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Original Article

Effects of Social Relationships on Mortality among the Elderly in a Japanese Rural
Area: An 88-month Follow-up Study 

BACKGROUND: The association between social relationships and lower mortality has been well docu-
mented in Western countries. This study aims to investigate that association among elderly Japanese
in a rural area.
METHODS: An analysis was conducted with 1,994 subjects (58.1% women), 78.3% of the total elderly
aged 65 and older in a town, who were independent in activities of daily living. A baseline survey was
carried out in 1992, and subjects were followed until 1999. Cox proportional hazard models examined
the association between social relationships (availability of casual friend/ support provider, group mem-
bership, job, living arrangement) and an 88-month mortality.
RESULTS: A significant association between social relationships and mortality was observed among
the old-old (aged 75 and older). Among men, having a job and group membership were significantly
associated with lower mortality with hazard ratios (95% confidence intervals) of 0.62 (0.41-0.94) and
0.60 (0.40-0.90), respectively, after adjustment for age, diagnosed illnesses, self-rated health, other
social relationships, annual income, and home ownership. Among women, having a job and living alone
were significantly associated with lower mortality with hazard ratios (95% confidence intervals) of 0.67
(0.45-0.99) and 0.35 (0.13-0.97), respectively.
CONCLUSIONS: Social relationships such as having a job and group membership were associated
with lower mortality among the old-old. In addition, old-old women living alone were better off in terms
of mortality after adjustment for possible confounders. This suggests the importance of considering
family relationships in terms of quality in areas where multi-generation households prevail.
J Epidemiol 2005;15:78-84.
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The association between social relationships and mortality among
the elderly has been well documented by various longitudinal
studies.1-5 These studies have found that those with more social
ties had a lower risk of mortality, independent of age and other
physical or psychological factors.

Examining the association between social relationships and
mortality has been a subject of frequent studies in Western
nations. However, such studies are relatively few in Asian

nations.  The purpose of our study is to re-examine the association
between social relationships and mortality in a non-Western pop-
ulation, i.e., the elderly in a Japanese rural area. Although the
methods of measuring social relationships vary among
researchers, two dimensions of social relationships have generally
been conceptualized in their approaches.1-5 One approach intended
to measure social relationships in terms of social ties or network,
i.e., a web of human relations such as friendship or community
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in any job?" Job status was defined as having a job regardless of
payment or working hours. In a preliminary analysis, when
housework was excluded, a job was not associated with women's
mortality in any models.  However, in our data, 34.7% of women
reported housework as their job, whereas only 1.5% of men did
so. Thus, we conducted analyses after redefining a job to include
housework. All responses were dichotomized into "yes" or "no,"
and respective codes "1" or "0" were assigned.  Living arrange-
ment was categorized as the following: "living alone," "couple
only," "multi-generation," and treated as a dummy variable with
"multi-generation" as the reference category.

As possible confounders, we used age, baseline health status,
and socio-economic factors. Regarding health status, we asked if
they had any diagnosed illnesses or conditions such as hyperten-
sion, heart disease, respiratory disease, gastrointestinal disease,
diabetes, stroke, arthritis or neuralgia, eye disease, liver disease,
dementia, gynecological disease, or other. For the presence of
each illness or condition, the code "1" was assigned, and the un-
weighted sum of the count was used in the analysis. Using a sim-
ple count of illnesses as an indicator of comorbidity among the
elderly has been warranted in various studies.7,10,11 Self-rated
health, which is a strong predictor of mortality among the
elderly,10,12 was measured on a 4-point scale of "good," "average,"
"fair," "poor," and entered in the model as a continuous variable.

Some studies have reported that socio-economic factors are
also related to mortality as well as to social relationships.13-15 We
considered these factors as well by using annual income and
home ownership as possible confounders. Annual income was
categorized into the followings: less than 1 million yen, 1-2 mil-
lion yen, 2-3 million yen, and 3+ million yen. Home ownership
was dichotomized into yes or no.

Exclusion criteria
Prior to the analyses, we excluded 20 subjects whose mortality
status could not be ascertained due to either miscoding or mistran-
scription or moving out of the subject from the study area.
Because they were only 0.8% of the whole respondents and no
systematic differences were observed between them and others,
we concluded that there was no bias in this regard. Other 344
were eliminated due to missing data on ADL, self-rated health,
diagnosed illness under treatment, and social relationships.

In this study, we limited our analyses to the functionally inde-
pendent elderly in order to eliminate the confounding effect of
ADL impairment. In a preliminary analysis, poor ADL proved to
be strongly related to social relationships and mortality with
Spearman's correlation coefficient ranging from 0.110 to 0.354
for social relationships and 0.426 for mortality (p<0.001).
Hierarchical log-linear analysis also indicated significant
(p<0.001) two-way interactions among these variables (see statis-
tical analysis section below for details). Thus, we excluded 132
individuals who needed assistance in any of the following three
ADL: bathing, transferring, or using the toilet. Consequently, the
analyses were carried out with 1,994 (836 men and 1,158 women)

participation where social interactions occur. The other dealt with
the nature of social support such as negative or positive support
provided through such interactions. Our study used the first
approach, and investigated how social relationships might affect
the mortality of community-dwelling elderly in a rural community
in Japan.

METHODS

Study population
Subjects were all the residents aged 65 and older in Matsukawa, a
town in the southern part of Nagano Prefecture in central Japan.
With a population of about 14,000, the town residents are mostly
engaged in agriculture, tending apple or pear orchards. In our
population, 72.5% of men and 48% of women who worked were
engaged in agriculture. The average family size was 4.5, which
was higher than the Japanese national average of 3.05 in the year
19906 as well as above that of Western nations.7 The average life
expectancy as of the year 2000 was 79.3 years for men and 85.6
years for women, which was also higher than Japan's average of
78.0 and 84.9 years in that same year.8

In a baseline survey conducted in August of 1992, 88 welfare
commissioners distributed self-administered questionnaires con-
sisting of 51 questions regarding self-rated health, diagnosed ill-
nesses or conditions, activities of daily living (ADL), and social
relationships. A total of 2,490 of the elderly in the town returned
the questionnaire for an overall response rate of 97.7%. The rea-
sons for non-response were hospital stay (n = 42), nursing home
stay (n = 8), and others (n = 8). The study objectives were
explained to all participants, and confidentiality was assured in
written form at the time of the survey. The survey data were col-
lected and made available by the municipality, and the list of par-
ticipant names and IDs was kept confidential.

Measurement
Respondents were followed up to the termination of observations
due to either death or the end of 1999. The date of death was
ascertained by reviewing the local resident registry records. The
following five variables were identified as proxies for social rela-
tionships: (1) casual friend, (2) support provider, (3) group mem-
bership, (4) job, and (5) living arrangements. All of these vari-
ables are reported to have significant associations with mortality
in various studies.1-5,9

Availability of casual friends and support providers was
derived from the following two questions: "Do you have a friend
with whom you can talk frankly?" and "Do you have someone
whom you can count on when you are in trouble?", respectively.
The question regarding group membership was: "Are you at pre-
sent a member of any of the following groups: seniors' club,
neighborhood association, hobby or sports club, religious organi-
zation, day service users, association for those living alone,
health-oriented learning group, volunteer organization, or any
other such group?" Regarding a job, we asked, "Are you engaged
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ed two-stage Cox regression analyses. At stage 1, each of the five
social relationship variables was included as a predictor in sepa-
rate models, and at stage 2, all the variables were entered simulta-
neously in a single model, with age, diagnosed illnesses or condi-
tions, self-rated health, annual income, and home ownership treat-
ed as common covariates for both stages. For all statistical analy-
ses, p<0.05 was accepted as significant.

RESULTS

During the follow-up period of 88 months, 203 men and 195
women died, for cumulative mortality rates of 24.0% and 16.6%,
and a 100 person-year mortality of 3.7 and 2.4, respectively
(Table 1). Both cumulative and person-year mortality were found
to be significantly higher for men (p<0.001). A comparison of
baseline characteristics revealed that, on average, men were sig-
nificantly younger than women (73.0 vs. 73.7 years), and had less
diagnosed illnesses or conditions (62.3% vs. 66.8%). In social
relationships, men were significantly less likely than women to
have a casual friend (81.7% vs. 86.5%) or support provider
(73.2% vs. 79.4%), and to live alone (1.6% vs. 6.6%). On the
other hand, men were more likely to have a job (78.3% vs.
65.5%). No significant gender difference was observed regarding
group membership. As for socio-economic factors, men were
more likely than women to have a higher income and to own their
own homes.

Among the young-old, no association between social relation-
ships and mortality was observed in either men or women at
either of the two stages (Table 2). Among old-old men, having

functionally independent subjects, accounting for 80.1% of the
total respondents and 78.3% of the total elderly in the town.
Excluded subjects were significantly older, had more diagnosed
illnesses, fewer social relationships, and a higher subsequent mor-
tality than those not excluded (p < 0.01, data not shown).

Statistical analysis
To evaluate gender differences in the baseline characteristics, we
used chi-square and t-tests.  Since age and gender differences in
the association between social relationships and mortality have
been well-documented,1-5,12,15-17 we constructed four subpopulations
based on gender and two age groups; young-old (65-74 years) and
old-old (75 years and older). The effect of social relationships at
baseline on all-cause mortality in the subsequent 88 months was
analyzed using Cox proportional hazard models with the time to
death or censoring measured in months.  Hazard ratios (HRs) and
corresponding 95% confidence intervals (CIs) were calculated
separately for the four age- and gender-based subpopulations.

As social relationship variables are more likely to be associated
with each other, prior to Cox regression analyses we employed a
hierarchical log-linear model, a multi-way cross-tabulation analy-
sis often used to detect the associations among categorical vari-
ables.18 Highly significant two-way interactions (p < 0.001) were
observed between the availability of a casual friend and a support
provider for all four subpopulations. Group membership was
associated with the availability of a casual friend in some of the
subpopulations, and a significant association of a job with group
membership was also found. Considering these significant two-
way interactions among social relationship variables, we conduct-

Table 1. Baseline characteristics by gender.
Men (n=836) Women (n=1158) P-value*

Mean age in years±standard deviation 73.0 ±6.7 73.7 ±6.5 0.022
Range: 65-97

Number of deaths (%) 203 (24.0) 195 (16.6) <0.001
Mortality rate (per 100 person-year) 3.7 2.4 <0.001

N (%) N (%)
Health status

Diagnosed illness (Yes) 521 (62.3) 773 (66.8) 0.041
Self-rated health (Fair/poor) 152 (18.2) 238 (20.6) 0.208

Socio-economic factors
Annual income (<￥1million) 223 (26.7) 467 (40.3) < 0.001
Home ownership (Yes) 822 (98.3) 1116 (96.4) < 0.001

Social relationships
Living arrangement (Alone) 13 (1.6) 77 (6.6) < 0.001

(Couple only) 181 (21.7) 149 (12.9)
(Multi-generation) 642 (76.7) 932 (80.5)

Casual friend (Yes) 683 (81.7) 1002 (86.5) 0.004
Support provider (Yes) 612 (73.2) 920 (79.4) 0.001
Group membership (Yes) 654 (78.2) 898 (77.5) 0.743
Job (Yes) 655 (78.3) 758 (65.5) < 0.001

*: P-values were calculated using χ2 test for categorical data, and t-test for quantitative data.
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Table 2. Hazard ratios (HRs) of mortality for five social relationship measures 
for aged 65-74 years at baseline.

Social relationships

Casual friend†

Support provider†

Group membership†｠
Job†

Living arrangement§ (alone)
(couple)

Casual friend†｠
Support provider†｠

Group membership†｠
Job†

Living arrangement§ (alone)
(couple)

HR

1.04
1.26
0.87
0.82
0.97
0.99

1.01
1.04
0.63
1.25
0.40
1.12

95% CI

0.53 – 2.04
0.72 – 2.20
0.49 – 1.54
0.45 – 1.50
0.13 – 7.20
0.57 – 1.72

0.39 – 2.60
0.52 – 2.09
0.34 – 1.16
0.64 – 2.42
0.09 – 1.72
0.56 – 2.25

HR

0.96
1.32
0.88
0.82
0.87
0.96

1.03
1.07
0.63
1.19
0.42
1.01

95% CI

0.44 – 2.11
0.70 – 2.47
0.48 – 1.61
0.44 – 1.53
0.12 – 6.50
0.55 – 1.68

0.36 – 2.89
0.50 – 2.29
0.34 – 1.18
0.60 – 2.36
0.10 – 1.84
0.49 – 2.07

Men    n=541

Women    n=694

Stage 1* Stage 2*

CI : confidence interval
* : Stage 1 is adjusted for age, self-rated health, diagnosed illness, annual income, and

home ownership. Stage 2 is adjusted for age, self-rated health, diagnosed illness,
other social relationships, annual income, and home ownership.

† : To calculate the hazard ratios, "no" (coded=0) of each variable is used as a 
reference.

§ : To calculate the hazard ratios, multi-generation household is used as a reference.  

Table 3. Hazard ratios (HRs) of mortality for five social relationship measures 
for aged 75+ years at baseline.

Social relationships

Casual friend†

Support provider†

Group membership†｠
Job†

Living arrangement§ (alone)
(couple)

Casual friend†｠
Support provider†｠

Group membership†｠
Job†

Living arrangement§ (alone)
(couple)

HR

0.82
1.05
0.53
0.54
0.48
0.89

0.82
0.90
0.79
0.65
0.34
0.57

95% CI

0.56 – 1.22
0.72 – 1.53
0.36 – 0.77
0.37 – 0.78
0.12 – 1.98
0.52 – 1.55

0.56 – 1.23
0.61 – 1.33
0.54 – 1.15
0.44 – 0.96
0.13 – 0.94
0.18 – 1.84

HR

0.90
1.16
0.62
0.60
0.49
0.85

0.92
1.01
0.88
0.67
0.35
0.61

95% CI

0.56 – 1.43
0.74 – 1.80
0.41 – 0.94
0.40 – 0.90
0.12 – 2.03
0.49 – 1.48

0.58 – 1.44
0.66 – 1.54
0.59 – 1.31
0.45 – 0.99
0.13 – 0.97
0.19 – 1.97

Men    n=295

Women    n=464

Stage 1* Stage 2*

CI : confidence interval
* : Stage 1 is adjusted for age, self-rated health, diagnosed illness, annual income, and

home ownership. Stage 2 is adjusted for age, self-rated health, diagnosed illness,
other social relationships, annual income, and home ownership.

† : To calculate the hazard ratios, "no" (coded=0) of each variable is used as a 
reference.

§ : To calculate the hazard ratios, multi-generation household is used as a reference.  
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a figure higher than Japan's national average (73.1% for men and
68.7% for women) observed in a 3-year follow-up study of 2,200
elderly persons aged 60 and over.13

Among the old-old men, group membership was a significant
predictor of mortality. Although such an association was not sig-
nificant, a similar trend was observed among other subpopula-
tions. Studies conducted in Western nations also showed similar
results.1-5 Supportive findings for this relation also lie in studies in
Japan that reported a significant association of group membership
with mortality.13,20

Among the old-old, those engaged in jobs were also less likely
to die during the follow-up period. Studies in Japan and Taiwan
demonstrated a significant association of job engagement with
lower mortality among the elderly.14,21 A study in New Haven,
Connecticut in the United States reported a similar result.22 One
possible reason for such an association is that, for the elderly, a
job can positively affect their mental health by providing more
meaningful life, thus contributing to a prolonged lifespan. Our
data verified that 61.5% of the old-old men with a job replied that
they worked to "maintain their health or to make life meaningful
and worth living," which is one aspect of psychological well-
being, while 44.3% of the young-old men replied the same.
Among women, a similar trend was observed, with 50.0% of the
old-old and 39.9% of the young-old responding similarly.

When considering the implications of having a job among the
elderly, we should mention a specific characteristic of a rural
society in Japan. In agricultural areas, each family member is con-
sidered an important part of the work force. Functionally able
individuals are engaged in arduous jobs, whereas older people do
light housework such as cleaning house or preparing meals. In
such areas, the implications of being unable to work may be
greater than in urban areas. In our data, 29.2% of men and 33.4%
of women reported feeling isolated despite having cohabiting
family members; such a tendency was observed at higher percent-
ages among the old-old (29.7% compared to 15.3% of the young-
old) and among those with illnesses (21.8% compared to 16.6%
without illnesses), suggesting the negative impact of ill health on
their family relationships.

Among the old-old women, those who lived alone had a lower
mortality. Although the association was not significant, a similar
trend was observed among old-old men. In reviews of studies on
family composition and mortality, the authors reported that sup-
port from family members was not always protective against mor-
tality, whereas support from other sources was generally associat-
ed with reduced mortality.9,23 In fact, a study in the United States
observed that, with increasing family size, the odds of engage-
ment in healthy behaviors such as physical activity or non-smok-
ing decreased.24 Our result was in agreement with that from anoth-
er Japanese study conducted in a rural area that found a signifi-
cantly lower mortality among old-old women who lived alone.25

Moreover, suicide rate was higher among the elderly in multi-
generation households according to other Japanese studies con-
ducted in rural areas.26,27 Researchers suggested that inter-genera-

group membership and a job was significantly related to 88-
month mortality at stage 1, with an HR (95% CI) of 0.53 (0.36-
0.77) and 0.54 (0.37-0.78), respectively (Table 3). At stage 2,
after inclusion of other social relationships, these two variables
remained independent predictors of mortality with a significant
HR (95% CI) of 0.62 (0.41-0.94) and 0.60 (0.40-0.90), respective-
ly. Among old-old women, having a job was significantly associ-
ated with lower mortality as was the case among old-old men,
with an HR (95% CI) of 0.65 (0.44-0.96) at stage 1 and 0.67
(0.45-0.99) at stage 2. Furthermore, old-old women who lived
alone had a lower mortality risk compared to those in multi-gen-
eration households with an HR (95% CI) of 0.34 (0.13-0.94) and
0.35 (0.13-0.97). Among old-old men, a not significant but simi-
lar trend was observed.

DISCUSSION

In the present study, a significant association between social rela-
tionships and mortality emerged only among the old-old age
group. While Seeman et al. observed that a significant association
between social relationships and mortality showed no distinction
between the two age groups of 60-69 years old and 70 years and
older,5 another study, in which young-old and old-old city-
dwelling white women were compared, concluded that benefits in
terms of mortality from such social networking as participation in
local organizations, contact with friends, and years lived in the
area were restricted to old-old women.10 In this study,10 Yasuda et
al. suggested that, with advancing age, dependence on the social
environment increases to the point where the relative importance
of social relationships emerges to affect the health of the old-old.
In addition, we hypothesized that selective survival may have
contributed in part to observed age group differences.
Considering Japan's at-birth life expectancy of 76.1 years for men
and 82.2 years for women in the baseline year of 1992,19 the elder-
ly who outlived others may be physically homogeneous, and
therefore the relative importance of social relationships emerged
in this subpopulation.

Among social relationship variables examined, availability of a
casual friend or support provider failed to show any significant
association with mortality among our population. Such a finding
was similar to that of the Tecumseh study that observed a non-
significant association of informal social relationships such as fre-
quency of visiting friends or relatives with mortality,2 whereas it
contradicted the Alameda findings that showed a significant
inverse association between contacts or visiting frequency of
friends and mortality.1,5 Some researchers hypothesized that, in
rural areas where human interaction is so much a part of daily
life, the effect of such an informal network of people might be
undetected.2,9,15,16 Moreover, social relationships in rural areas with
traditional community associations may have different connota-
tions compared to those in an industrialized urban area. In fact, a
high proportion of our study population belonged to a local orga-
nization, i.e., nearly 80% for both men and women (see Table 1),
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diverse settings. Examining the nature and source of social sup-
port may provide valuable information in further studies on social
relationships and health.

ACKNOWLEDGMENT

The authors appreciate the valuable cooperation of Matsukawa
Town officials and residents who generously made data available
for our study, and gratefully acknowledge their assistance during
the data collection.

REFERENCES

1. Berkman LF, Syme SL. Social networks, host resistance, and
mortality: A nine-year follow-up study of Alameda County
residents. Am J Epidemiol 1979; 109: 186-204.

2. House JS, Robbins C, Metzner HL. The association of social
relationships and activities with mortality: Prospective evi-
dence from the Tecumseh Community Health Study. Am J
Epidemiol 1982; 116: 123-40.

3. Kaplan GA, Salonen JT, Cohen RD, Brand RJ, Syme SL,
Puska P. Social connections and mortality from all causes
and from cardiovascular disease: Prospective evidence from
eastern Finland. Am J Epidemiol 1988; 128: 370-80.

4. Schoenbach VJ, Kaplan BH, Fredman L, Kleinbaum DG.
Social ties and mortality in Evans County, Georgia. Am J
Epidemiol 1986; 123: 577-91.

5. Seeman TE, Kaplan GA, Knudsen L, Cohen R, Guralnik J.
Social network ties and mortality among the elderly in the
Alameda County Study. Am J Epidemiol 1987; 126: 714-23.

6. Statistics and Information Department Minister's Secretariat,
Ministry of Health, Labor and Welfare. In:Statistical
Abstracts on Health and Welfare in Japan. Tokyo (Japan):
Health and Welfare Statistics Association; 2002, p61.

7. Michael YL, Berkman LF, Colditz GA, Kawachi I. Living
arrangements, social integration, and change in functional
health status. Am J Epidemiol 2001; 153: 123-31.

8. Ministry of Health, Labour and Welfare [homepage on the
Internet]. Average life expectancy by municipality.
http://www.mhlw.go.jp/toukei/saikin/hw/life/ckts00/6.html
(accessed August 6, 2004). (in Japanese)

9. Bowling A. Social support and social networks: Their rela-
tionship to the successful and unsuccessful survival of elderly
people in the community. An analysis of concepts and a
review of the evidence. Fam Pract 1991; 8: 68-83.

10. Yasuda N, Zimmerman SI, Hawkes W, Fredman L, Hebel
JR, Magaziner J. Relation of social network characteristics to
5-year mortality among young-old versus old-old white
women in an urban community. Am J Epidemiol 1997; 145:
516-23.

11. Guralnik JM. Assessing the impact of comorbidity in the
older population. Ann Epidemiol 1996; 6: 376-80.

12. Sugisawa H, Liang J, Liu X. Social networks, social support,

tional conflicts resulting from a rapid change in family values in
Japan were in part attributable to such a tendency. Although mari-
tal status was not asked in our survey, women are more likely to
be widowed than men because of their longer life span. It is possi-
ble that the effect of inter-generational family relationships might
emerge as a relatively important factor among elderly women.

Finally, we need to address some limitations in our study. One
limitation is that we could not control for all the possible con-
founders. Prior to this study, we eliminated the functionally
dependent elderly based on self-reported ADL to minimize the
confounding effect of functional impairment. However, the inclu-
sion of information on higher level of activities such as going out
using public transportation or a performance-based measure such
as walking speed in the analysis might have weakened the associ-
ation observed among social relationships and mortality.  Because
we lacked the information in this regard in our study, we could
not adjust possible confounding effect of such factors. This is a
limitation that should be addressed in the future.

As for a possible effect of ill health on social relations, we con-
trolled for health status such as the number of diagnosed illnesses
and self-rated health. Studies that included biological measures
such as serum cholesterol and blood pressure also found a signifi-
cant association of social relationships with reduced mortality.2-5,17

Moreover, we conducted a sub-analysis by eliminating the sub-
jects who died within 1 year from the baseline to test that the
association observed between social relationships and mortality
was not a confounding effect of ill health. Our results remained
unchanged. However, the inclusion of a more precise measure
might have attenuated the association observed.

The effect of health behaviors or mental health on mortality
was not addressed in our study either. This might be seen as
another limitation. Although studies controlled for health behav-
iors such as smoking and physical activity found a significant
association of social relationships with reduced mortality1-5,13 and
studies controlled for depression have also observed a significant
association of social relationships with lower mortality,5,14 we
could not rule out the possible confounding effects of such fac-
tors. In addition, we used a rather crude measure of social rela-
tionships. Although many studies used similar variables and
reported a significant association among them and mortality, our
simple dichotomous measure might not be sufficient. The quality
rather than the quantity of social interactions may be important, as
indicated in reviews of social relation research.9,23 This may con-
stitute another limitation that needs to be addressed in future stud-
ies.

Despite such limitations, age differences observed in the asso-
ciation between social relationships and mortality merit attention
when considering the possible protective role of social relation-
ships among vulnerable population, particularly the old-old.
Having a job and group membership were both associated with
lower mortality among old-old men, as were having a job and liv-
ing alone among old-old women. The importance of social rela-
tionships may differ across different populations in culturally



Elderly Social Relations and Mortality84

21. Fujita T, Hatano S. Factors predicting mortality in two years
among the elderly at home in three different socioeconomic
areas. Nippon Koshu Eisei Zasshi 1990; 37: 1-8. (in
Japanese)

22. Glass TA, de Leon CM, Marottoli RA, Berkman LF.
Population based study of social and productive activities as
predictors of survival among elderly Americans. BMJ 1999;
319: 478-83.

23. Rogers RG. The effects of family composition, health, and
social support linkages on mortality. J Health Soc Behav
1996; 37: 326-38.

24. Schone BS, Weinick RM. Health-related behaviors and the
benefits of marriage for elderly persons. Gerontologist 1998;
38: 618-27.

25. Yasuda N, Ohara H. Associations of health practices and
social aspects of life with mortality among elderly people in a
Japanese rural area. Nippon Eiseigaku Zasshi 1989; 44: 1031-
42.

26. Watanabe N, Hasegawa K, Yoshinaga Y. Suicide in later life
in Japan: Urban and rural differences. Int Psychogeriatr 1995;
7: 253-61.

27. Aihara H, Iki M. Effects of socioeconomic factors on suicide
from 1980 through 1999 in Osaka prefecture, Japan. J
Epidemiol 2002; 12: 439-49.

and mortality among older people in Japan. J Gerontol Soc
Sci 1994; 49: S3-13.

13. Sugisawa, H. Social integration and mortality in Japanese
elderly. Nippon Koshu Eisei Zasshi. 1994; 41: 131-39. (in
Japanese)

14. Liang J, Bennett JM, Krause NM, Chang MC, Lin HS,
Chuang YL, et al. Stress, social relations, and old age mortal-
ity in Taiwan. J Clin Epidemiol 1999; 52: 983-95.

15. House JS, Landis KR, Umberson D. Social relationships and
health. Science 1988; 241: 540-5.

16. Berkman LF. Social networks, support, and health: Taking
the next step forward. Am J Epidemiol 1986; 123: 559-62.

17. Seeman TE, Singer BH, Ryff CD, Dienberg Love G, Levy-
Storms L. Social relationships, gender, and allostatic load
across two age cohorts. Psychosom Med 2002; 64: 395-406.

18. SPSS Inc. Chapter 4: Model selection loglinear analysis. In:
SPSS Advanced Models 9.0. Chicago (USA): SPSS Inc;
1999. p.41-5.

19. Ministry of Health, Labour and Welfare [homepage on the
Internet]. Trends in the life expectancies. http://www.mhlw.
go.jp/toukei/saikin/hw/life03/sanko-2.html (accessed
December 16, 2004). (in Japanese)

20. Anme T, Shimada C. Social interaction and mortality in a
five year longitudinal study of the elderly. Nippon Koshu
Eisei Zasshi 2000; 47: 127-33. (in Japanese)


