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Table 3 Estimates and goodness of fit of the
longitudinal final model (LONG model 2)

Estimates  t-value
Second order factor loadings; s
First order factor Hand power 1.10 16.47
First order factor Walking 1.75 26.66
First order Balance 1.88 29.54
First order factor loadings; As
First order factor Hand power
GRIP 1.33 14.14
TAPPING 0.98 7.70
First order factor Walking
P-WALK 0.97 16.02
M-WALK 1.27 23.77
First order factor Balance
O-OLS 1.00 16.68
C-OLS 0.46 7.01
Variances of exognous variables of second order
factor; (s
¢1 0.01 0.44
2 0.26 4.70
€3 0.42 3.87
Variances of exognous variables of first order
factor; €s
el 0.78 11.27
€2 0.88 15.84
e3 0.48 11.33
g4 (1992)1 0.19 2.96
ed (1996)F 0.04 0.59
€S 0.25 2.07
€6 0.83 17.13

Te 4s of both models are not equivalent because of the release
of equality constraint.

N = 463, controlled the gender and age at the time of baseline
research, leaving out covariances of measuring errors between
1996 and 1996.

Discussion

Factorial structure of physical performance measures
for the elderly

Statistical understandings of the factorial structure of
these measures are essential due to the difference of
cases of other age groups in the physical performance
measures of the elderly. Longitudinal research in the
study of aging is important for awareness of the sub-
stantial effects of aging. Examinations to ascertain
whether the factorial structure of those tests change
longitudinally are required. In our previous studies, it
was clarified that the BMA model, constructed as a
structural model of the physical performance tests for
the elderly, fit the data well by the confirmatory factor
analysis (CFA).*”* The model was a second-order cova-
riance structure model in which basic motor ability was

the single second-order latent variable (§) (see Fig. 1). It
was also confirmed that this model fitted well with the
cross-sectional data measured in the baseline research,
which was the same as part of the data used in the
present study.”

In this study, the goodness-of-fit of the BMA model
using CFA was examined in each cross-sectional data
in the physical performance tests of the baseline
research in 1992 and the follow-up 4 years later in
1996 as the prestage of simultaneous analysis. The
modification was added by taking the covariance in
measuring errors of TAPPING and M-WALK on the
basis of the analytical result. The present study also
revealed that the improved BMA model (CROSS final
model) fit the cross-sectional data in both years very
well (Fig. 2). It was confirmed with these that the BMA
model in Figure 1 fit in the factorial structure of the
physical performance tests for the elderly residents in
the community.

Some studies have been reported of modeling the
relationship between motor ability and activities of daily
living’” or functional limitations® for the elderly. How-
ever, our studies are the first to examine statistically
using CFA, focusing only on the factorial structure of
the physical performance measures for the elderly and
there has never been a report such as this one even
among any questionnaires.”**** Further confirmation is
required of the cross-community validity of this model
in the physical performance measures for the elderly.

Factorial invariance of the BMA model over
Jfour-years

The value of the physical performance tests over 4 years
between the baseline research in 1992 and the follow-
up research in 1996 in measuring indicated the aging
change (Table 1). Nonetheless, there are the same fac-
tors in the structure of both 1992 and 1996 and the fac-
tors’ locations and arrangements were identical,
indicating that the configuration was invariant statisti-
cally. No difference in the value of their factor-loading
was found (Tables 2 and 3).

The rate of attenuation with advancement of age of
owr physical performance tests was different from the
motor ability measured in the cross-sectional research.?
Differences in the ratio of the intrasubject decline with
aging by measuring items have been reported.”””" In the
process of age-related changes of motor abilities, the
same factors in the physical performance measures
might cease to exist. With the change of the loading
toward the factors, the factorial structure could be con-
sidered to be a change, A reason for invariance might lie
in the fact that the 4-year period of the present study
was too short to determine the longitudinal changes of
the structure with advancing age. It may not be clear
whether the 4-year period was appropriate as there were
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no other reports in the past studying the longitudinal
examination of the factorial structure in the physical
performance tests for elderly persons. We intend that
the follow-up period may be extended for further exam-
ination to clarify this matter.

Analysis of the factorial structure in the longitudinal
data through simultaneous analysis

In the simultaneous analysis, Marsh® (also see Marsh
et al.?® and Marsh?) noted,

Recent advances in the application of CFA provide a
more rigorous comparison of the factor structures
resulting multiple groups. . . . Here, the researcher is
not only examining the similarity of the pattern of
parameter estimates from different groups, but is
testing whether the actual values of the parameters
are the same across groups.

In summary, it is a tool that allows examining the
invariance of the structure among the groups statisti-
cally. The data used for this study was the longitudinal
data (three dimensions: time point x variables x
subjects) corresponding to the baseline research and the
follow-up research 4 years later. Therefore, ordinary
simultaneous analysis is not applicable for this case.
With the model expanded from this method, we exam-
ined whether there was any longitudinal age change in
the factorial structure of the physical performance. The
measuring expansion means to make the simultaneous
analysis possible by taking all covariances from the
errors (es) of measuring variables corresponding in the
same way as the model setting in the line of the MTMM
matrix.”®*’ The expanded simultaneous analysis enabled
the data of the same groups with the same measure-
ments in this study to be examined in terms of the lon-
gitudinal factorial invariance of the structure.

Studies on elderly people by use of the simultaneous
analysis of structural equation modeling have sought to
establish the construct validity of the questionnaire and
items.”” As regards to the aging changes of the motor
abilities with this analysis, several studies that investi-
gated the differences in the structure of processing
speed with cognitive psychological tasks between young
and older adults have been reported.® There is a study
that examined the difference in gender and age using
the simultaneous analysis of CFA concerning the facto-
rial invariance in the physical performance tests, though
unfortunately, the age of the subjects ranged from nine
to 15 years old.” No work on the structure in the per-
formance measures of motor abilities for the elderly,
such as this paper, was reported heretofore.

In the longitudinal data in the follow-up research, the
factorial structure can be compared and examined in the
measuring terms by analyzing the date in each time
point through CFA. The construct validity can be con-
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firmed in that case, yet the statistical examination can-
not be given the difference in the arrangement of the
factors and the factor-loadings. These can be proved
statistically in the case of examining the longitudinal
factorial invariance through simultancous analysis. On
the other hand, as they should be measured with the
same method, it would become difficult for the follow-
up research along with the difficulty of keeping the high
rate of participation. Since intersubject variability gen-
erally tends to increase with aging,'” the longitudinal
changes should be confirmed in order to recognize the
true effects of aging. Regarding the physical perfor-
mance tests for the elderly, it is necessary to examine the
longitudinal changes in the structure of those in popu-
lation-based studies, which is not found elsewhere.

The results in this study indicated the applicability of
the simultaneous analysis of CFA as a method of exam-
ining statistically the longitudinal factorial invariance of
measurements of the same groups with the same pro-
cedure. The present study suggests that the analysis can
be applicable for a longitudinal study and may be
extended for use for various measures, such as before
and after intervention study, hospital admission, and
discharge, as well as at the start and end of medical
treatment of clinic cases. It is a feasible tool for the
examination of factorial invariance with time and com-
parison of various factors. In gerontology, for which this
method can be applied as a tool, and in understanding
and clarifying the factorial structure in various cases, it
is hoped that it will make a meaningful contribution,
even if so slightly.
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Background: The purpose of this study was to investigate the long-term influence of
osteoporotic fractures on (1) self-rated health (SRH); (2) instrumental activity of daily liv-
ing (I-ADL); and (3) state of depression, all of which are the major variables related to qual-
ity of life (QOL) in the elderly.

Methods: The subjects were 504 men and women who participated in the Longitudinal
Interdisciplinary Study on Aging conducted by the Tokyo Metropolitan Institute of Ger-
ontology (TMIG-LISA) from 1992 to 2000. Among those interviewed, 50 participants
(15 males and 35 females) who sustained fractures spontaneously or by minor trauma were
diagnosed as having osteoporotic fractures.

A nested case-control (1:1) study with sex-and age-matched controls was conducted
as statistical analysis to identify the effects of osteoporotic fractures on QOL-related
variables.

Results: For self-rated health, the frequency of ‘poor” self-rated health increased signi-
ficantly in the cases from 19.6% at baseline (1992) to 42.6% at the 8-year follow-up (2000).
In the controls, there was no significant increase in frequency of ‘poor” rating.

The proportion of subjects with impaired I-ADL during 8 years increased significantly in
the cases from 12.0% in 1992 to 38.0% in 2000, and also in the controls from 14.0% in
1992 to 36.0% in 2000.

The prevalence of depressive status increased in the cases from 32.6% to 50.0%. There
was, however, no statistically significant difference between cases and controls.

Conclusion: The results suggest that osteoporotic fractures at any site are associated
with serious and remarkable decline of overall QOL-related variables among the commu-
nity elderly.

Keywords: community elderly, follow-up study, osteoporotic fractures, quality of life.
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Osteoporosis characterized by reduced bone mineral
density and increased susceptibility to fracture, is
increasingly recognized as a major public health prob-
lem in Japan and other contemporary industrialized



Effects of osteoporotic fractures on quality of life

Osteoporosis and its associated fractures are also rec-
ognized as important causes of morbidity and mortality
in the elderly. Fractures resulting from minor trauma
are the clinical complication of osteoporosis and signi-
ficant by influence the quality of life (QOL) in the elderly.

Hip fractures are well known to be the most serious
osteoporotic fractures, which contribute substantially to
morbidity, mortality, and health care costs. Vertebral and
wrist fractures are also common. Particularly, spinal
compression fractures secondary to osteoporosis cause
spinal column deformity that often result in restriction of
activities of daily living (ADL) and subsequent decrease
in QOL, as has been reported in European and American
literature."* The long-term consequence of these
osteoporotic fractures can be devastating, particularly
for the elderly persons who have lost self-confidence
after the fractures and are trying to regain their former
lifestyle. However, there is scarcely any study in Japan on
the frequencies of these consequences or loss of QOL
after osteoporotic fractures over the long-term.

In the present paper, the authors report the long-term
influence of osteoporotic fractures on (1) self-rated
health (SRH) as an indicator of physical status; (2)
instrumental activity of daily living (I-ADL) as an indi-
cator of functional status; and (3) state of depression as
an indicator of emotional status, all of which are major
variables related to QOL in the elderly.

Materials and methods

Study area and subjects

The data of subjects and study area in this study were
obtained from the Longitudinal Interdisciplinary Study
on Aging conducted by the Tokyo Metropolitan Insti-
tute of Gerontology (TMIG-LISA), which is a long-term
project aiming to verify predictors of longevity and out-
come, and identify factors accelerating or retarding the
aging process. The TMIG-LISA consists mainly of three
disciplines: medical, psychological, and social science.
Sampling methods of subjects have been described else-
where.*® One of the cohorts in the medical science dis-
cipline of TMIG-LISA is from Nangai Village, a rural
area of Akita Prefecture, which is a typical agricultural
area in the northern part of Honshu Island, Japan. The
total population in 1992 was 5136 and the ratio of res-
idents aged 65 years and older to the total population
was approximately 20%. All ambulatory residents
aged 65 and over were eligible to be included in the
cohort. As a result of the preserves, 852 people were
identified as ambulatory residents; they were then asked
to participate in the baseline survey.

Baseline and follow~up surveys

A baseline survey including face-to-face interview and
medical examinations was carried out in the summer of

1992 and a total of 748 residents responded to the inter-
view, accounting for 87.8% of all eligible residents
(N = 852).

The residents who were able to walk (unassisted or
using a cane) were invited to the municipal community
center in the village for the interview. We limited the
subjects of this particular study to those who were inde-
pendent in basic activity of daily living (B-ADL) at the
time of the baseline survey.

These people have been followed by interview surveys
on a yearly basis with the same questionnaire used in
the baseline survey. Data collected at the baseline survey
were used to characterize the study population for
analyses in this study. In 2000, a total of 504 subjects
(190 males and 314 females) participated in the
follow-up interview survey, excluding 198 deceased,
24 institutionalized or hospitalized, and 22 who refused
or did not participate due to other reasons. Among
those interviewed, S50 participants (15 males and
35 females) who sustained fractures spontaneously or
by minor trauma were diagnosed as having osteoporotic
fracture.

Identification of fractures

Identification of osteoporotic fractures was done by
interview without any roentgenological examination.
The subjects were asked, ‘Did you have any fractures in
the last one year?’ If the answer was ‘yes’, then they were
also asked which part of the skeleton was fractured and
more detailed information on the time, place, behavior,
and results of the occurrence of fractures. Fractures sus-
tained from minor traumatic energy such as falling were
defined as osteoporotic fractures.

Assessment of self-rated health, functional health
status (B-ADL and I-ADL), and depressive status

The interview survey employed at the baseline and fol-
low-up surveys in TMIG-LISA contained scales for
assessing self-rated health, functional health status, and
state of depression status, all of which are QOL-related
variables. In order to assess self-rated health, the sub-
jects were asked, ‘How do you rate your present health?’
They were instructed to rate according to four catego-
ries; good, fair, poor, and very poor.” However, poor and
very poor were combined in the analysis because the
frequency of very poor was too low to be analyzed
separately.

Functional health status was measured by asking
questions about B-ADL and 1-ADL. B-ADL was mea-
sured using five items: (1) walking, (2) feeding, (3) con-
tinence, (4) bathing, and (5) dressing. I-ADL was
measured by a subscale of the TMIG Index of Compe-
tence, which contained five questions concerning
‘Instrumental self-maintenance’® (Table 1).
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The response to each item in [-ADL was given a score
of 1 for‘yes” and 0 ‘'no’. A total score was created by sim-
ple summing the item scores. Thus, a score of S repre-
sents no difficulty and 0 represents inability to perform
the tasks in I-ADL. In the present study, only changes of
[-ADL during the follow-up period were analyzed.

Depressive symptoms were measured by the Japanese
short version of Geriatric Depression Scale (GDS). The
short version GDS consists of a 15-item questionnaire
to which subjects respond by indicating ‘yes’ or ‘no’ to
questions about depressive symptoms. GDS-scores of
5 or higher are regarded as mild to severe depressive
symptoms.”'®

Statistics

To identify the effects of osteoporotic fractures on the
QOL-related variables, a nested case-control study (1
case to 1 control) matched for sex and age was used for
statistical analysis. In addition, t-test and x? test with the
Mc Niemer test were used to compare differences, and
the level of significance was P < 0.03.

Results

During eight years of follow-up, 15 men (7.9%) and
35 women (11.2%) were found to have the osteoporotic
fractures. There was no significant sex difference in
frequency (x* = 1.40, p = 0.24). There was also no dif-

Table 1 Influence of osteoporotic fractures on quality
of life (QOL)

Measurements in the three domains of QOL
1. Self-Rated Health (good/poor)
2. Instrumental ADL (a subscale of the TMIG Index of
Competence)
1.1. Using public transportation (yes/no)
1.2, Shopping for daily necessities (yes/no)
1.3. Preparing meals (yes/no)
1.4, Paying bills (yes/no)
1.5. Drawing bank account (yes/no)
3. Geriatric Depression Scale score
(Short version 15 items: 2 5 points)

ference in average age between fractured cases and non- ~
fractured controls (70.8 £ 4.6 v5 70.9 £ 4.9 year. t = 0.16,
p = 0.87).

The sites of fractures of the 50 subjects are shown in
Table 2. The most comumnon fracture site was spine
(20.4%) followed by wrist and hand (15.3%). Hip frac-
tures occupied approximately 10%.

Secular changes in the frequencies of three QOL-
related variables during eight years follow-up were
compared between cases (fractured) and controls
(non-fractured).

For the variable ‘self-rated health’, the frequency of
‘poor” self-rated health increased significantly in the
cases from 19.6% at baseline (1992) to 42.6% at 8-year
follow-up (2002). In the controls, there was no signifi-
cant change in the frequency of ‘poor’ rating during 8
years (Table 3).

On the changes of status in [-ADL measured by a
subscale of TMIG-Index of Competence, the propor-
tion of subjects with impaired I-ADL during the 8 years
increased significantly in the cases from 12.0% in 1992
to 38.0% in 2000, and also in the controls from 14.0%
in 1992 to 36.0% in 2000 (Table 4).

A comparison of prevalence of depressive status mea-
sured by the GDS score showed considerable increase is
the cases from 32.6% to 50.0%. There was, however, no
statistically significant difference in both cases and
controls (Table 5).

Discussion

The clinical consequence of osteoporosis is fractures
and morbidity secondary to fractures, Vertebral frac-

Table 2 Occurrence of fractures during follow-up

Sites of fractures n (%)

Spine 12 (20.4)
Wrist & Hand 9 (15.3)
Arm 8 (13.6)
Crus: Tibia and/or Fibula 8 (13.6)
Hip 6 (10.2)
Others 16 (27.1)

Table 3 Secular changes in Self-rated health of quality of life-related variables between cases and controls

Case Control

\\In 2000 Poor Good Total In 2000 Poor Good Total

In 1992 In 1992

Poor S 4 9 (19.1%) Poor 4 S 9 (18.4%)
Good 15 23 38 (80.9%) Good 13 27 40 (81.6%)
Total 20 (42.6%) 27 (57.4%) 47 (100.0%) Total 17 (34.7%) 32 (65.3%) 49 (100.0%)

McNemar x* =5.26 (P < 0.05)
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Table 4 Secular changes in Instrumental-activities of daily living of quality of life-related variables between cases

and controls

Case Control

T~ In2000 <4 5 Total T~ In2000 <4 5 Total

In 1992 In 1992

<4 5 1 6 (12.0%) <4 4 3 7 (14.0%)
5 14 30 44 (88.0%) 5 14 29 43 (86.0%)
Total 19 (38.0%) 31 (62.0%) S0 (100.0%) Total 18 (36.0%) 32 (64.0%) 50 (100.0%)

McNemar x?=9.60 (P < 0.01)

MecNemar y*=35.88 (P < 0.05)

Table 5 Secular changes in depressive status of quality of life-related variables between cases and controls

Case Control

In 2000 Depr. Non Total In 2000 Depr. Non Total
In 1992 | m
Depression 11 B 25 15 (32.6%) Depression 9 4 13 (27.7%)
Non 12 19 31 (67.4%) Non 12 22 34 (72.3%)
Total 23 (50.0%) 23 (50.0%) 46 (100.0%) Total 21 (44.7%) 26 (55.3%) 47 (100.0%)

McNemar y*=3.06 (n.s.)

tures are very common in elderly Japanese women'' and
cause deformity and disability.'*"* Hip fractures are the
most serious fractures, which contribute substantially to
morbidity and even mortality in Japanese elderly.'*"
However, these osteoporotic fractures not only cause
disability and morbidity, but also have important influ-
ences on mental health, self-image, and functional
capacity in daily life, which cannot be captured easily
using conventional clinical measurements.’®"’

Several instruments to measure QOL have been
developed over the last 15 years. These include generic
and disease-specific instruments. The generic instru-
ments grade the general state of health from both
mental and physical aspects.’®!” On the other hand, dis-
ease-specific instruments have been developed for spe-
cific diseases such as cancer, cardiovascular disease, and
diabetes. Specific questionnaires for assessing QOL in
patients with osteoporosis have also been developed
recently in Europe,” America,* and Japan.”

The questionnaire used in this study is not the
osteoporosis-specific QOL instrument that was devel-
oped in Japan only two years ago. In the present study,
however, three variables probably constituting the
essential elements of QOL in the elderly were investi-
gated to elucidate the magnitude of osteoporotic frac-
tures on the QOL among the rural community elderly
in an eight-year follow-up study. Self-rated health is an
indicator of physical status, state of depression is an
indicator of emotional status, and I-ADL is an indicator
of functional status, all of which are the major compo-
nents of QOL in the elderly.”

One of the most interesting findings of this study
is that occurrence of osteoporotic fractures is identified

McNemar x? = 3.06 (n.s.)

as a risk factor for decline of QOL assessed by the
three QOL-related variables. Particularly, self-rated
health is significantly decreased in the elderly who had
osteoporotic fractures.

Self-rated health has been recognized as a useful
predictor of mortality.”** Our previous studies from
TMIG-LISA also showed that even controlling for
objective health status assessed by follow-up exa-
minations of elderly subjects after a seven-year dura-
tion, self-rated health had a significant correlation with
mortality.?

Previous reports of TMIG-LISA also demonstrated
that self-rated health was not only a useful indicator of
objective health, but was also closely related to life sat-
isfaction and social activity.?’**

Osteoporosis and associated fractures, which may not
manifest as significant clinical symptom, certainly dete-
riorate self-rated health as a latent factor for subjective
well-being.

Instrumental ADL as a high-level functional capacity,
which has been subsumed as a main component of
QOL in the elderly, is also useful as a predictor of active
life. The maintenance of functional capacity at the level
of physical self-maintenance is the minimum require-
ment for elderly people to live an independent life.

Osteoporotic fractures, particularly those occurring
in upper and lower extremities such as wrist and hip
joints have very serious effects on physical self-
maintenance of the elderly regardless of living condi-
tions. In this context, prevention of osteoporotic
fractures, which are responsible not only for decline of
QOL but also mortality, appears to be an important
issue in the aged society and requires urgent attention.
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There are some limitations in this study. First, the
cases of osteoporotic fractures were identified only by
interview and physician’s observation during the mass
health examination without any roentgenological exam-
inations. Although we were certainly able to detect
almost all cases of osteoporotic fractures, some asymp-
tomatic cases of spinal fractures that are not accom-
panied with clinical symptoms such as pain and
dysfunction may be overlooked. In this context, there is
a possibility of under-estimating the frequency of
fractured cases.

The second limitation is the relationship of the frac-
ture-site and QOL. Among the osteoporotic fractures,
hip fracture is most serious and most likely to decline
QOL. Spinal fractures may not have manifested any
subjective symptom in some cases. Because of an inad-
equate number of fractured cases in this study, changes
of QOL-related variables in various fracture sites were
not analyzed. For the present study, however, we can
conclude that osteoporotic fractures at any site are seri-
ous and remarkably decline the overall QOL-related
variables among the community elderly.

Therefore, we should formulate control measures for
the prevention of osteoporotic fractures among the eld-
erly through, for example, detection and appropriate
treatment of these fractures and/or fall prevention pro-
grams in the community.
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Aging-related changes of food
intake in elderly subjects living in
an urban community and relation
with vital prognosis: Results of an

8-year longitudinal study
(TMIG-LISA)
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Purpose: We conducted an 8-year longitudinal study to investigate aging-related
changes in food and nutrient intake in a cohort of elderly subjects living in an urban com-
munity, and attempted to relate food intake with vital prognosis.

Procedures: The first (baseline) nutrition survey was conducted in 1991 on 161 subjects
(72 males and 89 females; aged 65-79) living in Koganei City. The second nutrition survey
was conducted 8 years later in 1999. Excluding death or illness, 98 subjects (61%) were
available for follow-up. Nutrition survey was conducted by a three-day dietary record
method with daily home visits by dieticians. Aging-related changes in physical attributes,
food intake, nutrient intake, and intake adequacy were analyzed. The relationship between
nutrition intake and mortality was analyzed by Cox proportional hazard model.

Results: (i) Weight and body mass index in females decreased significantly accompany-
ing aging. (if) Among all food groups, consumption of fruits was significantly lowered in
males and females. (iil) Significantly decreased intake of protein, fats, carbohydrate, iron,
sodium was observed in females. (iv) No change in protein—fat—carbohydrate energy ratio
was observed. (v) Nutrient intake was greater than the recommended dietary allowances at
baseline and also eight years later. (vi) A significant correlation was observed between veg-
etable protein intake and vital prognosis in males.

Conclusion: In the present cohort, although nutrient and food intake changed with
aging, nutrient intake was higher than the recommended dietary allowances. These results
show that a ‘diet for healthy longevity” is achieved by continuing to maintain the recom-
mended dietary allowances despite age advancement.

Keywords: aging, nutrient intake, nutrition survey, recommended dietary allowance, vital
prognosis.

Introduction

Accompanying the arrival of an aging society in
Japan, the promotion of national policies aiming at
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healthy longevity has become an important issue.'
The health promotion campaign for the 21st century -
(Healthy Japan 21) is moving ahead with the aim to
prolong a healthy lifespan, and recommendation of
safe and adequate daily dietary intake have been pub-
lished.! However, since implementation of these poli-
cies has only just started, there are very few reports of
nutrition survey/research or actual dietary habit sur-
vey in elderly subjects living in the community with
the main theme of healthy longevity. As a result, the
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implementation at individual 'level has not been
reached. The purpose of the present study was to
provide basic data for planning the policy ‘dietary
habit for a long and healthy life’ aiming at a healthy
longevity. We surveyed elderly subjects who led an
independent life in the urban community, and exam-
ined the aging-related changes in food intake during
eight years. Furthermore, using the mortality by all
causes as an indicator of health, we attempted to
relate the status of food intake with lifespan or vital
prognosis.

Methods

Subjects

This study was conducted as a part of the Tokyo
Metropolitan Institute of Gerontology — Longitudinal
Interdisciplinary Study on Aging (TMIG-LISA).> The
TMIG-LISA was reviewed and approved by the Tokyo
Metropolitan Institute of Gerontology Ethical Review
Committee. Informed consent was obtained from all
subjects before participation in the study. Confidential-
ity of subjects has been protected.

The target area was Koganei City in the suburb of
Tokyo. The first (baseline) nutrition survey was con-
ducted in 1991. From 996 persons representing a one-
tenth random sample of residents aged 65-84 years
who were living in Koganei City as of June 1 1991,
814 subjects who responded to an interview were
included as potential subjects. Among the 814 subjects,
405 attended the Comprehensive Health Check for the
Elderly. Of 405 subjects, 170 were requested to partici-
pate in a nutrition survey. Nine subjects were excluded
(5 subjects were on a trip or went out and 4 refused to
be surveyed), and the remaining 161 subjects {72 males
and 89 females; aged 65-79 years) were recruited in the
first survey.

The second nutrition survey was conducted 8 years
after the first survey, from July to September 1999. Dur-
ing this period, survey of vital outcome confirmed
25 deaths (18 males [25%], 7 females [8%]). An addi-
tional 22 subjects were hospitalized or sick and
16 subjects rejected being surveyed or had moved.
Therefore, of the 161 subjects who participated in the
first survey, 98 subjects were surveyed the second time,
with an overall follow-up rate of 61%. Excluding those
who died or were hospitalized or under medical treat-
ment, the follow-up rate was 86%.

The analysis on longitudinal changes in two nutrition
surveys was conducted on 98 subjects who could be
surveyed in both the first and the second nutrition
surveys. Analysis of survival was conducted on all
161 subjects who participated in the first survey, and
subsequent survival or date of death of these subjects
was confirmed.
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- Nutrition survey

Nutrition survey was conducted according to the three-
day dietary record method, which was based on the rec-
ollection method coupled with direct interview. This
method is a survey of individuals, and a dietary record
form was handed to the subject in person before the

survey. The subject was asked to write down on the

form the contents of the food and the approximate
amounts taken on specified days. The authors and other
dieticians conducted home visits to each of the subjects
once a day for three consecutive days. Food intake was
monitored by confirming the contents of the record
with the subject him/herself, spouse or family using
photographs taken during interviews, scales, spoons
and other instruments. The dietary record form was
checked for omissions or mistakes. The quantities of
intake were estimated from the approximate volume of
food, or the approximate weight per slice, plate, or piece.

Dieticians conducted individual home visits on three
consecutive days to confirm the dietary records. The
subjects in the dietary survey were individuals who were
capable of reading and writing by themselves, and fur-
thermore capable of recording food eaten on three con-
secutive days. At the same time, despite being at an
advanced age, these subjects led an active and busy life,
and had volunteered to participate in the present study
based on a trust relationship that they had developed
with our Institute. With this background, we conducted
a baseline dietary habit survey on these subjects in 1991,
and then the same survey eight years later to observe the
aging-related changes in this cohort.

The nutritional value was calculated using the
Program Library EIPAC at the Tokyo University Large-
scale Computer Center. The two surveys were con-
ducted during the same period by the same method, and
analyzed using the same tables of food compositions®
and programs for calculating nutritional values. From
these calculations, the quantities of nutrient intake and
quantities of food intake by food group were obtained.
Nutrient energy ratio was expressed as the energy ratio
for the respective nutrient, such as protein energy ratio
(P energy ratio), fat energy ratio (F energy ratio) and car-
bohydrate energy ratio (C energy ratio),

The adequacy of nutrient intake was expressed as
a percentage of the nutrient intake for the individual
to the recommended dietary allowance for Japanese.*
However, the adequacy of energy intake was calculated
as the percentage of energy intake for the individual to
the recommended energy allowance according to the
height, weight, and physical activity of the subject.’

Statistical analyses

The items of analysis were height, weight, body mass
index (BMI) (weight in kg/height in m),* quantity of
food intake by food group, and quantity of nutrient
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intake. Aging-related changes in physical measure-
ments, quantity of food intake by food group, and quan-
tity of nutrient intake were analyzed using paired -test.

To examine the association between nutritional fac-
tors and vital prognosis indicated by mortality by all
causes, Cox proportional hazard model was used
including mortality by all causes and other confounding
factors in the analysis. We chose Cox proportional haz-
ard method because this model deals with continuous
values, and would sensitively detect differences in mor-
tality, which is a continuous value. The independent
variable was mortality by all causes. The dependent vari-
ables consisted of quantities of nutrient intake for
energy, total protein, total fat, vegetable protein, animal
protein, vegetable fat, animal fat, and carbohydrate; as
well as the physical factor of BML These factors were
used as continuous variables and were adjusted for age.
Then the hazard ratio for each factor was calculated.

Table 1 Basic attributes of subjects

Statistical calculations were performed using SPSS 11.0
for Windows.

Results

Physical measurements

Table 1 shows the basic attributes of these subjects. For
the family structure, there were only a few subjects
living alone, and 59% were living in extended families
of two or three generations. For the final academic
achievement, no subject had ‘no schooling’, and 9.6%
were university graduates. As for physical items, 92%
were mobile and capable of travelling far utilizing bicy-
cles, cars, or buses. Moreover, chewing ability was good
in the majority of the subjects.

Table 2 shows the aging-related changes in height,
weight, and BMI of the same individuals during 8 years.

Item No. of subjects Yo
Sex

Male 72 44.7

Female 89 55.3
Age :

65-69 years 64 39.8

70-74 58 36.0

75-79 39 24.2
Family structure

Living alone 17 10.6

Couple 48 30.0

Extended family (2 or 3 generations) 95 59.4
Education

Primary school (old system) 43 26.8

Junior/Senior high school {(old system) 98 63.8

University (old system/modern) 15 9.6
Using public transportation

Can move inside home or in neighbourhood, 13 8.1

Cannot travel far

Can travel far by bicycle, car or bus 147 91.9
Chewing ability

Do not chew much S 3.1

Can chew most thing 72 45.0

Can chew anything 83 51.9

Table 2 Aging-related changes in physical measurements

Male (n = 41)

Female (n = 57)

1991 1999 Sig. 1991 1999 Sig.
Height (cm) 163.0£5.1 162.8 £5.1 NS 148.6 £5.9 148.2+5.8 NS
Body weight (kg) 55.9+8.38 54.9+£93 NS 51.6 %87 502495 *
Body mass index (kg/m?) 21.0+3.0 20.5+3.1 NS 23.4+3.8 22.8+4.0 *

Paired t-test; NS, not significant; *P < 0.0S.
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In females, the mean weight decreased significantly
from 51.6 to 50.2 kg and the mean BMI also decreased
significantly from 23.4 to 22.8. In comparison, no sig-
nificant changes were observed in males.

Amounts of food intake by food group

At baseline, the intake amounts of green and yellow veg-
etables, fruits, and milk or milk products were high
(Table 3). Especially the intake of milk or milk products
was higher than the national average. As for the changes
during 8 years, significant decreases were observed in
fruits for both sexes, and fats and oils for females, while
a tendency of decrease was observed for most of the
other food groups. However, a tendency of slight
increase in the intake of beans (soybeans and other pro-
cessed products), green and yellow vegetables, and meat
was seen in males.

Nutrient intake

Table 4 shows the changes in nutrient intake with aging.
Significant decreases common to males and females
were observed for carbohydrate and sodium. In females,
significant decreases were also found in energy, total
protein, animal protein, total fats, vegetable fat, iron,
and vitamin B,. In males, a tendency of decrease was
observed in these nutrients.

There were no changes in nutrient energy ratio (pro-
tein—fat-carbohydrate energy ratio [PFC energy ratio]),
P energy ratio, and F energy ratio with aging.

The aging-related changes in nutrient intake ade-
quacy rates are shown in Fig. 1. Except calcium in
males, the intake of all nutrients was above the recom-

mended dietary allowance both at baseline and also after
8 years.

Relationship between nutrition intake and
vital prognosis

The relationship between nutrition intake and vital
prognosis was analyzed by the Cox proportional hazards
model. Mortality by all causes was used as the depen-
dent variable, and parameters nutrient intake was used
as independent variables. To extract variables for use in
the model, simple correlation analysis was conducted
on all the nutrient factors. Factors showing strong cor-
relation were eliminated to extract the representative
variables. A total of eight variables were extracted. Thus,
the independent variables consisted of continuous val-
ues of energy, vegetable protein, animal protein, vege-
table fat, animal fat, and carbohydrate intake; as well as
the physical factor of BMI and age. Males and females
were analyzed separately because we observed differ-
ences between males and females in the amount of
nutrient intake, the amount of food intake according to
food group, body weight, absolute values of BMI, and
age-related changes in nutrient uptake.

After adjusting for age, the hazard ratios of these vari-
ables were calculated (Table 5). In males, the hazard
ratio of mortality by all causes was significantly
decreased for vegetable protein intake.

Discussion
Representative methods of nutrition surveys used in

epidemiological studies include the weighing method,®
and recollection method.” While the former method

Table 3 Aging-related changes in food intake according to food group

Food group (g/day)

Male (n = 41)

Female (n = 57)

1991 1999 Sig. 1991 1999 Sig,

Vegetable foods

Rice 339.0+132.1 313.6+171.6 NS 241.7 £ 85.6 221.4 +88.9 NS

Soybean, processed product 52.1+34.7 52.5+47.1 NS 66.0+39.4 60.6 +43.6 NS

Green and yellow vegetables  102.8 £59.0 1134714 NS 118.4+63.6 112.94£69.3 NS

Light colored vegetables 134.2+£72.9 113.5£61.9 NS 150.6 £73.1 135.3+£63.4 NS

Fruits 162.5+109.3 91.6 £76.9 B 202.6+£129.4  127.0+78.5 ik
Animal foods

Milk/milk products 138.4+103.6 118.6+1044 NS 206.9+163.6  185.7+124.3 NS

Eggs 45.9 +24.0 43.0 £25.2 NS 38.2+21.1 34.9+24.6 NS

Meats 48.3+24.4 51.4+37.7 NS 454+31.8 38.9+31.8 NS

Fish and shellfish 95.3 £47.7 77.9+£39.1 NS 81.3 +40.1 71.7+38.0 NS
Preference foods

Fats and oils 18.4+10.6 159+8.8 NS 18.2+10.4 12,7+8.3 e

Sweets 32.0+31.6 27.0+31.7 NS 38.8+33.1 39.6 +£33.7 NS

Paired #-test; NS, not significant; **P < 0.01; *##*P < 0.001.
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Table 4 Aging-related changes in nutrient intake

Nutrient (mean of 3 days) Male (n = 41) Female (n = 57)

1991 1999 Sig. 1991 1999 Sig.
Energy (kcal) 1960 + 295 1836 £445 NS 1760 £ 392 1553 + 341 FHEK
Protein (total) (g) 74.0 £14.1 71.3+16.0 NS 70.2+16.8 64.1 £14.6 *
Vegetable (g) 35.8+5.8 354493 NS 32.8+7.4 31.0+£74 NS
Animal (g) 38.2+12.2 35.9+11.9 NS 37.3+12.7 33.1+11.5 *
Fats(total) (g) 56.4%+15.9 53.7+15.5 NS 54.1+17.7 47.3 £16.0 w
Vegetable (g) 29.2+10.7 28.4+11.6 NS 28.8+12.1 24.5+10.0 *
Animal (g) 27.2+10.3 25.3+9.6 NS 25.3%+10.6 22.8+10.7 NS
Carbohydrate (g) 268 45 247 £ 71 * 242 + 56 213+353 o
Calcium (mg) 577 +16 563 +197 NS 679 £ 247 624 + 240 NS
Iron (mg) 10.8+£2.6 10.0 £ 2.6 NS 10.5+2.8 9.3+2.5 %
Sodium (mg) 4733 + 964 4110+ 1162 o 4520 + 1331 4069 +991 ¥
Vitamin A (IU) 2483 + 1551 2496 +2123 NS 2694 + 1449 2403 + 1244 NS
Vitamin B; (mg) 1.10+£0.29 1.00+0.31 NS 1.11 +£0.51 1.18 +£1.24 NS
Vitamin B, (mg) 1.36 £0.39 1.33 £0.39 NS 1.44 +0.40 1.35+£0.45 *
Vitamin C (mg) 108 £45 102 £53 NS © 12657 111 £51 NS
Protein energy ratio (%) 15.1+2.1 15.8+2.4 NS 16.0£2.2 16.6 £2.3 NS
Fat energy ratio (%) 25.6+5.4 26.4 5.1 NS 27.3+49 2724855 NS
Carbohydrate energy ratio (%) 55.1+£6.8 53.6+7.0 NS 55.4+6.0 55.1+6.7 NS
Paired f-test; NS, P> 0.05; *P < 0.0S; **P < 0.01; ***P < 0.001.
Male Female
Enerey Energy
Vitamin C Protein Vitamin G Pratein
Vitamin B2 Fats —
Vitamin B2 Fats
,.“ /
Vitamin B1 Carbohydrate Vitamin Bl T Carbohydrate
Vi i Galci N
itamin A aieum Vitamin A Calcium

Iron Fron

O signifies 100% adequacy O signifies 100% adequacy

3 1999 B 1991

] 1999 @ 1991

Figure 1 Age-related changes in adequacy of nutrition intake. The central circle in each graph signifies average dietary allowance
of subjects examined = 100%. (&) 1999; (@) 1991.

allows an accurate assessment of the amounts of food
intake, the burden on the subjects being surveyed is
also great. The recollection method involves interview-
ing the survey subjects and estimating the approximate
amounts of food consumed during the 24 h before the

interview. However, when the subject fails to recall
food items that have been consumed or when the
interviewer is not thorough in questioning there is a
probability of omissions of food items or mistakes in
the quantity of intake.® In this study, in order to mini-
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Table 5§ Hazard ratios and 95% confidence intervals of mortality by all causes for age, BMI and nutrient intake in
males and females

Nutrient intake Male Female

Relative hazard 95% CI Relative hazard 95% CI

Age (years) 1.03 0.92-1.15 1.12 0.94-1.32
BMI (kg/m?) 1.00 0.98-1.02 0.98 0.96-1.01
Energy (kcal) 1.00 1.00-1.00 0.99 0.95-1.04
Protein (Vegetable) (g) 0.86% 0.74-1.00 1.10 0.82-1.46
Protein (Animal) (g) 1.03 0.97-1.09 0.99 0.79-1.24
Fats (Vegetable) (g) 1.04 0.97-1.11 1.07 0.69-1.64
Fats (Animal) (g) 0.95 0.88-1.03 1.22 0.77-1.93
Carbohydrate (g) 1.01 0.99-1.03 1.03 0.85-1.24

Analyzed by Cox proportional hazards model; *P <0.05.

mize the risk of depending on memory, we used a.
dietary record based on the recollection method cou-
pled with direct interview.® Furthermore, previous
study has indicated that to obtain representative data of
the routine dietary habit, long-term dietary survey for
one week, one month, or even one year is necessary.’
In our Institute, we had chosen to use a 3-day survey
considering the feasibility of implementation in field
survey. The results of nutrition survey are sent back to
the subjects by mail. Therefore, we cannot exclude the
possibility that intervention might have been intro-
duced in response to the result.

Although many cross-sectional studies on the
changes of dietary intake with aging have been reported,
there are few reports of longitudinal studies that follow
the changes with advancing age. Consequently, these
changes have not been clearly elucidated. The other
longitudinal study conducted in Japan, National Insti-
tute for Longevity Sciences-Longitudinal Study of
Aging (NILS-LSA)' started its baseline survey in 1997-
1999 and the research results are not yet available.
Regarding studies overseas, the longitudinal study con-
ducted in Gotheburg, Sweden' (1971/71-1981/82;
98 subjects, aged 70s) reported reduced energy intake
and energy intake adequacy rate. The Baltimore longi-
tudinal study'® also observed lowered energy intake and
fat energy ratio in the elderly. The 6-year follow-up
study (1988/89-1995/96, 248 subjects aged over 70)
conducted in New Zealand by Fernyhough eral."” and
the 4-year follow-up study (1993-1997, 82 subjects)
conducted in France by Nicolas et al.'* both reported lit-
tle changes in intake of macronutrients and micronu-
trients with aging. The variable results in these reports
suggest that the effects of aging on nutrient intake
observed in longitudinal studies are not only caused by
the aging phenomenon but may also include elements
of changes in socioeconomic factors with time in that
particular region."” Therefore, these results have to be
interpreted with caution.
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In our 8-year longitudinal study, the elderly subjects
in Koganei City took large quantities of green and yel-
low vegetables, fruits, fish and shellfish, fats and oils,
and milk or milk products. Especially, the intake of milk
or milk products by males (138 g) and females (207 g)
living in Konami was considerably higher than the
national average. Females consumed more milk or milk
products than the daily national average for the elderly,
which is approximately 200g. Among these food
groups, fruit consumption ‘is the only item that
decreased significantly with aging in both males and
females. This decrease in consumption is suspected to
relate the fact that shopping is harder as age advances,
especially for fruits that are heavy and bulky; the trouble
of peeling; and also the high price.

Regarding the aging-related changes in nutrient
intake, significantly decreased intake was observed for
carbohydrate and sodium in both males and females,
and for energy, protein and fats in females. However, the
PFC energy ratio remained unchanged. In addition,
the nutrient intake was higher than the recommended
dietary allowances in both males and females, showing
that despite aging, these subjects had maintained an
appropriate level of nutrient intake. In other words,
aging-related changes were not observed in nutrient
intake adjusted for body weight and physical activities.
These findings imply the following: in the natural
course of aging, physical activities decrease and food
intake also decreases, resulting in weight loss and
reduced obesity; however, by taking an adequate quality
and quantity of foods during the early aging period and
then maintaining this dietary habit, this practice will
enrich the diet in the later aging period and is related to
achievement of healthy longevity. Even viewing from the
manner of food intake, the PFC energy ratio indicated
that these subjects consumed a balanced diet.

When examining the relationship between mortality
and dietary habit or nutrition, obviously this relation
changes according to individual diseases, which pre-
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sents difficulties in identifying the appropriate dietary
habit or nutritional factors. Furthermore, the cause of
death in the elderly usually involves a mixture of mul-
tiple diseases or lesions. Analysis based on cause of
death by specific disease does not seem to be relevant.
We therefore used mortality by all causes as an indicator
in our analysis.

Regarding the relationship between nutrition and
vital prognosis, although the contribution of nutrition
to individual diseases and death has been investigated in
middle- and old-age groups, it is important to examine
which food or nutrient affects the total mortality in the
elderly. However, there are few studies on nutrient and
vital prognosis in the elderly living in the community
during the process of normal aging.'*'* We found no
report that examines life expectancy using nutrient
intake as a independent variable. Kumagai et al.'” ana-
lyzed from the viewpoint of food pattern. They reported
that vegetable protein has a negative effect on all-cause
mortality, and suggested that antioxidants such as
vitamin C “and beta-carotene may have beneficial
effects.’ ‘

In the present study, we examined .the relationship
between mortality by all causes and nutrient intake, and
added in the analysis another independent variable,
BMI, that has been shown from our past results of
TMIG-LISA to be strongly related to total mortality."”
The present results showed that even after controlling
intake of other nutrients, vegetable protein alone
showed a significant correlation with mortality. Vegeta-
ble protein is a food item that has attracted much atten-
tion recently accompanying the growing knowledge
concerning their physiological activities in the human
body. According to the study of Ashton et al.*® soy pro-
tein contains digestive peptides that lower fat metabo-
lism mediated by hormones, contributing to lowering of
serum cholesterol and increase of HDL-~cholesterol,
leading to reduction of the risk of coronary heart dis-
ease. The series of studies conducted by Nagata et al.**
suggested that the estrogen-like substance in soy prod-
ucts may affect the mental and psychological status of
women, and consumption of soy products and isofla-
vones may have a protective effect against hot flush dur-
ing menopause. The functional characteristics of these
vegetable foods may contribute to prolong life.

The present cohort took vegetable protein mostly
from tofu, natto, and beans. We observed a high fre-
quency of finding natto or tofu as the main dish both in
the 1991 and 1999 surveys, and these foods were eaten
at meal once a day. Incidentally, the main dish is defined
as the dish occupying the central place among the
dishes other than stable food, which is made from soy-
bean, egg, fish, or meat, and typically contains 30 g of
the main ingredient equivalent to over 6 g of protein in
the traditional Japanese dietary habit. From the old days
in Japan, food processing and cooking using soybean

have been developed actively, and soybean and soybean
products are utilized as a valuable protein source to sup-
plement rice. Apart from the functional properties,
beans and bean products are cheap and do not require
elaborate cooking. They are easy to use food items that
can be served directly after being purchased. These are
convenient foods for the elderly and are a food item that
can be promoted in nutrition guidance.

This longitudinal study shows that ‘dietary habit for a
long and healthy life’ is characterized by continuing to
maintain the recommended dietary intake even as age
advances, and eating favourite and familiar foods with-
out complicated preparations. The later aging period is
vulnerable to various undesirable situations such as
disease, impaired chewing ability, lowered functional
capacity, poverty, and stress. These situations have
adverse effects on the quality and quantity of food
intake and the general dietary habit, leading easily into a
poor nutritional state.”* Whatever happens, it is desir-
able to continue maintaining the recommended intake,
and take early measures to ‘prevent loss of appetite’ and
‘prevent reduced food intake’.

Although this study only examined a relatively small
sample limited to elderly ambulatory subjects living in
the urban community, the aging-related changes in
food intake obtained in this study helps to define the
desirable dietary habit for the old-age phase.

Summary

1 The weight and BMI in females decreased signifi-
cantly with aging.

2 With respect to quantity of intake by food group, con-
sumption of fruits was significantly lowered both in
males and females.

3 For nutrient intake, significant decreases in protein,
fats, carbohydrate, iron, and sodium were observed in
females.

4 No change in PFC energy ratio was observed.

5 The nutrient intake was above the recommended
dietary allowances at baseline and also eight years
later.

6 A significant relationship was observed between veg-
etable protein intake and vital prognosis in males.

Conclusion

In the present 8-year longitudinal study, although
aging-related changes in nutrient and food intake were
observed, nutrient intake was higher than the recom-
mended dietary allowances. This field survey shows
clearly that ‘dietary habit for a long and healthy life’ is
achieved by continuing to maintain the recommended
dietary intake even as age advances. These results are
useful for promoting policies of health maintenance in
the elderly.
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Objective: To examine the longitudinal changes in higher-level functional capacity in
Japanese urban and rural community older populations.

Design: Population-based cross-sectional, and prospective cohort studies.
Setting: Koganei city in a suburb of Tokyo, and Nangai village, Akita Prefecture, Japan.

Participants: One thousand, five hundred and six older persons (793 in Koganei and
713 in Nangai) aged 65-83 years living at home.

Main outcome measures: Disability in Instrumental Self-Maintenance (IADL), Intel-
lectual Activity or Social Role, measured by the Tokyo Metropolitan Institute of Geron-
tology Index of Competence.

Results: At baseline, older men and women in the rural area, Nangai, had higher prev-
alence of disability in Intellectual Activity compared with respective counterparts in the
urban area, Koganei. By contrast, disability in Social Role was more prevalent among eld-
erly people in Koganei than in Nangai. In both areas older men and women had lowest
prevalence of disability in IADL among three subscales. The six-year longitudinal survey
on older persons who had initially no disability in all three subscales demonstrated that in
urban Koganei older persons were most likely to be disabled in Social Role with advancing
age, followed in turn by Intellectual Activity and IADL. By contrast, elderly people in rural
Nangai were most likely to be disabled in Intellectual Activity, followed by Social Role and
instrumental ADL. The Cox-proportional hazard model analysis for those who had no
IADL disability at baseline revealed that the baseline level of Intellectual Activity or Social
Role predicted significantly future onset of IADL disability in both areas even after con-
trolling for sex, age, and chronic medical conditions.
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Conclusions: In both urban and rural community older populations, disability in Social
Role and Intellectual Activity preceded IADL disability, and predicted significantly the

future onset of IADL disability.

Keywords: community dwelling elderly people, instrumental self-maintenance, intellec-
tual activity, social role, TMIG Index of Competence.

Introduction

High functional capacity has been regarded as one of
essential components for successful aging. Although
many recent studies have examined what factors con-
tribute to decline in functional capacity”' most of these
studies, however, have focused on activities of daily liv-
ing (ADL)**>¢%9 or instrumental activities of daily living
(IADL).*"1®1! These longitudinal studies have almost
commonly reported that age of 75 and over, less hand-
grip strength, and history of hospitalization were signi-
ficant predictors for IADL disability. Although we have
defined essential competence for elderly people to
maintain socially independent life as higher-level func-
tional capacity™ little is known about contributors to
decline in higher-level functional capacity above
IADL." The reasons for it may lie in the fact that an
appropriate scale had not been available so far for mea-
suring higher-level functional capacity of elderly people.

Lawton" defined and systemized seven stages of
competence from the lowest and most basic function to
the highest. The stages were, in ascending order of com-
plexity, arranged such as Life Maintenance, Functional
Health, Perception and Cognition, Physical Self-
Maintenance, Instrumental Self-Maintenance, Effec-
tance, and Social Role. This model of competence has
been widely accepted and used as a theoretical frame-
work in the development of new scales.

According to the Lawton model, Koyano efa
developed a multidimensional 13-item index of com-
petence comprising three subscales (Instrumental Self-
Maintenance, Intellectual Activity, and Social Role),
the so-called the Tokyo Metropolitan Institute of Ger-
ontology (TMIG) Index of Competence. This index
was designed to measure higher-level competence in
older community residents that could not be ade-
quately assessed by existing scales.'*™® There were
regional differences in prevalence and risk factors of
decline in this index' but few have not been identi-
fled as cross-cultural differences in the changing pat-
tern of higher-level functional capacity between urban
and rural areas.

In 1991, we launched a longitudinal interdisciplinary
study on aging'® in which we assessed the TMIG Index
of Competence for representative samples of older com-
munity residents in two different areas (urban Koganei
vs rural Nangal); the participants were followed-up for
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the subsequent 6 years. The goal of this cross-cultural
comparison study was to demonstrate changing pattern
of TMIG Index of Competence by subscale and exam-
ined the usefulness of two other subscales, Intellectual
Activity and Social Role, for predicting future decline
in IADL. This is the first article to report longitudinal
changes in the higher-level functional capacity of com-
munity older residents.

Methods

Study area and subjects

We obtained the data in this study from the medical
science project of the Tokyo Metropolitan I[nstitute of
Gerontology Longitudinal Interdisciplinary Study on
Aging (TMIG-LISA). Details of this project have been
described elsewhere.'® The study areas included Koga-
nei City in a suburb of Tokyo as an urban area and Nan-
gai Village in Akita Prefecture as a rural area.

Koganei City, located 25 km west of central Tokyo,
has a population of about 100 000 (population density,
9000 persons/km?). It is a typical bed-town of Tokyo;
35% of residents commute to central Tokyo. Elderly
people accounted for 9.7% of total population in 1991,
from where we selected 996 older persons aged 65-
83 years as one-tenth random sample. Out of them,
814 persons (82%) responded to the baseline interview
survey conducted at home in 1991, after signing
informed consent forms, which had been approved by
the ethics committee of the Institute.

Nangai Village has a population of about 5100 people
(population density, 52 persons/km?), where the main
industry is agriculture. Elderly people accounted for
18.9% of total population in 1992, when 940 people
aged 65 years and older were registered as residents in
the village. Of these, 88 were living in institutions, bed-
ridden at home, or long-term absent. The remaining
852 were invited to participate in the baseline survey
held at community halls in 1992. After signing informed
consent forms, 748 took part in the survey (88%
response).

The sampling method and interview setting dif-
fered in the two study areas, leading to potential sam-
pling bias. Thus, as the subjects of this study we
selected only the baseline participants aged 65—
83 years who were at least independent in transfes-



Changes in TMIG-Index of Competence by subscale

Table 1 The TMIG Index of Competence subscales questionnaires

Sub-scales Questionnaires
Instrumental Self-Maintenance
1 Can you use public transportation (bus or train) by yourself? 1. Yes 0. No
2 Are you able to shop for daily necessities? 1. Yes 0. No
3 Are you able to prepare meals by yourself? 1. Yes 0. No
4 Are you able to pay bills? 1. Yes 0. No
5 Can you handle your own banking? 1. Yes 0. No
Intellectual Activity
6 Are you able to fill out forms for your pension? 1. Yes 0. No
7 Do you read newspapers? 1. Yes 0. No
8 Do you read books or magazines? 1. Yes 0. No
9 Are you interested in news stories or programs dealing with health? 1. Yes 0. No
Social Role
10 Do you visit the homes of friends? 1. Yes 0. No
11 Are you sometimes called on for advice? 1. Yes 0. No
12 Are you able to visit sick friends? 1. Yes 0. No
13 Do you sometimes initiate conversations with young people? 1. Yes 0. No

ring, (i.e. the very frail and homebound persons were
excluded) yielding finally 793 subjects in Koganei, and
713 in Nangai.

Assessment of functional capacity

We assessed the higher-level functional capacity in older
subjects using the TMIG Index of Competence.''*16
This is a multidimentional 13-item index (Table 1).
With the covariance structure model, the three first-
order factors in the model are interpreted as Instrumen-
tal Self-Maintenance (IADL), Intellectual Activity, and
Social Role, and the second factor as competence.'
Intellectual Activity corresponds to Effectance level in
Lawton’s model.’®'® Thus, we have defined IADL, Intel-
lectual Activity, and Social Role as higher-level func-
tional capacity.'®'*° The response to each item was ‘yes’
(able to do) or ‘no’ (unable), and scored 1 for ‘yes’ and 0
for ‘no’. The total score was designed as the sum of the
13 items, such that a higher score (maximum 13 points)
would indicate a higher level of competence. Three sub-
levels of competence were also calculated; 0-5 scores
for IADL, 0-4 scores for Intellectual Activity, and 0-
4 scores for Social Role.

We used this TMIG-Index of Competence for assess-
ing functional capacity in older participants at baseline
and over the six-year follow-up period. In Koganei,
well-trained personnel interviewed the subjects at home
every two-years, while in Nangai the subjects were
interviewed either at community halls or at home every
year. Disability in total TMIG-Index of Competence, or
each subscale was defined as a state reporting scores
below respective full mark; < 13 points for total TMIG-
Index, < 5 for IADL, and < 4 for the other two subscales.
The onset of disability included institutionalization or

death of persons who had shown no decline in disability
at the follow-up in the past year.

Statistical analysis

Data comparisons between the urban and rural older
populations at baseline were tested with x* test for cat-
egorical variables and the Mann-Whitney U-test for
age. To examine declining patterns in the respective
subscale of TMIG Index of Competence, we followed-
up only the subjects who had no disability at baseline in
all three subscales. We made cumulated proportion
curves of disability in each subscale with advancing year,
on which data the General Wilcoxon-Gehan test was
applied.

For evaluating predictive value of intellectual activity
and Social Role at baseline for future IADL disability,
we used the Cox proportional hazard model, controlling
for sex, age, and chronic medical conditions for the sub-
jects who had no IADL disability at baseline(n = 700 in

urban Koganei; 7 = 590 in rural Nangai).

We analyzed all data with the SPSS/PC + statistical
software for Windows version 10.0.

Results

Table 2 showed baseline characteristics by gender in
urban Koganei and rural Nangai. No significant differ-
ence was observed in regard to distribution of age
between the two areas in men and women. In both men
and women, disability in total score of TMIG-Index of
Competence was more prevalent in rural Nanangai than
urban Koganei. Disability in Social Role was most prev-
alent among elderly people in urban Koganei, followed
by that in intellectual activity, while in rural Nangai the
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Table2 Comparison of higher-level functional capacity at baseline between older populations in Koganei and

Nangai (disability, %).

Urban area (Koganei)

Rural area (Nangai)

Men Women Men Women
n % n % n % n %
Respondents to baseline survey 363 100 430 100 287 100 426 100

(71.5+£5.1 years) (72.2 % 5.2 years)

Disability in
Total score of TMIG-Index subscales 134 36.9

Instrumental self-maintenance 40 11.0
Intellectual Activity 65 17.9
Social Role 110 30.3

(70.9 £ 4.7 years) (71.5 +4.9 years)

195 45.3 134 46.7%% 301 70.7%%
53 12.3 29 10.1 94 22.1%%
105 24.4 98 34,1 %% 266 60 4%

157 36.5% 78 27.2 129 303

¥, %% significantly higher than that for respective counterpart at P < 0.05, P < 0.01, respectively.

~ 0 i
(] |
& n=229 §
= X
3 20
o
@
o]
k]
© 404
ke
£
a
O 60
Q.
[
= IADL
£ 80+ -
5 OV e Intellectual Activity
% = = = Social Role
O
100 T T T T T ¥ T
0 1 2 3 4 5 6 7

Years

Figure1 Declining patterns of the three subscales of
TMIG-I of Competence for men in Koganei City.
IADL = Instrumental Self-Maintenance. Significant
differences at P < 0.01 between IADL and Social Role, and
Intellectual Activity and Social Role by General Wilcoxon-
Gehan test.

most prevalent was disability in intellectual activity, fol-
lowed by that in Social Role. Compared with respective
counterparts, disability in Social Role was more preva-
lent in urban Koganei (men, 30.3 vs 27.2, ns; women,
36.5 vs 30.3%, P < 0.05), while disability in Intellectual
Activity was significantly more prevalent in Nangai
(men, 34.1 vs 17.9%, P < 0.01; women, 62.4 vs 24.4%,
P <0.01). The common finding in both areas is that
older persons had the lowest prevalence of disability in
[IADL among three subscales.

The baseline survey identified elderly people who
had no disability in all three subscales, 464 subjects
(229 men and 235 women) in the urban area, and
278 subjects (153 men and 125 women) in the rural
area, who comprised the cohorts for longitudinal anal-
yses. Figures 1-4 depict how those elderly people lost
functional capacity with advancing age. During the 6-
year follow-up period, 25 urban subjects (16 men and
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Figure 2 Declining patterns of the three subscales of
TMIG-I of Competence for women in Koganei City. [ADL =
Instrumental Self-Maintenance. Significant differences at

P <0.01 between each of three subscales by General
Wilcoxon-Gehan test.

9 women) and 10 rural subjects (7 men and 3 women)
died, and 12 urban subjects (4 men and 8 women) and
11 rural subjects (8 men and 3 women) were institu-
tionalized without showing decline in TMIG-Index of
Competence in the previous year; those were all defined
as disability in higher-level functional capacity. Seven-
teen urban subjects (S men and 12 women) and five
rural subjects (4 men and 1 woman) dropped out due to
long-term absence or refusal and were treated as cen-
sored cases. Although the pattern differed slightly
between sexes, elderly people in the urban area showed
the most likelihood to lose Social Role function, fol-
lowed by Intellectual Activity (for both sexes, P < 0.01).
On the other hand, elderly people in the rural area were
most likely to lose Intellectual Activity, followed by
Social Role (for men, P < 0.05; women, P < 0.01). The
common finding in both areas was that [ADL disability
followed after Social Role and Intellectual Activity were
impaired, except for men in Koganei.



