 kg (see Table 2)
p =} p o t=1 [=]

only one BMD site was examined; the findings reported
here may not apply to other skeletal sites. Furthermore,
cross-sectional studies such as this one can detect associa-
tions between variables, but cannot demonstrate causality;
prospective studies are less susceptible to bias and would
provide more reliable information regarding the extent to
which physical activity, physical performance, and the rate
of bone loss are intertwined.

We conclude that women with poor physical perfor-
mance tend to have low BMD and vice versa. Similar as-
sociations were observed among men, but were weaker and
not significant, except for grip strength. These associations
may represent joint effects of general health on both BMD
and performance. Poor physical performance is a risk factor
for falls; this combined with low BMD would compound
the risk of fractures, as has already been reported by others
[1-3].
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