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Abstract
Background: Japan has the highest life expectancy in the world. In a 2002 census government
report, 18.5% of Japanese were 65 years old and over and 7.9% were over 75 years old. In this
ageing population, the increase in the number of dependent older persons, especially those with
mild levels of disability, has had a significant impact on the insurance budget. This study examines
the increase of mild disability and its related factors.
Methods: All community-dwelling residents aged 65 and over and without functional decline (n =
1560), of Omishima town, Japan, were assessed in 1996 using a simple illustrative measure, "the
Typology of the Aged with Illustrations" to establish a baseline level of function and were followed
annually until 2002. The prevalence and incidence of low to severe disability, and their association
with chronic conditions present at the commencement of the study, was analyzed. A
polychotomous logistic regression model was constructed to estimate the association of each
chronic condition with two levels of disability.
Results: An increase in mild functional decline was more prevalent than severe functional decline.
The accumulation of mild disability was more prominent in women. The major chronic conditions
associated with mild disability were chronic arthritis and diabetes in women, and cerebrovascular
accident and malignancy in men.
Conclusion: This study showed a tendency for mild disability prevalence to increase in Japanese
elders, and some risk factors were identified. As mild disability increasingly prevalent, these findings
will help determine priorities for its prevention in Japanese elders.

Background
Japan has the highest life expectancy in the world. In a
2002 Japanese census report, 18.5% of Japanese were 65
years old and over and 7.9% were over 75 years old. A
long-term care insurance (LTCI) law was introduced in
2000 to cover both home-based and institutional care
services for the large elderly population [1]. Since then,

the rapid increase in the number of beneficiaries has
enlarged the budgetary balance of calls and its premium
rates. To access LTCI-provided services, elderly persons
must comply with an eligibility test. This test is based on
the physical and mental status, and it divides care needs
into six categories or levels, based on the estimated
amount of care resource utilization[2]. According to
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Ministry of Health, Labor and Welfare (MHLW) figures,
beneficiaries of the at-home care service and the institutional service increased by 99% and 38%, respectively,
between April 2000 and April 2003. During the same
period, the number of elderly persons insured by LTCI
increased by only 11%. As a result of a recent report of the
MHLW, which confirmed an increase in the need for mild
level care (grade 1 – support needed) from 46% to 53%,
the prevention of mild disability became a focus of attention. A recent government commission on elderly care in
Japan also reported that the increase in the number of elderly persons, especially those with mild disability, is
endangering the insurance scheme, and the government is
in the process of redesigning the scheme to refocus services for the elderly with mild disability away from direct
care to preventive services. Thus, prevention or delay of
the onset of functional limitation is an important objective in the health care system.
The theory of compression of morbidity suggests that lifestyle changes and suitable treatment for chronic illnesses
can postpone the development of chronic conditions and
their unwanted sequelae [3]. In the United States, later
levels of disabilities and death rates are predictable from
specific chronic conditions [4-7]. Very few such studies
have been conducted for the Japanese population [8,9]
and even fewer provide information on mild disability,
which is the most common and increasing source of
dependency[8].
This study aims to describe incidence and prevalence of
functional decline, and to determine whether the incidence of disability at mild and severe levels is associated
with age, gender and chronic conditions.

Methods
This research combines two distinct methodologies: a longitudinal cohort study, from 1996 to 2002, of functional
decline based on the entire population of the elderly in a
single town, and a retrospective questionnaire study of
chronic conditions in the same population.
Longitudinal cohort study
The base population of the study was the population of
Omishima town, Ehime prefecture. According to the 1995
census, the total population of the town was 4782, and
elderly persons (aged over 65) numbered 1935 (40% of
the population). The local municipality provided the
researchers with a list of all elderly persons of 65 years and
older taken from the residential register, and 1843 elderly
persons living at home (95% of this total) were identified
in August 1996. Persons who did not give written
informed consent (n = 5) were excluded from the study,
and this left an initial cohort of 1838.

http://www.biomedcentral.com/1471-2458/5/55

Measurement of disability
The majority of studies estimating the incidence of elderly
functional decline are based on interview or questionnaire, as opposed to the probably more reliable approach
of observation [10]. The present study uses an observational instrument which, because of its simplicity and
ease of use, should permit more frequent observational
studies of elderly functional decline. This method is the
Typology of the Aged with Illustrations (TAI).

The TAI is an instrument for the measurement of elderly
function, and is composed of four scales representing
mobility, eating, toileting, and mental status (Figures
1,2,3,4) [11,12].
Each item in the TAI has six hierarchical states (5 to 0),
representing levels of disability in each domain. Five represents no disability and 0 represents extreme disability.
Each state is defined by a threshold and illustrated as
shown in the example of the mobility scale (Figure 1). The
levels on the mobility scale are as follows: level 5, ability
of the elder to climb stairs without aid or assistive devices;
level 4, can not climb stairs without aid but can walk on
flat surface without aid or assistive devices; level 3, cannot
walk on a flat surface without aid, but can move around
using assistive devices and perform transfer independently while seated; level 2, cannot either move around or
transfer while seated using assistive device or aid from the
others, but can sit up and maintain seated position ; level
1, cannot either sit up or maintain seated position but can
roll over on the bed without aid; and level 0, cannot roll
over on a bed while lying without aid.
Its reproducibility, construct validity and concurrent
validity have been established in a previous study [11].
Average weighted kappa of the four scales was 0.65 and
there were no significant differences between experienced
and non-experienced TAI users. It has high concurrent
validity with the Functional Independence Measure
(FIM).
Using TAI, 1560 elderly persons were identified as not
having any functional decline, and were used to assess the
incidence of disability each year for successive seven years
from 1996 to 2002, in order to follow its association with
age, gender, living status and presence of chronic conditions. Eighteen non-professional district welfare commissioners recorded information pertinent to elderly function
in the four above-mentioned domains using the TAI. Following intensive training in its use, they assessed the function of the participants in 1996, and again each August for
six consecutive years. The evaluators were asked to
observe and classify the present status in the measurement
month using TAI mobility, eating and toileting scales. In
case of TAI mental status scale, the evaluators were asked
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T A I Mo b i l i ty

Level

S tatus

Illus tration

T he elderly pers on can climb
s tairs without as s is tance and can
walk out of a hous e.

5
C limb s tairs
C opyright by T AI res earch group

Y es
No
T he elderly pers on can not climb
s tairs but can walk alone without
as s is tance on a flat floor.

C opyright by T AI res earch group

4
Walk alone
on a flat
floor

C opyright by T AI res earch group

Y es
No

C opyright by T AI res earch group

3
B oth move
around
us ing
equipment
and trans fer
while s itting

C opyright by T AI res earch group

Y es
No

C opyright by T AI res earch group

2
B oth s it up
and
maintain
s eated
pos ition

T he elderly pers on need help for
trans fering or moving, but can
s tand up from bed, and remain
s eated without help.

C opyright by T AI res earch group

Y es
No

C opyright by T AI res earch group

1
R oll over
on the bed
while lying

T he elderly pers on cannot walk
alone on a flat floor without help,
but can move on a flat floor with
ins truments s uch as walking aid,
wheelchair, cane, brace or walls .

T he elderly pers on cannot trans fer
hims elf while s itting but can
remain s eated and change body
pos ition while lying.

C opyright by T AI res earch group

Y es
No
T he elderly pers on cannot change
body pos ition while lying on a bed.

C opyright by T AI res earch group

0
C opyright by T AI res earch group

Figure
TAI
mobility
1
TAI mobility
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T A I Me n ta l s ta tu s

5

S tatus

Illus tration

None of one following dis turbance in
cognitive function.
1. inappropriate behavior for two
weeks
2. memory or decis ion making
dis turbance
3.Orientation dis turbance

"Don't was te your money!" "I can read the paper"
C opyright by T AI res earch group

No

A ny dis turbanc e in c ognitive
func tion

Y es
P roblem
behavior

S tatus

S tatus

NO YE S

T he elderly pers on has dis turbance of
decis ion making or dis turbance of living
caus ed by memory los s but s hows no
problem behavior

T he elderly pers on does not have orientation
dis turbance but has behavior(s ) that
embarras s his family or neighbors .

Illus tration

4

Illus tration

3

Apparent forgetfulnes s

"S omeone took
my wallet!"

C opyright by T AI res earch group

Orientation ques tions
1.What month is it now?
2.Where are we now?
3.Who is this pers on?

C opyright by T AI res earch group

A ll c orrec t
A ny fa ilure
P roblem
behavior

S tatus

S tatus

NO YE S

S evere orientation dis turbance but no
problem behavior

2

B oth s evere orientation dis turbance and
problem behavior(s )

Illus tration

1

Illus tration

R es tles s nes s and /or
agres s ivenes s

S itting all day long

C opyright by T AI res earch group

R es pons ivenes s

C opyright by T AI res earch group

Y es
No
S tatus

Illus tration

No mental activity and no problem
behavior

0
"Who I am㧫

No mental activity
C opyright by T AI res earch group

Figure
TAI
mental
2 status
TAI mental status
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T A I E a ti n g

S tain
around the
table and/or
require
prepared
food

Level

S tatus

5

T he elderly pers on can eat cleanly
by hims elf even in a pres ence of
paralys is or dementia and does
not require preparation or aid at
table.

C opyright by T AI res earch group

No
Y es

C opyright by T AI res earch group

4
R equire
as s is tanc e
while eating

Illus tration

T he elderly pers on can eat by
hims elf regardles s of how he
eats (without help in preparation).
T here is no as s is tance required
while eating. However, the elderly
pers on may s tain the table.
C opyright by T AI res earch group

No
Y es

C opyright by T AI res earch group

3

T he elderly pers on requires
as s is tance while eating. However,
there is no s wallowing dis turbance
if the care giver brings foods to
the mouth.

S wallowing
dis turbanc e

C opyright by T AI res earch group

No
Y es

C opyright by T AI res earch group

2
P arenteral
alimentation

T he elderly pers on has s wallowing
difficulity even if the care giver
brings the food to their mouth.
T herefore, s oftened foods s uch as
pas te and/or jelly are frequently
us ed.
C opyright by T AI res earch group

No
Y es
P arenteral alimentation(nas al,
gas tric or intes tinal)
C opyright by T AI res earch group

1
Intravenous
alimentation

C opyright by T AI res earch group

No
Y es
Intravenous alimentation
(intravenous , IV H)
C opyright by T AI res earch group

0
C opyright by T AI res earch group

Figure
TAI
eating
3
TAI eating
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T A I T o i l e ti n g

Level

S tatus

5

T he elderly pers on goes to toilet
by hims elf and s hows no failure of
excretion for at leas t two weeks .
T here is no portable toilet or other
aid at beds ide.

Us etoilet
c leanly

Illus tration

C opyright by T AI res earch group

No
Y es

C opyright by T AI res earch group

4
R equire
as s is tanc e
to go to
the toilet

T he elderly pers on goes to toilet
by hims elf regardles s of failure.
T he elderly pers on does not us e
diaper or portable toilet except for
s pecial occas ions s uch as during
travel.T his category includes the
elderly pers ons with os toma who
controls excretion by hims elf.

C opyright by T AI res earch group

No
Y es

C opyright by T AI res earch group

3

T he care giver mus t give
ins truction or help to the elderly to
go to the toilet. T he elderly pers on
does not always require diaper.

Us e diaper
always

C opyright by T AI res earch group

No
Y es

C opyright by T AI res earch group

2
Diffic ulty
c hanging
diaper

T he elderly pers on always
requires diaper. However, the
elderly pers on cooperates in
changing diaper.

C opyright by T AI res earch group

No
Y es

C opyright by T AI res earch group

1
C atheterization

T he care giver has difficulty
changing the diaper of the elderly
pers on.T herefore, it requires two
pers ons to change the diaper. T he
elderly pers on may exhibit
polluting of s urroundings by urine,
problem behaviour with urine, and
toileting on the bed.

C opyright by T AI res earch group

No
Y es

C opyright by T AI res earch group

0

T he elderly pers on require
catheterization. T his category
includes the elderly pers on whos e
os toma requires to be treated by
care-givers .

C opyright by T AI res earch group

Figure
TAI
toileting
4
TAI toileting
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to observe and also to interview the relative functional status. In cases of cognitive impairment, the assessment was
based on interviews with family members as proxies,
together with observation of the elderly person.
Retrospective questionnaire on chronic conditions
In addition to the yearly observation of elderly functions,
a questionnaire covering seventeen chronic medical conditions (including the onset) was completed by the participants remaining in February 2003. Those elders who
were hospitalized, institutionalized or died by 2002 were
excluded from the questionnaire study since they were
unable to complete the questionnaire survey. The same
district welfare commissioner, who originally carried out
the observation with TAI, distributed and collected the
questionnaires. They also assisted respondents who had
difficulty in completing the questionnaire.

The seventeen chronic medical conditions were decided
based on a Ministerial statistical report on long-term care
insurance law [13], and modified for the purpose of this
study. They were: chronic arthritis, osteoporosis, bone
fracture, chronic pain, cerebrovascular accident (CVA),
heart disease, high blood pressure, diabetes, hyperlipidemia, chronic lung disease, intestinal disease, renal disease, eye disease, malignancy, depression, Alzheimer's
disease and Parkinson's disease.
The questionnaire provided descriptions and definitions
of the chronic conditions to facilitate understanding and
eliminate recall bias as far as possible. It also included the
onset years of chronic conditions. Data of social status,
social activities, and health-related behavior was also
recorded, but were not used in the current analysis.
Analysis
The initial sample of 1838 was used to describe the correlation of initial disability and future severity. Of these,
samples not providing a disability index due to death,
emigration or institutionalization were not included in
the analysis of disability index.

The data of 1560 elderly persons without initial functional decline were used to assess the incidence of disability in the population studied. Using the TAI scale, the
author devised a disability index [14,15], as follows. Each
of the four scales of TAI has a six-level structure (Figure
1,2,3,4). Level 5 of elderly function in each scale represents no disability and was scored as 0. At level 4, the elder
has one functional problem, for example in TAI mobility,
in climbing stairs, and is assigned a score of 1; at level 3,
the score is 2, and so on. The results of all four scales are
summed to form a single index, theoretically ranging
from 0 to 20, and then divided by 20 to give each individual's score for each year of the survey.

http://www.biomedcentral.com/1471-2458/5/55

The elderly population over 65 in 1995(n=1935)
Not eligible:97(5%)
•not at home (n=92)
•refusers (n=5)
First observation in 1996( n=1838)
Status in 1996
•no disability (n=1560)
•mild disability (n=180)
•severe disability (n=98)
Of these 1200 were measured
for consecutive 7 years
Without disability in 1996 used for incidence analysis (n=1560)
Excluded
•institutionalized (n=50)
•emigrated (n=53)
•dead between 1997-02 (n=289)

Initial living status and̙endpoint functional status
measured (n=1168)
All consecutive 7 years measured (n=1107)
Respondents to the questionnaire study(2003) used for
risk factor analysis (n=1067)

Figure 5theofstudy
Population
through
elderly people living at home: Flow of subjects
Population of elderly people living at home: Flow of subjects
through the study

Elders with a disability score of 0 in any year were defined
as no disability. Those with scores of 0.05 to 0.10 (maximum of two disabilities) were defined as suffering from
mild disabilities. Those elders with an index score equal to
or greater than 0.15 (more than three disabilities) were
defined as suffering from severe disabilities.
The disability-free sample (n = 1560) was used to describe
the prevalence and incidence of disability. For the analysis
of point prevalence, the result of each year's measurement
was applied. For the analysis of incidence of new mild disability from disability-free samples, the person-year
method was used. Incidence of severe disability included
progression of mild disability to severe disability.
The association of disability index with gender, age and
chronic medical condition, over the seven years, was analyzed using applicable data from the 1560 samples.
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A polychotomous logistic regression model was constructed to test the effect of each covariate on the development of functional decline at the two levels of severity
using eligible data [16]. The covariates were age at base
line, living status and the seventeen chronic conditions.
Only chronic conditions diagnosed before 1996 were
included in the analysis so as to avoid the inclusion of
acute episodes of diseases, such as CVA and bone
fractures.

to 2002. Higher transition to severe disability was more
prominent in mild disability group (14%) compared with
no disability group (4%). There was a difference of transition from no disability to mild disability between genders
(male 10% versus female 23%). The transition from no
disability to dead was higher in male (26% versus 13%).
The average age of sample without disability of men (n =
654) and women was 73.0(SD6.0) and 73.6(SD6.3),
respectively.

The associations of the chronic conditions with each of
the two outcome variables were tested independently,
using the chi-square or Fisher's exact test, by stratification
and non-stratification of gender and endpoint functional
status. Only those conditions that achieved a significance
level of P < 0.05 were incorporated in the logistic
regression.

By 2002, 289 of the original 1560 participants without
initial disability had died, 53 were lost to follow up or
emigrated, and 50 were hospitalized or institutionalized.
All of them were excluded from the analysis of risk factors.
Of the 1168 participants remaining in the study in 2002,
1107(96%) participants provided the initial living status
data and were measured for all consecutive 7 years, and
1067 (93%) responded to the questionnaire in 2003.

Finally, as the population studied showed gender differences in functional decline, separate models for men and
women were constructed. All p values were two-tailed.
The analyses were conducted using SPSS 11.5.1J,
Windows.

Figure 5 summarizes the subjects' progress through the
study.
The disability index in 1996 was significantly higher in
those who died before the last measurement in 2002
using the 1273 surviving cases and 433 deaths (MannWhitney's U Test, P < 0.001). These 1200 cases who were
measured for consecutive 7 years were analyzed to show
the result of the rank correlation between the initial disability index and the disability index of subsequent years,
after excluding elderly who died (n = 433), emigrated (n
= 66), or were unable to participate further due to hospitalization or institutionalization (n = 66) (Table 1).

Results
The cohort of 1838 elderly persons aged 65 and over was
40% male at the beginning of the study in 1996. Age range
was 65 to 99 years, and average age was 73.6 years (SD
6.5) for males and 74.8 years (SD 7.1) for females.
When first observed in 1996, 1560 (85 %) of these elders
had no functional decline, 180 (10 %) showed a mild
level of disability, and 98(5%) showed severe disability.
Additional file 1 shows the change of the status from 1996

Table 1: The Mean and median of disability index and rank correlation between disability index of 1996

Male (n =
453)

Female (n =
747)

year

1996

1997

1998

1999

2000

2001

2002

Mean

0.006

0.006

0.010

0.012

0.015

0.018

0.027

SD
Median
Correlation*
P

0.035
0.003

0.034
0.003
0.629
<0.001

0.053
0.003
0.475
<0.001

0.058
0.004
0.433
<0.001

0.060
0.007
0.363
<0.001

0.067
0.008
0.324
<0.001

0.080
0.012
0.327
<0.001

Mean

0.007

0.009

0.009

0.011

0.016

0.022

0.036

SD
Median
Correlation*
P

0.031
0.005

0.032
0.006
0.615
<0.001

0.035
0.006
0.521
<0.001

0.043
0.007
0.460
<0.001

0.055
0.010
0.363
<0.001

0.061
0.014
0.324
<0.001

0.082
0.020
0.256
<0.001

*Spearman's rank correlation between disability index of 1996
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Table 2: Disability level and result measured with the typology of the aged with illustrations (TAI) in 1996

mild disability (n = 180)
TAI level

mobility

mental

eating

toileting

5
4
3
2
1
0

14%
78%
7%
0%
0%
0%

76%
24%
1%
0%
0%
0%

99%
1%
1%
0%
0%
0%

92%
8%
0%
0%
0%
0%

severe disability (n = 98)
TAI level

mobility

mental

eating

toileting

5
4
3
2
1
0

4%
21%
32%
21%
15%
6%

44%
27%
1%
21%
3%
4%

61%
28%
7%
2%
1%
1%

16%
34%
20%
16%
12%
1%

Table 2 shows the distribution of disabilities, according to
TAI grade, of subjects at the two levels of the index of disability, in1996. For example, of those with mild disability
(n = 180), 141 (78%) could not climb stairs by themselves, but could walk on a flat surface without aid or
assistive devices, and 13 (7%) could move about only on
a flat surface with aid. Forty-three (24%) had mild memory problems and 15 (8%) had mild difficulty using toilet.
Only two had a problem with eating. In those with mild
disability, 145 (81%) showed disability on only one scale,
while 35 (19%) showed disability on two scales. 84 percent of the elders had disability only in the mobility scale
and this suggested that the mild disability group is composed mostly of the elders with mobility problem, without other functional problem.
Subjects with severe disability (n = 98) had a variety of
functional impairment. In this group, only two cases (2%)
showed disability on only one scale, both of which
involved mental status dysfunction, and 4 cases (4%) had
no problem with mobility.
Only one subject had a TAI mental level of 3 and only four
a TAI mental level of 1, all of whom exhibited problem
behaviors, as shown in the Figure 2.

Prevalence and incidence of disability
Figure 6 shows the change of the median of the disability
index for consecutive seven years (n = 1107). In this analysis, only the samples that were measured for consecutive
7 years were included, and therefore, the elderly persons
who were hospitalized, institutionalized, dead or emigrated were excluded. Older age at base line had an effect
on the rate of the disability development. In base line age
group older than 75, the increase of the disability index
was more prominent in woman than that of man after
year 2000. Most of the curves, except for the man aged 75
and over, showed an exponential increase pattern.

The associations of gender and age with scores on the disability index were tested separately on yearly data using
the eligible samples from the same population (n =
1107). Gender difference was not obvious from 1997 to
2001, but in 2002 women showed a higher mean disability index score than men (male 0.22, female 0.30, T test, P
< 0.05). Age at enrolment, in 1996, correlated positively
with disability index scores for every year of measurement
(Spearman's rank correlation, P < 0.01).
The point prevalence of disability at the two severity levels, and of institutionalization and death, is shown in Fig.
7. Mild disability was more increased in women than in
men, rising to 22% in women versus 10% in men by
2002. By contrast, loss from the study population by
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Figure of
Pattern
6 disability index median, in gender and age groups (n = 1107)
Pattern of disability index median, in gender and age groups (n = 1107)

death was more common in men, reaching 26% in men
versus 13% in women by 2002. The proportion of severe
disability in 2002 was 3.4% and 4.2% for men and
women, respectively, and the proportion of elders who
were institutionalized in 2002 was 3.4% and 4.2%,
respectively.

As shown in Table 3, age-group in 1996 also had an effect
on the development of the disability. In men, higher age
group showed higher proportion of death in 2002, while
institutionalization was higher in younger age group. In
women, both the proportion of death and institutionalization were higher in older age group.
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Figure 7 of disability, institutionalization and death in men versus women without initial disability (n = 1560)
Prevalence
Prevalence of disability, institutionalization and death in men versus women without initial disability (n = 1560)

Table 3: Age and gender difference of the disability, institutionalization and death without initial disability (n = 1560)

gender

age group

Male

65 to 74
(n = 427)
75 and over
(n = 227)
Total
(n = 654)

Female

65 to 74
(n = 546)
75 and over
(n = 360)
Total
(n = 906)

no disability

mild disability

severe
disability

institution*

emigrated†

death

n
%
n
%
n
%

271
63
82
36
353
54

38
9
29
13
67
10

14
3
8
4
22
3

15
4
4
2
19
3

11
3
10
4
21
3

78
18
94
41
172
26

n
%
n
%
n
%

375
69
108
30
483
53

94
17
111
31
205
23

12
2
26
7
38
4

15
3
16
4
31
3

11
2
21
6
32
4

39
7
78
22
117
13

* including hospitalization
† including loss from the sample with unknown reasons
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Figure 8 of disability by severity and gender
Incidence
Incidence of disability by severity and gender

Figure 8 shows the yearly incidence of new cases at the two
levels of disability by gender. A high incidence of mild disability compared to severe disability was particular to
females. The incidence of death was higher in men in all
6 consecutive years (data not shown).

Factors associated with disability
Additional file 2 shows baseline chronic conditions in
1996, cross-tabulated with the outcome level of disability
by gender. The average age of males (n = 405) completing
this part of the study was 71.6 years (SD 4.9), and of
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Table 4: Associations of Chronic Conditions and Age with Functional Decline in Participants Without Initial Functional Limitation (n =
1067)

Gender

Covariate

outcome level
mild
R.R

95% C.I.

P

2.5
1.9
4.4
2.6
5.6
1.2
2.2

(1.4–4.5)
(0.6–6.2)
(0.5–36.2)
(0.8–8.1)
(1.7–19.1)
(0.4–3.1)
(0.9–5.6)

P < 0.01

1.0
5.4

(0.4–2.4)
(1.6–18.3)

4.9
2.8
1.4
1.3
3.4
2.6
0.3

(3.4–7.1)
(1.5–5.2)
(0.6–3.2)
(0.6–3.1)
(0.6–19.8)
(1.2–5.9)
(0.1–1.1)

1.1
0.8

(0.6–1.8)
(0.3–2.3)

severe
R.R

95% C.I.

P

(2.1–13.2)
(0.3–8.6)

P < 0.01

Male
age*
chronic arthritis
osteoporosis†
bone fracture
CVA§
diabetes
chronic lung
disease
eye disease
malignancy†

P < 0.01

P < 0.01

5.3
1.6
n.a
1.7
20.3
2.5
2.9

(0.2–14.8)
(5.2–78.6)
(0.6–10.1)
(0.7–12.0)

1.0
n.a

(0.3–3.6)

9.0
5.4
2.6
1.1
22.3
1.5
1.5

(4.4–18.2)
(1.9–15.8)
(0.7–9.9)
(0.3–4.9)
(2.5–198.5)
(0.2–13.2)
(0.3–8.0)

0.8
n.a

(0.3–2.3)

P < 0.01

Female
age*
chronic arthritis
osteoporosis
bone fracture
CVA§
diabetes
chronic lung
disease
eye disease
malignancy†

P < 0.01
P < 0.01

P < 0.05

P < 0.01
P < 0.01

P < 0.01

*effect of ten-year increase, † insufficient numbers in category, §cerebrovascular accident

females, 72.6 years (SD 5.8). At least one chronic conditions was reported by 671 (61.4%) of this group.
The association of number of chronic conditions with
scores on the disability index was tested separately on
yearly data using this sample (n = 1067). The number of
chronic condition was correlated with disability index
score in 1998 (P < 0.05), 2000, 2001 and 2002 (P < 0.01,
respectively).
The selection of elderly persons without functional
decline at the commencement of the study excluded the
participants suffered from Alzheimer disease or other
dementia. Depression (n = 11), Parkinson's disease (n =
7) and Alzheimer disease (n = 0), which were too low in
prevalence in 1996 to permit statistically meaningful
analysis, are not included in this table. Chronic arthritis,
osteoporosis, bone fracture, cerebrovascular accident
(CVA), diabetes, chronic lung disease, eye disease and
malignancy all showed significant associations with level
of disability (chi-square test or Fisher's exact test, stratifying and non-stratifying the outcome severity level).

The chronic conditions with statistically significant associations and age at initial measurement were used to construct the polychotomous logistic regression model
shown in Table 4. The conditions found to be related to
mild disability in males were CVA and malignancy, and
that to severe disability was CVA. The chronic conditions
related to mild disability in women were chronic arthritis
and diabetes, and those related to severe disability were
chronic arthritis and CVA. The results for severe disability
must be interpreted cautiously, because of the limited
number in the end-point sample; the confidence interval
for relative risk is larger than that for mild disability.
Because of the relatively low prevalence of chronic conditions, the sum of chronic conditions suffered was used to
determine the effect of multiple conditions. The relative
risks, of adding 1 chronic condition for severe and for
mild disability were 1.2 (95%CI 1.0–1.4) and 1.2 (1.1–
1.3), respectively, controlling for age and gender.

Discussion
The aim of the current study was to describe incidence and
prevalence of disability and to identify the effect of a age,
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gender, living condition and chronic conditions as risk
factors of functional decline in Japanese elders, and to
associate them with different degrees of disability. The
identification of risk factors that correlate with the
development of mild disability, and which serve as are
suitable targets for prevention, is of particular importance
in today's society, where increasing prevalence of mild
disability and of costly dependency of the aged is clearly
apparent [17,18]. The present study is also of interest for
its use of a base population in which the proportion of
elders, aged 65 and over was 40%. To the best of the
author's knowledge, this is the most aged society studied
epidemiologically to date.
Prevalence and incidence of disability
This study initially used the disability index to show the
occurrence of disability in the population. This index had
an exponential distribution, i.e. the most of the elders
have no disability as shown in Table 1 and Figure 6, since
the sample represents a normal population, as is in a previous study[14].

The speed of disability development was different among
age-groups and genders, suggesting that there is different
underlying process for developing disability among these
groups (Figure 6). To examine this difference, the author
divided the disability into two categories; mild and severe
disability. And the change was prominent in the mild disability group (Figure 7).
Although the mortality rate of this cohort was within the
range of that of other studies, the prevalence of overall disability was higher than in some other studies in Japan [1921]. One study, for example, reported a lower rate of
mobility disability compared to the present study [21].
This may be because of fine categorization in TAI definitions, as it classifies the elders who have problem to climb
stairs into mild disability. In a previous study, stair
climbing was categorized to be the difficult task, compared to other ADL and mobility items[22]. The measurement instrument in this study employs it as a tool to
detect mild disability. Repeated measurement will likely
show a higher chance of identifying more disability[23],
and the very aged population might also have been
responsible for this difference in prevalence.
The present study found an increase of mild disability in
the cohort, especially in women. These findings appear to
differ from those of previous studies which found that
men show a faster decline than women in the Japanese
population[21]. However, this result is in accordance with
that of women having a longer survival time, and therefore the disability accumulates in women [24]. In woman,
the transition from no disability to mild disability was
higher in both age groups than men (Table 3). Higher

http://www.biomedcentral.com/1471-2458/5/55

disability index after 2000 in woman aged 75 and over
also supports the accumulation of disability in woman. In
men, higher age group showed higher proportion of death
in 2002, but it did not apply to the cases of institutionalization. This suggested the non-exponential pattern of
increase of disability index median in men (Figure 6) was
attributable to the death, but not to institutionalization.
The gender difference of the proportion of elders with
severe disability was not as prominent as with mild
disability. These results suggest different factors are associated with the development of disability in two genders,
especially in the development of mild functional
limitation.
Factors associated with disability
Earlier studies in Japan have identified a variety of chronic
conditions as related to the development of task specific
ADL or IADL disability [19,25,26]. The association of
chronic diseases with both physical and cognitive function has been investigated [8,19]. However, to date, no
studies using a cohort design and a Japanese sample have
reported the association of number and type of chronic
conditions with severity levels of disability to the best of
the authors' knowledge.

It is reasonable to hypothesize that different kinds of
chronic conditions will have different functional sequelae, and there is some empirical evidence both in the US
and in Japan that different risk factors are associated with
reduced performance on different levels of disability.
Previous non-Japanese studies have estimated the risk
associated with chronic conditions for the development
of different levels of functional or ADL disability[4,6,7].
In the present study, the principle associates of both levels
of disability for men were CVA and malignancy, while in
females they were chronic arthritis, CVA and diabetes, as
shown in Table 4. These findings are similar, but not identical, to those found in a previous Japanese study [25].
Some chronic conditions might relate to earlier death of
the participants. The weak association between the
number of chronic conditions and the disability index in
earlier years, namely 1997 and 1999, might be due to
exclusion of deceased and institutionalized cases.
Of the chronic condition studied, CVA is the most frequently cited as to have association with functional
decline [8,25,27], but it has been shown that, because of
the short survival time after stroke, the number of
dependent elderly persons does not necessarily increase as
a result [21]. This study also showed the association of the
severe disability and CVA. And the incidence and preva-
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lence of disability did not increase as much as the mild
disability.
In contrast, chronic arthritis is consistently found to be a
risk factor for both genders, and shows no association
with mortality [4]. As might be expected, studies have
indicated that the prevention of disabilities consequent
on non-fatal conditions, such as chronic arthritis, is the
most cost-effective preventative strategy [17,18]. The
present study confirmed the significance of chronic arthritis, in women only, both for its high prevalence (9%) and
its high relative risk for the development of both mild and
severe disability.
This study also found the association between diabetes
and mild disability in woman. In a Japanese population,
Kishimoto et al. reported that, a history of diabetes is associated with poor performance on more ADL tasks in
women than in men [26]. Diabetes has been shown to be
associated with slower walking speed, inferior lower
extremity function, and decreased balance[28], all of
which meet characteristics of mild disability in the present
study.
Many previous studies have suggested bone fracture and
osteoporosis are risk factors for functional disability
[29,30]. In the present study, however, while bone fracture and osteoporosis, in women only, appeared to be
associated using Fisher's exact test, it failed to show a relationship in the logistic regression model. Ross et al. have
suggested that the risk of falls among Japanese women is
lower than for Caucasian women [31]. The low prevalence
of these conditions in non-disabled persons may have
contributed to this result. In addition, it is possible that
the six-year analysis interval used in the current logistic
regression analysis was too long for the detection of effects
of bone fracture[23].
The prevalence of the chronic condition that achieved statistical significance with chi-square test was highest in eye
disease in women, but it did not show association in the
logistic regression model. Next to it was the chronic
arthritis, osteoporosis and bone fracture, followed by the
diabetes. In men, chronic lung disease is the highest followed by the CVA then chronic arthritis. This result
suggested different approach in prophylaxis is required to
prevent accumulation of disability in the population.
Study limitation
The present study has a few limitations. The history of
physician-diagnosed chronic medical conditions and selfreports of the same were obtained retrospectively. A previous study had found that self-report of chronic conditions
in the elderly was accurate [32], but inaccurate recall of
the time of onset of chronic conditions was present, espe-
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cially for arthritis [33]. Current ignorance of the prevalence of chronic conditions among well-functioning
Japanese elders also limits the interpretation of the prevalence of chronic conditions among this sample. The exclusion from the analysis of participants who died or were
institutionalized or emigrated in the course of the study,
some of whom may have exhibited a chronic condition at
baseline, may also have affected the results since those
who were included for the analysis of risk factors were
younger and thus were presumably healthier. The absence
of information regarding to the levels of severity of the
chronic conditions reported, and the relatively low prevalence of each chronic condition, meant that the associations measured were less specific than could be desired.
Chronic conditions such as osteoporosis and Parkinson's
disease that did not achieve statistical significance in this
study may in fact contribute to the development of disability with a larger sample. Some conditions could be
related to the development of disabilities in shorter or
longer period of observation.
This study did not incorporate those elders who were
institutionalized or dead at the endpoint for the analysis
of the risk factors. This is because only 24 percent of the
institutionalized cases provided responses to the questionnaire study, and none did so in the deceased cases,
compared to 90 percent of the surviving cases. Inclusion
of these endpoints could have improved association with
the risk factors.
In addition, caution should be exercised with regard to
extrapolation of the results to other populations due to
the use of a single base population. However, the present
study does have the advantage of using a whole
population rather than a sample. By using geographically
defined area, this study had little loss of the data throughout the 7 consecutive years.
Other methodological approach of analysis, such as the
use of Structural Equation Model (SEM) could have been
more appropriate with this data. However the stability of
the model when applied for this analysis was poor,
mainly because of the distribution of the endpoint variables used in this study.
Despite the limitations, this study is significant in that it
provides information on the incidence and prevalence in
Japan of two levels of disability – mild and severe – and
gives indication of priorities in the selection of chronic
conditions for prophylaxis, especially as regards to the
elderly with mild disability over a lengthy period. In the
context of long-term care insurance in Japan, and plans to
direct services for mildly impaired elderly persons towards
rehabilitation, this study can be employed to develop suitable objectives in the prevention of unwanted sequelae of
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chronic conditions. This study also suggested that man
and woman require different prophylaxis, because different factors were associated with the development of disabilities in two genders.
Population-based studies using TAI in another Japanese
town, at two- and six-month observation intervals have
been initiated by the author and collaborators, in order
better to understand the functional loss process and its
risk factors.

Conclusion
This study showed a tendency for mild disability prevalence to increase in Japanese elders, especially in women.
This study also identified some risk factors in the development of mild disability; chronic arthritis and diabetes for
women and the CVA for men. In Japan, the budgetary balance of the newly instituted long-term care insurance system is endangered by increase in the mildly impaired
elderly, and these findings should help determine priorities for prevention.
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