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Abstract

Background

Previous cross-sectional studies suggest that negative health outcomes such as mortality,
social isolation, loneliness, and depression among older adults living alone vary by sex and
marital status, with men often worse off than women and unmarried people worse off than
married people. However, limited evidence exists from longitudinal studies regarding
whether positive health outcomes such as subjective well-being (SWB) also vary by sex and
marital status. The focus by sex and marital status on the positive health outcomes and
diverse profiles of older adults living alone is important for public health in the near future.
Therefore, the purpose of this study was to identify changes in SWB over time and its asso-
ciated factors by sex and marital status among older adults living alone in the community
using a longitudinal study in a representative population.

Methods

This was a longitudinal study using data from the Japan Gerontological Evaluation Study.
This study is the first to reveal differences in SWB and related factors over 3 years among
older adults living alone in the community (n = 8,579) who were stratified by sex and marital
status (married men, non-married men, married women, and non-married women).

Results

Women moved to higher levels of SWB than did men, and married individuals moved to
higher levels of SWB than did unmarried individuals. Independent functioning factors and
interpersonal factors were significantly associated with SWB for married men and married
women, but for unmarried women, the association by interpersonal factors was more pro-
nounced, and for unmarried men, only limited emotional support and health promotion activ-
ities were significant among the interpersonal factors.
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Conclusions

This study revealed that among older adults living alone, changes in SWB over time and the
independent functioning factors and interpersonal factors associated with this change varied
by sex and marital status among older people living alone. These findings are useful for pol-
icy-making and guiding intervention activities to promote SWB in a society in which the envi-
ronment for older adults living alone is changing dramatically.

Introduction

Approximately one-quarter of older adults aged 60 years and older in the United States, Can-
ada, and Italy and about one-third of this cohort in Germany, France, and the United King-
dom live alone [1]. In Japan, 50.1% of households were three-generation households and only
10.7% were living-alone households in 1980; by 2019, three-generation households had
declined to 9.4% and more than one-quarter (28.8%) of all households were living-alone
households [2]. Furthermore, not only has the number of people aged 65 years and over living
alone increased approximately seven-fold from 1980 to 2020, but the percentage of this popu-
lation has more than doubled from 4.3% to 15.0% for men and 11.2% to 22.1% for women [2].
This indicates that the household environment for older adults is changing dramatically. Previ-
ous studies have shown that living alone is a risk factor for a variety of health outcomes includ-
ing mortality [3,4], social isolation[5] loneliness [6,7], depression [7], and frailty [8] and that
these factors are associated with sex differences. These findings indicate the need to focus
attention on older adults living alone in Japan and other developed countries.

The increase in the population of older adults living alone is attributable to changes in mari-
tal status. In Japan, the number of adults who were unmarried at age 50 years increased from
3.9% to 28.3% of men and from 4.3% to 17.8% of women between 1985 and 2020 [9]. This
trend is expected to continue in the future, with older adults expected to continue living alone
into old age. Unmarried individuals—and especially never-married persons—have a higher
mortality rate than married individuals and among unmarried individuals, men have a higher
mortality rate than women [10]. Other studies have further reported mortality rates by marital
status, showing higher mortality among divorced individuals and males over 65 years of age
[11]. Although marital status was not a direct factor in mortality, these studies suggest that
long-term marital status may be associated with differing effects on health. In addition, studies
examining health outcomes and marital status have described lower self-reported health, lower
life satisfaction, and a higher likelihood of depression in those who were not married com-
pared with those who remained married [12]. For these reasons, focusing on marital status
and sex to accurately understand the health outcomes of older community-dwelling adults is
important.

As described above, although negative health outcomes and associated factors are known to
differ by sex and marital status, positive health outcomes—particularly the key outcome of
subjective well-being (SWB) that is associated with public health and health longevity aspects
—and its related factors are not clear by sex and marital status. Subjective well-being can be
expressed as a "person believes or feels that his or her life is going well" [13]. Subjective well-
being has attracted attention as a health indicator and is one of the factors incorporated into
the model framework of successful aging [14-16]. Subjective well-being is associated not only
with elements of socioeconomic status such as sex, marital status, educational attainment, and
household income [13], but also with depression [17,18] and mortality [19]. Factors specific to
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older adults’ activities or external interventions that are associated with SWB include exercise,
hobbies, knowledge of nutritional balance, and participation in community and volunteer
activities [20]; however, marital status has not been investigated as a factor. In previous studies
of the relationship between marital status and SWB, the variation in SWB attributable to mar-
riage-related events including divorce and widowhood has been mentioned [13]; however, the
never-married group has not received much attention. Too few longitudinal studies of repre-
sentative populations fully account for non-married persons and sex differences to allow causal
inferences about SWB and related factors.

The number of older adults living alone, which is expected to increase in Japan and other
developed countries, is likely to be diverse with regard to sex and marital status. Therefore,
focusing on the four population categories of older adults living alone based on sex and marital
status (married men, unmarried men, married women and unmarried women)—rather than
on the overall group of older adults living alone—while also focusing on not only negative
health outcomes but also positive health outcomes such as SWB is necessary. Moreover, study-
ing representative populations in longitudinal studies from which causal relationships between
SWB over time and their association can be inferred is critical for developing evidence-based
health policy that is responsive to new populations and diversity. Therefore, in this study, by
using a longitudinal study of a representative population (the Japan Agency for Gerontological
Evaluation Study), our aim was to determine changes in SWB over time and their association
with independent functioning factors and interpersonal factors by sex and marital status (mar-
ried men, unmarried men, married women and unmarried women) among older adults living
alone in the community. Independent functioning factors are critical for performing daily liv-
ing tasks without help [21,22]. The achievement of functional independence ensures that older
adults can participate fully in meaningful and purposeful life events—a requirement for SWB.
Interpersonal factors are individual elements or a group of factors that positively or negatively
influence the quality of relationships [21,23] and are integral to creating and maintaining
meaningful personal relationships that ensure SWB among older adults in the community.
Our hypotheses were as follows:

Hypothesis 1: SWB is more likely to transition to a high level in women rather than men and
in married versus unmarried individuals among community-dwelling older adults living
alone.

Hypothesis 2: Independent functioning factors and interpersonal factors are significantly asso-
ciated with SWB in older adults living alone and differ by sex and marital status among
community-dwelling older adults living alone.

Methods
Study population

In this prospective longitudinal study, we used data from two waves (2016 and 2019) of the
Japan Agency for Gerontological Evaluation Study (JAGES), Japan’s first large-scale database
project regarding older adults aged 65 and over. The JAGES includes Japanese people aged 65
or older who are not eligible for public long-term care insurance benefits. Survey participants
were selected in each municipality (city, town, and village) with random sampling in large
municipalities (> 5,000 people) and inclusion of all participants in small municipalities

(< 5,000 people). The baseline survey was conducted between September 2016 and January
2017 and covered 39 municipalities (34 insurers) in 18 prefectures. The follow-up survey was
conducted between November 2019 and January 2020 for 63 municipalities (56 insurers) in 18
prefectures. In the first and second waves, questionnaires were collected from 196,438 and
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Table 1. The study participants living alone who answer sex, marital status and SWB.

Married Men
Unmarried Men
Married Women

Unmarried Women

Baseline Follow up Baseline-Follow up

2016° 2019° 2016-2019
(n=25,518) (n = 28,664) (n =8,579)

n| (%) n| (%) n| (%)
5,868 | (23.0) 6,835 | (23.8) 1,803 | (21.0)
1,925 | (7.5) 2,592 | (9.0) 709 | (8.3)
15,905 | (62.3) 17,323 | (60.4) 5,372 | (62.6)
1,820 | (7.1) 1,914 | (6.7) 695 | (8.1)

*The baseline survey was conducted between September 2016 and January 2017.

®The follow-up survey was conducted between November 2019 and January 2020.

https://doi.org/10.1371/journal.pone.0289571.t001

261,428 participants, respectively, with response rates of 70.2% and 69.4%, respectively. The
target populations were older adults living alone, with 275,69 cases in 2016 and 30,958 cases in
2019. The exclusion criteria were: (1) those missing information regarding sex, SWB, or mari-
tal status, (2) those who reported "other" marital status, and (3) those whose marital status
changed between the first and second waves. The numbers of eligible cases were 25,518 and
28,664 in 2016 and 2019, respectively. The 28,664 participants at follow-up included 16,936
participants who were involved in the survey for the first time in 2019 and 11,728 participants
who had participated in the survey since 2010, 2013, or 2016. Ultimately, the analysis included
8,579 respondents who provided responses at the two time points (2016 and 2019; Table 1).

Social demographics

Social demographics included age, sex, marital status, education level, and annual household
income. We categorized marital status into two groups: married (married, widowed, and
divorced) and unmarried (never married). In this study, we stratified participants into four
groups according to sex and marital status: married men, unmarried men, married women,
and unmarried women. The married men group consisted of 1,803 men, among whom 63
(3.5%) were currently married, 1,005 (55.7%) were widowed, and 735 (40.8%) were divorced.
The married women group consisted of 5,372 women, among whom 54 (1.0%) were married,
4,319 (80.4%) were widowed, and 999 (18.6%) were divorced. In addition, individuals in the
“married with a spouse” group were assumed to be those whose spouses lived alone because
they were moved to an institution or for other reasons.

Dependent variable

Subjective well-being. We measured SWB with the following question [21]: “How happy
are you currently? Please provide a score on a 10-point scale from 0 (very unhappy) to 10 (very
happy).” We categorized the SWB score as high level and low level. High-level SWB was
defined as a median SWB score of 7-10 points in men and 8-10 points in women; low-level
SWB was defined as a median SWB score of 1-6 points in men and 1-7 points in women.

Independent variable

Independent functional factors. Lifestyle variables included the frequency of eating meat
and fish, the frequency of eating vegetables and fruits, alcohol consumption, and smoking sta-
tus. Participants chose from seven categories of eating frequency: “at least twice daily,” “once a
day,”, “4-6 times a week,” “2-3 times a week,” “once a week,” “less than once a week,” and

“not eating.” The seven categories were then recategorized into three categories: “less than
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once a week,” “2-6 times a week”, and “eat every day.” The following categories were used in
JAGES for alcohol consumption: “currently drink,” “I stopped drinking within the last five
years and don’t drink now,” “I stopped drinking more than five years ago and don’t drink
now,” and “I have never been a drinker.” In this study, we recategorized alcohol consumption
into three categories: “never been a drinker,” “drank in the past,” and “currently drink.” The
following options were used in JAGES to categorize smoking status: “I smoke almost every
day,” “I smoke sometimes,” “I stopped smoking within the last five years and don’t smoke
now,” “I stopped smoking more than five years ago and don’t smoke now,” and “I have never
been a smoker.” In this study, we recategorized smoking status into three categories: “never
been a smoker,” “smoked in the past,” and “currently smoke.”

Self-reported health was measured on a 4-point Likert scale using the question “How is
your current health condition?”

The Instrumental Activities of Daily Living (IADL) were measured using the Tokyo Metro-
politan Institute of Gerontology Index of Competence (TMIG-IC). This scale is a 13-item mul-
tidimensional scale measuring higher-level competence in older adults [22]. Each item is
scored as 1 point for "Yes" and 0 points for "No;" a higher score is considered a higher-level
IADL. The Tokyo Metropolitan Institute of Gerontology Index of Competence consists of
three sub-levels: Instrumental Self-Maintenance (range: 1-5 points), Intellectual Activity
(range: 1-4 points), and Social Role (range: 1-4 points). As a response to the Instrumental
Self-Maintenance question in the JAGES survey form, participants were asked to choose
between “I can,” “I can but I haven’t,” and “I can’t.” We scored “I can” and “I can but I haven’t”
as 1 point and “I can’t” as 0 points [23,24].

The Geriatric Depression Scale (GDS) is a tool for the evaluation of depression in older
adults [25]. The JAGES survey used the GSD-15, a short version of the GDS. The GDS-15 is
an effective screening instrument for major depression and is easy to answer for older adults
[26]. The scale ranges from 0 to 15, with a high score indicating severe depression.

Interpersonal relationships factors. The frequency of meeting friends or acquaintances

» «

» «

» «

was classified into six categories: “no contact, 1-3 times a month,”
2-3 times a week,” and “at least 4 times a week.” Relationships with neighbors

were measured using the following question: “What kind of relationship do you have with

a few times a year,

» <«

<«
once a week,

your neighbors in your community?” Participants were given the following choices: “I cooper-
ate with neighbors daily, such as consulting with each other or lending and borrowing daily
necessities,” “I have a daily relationship with neighbors to the extent of chatting with them,” “I
have no more than exchanged greetings with neighbors,” and “I don’t socialize with
neighbors.”

We used the receipt and provision of emotional and instrumental support as social support
variables. Receiving emotional support was assessed using the following question: “Do you
have someone who listens to your concerns and complaints? (Select all that apply).” The provi-
sion of emotional support was assessed with the statement: “Do you listen to someone’s con-
cerns or complaints? (Select all that apply).” The receipt of instrumental support was assessed
using the following question: “Do you have someone who can take care of you when you are
sick in bed for a few days? (Select all that apply).” The provision of instrumental support was
assessed with the statement: “Do you take care of someone when they are sick in bed for a few
days? (Select all that apply).” The person providing or receiving support was selected from the
following options: spouses; children living together, children living separately, siblings or
other relatives, grandchildren, neighbors, friends, others, or no such person. We counted the
type of person who provided or received emotional or instrumental support.

The JAGES survey asked participants how often they join in each of eight types of social
participation groups or clubs: volunteer groups, sports groups or clubs, hobby groups, senior
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citizens’ clubs, neighborhood associations, learning or cultural groups, health promotion activ-
ities, and intergenerational exchange. Participants were allowed to choose the following

» « » «

answers: “at least 4 times a week,” “2-3 times a week,” “once a week,” “1-3 times a month,” “a
few times a year,” and “do not participate.” In this study, we recategorized these groups into

“non-participation” and “participation” and counted the types of social participation.

Statistical analyses

Descriptive statistics for demographic and independent variables were presented by sex and
marital status. Change in SWB level from 2016 to 2019 was described. A logistic regression
analysis was performed with the dependent variables “1” for high-level SWB in 2019 and “0”
for low-level SWB in 2019. Multivariate analyses were not performed for each independent
variable, because of multicollinearity. Univariate logistic regression analyses were performed
for each independent variable, and in each univariate logistic regression analysis, gender and
SWB level at baseline were entered and adjusted to determine whether the 3-year change in
SWB was associated with independent functional factors and interpersonal relationship fac-
tors, adjusting for age and SWB level at baseline. IBM SPSS (ver. 29.0; IBM Corp., Armonk,
NY, USA) was used for all statistical analyses and a P value of less than 0.05 was considered to
be statistically significant.

Ethical statement

All the participants received a written explanation from their member JAGES municipality
and provided their consent in writing when responding to the survey. This research was con-
ducted in accordance with the 1964 Declaration of Helsinki (and its amendments), and the
ethical guidelines for life sciences and medical research involving human subjects presented by
the Ministry of Health, Labour and Welfare of Japan. This study was reviewed and approved
by the Institutional Review Board of Hokkaido University (Certificated No, 22-2; 6/May/
2022) and the Institutional Review Board of JAGES (Certificated No, J-AGES5760; 1/Aug/
2022).

Results

Table 2 shows the baseline demographic characteristics of participants by sex and marital sta-
tus. The mean age of all participants at baseline was 74.1 + 5.7 years. The highest mean age in
the four groups was in married women (74.8 + 5.6 years) and the lowest was in unmarried
men (69.9 * 3.9 years). The highest mean SWB score in the four groups was in married
women (7.3 £ 1.9 points) and the lowest was in unmarried men (5.6 * 1.8 points). Both overall
and in each sub-category of sex and marital status, participants most commonly had 10-12
years of education and an annual household income of 1.50-2.99 million yen.

Table 3 shows the independent functional and interpersonal relationship factors by sex and
marital status. Women ate meat, fish, vegetables, and fruits more frequently than men. More-
over, men more frequently responded with "currently drink" and "currently smoke" than
women. The frequency of contact with friends and the intensity of relationships with neigh-
bors were higher in the married group than in the unmarried group for both men and women.
Men more frequently received and provided emotional and instrumental support than
women. Married women were involved in most types of social participation.

Table 4 illustrates the transition of SWB from baseline (2016) to follow-up (2019) according
to sex and marital status. The proportions of participants who transitioned to the high-level
SWB group were 44.7%, 31.0%, 49.3%, and 41.2% in married men, unmarried men, married
women, and unmarried women, respectively.
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Table 2. Baseline characteristics of participants by sex and marital status.

Married Men
n=|1803

Age, mean+SD(years) 74.1 | +6.1
SWB, mean+SD(score) 6.1 | £2.0
Educational level, n(%)
6 years< 15
6-9 years 474
10-12 years 703
=13 years 601
others 4
Missing
Annual household income, n(%)
=1.49 million yen 432
1.50-2.99 million yen 867
3.00-5.99 million yen 295
26.00 million yen 74
Missing

https://doi.org/10.1371/journal.pone.0289571.t1002

Unmarried Men Married Women Unmarried Women All
n=|709 n=|5,372 n=|695 n=|8,579
69.9 | £3.9 74.8 | £5.6 729 | £5.5 74.1 | £5.7
5.6 1.8 7.3 1.9 6.9 £1.9 6.9 | £2.0
(0.8) 6 (0.8) 31 (0.6) 1 (0.1) 53 (0.6)
(26.4) 229 (32.3) 1,634 (30.6) 124 (17.9) 2,461 (28.8)
(39.1) 283 (40.0) 2,486 (46.6) 310 (44.8) 3,782 (44.3)
(33.4) 186 (26.3) 1,157 (21.7) 254 (36.7) 2,198 (25.7)
(0.2) 4 (0.6) 32 (0.6) 3 (0.4) 43 (0.5)
42
(25.9) 255 (37.9) 1,923 (41.2) 231 (36.3) 2,841 (37.2)
(52.0) 325 (48.3) 2,245 (48.1) 303 (47.6) 3,740 (48.9)
(17.7) 83 (12.3) 409 (8.8) 88 (13.8) 875 (11.4)
(4.4) 10 (1.5) 91 (1.9) 15 (2.4) 190 (2.5)
933

Table 5 shows the logistic regression analysis of SWB in 2019 on interpersonal relationships
and independent functional factors. Sex and SWB levels at baseline were adjustment variables.
Among married men, all independent functional factors were associated with SWB except for
the frequency of eating meat and fish, alcohol consumption, and instrumental self-mainte-
nance. In addition, except for involvement in sports groups or clubs, health promotion activi-
ties, and intergenerational exchange, all interpersonal relationship factors were associated with
SWB. Among unmarried men, independent functional factors such as frequency of eating
meat and fish (OR = 1.52, 95% CI: 1.13-2.05), smoking (OR = 0.69, 95% Cl: 0.53-0.90), self-
reported health (OR = 1.56, 95% Cl: 1.08-2.26), and GDS (OR = 0.84, 95% Cl: 0.78-0.91) were
associated with SWB. In addition, interpersonal relationship factors such as receiving emo-
tional support (OR = 1.34, 95% CI: 1.05-1.71) and health promotion activities (OR = 3.06, 95%
Cl: 1.37-6.84) were associated with SWB. Among married women, all independent functional
factors were associated with SWB except for alcohol consumption. In addition, except for
membership in senior citizens’ clubs, all interpersonal relationship factors were associated
with SWB. Among unmarried women, independent functional factors such as self-reported
health (OR = 1.83,95% Cl: 1.23-2.72) and GDS (OR = 0.82, 95% CI: 0.75-0.90) were associated
with SWB. In addition, interpersonal relationship factors such as the receipt and provision of
social support, the number of types of social participation, and involvement in volunteer
groups, neighborhood associations, and intergenerational exchange were associated with
SWB.

Discussion

This is the first study to examine the factors associated with SWB according to sex and marital
status among community-dwelling older adults living alone in Japan. We used data from the
JAGES large-scale database project of people over 65 years of age. Participants in the JAGES
were recruited from municipalities throughout Japan and were deemed not to require long-
term care by a “long-term care need certification system” in Japan. Therefore, the study’s target
population can be regarded as representative of older community-dwelling adults living alone
in Japan.

PLOS ONE | https://doi.org/10.1371/journal.pone.0289571  August 22, 2023 7/14


https://doi.org/10.1371/journal.pone.0289571.t002
https://doi.org/10.1371/journal.pone.0289571

PLOS ONE

Analysis of factors related to subjective well-being among older adults living alone by sex and marital status

Table 3. Predictors of study participants by sex and marital status.

Predictors Married Men Unmarried Men Married Women Unmarried Women | All
n= 1,803 n= 709 n= 5,372 n= 695 n= 8,579
Independent functional factors
Frequency of eating meat and fish, n(%)
Less than once a week 192 (10.8) 94 (13.4) 280 (5.3) 36 (5.3) 602 (7.1)
2-6 times per week 899 (50.6) 361 (51.6) 2,340 (44.2) 313 (45.8) 3,913 (46.3)
everyday 687 (38.6) 244 (34.9) 2,675 (50.5) 335 (49.0) 3,941 (46.6)
Missing 123
Frequency of eating vegetables and fruits, n(%)
Less than once a week 128 (7.2) 61 8.7) 62 (1.2) 8 (1.2) 259 (3.0)
2-6 times per week 612 (34.4) 272 (38.7) 745 (14.0) 78 (11.3) 1,707 (20.1)
everyday 1,039 (58.4) 370 (52.6) 4,514 (84.8) 604 (87.5) 6,527 (76.9)
Missing 86
Alcohol consumption, n(%)
Never 410 (23.1) 199 (28.5) 3,494 (67.4) 400 (59.0) 4,503 (54.0)
Past 295 (16.6) 114 (16.3) 463 (8.9) 83 (12.2) 955 (11.5)
Currently 1,069 (60.3) 386 (55.2) 1,229 (23.7) 195 (28.8) 2,879 (34.5)
Missing 242
Smoking status, n(%)
Never 436 (24.5) 199 (28.3) 4,527 (85.8) 560 (81.4) 5,722 (67.7)
Past 891 (50.1) 312 (44.4) 451 (8.5) 95 (13.8) 1,749 (20.7)
Currently 453 (25.4) 192 (27.3) 301 (5.7) 33 (4.8) 979 (11.6)
Missing 129
Health
Self-reported helth, n(%)
Poor 22 (12) 11 (1.6) 39 0.7) 6 (0.9) 78 (0.9)
Fair 236 (13.4) 122 (17.5) 492 (9.4) 59 (8.7) 909 (10.8)
good 1,268 (71.8) 490 (70.4) 3,826 (73.0) 507 (74.6) 6,091 (72.6)
very good 240 (13.6) 73 (10.5) 887 (16.9) 108 (15.9) 1,308 (15.6)
Missing 193
TMIG-IC, mean+SD(score)
TIMG total score 11.28 | £1.61 10.58 | £1.78 11.97 | £1.29 11.85 | +1.39 11.70 | £1.48
Instrumental Self-Maintenance 498 | £0.14 4.97 | £0.23 498 | £0.18 4.98 | £0.22 4.98 | £0.18
Intellectual Activity 3.49 | £0.78 3.37 | £0.83 3.60 | +0.68 3.63 | £0.61 3.56 | £0.71
Social Role 2.80 | £1.19 2.24 | £1.30 3.37 | £0.92 3.22 | £1.01 3.14 | £1.08
GDS score, mean+SD(score) 3.89 | £3.70 4.45 | £3.75 2.89 | £2.96 2.94 | +3.18 3.25 | +3.27
Interpersonal relationships factors
Frequency of contact with friends, n(%)
No contact 181 (10.2) 144 (20.7) 181 (3.4) 29 (4.2) 535 (6.4)
A few times a year 328 (18.4) 142 (20.4) 552 (10.5) 108 (15.7) 1,130 (13.4)
1-3 times a month 389 (21.8) 154 (22.1) 1,128 (21.5) 183 (26.7) 1,854 (22.0)
Once a week 233 (13.1) 92 (13.2) 763 (14.5) 78 (11.4) 1,166 (13.8)
2-3 times a week 316 (17.7) 93 (13.4) 1,392 (26.5) 177 (25.8) 1,978 (23.5)
More than 4 times a week 334 (18.8) 71 (10.2) 1,240 (23.6) 111 (16.2) 1,756 (20.9)
Missing 160
Relationship with neighbors, n(%)
No socializing with neighbors 143 (8.0) 92 (13.2) 110 (2.1) 21 (3.0) 366 (4.3)
No more than exchanging greetings 715 (40.1) 339 (48.8) 1,029 (19.4) 221 (31.9) 2,304 (27.2)
(Continued)
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Table 3. (Continued)

Predictors Married Men Unmarried Men Married Women Unmarried Women | All
n= 1,803 n= 709 n= 5,372 n= 695 n= 8,579
Chatting with neighbors 793 (44.5) 227 (32.7) 2,946 (55.5) 351 (50.7) 4,317 (50.9)
Cooperation in daily life 132 (7.4) 37 (5.3) 1,219 (23.0) 99 (14.3) 1,487 (17.5)
Missing 105

Social support

Social support numbers, mean+SD (number of person)

Receiving emotional support 1.22 | £0.95 0.86 | +0.78 2.01 | +1.01 1.56 | £0.80 1.71 | £1.05

Providing emotional support 1.26 | £0.97 0.90 | +0.83 1.98 | £1.03 1.62 | £0.83 1.71 | £1.05

Receiving instrumental support 0.87 | +0.76 0.54 | +0.64 1.27 | £0.82 0.99 | +0.75 1.10 | £0.83

Providing instrumental support 0.63 | +0.79 0.42 | +0.60 1.17 | £0.97 0.97 | +0.78 0.98 | +0.94
Social participation

Number of social participations, mean+SD 1.61 | £1.93 1.01 | +1.42 2.25| +2.11 2.01 | £1.91 1.97 | £2.03

Volunteer groups, n(%)

Non-participation 1,279 (78.6) 578 (88.0) 3,296 (71.7) 498 (77.9) 5,651 (75.1)

Participation 349 (21.4) 79 (12.0) 1,300 (28.3) 141 (22.1) 1,869 (24.9)

Missing 1,059

Sports groups or clubs, n(%)

Non-participation 1,064 (67.4) 515 (81.9) 2,501 (56.7) 377 (60.1) 4,457 (61.5)

Participation 514 (32.6) 114 (18.1) 1,907 (43.3) 250 (39.9) 2,785 (38.5)

Missing 1,337

Hobby groups, n(%)

Non-participation 982 (59.6) 478 (74.3) 2,093 (44.0) 310 (47.8) 3,863 (50.2)

Participation 665 (40.4) 165 (25.7) 2,660 (56.0) 338 (52.2) 3,828 (49.8)

Missing 888

Senior citizen clubs, n(%)

Non-participation 1,382 (84.0) 610 (95.2) 3,666 (78.6) 589 (91.7) 6,247 (82.3)

Participation 264 (16.0) 31 (4.8) 997 (21.4) 53 (8.3) 1,345 (17.7)

Missing 987

Neighborhood associations, n(%)

Non-participation 1,075 (65.0) 470 (73.0) 2,767 (59.2) 442 (68.7) 4,754 (62.4)

Participation 580 (35.0) 174 (27.0) 1,910 (40.8) 201 (31.3) 2,865 (37.6)

Missing 960

Learning or Culture groups, n(%)

Non-participation 1,448 (88.7) 608 (94.7) 3,516 (75.8) 452 (71.0) 6,024 (79.8)

Participation 185 (11.3) 34 (5.3) 1,125 (24.2) 185 (29.0) 1,529 (20.2)

Missing 1,026

Health promotion activities, n(%)

Non-participation 1,470 (89.6) 606 (94.0) 3,607 (76.9) 533 (82.8) 6,216 (81.6)

Participation 170 (10.4) 39 (6.0) 1,085 (23.1) 111 (17.2) 1,405 (18.4)

Missing 958

Intergenerational exchange, n(%)

Non-participation 1,451 (87.1) 605 (93.1) 4,059 (85.5) 550 (84.7) 6,665 (86.4)

Participation 214 (12.9) 45 (6.9) 690 (14.5) 99 (15.3) 1,048 (13.6)

Missing 866

TMIG-IC: Tokyo Metropolitan Institute of Gerontology Index of Competence.

https://doi.org/10.1371/journal.pone.0289571.t003
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Table 4. Transitions of SWB from 2016 to 2019 according to sex and marital status.

Transitions of SWB* Married Unmarried Men Married Women Unmarried Women All

Men

n = 1803, n(%) n =709, n(%) n = 5372, n(%) n =695, n(%) n = 8579, n(%)
High to High 588 (32.6) 150 (21.2) 2,014 (37.5) 220 (31.7) 2,972 (34.6)
Low to High 218 (12.1) 70 (9.9) 636 (11.8) 66 (9.5) 990 (11.5)
High to Low 189 (10.5) 66 9.3) 667 (12.4) 73 (10.5) 995 (11.6)
Low to Low 808 (44.8) 423 (59.7) 2,055 (38.3) 336 (48.3) 3,622 (42.2)

* Based on the median SWB by gender, we defined High > 6 for Men and High > 7 for Women.

https://doi.org/10.1371/journal.pone.0289571.t1004

Among married men, several independent functional and interpersonal relationship factors
effectively drove high-level SWB. Those who consumed vegetables and fruits more frequently
and did not smoke maintained a higher SWB. Older adults living alone tended to consume
less meat, fish, vegetables, and fruits; especially older men living alone consumed fewer vegeta-
bles and fruits [27]. Prior research has shown that increased consumption of fruits and vegeta-
bles predicts improved well-being [28]. A healthy lifestyle is important in healthy aging and is
associated with outcomes such as positive health status and an affirmative self-perceived mean-
ing of life in older adults [29]. Among interpersonal relationship factors, more opportunities
for social relations, social support, and social participation contributed to high-level SWB in
married men. Older adults who live alone and have relatives and non-relatives in their social
network are more satisfied with life than older adults who live with others [30]. Although liv-
ing alone is often considered a risk for older adults, this study suggests a strong probability
that these adults can progress to high-level SWB by being involved with others.

The fewest number of factors significantly driving SWB were observed among unmarried
men compared with the remaining categories. Among interpersonal relationship factors, only
receipt of emotional support and participation in health promotion activities contributed to
high-level SWB in unmarried men. In this study, unmarried men were the least likely to
receive and provide support and participate in social activities (Table 3). Men and never-mar-
ried older adults had fewer possibilities of contact with relatives and friends and their social
networks tended to be more restricted [30]. Because these groups prefer to interact less with
others and have few interpersonal relationships, they do not receive the benefits that are
derived from interpersonal factors. Unlike members in other categories, these groups were not
significantly affected by activities involving others, such as providing support and social partic-
ipation; however, receiving support was one of the factors associated with high-level SWB in
these groups. Previous research indicates that receiving support from friends and family influ-
ences SWB in men [31]. Because unmarried men have few interpersonal relationships, an
effective intervention for improving SWB in this group may be to increase the quality and
quantity of appropriate social support provided.

Personal and interpersonal factors were important for high-level SWB in married women.
The greatest number of significant factors was observed in this group; all independent func-
tional factors except alcohol consumption were associated with SWB. As with married men, a
healthy lifestyle may contribute to SWB in this group. Although the association was not
observed in men and unmarried women, higher IADL functioning factors were associated
with higher SWB in married women—similar to married men. Low Activity of Daily Living
(ADL) is known to be associated with low life satisfaction [32]. This study further supported
that TADL—a higher level of life function than ADL—was associated with SWB. These results
emphasize the importance of living independently. Members of the unmarried groups have
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Table 5. Logistic regression analysis of SWB in 2019 on predictors.

Predictors Married Men Unmarried Men Married Women Unmarried Women
OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl
Age® 1.03%** (1.02, 1.05) 1.00 (0.96, 1.04) 1.03*** | (1.02, 1.04) 1.02 (0.99, 1.04)
SWBHandL group at 2016 * 11.53%** | (9.24, 14.40) | 13.73™** | (9.35,20.17) |9.76™** | (8.61,11.05) | 15.34™** | (10.56, 22.30)
Independent functional factors”
Lifestyle
Frequency of eating meat and fish 1.18 (0.99,1.40) | 1.52** (1.13,2.05) | 1.18™* | (1.06,1.32) |1.07 (0.78, 1.47)
Frequency of eating vegetables and fruits 1.49%** | (1.23,1.80) | 1.20 (0.88,1.62) | 1.32*** | (1.12,1.55) |1.60 (0.97, 2.65)
Alcohol consumption 1.06 (0.93,1.22) 0.95 (0.76, 1.18) 1.02 (0.94, 1.10) 0.90 (0.72,1.11)
Smoke 0.72%** (0.61, 0.84) 0.69** (0.53, 0.90) 0.80*** | (0.70, 0.90) 0.90 (0.62,1.31)
Health
Self-reported health 1.97*** (1.57, 2.46) 1.56* (1.08, 2.26) 1.79*** | (1.58, 2.04) 1.83%* (1.23,2.72)
TMIG-IC
TIMG score 1.28% | (1.18,1.38) | 1.06 (0.95,1.19) | 1.23"** |(1.16,1.29) |1.14 (0.98, 1.33)
Instrumental Self-Maintenance 2.00 (0.86, 4.63) 1.49 (0.44, 5.07) 1.66* (1.12, 2.45) 1.40 (0.33, 5.87)
Intellectual Activity 1.29** (1.11, 1.51) 1.04 (0.82,1.33) 1.20%** | (1.09, 1.32) 1.39 (0.99, 1.93)
Social Role 1.36™** (1.23, 1.50) 1.09 (0.93,1.27) 1.32%% | (1.22,1.42) 1.13 (0.93,1.38)
GDS
GDS score 0.80™** (0.77,0.84) 0.84%** (0.78,0.91) 0.80*** | (0.78, 0.83) 0.82%** (0.75, 0.90)
Interpersonal relationships factors®
Frequency of contact with friends 1.09* (1.02,1.17) | 1.00 (0.89,1.13) | 1.11*** | (1.06, 1.16) | 1.07 (0.94, 1.22)
relationship with neighbors 1.45%** (1.24, 1.69) 1.08 (0.83, 1.40) 1.23*** | (1.13, 1.35) 1.03 (0.79, 1.34)
Social support @]
Receiving emotional support 1.17** (1.04,1.32) | 1.34* (1.05,1.71) | 1.22*** | (1.15,1.30) | 1.42** (1.12, 1.80)
Providing emotional support 1.24*** | (1.10,1.40) |1.16 (0.92,1.47) | 1.22*** | (1.15,1.30) | 1.46™* (1.15, 1.84)
Receiving instrumental support 1.44*** ] (1.24,1.69) | 1.23 (0.91,1.66) | 1.28™** |(1.18,1.38) | 1.44™* (1.12,1.87)
Providing instrumental support 1.27** (1.10,1.47) | 1.32 (0.95,1.82) | 1.25™** | (1.16,1.33) | 1.39** (1.09, 1.78)
Social participation
Number of social participations 1.10** (1.03,1.18) | 1.08 (0.94,1.24) | L.12*** | (1.08, 1.16) | 1.12* (1.00, 1.24)
Volunteer group 1.41* (1.05, 1.87) 1.02 (0.57,1.84) 1.42*%* | (1.22, 1.65) 1.91** (1.20, 3.05)
Sports groups or clubs 1.17 (0.90,1.51) | 1.86 (1.12,3.07) | 1.42*** | (1.23,1.63) | 1.08 (0.72,1.61)
Hobby Groups 1.48** (1.16, 1.88) 1.25 (0.79, 1.95) 1.27*%* | (1.11, 1.45) 1.18 (0.80, 1.74)
Club of the elderly 1.42% (1.02, 1.96) 1.41 (0.57, 3.48) 1.13 (0.96, 1.34) 1.04 (0.51,2.11)
Neighborhood association 1.43%* (1.12,1.82) 0.90 (0.57,1.41) 1.33*** | (1.16, 1.52) 1.52* (1.00, 2.29)
Learning and Culture circle 1.90%** (1.30, 2.79) 1.03 (0.44, 2.40) 1.43*** | (1.22, 1.68) 1.19 (0.78,1.81)
Health promotion activities 1.29 (0.88,1.90) | 3.06™* (1.37,6.84) | 1.31%** | (1.12,1.54) |1.29 (0.78, 2.15)
Activities to share your skills and experiences with others | 1.32 (0.93,1.87) | 1.41 (0.66,3.00) | 1.55%** | (1.28,1.87) |2.06™* (1.21, 3.50)

2 Univariate analysis.

® Adjustment in 2016 for age and SWB in the H and L groups, respectively.
% 520,001

#p<0.01

*p<0.05.

https:/doi.org/10.1371/journal.pone.0289571.t005

managed their lives by themselves for long periods. In contrast, those in the married groups
are considered to have lived with someone for a long time; we infer that they experienced a
change in their lives when they became single. The ability to overcome change and live inde-
pendently may drive high SWB. In addition, all interpersonal relationship factors except for
membership in senior citizens’ clubs were associated with SWB. Previous studies showed that
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the number of types of social participation contributes to a positive effect on SWB [33,34].
This may stem from the fact that most of the older adults in the previous study population
were married and women.

Although interpersonal factors were significant in many cases among unmarried women,
fewer factors predicted high-level SWB in this group compared with married women. Among
unmarried women in this study, activities such as volunteering and involvement in neighbor-
hood associations and intergenerational exchanges were effective factors. Engaging in activi-
ties—such as volunteering—that assign specific functional roles rather than activities that only
enhance enjoyment and pleasure may be effective in improving well-being outcomes [35,36].
For never-married persons, who are expected to live alone for longer and have fewer opportu-
nities to take on roles through their children, family members, and relatives than married per-
sons, the results suggest that taking on roles is fundamentally important for unmarried
women. In this study, providing support was significantly associated with SWB in both men
and women, except in unmarried men. This factor cannot be ignored as a means for maintain-
ing high-level SWB, especially in unmarried women. Previous studies suggest that providing
support contributes to SWB more than receiving support; providing support to children and
friends is especially effective [37]. Creating opportunities for unmarried women to assume
roles and provide support may be critical for driving SWB.

The originality of this study derives from classifying married, divorced, and widowed per-
sons as “married” and never-married persons as “unmarried.” As a result, we observed that the
impact of SWB factors varied by sex and marital status among older people living alone. These
findings are useful for policy-making and intervention activities to prevent health problems in
a society in which the marital status of older adults is changing dramatically.

Limitations

Our study had several limitations. First, although this was a longitudinal study that shows how
status at baseline predicts SWB years later, we adjusted for only age and baseline SWB level;
therefore, we may not have eliminated confounding factors. Second, the number of partici-
pants in the unmarried groups was smaller than in the married groups, which may have
resulted in a difference in the power of detection. Nevertheless, despite the small percentage of
never-married persons in the total population in Japan, our ability to secure a large and repre-
sentative number of never-married persons living alone throughout Japan is a study strength.
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