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AGE-RELATED CHANGES OF POSTURAL STABILITY AND PHYSICAL

FUNCTION IN MIDDLE-AGED AND ELDERLY JAPANESE

RuUMI KOZAKAI, WATARU DOYO, FUJIKO ANDO and HIROSHI SHIMOKATA

Abstract

The aim of the present study was to clarify the relationships between age-related changes of
postural stability and physical function in middle-aged and elderly Japanese. The subjects were
640 males and 620 females who had participated in both the baseline and the 4-year follow-up
surveys of the National Institute for Longevity Sciences-Longitudinal Study of Aging. Postural
stability was measured using a force platform. Flexibility, muscle function, reaction time, balance
and comfortable and maximal gait performance were also measured as physical function. Postural
sway was increased in 4 years. Multiple logistic regression analysis controlled for age, sex,
height, weight and history of diseases revealed significant relationships between decline of postu-
ral stability and sit-ups, flexibility, frequency and velocity at comfortable gait and leg extension
power at baseline. These results suggest that not only greater abdominal muscle strength and leg

power but also quick walking benefit the preservation of postural stability.
(Ipn. J. Phys. Fitness Sports Med. 2006, 55 Suppl : $227~5230)
key word : postural stability, abdominal muscle strength, gait performance,
longitudinal study, middle-aged and elderly

INTRODUCTION

Postural instability was observed in elderly peo-
plel). However, few population-based longitudinal
studies have been presented in the literature. Pre-
vious studies suggested that poor balance is one of
the risk factors of falls, which is a serious problem
for the elderlyz‘s). It is important to investigate the
relationship between age-related changes of postural
stability and other physical function such as physic-
al fitness and gait performance in order to develop
effective strategy for maintaining balance or pre-
venting falls. The aim of the present study was to
estimate the changes of postural stability in 4 years
and to clarify the relationships between age-related
changes of postural stability and physical function

in middle-aged and elderly Japanese.
METHODS

Subjects : The data of this study were collected as
part of the National Institute for Longevity
Sciences-Longitudinal Study of Aging (NILS-LSA).

In this project, the normal aging process has been

assessed using detailed questionnaires and examina-
tions including clinical evaluations, blood chemis-
tries, anthropometrical measurements, physical fit-
ness tests, nutritional analysis, and psychological ex-
aminations. Details of the study are reported else-
where?). The initial survey of NILS-LSA involved
2267 males and females aged 40~79years. They
were gender- and decade age-stratified random sam-
ples living in Obu-shi and Higashiura-cho Aichi
Prefecture, Japan. The subjects for this study were
640 males (mean age at baseline ; 58.bi10.3yea1's)
and 620 females (56.8+10.2 years) who had partici-
pated in both of the baseline and the 4-year follow-
up surveys. Written informed consent was obtained
from all the participants. The Ethical Committee of
the National Center for Geriatrics and Gerontology
has already approved all procedures of the NILS-
LSA (Approval number : 175).

Variables :

1) Postural stability (baseline, follow-up)

The measurements of postural stability were car-

ried out using a force platform (GE Yokogawa

Medical Systems Co., Japan) in quiet upright bipedal

Department of Epidemiology, National Institute for Longevity Sciences, National Center for Gerjatrics and Gerontology :

NILS/NCGG, Obu, Japan
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Figure 1. Examples of sway trajectory and output
parameters.

stance under the eyes open and closed condition for
60seconds. Qutput parameters to examine the
amount of motion were the sway area, maximum
anterior~posterior and medio-lateral length and total
path length in both eyes conditions (Figure 1). The
Romberg ratio (sway with eyes open/sway with eyes
closed) was calculated in sway area and total path
length.
2) Physical function (baseline)

Flexibility, grip strength, one-leg balance, reac-
tion time, leg extension power, sit-ups, knee exten-
sion strength (Takei Co., Japan), step length, step
frequency, and velocity during 10 m comfortable and
maximal gait (Yagami Co., Japan) were measured as
physical function.

3) Covariates (baseline)

Height and weight were measured using a digital
scale. Body mass index was calculated as weight di-
vided by height squared (BMI ; kg/mz). Body fat
mass was assessed by dual X-ray absorptiometry
(DXA : QDR-4500A, Hologic, USA). Medical histor-
ies such as stroke, hypertension and diabetes melli-
tus were determined by questionnaire and interview.

Statistical analysis : Measurements of postural sta-
bility were compared by paired-t test between base-
line and follow-up. Percent changes in the postural
stability variables were calculated as the (change/
baseline value) X 100. Multiple logistic regression

analysis was performed to assess the relationships

between changes of postural stability and each
physical function. Odds ratios were calculated from
the change of sway area with eyes closed (case:
change> =2s.d., control : change<2s.d.) per 1s.d.
increase of each physical function controlled for age,
sex, height, weight and history of diseases. Signifi-
cant probability levels were less than 0.05. Statistic-
al testing was performed using Statistical Analysis
System release. 8.2 (SAS Institute Inc. NC, USA).

RESULTS

The characteristics of the subjects were summa-
rized in Table 1. Subjects who reported history of
diseases such as stroke, hypertension or diabetes
mellitus were 29.7% of male and 25.2% of female.
showed in Table 2. Postural sway significantly in-
creased over the follow-up period excluded medio-
lateral length with eyes open and total path length
in both eyes conditions (p<0.05). Romberg ratio
significantly decreased over follow-up period in
both sway area and total path length (p <0.05).
Mean percent changes in postural stability were
showed in Figure 2. Mean percent change in the
sway area with eyes closed (20.2%) was the
greatest of all parameters. Therefore, the sway area
was decided as an indicator of decline in postural
stability. The relationship between decline in postu-
ral stability and physical function was shown in
Table 3. Multiple logistic regression analysis con-
trolled for age, sex, height, weight and history of

diseases revealed significant relationship between

Table 1.  Charactaristics of subjests.

Male Female

(n=640) (n=620)
Height (cm) 1650 £ 62 1524 £ 58
Weight (kg) 62.8 + 88 53.0 £ 8.0
BMI (kg/m?’) 23.0 £ 2.7 22.8 x 3.1
% Body fat (%) 21.2 = 4.1 31.2 £ 49
History of deseases’ (%) 29.7 25.2
Mean=®S.D.

T Subjects who had, stroke, hypertention or diabetes
mellitus.
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Table 2. Four-year changes in postural stability.
Baseline Follow-up Absolute change
Eyes open
Sway area’ cmd) 226 %117 234 116 008 = 1.09
Anterior-posterior length” (cm) 244 = 0.74 278 £082 034 = 085
Medio-lateral length (cm) 1.99 £ 0.60 1.98 £058  -0.01 £ 0.61
Total path length* (cm)  78.88 * 16.50 72.01 +19.69 -6.87 £ 14.53
Eyes closed
Sway area’ (cm®) 380 %237 420 £3.01 040 + 221
Anterior-posterior length’ (cm) ~ 2.97 £ 0.95 3.09 % 1.05 0.12 = 0.98
Medio-lateral length”  (cm) 257 % 0.90 276 +1.00  0.19 % 0.89
Total path length (cm) 107.60 +36.67 106.83 = 4476 -0.74 £ 29.59
Rombelg ratio
Sway area’ - 0.69 + 034 0.66 =031  -0.02 + 0.41
Total path length’ - 0.76 * 0.13 071 =014  -0.05 = 0.14
Mean=S.D., *p<0.05 ; paird-t test.
o M ean percent changes+S.E.
T 0O Eyes open [ Eyes closed I
16 e e et
g H |l e —
!
-8 S = :
i
-16 — e e
Sway area Anterior-  Medio-lateral ~ Total path
posterior length length
length
Figure 2. Mean percent changes in postural stability.
Table 3. Relationship between baseline physical function and
postural stability change.
Odds ratio ’ 959% CI p-value
Flexibility 1.048 1.008 - 1.090 <0.05
Grip strength 1.002 0.938 - 1.069
One-leg balance with eyes closed 0.972 0933 -1.013
Reaction time 1.440 0.049 -42.022
Leg extensor power 0.997 0.994 -1.000 <0.05
Sit-ups 0.921 0.850 -0.998 <0.05
Knee extensor strength 0.962 0.918 -1.008
Comfortable gait  step length 0.987 0.944 -1.032
step frequency 0.967 0.940 -0.995 <0.05
velocity 0.965 0.936 -0.995 <0.05
Maximum gait . step length 0.975 0.934 -1.018
step frequency 1.004 0.981 -1.027
velocity 0.986 0.960 -1.012

T+ Odds ratios of remakable change of away area with eyes closed (case :
change> =2s.d., control : change<2s. d.) per 1s.d. increase of each
physical function controlled for age, sex, height, weight and history of
diseases (stroke, hypertension or diabetes mellitus).
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increased postural sway and sit-ups (Odds ratio per
1s.d. 0.921, 95% confidence interval =
0.850-0.998), flexibility (1.048, 1.008-1.090), step
frequency (0.967, 0.940-0.995) and velocity (0.965,
0.936-0.995) at comfortable gait and leg extension
power (0.997, 0.994-1.000).

i

DISCUSSION

The present study estimated the changes of postu-
ral stability in 4 years and the relationship between
age-related changes of postural stability and physic-
al function, corrected for age, sex, height, weight and
history of diseases, based on a random sample of the
middle~aged and elderly Japanese.

Previous cross-sectional studies suggested that
the decline in postural stability associated with ag-

1.5~7) However, little is known about the con-

ing
tribution of age on postural stability in a popula-
tion-based longitudinal study. In one follow-up
study, Baloh et al suggested that static sway test
was relatively insensitive for identifying age-related

). However,

increased in sway than dynamic tests®
our results revealed that postural sway, excluding
sway length was increased in 4 years. Age-asso-
ciated impairment of postural control on static con-
dition was demonstrated in the study.

The sway under the eyes closed condition was in-
creased remarkably. The proprioceptive system or
vestibular system may deteriorate with aging. Gill et
al suggested that eye closure reduces the availability
of visual information and shifts postural mechanisms
towards vestibular and proprioceptive control,
which may be unfavorable to the postural control in
elderly subjects7). Our result is supported by pre-
vious studies®®?.

In the logistic regression analysis, increased sway
was negatively associated with sit~ups, leg extensor
power and comfortable gait, and was positively
associated with flexibility. Although Load et al indi-

cated that increased body sway on the foam was

82

associated with reduced quadriceps and ankle dor-

)

siflexion strength8 , there were few studies to assess

the relationship between components of physical fit-
ness and postural stability. Our results suggest that
not only greater abdominal muscle strength and leg
power but also quick walking and lower trunk flex-
ibility may benefit the preservation of postural sta-
bility.

In conclusion, the findings indicate that postural
sway increased with aging in community dwelling
middle-aged and elderly. Greater abdominal and
lower extremity muscle strength and quick walking
were associated with the preservation of postural

stability.
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