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The effects of low-load resistance training on activity of
daily living of elderly individuals requiring daily life

assistance

Tsutomu Kibayashi

Abstract

We focused on low-load resistance training (hereinafter simply called “low-load
training”) as a means of rehabilitation for elderly patients with disuse syndrome.
The efficacy of low-load training was compared with that of a conventional group
exercise program, and its efficacy was evaluated in relation to the frequency and
period of training. In addition, we analyzed the relationship of the efficacy of low-
load training to the pre-training baseline level of the ability of exercise in individual
patients, and explored the factors affecting improvements in ADL and QOL
following the implementation of this kind of training. The subjects of this study
were selected from among 467 elderly patients who required daily life assistance
and participated in one of three rehabilitation programs (once weekly 6-month
group exercise program, once weekly 6-month low-load training program, and twice
weekly 3-month low-load training program). Of these 467 patients, 153 were
selected for analysis in the present study. That is, 51 patients were assigned to
each of the three groups described below, with care taken to make the distribution
of age, male-to-female ratio and ADL level as uniform as possible among the three
groups. The three groups were: (1) a group participating in a once weekly group
exercise program for 6 months, involving antigravitational exercise, (2) a group
participating in a once weekly low-load training program for 6 months and (3) a
group participating in a twice weekly low-load training program for 3 months. In
the latter two groups, exercise with a low load {equivalent to a Borg scale level of
11, an easy exercise level) was performed on 6 kinds of training machines. The
efficacy of each program was evaluated on the basis of an exercise performance
test and assessments of ADL and QOL. Improvement in gait and the ability to
adjust body position was more marked following the once weekly 6-month low-load
training than following the once weekly 6-month group exercise program. When
the efficacy of low-load training was analyzed by the frequency and period of
training, improvement in muscle strength and balance maintenance was more
marked following the twice weekly 3-month program than following the once
weekly 6-month program. Improvement in ADL among the patients in the twice
weekly 3-month low-load training program was found to be affected by three
factors: ability to adjust body position, physical flexibility and age. Improvement in
QOL among the same patients was affected by two factors: endurance for
movement and ability to adjust body position. It was also suggested that even in
cases where the baseline ability to adjust body position is low, this ability is quite
likely to improve following implementation of this kind of low-load training.
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Introduction

In January 2004, the Study Group on
Rehabilitation of the Elderly published a report
titled “Desirable Directions for Rehabilitation of
the Elderly”, in response to a request from the
Health and Welfare Bureau for the Elderly, the
Ministry of Health, Labour and Welfare”. The
report dealt with three model groups of elderly
individuals (post-stroke patients, patients with
disuse syndrome and patients with dementia) who
are targets of rehabilitation. It also stated that it is
essential to seek appropriate approaches to
rehabilitation, based on a thorough understanding
of the conditions prevailing in the lives and health
of elderly individuals. Past rehabilitation programs
have tended to focus on providing care tailored to
the features of each particular disease. They did
not incorporate concrete means of dealing with the
reduced activity level associated with disuse
syndrome, which becomes apparent in those of
advanced age. There are only a small number of
reports, in Japan or elsewhere, written on
rehabilitation programs focusing on disuse syndrome.
To the author's knowledge, no published reports
have dealt with evaluating of the effects of
rehabilitation programs in terms of improving the
activity levels of these elderly people or the effect
rehabilitation programs have on activity of daily
living (ADL).

In view of the trend toward an aging population,
it has become more and more necessary to develop
effective and efficient rehabilitation programs. In
2005, after Japanese governmental initiative, the
Committee for the Promotion and Evaluation of
Home Care and the Prevention of Disabilities
began to implement the Local Community Model
Project on Home Care and the Prevention of
Disabilities, drawing findings and skills from
various related fields?. Of all the training programs
shown to provide significant improvements in
activity levels, 84% involved some devices or
machines. The authors therefore reviewed
previous studies of training programs for the
elderly that made use of devices or machines. Arai
et al® reported that training programs using
devices/machines reinforced the muscle strength

of elderly people requiring daily life assistance and
were thus useful for elevating overall physical
strength, energy metabolism and so on. Vincent et
al” and Hruda et al® also reported on the
usefulness of this kind of training for reinforcing
the muscle strength of the elderly, and its
usefulness in terms of elevating exercise
capabilities. Rooks et al® and Buchner et al”
reported the usefulness of this kind of training in
terms of improving the maintenance of balance.
On the other hand, negative views on the
effectiveness of this kind of training have been
presented by some investigators, including reports
by Lord et al¥ and Singh et al”, who found that no
improvement in the speed of gait was seen
following this kind of training, and a report by
Barrett et al'® that no improvement in subjective
health level was noted. Thus, varying findings
have been obtained by different investigators
about the efficacy of this kind of training, and no
valid method for this kind of training has been
established.

Takeuchi'” proposed a low-load resistance
training program (hereinafter called “low-load
training”) that made use of devices. He undertook
studies of this kind of program, and is a pioneer in
this field. However, no papers endorsing the
efficacy of Takeuchi's method have been published
to date. Takeuchi reported that the method he
proposed facilitates muscle coordination and
improves energy efficiency during activities,
leading to improvement in the overall ability to be
active and better ADL (activity of daily living) and
QOL (quality of life)'”. In the present study, the
author focused on low-load training as a means of
rehabilitating elderly patients with disuse syndrome.
This study involves the following three forms of
analysis, using statistical methods: (1) comparing
the efficacy of low-load training with that of a
conventional group exercise program, (2) evaluating
the efficacy of low-load training in relationship to
frequency and period of training, and (2) assessing
the effects of low-load training on ADL and QOL.

Subjects
The study involved a preliminary pool of 467
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elderly patients requiring daily life assistance.

Some of them participated in one of the
rehabilitation programs provided within the

framework of the Toyama City Functional
Rehabilitation Programs, and others attended one
of two elderly health promotion facilities or one of
two homes for the aged in Toyama City. All
subjects were free of cerebrovascular disease,
Parkinsonism and severe dementia. Three
different rehabilitation programs were provided,
and each elderly patient participated in only one of
the three programs. Of the 467 patients, 156
attended a once weekly 6-month group exercise
program, 89 received once weekly 6-month low-
load training and 222 received twice weekly 3-
month low-load training. The present study was
designed to compare the outcomes of these three
programs by analyzing data from a subset of 153
patients drawn from the pool of 467 patients.
These subjects were divided into three groups on
the basis of the three exercise programs they
attended, but each group had a similar age
distribution, male-to-female ratio and ADL score
distribution. That is, 51 patients were assigned to
each of the three groups differing from each other
in terms of the rehabilitation program (153 patients
in total) in such a manner that each patient
assigned to one group was identical to one patient
assigned to the second group and one patient
assigned to the third group in terms of age
category (65-59, 70-74, 75-79, 80-84 or over 85),
sex (male/female) and the ADL score as rated by
the Barthel index (BI level 60-69, 70-79, 80-89 or
over 90). All over the measurement period, the

subject who participated in everyday life and
different activity removed it from a person of
object. Thus, the 153 patients assigned to the
three groups were composed of 51 trios identical in
the categories of age, sex and BI level. The three
rehabilitation programs could thus be analyzed on
the basis of data from the three statistically
identical groups in terms of age distribution, male-
to-female ratio and BI level distribution (see Table
1).

Differences in the efficacies of the three
rehabilitation programs (whose features will be
described in detail below) were analyzed
statistically. Prior to the study, individual patients
were told about the design of the study and their
consent to be involved in the study was obtained in
writing. The author additionally received a permit
from the Toyama City Government to collect the
data for this study. To protect privacy, the data
was kept anonymous (Table 1).

Methods
1. Three rehabilitation programs
(1) Once weekly 6-month group exercise

program

This program involves group exercises
practiced once weekly for 6 months, emphasizing
antigravitational exercises. The exercises are
practiced while the participant is sitting in a chair
or standing. During the standing exercises, the
subject stands straight, with the legs apart at a
distance equal to the width of the shoulders, and
stands straight, holding onto a support (table, etc.)
with both hands, to practice: (1) squatting (slowly

Table 1. Background variables common for the three groups

Sex (No. of subjects) males 28
females 23

65— 69 9

70—-74 19

Age (years) 75—-79 12
80—84 6

Over 85 5

60— 69 6

. 70—-79 9
Baseline BI score 80— 89 12
90—99 24

51 subjects each for the once weekly 6-month group exercise, once weekly 6-month low-load
training and twice weekly 3-month low-load training.
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bending the knees as though sitting on a chair), (2)
hip extension and flexion (raising one leg
backwards, without bending the knee, (3) hip
abduction (raising one leg horizontally, without
bending the knee), and (4) standing on tiptoes
(raising both heels as if stretching to reach high).
The exercises practiced while sitting in a chair
were: (5) knee extension (raising one leg slowly,
while keeping the knee straight, (6) trunk flexion
and extension (bending the trunk forwards with
both arms stretched forwards and then raising
both arms to bring the trunk upright, looking up
toward the ceiling, (7) exercising both arms
(swinging the arms forward and backward with
the elbows bent, and stretching the arms
horizontally with the elbows kept extended). All of
these exercises were practiced without any load
other than the patient's own body weight.
(2) Once weekly 6-month low-load training
This program involves low-load resistance
training carried out once weekly for 6 months. In
defining load levels, Satake et al.'® reported that
the intensity of exercise equivalent to 30-40% of
full muscular strength can be viewed as low-load
training, corresponding to a subjective exercise
level of “easy” or “very easy’. Based on this
report, the load level was adjusted for each subject
during each round of training so that it was
approximately Level 11 (easy) according to the
Borg scale {(a scale of subjective exercise levels).
Training machines manufactured by Proxomed
(Germany), shown in Fig. 1, were used in this
study. All exercises were practiced while sitting
in a chair. The exercises consisted of: (1)
horizontal hip and knee flexion and extension with
the planta fixed (Horizontal Leg Press), (2) leg
extension/flexion, (3) hip abduction/adduction, (4)
trunk-extension/flexion, (5) shoulder and elbow
flexion and extension (Rowing MF), (Chest Press).
Of these exercises, trunk-extension/flexion requires
the subject to maintain his/her body position
without the help of any back support, and is thus
expected to improve the ability to hold an erect
posture.
(3) Twice weekly 3-month low-load training
This program involves training with identical

load levels and methods to those of the once
weekly 6-month low-load training. It differed from
the latter in terms of frequency (twice weekly
instead of once weekly) and period (3 months
instead of 6 months).

In all three of these rehabilitation programs, vital
signs (blood pressure, heart rate, etc) and
subjective sensations of fatigue were checked for
each subject before and after training, to ensure
safety. One set of training was composed of 10
sessions of exercise, and a maximum of 3 sets were
practiced in one day. A rest period of 2 minutes or
longer was interposed between different exercises
or sets. One program lasted for about 90 minutes.

2. Tests and methods

The following tests were administered to each
subject at the beginning and end of the program.
(1) Exercise function tests
1) Grip strength

A digital grip meter was used. Measurements
were taken with the subject in a standing position.
The way the grip meter was held by the fingers
(the defined grip width) was adjusted so that the
second joint of the index finger would be bent at
approximately a right angle. Grip strength was

Fig.1. Training machine (a product of Proxomed)

Dimension (Width % Length % Height):

Horizontal Leg Press 2040 x 1055 % 1665mm

Leg Extension/Flexion 1090 % 1020 % 1665mm

Hip Abduction/Adduction 1315% 1190 % 1665mm
Trunk Extension/Flexion 1360 % 1125 % 1665mm
Rowing MF 1245x% 715 % 1995mm

Chest Press 1310 % 1350 % 1985mm

@O06EO
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calculated to the first decimal place and expressed

in units of kg'.

2) Ability to stand on one leg with the eyes
open (one leg stand)

When the examiner gave a signal, the subject
started to stand on one leg. The examiner
measured with a stopwatch the duration of time
the subject could stand on one leg. This time was
calculated to the first decimal place and expressed
in seconds'.

3) Functional reach test (FRT)

This test was administered according to the
method of Duncan et al’®. The subject stood with
one side near a wall, with legs spread to the width
of the shoulders. The subject reached straight
ahead with one arm at shoulder height and bent
the shoulder joint by 90 degrees. From this initial
position, the subject stretched both arms as far
forward as possible, keeping both arms parallel
with each other. After performing this action, the
subject returned to the initial position. The
examiner measured the distance moved horizontally
of the middle finger tip during this exercise in
units of cm (calculated to the first decimal place),

as shown in Fig. 2.

Fig. 2. Functional reach test (FRT)

The subject stood with one side near a wall, with legs
spread to the width of the shoulders. The subject reached
straight ahead with one arm at shoulder height and bent
the shoulder joint by 90 degrees. From this initial position,
the subject stretched both arms as far forward as possible,
keeping both arms parallel with each other. After
performing this action, the subject returned to the initial
position. The examiner measured the distance moved
horizontally of the middle finger tip during this exercise in
units of cm (calculated to the first decimal place).

4) Trunk-flexion in the sitting position

While sitting on a chair, the subject stretched
one knee to an angle of 0 degrees, kept the ankle
on this same side at an angle of 0 degrees and
placed his/her heel in contact with the floor. Then,
the subject bent his/her trunk forward and
stretched both arms toward the toes. The distance
between the tips of the toes and the middle fingers
was measured. If the middle finger did not reach
the tip of the toes, the distance was given with the
label “minus”. If the middle finger stretched
beyond the tip of the toes, the distance was given
with the label “plus”. The distance (“minus” or
“plus”) was recorded in units of cm (calculated to
the first decimal place)'.

5) Minimum time needed to walk 10 meters

(10 m walk)

This test was conducted according to the
method of Morohashi et al'®. The subject walked
a 16 m long course (the 10 m main course plus 3 m
more both before and after the main course). The
examiner counted the time it took for the subject
to pass through the 10 m main course, using a
stopwatch. The examiner's instructions to the
subject were: “Please walk as fast as you can.”
The time was recorded in units of seconds
(calculated to the first decimal place).

6) Time “Up and Go” Test (TUG)

This test was carried out according to the
method of Podsialo et al.'"”. The subject first sat on
a chair. When the examiner gave a signal, the
subject stood up from the chair and walked to an
object 3 m in front of the chair, returned to the
chair and sat down again. The examiner's
instruction to each subject was: “Please walk as
fast as you can.” The examiner counted the time
from the signal to start the action to the end of the
action, using a stopwatch. The time was recorded
in units of seconds (calculated to the first decimal
place) (Fig. 3).

Each of the tests 1) through 6) was performed
twice. The better of the two measurements was
the one chosen.

7) Distance walked in 6 minutes

This test was conducted according to the

method of Morice et al'®. The subject walked on a
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Fig.3. Time “Up and Go” Test (TUG)

The subject first sat on a chair., When the examiner gave
a signal, the subject stood up from the chair and walked to
an object 3 m in front of the chair, returned to the chair
and sat down again. The examiner's instruction to each
subject was: "Please walk as fast as you can”  The
examiner counted the time from the signal to start the
action to the end of the action, using a stopwatch.

course for 6 minutes. The distance walked during
the period from the signal to start walking to the
end of exercise (i.e., after 6 minutes) was measured
in units of m (calculated to the first decimal place).
This test was only performed once per subject.
(2) Evaluation of activities of daily living
(ADL)

The subject's BI was rated at the start and end
of the program.
(3) Evaluation of quality of life (QOL)

The subject's QOL was evaluated at the start
and end of the program, using a Japanese version
of the EuroQOL (EQ-5D)"*#,

3. Study design
(1) Study 1

The once weekly 6-month group exercise
program was compared with the once weekly 6-
month low-load training on the basis of checking
for significant differences in parameters of
exercise function (grip, one leg stand, FRT, trunk-
flexion, 10m walk, TUG and BI ) between
measurements at the start and end of each
program.
-(2) Study 2

A comparison between two low-load training
programs with varying frequencies and periods
(the once weekly 6-month low-load training and
the twice weekly 3-month low-load training) was
conducted by checking for significant differences

in parameters of exercise function (grip, one leg
stand, FRT, trunk-flexion, TUG and BI) following
the program (comparison between the measurement
at the start and the measurement at the end of the
program)
(3) Study 3

The effects of twice weekly 3-month low-load
training on the ADL and QOL of individual
patients were evaluated on the basis of the results
of exercise function tests. The influence of each
exercise function tested on ADL and QOL was
assessed, and the relationship of background
variables of patients to ADL and QOL was also
analyzed.

4. Data analysis

Paired t-test was used for comparison of each
parameter of exercise function, total BI score and
EQ-5D utility score between the measurement
before training and the measurement after
training. Mann-Whitney test was employed for
such a comparison of BI and each EQ-5D score.
Pearson product moment correlation coefficient
was used for analysis of the relationship between
the baseline level of each parameter of exercise
function and the magnitude of change in each
parameter after training (the difference between
the baseline and final levels). Multiple regression
analysis was employed for evaluation of the
relationship of changes in ADL or QOL to
parameters of exercise function and background
variables (age and sex). The total BI score and EQ-
5D utility score served as dependent variables,
while the change in each parameter of exercise
function, sex (coded with dummy variables) and
age served as independent variables. Data were
processed and analyzed on the computer program
SPSS11.5.

Results
1. Study 1 (Table 2 and 3)

Following the once weekly 6-month group
exercise program, exacerbation was noted in
trunk-flexion (p<<0.05) and TUG (p<0.05) among
the parameters of exercise function. Following the
once weekly 6-month low-load training, exacerbation
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Table 2. Changes in exercise function following training in each group

n =51

Group exercise

Once weekly 6-month training Twice weekly 3-month training

Baseline Final p Baseline Final p Baseline Final p
Grip (kg) 217 (6.3) 216 (66) ns 231 (7.0) 234 (69) ns 222 (75) 234 (75) =
One leg stand (sec) 87 (54) 86 (56) ns 92 (38 99 (46) ns 123 (6.2) 143 (56) ns
FRT (cm) 249 (6.2) 249 (6.8) ns 256 (6.2) 26.8 (6.3) ns 245 (7.6) 274 (76) *%
Trunk-flexion (cm) 118 (6.8) 88 (59) = 76 (49 114 (4.3) #*x* 103 (4.2) 123 (4.8) *x
10m walk (sec) 121 37 122 (4.1) ns 126 (3.6 116 (3.3) #*x*
TUG (sec) 120 (44) 127 (46) =* 134 (29 120 (32) #=* 121 (3.2) 10.1 (2.8) *x*
Distance walked in 6 2255(707)  257.7(790) *%

minutes (m)

Mean (SD). ns=not significant. *p<.05 **p<.0l
One leg stand: Duration of one leg standing with eyes open, FRT : Functional Reach Test, torso-flexion : in sitting, 10m walk :
maximum time needed for 10 m walk,
TUG : Time “Up and Go” Test

Table 3. Changes in ADL (Total Bl score) after training in each group

n =51

Group exercise

Once weekly 6-month training

Twice weekly 3-month training

Baseline Final D Baseline Final p Baseline Final P
Meal 9.0 20 88 (21) ns 81 (24) 82 (24) ns 91 (19 92 (18) ns
Vehicle 122 (3.0) 118 (30) ns 129 (3.0) 125 (32) ns 108 (23) 125 (25)  **
Grooming 46 (14) 47 (1.2) ns 39 21 40 (20) ns 36 (23) 42 (1.8) *
Toilet 93 (1.7 9.1 (1.9) ns 94 (1.6) 96 (14) ns 94 (1.9 96 (1.7) ns
Bathing 40 (20 41 (190 ns 32 (24) 36 (23) ns 33 (24) 41 (19 *
Gait 122 (3.0) 121 27 ns 121 @27) 131 (24)  *x* 134 (25) 143 (20)  **
Stairs 56 (24) 58 (27) ns 58 (2.7) 74 (29)  *x* 52 27 7.7 (29)  **
Dressing 89 (2.1 88 (21) ns 94 (1.6) 95 (1.5) ns 93 (1.7 97 (1.2) ns
Defecation 9.1 (19 90 (20) ns 94 (1.6) 95 (15) ns 98 (1.0 100 (00) ns
Total score 838 (105) 830 (108) ns 832 (102) 863 (9.1)  *=* 831 (10.3) 909 (82)  #**
Mean (SD). ns=not significant. *p<.05 * *p<.01
was not noted in any parameter, and significant 3. Study 3

improvement was observed in trunk-flexion (p<
001), 10m walk (p<001) and TUG (p<0.01)
among the parameters of exercise function as well
as in gait (p<0.01), going upstairs and downstairs
(p<0.01) and total BI score (p<0.01) among the
parameters of BL

2. Study 2 (Table 2 and 3)

Following the twice weekly 3-month low-load
training, significant improvement was observed
not only in trunk-flexion (p<0.01), TUG (p<0.01),
gait (p<0.01), going upstairs and downstairs (p<
0.01) and total BI score (p<001) on which
improvement had been seen following the once
weekly 6-month low-load training in Study 1 but
also in the following parameters: grip (P<<0.05) and
FRT (p<0.01) among the parameters of exercise
function and getting on vehicles (p<0.01),
grooming (p<0.05) and bathing (p<<0.05) among
the parameters of BL

Following the twice weekly 3-month low-load
training, all 5 parameters of EQ-5D (a scale of
QOL) and the EQ-5D utility score improved
significantly. Among the parameters of BI (a scale
of ADL), significant improvement was noted after
this training in the six parameters mentioned
above, ie, getting on vehicles (p<0.01), grooming
(p<0.05), bathing (p<0.05), gait (p<0.01), going
upstairs and downstairs (p<<0.01) and total BI sore
(p<0.01).
function, significant improvement was seen in 5
parameters, lLe, grip (p<0.05), FRT (p<0.01),
trunk-flexion (p<<0.01), TUG (p<0.01) and distance
walked in 6 minutes (p<<0.01), as shown in Tables 2
through 4. A negative correlation between the

Among the parameters of exercise

baseline level and the change after training was
noted for FRT (r =-0.51, p<0.01) and TUG (r =
-0.49, p<0.01), while no correlation was noted for
any other parameter of exercise function (Table 5).
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Table 4. Changes in QOL after twice weekly 3-month low-load training n=51
EQ- 5D Baseline Final 0
Mean SD Mean SD
Mobility 22 0.6 17 0.7 *%
Self-care 22 0.7 19 0.7 * %
Usual activities 24 0.6 20 0.6 *%
Pain 24 0.6 23 0.6 *
Anxiety 25 0.6 22 0.7 * %
QOL utility score 0.34 0.18 0.46 0.19 * %

Mean (SD). ns=not significant. *p<<.05 *%p<(l

Table 5. Baseline levels and changes in parameters of exercise function after twice weekly 3-month low-load training

n =51

Grip One leg stand FRT Torso-flexion TUG Walk in 6 min

r p r D r p r p r p r p
Grip —026 ns —015 ns 012 ns 005 ns 013 ns 003 ns
One leg stand -021 ns -0.26 ns =006 ns 014 ns 024 ns 011 ns
FRT 003 ns 014 ns —051 *=* 009 ns 018 ns 018 ns
Trunk-flexion 009 ns 004 ns -009 ns —039 x* 007 ns -012 ns
TUG —001 ns —013 ns 006 ns 05 ns —049 &% -015 ns
Walk in 6 min -014 ns -002 ns 004 ns 005 ns 034 =x 006 ns
ns=not significant. *p<.05 #*%p<.0l

Significant correlation was noted between the
change in total BI score and the change in TUG
(standardization coefficient f=-3928 p<0.01),
between the change in total BI score and the
change in trunk-flexion (f = 0542, p<<0.01) and
the change in total BI score and age (f=-2.243, p
<0.01). Furthermore, a significant correlation was
noted between change in total BI score and the
total of change in TUG, change in trunk-flexion
and age (multiple correlation coefficient R =0.680,
determination coefficient R?=0463, p<0.01), as
shown in Table 6.

A significant correlation was observed between
the change in EQ-5D utility score and the change

Table 6. Relationship of changes in ADL to changes in
parameters measured and background variables

Parua.l Standardization
correlation . P
coefficient coefficient

Intercept 4421

Change in TUG —3.928 -0.530 001
Changes in 0542 0.263 027
trunk-flexion

Age —2.243 -0.228 047

Multiple regression (R =0.680, R2=0463, P<.01)

Y =4.421 — 3928 % (change in TUG) +0.542 % {change in trunk—
flexion) —2.243 % (age: 4 categories)

Change in ADL = Y, Significant at P<0.01

in distance walked in 6 minutes ( # =0.602, p<0.01)
and between the change in EQ-6D utility score and
the change in TUG (£=-0.242, p<0.05). The
relation between change in EQ-5D utility score and
the total of change in distance walked in 6 minutes
and change in TUG was also significant (multiple
correlation coefficient R=0.658, determination

coefficient R*=0.433, p<0.01), as shown in Table 7.

Discussion

In the past, group exercise programs for elderly
people requiring daily life assistance were often
provided within the framework of functional
rehabilitation programs under the Senile Health

Table 7. Relationship of changes in QOL to changes in
parameters measured and background variables

Partla_l Standardization
correlation . D
coefficient coefficient
Intercept —=0.075
Change in
distance walked 0.004 0.602 .001
in 6 minutes
Change in TUG —0.039 —0.242 .031

Multiple regression (R=0.658, R2=0433,P<.01)

Y =0.004 x (change in distance walked in 6 minutes) —
0.039 x (change in TUG) —0.075

Change in QOL =Y, Significant at P<<0.01
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Act. This kind of training was used extensively
and played a significant role in facilitating
resumption of functions by elderly people through
habitual exercise. However, when providing this
kind of training, the efficacy of the program
(including the appropriateness of the guidance for
participants and the measurements performed on
the participants) was not adequately evaluated on
the basis of changes in the exercise function of
individual participants. Takeuchi” served as a
pioneer in introducing a low-load training program
to elderly people requiring daily life assistance and
made efforts to make this program adopted widely.
To date, however, no study endorsing the validity
of this program or analyzing its efficacy in relation
to the frequency and period of training or
evaluating its effects on ADL and QOL has been
reported. The author has been providing a once
weekly 6-month low-load training to elderly
people, laying emphasis on people who tend to
remain indoors (the subjects emphasized by the
program proposed by the Ministry of Health,
Labour and Welfare)®”. Although the Japan Health
Promotion & Fitness Foundation recommended
twice or three time weekly exercise as a means of
improving the physical strength of people, the
author previously reported that practicing
exercise four weeks or more per week can cause
accumulation of fatigue and hamper the
individuals to form a habit of exercise?®. Under
such circumstances, the author recently developed
a new training program (twice weekly 3-month
low-load training) and evaluated the efficacy of this
program as well as two other programs (once
weekly 6-month group exercise and once weekly 6-
month low-load training) (Study 1). Furthermore,
the efficacy of low-load training was evaluated at
varying frequencies and periods of training (once
weekly 6-month training and twice weekly 3-
month training) (Study 2). Because the twice
weekly 3-month low-load training program was
found to be more effective than the once weekly 6-
month low-load training program, the author then
evaluated the effects of the twice weekly 3-month
low-load program on ADL and QOL, using BI and
EQ-5D" ® (Study 3). In all of these three studies

(Study 1, 2 and 3), the four parameters reported by
Miyahara et al® as useful in efficacy evaluation
(grip strength, one leg stand, trunk-flexion and 10
mg walk) as well as 3 parameters of performance
test (FRT, TUG and distance walked in 6 minutes)
were adopted as parameters of exercise function.
The test data were processed and analyzed
statistically to evaluate the efficacy of the
programs.

1. Re: Study 1

In Study 1, the once weekly 6-month group
exercise program, which is primarily based on
antigravitational exercises and has been provided
within the framework of the Senile Health Act,
was compared with the once weekly 6-month low-
load training, by means of exercise function tests.
Following the group exercise program, some
subjects showed improvements in exercise
function in a sporadic manner, but no parameter of
exercise function improved significantly when all
subjects assigned to this group were analyzed
together. Following the low-load training program,
three parameters (trunk-flexion, 10m walk and
TUG) improved significantly. This result in the
low-load training group probably reflects the
effectiveness of low-load training using machines.
The use of training machines seems to have the
following advantages: (1) the range, direction and
frequency of articular motions can be set at a level
optimal for training of the target muscle, thus
allowing constant rate exercise; and (2) it is easy
for the subject to keep his/her body position
optimal for a given articular motion. During group
exercise, compensatory motions (departing from
normal motions) or inadequate motions are
sometimes seen, and it is difficult to practice
exercise in right direction or range. Ohata et al??
reported that repeated quantitative learning of
task motions can suppress instability of voluntary
motions and plays an important role in learning
how to control body position in an appropriate
manner, resulting in improved physical
coordination during exercise.
2. Re: Study 2

In Study 2, the efficacy of low-load training at
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varying frequencies and periods of training was
evaluated. In both the once weekly 6-month
training group and the twice weekly 3-month
training group, trunk-flexion and TUG improved
significantly, and no parameter exacerbated. In the
twice weekly 3-month training group, parameters
of muscle strength and balancing capability (grip
strength and FRT) also improved significantly.
The greater number of parameters showing
significant improvement in the twice weekly 3-
month training group is probably because the
efficacy of the previous sessions of the training
was carried forwards to the next session in this
group although the efficacy of previous sessions
did not continue until the next session in the once
weekly 6-month training group. Because no
parameter exacerbated in the once weekly 6-
month training group, this training program can
also be viewed as having shown long-lasting
efficacy. However, considering that the twice weekly
3-month training program allowed significant
improvement in grip strength in addition to
balancing capability and that subjects are easier to
become aware of improvement following this short-
term (3-month) training, we may say that the twice
weekly 3-month training program is more suitable
as a means of guiding people to continue training
for the goal of improving the exercise function.
Feigenbaum et al® reported that improvement
was greater following twice weekly training than
following once weekly training, similar to the
findings from the present study, and that the
improvement after twice weekly training did not
differ from that after three times weekly training.
If their finding is combined with the findings from
the present study, we may say that twice weekly
training is more advisable in terms of cost-benefit
relationship.
3. Re: Study 3

In Study 3, the effects of twice weekly 3-month
low-load training on ADL and QOL were
evaluated. Following twice weekly 3-month
training, significant improvement was seen not
only in trunk-flexion and TUG (parameters of
exercise function) and gait and going upstairs and
downstairs (parameters of BI), like after once

weekly 6-month low-load training, but also in some
additional parameters (grip strength and FRT
among parameters of exercise function and getting
on vehicles, grooming and bathing among
parameters of BI). The improvement seen in these
additional parameters after twice weekly 3-month
training is attributable to improved muscle
strength and balancing capability. Grip strength is
often used as a parameter since this is thought to
represent the systemic muscle strength. Shinkai®
listed grip strength as one parameter of the
physical strength of elderly people. Therefore, the
improvement in grip strength seems to reflect
improvement in muscle strength. We may say
that the subjects of this study, who had probably
show reduced activity level before the study, were
able to activate their muscles through practicing
the low-load training program. We may also say
that the balancing capability was improved by
simultaneous use of multiple muscles involved in
the control of body position (e.g., the muscles used
during, trunk-extension/flexion and shoulder
flexion/extension).

Regarding load resistance training programs,
Arai et al? reported that the endurable training
machine load level and the magnitude of
improvement in the one-leg standing capability
(with eyes open or closed) were higher among
individuals who had a higher physical strength at
the start of the training. In the present study,
however, a negative correlation between the
baseline level and the magnitude of change after
training was noted for FRT and TUG.. This result
suggests that even subjects with low baseline
levels have high potentials of improvement. This
issue, however, needs to be further studied.

Now, factors affecting the ADL are to be
discussed. The magnitude of change in ADL had
significant correlation with TUG (standardization
coefficient f=-053, p<0.01), trunk-flexion (f=
0.263, p<0.05) and age ( f=-0.228, p<0.05). TUG
pertains to the capability of instantaneously
selecting one motion and continuing it, ie, a
capability to deal with a given situation quickly.
Prolongation of the time needed for TUG can lead
to disturbances in activities such as getting on
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vehicles, walking, going upstairs and downstairs,
making outdoor activities, and so on®. The results
of the present study endorsed the usefulness of
TUG as an indictor of the range of ADL.

During trunk-flexion, flexibility of muscles
improves the coordination of muscles involved in
articular motions. This function seems to affect
the range of motions possible under various
situations or environments and to affect the
magnitude of change in ADL. According to
Miyashita®, reduction in flexibility can reduces the
degree of physical independence and elevates the
risk for falling.

The influence of age on ADL has been shown in
many reports, and the present study endorsed
such previous findings.

Now, factors affecting the QOL are to be
discussed. The magnitude of change in QOL
correlated significantly with the distance walked
in 6 minutes (f=0.602, p<0.01) and TUG (f=
~-0.242, p<0.05). If an individual has sustainable
physical strength, he/she can feel joyful or high-
spirited before feeling fatigued, and fatigue is
unlikely to persist long, thus making it possible for
the individual to undertake activity to become
joyful again. This will lead to a subjective
sensation of health or the sense of worth living.

Following the twice weekly 3-month low-load
training, improvement was seen in four aspects of
exercise function (gait, body position control,
muscle strength and flexibility), and favorable
effects on ADL (primarily the capability to move)
were noted, leading to improved QOL. Among
factors affecting ADL, body position control,
flexibility and age seem to be particularly important.
Among factors effecting QOL, sustainability of the
capability to move and the capability of controlling
body position are important. The results from the
present study suggest that these important factors
are highly likely to improve following training with
this program.

In the present study, improvement in ADL and
QOL following this training program was
confirmed by analysis of exercise function.
However, the daily lives of elderly people cannot
be completely understood from the viewpoint of

physical function alone. In the future, approaches
involving a combination of emotional, cultural,
social and environmental supports will be
desirable. In any event, the findings from this
study will provide hints when discussing the issues
faced by the current society with a progressively
aging population.
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