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CHARACTERISTICS OF ELDERLY LEADERS VOLUNTEERING TO
PARTICIPATE IN A FALL PREVENTION PROGRAMME

Hideki SHIMANUKI*, Shouzoh UEKI?*, Tunehisa ITO%*,
Haruhiko HONDA?*, Jinro TAKATO?*, Toshiyuki KASAIZ*,
Yuzuru SAKAMOTO*, Naoakira NIINO™, and Hiroshi HAGAZ*

Key words : community-dwelling elderly, elderly leaders, fall prevention programmes, social participa-

tion

Objectives This study was conducted to assess characteristics of elderly leaders volunteering to partici-
pate in a fall prevention programme.

Methods We surveyed 1,503 individuals (75 elderly leaders volunteering to participate in a fall preven-
tion programme and 1,428 non-leader elderly) among the elderly population living in a rural
community, Miyagi Prefecture. Subjects were aged 70-84 years. The questionnaire covered so-
cio-demographic factors, as well as physical, psychology and social variables. To analyze the
characteristics of the elderly leaders volunteering to participate in this programme, the relation-
ships of socio-demographic, physical, psychology and social factors to whether the elderly were
leaders in the programme were analyzed using logistic regression.

Result As a result of multiple logistic regression analysis, the characteristics of elderly leaders volun-
teering to participate in the fall prevention programme were as follows; 1) beivng male (OR =
0.25, 95%6CI 0.14-0.44) ; 2) young age (OR=0.43, 95%CI 0.25-0.73); 3) having a high in-
tellectual activity (OR =2.72, 95%CI 1.65—4.48); 4) being well satisfied with their health (OR
=1.45, 95%CI 1.02-2.07), and 5) having a high IKIGAI (OR =1.06, 95%CI 1.01~1.13) |

Conclusion  Only elderly individuals capable of high-level intellectual activities can fill the roles of elderly

volunteer group leaders discussed in this study.

* Graduate School of Medicine, Tohoku University
¥ Faculty of Medical Science and Welfare, Tohoku Bunka Gakuen University
3* Junior Gollege Division, Tohoku Seikatsu Bunka College

** Department of Experimental Immunology, Institute of Development, Aging and Cancer,
Tohoku University

* Department of Gerontology, Graduate School of Obirin University
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Relationships of muscle strength
and power with leisure-time
physical activity and adolescent
exercise in middle~aged and
elderly Japanese women

Rumi Kozakai,'! Wataru Doyo,' Shigeki Tsuzuku,? Kyonosuke Yabe,?
Miharu Miyamura,* Yasuo Ikegami,® Naoakira Niino,® Fujiko Ando' and
Hiroshi Shimokata'

!Department of Epidemiology, National Institute for Longevity Sciences: NILS, *Body Design Medical
Institute Japan, >Graduate School of Health Sport Sciences, Osaka University of Health and Sport Sciences,
*Department of Human Wellness, Tokai-Galkuen University, *Research Center of Health, Physical Fitness &

Sports, Nagoya University, *Graduate School of Gerontology, Obirin University, Japan

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.

Introduction

Accepted for publication 14 January 2005.

Regular physical activity and exercise are closely associ-

Correspondence: Dr Rumi Kozakai, Department of Epidemiology, ated' with muscle function. Pr' evxous. C}I‘OSS-SECthl’l{il
National Institute for Longevity Sciences, 36-3 Gengo, Morioka- studies suggest that regular physical activity, such as lei-
cho, Obu city, Aichi 474-8522, Japan. Email: kozakai@nils.go.jp sure-time physical activity or playing sports, is positively
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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 ** 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 (UTPA) 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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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 (CTPA): 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 (METs)
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

n Mean + SD
Age (years) 1128 59.3+£10.9
Height (cm) 1128  151.3%6.1
Weight (kg) 1128 52.4£8.2
Body mass index (kg/m?) 1128 22.9+£3.3
Body fat (%) 1120 31.5+5.2
Grip strength (kg) 1106 23.81 5.1
Knee extension strength (kg) 780 25.2+6.8
Leg extension power (w) 1048 301.4+£107.1
Smoking status (%; curfently) 1126 7.3
Annual income (%; 1055 54.7

= ¥6 500 000)

Education level (%; 1123  23.1

> 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 (BML 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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Table 3 The participation rates in leisure-time
physical activity (LTPA) and adolescent exercise (AEX)

Levels 7 (%)
LTPA None 371 (32.9)

Light 380 (33.7)

Moderate or heavy 377 (33.4)
AEX 473 (41.9)t

Total number of the subjects who participated in AEX.

subjects who participated in heavy LTPA, we combined
the subjects who engaged in moderate LTPA and heavy
LTPA together as LTPA (H). They were also divided
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+8.2 kg,
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 252%6.8kg and
301.4 £ 107.1 w, respectively. The proportions of people
who currently smoked, had an annual income of over
6 500 000 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 (-) 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 § Covariance models for muscle functions

Grip strength

Knee extension strength Leg extension power

df F-value df F-value df F-value
LTPA 2 5.6% 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 < 0.05.

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 5. 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 et al. also
reported that leisure-time physical activity is positively
and age-independently associated with grip strength
among a community-based sample aged S7 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.

Acknowledgments

The authors would like to thank the participants and
colleagues in the NILS-LSA. This study was supported
by a Grant-in-Aid for Comprehensive Research on
Aging and Health from the Ministry of Health, Labour
and Welfare of Japan

References

1 Van Heuvelen MJ, Kempen GI, Ormel J, Rispens P. Phys-
ical fitness related to age and physical activity in older per-
sons. Med Sci Sports Exec 1998; 30:-434-441.

2 Kostka T, Rahmani A, Berthouze SE, Lacour JR, Bonnefoy
M. Quadriceps muscle function in relation to habitual
physical activity and VO2max in men and women aged
more than 65 years. ] Gerontol A Biol Sci Med Sci 2000; 5S:
B481-B488.

170

3 Rantanen T, Era P, Heikkinen E. Physical activity and the
changes in maximal isometric strength in men and
women from the age of 75-80 years. JAGS 1997; 45:
1439-1445.

4 Rantanen T, Heikkinen E. The role of habitual physical
activity in preserving muscle strength from age 80-85
years. JAPA 1998; 6: 121-132.

S Miszko TA, Cress ME, Slade JM, Covey CJ, Agrawal SK,
Doerr CE. Effect of strength and power training on phys-
ical function in community-dwelling older adults. J Geron-
tol A Biol Sci Med Sci 2003; 58: 171-175.

6 Fiantarone MA, O'Neill EF, Ryan ND et al. Exercise train-
ing and nutritional supplementation for physical frailty in
very elderly. N Eng J Med 1994; 23: 1769~1775.

7 Bishop D, Jenkins DG, Mackinnon LT, McEniery M,
Carey MF. The effects of strength training on endurance
performance and muscle characteristics. Med Sci Sports
Exerc 1999; 31: 886-891.

8 Jozsi AC, Campbell WW, Joseph L, Davey SL, Evans WJ.
Changes in power with resistance training in older and
younger men and women. J Gerontol A Biol Sci Med Sci
1999; 54: M591-M596.

9 Humphries B, Newton RU, Bronks R et al. Effect of
exercise intensity on bone density, strength, and calcium
turnover in older women. Med Sci Sports Exerc 2000; 32:
1043-1050.

10 Bemben DA, Fetters NL, Bemben MG, Nabavi N, Koh
ET. Muscloskeletal responses to high- and low-intensity
resistance training in early postmenopausal women. Aed
Sci Sports Exerc 2000; 32: 1949-1957.

11 Rhea MR, Alvar BA, Burkett LN, Ball SD. A meta-analysis
to determine the dose~response for strength development.
Med Sci Sports Exerc 2003; 35: 456-464.

12 Malina RM. Tracking of physical activity and physical fit-
ness across the lifespan. RQES 1996; 67: $48-S57.

13 Metter EJ, Conwit R, Tobin ], Fozard JL. Age-associated
loss of power and strength in the upper extremities in
women and men. J Gerontol A Biol Sci Med Sci 1997; 52:
B267-B276.

14 Samson MM, Meeuwsen IB, Crowe A, Dessens JA,
Duursma SA, Verhaar HJ. Relationships between physical
performance measures, age, height and body weight in
healthy adults. Age Ageing 2000; 29: 235-242.

15 Demura S, Minami M, Nagasawa Y, Tada N, Matsuzawa J,
Sato S. Physical-fitness declines in older Japanese adults.
JAPA 2003; 11: 112-122.

16 Lindle RS, Metter EJ, Lynch NA et al. Age and gender
comparisons of muscle strength in 654 women and men
aged 20-93 year. J Appl Physiol 1997; 83: 1581-1587.

17 Lynch NA, Metter EJ, Lindle RS et af. Muscle quality. L
Age-associated differences between arm and leg muscle
groups. J Appl Physiol 1999; 86: 188-194.

18 Akima H, Kano Y, Enomoto Y et al. Muscle function in
164 men and women aged 20-84 year. Med Sci Sports Exerc
2001; 33: 220-226.

19 Katz S, Branch LG, Branson MH, Papsidero JA, Beck JC,
Greer DS. Active life expectancy. N Eng J Med 1983; 309:
1218-1224.

20 Ministry of Health, Labour and Welfare. (Annual Reports on
Health and Welfare.) Tokyo: Gyosei, 2000. [[n Japanese.]

21 Shimokata H, Ando F, Niino N. A new comprehensive
study on aging - the National Institute for Longevity Sci-
ence, Longitudinal Study of Aging (NILS-LSA). J Epidemiol
2000; 10: 51-59.

22 Iwai N, Yoshiike N, Saitoh S et al. Leisure-time physical
activity and related lifestyle characteristics among middle-
aged Japanese. J Epidemiol 2000; 10: 226-233.

| 187



23

24

25

26

27

28

29

R Kozakai et al.

Taylor HL, Jacobs DR Jr, Schucker B, Knudsen J, Leon
AS, Debacker G. A questionnaire for the assessment of
leisure time physical activities. J Chron Dis 1978; 31: 741~
755.

SAS Procedures Guide. Release 8.2 Edition. NC, USA: SAS
Institute Inc, 2001.

Hunter SK, Thompson MW, Adams RD. Relationships
among age-associated strength changes and physical activ-
ity level, limb dominance, and muscle group in women. J
Gerontol A Biol Sci Med Sci 2000; 55: B264-B273.
Gauchard GC, Tessier A, Jeandel C, Perrin PP. Improved
muscle strength and power in elderly exercising regularly.
Int J Sports Med 2003; 24: 71-74.

Mujika I, Padilla 5. Muscular characteristics of detraining
in humans. Med Sci Sports Exerc 2001; 33: 1297-1303.
Winters KM, Snow CM. Detraining reverses positive
effects of exercise on the musculoskeletal system in pre-
menopausal women. J Bone Miner Res 2000; 15: 2495-
2503.

Ivey FM, Tracy BL, Lemmer JT et al. Effects of strength
training and detraining on muscle quality: age and gender

188 |

171

30

31

32

33

34

comparisons. J Gerontol A Biol Sci Med Sci 2000; 55: B152~
B157.

Connelly DM, Vandervoort AA. Effects of detraining on
knee extensor strength and functional mobility in a group
of elderly women. J Orthop Sports Phys Ther 1997; 26: 340-
346.

Evenson KR, Wilcox S, Pettinger M, Brunner R, King AC,
McTiernan A. Vigorous leisure activity through women’s
adult life: the Women’s Health Initiative Observational
Cohort Study. Am J Epidemiol 2002; 156: 945-953.
Hirvensalo M, Lintunen T, Rantanen T. The continuity of
physical activity - a retrospective and prospective study
among older people. Scand-J Med Sci Sports 2000; 10: 37—
41.

Hiraoka J, Ojima T, Nakamura Y, Yanagawa H. A com-
parative epidemiological study of the effects of regular
exercise on health level. | Epidemiol 1998; 8: 15-23.
Frindin K, Mellstrém D, Sundh V, Grimby G. A life span
perspective on patterns of physical activity and functional
performance at the age of 76. Gerontology 1995; 41: 109-
120.



Nagoya J. Health, Physical Fitness, Sports Vol.28, No.l (March 2005)

HEEEIZBARBEEREEB L UCFFRHOEHRERE FFE & OB

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 (L24), 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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DOENENoT,
FRGEREDBLUETENOEE L EEE L OHE
. ERERALIZE Y Bl oo b oo, REREEACES. 4%
WRETFHIIBWTIEBRICES L TE 4D FFIGEE)
DENHDTEBEOE N LARH SN (Fig. 1),

Table 1. Charactaristics of the subjects
Male P
Height (em) 164.846.3  150.7£6.0
Weight (kg) 62.4%9.] 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) 49,2459 354443
Mean+S.D.

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

BMD (g/cmz)
site Male ~ esmeropaus
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

Levels Male Pos"}; :Zli ausal
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. "total 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 TR

"df Fvalue  df Fvalue  df Fvalue  df Fvalue  df Fvalue
LTPA 2 1.66 2 027 2 565" 2 515 2 496
AEX 1 621" 1 129" I 442 1 593 1 1559
LTPAAEX 2 L1 2055 2 179 2 18 2080
‘Age I809" 1 1107 U 26220 1 122310 1 045
Height I 044 1 513 1 076 1 L77 o’
Weight 173037 1 141547 1 184347 1 919" 1 21778
error 1008 1007 re07 hoor T 1007
& 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 WT TR

Tdf Fvalue  df Fvalue  df Fvalue  df Fvalue  df Fvalue
LTPA 2 0.70 2 0.70 2 314" 2 198 2 398
AEX 1 102 1 142 I 281 1 210 1 640"
LTPaAx 23500 2 071 2 455 2 213 2230
Age 1 232.89 1 89.64° 116237 1 245.02 1 149.47
Height 1 223 1 001 1 LI 1 2.85 1 742"
Weight 1 1957 1 8631 1 92,60 1 422" 1 120.05
error ¢ 566 se6  sea T s6a se4
e 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

Postmenopausal female

BMD
(g/em?)

T AEX(+) w:

/7 AEX() ©LTPA

EATH)

;(L

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;
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 EOET % O OELTF
T oA O oRT P = I h - E B
Wataru DOYO™ Rumi KOZAKAT* Fujiko ANDO™
Hiroshi SHIMOKATA™ Hiroyuki NUNOME o 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-L.SA (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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