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ABSTRACT

The World Health Organization defines health as
a state of physical, mental and social well being.
This study was conducted to explore chrono-
logical relationships between physical, mental
and social factors. Among urban-dwelling elderly
aged 65 years and over, data were collected via a
self-report questionnaire in 2001 and 2004. The
three health-related latent factors were identified
with nine measurement variables by an explo-
ratory factor analysis. A structural equation mo-
deling method was used to analyze underlying
relationships among the three factors with a
cross-lagged model and a synchronous model.
A total of 7683 individuals aged between 65 and
84 years were analyzed. The three-year prior and
current physical health significantly affected so-
cial health as well as mental health, and this ef-
fect appeared to be stronger in males compared
to females. Maintenance of physical health may
be crucial to support mental and social health
among elderly individuals.

Keywords: Physical Health; Mental Health;
Social Health; Elderly; Japan

1. INTRODUCTION

The word “health” is derived from the Old English
word “hoelth”, which meant a state of being sound and
was generally used to infer a soundness of the body [1].
The most commonly cited definition of health is one ac-
cepted by the World Health Organization (WHO): health
is a state of complete physical, mental and social well
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being and not merely the absence of disease or infirmity
(International Health Conference, 1946). To date, how-
ever, this definition has been criticized for being utopian,
inflexible and unrealistic [2]. Saracci [3] also criticized it,
concluding that the state of health the WHO formalized
corresponds much more closely to happiness than to
health. Bircher [4] asserted that the unlimited, idealistic
aspect of the WHO definition does not provide an opera-
tional definition relevant to the health care system. In-
stead, he redefined health as being a dynamic state of
well being characterized by a physical, mental and social
potential, which satisfies the demands of a life commen-
surate with age, culture, and personal responsibility. If
the potential is insufficient to satisfy these demands, the
state is disease. Nevertheless, these authors highly ap-
preciated that the WHO definition represented a major
advance by widening health to the mental and social di-
mensions [3,4]. These three components of health are
now commonly embraced worldwide.

A number of previous studies have investigated the
relationship between mortality and/or survival among eld-
erly individuals and physical health [5-7], mental health
[8,9] and social health [10,11]. As such, each of the
aforementioned three aspects of health has been well exa-
mined and found to associate with various other health
outcomes. However, there have been few detailed studies
that objectively and systematically assessed overall health
across these three aspects. It is acknowledged that we
should recognize chronological relationships between the
three health aspects in order to comprehend the quality of
life and overall health of the elderly across time. Thus,
via structural equation modeling methods using longitu-
dinal data from elderly Japanese individuals, we investi-
gated causal relationships among these three primary
health factors.
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2. METHODS
2.1. Study Setting and Subjects

This prospective cohort study was initiated in Sep-
tember 2001 and implemented a questionnaire survey for
elderly individuals aged 65 years and over who were
home-dwellers in urban areas in the suburb of metro-
politan Tokyo, Japan. The study setting had a population
of approximately 140,000 as of 2001 with 9.6% of the
individuals aged 65 years and older among the total
population. This percentage of elderly individuals was
smaller compared to the national average of 17.3% in
2000. Of 16,462 eligible people, we obtained responses
from 13,195 elderly individuals. They returned by mail
the self-administered questionnaire attached with a writ-
ten informed consent form that expressed their intention
to participate in the study. In September 2004, the second
set of questionnaires with the same contents as the 2001
survey were mailed to the subjects who responded to the
2001 survey. A total of 8558 subjects answered, whereas
505 had moved, 914 had died and 3218 did not respond.
We followed up all of the participants until August 31,
2007, and ultimately collected individual data, deceased
or living, for a total of 8162 subjects through the mu-
nicipal residents registry.

2.2. Measurement Variables

To estimate a chronological relationship among the
three latent factors of physical, mental and social health,
we defined the factors using observed variables obtained
in the 2001 survey via an exploratory factor analysis.
This was performed to fit the observed variables to the
corresponding latent factors with maximum likelihood in
a Promax oblique rotation using IBM SPSS Statistics 20
for Windows (IBM Inc., New York, USA). As Table 1
shows, all of the observed variables were categorized into
three factors.

Factor 1 was labeled a “mental health-related factor”
and consisted of three variables including self-rated
health, self-rated health compared to the previous year
and life satisfaction. Self-rated health was assessed on a
four-point Likert scale to determine perceived overall
health with the question: “In general, how would you say
your health is?” The answer was selected from the fol-
lowing options: very poor, poor, fair and excellent [12,
13]. The score ranged from 1 to 4 in the same respective
order, such that higher scores indicated a greater per-
ceived health. If not known, subjects received a score of
zero. Self-rated health compared to the previous year was
determined on a three-point Likert-scale using the fol-
lowing question: “How is your current health compared
to your health last year?” The respondents chose one
answer among the following: poorer, may or may not be
better and better. The score ranged from 1 to 3 in the
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Table 1. Exploratory factor analysis of observed variables from
the 2001 survey.

Factor loading

Factor 1  Factor2  Factor 3

Self-rated health 0.805 0.030 —-0.033

Self-rated health compared to

. 0.674 —0.043 0.027
the previous year

Life satisfaction 0.373 —0.053 0.206
IADL score 0.062 0.813 -0.014
BADL score -0.030 0.536 -0.092
Number of comorbidities -0.353 -0.047 0.076
Communication with neighborhood —0.068 -0.016 0.689
Hobby-related activities 0.067 —0.042 0.611
Frequency of going out —0.041 0.401 0.286
Accumulated attribution rate (%) 25.4 334 39.1

same respective order and if no answer was given, re-
spondents received a score of zero. We measured life
satisfaction by inquiring: “Are you satisfied in your cur-
rent daily life?” The respondents answered from: not
satisfied, may or may not be satisfied and satisfied, and
respondents scored from 1 to 3 in this order with a score
of zero being assigned in the case of no answer.

Factor 2 was identified as a “physical health-related
factor” and was measured by three variables: instrumen-
tal activities of daily living (IADL), basic activities of
daily living (BADL) and the number of comorbidities.
The IADL score was assessed using the following five
questions based on activity competence: “Can you buy
daily necessities by yourself?”; “Can you cook daily
meals by yourself?”; “Can you deposit and withdraw
money at your bank?”; “Can you fill out a document
related to insurance or a pension?”’; “Can you read books
and newspapers?” [14]. If they could perform these func-
tions, they obtained one point, and otherwise no points.
Total scores ranged from 0 to 5 with a higher score indi-
cating better instrumental activity. The BADL score was
estimated through the following three questions: “Can
you go to the bathroom by yourself?”’; “Can you take a
bath by yourself?”’; “Can you take a walk outside?” [15,
16]. As the BADL was scored in the same fashion as the
IADL, scores ranged from 0 to 3 with a higher score in-
dicating a greater level of basic activity competence. The
number of comorbidities was determined by asking the
subjects to “Choose the diagnosed diseases for which
you are currently treated”. We identified four diseases,
including cerebrovascular disease, cardiovascular disease,
hepatic disease and diabetes mellitus, which had a statis-
tically significant and negative association with the
number of survival days of the subjects between Sep-
tember 2004 and August 2007 [17]. We then defined the
extent of comorbidity as the number of diseases with
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which the subjects were diagnosed among the four dis-
eases. We categorized the number of comorbidities into
the physical factor in accordance with our previous study
[18] despite the poor fit according to the results of our
factor analysis (Table 1).

Factor 3 was termed a “social health-related factor”
and included the observed variables of communication
with neighborhood, hobby-related activities and frequ-
ency of going out. Communication with the neighborhood
was assessed by the following question: “How often do
you communicate with your friends or neighborhood?”
The choices were: seldom, once per month, 3 to 4 times a
week and almost everyday. The scores ranged from 1 to
4 in the same respective order and zero if the answer was
not known. Hobby-related activities were determined by
inquiring “Do you participate in hobby-related activi-
ties?”” with a binary answer format: yes or no. One point
was given to individuals with no hobbies, two points for
individuals with hobbies, and zero points for subjects
providing no answer. The frequency of going out was
measured by the question “How often do you go outside,
including around your neighborhood?” The following
answers were given: less than once per month; more than
once per month; more than 3 to 4 times a week. Scores
obtained ranged from 1 to 3 in the same respective order.
When the answer was not known, subjects received a
score of zero.

We obtained the subjects’ socio-demographic informa-
tion including age, gender, educational attainment and
annual income. Educational levels were categorized into
four groups: graduation from junior high school, gradua-
tion from high school, those achieving a higher educa-
tional level than college and those who did not want to
respond. Annual income in 2001 was assessed according
to four categories: less than one million Japanese yen
(equivalent to less than US $13,000), less than three mil-
lion yen, less than seven million yen and more than seven
million yen. We also examined the subjects’ degree of
required long-term care in 2001. The degree was meas-
ured using a public assessment tool devised by the Japa-
nese Ministry of Health, Labor and Welfare [19]. The
tool categorizes elderly health conditions into six levels
ranging from the mildest degree (requiring slight support)
to the most severe degree (requiring comprehensive care).

2.3. Statistical Analyses

The subjects aged 85 years and older and requiring
more than the middle degree of long-term care in the
2001 survey were excluded from the analysis due to a
large deviation in their individual measurement variables.
In the analyses, we divided all data into two groups
across both genders: an early-elderly age group aged
between 65 and 74 years (termed an early-elderly group),
and a late-elderly age group aged between 75 and 84
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years (termed a late-elderly group).

A structural equation modeling (SEM) method was
used to analyze the underlying chronological relation-
ships between the three health-related latent factors by
Amos ver.19 for Windows (IBM Inc.). In order to analyze
causal relationships, we introduced a cross-lagged effect
model as well as a synchronous model [20]. If an earlier
level of a predictor variable is associated with a later vari-
able, we have evidence to infer that the predictor variable
exerts a causal influence on the criterion. Therefore, we
hypothesized that each of the health-related factors mea-
sured in the 2001 survey may have an effect on the iden-
tical corresponding health-related factor measured in the
2004 survey. In the cross-lagged effects model, each factor
in the 2001 survey may have an effect on a factor in the
2004 survey other than a corresponding factor (for ex-
ample, a physical factor in 2001 may have an effect on a
social and/or mental factor in 2004 as well as a physical
factor in 2004) (Figure 1). In the synchronous effect
model, each factor in 2004 may have an effect on the
other two factors in 2004 (e.g., a physical factor in 2001
may not affect a social or mental factor in 2004 but a phy-
sical factor in 2004 may affect a social and/or mental factor
in 2004) (Figure 2).

Estimation of the best-fitting model was performed by
a maximum likelihood method using the SEM. The op-
timization algorithm was implemented with missing data.
Standardized effects among different latent factors were
calculated by gender and age group. Goodness-of-fit of
the models was assessed by Chi-square, Normed Fit In-
dex (NFI), Comparative Fit Index (CFI) and Root Mean
Square Error of Approximation (RMSEA). Values of
RMSEA less than 0.05 imply a goodness-of-fit, while in
the other indices values greater than 0.80 represent a
good fit. Results were regarded as statistically significant
if the p value was less than 0.05.

2.4. Ethical Approval

All subjects provided written informed consent by mail
via the returned questionnaire. We agreed with the mu-
nicipal administration bureau of the study site on the
confidentiality of the subjects’ personal data. The present
study protocol was also approved by the ethical commit-
tee of Tokyo Metropolitan University.

3. RESULTS

In the final analyses, a total of 7,683 subjects (male:
3671, female: 4012) were included. Table 2 indicates the
socio-demographics of the subjects by gender and age
group. A majority of the subjects were assigned as re-
quiring no degree of long-term care. Gender (male) and
age (younger subjects) were associated with greater edu-
cational attainment and higher income.
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Figure 1. Cross-lagged effects model of the early-elderly male group.
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Figure 2. Synchronous effects model of the late-elderly female group.
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Table 2. Socio-demographics of the subjects by gender and age group.
Male Female
early-elderly late-elderly early-elderly late-elderly
Variable group group group group
n=2841 n =830 n=2867 n=1145
n % n % n % n %
Years of age” 68.7£2.8 782+£2.7 68.8+£2.8 782+2.6
Degree of long-term  No care 2835 99.8 826 99.5 2861 99.8 1124 98.2
care in 2001 The mildest care level 6 0.2 4 0.5 6 0.2 21 1.8
Educational Graduated from junior high school 504 17.7 359 43.3 1067 37.2 809 70.7
attainment Graduated from high school 971 34.2 178 21.4 1396 48.7 176 15.4
Graduated from collage 1217 42.8 225 27.1 199 6.9 29 2.5
Not known 149 5.2 68 8.2 205 7.2 131 11.4
Annual income <1 million 49 1.7 25 3.0 215 7.5 162 14.1
(Japanese yen) 1 million - 3 million 856 30.1 266 32.0 1044 36.4 487 425
3 million - 7 million 1382 48.6 413 49.8 1053 36.7 224 19.6
>7 million 336 11.8 52 6.3 179 6.2 34 3.0
Not known 218 7.7 74 8.9 376 13.1 238 20.8

"Mean + Standard Deviation.

Tables 3 and 4 show the distributions of subject variables
in 2001 and 2004 for males and females, respectively. To
compare each of variables between 2001 and 2004, the
paried-Wilcoxon signed rank test was conducted among
an early-elderly and a late-elderly age group in both
gender, respectively. Perceived health self-ratings of “fair”
decreased from 2001 to 2004, with all other ratings in-
creasing for both genders. It is especially of note that
both genders increased their health rating of “excellent”
from 2001 to 2004 in both age groups. However, there
was no statistically significant difference between 2001
and 2004 in the late-elderly age groups of both genders.
Compared to the previous year, perceived health self-
ratings of being “better” decreased and of being “poorer”
increased from 2001 to 2004 in both genders. In particu-
lar, the proportion of being “better” among both male age
groups decreased from 2001 to 2004 more so than in
females. Life satisfaction dropped during the survey pe-
riod among all groups. IADL and BADL (representing
physical factors) likely shifted from higher active levels
to lower levels between 2001 and 2004 in both gender
groups. The number of comorbidities was higher in the
late-elderly age group versus the early-elderly group in
both genders. Compared to females, males were more likely
to have less communication with their neighborhood. More
than half of the male subjects reported limited commu-
nication with their neighbors. Both genders displayed an
increase in participating in hobby-related activities dur-
ing the survey period, but these cannot be directly com-
pared due to the fact that the 2004 survey did not include
a choice of responding “I do not know”. The incidence of
going out more than 3 to 4 times a week dropped from
2001 to 2004 among all age and gender groups.

From the results of SEM analyses, Figures 1 and 2
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represent the final example models of the cross-lagged
effect for the early-elderly male group and the synchro-
nous effect for the late-elderly female group, respectively.
The cross-lagged effect models for all gender and age
groups indicated significant correlations between corres-
ponding factors at the 2001 and 2004 survey (data not
shown). The synchronous effect model also demonstrated
that the three health-related factors in the 2001 survey
significantly predicted the identical corresponding latent
factors in the 2004 survey with high standard effect co-
efficients between these time points (data not shown).

Table 5 shows the findings of the cross-lagged effect
relationships between the three health-related factors,
including significant chronological relationships with
standard effect coefficients greater than 0.3. In all of the
groups except the early-elderly females, we observed
significant predictive effects from the physical factor in
2001 to the social factor in 2004 as well as from the
physical factor in 2001 to the mental factor in 2004. The
physical effects seemed to be more strongly predictive of
the social factor than the mental factor. The synchronous
effect models also revealed that the physical factor in
2004 significantly predicted the social factor in 2004
among all gender and age groups (Table 6). In particular,
a bidirectional relationship between the physical and
social factor was detected among the late-elderly male
group. In the late-elderly female group, a mental effect
on the physical factor was observed (5= 0.313, p <0.001)
(Figure 2). The above physical effects on the social fac-
tor were deemed to be stronger in males than females.
Otherwise, the causal effects of the mental factor on the
social factor, and vice versa, were tenuous, regardless of
their being statistically significant due to the large sam-
ple size (data not shown).
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Table 3. Variables for male subjects in 2001 and 2004 by age group.

Early-elderly male group Late-elderly male group
. (n=2841) (n=830)
Variable 2001 2004 . 2001 2004 .
p value p value
n % n % n % n %
Excellent 534 188 757 266  0.008 130 157 196 23.6  0.874
Fair 1921  67.6 1604 56.5 557 671 421 50.7
Self-rated Poor 286 10.1 296 104 103 124 131 158
health score
Very poor 84 3.0 140 49 32 3.9 53 6.4
Not known 16 0.6 44 15 8 1.0 29 3.5
Better 1859 654 737 259 <0.001 454 547 189 228  <0.001
Self-rated Poorer 328 115 488 172 135 163 223 269
health compared to
previous year May or may not be better 633 22.3 1538 54.1 226 272 378 455
Not known 21 0.7 78 2.7 15 1.8 40 48
Satisfied 1925 67.8 1683 592 <0.001 583 702 481 58.0  <0.001
Not satisfied 252 8.9 315 111 69 8.3 93 11.2
Life satisfaction
May or may not be satisfied 590 20.8 759 26.7 152 18.3 214 25.8
Not known 74 26 84 3.0 26 3.1 42 5.1
0-2 50 1.8 76 27 <0.001 26 3.1 61 73 <0.001
3-4 311 109 355 125 136 164 144 173
IADL score
5 2437 858 2264 79.7 628 757 540  65.1
Not known 43 15 146 5.1 40 48 85 10.2
0-1 2 0.1 27 1.0 0.006 3 0.4 28 34 <0.001
2 191 6.7 184 65 41 49 131 15.8
BADL score
3 2584 91.0 2525 889 761 917 614 740
Not known 64 23 105 37 25 3.0 62 75
0 2072 729 1918 675 <0.001 566 682 528 63.6  <0.001
Number of 1 659 232 758 267 232 280 256 30.8
comorbiditities >2 2523 3.9 164 5.8 32 3.9 46 55
Not known 0 0 1 0.0 0 0 0 0
Seldom 855 30.1 1016 358 <0.001 263 317 279 33.6  <0.001
Once per month 709 250 655  23.1 176 212 149 18.0
Communicationwith 3 'y oo o week 803 283 366 129 259 312 90 108
neighborhood
Almost everyday 375 132 345 121 92 1.1 91 11.0
Not known 99 3.5 459 162 40 4.8 221 26.6
Doing 1361 479 1690 595 <0.001 357  43.0 479 577 <0.001
Hobby-related Not doing 1380 486 1151 405 425 512 351 423
activities
Not known 100 35 0 0 48 5.8 0 0
Less than once per month 82 2.9 23 0.8 0.012 23 2.8 21 2.5 <0.001
More than once per month 159 5.6 330 11.6 61 7.3 156 18.8
Frequency of
going out More than 3 to 4 2523  88.8 2377 837 715 861 592 713
times a week
Not known 77 2.7 111 3.9 31 3.7 61 73

*Paired-Wilcoxon signed rank test.
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Table 4. Variables for female subjects in 2001 and 2004 by age group.

Early-elderly male group Late-elderly male group
. (n=2841) (n = 830)
Variable 2001 2004 . 2001 2004 .
p value p value
n % n % n % n %
Excellent 449 15.7 634 22.1 0.006 115 10.0 213 18.6  0.133
Fair 1919 66.9 1652 57.6 780 68.1 634 55.4
Self-rated Poor 374 130 385 134 177 155 187 163
health score
Very poor 104 3.6 146 5.1 59 5.2 82 7.2
Not known 21 0.7 50 1.7 14 1.2 29 2.5
Better 1564 54.6 737 25.7 <0.001 498 43.5 235 20.5 <0.001
Self-rated Poorer 497 173 687 240 299 261 377 329
health compared to
previous year May or may not be better 774 27.0 1373 479 325 28.4 474 41.4
Not known 32 1.1 70 2.4 23 2.0 59 5.2
Satisfied 1911 66.7 1726 60.2 <0.001 779 68.0 696 60.8  <0.001
Not satisfied 227 7.9 300 10.5 70 6.1 110 9.6
Life satisfaction
May or may not be satisfied 654 22.8 763 26.6 237 20.7 281 24.5
Not known 75 2.6 78 2.7 59 5.2 58 5.1
0-2 31 1.1 60 2.1 <0.001 41 3.6 99 8.6 <0.001
3-4 142 5.0 212 7.4 133 11.6 153 13.4
IADL score
5 2628 91.7 2435 849 921 80.4 761 66.5
Not known 66 2.3 160 5.6 50 4.4 132 11.5
0-1 4 0.1 25 09 <0.001 2 0.2 39 3.4 <0.001
2 271 9.5 345 12.0 111 9.7 279 24.4
BADL score
3 2533 88.4 2338 81.5 1005 87.8 699 61.0
Not known 59 2.1 159 5.5 27 2.4 128 11.2
0 2332 81.3 2270  79.2 <0.001 848 74.1 819 71.5  0.046
Number of 1 481 168 515 180 257 224 282 246
comorbiditities >2 54 1.9 82 2.9 40 35 44 3.8
Not known 0 0 0 0 0 0 0 0
Seldom 519 18.1 665 232 <0.001 265 23.1 288 252  <0.001
Once per month 548 19.1 777 27.1 219 19.1 220 19.2
Communicationwith 3 . 4 004 o week 1212 423 566 197 393 343 182 159
neighborhood
Almost everyday 429 15.0 356 12.4 158 13.8 120 10.5
Not known 159 5.5 503 17.5 110 9.6 335 293
Doing 1320 46.0 1631 56.9 <0.001 415 36.2 598 52.2 <0.001
Hobby-related Not doing 1367 477 1236 43.1 582 50.8 547 478
activities
Not known 180 6.3 0 0 148 12.9 0 0
Less than once per month 73 2.5 36 1.3 <0.001 58 5.1 37 32 <0.001
More than once per month 162 5.7 404 14.1 103 9.0 284 24.8
Frequency of More th 4
going out ore than 3 to 2502 873 2310 80.6 882 770 718 627
times a week
Not known 130 4.5 117 4.1 102 8.9 106 9.3

"Paired-Wilcoxon signed rank test.
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Table 5. Causal relationships between significant factors in the
cross-lagged effects model.

gender  age group 2001 2004 5 p value
Physical — Mental 0.338  0.015
early-elderly . )
Physical — Social  0.592  0.015
Male
Physical — Mental 0.346 <0.001
late-elderly . .
Physical — Social  0.696 <0.001
early-elderly — — — — —
Female Physical — Mental 0.372  0.026
late-elderly . .
Physical — Social  0.450  0.025

*Standard effect coefficients over 0.3 are shown.

Table 6. Causal relationships between significant factors in the
synchronous effects model.

*

gender  age group 2004 2004 p p value

early-elderly Physical — Social  0.350 <0.001

Male Physical — Social  0.748 <0.001
late-elderly . .

Social —  Physical 0.312 <0.001

early-elderly Physical — Social  0.409 <0.001

Female Physical — Social  0.402 <0.001
late-elderly .

Mental —  Physical 0.313 <0.001

*Standard effect coefficients over 0.3 are shown.

4. DISCUSSION

The present study revealed that three-year-prior health
related factors such as physical, mental and social health
significantly predicted current corresponding health-related
factors. In particular, as shown in the cross-lagged model
as well as the synchronous model, the three-year prior and
current physical health considerably affected subjects’
social health across both genders. Such findings were
likely stronger in elderly male individuals compared to
females. The three-year prior and current physical health
also possibly influenced the mental health factor. However,
mutually causal relationships between social and mental
factors may be minor, and these factors had little effect
on the physical factor among the elderly participants in
this study. In other words, the findings may indicate that
the elderly are able to remain in an overall healthy state
primarily based on their physical condition alone, which
confers a high activity competence in daily life with a
paucity of disease, or it may indicate that they maintain a
heightened psychological well being and active connec-
tions with society on the basis of being in good physical
condition. In this regard, our results were not surprising.
It is granted that those whose physical condition is poor
may be limited in any social interactions and may be
prone to suffer from mental disorders. However, it is
meaningful that our study verified the chronological re-
lationship between the three health-related factors using
a large sample size and longitudinal data. It is also inter-
esting that there were only minor relationships between
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mental and social factors.

Previous studies revealed significant associations of
physical health with mental and social health-related
conditions among the elderly [21-25]. For example, Rat-
ner et al. [26] indicated that physical health alone ac-
counted for 55.1% of the variance in self-rated health
status and that psychological and social determinants did
not have a significant impact on self-rated health. How-
ever, it is difficult to compare our study with these re-
ports since different definitions and diverse indices of the
three health-related factors were used. Moreover, the
results between studies could be inconsistent due to the
use of different categories related to subject ages [27],
gender disparities [28] and racial differences [29]. Our
study included only Japanese subjects and analyzed data
divided by both gender and by commonly used age
groupings, including an early- and a late-elderly group in
order to account for such factors.

The strength of our study was the inclusion of a large
sample size from the cohort survey tracked over six years,
and the collection of data with a high response rate (80.2%
in the 2001 survey, 64.9% in the 2004 survey), implying
highly desirable coverage in such a population-based
research study.

This study does suffer from some limitations. Al-
though our analysis was performed to control for gender
and age of the subjects, the models were not adjusted for
other basic characteristics such as education and income.
Neri et al. [30] reported that family income confounded
the association between physical and psychological fac-
tors. Thus, we carried out the SEM analysis using strati-
fied samples including only those with the lowest (less
than a million yen) and the highest (7 million yen and
over) annual income as well as the lowest (graduation
from junior high school) and the highest (graduation
from college) educational attainment. However, we ob-
served results similar to those reported above, except for
some models that were not fixed due to restricted sample
size (data not shown). Owing to the high recruitment rate
covering 80% of those potential eligible in the first sur-
vey, we presumed a relatively high internal validity for
our reported results. Nevertheless, selection bias may
exist in our survey, which may result in disputable ex-
ternal validity. Van Heuvelen et al. [31] addressed a vol-
unteer bias in which physical functioning subscores (like
BADL and IADL) are likely higher if the subjects are
recruited from voluntary participants. In addition, we did
not randomly chose the research setting which, as a re-
sult, had a lower elderly population rate and a considera-
bly higher social status with higher income and greater
educational attainment compared to the national average.
Moreover, we conducted the selection of observed vari-
ables based on our previous studies [17,18], but the nine
observed variables indicating the three health-related
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factors may not represent an exhaustive list of factors
impacting health as defined by the WHO. In particular, it
is necessary to further speculate on which social and
mental determinants of health are important. The study
also has a fundamental limitation in terms of a restriction
to self-assessed measurements to examine the three health-
related factors [32].

In conclusion, our study suggests that the maintenance
of physical health may be particularly crucial in impact-
ing the mental and social health of elderly populations,
both male and female. Further research is needed in-
cluding the study of other, more wide-ranging measure-
ment variables representing the three related aspects of
health.
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