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Abstract

This study cvaluated the effects of exercise frequency on functional fitness in older women
participating in a 12-week exercise program. Participants (67.8 = 4.6 years) were divided into three
different exercise groups (1, If, and III; n=34) and a control group (Group C; n = 11). Group |
participated in a 90-min exercise program once a week, for 12 weeks, while Group Ul attended it twice
a week, and Group 111 attended three times a week. The exercise program consisted of a 10-min
warm-up. 20 min of walking, 30 min of recreational activities, 20 min of resistance training, and 4
10-min cool-down. The following items were measured before and after the program: muscular
strength, muscular endurance, dynamic balance, coordination, and cardiorespiratory fitness (6-min
walking distance). Comparisons of baseline and post-intervention measures showed significantly
greater improvements in body weight, coordination, and cardiorespiratory fitness for Group lII
compared to the other groups (p < 0.05). In addition, the greatest improvements in body fat,
muscular endurance, and dynamic balance were also observed in Group Il {p < 0.05). However, no
significant differences were found in muscular strength. Older women who participate in an exercise
program three times a week gain greater functional fitness benefits than those who exercise less
frequently. In order to improve functional fitness in older women. an exercise frequency of at least
threc times cach weck should be recommended.
© 2006 Elsevier Ircland Ltd. Al rights reserved.
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1. Introduction

Advancing age is generally accompanied by a progressive decline in physical
activity (Evans and Meredith, 1989). Age-related decline has been documented for
functional fitness; including muscular strength, flexibility. balance, agility, gait velocity.
and cardiorespiratory fitness (Raab et al., 1988; Rikli and Edwards, 1991). For years,
performance decline in these areas was thought to be a normal and necessary
consequence of aging. Previous studies, however, indicate that decline relates more to
lifelong physical activity levels than to age. Physically active older women, for
instance, were found to have performance patterns of flexibility, balance, and agility
more similar to younger participants than to their older inactive pairs (Rikli and Busch,
1986). Based on these findings, interest in examining the relationship between
musculoskeletal health and exercise in older adults has emerged (Vuori, 1995).
Especially for women, muscle mass, muscular strength, muscular endurance, and
cardiorespiratory fitness are important components of functional fitness; they are also
the major causes of limited mobility and activity (Rantanen et al., 1994). Therefore, it
is important for older women to exercise regularly to maintain and 1o recover functional
fitness.

There are many reports which indicate that exercise intervention for older women
produces an improvement in functional fitness. Nichols et al. (1995) have reported
significant strength improvement in men and women over 60 who followed a strength
training program twice a week for 12 weeks. Brown and Holloszy (1993) have reported
significant differences in the flexibility of older participants who followed a training
program twice a week for 12 weeks, and Wolfson et al. (1996) state that elderly individuals
participaling in a training program three times a week can significantly improve their
dynamic balance after 12 weeks. According to these studies, exercise more than twice a
wecek seems to improve functional fitness. However, only a few allempts have so far been
made to establish how frequently older adults should exercise in order to improve their
functional fitness.

Our aim was to evaluate the effects of exercise frequency on body composition and
functional fitness in older women participating in a 12-week exercise program, 1o identify
the minimum frequency per week required to produce significant results for the selected
items.

2. Subjects and methods
2.1. Participanis

Participants in this study were 45 healthy sedentary women (67.8 & 4.6 years of age)
living independently. Participants were permanent residents in Ibaraki prefecture who had
not been involved in any physical activity for at least 6 months before the exercise program
began. The study was approved by the Institutional Review Board of University of
Tsukuba. All patients signed the informed consent form. According to their place of
residence, they were divided into three different exercise groups (Group 1; n = 10, Group 1I;
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n = 10, and Group Iil: n = 14) and a control group (Group C: n = 11). Group I participated
in a 90-min exercise program once a week. for 12 weeks, while Group II attended the
program twice a week, and Group III attended three times a week.

2.2. Anthropomernry and body composition

Body height was measured to the nearest 0.1 cm. Weight was assessed 1o the nearest
0.1 kg using a beam scale. Body fat was determined using bioelcctrical impedance (SS-
103) (Sekisui Chemical Co.. Ltd.). Body mass index (BMI) was calculated by dividing
weight (kg) by height (m) squared (kg/m?).

2.3. Functional fitness test items

Ttems were selected to address comprehensively each area of the instrumental activities
of daily living (JADL) for older adults (Osness, 1989; Duncan et al., 1990; Kim and
Tanaka, 1995; Shigematsu and Tanaka. 2000). JADL are related to complex physical
abilities. such as light house-cleaning activities, preparing dinner, making beds, washing
and ironing clothes. shopping. and walking (Spirduso, 1995). In this study. we selected six
items, which are high in relation to IADL. The six functional fitness test items, the physical:
elements, and the methods used are as follows:

(i) Hand gripping (muscular strength): the subject was instructed to hold a hand-grip
dynamometer (Takei Industrial, Grip-D) in the dominant hand. and (o try gripping it
with maximum effort while keeping the dominant hand away from the body.
Performance was recorded in units of 0.1 kg.

(ii) Arm curl (muscular endurance): the subject was instructed to sit on a chair and then
use the dominant hand to bring a weight (2.0 kg) up and down (flex and extend the
biceps) as many times as possible in 30 s. Performance was assessed on the frequency
of repetitions.

(iii) Sit-and-stand (muscular endurance): the subject was instructed to sit on a chair. back
straight, feet shoulder-width apart and flat on the floor, and arms crossed at the wrists
and held against the chest. On the signal. the subject rises to a full stand and then
returns to a fully seated position. The subject is encouraged to complete as many full
stands as possible within 30 s.

(iv) Reaching arms forward in a standing position (functional reach) (dynamic balance):
the subject was asked to stand and then raise both arms to shoulder level. Performance
was assessed on the maximal distance the subject could reach forward beyond her
own arm’s length, while the heels remained touching the ground.

(v) Walking around two cones {coordination): the subject was asked o sit in a chair
located between two cones, which were placed 1.8 m on either side of and 1.5 m
behind the chair. On the signal, the subject rose from the chair, walked to her right
going to the inside and around the back of the cone (counterclockwise), returned to a
fully seated position on the chair, walked around the other cone {clockwise). and
returned to a fully seated position. One trial consisted of two complete circuits.
Performance time was recorded in units of 0.1 s.
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(vi) Six-minute walk distance (cardiorespiratory fitness): the test involves assessing the
maximum distance that can be walked in 6 min along a 50 m course marked outin 3 m
segments. The subject is instructed to walk as fast as possible (without running)
around the course as many times as she can in 6 min. The score is the total number of
meters walked in 6 min, to the nearest 5 m. Test administrator records the nearest 5 m
mark.

The tests were all checked for reliability and validity during fitness demonstration with
the elderly (Shigematsu et al., 1998; Jones et al., 1999; Enright, 2003).

2.4. The exercise program

The three experimental groups participated in the 12-week intervention program once.
twice, or three times a week (Groups 1, 11, and III, respectively). Each exercise session
lasted approximately 90 min. The exercise program consisted of a 10-min warm-up,
20 min of walking, 30 min of recreational activities. 20 min of resistance training, and a
10-min cool-down. The intensity of the walking session was approximately 13 of the rating
of perceived exertion (RPE) during the session. In recreational activities, we demonstrated
elements of balance, agility, and coordination using a rubber ball (diameter 10-20 cm), a
Slomo™ Ball (diameter 2040 cm), a soft valley ball (diameter 30-50 cm), and a Gymnic™
ball (diameter 60-80 cm). In resistance (raining. we demonstrated push ups, leg squats, sit
ups. and back extensions using self-weight or a Thera-Band™ ube. During the resistance
training sessions, the participants performed three sets of 10 repetitions with a 30-s rest
between sets. The control group {(Group C) did not follow any exercise program.

2.5. Statistical analysis

Statistical analyses of the data began with calculations of the arithmetic means and
standard deviations (£S.D.). The effects of training were assessed using the two-way
analysis of variance (ANOVA) with repeated measures. If the significance of the
interaction of group by time in ANOVA with repeated measures had a p <0.05. we
analyzed the differences between the groups at the baseline and the change rate before and
after intervention using the one-way ANOVA. If there was a difference in change rate
between groups on specific parameters at the baseline, the parameter was used as a
covariate in the analysis. Post-hoc tests were carried out using the Bonferroni comection.
p<0.05 are considered to indicate statistical significance. Statistical analysis was
performed with the Scientific Package of Sciences (SPSS) Version 11.0] for Windows PC.

3. Results

The physical activity levels of the subjects at the baseline are presented in Table 1.
Significant differences were found in body fat between Groups 11l and C, and between
Groups | and C. There was no significant difference in other baseline values of physical
characteristics among the groups.
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Table |

Baseline physical characteristics of the study subjects

Variable Group C (n=11) Group [{(#n=10) Group Il (n=10) Group lil (n=14) p-value
Age (year) 69.0 £ 4.9 65.1 = 4.3 67.5+3.6 69.1+4.9 0.156
Height (cm) 148.1 £35.2 1510 = 44 1504 £ 44 1478 £5.2 0.292
Body weight (kg) 587 £8.2 368 £ 6.6 565247 522+£90 0.185
Body fat (%) 58432 31931 34026 322+43 0.040*
BMI (kg m™?) 26.7+2.6 24924 250+ 1.6 239437 0.118

Values are presented as mean £ S.D.
* Significant difference between Group II and Group C (p < 0.05), and between Group I and Group C
(p < 0.05).

Interaction of group by time was found for body weight, body fat, and BMI. There was a
significant difference in the effect of time in body fat between Group 1II and Group C
{p < 0.05). There was a significant difference in the effect of time in BMI between Group
111 and Group C (p < 0.05) (Table 2). The mean percentage changes in body weight and
BMI in Groups C, I, 11, and 1II were +1.1%, +0.4%, +0.1%, and —2.8%. respectively. The
mean percentage changes in body fat were +2.0%, +0.5%, —0.3%, and —2.4% (Fig. 1).

Interaction of group by time was found for grip strength, arm curl, sit-and-stand.
functional reach, walking around two cones and 6-min walk distance. There was a
significant difference in the effect of time between Group II and Group C (p < 0.05), and
Group I and Group C (p < 0.05). There was a significant difference in the effect of time
between Group 111 and Group 11 (p < 0.05), and Group I ( p < 0.05). and between Group I
and Group C (p < 0.03), and between Group T and Group C (p < 0.05) (Table 3).

The mean percentage changes in grip strength in Groups C, I, 11, and 1II were —1.1%.
—1.4%, —2.1%, and +1.4%. rcspectively. The mean percentage changes in arm curl were
~0.2%. —3.9%, —0.9%, and +7.5%. The mean percentage changes in sit-and-stand were
—6.0%, —1.5%, —2.5%. and +4.4%. The mean percentage changes in functional reach
were —1.9%. —3.0%, —4.5%. and +9.6%. The mean percentage changes in walking around

Table 2
Physical characteristics of the study groups before and after 12-week intervention
Variable GroupC  Group 1 Group I Group [TT  Two-way ANOVA Post-hoc test

n=11) (n=10) (n=10) (n=14; Group Time Interaction

Body weight (kg)
Baseline 58.7%82 568x6.6 563+47 35
12 weeks 594 %84 570x64 56648 5

Body fat (%)
Baseline 35832 319:£3.1 30x26 322x43 p<005 094 p<005 C<ll
12 weeks 36.5:£3.3 321430 340+27 31547

BMI (kg m™?)
Baseline 27.0%£28 24924 250+16 239+37 p<005 034 p<005 C<l
12 weeks 26726 250%23 250%1.6 23.1+3.

2.2+£90 0.07 032 p<005 ns
0574

Values are presented as mean = S.D.
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walk distance were ~2.2%, —0.7%, —0.7%, and +4.1% (Fig. 2).

4. Discussion

In this study, we attempied to examine how frequently exercise is necessary for
improving body composition and functional fitness in sedentary older women.

30.0

25.0

Group C
20.0 D P
15.0 T D Group |
16.0 T [ ] Group 11

T @Grmpl!l

590 T

AR

0.0R

i i s

-15.0 ==

Grip Armcurl  Sit-and- Functional Walking & min walk

strength stand reach - around iwo distance
cones

Percentage changes (%)

Fig. 2. Percentage changes in physical fitness after 12-week intervention. Significan: difference in percentage
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In general, exercise training has a positive effect on body composition. Also, it is
reported that aerobic and resistance training decrease body fat. Owens et al. (1999)
described that aerobic training (157 beat/min, 40 min/set, five times a week, 4 months in
the obese) decreased body fat. Poehlman et al. (2000) reported that resistance training
(80% of IRM, three times a week, 6 months, middle-aged women) increased FFM but not
body fat. Moreover, Park et al. (2003) described that combined training (aerobic + re-
sistance, three times a week) decreased body weight and body fat. As with those previous
studies, they reported that aerobic or resistance training for more than three times a week
improved body composition. Kallinen et al. (2002) also found similar results with older
women. In our study, the greatest improvements in body weight, body fat, and BMI were
observed in the Group III. Our intervention did not produce the improvement in body
composition as reported in the previous research. However. the effect was seen in body
composition for exercise done three times a week, including recreational activities. For this
reason, energy expenditure was increased overall, we demonstrated exercise for 90 min,
longer than the exercise duration reported by previous studies (40—-60 min) (Moore, 2000:
Zhang et al., 2003). Based on these results. it is suggested that older women should engage
in exercise over a long period of time in order to improve body composition.

As well as improving body composition, it is important for older adults to maintain
functional fitness. Voorrips et al. (1993) reported on functional fitness in three groups
(sedentary, moderately active, and highly active). They showed that moderate activity is of
greater value than a sedentary situation, and that higher-intensity activity is more valuable
than moderate-intensity activity for body weight, BMI, flexibility, and endurance
(watking). Van Heuvelen et al. (2000) reported that walking endurance, grip strength,
manipulation and dynamic balance contributed significantly 1o the prediction of disability
for older adults. Gregg et al. (2003) also concluded that increasing and maintaining
physical activity levels could lengthen life for older women. This can be seen from the
results of moderately active and highly active groups having continued physical activity
over many years. Additionally, Bovens et al. (1993) described that high numbers of this
physically fit and healthy population had fewer risk factors for cardiovascular disease than
less active populations. Dargent-Molina et al. (1996) also reported that maintaining
functional fitness prevented hip fracture from falls. Therefore, regular exercise, especially
over a long period of time, is important for older people in order to improve functional
fitness.

Various researchers have found significant improvements in a number of functional
fitness areas after exercise intervention, e.g., in strength (Nichols et al., 1993), in flexibility
(Rikli and Edwards, 1991), in dynamic balance (Load et al., 1996; Shumway-Cook et al.,
1997), in muscular coordination (Rikli and Edwards, 1991: Bouchard and Shephard, 1994).
It is thought that exercise programs certainly improve the functional fitness practiced in
these reports. However, for many people functional fitness declines in older adulthood; it is
not enough to improve a single function through an exercise program (American College of
Sports Medicine, 1998). We made the evaluation that three exercise programs for overall
physical strength will bring about an improvement in older women. It is important to
examine how often the exercise is necessary, because many of the previous studies do not
refer to frequency of exercise. That is why we intervened at three separate levels of the
frequency of exercise program, and looked for improvement of overall functional fitness.
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Regarding frequency of exercise intervention, Stiggelbout et al. (2004) evaluated the
effects of an exercise program on the functional fitness of independently living older
adults. According to the study, although the authors concluded that the exercise
program was well suited to healthy inactive older adults, twice-a-week participation
without additional regular physical activity did not improve lunctional fitness. Also,
Puggaard (2003) reported that exercise intervention twice a week was not suf ficient.
Our study provided similar results and it seems logical to conclude that participation in
exercise programs only twice a week is not sufficient to improve functional fitness. This
indicates that older individuals should endeavor to participate in exercise at least three
times a week. As a matter of facl, we assumed that a once-a-week exercise program
would have an effect on overall functional fitness in older participants. However, the
results suggest that it is necessary to exercise at least three times a week to improve
overall functional fitness.
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The Association between Vitamin D levels and Functional Capacity of Daily Living among Japanese
Frail Elderly '
J. Okuno', S. Tomura'. H. Yanagi'. N. Yabushita', T. Okura', K. Tanaka'. 'Graduate School of

Comprehensive Human Sciences, University of Tsukuba, Tsukuba, Japan.

The aim of this study was to evaluate the association between serum vitamin D levels and functional
capacity of activity of daily living (ADL) among Japanese frail elderly. The study was a

cross-sectional survey conducted in a town near Tsukuba city (latitude 36°north) in June 2005.

Participants were community-dwelling elderly aged 65 years and over who required support or nursing
care to maintain ADL. The Ethics Committee of University of Tsukuba approved the study. A
face-to-face interview was conducted based on a questionnaire including score of functional capacity
of ADL (Tokyo Metropolitan Institute of Gerontology: TMIG score), experiences of fall. stumbling
and body sway during the past one year. walking ability, and the frequency of going outside of the
home. The serum level of 25- hydroxy vitamin D3 (25OHD), intact parathyroid hormone (iPTH) and
calcium were measured in order to evaluate vitamin D status. The following tests were measured:
Timed Up & Go (TUG) and a S-meter walk for walking ability, functional reach and ankle strategy for
balance, trunk flexion for flexibility. and grip strength for muscle strength. The age of 46 participants

was 76.5%5.9 years (meantSD, range: 65-90). Among the participants, 26.1% of the elderly required

minimum support in ADL, and 73.9% had difficulties in standing up or walking and required moderate
nursing care for ADL's, e.g., bathing. Of this population, 26.0% had joint disorders. 54.3%
experienced falls. 80.4% experienced stumbling and body sway more than once during the past one

year, and 47.8% were homebound. The average level of 250HD was 63.0£14.1 nmol /L (mean*SD.

range: 27.5-87.5) in this population. The 25 percentile of the concentration of 250HD was 55.6
nmol/L, and 84.1% of the elderly had a level of 250HD of less than 80 nmol/L. Significant negative
correlations were found between 250HD and iPTH (r=-0.37, P=0.032) or TUG (r=-0.35. P =0.044)
adjusted by age and gender. Significant positive correlations were observed between 250HD and
calcium levels (r = 0.36, P = 0.038) or trunk flexion (r = 0.41. P = 0.017) adjusted by age and gender.
The level of 2SOHD was significantly lower in the elderly with difficulties in walking independently,

those with functional reach <23 c¢m, and those with TMIG score£10. The ratio of 250HD level below

55.6 nmol/L was significantly higher in the group with lower walking ability. body imbalance or being
homebound. It is suggested that in the Japanese frail elderly, vitamin D deficiency is associated with
inferior walking ability or body balance, and that higher vitamin D levels may be needed to prevent
fall and to maintain functional capacity of ADL.
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The result of residual analysis. *P< 0.05
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