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Abstract
Background: Several studies have indicated a significant association between marital status and mortality risks.
However, most of these studies have compared married and unmarried people without differentiating among
single, divorced and widowed status. Moreover, gender differences in mortality rates associated with marital
status have not been sufficiently clarified. With significant increases in the percentages of divorced and widowed
people and a corresponding drop in the marriage rate in Japan during the past two or three decades, it can be
expected that these changes will have a significant impact on mortality rates.
Methods: This investigation used a prospective study of a total of 94,062 Japanese men and women aged 40–79
who completed self-administered questionnaires at baseline and during a followed-up of 9.9-years.
Results: Compared with married men, never-married men showed higher risks of mortality from cardiovascular
disease [relative risk (RR) = 3.05, 95% confidence interval (CI) 2.03–4.60], respiratory disease (RR = 2.43, 95%CI
1.27–4.63), external causes (RR = 2.18, 95%CI 1.05–4.54) and all causes (RR = 1.91, 95%CI 1.51–2.42) after
adjustment for potentially confounding variables. For never-married women, there was a smaller but significantly
higher risk of mortality from all causes (RR = 1.46, 95%CI 1.15–1.84). Divorced and widowed men showed
moderately higher risks of mortality from cardiovascular disease, external causes and all causes compared with
married men, but such a trend was not observed in women.
Conclusion: Single status was associated with a higher risk of mortality than was married status for both men
and women. Divorce and widowhood were associated with elevated risk for men, but not for women. These
findings suggest single, divorce and widowhood status constitute potentially adverse health effects.
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Background
Marital status has been identified as an important social
factor associated with mortality. Studies of this association conducted in the United States [1,2], European countries [3] and Japan [4,5] have shown that the risk of
mortality for widowed, divorced, or single persons is 1.2
to 2.5-fold higher than for married persons. In the 1970s,
an exceptionally high annual mortality rate was reported
among Japanese singles (65 per 1000) compared to other
countries (15–35 per 1000), possibly due to the high
prevalence of tuberculosis [6,7]. One possible explanation for this finding is that, according to the customs associated with Japanese traditional arranged marriages,
unhealthy individuals, such as those with a history of
tuberculosis, could not get married, thus leading to a preponderance of healthy individuals in the married population [4].
In Japan, the divorce rate rose from about 2 percent
between 1970 and 1974 to 10 percent between 1995 and
1999 with a corresponding drop in marriage rate from 92
to 69 percent [8], while the proportion of widowed persons rose from 6 to 21 percent [8]. A recent 7-year prospective study of 11,565 Japanese aged 40–69 found a risk
of all-cause mortality among single men and women that
was twice as high as that among their married counterparts, but the effects of divorce or widowhood on mortality were not be thoroughly examined in that study due to
the limited number of deaths [9].
In general, married people are more likely to engage in
positive and less likely to engage in negative health behaviors than widowed, divorced, or single people [10-13].
Some studies have suggested that the social ties, social networks, and/or social support, which marriage often provides, may reduce the risk of mortality [8,14,15].
Moreover, women in Japan tend to receive more social
supports from the national government and from their
relatives than do men. For instance, widows receive their
deceased husband's pension as well as their own from the
government, but widowers only their own pension. In
addition, the national government provides child support
for divorced women. Finally, many Japanese women
return to live with their parents after a divorce (16%) or
live with their children after their spouse's death (64%)
[16]. Hence, there could be gender differences in adapting
to the loss or the absence of a spouse among Japanese.
For the present study, we hypothesized that the risk of
mortality from major diseases and all causes would be
higher among widowed, divorced, and single persons
than among those who are married. We also hypothesized
that the excess mortality would be higher for men compared to women. The aim of this study was to analyze the
association between marital status and mortality, and fur-
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ther to analyze if these associations were different
between men and women.

Methods
This study examined a total of 110,792 individuals
(46,465 men and 64,327 women aged 40 to 79) who participated in the Japan Collaborative Cohort Study for
Evaluation of Cancer Risk Sponsored by the Ministry of
Education, Science, Sports and Culture (JACC Study).
During 1988–1990, individuals living in 45 communities
across Japan voluntarily participated in this study and
completed self-administered questionnaires including
lifestyles and medical histories of previous cardiovascular
disease and cancer at baseline. Details of the study procedure were described previously [17]. Informed consent
was obtained prior to completing the questionnaire. We
used participant's responses to a question regarding marital status: "What is your marital status (married, widowed,
divorced or single)?" However, a total of 1,486 men and
2,015 women were excluded from the analysis because
the question on marital status was omitted in two communities (4%). A total of 39,471 men and 54,591 women
(aged 40 to 79) provided a valid response to this question,
and the response rate to this question was 88% for both
men and women. Of this group, we also excluded 1,690
men and 2,308 women from the analysis due to a positive
history of stroke, coronary heart disease or cancer at baseline. Therefore, the responses of 37,781 men and 52,283
women were included in the analysis of this study.
Mortality surveillance
The subjects were followed from the date of the acceptance of the baseline survey through December 31, 1999.
Since the information of the resident register is open to
the general public under the resident registration law,
investigators confirmed yearly residence status and survival with using residential registers, kept by a public
health center in each of the study areas. Residency and
death registration is required by Family Registration Law
in Japan, and was believed to be complete across Japan.
Death certificate diagnoses were provided by the Ministry
of Health and Labor under permission from Welfare after
Ministry of Internal Affairs and Communications granted
permission. The underlying causes of deaths were defined
according to the International Classification of Diseases,
9th Revision from 1988 to 1994, and 10th Revision from
1995 to 1999 for the National Vital Statistics. Therefore,
all deaths that occurred in the cohort were confirmed by
death certificates from a public health center, except for
subjects who died after they moved from their original
community, in which case the subject was treated as a censored case. The average follow-up period for the participants was 9.9 years. The Ethical Committees of the
Nagoya University School of Medicine and the University
of Tsukuba approved the present study.
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Statistical analysis
Statistical analyses were based on gender-stratified mortality during the follow-up period from 1989 to 1999.
Each participant contributed person-time from the date of
completed baseline questionnaire until the time of death
or relocation, or December 31, 1999. Age-adjusted means
and proportions of selected mortality risk factors were
presented among the categories of marital status; the statistical testing for differences among marital status was
conducted using analysis of covariance. Cox proportional
hazards modeling was used to determine whether the
marital status was significantly associated with stroke
(ICD-9 codes 430 to 438, ICD-10 codes I60 to I69), coronary heart disease (410 to 414, I20 to I25), cardiovascular
disease (390 to 459, I01 to I99), cancer (140 to 208, C00
to C97), respiratory disease (460 to 519, J00 to J99), external causes (800 to 999, S00 to T98) and all causes. We
compared the mortality rates for people who were widowed, divorced, and single to those who were married
(the reference group). The age-adjusted and multivariateadjusted relative risks with 95% confidence intervals were
calculated after adjustment for age and potential confounders. The confounding variables were obtained from
the baseline questionnaire. Variables that were associated
with both mortality and the categories of marital status
were included in the multivariate analysis. The assumption of proportional hazards for all the selected confounders was tested by using both the time-dependent covariate
method and the linear correlation test. We found no violation of the proportionality assumption. These confounding variables were age (in years), body mass index
(gender-stratified quintiles), smoking status (never, exsmoker, and current smokers of 1 to 19 and ≥20 cigarettes
per day), alcohol intake (never, ex-drinker, and current
drinkers of ethanol at 1 to 22, 23 to 45, 46 to 68, and ≥69
g per day), hours of walking (<1, 1 to 2, 3 to 4, and ≥5
hours per week), education (<13, 13 to 15, 16 to 18, ≥19
years), employment status (employed versus unemployed), and interest level in health screening (no, low,
moderate, or high), having children (no or yes), history of
hypertension (no versus yes) and history of diabetes (no
versus yes). Psychological variables other than perceived
mental stress were included as potential confounders in
the additional analyses. These included hopelessness (definitely yes, yes, may be yes, or no), self-estimation of
quick response (yes, may be yes, or no), sense of hurry
(definitely yes, yes, may be yes, or no), anger (yes, may be
yes, or no), joyfulness (definitely yes, yes, may be yes, or
no), sense of being trusted (definitely yes, yes, may be yes,
or no), and fulfillment (definitely yes, yes, may be yes, or
no). Further stratification by age (40 to 64 years and ≥65
years) was also obtained in the analysis to assess effect
modification. The presence of a statistical interaction was
tested by using cross-product terms of marital status and
stratifying variables. In addition, to reduce the potential
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effect of as-yet-undiagnosed diseases at baseline that
could have affected marital status, we examined the marital status and mortality associations after exclusion of
deaths during the first two years of follow-up.

Results
We separately examined the four categories of marital status in relation to potential confounders for men and
women (Table 1). Widowed men were approximately 10year older, and divorced or single men were approximately 3 to 5 years younger than married men. Widowed,
divorced, and single men were more likely to be unemployed, less educated, current smokers, and to have low
interest in health screening than married men. The mean
ethanol intake and the proportion of high-perceived stress
were higher among widowed and divorced men and lower
among single men compared with married men. Unmarried men were less likely to have a child than married
men. The proportions of histories of hypertension and
diabetes were higher among divorced men and lower
among single men than married men. Compared with
married men, unmarried men included a higher proportion of no quick response, no joyfulness, no fulfillment
and not being trusted and lower proportion of being
angry and in hurry, and hopelessness.
Similar to men, widowed women were approximately 10
years older than married women, but there was no difference in mean age among divorced, single and married
women. Unmarried women were more likely to be current
smokers and to have low interest in health screening compared with married women. Unlike men, single women
were likely to be more educated, employed, to have high
perceived stress and to consume more ethanol compared
with married women. The proportion having a history of
hypertension was lower in divorced and single women
and higher in widowed women, and that of diabetes was
higher in unmarried women than married women. The
results of psychological variables and the proportion of
having a child in women were very similar to those in
men.
During 892,998 person-years of follow-up, a total of
8,365 deaths (5,011 men, 3,354 women) occurred. Of
these, 1,085 (585 men, 500 women) were attributable to
stroke, 490 (294 men, 196 women) to coronary heart disease, 2,388 (1,326 men, 1,062 women) to cardiovascular
disease, 3,339 (2,084 men, 1,255 women) to cancer, 857
(591 men, 266 women) to respiratory disease, and 364
(386 men, 248 women) to external causes.
Table 2 shows relative risks of mortality from cause-specific
and all-cause mortality according to the marital status. Single men had approximately 2.0 to 3.5-fold higher risks of
mortality from stroke, coronary heart disease and cardio-
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Table 1: Gender-stratified, age-adjusted mean values or prevalence of confounding factors atbaseline according to marital status
Marital Status
Men
Marital Status
No. at risk
Age, year
Body mass index, kg/m2
History of hypertension, %
History of diabetes, %
Ethanol intake, g/day
Walk 30 minutes or more/day, %
Sport 5 hours or more/week, %
College or higher education, %
Employed %
High Stress %
Current smoker, %
Low interest in health screening, %
No child, %
Psychological variables, %
Hopelessness
No joyfulness
Not being trusted
No fulfillment
No quick response
Likely to be angry
Likely to be in hurry

Women

Married

Widowed

Divorced

Single

P-value

Married

Widowed

Divorced

Single

P-value

35,359
56.5
22.7
19.8
6.5
34.2
68.9
7.0
13.5
82.7
23.3
52.9
18.0
2.4

1,229
65.7
22.5
19.4
6.3
35.7
67.9
7.2
10.8
74.8
25.8
60.3
21.6
3.4

554
53.5
22.3
20.3
10.5
34.6
68.0
10.9
11.9
71.5
25.8
62.4
23.7
17.1

639
48.5
22.0
16.3
5.5
30.7
67.5
7.2
12.0
63.2
18.0
55.4
27.8
93.6

<0.001
<0.001
0.20
0.004
0.01
0.81
0.01
0.13
<0.001
0.007
<0.001
<0.001
<0.001

43,341
55.5
22.9
21.4
3.6
9.9
72.1
4.5
7.9
38.1
20.3
4.4
14.5
2.8

6,929
65.6
22.9
23.9
4.3
11.1
71.3
4.5
6.8
42.2
20.8
7.7
17.6
3.9

1,172
56.2
22.7
19.9
4.4
20.6
67.0
4.4
8.0
47.1
24.5
21.5
18.6
9.7

841
55.9
22.1
17.7
4.2
13.9
64.0
4.2
10.3
45.7
23.6
9.9
25.3
96.3

<0.001
<0.001
<0.001
0.06
<0.001
<0.001
0.98
<0.001
<0.001
0.004
<0.001
<0.001
<0.001

6.7
3.5
10.0
26.2
8.1
89.1
92.5

14.3
6.8
15.1
35.7
10.5
83.7
88.6

14.7
8.1
16.1
40.9
9.0
90.6
91.2

21.5
13.9
23.1
36.6
21.2
81.6
80.9

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

7.9
4.1
12.0
31.2
11.4
85.2
91.6

12.5
5.4
16.0
43.7
13.8
82.5
88.3

10.5
8.3
15.3
51.7
11.4
84.3
90.3

21.2
9.1
25.4
45.8
23.0
80.2
79.0

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

vascular disease, respiratory disease, external causes, and all
causes compared with married men. Widowed men had
approximately 1.3 to 1.7-fold higher risks of mortality from
stroke, coronary heart disease, cardiovascular disease, cancer, and external causes and all causes compared with married men. Divorced men had 1.6 to 2.5-fold higher risks of
mortality from cardiovascular disease, respiratory disease,
external causes and all causes compared with married men.
For women, single had 1.7-fold higher risk of mortality
from all causes and divorced had 2.3-fold higher risk of
mortality from respiratory disease. Adjustment for potential confounding variables did not substantially alter these
results.
Furthermore, the excess risk of mortality due to cardiovascular disease and all causes associated with single status
was more evident in men than in women (for interaction:
p = 0.02 and p = 0.20, respectively). The excess risk of
mortality from cardiovascular disease and all causes associated with widowhood was also more evident in men
than in women (for interaction: p = 0.14 and p = 0.003,
respectively). Furthermore, the excess risks of mortality
from cardiovascular disease, external causes and all causes
associated with divorced were more evident in men than
in women (for interaction: p = 0.17, p = 0.02 and p = 0.02,
respectively).
We repeated the analysis after excluding deaths during the
first two years of follow-up to reduce the potential effect of

as-yet-undiagnosed diseases on the associations, but we
found no substantial changes in the above associations
(not shown).
Relative risks of mortality from cardiovascular disease, cancer, and all causes were examined for men and women, further stratified by two age groups (40 to 64 and 65 to 79
years) (Table 3). The excess risk of mortality from all causes
was more evident in younger single women (for interaction: p = 0.01) compared with older single women. The risk
of mortality from all causes was higher in younger divorced
or widowed men compared to older divorced or widowed
men, but there were no statistical interaction between being
divorced and age. The excess risk of cardiovascular mortality was more evident in younger single women (for interaction: p = 0.03) than older single women.

Discussion
In this large prospective analysis, it was found that, after
adjustment of potentially confounding variables, the risk
of mortality from cardiovascular disease, respiratory disease, external causes, and all causes was two- to three-fold
higher for never-married than for married men. A smaller,
but significantly higher mortality risk from all causes was
observed for never-married women.
A higher risk of mortality from cardiovascular disease,
external causes and all causes associated with divorce and
widowhood was identified men, but not in women. The
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Table 2: Gender-stratified relative risks (RR) and 95% confidence intervals of mortality due to stroke, coronary heart disease,
cardiovascular disease, cancer, respiratory disease, external causes and all causes according to marital status.
Men
Marital Status
Stroke
RR (95%CI) *
RR (95%CI) **
Coronary Heart Disease
RR (95%CI) *
RR (95%CI) **
Cardiovascular Disease
RR (95%CI) *
RR (95%CI) **
Cancer
RR (95%CI) *
RR (95%CI) **
Respiratory disease
RR (95%CI) *
RR (95%CI) **
External causes
RR (95%CI) *
RR (95%CI) **
All causes
RR (95%CI) *
RR (95%CI) **

Women

Married

Widowed

Divorced

Single

Married

Widowed

Divorced

Single

514
1.0
1.0
254
1.0
1.0
1158
1.0
1.0
1903
1.0
1.0
519
1.0
1.0
342
1.0
1.0
4467
1.0
1.0

56
1.55(1.17–2.05)
1.51(1.14–2.00)
27
1.70(1.14–2.55)
1.60(1.07–2.40)
121
1.53(1.26–1.85)
1.46(1.20–1.77)
139
1.27(1.07–1.51)
1.22(1.02–1.45)
49
1.13(0.84–1.52)
1.05(0.78–1.41)
25
1.64(1.08–2.47)
1.53(1.01–2.31)
382
1.37(1.23–1.53)
1.30(1.17–1.45)

7
1.18(0.56–2.49)
1.13(0.53–2.39)
6
2.02(0.90–4.54)
1.73(0.76–3.90)
22
1.64(1.07–2.50)
1.50(0.98–2.29)
25
1.11(0.74–1.64)
1.01(0.68–1.50)
13
2.16(1.25–3.75)
2.03(1.17–3.54)
11
2.51(1.37–4.57)
2.27(1.24–4.17)
88
1.68(1.36–2.08)
1.49(1.21–1.85)

8
2.25(1.12–4.53)
2.29(1.12–4.69)
7
3.49(1.64–7.42)
3.46(1.57–7.58)
25
2.98(2.01–4.44)
2.95(1.96–4.45)
17
1.02(0.63–1.65)
0.91(0.56–1.47)
10
3.32(1.78–6.22)
2.36(1.24–4.51)
8
2.01(0.99–4.07)
2.18(1.05–4.52)
74
2.08(1.65–2.62)
1.85(1.46–2.34)

319
1.0
1.0
120
1.0
1.0
670
1.0
1.0
912
1.0
1.0
158
1.0
1.0
184
1.0
1.0
2257
1.0
1.0

161
1.13(0.93–1.39)
1.10(0.90–1.35)
69
1.16(0.85–1.59)
1.14(0.83–1.56)
349
1.10(0.96–1.26)
1.07(0.93–1.23)
287
1.00(0.87–1.15)
0.96(0.84–1.11)
89
0.97(0.74–1.27)
0.89(0.67–1.17)
55
1.11(0.80–1.53)
1.10(0.79–1.52)
943
1.06(0.98–1.15)
1.02(0.94–1.11)

14
1.39(0.81–2.37)
1.31(0.76–2.26)
4
1.03(0.38–2.80)
0.82(0.29–2.26)
22
1.02(0.67–1.57)
0.95(0.62–1.46)
30
1.13(0.78–1.62)
1.02(0.70–1.47)
12
2.27(1.26–4.08)
2.12(1.17–3.85)
2
0.38(0.10–1.54)
0.38(0.09–1.53)
77
1.11(0.89–1.40)
1.01(0.80–1.27)

6
0.91(0.40–2.03)
0.87(0.38–1.97)
3
1.20(0.38–3.77)
1.07(0.33–3.46)
21
1.51(0.98–2.33)
1.47(0.94–2.30)
26
1.40(0.95–2.06)
1.25(0.84–1.87)
7
2.07(0.97–4.41)
1.38(0.63–3.02)
7
1.88(0.89–4.01)
1.66(0.76–3.61)
77
1.65(1.32–2.07)
1.46(1.15–1.84)

*Adjusted for age.
** Adjusted for categories for multivariate adjustment were as follows: age, body mass index, smoking status, alcohol intake, education, minutes of
walking, hours of doing sports, employment status, stress, having children, history of hypertension, and history of diabetes.

reason for this gender-based discrepancy may be that,
unlike for men, the full-time employment rate was higher
for both widowed and divorced women than for married
women. Such labor force participation is likely to result in
greater financial security and a more extensive social net-

work. Compared with widowed or divorced men, moreover, widowed or divorced women receive more financial
protection from the Japanese national government through
widows' pensions and child support. Furthermore, Japanese
women are generally unlikely to experience a drastic change

Table 3: Gender-stratified relative risks (RR) and 95% confidence intervals of mortality from cardiovascular disease, cancer, and all
causes according to marital status.
Men
Marital Status
Ages 40–64 y
Person-years
Cardiovascular Disease
RR (95%CI)
Cancer
RR (95%CI)
All Causes
RR (95%CI)
Ages 65–79 y
Person-years
Cardiovascular Disease
RR (95%CI)
Cancer
RR (95%CI)
All Causes
RR (95%CI)

Women

Married

Widowed

Divorced

Single

Married

Widowed

Divorced

Single

277,605
445
1.0
1,025
1.0
2,058
1.0

5,030
18
1.46(0.91–2.35)
33
1.16(0.82–1.64)
77
1.40(1.11–1.76)

4,497
12
1.68(0.94–3.00)
17
1.20(0.74–1.95)
54
1.68(1.28–2.21)

5,751
18
3.15(1.90–5.22)
14
1.12(0.65–1.93)
51
1.82(1.36–2.43)

358,675
223
1.0
517
1.0
1,019
1.0

29,012
31
1.10(0.75–1.61)
64
1.09(0.84–1.42)
126
1.04(0.86–1.25)

8,764
7
0.93(0.43–2.02)
13
0.93(0.53–1.62)
31
1.06(0.73–1.52)

6,949
12
2.25(1.22–4.15)
15
1.39(0.82–2.36)
45
2.02(1.48–2.76)

70,287
713
1.0
878
1.0
2,409
1.0

5,787
103
1.43(1.16–1.77)
106
1.26(1.03–1.55)
305
1.27(1.12–1.43)

682
10
1.30(0.69–2.43)
8
0.79(0.39–1.59)
34
1.26(0.89–1.77)

362
7
2.14(1.00–4.56)
3
0.62(0.20–1.95)
23
1.84(1.21–2.79)

77,063
447
1.0
395
1.0
1,238
1.0

38,189
318
1.03(0.89–1.20)
223
0.92(0.78–1.09)
817
0.98(0.89–1.08)

2,751
15
0.91(0.54-1.53)
17
1.10(0.67-1.80)
46
0.99(0.73-1.33)

1,595
9
0.94(0.48–1.85)
11
1.09(0.59–2.01)
32
1.05(0.73–1.50)

Adjusted for categories for multivariate adjustment were as follows: age, body mass index, smoking status, alcohol intake, education, minutes of
walking, hours of doing sports, employment status, stress, having children, history of hypertension, and history of diabetes.
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in their social support network after becoming divorced or
widowed [16]. These circumstances are likely to be responsible for the gender differences in mortality risks among Japanese.
The excess all-cause mortality risk associated with divorce
or widowhood was larger in younger than in older men, a
finding which is consistent with previously reported results
[1,18,19]. In these previous studies, higher mortality was
noted among widowed or divorced men and women soon
after these life-changing events, but this excess risk declined
with age. The excess mortality risks associated with being
widowed or divorced and seen earlier in life gradually
diminished later in life, probably because people in such
groups tend to build certain health-enhancing environments that compensate for the loss or absence of a spouse.
An unusually high excess mortality rate was reported
among Japanese singles due to the high prevalence of
tuberculosis during the 1970s and 1980s [6,7]. There was
no death from tuberculosis among the current study population, and there was only a small difference in the percentage of subjects with a history of tuberculosis between
singles (16%) and married (11%). It can therefore be safely
assumed that the excess mortality risks among singles in the
present study were not attributable to tuberculosis infection, but rather to other factors such as psychosocial and
environmental factors and/or lifestyles.
Marriage generally has a beneficial effect on health
because it provides social support and social security and
married persons are likely to experience less distress and
to have a healthier lifestyle [12,13]. Marriage may also
buffer against stress and thereby reduce the activation of
neuroendocrine systems [20], which may lead to a reduction in the progression of atherosclerosis and other pathologic processes [21-24]. Previous prospective studies
showed that weakened social ties and continued social
isolation were associated with increased risk of mortality
from coronary heart disease [14] and mortality from all
causes [25] for both men and women.
In the study presented here, unmarried men and women
tended to engage in more risk-promoting health behaviors (i.e., smoking, little physical activity, and low interest
in health screening) and to experience more psychological
distress (i.e., feelings of hopelessness and not being
trusted, absence of joy and fulfillment) than did their
married counterparts. In addition, unmarried men tended
to have low socioeconomic status associated with low
education and unemployment. On the other hand, more
unmarried women were likely to be employed and to be
more educated than their married counterparts.

http://www.biomedcentral.com/1471-2458/7/73

Our study has several limitations. First, there is the possibility of a confounding effect from residual factors on the
association between marital status and risk of mortality.
Although adjustments were made for various risk factors
for mortality, the possible influence of other risk factors
and lifestyles cannot be ruled out. Second, differential follow-up among marital status categories may have affected
the results since subjects who moved from their original
community were treated as censored cases. In this study,
the percentages of subjects who moved out of the communities examined were 3.0% for married, 4.0% for widowed, 9.6% for divorced and 8.1% for single men, and the
corresponding percentages for women were 3.2%, 5.0%,
9.6% and 5.1%. Therefore, if it is assumed the mortality
rates for censored subjects were similar or greater than
those for uncensored subjects, the relationship of marital
status and mortality may have been underestimated for
both men and women. Third, since the study was not
designed to analyze the effect of marital transitions, marital status measurements were not repeated during the follow-up. For example, misclassification resulting from the
transition from marriage to widowhood may be more
common among older than younger persons. Thus, the
estimates for the association between marital status and
mortality could be right-skewed for older subjects. Misclassification bias due to changes in marital status over
time, especially from marriage to widowhood, may be
particularly prominent among older persons [26].
The strengths of our study are its prospective design and
large sample size, yielding high statistical power for
detecting the effects of gender- and age-stratified marital
status on mortality. It was also possible to clarify the associations between mortality and cardiovascular disease,
cancer, respiratory disease, external causes as well as all
causes. Finally, this study demonstrated gender differences in the excess risks of mortality.

Conclusion
Single status was associated with a higher risk of mortality
than was married status for both men and women.
Divorce and widowhood were associated with elevated
mortality risk for men, but not for women. These findings
suggest single, divorce or widowhood status constitute
potentially adverse health effects. The current decline in
the marriage rate combined with increasing percentages of
single, divorced, and widowed people may thus become
an important public health issue, in terms not only of
population aging but also of mortality.

Abbreviations
RR = relative risk
95% CI = 95% confidence interval

Page 6 of 7
(page number not for citation purposes)

BMC Public Health 2007, 7:73

http://www.biomedcentral.com/1471-2458/7/73

ICD = International Classification of Diseases

16.

Competing interests

17.

The authors declare that they have no competing interests.
18.

Authors' contributions
AI was involved in the analyses of the data and the manuscript writing. HI was involved in coordinating the study
and advised about the concept of the article and data analysis, and the critical revision of the manuscript. HT, YF,
TM, TY, YI, and AT were contributed in the critical revision
of the manuscript. All authors read and approved the final
manuscript.

19.
20.
21.

22.

Acknowledgements
The JACC Study has been supported by Grants-in-Aid for Scientific
Research from the Ministry of Education, Science, Sports and Culture of
Japan (Monbusho) (No. 61010076, 62010074, 63010074, 1010068,
2151065, 3151064, 4151063, 5151069, 6279102 and 11181101). The
authors sincerely express their appreciation to Kunio Aoki, Nagoya University School of Medicine, to Haruo Sugano, Cancer Institute, Tokyo, who
greatly contributed to the initiation of the JACC Study, and to Jeffrey Bingenheimer, Robert Wood Johnson Health and Society Scholar, Harvard
School of Public Health, for valuable comments on the manuscript.

References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

13.
14.

15.

Sorlie DP, Backland E, Keller BJ: US mortality by economic
demographic, and social characteristics: the national longitudinal mortality study. Am J Public Health 1995, 85:949-956.
Rogers GR: Marriage, sex and mortality. J Marr Fam 1995,
57:515-526.
Ben-Shlomo Y, Davey Smith G, Shipley M, et al.: Magnitude and
cause of mortality differences between married and unmarried men. J Epidemiol Community Health 1993, 47:200-205.
Goldman N, Hu Y: Excess mortality among the unmarried: a
case study of Japan. Soc Sci Med 1993, 36:533-46.
Hu Y, Goldman N: Mortality differentials by marital status: an
international comparison. Demography 1990, 27:233-50.
Valkonen T, Martikainen P, Blomgren J: Increasing excess mortality among non-married elderly people in developed countries. Demogr Res 2004, S2:305-330.
Japan, The Research Institute of Tuberculosis Japan AntiTuberculosis Association (2005). Statistics of TB 2005.
National Institute of Population and Social Security
Research. (1999). The fourth national survey on household changes in
Japan 1999.
Iwasaki M, Otani T, Sunaga R, Miyazaki H, Xiao L, Wang N, Yosiaki S,
Suzuki S: Social networks and mortality based on the KomoIse cohort study in Japan. Int J Epidemiol 2002, 31:1208-1218.
Umberson D: Gender, marital status and the social control of
health behavior. Soc Sci Med 1992, 34:907-917.
Tucker JS, Anders SL: Social control and health behaviors in
marriage. J Appl Soc Psychol 2001, 31:467-485.
Joung IM, Stronks K, van de Mheen H, Mackenbach JP: Health
behaviours explain part of the differences in self reported
health associated with partner/marital status in The Netherlands. J Epidemiol Community Health 1995, 49(5):482-488.
Wyke S, Ford G: Competing explanations for associations
between marital status and health. Soc Sci Med 1992,
34:523-532.
Eng PM, Rimm EB, Fitzmaurice G, Kawachi I: Social ties and change
in social ties in relation to subsequent total and cause-specific mortality and coronary heart disease incidence in men.
Am J Epidemiol 2002, 155:700-709.
Berkman LF, Glass T: Social integration, social networks, social
support, and health. In Social epidemiology Edited by: Berkman LF,
Kawachi I. New York, NY: Oxford University Press; 2000:137-173.

23.
24.

25.
26.

Ministry of internal affairs and communications, Japan, Statistics Bureau. (1995). Population Census of Japan Results of Special
Tabulation on Living with Parents 1995.
Ohno Y, Tamakoshi A, the JACC Study Group: Japan Collaborative Cohort Study for Evaluation of Cancer Risk Sponsored
by Monbusho (JACC Study). J Epidemiol 2001, 11:144-150.
Johnson NJ, Backlund E, Sorlie PD, Loveless CA: Marital status and
mortality: The National Longitudinal Mortality Study. Ann
Epidemiol 2000, 10:224-238.
Manor O, Eisenbach Z: Mortality after spousal loss: are there
socio-demographic differences? Soc Sci Med 2003, 56:405-413.
Miller DB, O'Callaghan JP: Neuroendocrine aspects of the
response to stress. Metabolism 2002, 51:5-10.
Kamarck TW, Everson SA, George AK, et al.: Exaggerated blood
pressure responses during mental stress are associated with
enhanced carotid atherosclerosis in middle-aged Finish men:
Findings from the Kuopio Ischemic Heart Disease Study. Circulation 1997, 96:3842-3848.
Barnet PA, Spence JD, Manuck SB, Jennings JR: Psychological stress
and the progression of carotid artery disease. J Hypertens 1997,
15:49-55.
Rozanski A, Blumenthal JA, Kaplan J: Impact of psychological factors on the pathogenesis of cardiovascular disease and implications for therapy. Circulation 1999, 99:2192-2217.
Iso H, Date C, Yamamoto A, et al.: Perceived mental stress and
mortality from cardiovascular disease among Japanese men
and women. The Japan Collaborative Cohort Study for Evaluation of Cancer Risk Sponsored by Monbusho (JACC
Study). Circulation 2002, 106:1229-1236.
Crehan JR, Wallace RB: Changes in social ties and subsequent
mortality in rural elders. Epidemiology 1997, 8:475-481.
Korenman S, Goldman N, Fu H: Misclassification bias in estimates of bereavement effects.
Am J Epidemiol 1997,
145:995-1002.

Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2458/7/73/prepub

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 7 of 7
(page number not for citation purposes)

