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Aim: The purpose of the present study is to assess the relationships of muscle strength
and power with recent leisure-time physical activity and exercise during adolescence in
middle-aged and elderly Japanese women.

Methods: The subjects consisted of 1128 community-dwelling women aged 40-
79 years. They were interviewed about their physical activity habits during leisure time in
the past 12 months and exercise they engaged in during adolescence. Muscle function was
measured as grip strength, knee extension strength and leg extension power. Subjects were
grouped into three intensity levels for leisure-time physical activity and as to whether or
not they engaged in adolescent exercise. The relationships of muscle strength and power
with leisure-time physical activity and adolescent exercise were assessed using analysis of
covariance controlled for age, smoking status, annual income and education level.

Results: The proportion of subjects that participated in leisure-time physical activity was
67.1% (light, 33.7%; moderate or heavy, 33.4%). The subjects that engaged in adolescent
exercise represented 41.9% of the total. There was a significant relationship between lei-
sure-time physical activity and adolescent exercise. In the analysis of covariance controlled
for age, smoking status, annual income and education level, leisure-time physical activity
and adolescent exercise had significant main effects on all muscle strength and power mea-

surements. However, there was no interaction effect between leisure-time physical activity
and adolescent exercise.

Conclusion: The results suggest that current leisure-time physical activity and adoles--
cent exercise benefit muscle function in middle-aged and elderly women.

Keywords: adolescent exercise, leisure-time physical activity, middle-aged and elderly,
muscle power, muscle strength.
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associated with muscle strength and power,'? and some
longitudinal studies showed that elderly women who
were very physically active maintained their knee exten-
sor strength at a higher level.3* Intervention studies also
documented the effects of strength training on the
improvement of muscle strength®'" The stimuli of
physical activity or exercise on skeletal muscle may help
maintain or improve muscle function.

On the other hand, since muscle function develops
rapidly during childhood and adolescence, reaching a
peak during adulthood, the beneficial effects of exercise
on muscle development seem to be greater during this
period. Moreover, Malina noted that tracking of physi-
cal activity in youth was associated with physical per-
formance in later life.” Therefore, it is important to pay
attention not only to current physical activity but also to
adolescent physical activity to prevent a decline of mus-
cle strength and power in the elderly. However, little is
known about the contribution of both current and ado-
lescent physical activity on muscle function in middle-
aged and elderly people.

The purpose of the present study was to assess the
relationships of muscle strength and power with cur-
rent leisure-time physical activity (CTPA) and past ado-
lescent exercise (AEX) in middle-aged and elderly
Japanese women. Although the age-associated changes
in muscle strength and power were similar by gender,
women are generally weaker than men across the adult
life span.'®'® Since women have a longer period of
dependency than men, in spite of women’s longer life
expectancy,’? poor muscle strength and power may be
a more serious physical problem for elderly women,
resulting in disability or difficulty in performing basic
daily tasks. For these reasons, we focused on women in
this study.

Methods

Subjects

The data for the present study were derived from base-
line data collected as part of the initial survey 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 examinations including clinical
evaluations, blood chemistries, anthropometrical mea-
surements, physical fitness tests, nutritional analysis,
and psychological tests. Details of the study are reported
elsewhere.” The initial survey of NILS-LSA involved
2267 men and women aged 40-79 years. They were
gender- and decade age-stratified random samples liv-
ing in Obu city and Higashiura-cho Aichi Prefecture,
Japan. Written informed consent was obtained from all
the participants. Out of these 2267 participants, 1128
women were used as subjects in this study.
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Muscle function

Grip strength (GS): a handgrip dynamometer (Takei
Co., Japan) was used to assess grip strength in kilo-
grams. The subjects stood holding a handgrip dyna-
mometer with their hands by their sides while squeezing
with maximum force alternating the left and right
hands. The average of two readings from each hand was
used as the measurement result.

Knee extension strength (KES): the subjects were
seated in an adjustable straight-back chair (Takei Co.,
Japan) with the pelvis, knee and ankle fixed at 90°. A
strain gauge was attached to the distal leg by a strap just
above the ankle. The subjects tried to extend their legs
using maximum isometric force with the knee flexed at
90° while the amplified output from the strain gauge
was recorded. The average of the maximum force that
each leg attained after three attempts was used as the
measurement result in kilograms.

Leg extension power (LEP): leg extension power was
measured with the help of a sledge ergometer in a sitting
position (Takei Co., Japan). The acceleration of the
sledge was 0.73 m/s and the sledge stroke was 0.79 m.
The subjects were fastened by a seat belt to the chair. In
the starting position, the feet were placed on a footplate
attached perpendicularly to a rail, and the knee angle
was adjusted to 90°. The subjects were asked to extend
their legs as quickly and powerfully as possible, so that
the footplate started sliding horizontally on the rail. The
highest result of eight attempts was taken as the mea-
surement result in watts.

A medical doctor asked the subjects about their
health condition before the muscle function tests. Sub-
Jects with serious pains, physical injuries or illness of the
orthopedic or cardiovascular systems were excluded. All
muscle function tests were performed on the same day.

Physical activity

Leisure-time physical activity (LTPA): trained interview-
ers using a questionnaire developed by the Japanese Lif-
estyle Monitoring Study Group asked subjects about
the frequency and duration of their physical activity
habits during leisure time for the past 12 months.? This
questionnaire was modified from the Minnesota Lei-
sure-time Physical Activity Questionnaire, one of the
most widely used physical activity questionnaires.?
Activities that were performed at least once a week and
for 10 min were defined as LTPA, and classified into
three levels: light (approximate physical intensity; 2.5
METs [metabolic equivalents]); moderate (4.5 METs);
heavy (> 6.5 METs) (Table 1). Sedentary activities in
LTPA, for example, bonsai, were excluded.

Adolescent exercise (AEX): subjects were also inter-
viewed in the same questionnaire about the frequency
and duration of their participation in physical exercise
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Table 1 The classification of leisure-time physical activity

Level Approximate Description Examples
intensity (METSs)
Light 2.5 Activity such as walking Walking, gymnastic exercise, gardening, etc.
Moderate 4.5 Sweating activity that one Brisk walking, dancing, swimming for
can do comfortably pleasure, etc.
Heavy 26.5 Vigorous exercise with Several sports activities (swimming, tennis,

heavy breathing badminton etc.)
METs, metabolic equivalents.
Table 2 Characteristics of the subjects Table3 The participation rates in leisure-time
physical activity (LTPA) and adolescent exercise (AEX)
n Mean £ SD
9,
Age (years) 1128 59.3+10.9 Levels n (%)
Height (cm) 1128  151.3+6.1 LTPA None 371 (32.9)
Weight (kg) 1128 52.4+8.2 Light 380 (33.7)
Body mass index (kg/m? 1128 22.9+3.3 Moderate or heavy 377 (33.4)
Body fat (%) 1120 31.5+5.2 AEX ' 473 (41.9)f
Grip str engt-h (kg) 1106 23.845.1 *Total number of the subjects who participated in AEX.
Knee extension strength (kg) 780 25.2+6.8
Leg extension power (w) 1048  301.4+107.1
Smoking status (%; currently) 1126 7.3
Annual income (%; 1055 54.7 subjects who participated in heavy LTPA, we combined
>¥6 500 000) the subjects who engaged in moderate LTPA and heavy
Education level (%:; 1123  23.1 LTPA together as LTPA (H). They were also divided

> high school)

or sports, such as club activities, in addition to compul-
sory physical exercise at school from 12 to 20 years of
age. Activities that were engaged in at least once a week
over 1 year were defined as AEX.

Other parameters

Height and weight were measured using a digital scale.
Body mass index was calculated by weight divided by
height squared (BMIL kg/m?%. Body fat mass was
assessed by dual X-ray absorptiometry (DXA; QDR-
4500A, Hologic, USA). Lifestyle factors including
smoking status, annual income and education level
were also determined by questionnaire.

Statistical analysis

The participation rate in physical activity was calculated
as the percentage of subjects who reported such activi-
ties in a multiple response format. The subjects were
divided into three groups according to the intensity of
LTPA: no LTPA, LTPA (N}; participation in only light
activities, LTPA (L); participation in moderate or heavy
activities, LTPA (H). Because there were only a few
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into those who engaged in adolescent exercise, AEX
(+), and those that did not, AEX (-). The Cochran—
Mantel-Haenszel method was used to examine the
relationship between LTPA and AEX. The relationship
of muscle function with LTPA and AEX was analyzed
using the analysis of covariance controlled for age,
smoking status, annual income and education level.
Statistical testing was performed using the Statistical
Analysis System release.8.2 (SAS Institute Inc. NC,
USA).* Significant probability levels were considered
to be less than 0.05.

Results

The characteristics of the subjects are summarized in
Table 2. The mean and standard deviation (SD) of age
was 59.3 £10.9 years. The averages of the anthropo-
metric parameters, height, weight, BMI and. percent
body fat, were 151.3+6.1cm, 52.4+8.2kg,
22,9 £3.3 kg/m® and 31.5%5.2%, respectively. The
averages for muscle strength and power, GS, KES
and LEP, were 23.8%5.1kg, 25.2+6.8kg and
301.4 £ 107.1 w, respectively. The proportions of people
who currently smoked, had an annual income of over
6500 000 yen, and had an education beyond high
school were 7.3, 54.7 and 23.1%, respectively.

Table 3 shows the participation rates in LTPA and
AEX. Subjects who did not participated in leisure-time
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Table 4 The relationship between leisure-time physical activity (LTPA) and adolescent exercise (AEX)

LTPA (N) LTPA (L) LTPA (H) P-value
AEX (9 228 (34.8) 242 (37.0) 185 (28.2) <0.001
AEX () 143 (30.2) 138 (29.2) 192 (40.6)

Numbers (%) are shown for those who participated in LTPA or AEX.

Cochran-Mantel-Haenszel test, df = 1.

Table 5 Covariance models for muscle functions

Grip strength Knee extension strength Leg extension power

df F-value df F-value df F-value
LTPA 2 S5.6* 2 11.8% 2 13.8%
AEX 1 28.8% 1 17.3% 1 8.6%
LTPA x AEX 2 0.2 2 0.1 2 0.9
Error 1023 718 972
7 0.32 0.23 0.26
*P < 0.0S.

Covariance models were controlled for age, smoking status, annual income and education level.

LTPA, leisure-time physical activity; AEX, adolescence exercise.

physical activity in the past 12 months accounted for
32.9%. Subjects who participated in light activities and
in moderate or heavy activities were 33.7% and 33.4%,
respectively. About 42% reported that they had partic-
ipated in AEX. The most popular sports in adolescence
were volleyball, table tennis and softball.

There is a significant difference in the participation
rates of LTPA relative to the level of AEX (Table 4). The
AEX (+) subjects were more likely to participate in
higher levels of LTPA than the AEX (-) subjects
(P < 0.001).

The relationships of muscle strength and power to
both LTPA and AEX are shown in Table S. As a result of
analysis of covariance controlled for age, smoking sta-
tus; annual income and education level, LTPA and AEX
had significant main effects on GS, KES and LEP
(P < 0.05). However, there was no interaction effect
between LTPA and AEX, which indicated the subjects
who participated in higher levels of LTPA or the sub-
Jects who participated in AEX independently have
stronger muscle strength and power than those who did
not participate (see Fig. 1).

Discussion

The aim of the present study was to examine the rela-
tionships of muscle strength and power with current
leisure-time physical activity and past adolescent exer-
cise in middle-aged and elderly women. We found
that people who participated in higher levels of cur-
rent leisure-time physical activity or adolescent exer-
cise had stronger grip strength, knee extension
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strength and leg extension power than those who did
not participate.

Our result that current leisure-time physical activity
was associated with positive muscle functions is sup-
ported by previous studies. In a cross-sectional study,
Hunter et al. reported that women who participated in
recreational activity or exercise had stronger hand-grips
and greater knee extensor strength across age groups
(from the 20s through 80s) than those who did not par-
ticipate in those activities.® Van Heuvelen etal. also
reported that leisure-time physical activity is positively
and age-independently associated with grip strength
among a community-based sample aged 57 years and
older.! As for muscle power, it was shown that current
physical and sporting activities could contribute to
muscular strength and power improvement among
healthy subjects over 60 years old.® Current leisure-
time physical activity may help preserve muscle strength
and power. Improvements in muscle function due to
training adaptation have been observed in several inter-
vention studies.”"" Although strength training may
increase muscle function, the results of our study sug-
gest that stimuli from leisure-time physical activity,
which does not necessarily include strength training,
may also affect the development of muscle function.

Furthermore, although the data were not shown, we
also analyzed the data excepted for the subjects who
participated in heavy leisure-time physical activity from
LTPA (H), and attained results similar to those we have
presented here. Accordingly, the physical activity
required to maintain or develop muscle function seems
to be only moderate activity.
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Figure 1 The relationships of leisure-time physical activity
and adolescent exercise with grip strength, knee extension
strength and leg extension power controlled for age, smoking
status, annual income and education level. (AEX(-), without
adolescent exercise; AEX(+), with adolescent exercise;
LTPA(N), no leisure-time physical activity; LTPA(L), light
leisure-time physical activity; LTPA(H), moderate and heavy
leisure-time physical activity.)
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The most interesting finding in our investigation was
that adolescent exercise related positively to muscle
function in middle-aged and elderly women.

It seems to contribute to strong muscle strength and
power partly because the beneficial training effect of
adolescent exercise remains in later life and partly
because the continuation of physical activity from ado-
lescence affects muscle function.

It is well known that resistance training increases
muscle strength and power.”'! Therefore, training dur-
ing adolescence may influence the build-up of muscle
strength and power during the same period, although
the positive benefit of training on muscle function
decreases during a detraining period.””* Moreover,
Connelly etal. suggested that long-term detraining
effects on muscle function increased in elderly women
because of aging and illness,* which makes it difficult to
conclude that the adolescent training effect on muscle
strength or power persisted for more than 20 years. It is
unclear whether the effects of exercise or sport partici-
pation for longer than one year during adolescence are
actually retained until middle and old age. Further stud-
ies are needed.

Since it has been suggested that past participation in
regular exercise is highly predictive of exercise partici-
pation in current exercise in later life,*"*? which means
that people who have participated in regular exercise
tend to continue exercising, the continuation of physi-
cal activity may be the factor associated with positive
muscle function. Hiraoka et al. reported that individuals
examined at centers for health promotion who main-
tained the habit of regular exercise from school days to
the present had a higher level of physical fitness than
those who did not.*® Although there were only 40 sam-
ples, Gauchard et al. also showed, that among the eld-
erly aged over 60 years, individuals who participated in
regular exercise for more than 40 years had stronger
muscle strength and power compared to those who
stopped physical activity at least 30 years before.? Frin-
din et al. reported that there was no association between
activity level during the teenage years and muscle
strength at age 76, but they also reported that the activ-
ity level throughout life was associated with walking
speed among elderly women.** These results suggest
that the continuation of exercise from early in life is
associated with the prevention of declining muscle
function in later life. Actually, our data indicated a rela-
tionship between current leisure-time physical activity
and adolescent exercise as regards participation rates. It
is possible that adolescent exercise is a predictor of par-
ticipation in leisure-time physical activity later in life
and the subjects who engaged in adolescent exercise
continued exercising afterward.

It may be presumed that physical exercise or sports
in youth are essential for the establishment of an
exercise habit and the preference for an active lifestyle.
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Participation in adolescent exercise may have not only
direct effect on muscle functions but also indirect effect
through increment of participation in leisure-time
physical activity in later life.

There are some limitations in our study. First,
because it was a cross-sectional study, cause and effect
cannot be distinguished. For example, leisure-time
physical activity can increase muscle function, but the
level of muscle function may also contribute to partic-
ipation in leisure-time physical activity. Secondly, the
objective reliability of the results may be somewhat lim-
ited because the physical activity was based on self-
rating, although previous study has already confirmed
the reliability of the method,* and trained interviewers
conducted the questioning in order to maintain the
validity of our data.

Finally, the criterion for acceptance of physical activ-
ity in the study was lower than the recommended cri-
terion of exercise for improving physical fitness (i.e. two
or more times per week). In addition, we assessed only
the intensity of physical activity so that the effect of
physical activity duration on muscle function could not
be identified. Furthermore, it should be remembered
that the habit of engaging in physical activity often
includes a motivation to participate in a healthy and
active lifestyle, which, in itself, might affect muscle
function. Nevertheless, the results of this study afford
some perspective for preventing the decline of muscle
strength and power, and thus, maintaining the quality
of life in the elderly.

In conclusion, women who participated in a higher
level of leisure-time physical activity or those who par-
ticipated in adolescent exercise have significantly stron-
ger muscle strength and power than those who did not.
These results suggest that current leisure-time physical
activity and adolescent exercise are beneficial for main-
taining muscle strength and power in middle-aged and
elderly women.
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Relationship of bone mineral density with leisure-time physical activity and
adolescent exercise in the middle-aged and elderly
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Purpose: The aim of this study was to assess the relationships of bone mineral density (BMD) with current leisure-
time physical activity (LTPA) and adolescent exercise (AEX) among the middle-aged and elderly in Japan.

Methods: The data for the present study were derived from the baseline data of the National Institute for Longev-
ity Sciences-Longitudinal Study of Aging (NILS-LSA). Subjects consisted of 1017 male (58.5 + 10.8 years) and
577 postmenopausal female (62.6 = 8.4 years). Those who had osteoporosis, rheumatoid arthritis or cancer were
excluded from the subjects. Those who used thyroid hormone or parathyroid hormone were also excluded. Subjects
were interviewed about their physical activity habits during leisure time throughout the past twelve months and
about exercise they engaged in during adolescence (12 to 20 years). Subjects were divided into 3 groups according to
the intensity of LTPA, ‘no LTPA’, ‘light LTPA’ and ‘moderate or heavy LTPA’. They were also divided into 2 groups,
with or without AEX. BMD was measured with a dual energy X-ray absoptiometry (DXA; Hologic QDR-4500A),
in g/cm® Measurement sites were the whole body (WT), L2-L4 lumber spine (1.24), femur neck (FN), Ward’s
triangle (WT), and trochanter (TR). Relationships of BMD with LTPA and AXE were analyzed using analysis of
covariance controlled for age, height and weight. Significant probability levels were less than 0.05.
Results: Average BMD (SD) at WB, L24, FN, WT, TR were 1.09(0.10), 0.99(0.16), 0.76(0.11), 0.56(0.13),
0.67(0.11) in male and 0.93(0.11), 0.82(0.16), 0.66(0.10), 0.47(0.14), 0.55(0.10) in female, respectively. The pro-
portion of subjects with LTPA was 75.5% in male and 67.7% in female. The subjects that engaged in AEX repre-
sented 65.7% in male and 39.5% in female. The result of analysis of covariance controlled for age, height and weight
was as follows; in male, LTPA showed significant main effect on BMD at FN, WT and TR. AEX showed significant
main effect on BMD at all sites. However, there was no interaction effect on BMD at all sites. As for female, LTPA
showed significant main effect on BMD at FN and TR. AEX showed significant main effect on BMD at TR. There
was a significant interaction effect on BMD at WB and FN.
Conclusion: The results suggested that not only current leisure-time physical activity but also adolescent exercise
benefits bone mineral density among middle-aged and elderly people in Japan.
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oW Ti, EBTRR R GFRESHEORIFERE
KToOfBRAEFLENTEY, BHEBEOTHIZIZE
BB I TWBT, UL, BEEEMINT2E
BHADHREZHEREIN TV E000I0.13 |
FEEIBTA2EHTBEETELOMEIZOWTIL,
ERNZLDEEEIEMLA VI HEDD 123 L,
BEEREL Lo VI RELALNYD, —5
L7-HEERIIE o Ty,

—7. FEEHOBEIGEEROBEEE (peak
bone mass) bEET 525, BREERIZEL (%E
LTEENDE—ZIETAIENL, ZOBHIZY—
TEVDIIEDENL, FLUBEOEEES TR S
FTTEELZRFLEZOLON TV, EHIEENY
WKBWTLEEEEMEBEET LI LA RMESNTS
D18.160.200 0 IHFEDEENE BT TR L. FEHDOEH
BELHECRETLI LG, PEEHOEEERT
DFHEELL ETEBRILEBbILD,

ZIT. KRR TIIHISEETSEEOREEED
BUIAABEFEESRLB L UFEHOES - SHE
THS, BADOFBREHLEEELOBEICOWTH
BFECigEt 452 L2 By E L7,

2. ik

PO

AR, BURFER LY ¥ —EEHREHATD
[ZALIZB ¥ % REAMERTE 2% (National Institute for
Longe\}ity-Longitudinal Study of Aging; NILS-LSA) | o —
RE L TIThN7iz, NILS-LSA 12, #Z1LB LU LER
DFVEOFEL CHFOMEY BEyIZ, B, FHEEE,
KEFE, LBY, EHERELR OB LAE. &
HeiT)ERNLMETH L, MR TESRIC
SN/znB, NILS-LSA D&% id,. BEXEFERL
v 5 =B OEMERGT. BT 5 HlsiE
R&nE FRNCBILEESRBE SN ADdG T,
AL BREABTLFOWGEOSTRLTHICERL, T
BRIBTER ({74 —bFavtrb) LR
7240~T9R £ THBE L2672 TH b, AR TIL. 5

ey
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BEMEOT ) SBBEIIRETLLEI0NLEE
(BHBRIE, Vay<F - BE%, 2°A) PRE (R
B - BIFURIRRVE VR DR WBHEL017E (FiE
§i58.5:10.85%) . BB OLMST7TE (FI9EH62.6
£8.45%) 12 DWTHE L/ze 4. NILS-LSA i, [y&2t
REICHT 5 RIS 28, BVEEEE LY
F—REREROERELZZT I LTEHEN TV 5,

BIEIEE

F%E (Bone mineral density; BMD, g/cm®) id. Dual
energy X-ray absoptiometry (DXA : Hologic ##, QDR-
4500A) ZFVTHEISE L7z, BIESRAIE. £% (Whole
Body; WB). JEffE L2-4 (Lumber2-4; L24), A FE DK
BEE %R (Funeral Neck; FN)., 7 — K= (Word Tri-
angle; WT), KE:F# (Trochanter Region; TR) & L7,
FEEHZEICBWT, BT -BREORI TIL. 10
EOWERE (BlE6%. Klk4%, TIHEES.3+6.8
AR SR L, MER SEENEL B0 LMEEE D
LEIREL (coefficient of variation; CV) %, WB =0.9%.
L24 =0.9%. FN =1.3%. WT =2.5%. TR =1.0% T
Hoie

BREE &I, KB FHRIEE) (Leisure-time physical
activity; LTPA) & FEI DO EFEZER (Adolescent exer-
cise; AEX) IZ DWW T EMES AWM AW E%Fo
oW, SBRSEIERNT. BFE 1 FRICABEREICE
Hiev 7z 5 HES GELIE, 1EL0FME) 2Fo70
THERY, FOFEBATE [MEEE = 2.5METs (me-
tabolic equivalents) FZFF |, [HH5REF = 4.5METs #21 |.
[ERE = 6.5METs LI LR | 1253 L7 FEHO
BEIEERIE, 12200 MIC Y T 7 iEE) 2 & TR
EE) GALE. 1EUE) 27070502~

MREDEFENGHRIEML LT, FE. RESAE
L. hE% FENDTHETH L7 Body Mass Index (BMI;
kg/m’) BEH L7z, HIEHES L OBRIRHEIR. &%
BELRUEL DXAIWTHEEL .
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O =LTPA (H)| @ 3Bk, FEMOBERHERY., [
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IZDWTER, BE. FEZHETHE L5585
WikiTo720 M. EBREEEE L NI TIE,
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MEDEMIIHELI-ADER D Eholzizd, Rk
EOEIFEFEL AL EDETLIPA (H) & L7
f# 47 121X SAS (Statistical Analysis System, release.8.2)
FRWW, FEKEIT TS %RME L

3. BR

& &R Table 1 12, DXA TBIE LH
BB HEEL Table 2 1R L7z RO REDE
FEL, BABHRESOBRRTAEREEOEE - £
FRAEHEE L K EREIIED R 27219,

BRENORBIEIEHE L OSEHOETIZHEEL
7-Z DAL, Table 31K L7 BFE 1 EMICABRSE
RIEBICEEL b DILBHETTS.5%,. T T67.7%
THolzo BENOKRBERESHREFEOEEL LD
&, ERBREOADEHIIHEEL TV AIZBH30.5%.
33.8%. HEEL EOFEEEL T AES
45.0%. HE3Z 9% THh o7z, BT~
EOBWABREFESIIENT 5 A0EEFEN o7
—F., BEEMOEEHEHROS HEIL, BIH65.7%. K
1#39.5%TH ), KEEBEICHFELHOEEEER
DH B ADEEIEDP > 720

FEFEESHBLOFEHOEH L EZHUOES
ErOBEZBRETLLOIL, SREEEH L VY
LTPA (N), LTPA (L), LTPA (H) & 3 &, HFEH
DEENF AEX (=), AEX (+) 0 2 BREZ5T. S,
HE, FETRABRTHE L ETHG T To70 #
DER, BTk, ABRFEEEOIHEIL PN, WT,
TR OB EEMEIZ B TEETHY ., FELHOES
DEPYRIBZETOEEIIBNTEETH o7z, FBH
HEEBEFEHOEHEOTEERIE, WO
CbA DS E o7 (Table 4) BiEIZBWT, &
BRI FIEED L NN DE G NISRBR BRI OB HEE
DEWIE, FEEHOEESRBEOH L NTBEL -2
TOHMEIZBWTERENDE NI LAREN,
Tid. RBREEFESHOETHMREIIFN L TRIZBWTE
BETHH, TEHOEHOEHRIITRIZBVWIEHE
Thol. KBREEKEH L FEMOEHOZEERIL.
WB & FNIZBWTHETH o7 (Table 5)o I
WT, SBRFEESHL VOSSN AT RBEESE A
ETHROBRTENEL. TEHOEHEHEOH L AL
KEFHOBTEEOBNI ENTEINS, THETIES
HiZ, £ RBETEHIIBVWTEEHOERRED
HECIODEABEEESHLANVEREELOBEICE
DHAZLIREN, FEEHOEEZREREOLRVL O
HKIBFEIFEHL AN OB WL DTEEEOE W EAH
oL, EFEBEOHLLOTIEFOMERIZE
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BHHENTEMo7,
FBRFEEHBLIUETEHROESH L EFEL OBE
i, EREALICE D B o2 b 00, REEERAE. 4§
ICREFERICBW TR BRICHBL T4 DO HFEE
DEVLOTEBEOZT VW ENBD LI (Fig 1)o

Table 1. Charactaristics of the subjects
Male P
Height (cm) 164.8+6.3 150.7£6.0
Weight (ke) 62.449.1 52.0+8.4
BMI (kg/m®)  22.9£2.8 229433
% Body fat - 21.3%4.3 32.1+5.0
Fat free mass (kg) 49.2+£5.9 35.4+4.3
Mean+S.D.

Table 2. The average of bone mineral density (BMD) at each
site in boch genders

BMD (g/cm®)

Postmenopausal

site Male

female
Whole Body 1.09+0.10 0.93+0.11
Lumber 2-4 0.99+0.16 0.82+0.15
Femoral neck 0.76+0.11 0.66:0.10
Ward Triangle 0.56+0.13 0.47+0.14
Trochanter Region ~ 0.67+0.11 0.55+0.10
Mean+ S.D. ~

Table 3. The participation rates of LTPA and AEX

Postmenopausal

Levels Male female
LTPA Total’ 75.5 67.7
Light 30.5 33.8
Moderate and Heavy 45.0 33.9
AEX Total” 65.7 39.5

Note. “totat number of the subjects who participated in LTPA
or AEX. LTPA, leisure-time physical activity; AEX,
adolescence exercise. Values are expressed in percentage.
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Table 4. The analysis of covariance controlled for age, height and weight in male

Male WB L24 FN wr o TR
" df Fvalue df Fvalue  df Fvalue  df Fvalue  df F value
LTPA 2 166 2 027 2 565" 2 515 2 496
AEX 1 621" 1 1290 1 442" 1 593 1 1559
LTPAAEX 2 111 205 2 179 2 18 2 080
‘Age U809 1 1071 26225 1 122310 1 045
Height 1 044 1 5.13" 1 0.76 1 177 112,71
Weight 173.03° 1 14L54° 1 18434 1 9191 1 21778
eror 1008 1007 re07 T Theor T 1007
e 0.15 0.15 0.29 0.30 0.24

Note. LTPA, leisure-time physical activity; AEX, adolescence exercise; WB, Whole body;
L24, Lumber2-4; FN, Femoral Neck; WT, Ward Triangle; TR, Trochanter region. 'p <0.05

Table 5. The analysis of covariance controlled for age, height and weight in postmenopausal female

Female WB L24 FN wWT TR._

" df Fvalue  df Fvalue  df Fvalue  df Fvalue  df Fvave
LTPA 2 0.70 2 0.70 2 314 2 1.98 2 3098
AEX 1 1.02 1 142 I 281 1 210 I 640"
LTPaABx 23500 2 071 2 455 2 213 2 231
Age 1 232.89 1 89.64° t162.37 1 245.02 1 149.47
Height 1 223 1001 1 111 1 285 1 742
Weight 1 1957 1 8631 1 9260 1 4212 1 120.05
error s66 se6 | sea T se4 se4
2 0.43 0.34 0.42 0.42 0.42

Note. LTPA, leisure-time physical activity; AEX, adolescence exercise; WB, Whole body; L24,
Lumber2-4; FN, Femoral Neck; WT, Ward Triangle; TR, Trochanter region. ’p <0.05

BMD
(g/em?)

Fig. 1. The relationships of LTPA and AEX with BMD at TR controlled for age, height and weight deviding by gender. LTPA(N), no leisure-
time physical activity; LTPA(L), light leisure-time physical activity; LTPA(H), moderate and heavy leisure-time physical activity;

Postmenopausal female

T
0.60 ‘\!

;

AEX(-), without adolescent exercise; AEX(+), with adolescent excercise; BMD, bone mineral density, TR, trochanter region.
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Gait characteristics in middle-aged and elderly adults

B H " NEH OH % W BLT
T F o ET 7N - i Lk B BT
Wataru DOYO™ Rumi KOZAKAT* Fujiko ANDO*

Hiroshi SHIMOKATA™ Hiroyuki NUNOME ** Yasuo IKEGAMI* *

PURPOSE: This research was to describe the kinematic and kinetic characteristics of walking in community-dwell-
ing middle-aged and elderly Japanese. Sex differences and relationships between walking variables and age were
estimated. METHODS: Subjects were community-dwelling males and females (n=2075) aged 40—82yrs who par-
ticipated in the 2" wave examination of the NILS-LSA (National Institute for Longevity Sciences — Longitudinal
Study of Aging). The subjects were asked to walk over force platforms (at 1200Hz) while being videotaped at 60Hz.
They were asked to walk with two paces; comfortable and brisk walking. Direct linear transformation method was
used to obtain 3-dimensional coordinates of feet, shanks, thighs and torso. Walking velocity, step length, step fre-
quency, temporal components (support time, swing time, cycle duration, single support time, double support time)
and motions at lower extremities (total ranges of flexions and peak torques at hip, knee and ankle joints in sagittal
plane) during 1 cycle of walking were calculated. Student t-test and Pearson’s correlation coefficients were utilized
to assess the sex differences and relationship between walking variables and age. Statistical analyses were performed
on SAS (SAS Institute Inc, Cary, NC, USA) version 8.2. RESULTS: Student t-test showed that sex differences were
observed in almost all the variables (p<0.01, p<0.001) except walking velocity and peak torque at knee extensor in
late stance during comfortable walking and double support time at late stance and total range of flexion at knee dur-
ing brisk walking. Pearson’s correlation coefficients showed that walking velocity, step length, step frequency, total
ranges of flexions at hip and ankle, peak torques at hip extensor, knee flexors and ankle plantar flexor in both sexes
during both walking were negatively correlated with age (p<0.01, <0.001). Also it showed that stance time, double
support time, peak torques at hip flexor and knee extensors were positively correlated with age. CONCLUSION:
Walking patterns in middle-aged and elderly adults were showed in this study. Sex differences and relationships
between walking variables and age were observed in this population. Further research should center the association
among the walking variables, the effect of other characteristics of samples on the walking pattern and age related-
changes in elderly adults.
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