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Health status of community-dwelling elderly with geriatric syndrome

Jinhee Kwon”, Yuko Yoshida”, Hajime Iwasa”, Hideyo Yoshida”, Hunkyung Kim",
Miho Sugiura”, Taketo Furuna® and Takao Suzuki”

Abstract

Objectives: This study was conducted in order to examine the prevalence of geriatric syndrome (falls, incontinence, depres-
sion, and under-nutrition) in community-dwelling elderly people, and to analyze the health status of the elderly with geriatric
syndrome risk compared to those of a group not at risk.

Methods: The subjects comprised 1,784 residents (769 men and 1,015 women) aged 70 years or more living in Itabashi-ku,
Tokyo, who took part in the study. For this study, we divided the subjects into two groups: those with geriatric syndrome
(n =688) and those without (n =1,096).

Results: It was found that 33.6% of men and 42.4% of women had geriatric syndrome. Elderly with geriatric syndrome in
both men and women had a significantly lower the proportion of subjects who perceived as ‘healthy’ in terms of the self-
rated health, the higher-level functional capacity, higher prevalence of fear of falling, and decreased physical performance in-
cluding handgrip strength and usual + maximal walking speed than those in the group who did not have geriatric syndrome.
Logistic regression analysis showed that geriatric syndrome was associated with poor perceived self-rated health, a lower
hemoglobin level and a slower usual walking speed in men, whereas in women it was associated with poor perceived self-
rated health and fear of falling. _

Conclusion: Elderly individuals with geriatric syndrome have significantly decreased health status and physical perform-
ance compared to those without geriatric syndrome.

Key words: Community-dwelling elderly, Geriatric syndrome, Health status, Physical performance, Prevention of long-term care status
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Abstract

Background: Previous studies have shown that serum albu-
min or vitamin D is associated with physical performance.
We hypothesized that older adults with concomitant lower

serum albumin and vitamin D (25-hydroxyvitamin D, 250HD)-

levels are associated with decreased physical performance
compared to those with 1 or none of the 2 risk factors. Ob-
jective: To investigate the association of combined serum
albumin and 250HD levels with physical performance (mus-
cle strength and balance capability) in community-dwelling
elderly. Methods: A cross-sectional study in a community-
based population in the province of Tokyo, Japan, was per-
formed. For the study, 1,094 community-dwelling people
aged 70 and older underwent an interview, anthropometric
measurements, blood analysis and physical performance
testing. The subjects were classified into 4 types by combin-
ing serum albumin and 250HD levels: lower albumin only,
lower vitamin D only, lower albumin and lower vitamin D,
higher albumin and higher vitamin D. Results: Men with
concomitant lower albumin and lower 250HD levels had sig-
nificantly decreased knee extension power, usual timed

Up & Go and maximal timed Up & Go, even after adjusting
for age and body mass index (BMI). In women, concomitant
lower albumin and lower vitamin D was associated with sig-
nificantly decreased handgrip strength and functional reach,
even after adjusting for age and BMI. Subjects with com-:
bined lower albumin and lower vitamin D levels showed a
significant decline in muscle strength and balance capability
compared to higher albumin and higher vitamin D, even af-
ter adjusting for age, current drinking or smoking status,
physical activity, history of chronic disease, basic activities of
daily living, instrumental activities of daily living, BMI and
bone mineral density. Conclusion: Concomitant lower se-
rum albumin and lower vitamin D levels are associated with
decreased muscle strength and balance capability in both
men and women. These results suggest that serum albumin
and 250HD together may be an important target for strate-
gies aiming to achieve a healthy life and prevent loss of in-
dependence in community-dwelling elderly.
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Introduction
Many studies have reported that the serum albumin

level in the elderly is significantly associated with muscle
mass, muscle strength and functional capacity [1-4]. We
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have previously shown that physical performance is cer-
tainly associated with the serum albumin level and tends
to decrease at low serum albumin levels [5]. Particularly,
handgrip strength and knee extension power were sig-
nificantly declined at low serum albumin levels com-
pared to normal levels in elderly men.

Low vitamin D level is also significantly related to de-
cline of muscle strength [6-9], sarcopenia [8], functional
limitations and disability [6, 9]. Moreover, vitamin D de-
ficiency is common in healthy, community-dwelling el-
derly as well as geriatric patients [10-12].

Deterioration in physical performance has been found
to be associated with serum albumin and serum vitamin
D independently. However, few studies focused on the
combination of serum albumin and vitamin D in relation
with physical performance in the elderly.

Concomitant low serum albumin and vitamin D is not
an unusual phenomenon among community-dwelling
elderly. We hypothesized that older adults with both low-
er serum albumin and lower vitamin D levels are associ-
ated with decreased physical performance compared
with those with only 1 or none of the 2 risk factors.

This study was conducted to investigate the associa-
tion of combined serum albumin and vitamin D levels
with physical performance in the community-dwelling
elderly.

Methods

Population

The subjects analyzed in this study consisted of 1,094 residents
(456 men and 638 women) aged 70 or older living in Itabashi-ku,
Tokyo, who had participated in mass health checkups for the
community elderly (‘Otasha-kenshin’) conducted in November
2004. Otasha-kenshin, literally meaning ‘health checkups for suc-
cessful aging’, is a comprehensive health examination for the
community elderly aiming to prevent the ‘geriatric syndrome’ in-
cluding fall and fracture, incontinence, poor oral health, mild
cognitive impairment, depression and undernutrition, in order to
prevent loss of independence in the late life. Details of the survey,
including subject details, investigation methods and contents
have been described in our previous paper [13]. None of the sub-
jects who participated in the present study had a history of malig-
nant disease.

Data Collection

Interview

An interview was conducted to assess the age, living arrange-
ments, current drinking or smoking status, physical activity,
chronic disease conditions and activity limitation. Physical activ-
ity was assessed by whether the subject performed regular exer-
cises defined as walking outdoors, running, exercises and sports
at least once per week. History of chronic disease was self-report-

Concomitant Lower Serum Albumin and
Vitamin D Levels

ed and included hypertension, stroke, heart disease and diabetes.
Heart disease included angina pectoris, acute myocardial infarc-
tion, congestive heart failure, aortic aneurysm and various ar-
rhythmias. Activity limitation was assessed by questions on basic
activities of daily living (BADL) and instrumental activities of
dailyliving (IADL) [14]. BADL was measured using 5 items: walk-
ing, feeding, continence, bathing and dressing. IADL was as-
sessed by 5 questions of the ‘instrumental self-maintenance’ sub-

level in the Tokyo Metropolitan Institute of Gerontology indexof

competence: utilizing public transportation, shopping for daily

_ living, preparing meals, paying bills, and managing bank depos-

its and savings. The response to each item in BADL and IADL was
given a score of 1 for ‘yes’ and 0 for ‘no’, and the total score for 5
items was calculated. Thus, a score of 5 represents no difficulty
and 0 represents total incapacity in BALD and IADL.

Anthropometrics Measurement

Body mass index (BMI) was computed as weight (in kilo-
grams) divided by the square of height (in meters). Bone mineral
density (BMD, g/cm?) was evaluated at the forearm by dual en-
ergy X-ray absorptiometry using a DTX-200 osteometer (Oste-
ometer MediTech, Hawthorne, Calif., USA). The measurements
were performed by specially trained personnel. The osteometer
was set to automatically measure BMD at a site 24 mm proxi-
mal to the position where the radius and ulna are separated by
8 mm.

Measurement of Serum Levels of Albumin and Vitamin D

Blood samples were collected in a nonfasting state, in a sitting
position. The analyses were carried out centrally in one labora-
tory (Special Reference Laboratories Inc., Tokyo, Japan). Serum
albumin level was measured by a standard kit using the biconju-
gate gradient method and the coefficient of variation for serum
albumin was within less than 1%. Serum 25-hydroxyvitamin D
(250HD) level was used as a measure of vitamin D status [9], and
was measured with an RIA2 kit (DiaSorin, Stillwater, Minn.,
USA). The RIA2 method is based on an antibody specific to
250HD. '

We summarized the serum albumin and 250HD levels of
these subjects into quartiles, and used the 25 percentile cutoff to
classify the subjects into higher versus lower albumin and 250HD
groups. Thus, lower serum albumin was defined as 42.0 mg/dl or
below for men and women. Lower serum vitamin D (250HD) was
defined as 62.5 nmol/l or below for men and 57.5 nmol/l or below
for women. The subjects were classified into 4 types by combining
serum albumin and vitamin D levels: lower albumin only (serum
albumin <42.0 mg/dl in men and women), lower vitamin D only
(serum 250HD =<62.5 nmol/l in men and <57.5 nmol/l in wom-
en), lower albumin and lower vitamin D (serum albumin <42.0
mg/dl and serum 250HD =<62.5 nmol/l in men, serum albumin
=<42.0 mg/dl and serum 250HD =<57.5 nmol/l in women), and
higher albumin and higher vitamin D (serum albumin >42.0 mg/
dland serum 250HD >62.5 nmol/l in men, serum albumin >42.0
mg/dl and serum 250HD >57.5 nmol/l in women).

Physical Performance ‘

Physical performance was assessed by muscle strength (hand-
grip strength and knee extension power) and balance capability
(functional reach and timed Up & Go test). These assessments are
routinely conducted for the community elderly as described pre-
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viously {13-15]. Handgrip strength was measured by Smedley’s
Hand Dynamometer (Yagami, Tokyo, Japan). Knee extension
power (Nm) was measured in the dominant leg, using a handheld
dynamometer (Musculator GT-30; OG Giken, Tokyo, Japan). The
subject was asked to sit in a chair with the knee bent at a right
angle. The dynamometer was placed at the ankle joint. The mus-
cle strength was measured as the peak force during isometric ex-
tension when the subjects were asked to extend the knee by their
maximum leg power. The test was performed twice and the high-
er of the 2 measurements made on the dominant leg was recorded.
For functional reach, the subject stood sideways against a wall in
a natural position and stretched both arms to shoulder height.
The positions of the fingertips were taken as the zero point. Then
one arm was lowered. With the body tilted forward as far as pos-
sible, the subjects continued to stretch the arm parallel to the
ground. The greatest distance of forward reach was measured.
Three measurements were made, and the mean value was record-
ed. The timed Up & Go test measures the time (in seconds) it takes
an individual to stand up, walk a standard distance of 3 meters,
turn, walk back to the chair and sit down again. The timed Up &
Go tests were recorded in usual and maximal speeds.

Statistical Analysis
All data were analyzed with the SPSS software for Windows,

version 13.0 (SPSS Inc., Chicago, Ill., USA) and the level of sig-

nificance was set at 5%. Comparisons of physical performance by
combined serum albumin and vitamin D levels were conducted
using ANCOVA controlled for age and BMI. To investigate the
association of combined serum albumin and 250HD levels with
physical performance (muscle strength and balance capability),
multiple regression analysis was conducted using 4 combined se-
rum albumin and vitamin D groups. Similar group analysis was
used in a previous report [16]. The analyses were adjusted for age,
current drinking or smoking status, physical activity, history of
chronic disease, BADL, IADL, BMI and BMD. '

Results

The basic characteristics of the subjects - serum albu-
min and vitamin D concentrations, combined serum
albumin and vitamin D levels, and physical perfor-
mance — are shown in table 1. The mean age was 77.7 %
4.0 years in men and 77.8 * 4.2 years in women. The
mean serum albumin concentrations were 43.3 £ 2.2
mg/dlin menand 43.5 £ 2.0 mg/dlin women. The mean
vitamin D concentrations were 71.7 * 13.2 nmol/l in
men and 65.8 £ 12.5 nmol/l in women. The prevalence
of lower serum albumin and vitamin D levels was 9.2%
in men and 6.9% in women.

The comparisons of physical performance adjusted for
age and BMI in the 4 groups classified by serum albumin
and vitamin D levels are shown in table 2. Men with low-
er albumin and lower vitamin D (serum albumin <42.0
mg/dland serum 250HD =<62.5 nmol/l) had significant-
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Table 1. Characteristics of study subjects

Men Women .
(n=456)  (n=638)

Age, years 77.7%4.0 77.8+£4.2
Living alone, % 9.0 39.7
Current drinkers, % 61.6 263
Current smokers, % 20.4 33
Regular exercise (every day), % 46.1 423
History of chronic disease, % 63.2 62.4

Hypertension, % 48.9 50.0

Stroke, % 13.6 9.1

Heart disease, % 228 24.6

Diabetes, % ; 8.8 5.8
BADL (full markers = 5) 499%0.15 499%0.10
IADL (full markers = 5) 4.78 +£0.61 493+0.36
BMI 23.0+27 226*33
BMD, g/cm? 0.455+0.081 0.291 £0.064
Albumin, mg/dl 433%22 435+2.0
250HD, nmol/l 71.7+13.2 65.8*125
Combined serum albumin and vitamin D levels, %

Low albumin only 26.5 22.7

Low vitamin D only 17.5 19.3

Low albumin and low vitamin D 9.2 6.9

High albumin and high vitamin D  46.8 51.1
Physical performance

Handgrip strength, kg 284+*6.2 17.4+4.2

Knee extension power, Nm 79.6£258 52.6*163

Functional reach, cm 353%54 32.7*5.6

Timed Up & Go (usual), s 6317 7.1%£28

Timed Up & Go (maximal), s 6.0*1.6 6.7+2.7

ly lower mean knee extension power (p < 0.01) and sig-
nificantly slower timed Up & Go (usual p<0.01, maximal
p < 0.05) compared to low albumin only, low vitamin D
only, and high albumin and high vitamin D. In women,
lower serum albumin and lower serum vitamin D (serum
albumin =<42.0 mg/dland serum 250HD =<57.5 nmol/l)
meant significantly declined handgrip strength (p <0.01)
and functional reach (p < 0.05) compared to low albumin
only, low vitamin D only, and high albumin and high vi-
tamin D.

Table 3 shows the associations of combined serum
concentrations of albumin and 250HD with physical
performance by multivariate regression models adjusted
for age, current drinking or smoking status, physical ac-
tivity, history of chronic disease, BADL, IADL, BMI and
BMD. Men with lower albumin and lower vitamin D had
significantly lower knee extension power (p < 0.05) and
significantly slower timed Up & Go (usual p < 0.001,
maximal p < 0.05) compared to higher albumin and
higher vitamin D. In women, lower albumin and lower
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Table 2. Relation between combined serum albumin and vitamin D levels and physical performance for men and women

" Lowalbumin -« LowvitaminD Low albuminand High albuminand pvalue®, p'value®

B . .only only - lowyitaminD - high vitamin D-
Men
Handgrip strength, kg 27.8%+6.0 28.4%6.0 27.1%6.6 29.1%6.2 0.529 0.388
Knee extension power, Nm 74.9%23.4 81.7%27.6 67.1%£234 83.9%25.6 0.005 0.002
Functional reach, cm 352%55 34552 335%64 36.0%5.1 0.061 0.080
Timed Up & Go (usual), s 62%15 6316 74129 6.0X1.5 0.003 0.001
Timed Up & Go (maximal), s 6.0+1.3 61+15 6.8+23 59+1.6 0.044 0.018
Women '
Handgrip strength, kg 17.0+£ 4.0 17.3%£40 14.1%4.7 18.1+4.1 0.009 0.002
Knee extension power, Nm 50.8+16.3 51.4+16.4 4631145 54,7 +16.3 0.550 0.228
Functional reach, cm 325%51 319+54 29.3+6.2 335%57 0.012 0.009
Timed Up & Go (usual), s 7.3%x24 7.1x1.8 9.0%x4.7 6.7+28 0.067 0.036
Timed Up & Go (maximal), s 69+2.0 68*138 83+43 6.5+29 0.270 0.199

2 ANCOVA adjusted for age and BMI among 4 groups.

b ANCOVA adjusted for age and BMI between low albumin + low vitamin D and high albumin + high vitamin D.

Table 3. Associations of combined serum albumin and vitamin D levels with physical performance for men and women

"' Handgripstrength - Knee extension power . . Functionalreach™ . -

" fimed Up & Go -

Timed Up & Go'.
i “(maximal

Sk e

{usual) " T

Bl %8 W : PSP pelie, B e
Men
Low albumin only -0.06 0.68 0.194 -0.12 2.80 0.017 -0.04 059 0.468 0.06 0.19 0.249 0.03 0.18 0.576
Low vitamin D only -0.02 079 0.635 -0.01 327 0933 -0.06 0.68 0.184 002 0.20 0.698 0.02 0.21 0.750
Low albumin and
low vitamin D -0.05 104 0353 -0.12 4.28 0.010 -0.06 0.89 0.250 0.17 029 <0.001 0.12 0.28 0.016
Women
Low albumin only -0.05 039 0.255 -0.03 158 0.423 -0.12 053 0.635 001 0.24 0.892 -0.01 0.24 0.885
Low vitamin D only -0.02 041 0.708 -0.02 1..66 0.666 -0.06 056 0.110 -0.02 0.26 0.590 -0.02 026 0.629
Low albumin and
low vitamin D -0.12 066 0.003 -0.03 2.66 0.430 -0.09 0.88 0.022 0.09 041 0.022 0.06 041 0.135

Values are adjusted for age, current drinking or smoking status, physical activity, history of chronic disease, BADL, IADL, BMI and BMD. p values are
derived from multiple regression analysis. B = Regression coefficient; SE = standard error.

250HD meant significantly declined handgrip strength
(p < 0.001), functional reach (p < 0.05) and timed Up &
Go (usual p < 0.05) compared to higher albumin and
higher vitamin D.

Discussion

The maintenance of physical performance in old age
is an important factor for a healthy and independent life
in the community. It has been reported that physical per-
formance of the elderly living in the community is associ-

Concomitant Lower Serum Albumin and
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ated with serum albumin [1-5] and vitamin D levels [6-
10] separately. Since our previous study has demonstrat-
ed a significant relationship between serum albumin and
physical performance of the elderly [5], the present study
further examined the association by adding serum vita-
min D. Through this study, we found that elderly persons
with lower albumin and lower vitamin D levels at the
same time had decreased muscle strength and balance
capability not only when compared to higher albumin
and higher vitamin D but also when compared to lower
albumin only and lower vitamin D only. It has been sug-
gested that concomitant lower serum albumin and lower
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~vitamin D levels contribute synergistically to decreased
muscle strength and balance capability. To our knowl-
edge, we are the first to report a combined effect of serum
albumin and vitamin D levels on physical performance
in an older population.

In general, a serum albumin level of 38.0 mg/dl is fre-
quently used as the cutoff point for lower serum albumin
[1]. On the other hand, some researchers have advocated
that the appropriate cutoff points for serum albumin are
40.0 mg/dl for ambulatory elderly [17] and 43.0 mg/dl for
community elderly living at home [16]. The subjects in
this study had a mean serum albumin level of 43.3 + 2.2
mg/dlin men and 43.5 * 2.0 mg/dl in women, and only
1.6% had a level below 38.0 mg/dl. For vitamin D
(250HD), various optimal levels have been reported,
ranging from 70.0 to 80.0 nmol/l [18] and there are no
consistent criteria for low vitamin D and vitamin D in-
sufficiency or deficiency. Furthermore, the serum vita-
min D level is well known to vary depending on the sea-
son. Although the results of some Japanese studies offer
suggestions, the cutoff value for elderly Japanese is still
uncertain. For example, serum 250HD concentrations of
less than 30.0 [19], 40.0 [20] or 50.0 nmol/l [21] were de-
fined as cutoff values for vitamin D insufficiency. There-
fore, we summarized the serum albumin -and 250HD
levels of these subjects into quartiles, and use the 25 per-
centile cutoff to classify the subjects into higher versus
lower albumin and 250HD groups.

Serum albumin is the main protein synthesized by the
liver and the levels change with protein intake, by trauma
or infection, and in chronic renal or hepatic diseases [2].
Vitamin D can be synthesized in the skin or consumed
in the diet, vitamin D-fortified milk or margarine, and
multivitamins [7]. After it is synthesized or consumed,
vitamin D is transported to the liver where it is hydroxyl-
ated to 250HD. Vitamin D level is affected by exposure
to ultraviolet light, food intake, season [12, 19] and dete-
rioration of creatinine clearance [22]. Serum 250HD de-
clines to significantly lower levels during autumn and
winter [12, 23] and is strongly influenced by vitamin D

intake in winter in ambulant elderly [19], but this is not -

observed in summer [19, 22].

The mechanism connecting serum albumin and mus-
cle mass is not clear [2, 4]. But serum albumin concentra-
tion may be a marker of protein status of the body, with
lower values indicating a diminished protein reserve,
stimulating catabolic processes leading to muscle break-
down [4]. With an undernourished status, the main
source of amino acids for protein synthesis may lead to
muscle strength decline. Thus, low serum albumin, even
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within the normal range, is independently associated
with weaker muscle strength and future decline in mus-
cle strength in older men and women [3]. Oral amino
acids and protein supplements improve muscle strength
and ambulatory capacity [24]. The main function of vi-
tamin D is to preserve calcium and phosphate homeosta-
sis in order to promote skeletal mineralization [9). In a
role of vitamin D on physical performance, vitamin D
supplementation has also been reported to be significant-
ly effective in maintaining or improving physical perfor--
mance and preventing falling of frail elderly persons liv-
ing in the community [25].

In our study, elderly with concomitant lower albumin
and lower vitamin D levels showed a significant decline
in muscle strength and balance capability, even after age,
current drinking or smoking status, physical activity,
history of chronic disease, BADL, IADL, BMI and BMD
had been taken into account compared with those with
1 or none of the 2 risk factors. Some studies have report-
ed a significant positive association between serum albu-
min and vitamin D concentrations [20], while other
studies found no significant relation [11]. No association
was found between these 2 parameters in our present
study (data not shown). This means that serum albumin
and vitamin D concentrations are independent factors, -
in our study at least. Both serum albumin and vitamin
D concentrations are associated with physical perfor-
mance among the community-dwelling elderly. There-
fore, in order to maintain a higher level of physical per-
formance, it is important to maintain higher serum
albumin and vitamin D levels. Incidentally, fish
consumption seems to play an important role in main-
taining adequate vitamin D nutrition in elderly Japa-
nese, especially in winter [19].

Before establishing a final conclusion, some limita-
tions of our study must be considered. (1) The subjects
analyzed were not selected randomly from the study

_population, and they were relatively healthy elderly

persons who were able to travel from their homes to
the health checkup venue. As a result, elderly persons
with lower physical functional capacity were excluded.
(2) Plasma calcium, albumin-corrected calcium, phos-
phate and parathyroid hormone, which would provide
information on the extent of primary vitamin D defi-
ciency [9], and creatinine clearance that may affect the
metabolism of vitamin D via the kidney [22], were not
assessed in this study. (3) This study was a cross-section-
al study and therefore does not provide cause/effect rela-
tionships, although we demonstrated a significant cor-
relation between physical performance and serum albu-
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min and vitamin D (250HD) levels. Therefore,
longitudinal follow-up studies and controlled clinical
trials are necessary to confirm the role of serum albumin
alone, serum vitamin D alone, and combined serum al-
bumin and vitamin D in influencing physical perfor-
mance of the elderly.

While these results confirm that albumin and vitamin
D are without doubt important nutritional elements di-
rectly linked to the physical performance of elderly per-
sons, so far no study has examined the effect of a combi-
nation of serum albumin and vitamin D levels on physi-
cal performance. The present study is significant in that
it examined the association of combined serum albumin
and vitamin D levels with physical performance such as
muscle strength and balance capability.

In conclusion, concomitant lower serum albumin and
vitamin D levels were associated with decreased muscle
strength and balance capability. This finding indicates
that combined lower serum albumin and lower vitamin
D levels were associated with low physical performance.
To maintain physical performance and lead an indepen-
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ABSTRACT. Background and aims: Recent studies |
have revealed that there are critical dszerences be-

tween participants and non-participants in- health ex-
aminations. The aim of this study was--to examine
mortality differences bétween participants and non-par-
ticipants in-q, comprehenswe health examination for
prevention of geriatric syndromes among community-
dwelling elderly people, using a three-year prospective
cohort study. Methods: The study population includ-
ed 854 adults aged 70 to 84 at baseline. The following

items were all studied: the status of participation in the -

comprehensive health examination as an independent
variable, age, gender, number of years of education, liv-
ing alone, presence of chronic diseases, experience
of falls over one year, history of hospitalization over
one year, self-rated health, body mass index, instru-
mental activities of daily living, and subjective well-be-
ing as covariates; and all-cause mortality during a
three-year follourup as a dependent variable. Results:
In an adjusted Cox's proportional hazard regression
model, the mortality risk for participants in the com-
prehensive health examination was significantly lower
than that of non-participants (Risk Ratio (for partici-
pants)=0.44, 95% confidence interval=0.24 to 0.78).
Conclusions: The present study shows that there is a
large mortality difference between participants and
non-participants. Our findings suggest two possible
interpretations: 1) There is a bias due to self-selection
for participation in the trial, which was not eliminated
by adjustment for the covariates in the statistical mod-
el; 2) There is an intervention effect associated with

" participation in the comprehensive health examination
-which reduces the mortality risk.

(Aging Clin Exp Res 2007; 19: 240-245)
©2007, Editrice Kurtis

INTRODUCTION

Along with the worldwide aging of populations, the
maintenance of functional capacity and prevention of
long-term care dependence among the elderly have be-
come major issues in geriatrics and gerontology (1, 2). The
term “geriatric syndromes”, referring to a group of med-
ically significant findings which are experienced by older

- particularly frail - persons, occur intermittently rather than

either continuously or as single episodes. They may be
triggered by acute insults, and are often linked to subse-
quent functional decline (3), and include delirium, de-
mentia, depression, dizziness, emesis, falls, gait disor-
ders, hearing loss, insomnia, urinary incontinence, lan-
guage disorders, functional dependence, lower extremity
problems, oral and dental problems, malnutrition, os-
teoporosis, pain, pressure ulcers, silent angina pectoris,
sexual dysfunction, syncope, and vision loss (4-8). These

problems afe major factors that result in long-term care

dependence among the elderly.

Early screening for geriatric syndromes is important for
the prevention of long-term care dependence among
community-dwelling elderly. We have recently been at-
tempting to design a system for early detection of geriatric
syndromes and subsequent intervention strategies within
the community (7, 8). A comprehensive health exami-
nation for elderly people living in the community has been

Key words: All-cause mortality, comprehensive health examination for the elderly, prevention of geriatric syndromes and long-term care

dependence, self-selection bias.
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used in an attempt to screen for geriatric syndromes. The
comprehensive health examination that we have been de-
signing is different from the usual multiphasic health
check-ups that are used for detecting lifestyle-related ill-
nesses among middle-aged and elderly people in Japan
and Western countries (9-12). While prevention of lifestyle-
related diseases is undeniably important, prevention of
long-term care dependence calls for a different approach.
For example, the major causes of death in Japanese
people over 65 years old are cancer, heart disease, and
stroke (Vital Statistics in Japan, 2001). On the other
~ hand, although stroke remains a cause of long-term care
dependence, the other major causes are age-related
frailty, falls and fractures, and dementia, which are in-
cluded together in geriatric syndromes (National Livelihood
Survey in Japan, 2001). Therefore, the prevention and

management of geriatric syndromes, as well as the pre- .. -
vention of lifestyle-related diseases, is crucial for the pre
vention of long-term care dependence The present study.

examined mortality differences between participants and
non-participants in a comprehensive health examina-
tion for the prevention: -6f long-term ¢are dependence, us-
ing a: populatio 1based; ‘prospective approach. Since we

ed.ir ‘participate in the health examination
part voluntarily, there may be a bias
among those who chose to participate, compared with
those who did not (non-participants). It is well-known
that participants who choose to undergo health exami-
nations are healthier, both physically and psychological-
ly, than those who do not {7, 13-18), and they are more
likely to have desirable health-related behavior (18, 19);
therefore, participants have a higher likelihood of longevi-
ty than non-participants (15, 16, 20, 21). We tried to
eliminate any self-selection bias by using statistical controls
for demographic and health status, in both participants
and non-participants in the comprehensive health ex-
amination. We used demographic data and health status
information from both groups, collected one year be-
fore baseline, to control for self-selection bias.

METHODS

Participants

The source of data for the present study was the Lon-
gitudinal Interdisciplinary Study on Aging, conducted by
the Tokyo Metropolitan Institute of Gerontology (22). The
study was conducted in Itabashi ward, which is located in
the north of Tokyo. As of 1 October 1991, of a total of
507,073 people (255,238 men, 251,835 women),
126,173 (24.9%, 58,996 men and 67,177 women)
aged 50 to 74 years were registered as residents in the
Itabashi ward. A sample of 4440 residents was obtained
systematically from the municipal resident registration
files on that date (i.e., 1 out of every 28 people were se-

lected sequentially from the registration files). We ac-

quired 3097 complete sets of data (for 1362 men and

Mortality and multiphasic health checks for the elderly

1735 women) in the first round of home-visit surveys in
1991 (70.1% participation). We conducted home-visit sur-
veys every year until 2000, with high response rates
(80% to 90% participation). We obtained 1812 complete
sets of data (725 men and 1087 women) in the final
round of surveys in 2000.

Of the 1812 participants in the home-visit survey for
2000, 854 people aged 70 to 84, who were living in
Itabashi ward on 1 October 2001, were asked, by letter,
to participate in the comprehenslve health examination for
the elderly, conducted in October 2001; Four hundred
and thirty-eight people (168 men and’ 270. women) took
part in the examination voluntarily: 1. 3% participation)
(7, 8). We followed the 854 adults (331 men and 523
women) as a prospective: cohort and checked their mor-
tality"over-a ‘three-year follow-up period. We divided

thiem intotwo groups - participants and non-participants
RENE ‘according to their participation in the comprehensive
" health examination in 2001. Non-participants included in-

dividuals who refused to participate in the comprehensive
health examination and those who did not respond.
Since the health examination was completed by the end
of October 2001, we defined 1 November 2001 as the
baseline for the follow-up period in the present study. Last-
ly, we carried out three-year mortality surveillance, from
1 November 2001 to 1 November 2004.

Comprehensive health examination

We carried out comprehensive health examinations for
the elderly in 2001 and 2003, including medical exami-
nations {blood pressure, history of past illnesses, bone min-
eral density, electrocardiogram, blood testing, and dental
examination), physical fitness tests (hand-grip strength,
walking ability, and balance ability tests), interviews re-
garding life-style and some risks of geriatric syndromes,
cognitive function tests (Mini-Mental State Examination
[23], digit symbol substitution test [24], verbal fluency
test [25]), and a basic physician's medical check-up by in-
terview. The complete examination took 90 min per
participant (7, 8). Participants were then given summary
reports of the results. In addition, those participants who
were judged to be especially frail were encouraged to seek
intervention via the community network, including health
centers, clinics and hospitals. :

Mortality follow-up

Current residence in Itabashi ward on 1 November
2004 was determined from the municipal resident reg-
istration files for tabashi ward. Twelve people (1.4%) had
moved away and were lost to follow-up. Seventy-eight
{9.1%) had died. The dates on which residents moved
away or died were identified from the registration files and
used to calculate survival times. Certifications of all dece-
dents and those moving away, and the relative dates
were obtained from the ltabashi ward authorities.
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Couvariates

Data collected during the final round of the home-visit
surveys in 2000 were used as covariates in analyzing for an
independent association between participation in the health
examination and mortality. Data for age, gender, number
of years of education, living alone, presence of chronic dis-
eases, experience of falls over one year, history of hospi-
talization over one year, self-rated health, body mass index
(BMI), instrumental activities of daily living IADL) {measured
according to the Tokyo Metropolitan Institute of Geron-
tology Index of Competence (2, 26), range: 0 to 13), and
subjective weltbeing (measured according to the revised ver-
sion of the Philadelphia Geriatric Center Morale Scale
(27); range: 0 to 17), were used. Presence of chronic dis-
eases was defined as having at least one disease among can-
cer, diabetes, heart disease, stroke, and hypertension.

Statistical analysis

All statistical procedures were performed.using SAS

version 9.1 software (SAS Institute Inc., Cary; NC, USA).
We used a Kaplan-Meier: survival curve and-a Cox's pro-
portional hazardsz:regre sion ;modelito investigate the
ortality ‘between participants and non-
:comprehensive health examination
overa three— ear follow-up period, with the SAS
LIFETEST and PHREG procedures, respectively.

The dependent variable in the analyses was survival
time, calculated as the number of days between baseline
{1 November 2001) and the date of death or censoring.
Survivors were censored on 1 November 2004. Drop-
outs were censored on the date of moving away from
Itabashi ward.

A Kaplan-Meier survival curve was used to examine
whether the survival of participants was significantly dif-
ferent from that of non-participants.

To assess the independent relationship between par-
ticipation status in the comprehensive health examination
and all-cause mortality, the above-mentioned covariates
were included in the Cox’s proportional hazard regression
model. Before analysis, we checked relationships be-
tween independent variables in the regression model by cal-
culating Pearson correlation coefficients and verified rel-
atively low to mild relationships among them. (rdnge of ab-
solute value of correlation coefficients;.0.00-0: A44): There-
fore, we confirmned that- the hkelihood of any occurrence of
multi ccrhneanty in the regressnon model was relatively low.

Ethical consgderatlons
The study was approved by the Ethics Committee of

.the Tokyo Metropolitan Institute of Gerontology. We

were given access to municipal resident registration files
by the ltabashi ward authorities. The study was explained
to all participants and all were advised that: 1) their par-
ticipation would be entirely voluntary; 2) they could with-
draw from the study at any time; and 3) if they chose not
to participate or to withdraw, then they would not be dis-
advantaged in any way.

RESULTS

Table 1 lists the characteristics of members in the
follow-up cohort (number of participants, age, proportion
of women, number of years of education, proportion of
living alone, presence of chronic diseases, experience of
falls over one year, history of hospitalization over one

Table 1 - Demographic, health and functional status of participants and non-participants in 2000 and vital status over a 3-year follow-

up period.
Participants Non-participants p-value’
(n=438) {(n=416)
Age in 2001 {years) 74.2+39 75.2+4.2 <0.001
Gender (% women) 619 60.6 0.698
Number of years of education (years) 10.5+2.7 9.9+29 0.002
Living alone (% living alone) 17.1 18.3 0.661
Presence of chronic diseases (% present)* 41.8 51.2 0.007
Experience of falls over one year (% present) 19.2 18.7 0.873
History of hospitalization over one year {% present) 9.1 16.3 0.002
Self-rated health (% fair/poor) 20.6 29.0 0.005
Body Mass Index (Kg/m?) 22.5+3.0 22.2+3.4 0.120
Instrumental activities of daily living {(points) 11.5:1.8 10.3+£3.0 <0.001
Subjective well-being (points) 12.3+3.4 11.6x3.9 0.009
Vital status: : :
Death (% present) 39 14.7 <0.001
~ Drop-out (% present) 1.3 1.4 0.888

*Presence of chronic disease was defined as having at least one disease among cancer, diabetes, heart disease, stroke, and hypertension. fp-value refers to t-
test for continuous variables and %2 test for categorical variables, testing differences in characteristics between two groups.
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Fig. 1 - Unadjusted Kaplan-Meier survival curves exploring dif ;

ference in all-cause mortality between partlclpantyand fion- par
ticipants in comprehensive health examination:over:a three-yedr
follow-up periof Mortality risk_was:significantly‘louser for par-
ticipants than non particl (Lé /"rank test p<0.001).

ealth BMI IADL, and subjective well-be-
ing) collected from the two groups in 2000. We carried
out a t-test for continuous measures and a 2 test for cat-
egorical measures, in order to clarify the difference in
those characteristics between the two groups. Partici-
pants in the comprehensive health examination were
younger (p<0.001) than non-participants, and had a
higher education level (p=0.002), fewer chronic diseases
(p=0.007), less hospitalization {(p=0.002) and better self-
rated health (p=0.005). Participants also were more like-
ly to score better on IADL (p<0.001) and subjective
well-being (p=0.009) than non-participants.

After three years, 78 of the 854 adults had died, i.e.,
17 participants and 61 non-participants in the compre-
hensive health examination. Figure 1 shows the Kaplan-
Meier survival curve ascertaining the relationship be-
tween status of participation in the health examination and
all-cause mortality. The mortality risk was significantly low-
er for participants than for non-participants (Log-rank test:
p<0.001).

Table 2 shows the associations between participation
status in the comprehensive health examination, other fac-
tors, and all-cause mortality. In the unadjusted model,
there was a significant inverse association between par-
ticipation in the comprehensive health examination and
all-cause mortality (RR=0.25, 95% Cl= 0.14-0.42). In the
adjusted model, there was a significant and independent
inverse association between participation in the com-
prehensive health examination and all-cause mortality
(RR=0.44, 95% Cl= 0.24-0.78). Other factors such as
age [RR= 1.08, 95% Cl= 1.02-1.15], gender [RR (for
women)=0.38, 95% Cl= 0.23-0.64], self-rated health [RR

Mortality and multiphasic health checks for the elderly

(for fair/ poor)=1.91, 95% Cl= 1.11-3.28] and IADL [RR
{for a one-point increase)=0.88, 95% Cl= 0.81-0.95]
were also significantly and mdependently assocnated with
mortality in the adjusted model.

DISCUSSION

Recent studies have revealed that there are critical
differences between participants and non-participants in
health examinations or health surveys for the elderly,
both cross-sectionally and longitudinally (13-18, 21), and
also large differences in survival between these groups (15,
16, 21). The present study examined-mortality;differences
between participants and’ "non—parhcxpants in a compre-
hensive health examination for prevention of geriatric syn-
dromes among: élderly ‘people in the community over a
three-year-follow:up period, using a statistical technique
designed-to-exclude any self-selection bias.

' “U%A significant and large difference in mortality between
*participants and non-participants in the comprehensive

health examination was also observed in the adjusted
model controlling for potential confounding factors. Our
findings show that the mortality risk of participants in the
comprehensive health examination is lower than that of
non-participants, for which we suggest two possible ex-
planations: 1) a self-selection bias may remain even after
adjustment by the covariates in the statistical model; 2)

Table 2 - Unadjusted and adjusted risk ratio of ali-cause mortal-
ity associated with participation status in comprehensive health ex-
amination, participants’ demographic, health, and functional
status.

Unadjusted Adjusted®

0.25(0.14-0.42)' 0.44(0.24-0.78)

Independent variable

Participation in comprehen-
sive health examination in
2001 (for participants)

Age in 2001 (for one year)
Gender {for women)

Number of years of
education (for one year)

Living alone (for living alone) 0.76 (0.40-1.43) 1.01(0.51-1.99)

Presence of chronic 1.80(1.14-2.83)t 1.27(0.77-2.10)
diseases {for present)

1.17 (1.11-1.24)" 1.08(1.02-1.15)
0.48 (0.30-0.74)t 0.38(0.23-0.64)
0.89 (0.82-0.98)" 0.92(0.84-1.01)

Experience of falls over 0.70(0.37-1.32) 0.76(0.39-1.51)
one year {for present)

History of hospitalization 2.88(1.76-4.72)t 1.47(0.84-2.55)
over one year {for present)

Self-rated health 2.38(1.52-3.73)t 1.91(1.11-3.28)t
(for fair/poor)

Body mass index 0.89(0.83-0.96) 0.94(0.87-1.02)
(for 1 Ka/m?

Instrumental activities of 0.79 (0.75-0.84)t 0.88(0.81-0.95)
daily living {for 1 point)
Subjective well-being
{for 1 point)

*Obtained from multivariate Cox’s proportional hazard regression model ad-
justed for all other variables listed above. Significantly different from 1.

0.96(0.91-1.02) 1.03(0.97-1.11)
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there may be an intervention effect related to participation
in the comprehensive health examination that results in a
reduced mortality risk among participants.

It has been reported that a self-selection bias occurs in
health examinations or health surveys both cross-sec-
tionally and longitudinally, that is, the physical and psy-
chological health status of participants is initially superior
to that of non-participants (7, 13-18), participants are
more likely to have desirable health behavior (18, 19) and,
therefore, their survival time is likely to be longer than that
of non-participants (15, 16, 20, 21). Hebert et al. re-
ported that participants were more cognitively intact,
less disabled in functional ability, and less depressed in
mood state than non-participants in a postal questionnaire
survey (15). Suzuki et al. showed that participants had
much better dietary habits, which included higher intake

of vegetables, carotene, vitamin C and dietary fiber, and *-.
had a lower prevalence of cigarette smoking than non-par- * ’
ticipants in cancer screening programs (19); Minderetal.

showed that the mortality risk for participants. during a
five-year follow-up period.was lower after controlling for
potential confounders than that for non-participants in
preventive: ‘home visit:programs (21). In the present
stud§f simlhr gl’denaes were observed; participants in the

non-participants, had a higher level of education, fewer
chronic diseases, less history of hospitalization and better
self-rated health, and were more likely to have better
scores on IADL and subjective well-being, than non-par-
ticipants (see Table 1). These factors may affect the as-
sociation between participation status in the compre-
hensive health examination and mortality and, there-
fore, explain the large difference in mortality between the
" two groups.

On the other hand, in an attempt to eliminate any self-
selection bias, covariates were included in the multivariate
model. After this adjustment, participation in the health
examination had a significant association with all-cause
mortality. This also suggests that interventions under-
taken in response to the findings of a comprehensive
health examination may reduce mortality risk among
the elderly. We recommend that individuals who are
judged to be especially frail according to the examination
results should receive information on interventions via the
community network, including heaith centers, clinics and
hospitals. This process may affect longevity in participants.
Further studies are needed to examine whether com-
prehensive health examination systems for the elderly re-
duce mortality risk and are beneficial in terms of better in-
dependence, health and longevity. Ideally, these studies
should be conducted using randomized control trials that
allow biases such as self-selection bias to be eliminated.

Our findings also highlight another crucial issue: non-
participants include individuals who have a higher mortality
risk and they require relatively urgent interventions. Min-
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der et al. (21) found that individuals who refused to take
part in an intervention trial because they considered
themselves to be healthy had mortality rates during a five-
year follow-up period which were similar to those of
participants. However, those who were too ill to partici-
pate in the trial had a higher mortality risk than partici-
pants. Similarly, lves et al. (16) found that individuals
who refused to participate in a health survey had a simi-
lar montality risk to participants during a three-year follow-
up period, but individuals who did not respond to an in-
vitation via telephone or mail to participate in the survey
had a higher mortality risk than participants. Therefore,

we also need to introduce new strategies such as home-
visit surveys and in-home intervention trials to care for
these higher:risk individuals (28-30), so that early de-
tection and- intervention for geriatric syndromes can be as-

sessed more efficiently. We have been designing this
.. kind of program for future studies.

The extent to which our findings can be generalized is
limited for two reasons. First, non-participants in the
present study include both individuals who refused to
participate in the comprehensive health examination
and those who did not respond to the invitation. It has
been shown that the mortality risk for non-participating
subjects in intervention trials depends on the self-report-
ed reason for refusal (21). Second, the statistical power
might not have been sufficient to exclude any self-selection
bias. Since we used data from the final round of home-vis-
it surveys in 2000 as covariates, instead of the data from
the baseline in 2001, some covariates may have changed
in the year from 2000 to 2001. Moreover, potential
confounders like smoking, alcohol consumption and
physical activity, were not used as covariates in analyzing
for an independent association between participation in
the health examination and mortality because, for practical
reasons, the variables were not collected in 2000.

CONCLUSIONS

Our results suggest that there is a large difference in sur-
vival over a three-year period between participants and
non-participants in a comprehensive health examination
for prevention of geriatric syndromes among community-
dwelling elderly people. This finding is probably caused by
two factors: 1) a self-selection bias for participation in
the trial, which was not eliminated by multivariate analysis;
2) an intervention effect associated with participation in the
comprehensive health examination which reduces the
mortality risk. Our finding also emphasizes another es-
sential issue: non-participants include individuals who
have a higher mortality risk and they require relatively ur-
gent interventions. Therefore, we also need to introduce
new strategies such as home-visit surveys and in-home in-
tervention trials, to care for these higher-risk individuals, so
that early detection and intervention for geriatric syn-
dromes can be assessed more efficiently.
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Abstract

This study evaluated 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 (I, II, and III; n =34) 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 it twice
a week, and Group III 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 a
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 III
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 III (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
three times each week should be recommended.
© 2006 Elsevier Ireland Ltd. All 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 to 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
participating 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
week seems to improve functional fitness. However, only a few attempts 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, to identify
the minimum frequency per week required to produce significant results for the selected
items.

2. Subjects and methods
2.1. Participants

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 I; n = 10, Group II;
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n =10, and Group III; 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. Anthropometry and body composition

Body height was measured to the nearest 0.1 cm. Weight was assessed to the nearest
0.1 kg using a beam scale. Body fat was determined using bioelectrical 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

Items were selected to address comprehensively each area of the instrumental activities
of daily living (IADL) for older adults (Osness, 1989; Duncan et al., 1990; Kim and
Tanaka, 1995; Shigematsu and Tanaka, 2000). IADL 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 to 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 to 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 5 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 I, II, 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 20—40 cm), a soft valley ball (diameter 30~50 cm), and a Gymnic®
ball (diameter 60—80 c¢m). In resistance training, we demonstrated push ups, leg squats, sit
ups, and back extensions using self-weight or a Thera-Band® tube. 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 correction.
p < 0.05 are considered to indicate statistical significance. Statistical analysis was
performed with the Scientific Package of Sciences (SPSS) Version 11.0J 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 III and C, and between
Groups I and C. There was no significant difference in other baseline values of physical
characteristics among the groups.
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Table 1

Baseline physical characteristics of the study subjects

Variable Group C (n=11) GroupI (n=10) Group Il (n=10) Group lll (n=14) p-value
Age (year) 69.0 £49 65.1 £43 675 +3.6 69.1 £49 0.156
Height (cm) 148.1 +£5.2 1510+ 44 1504 + 4.4 147.8 £52 0.292
Body weight (kg) 58.7 £8.2 56.8 £ 6.6 56.5+4.7 522490 0.185
Body fat (%) 358432 319+ 3.1 340+26 322143 0.040°
BMI (kg m™2) 26.7+2.6 249124 250£ 1.6 239437 0.118

Values are presented as mean + S.D.
# Significant difference between Group III 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 IlI and Group C
(p < 0.05). There was a significant difference in the effect of time in BMI between Group
HI and Group C (p < 0.05) (Table 2). The mean percentage changes in body weight and
BMI in Groups C, 1, I, and III 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 III and Group II (p < 0.05), and Group I (p < 0.05), and between Group II
and Group C (p < 0.05), and between Group I and Group C (p < 0.05) (Table 3).

The mean percentage changes in grip strength in Groups C, I, I, and III were —1.1%,
—1.4%, —2.1%, and +1.4%, respectively. 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 Group C  Group I Group I  Group Il Two-way ANOVA Post-hoc test
(n=11) n=10) (n=10) (n=14)

Group Time Interaction

Body weight (kg)
Baseline 587 +8.2 568+66 565+47 522490 0.07 032 p<005 wns
12 weeks 594 +84 57.0+64 56.6+48 505+74

Body fat (%)
Baseline 358+32 319+31 340+26 322443 p<005 094 p<005 C<II
12 weeks  36.5+33 321+30 34027 31.5+47

BMI (kg m™2)
Baseline 27.0+28 249+24 25016 239437 p<005 034 p<005 C<II
12 weeks 267426 250+23 250+16 23131

Values are presented as mean + S.D.



