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Introduction or initiating social participation in later life benefited the mental
. L . . health of older adults [8]. A study conducted in Japan reported

Enh:fmced social parhc_1pat10n, a social determinant of .hea‘lth that lack of social participation was significantly related to an
(1.2, is one of the 3 pillars of a World Health Organization  jeyenged yisk for onset of long-term care insurance certification
(WI_,IO_) Pf’hc?’ framework for. an act.we agg SOCI?ty (8]. Social [9]. In addition to the effect itself, social participation is important
participation isa source of sogal relations and dejac.n-bes apPersdN’s  hecause it is a component of social capital [10]. According to
participation m.formal and informal group activities [4,536]. AS Pynam, social capital refers to “features of social organization
many older retired people are assumed to have'r.nore.; time ©  guch as networks norms and social trust that facilitate coordina-
participate in other activities, the role of social participationinthe  ton and cooperation for mutual benefit” [11]. Recent studies have

health of older adults is increasing in today’s aging society. demonstrated a positive asociation between social capital and
Previous studies have examined the aswociation between social  yarigus  health  outcomes  including  dental  health

participation and various health outcomes. A meta-analysis [12,18,14,15,16,17].

determined that S‘?Clal participation reduced the risk for mortality Social participation is also considered to affect dental health
and tl?at the magnitude of this eﬁ'gctwscompamble Wlthsmokmg [18,19]. Previous studies have demonstrated that lower levels of
cessation [7]. A study conducted in Asia reported that maintaining social participation were aswciated with a higher risk for
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edentulism [18] or periodontitis [19]. There are 2 plausble
relationship mechanisms between social participation and dental
health: social network as a main effect, and stress buffering [20].
The main effect of social participation is obtained from social
relationships and this mechanism is beneficial regardless of
whether individuals are under stress. Participation in a broad
range of social relationships develops a person’s social network
Individuals in a social network are subject to social controls and
peer pressure that influence normative dental health behaviors
(e.g., developing good dental habits and quitting smoking). For
example, the cessation of smoking in one person appears to be
highly related to the smoking behavior of others nearby in that
person’s social network [21]. Social network ties also provide
multiple sources of information that could influence behaviors
relevant to oral health, result in the effective use of available dental
health services or help people avoid stressful or other high-risk
situations In addition to this main effect, stress buffering is also
considered a pathway to good dental health. A systematic yeview
of the literature suggests that psychological stress causes periodon-
tal disease, which is a key risk factor for tooth loss [22]. Social
networks are a source of social support, which in turn provides
psychological and material resources intended to benefit an
individual’s ability to cope with stress. As social support promotes
less threatening interpretations of adverse events and effective
coping strategies, it can shield individuals from the effects of
stressful experiences. This mechanism is called stress buffering.
Despite a recent increase in studies on social participation and
health, only a small number of studies have focused on the
asociation between social participation and oral health. In
addition, previous oral epidemiological studies have defined social
participation as only belonging or not belonging to social
relationships or as high or low frequency of social engagement.
A metaranalysis revealed that definitions of social participation
mostly focused on questions of who, how, what, with whom, and
where [6]. To our knowledge, the present study is the first to focus
on the number, type, and frequency of social activities. This study
aimed to quantify the associations between social participation and
dental health status in community-dwelling older Japanese adults.

Methods

Study sample

The present analysis was based on a subset of the Japan
Gerontological Fvaluation Study (JAGES) project data. The
JAGES project is an ongoing prospective cohort study investigat-
ing factors associated with the loss of health related o functional
decline or cognitive impairment among individuals aged 65 years
or older. In 2010, self-administered postal questionnaires were
digtributed to all people aged $ 65 years in Iwanuma City, Miyagi
Prefecture, Japan (n=8,576), and 5,058 (response rate, 59.0%)
people returned the questionnaires. After excluding respondents
who failed to provide information on sex, dental health status, or
social participation, the data from 38,517 respondents were
analyzed. If the resgpondents did not respond to the other
variables the corresponding observations were assigned to
“missing” categories. Bthical approval for the study was obtained
from the Ethics Committee at T'ohoku University and Nihon
Fukushi University.

Outcome variable

The number of remaining natural teeth, derived from responses
collected through the self-administered questionnaire, was used as
an indicator of dental health status. Respondents were asked to
classify their dental health status into one of 4 categories $ 20
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teeth remaining, 10-19 teeth remaining, 1-9 teeth remaining, or
no teeth remaining.

Main predictors

Social participation was defined as the person’s involvement in
social activities. First, respondents were asked whether they
belonged to political organizations or asociations industrial or
professional groups volunteer groups senior citizens clubs
religious groups or aswociations, sports groups heighborhood
community associations, or hobby clubs Second, respondents
were asked to indicate the frequency of participation in each
group: 2-8 times per week, once per week several times per
month, several times per year, or almost never. As there were very
few “2-3 times per week” responses for 6 groups (political
organizations or associations, industrial or professional groups
volunteer groups, senior citizens clubs religious groups or
asociations, and neighborhood community associations), we re-
categorized these social participation variables once or more per
week, several times per month, several times per year, almost
never. As our study also focused on the number of social activities,
we calculated the numbers of social activities and created 6
categories 0 groups, 1 group, 2 groups, 3 groups, 4 groups, and
$ 5 groups.

Covariates

Tt was assumed that physical health status was associated with
both social participation and dental health status. Activity of daily
living and current medical history were used as indicators of
physical health status. Activity of daily living was categorized as
independent, partially dependent, and dependent. Current med-
ical history was measured by the question, “Do you receive
treatment now?”’ to which respondents answered “yes” or “no.”
Sex, age, and marital status were used as socio-demographic
characteristics. Age groups were categorized as 65-69, 70-74, 75—
79, 80-84, and $ 85 years Marital status was categorized as
married, widowed, separated, never married, and other. Educa-
tional attainment and annual equivalent income were used as
indicators of socioeconomic status. Educational attainment was
categorized as, 6, 6-9, 10~12, and $ 13 years Annual equivalent
income was divided into quartiles lowest, lowmiddle, high-
middle, and highest.

Statistical analysis

Descriptive statistics were used to characterize the respondents.
We performed ordinal logistic regressions to examine the
associations between social participation and dental health status.
We calculated the odds ratios (OR) and 95% confidence intervals
©5% CI) for an increase in the remaining teeth category based on
the number, type, and frequency of social activities. To estimate
the overall effect of social participation, we used a dichotomized
variable of social participation (1= participating in $ 1 groups
0= not participating in any group). Variables on social participa-
tion were included separately in the different models In the
univariate model (Model 1), we calculated the crude OR for dental
health status based on the number of social activities and the type
and frequency of social participation. In the multivariable model
(Model 2), we added all covariates into the univariate model. In
order to assess the public health impact of social participation, we
calculated the population-attributable fraction (PAF) of having
$ 20 teeth to social participation. The PAF is generally defined as
the reduction in the burden of disease (or risk factor) that would be
achieved if the population had been entirely unexposed, compared
with its current exposure pattern [23]. In this study, we treated the
PAF as the increase in the number of people with $ 20 remaining
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teeth that would be achieved if the entire population participated
in some kind of social group, compared with its current
participation pattern. We calculated a PAF for $ 20 remaining
teeth because the retention of a minimum of 20 functional natural
teeth at the age of $ 65 years is a goal for oral health specified by
the WHO/ Fedaration Dentaire Intemationale in 2000 [24]. The goal
for an acceptable level of oral health determined by the Japan
Dental Association is the retention of at least 20 functional teeth
until the age of 80 years (8020 movement). A previous study also
indicated that among older people, those with $ 20 teeth had
higher food intakes than those with # 19 teeth [25]. All analyses
were performed using SPSS statistical software (version 17.0,
SPSS, Chicago, IL).

Results

The demographic and health characteristics of all respondents
(n=3,517; average age, 73.5 years for men and 75.0 years for
women) in the study are shown in Tables 1 and 2. Of the
respondents 34.2% reported having $ 20 teeth, 27.1% reported
having 10-19 teeth, 26.3% reported having 1-9 teeth, and 12.4%
reported having no teeth. Of the respondents, 13.9% belonged to
political organizations or asociations 15.2% to industrial or
professional groups, 16.4% to volunteer groups, 15.7% to senior
citizens clubs, 7.3% to religious groups or associations, 24.5% to
sports groups, 46.8% to neighborhood community associations,
and 41.1% to hobby clubs.

Of all respondents, 69.6% participated in $ 1 groups, and
30.4% did not participate in any group. Compared to the non-
participants, participants had significantly higher odds of having a
greater number of teeth OR =2.40, 95% CI=2.10-2.74). After
adjusting for sex, age, marital status current medical history,
activity of daily living, educational attainment, and annual
equivalent income, social participation appeared to be related
with an increased likelihood of having a greater number of teeth in
old age (OR=1.30, 95% CI=1.10-1.53).

Table 3 illustrates the association between dental health status
and the number of social activities. Participating in $ 1 groups was
significantly associated with odds of having more remaining teeth
that were more than twice as high as compared with non-
participation (Model 1). After adjusting for all covariates
participating in 4 groups was associated with significantly higher
odds (OR=1.46, 95% CI= 1.11-1.93) of having more remaining
teeth compared with non-participation (Model 2). Table 4 shows
the aswociation between dental health status and the type and
frequency of social participation. The groups significantly associ-
ated with a higher number of remaining teeth were industrial or
professional groups, volunteer groups, sports groups neighbor
hood commumity asociations and hobby clubs (Model 1). After
adjusting for all covariates, participating in sports groups (2-3
times per week, OR=1.31, 95% CI= 1.01-1.69), neighborhood
community associations (several times per year, OR = 1.19, 95%
CI=1.02-1.39), or hobby clubs (2-3 times per week, OR = 1.36,
95% CI=1.05-1.76; once per week, OR=1.39, 95% CI=1.10~
1.75; several times per year, OR = 1.41, 95% CI= 1.11-1.81) was
significantly associated with having more teeth (Model 2). With the
exception of these 3 groups, although most types of participation
were asociated with higher odds of having more tecth, the
associations were explained by covariates. This indicates that
healthier people tend to have more teeth and participate in groups.

The PAF or the contribution of social participation to having
$ 20 teeth, are shown in T'ables 3 and 4. The PAFs for the number
of social activities and 3 types of social participation variables that
were significantly associated with dental health (.e., sports groups,
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Table 1. Charactenstics of respondents.

%

%

432

270 2.2

0.2 228

68.7 135

32 34.2

32

doi:10.1371/journal.pone.0061741.t001

neighborhood community aswociations and hobby clubg) were
7.5%-31.6%. The largest PAF (31.6%) was for participationin $ 1
social groups.

Discussion

Our study demonstrates a significant positive association
between social participation and dental health status in a
representative sample of men and women aged $ 65 years in a
municipality in Japan. Among those with $ 20 remaining teeth,
31.6% of cases in the population might be attributed to
participationin $ 1 social groups. To our knowledge, no published
reports have examined the associations between dental health
status and the number, type, and frequency of social activities. In
relation to the type and frequency of social participation, frequent
participation in sports groups, rare participation in neighborhood
community associations, or participation in hobby clubs with little
regard to frequency were significantly aswociated with dental
health status, even after adjusting for demographic variables and
social classindicators. In relation to the number of social activities
almost all amounts of social participation were significantly
positively associated with dental health.

Our results may support the earlier-described mechanisms
linking social participation and dental health status G.e., social
network as a main effect and stress buffering). There was a
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Table 2. Characteristics of respondents accoxding to type and frequency of social participation.

2-3 times per
week n (%)

Once per
week n (%)

Neighborhood community association 44 (1.9 61 (1.9

d0i:10.1371/jo urnal.pone.0061741.t002

significant asociation with better dental health satus for
participants in the groups with higher social participation rates.
In groups with high participation rates that include many social
ties people may easily develop social networks and receive social
support.

In addition to these positive effects of social participation on
health, social participation can have negative effects on health.
Social networks provide opportunities for conflict, exploitation,
stress transmission, misguided attempts to help, and feelings of loss
and loneliness [20]. These potentially negative aspects of social
networks can cause psychological stress, which in turn adversely
affects dental health. The results of this study showed no significant
asociation between frequent participation in neighborhood
community aswociations and dental health, but there was a
significant association between relatively rare participation and
dental health. The negative effects of social participation on health
may be a reason for this Participation in neighborhood
commumity aswociations might include obligatory activities char
acterized by the negative aspects of social networks. People who
frequently participate in obligatory activities may experience
stress, Jeading to oral disease. Therefore, frequent participation in
neighborhood community associations might not be significantly
asociated with having more teeth. Similarly, where participation
in $ 5 groups is concerned, social participation might not be

Several times per
year n (%)

Several times per

month n (%) Almost never n (%)

282 (8.0) 1,260 (35.8) 1,870 (53.2)

significantly associated with having more teeth for an increase in
the type of social participation that has negative effects on health.

Our findings are generally consistent with those of previous
studies indicating that participating in social activities benefits
dental health status among middle-aged and older people.
Rodrigues et al. suggested that social participation is significantly
asociated with a lower prevalence of edentulism among older
adults [18]. Merchant et al. alo suggested that men who
participate in religious meetings are associated with a reduced
risk of developing periodontitis [19].

To owr knowledge, o study has specifically examined the
differences between men and women in relation to the asociation
between social participation and dental health status, though previous
work has indicated that such differences exist, Among women,
participation in social networks may increase levels of psychological
stress [26]. In our study, 75.3% of men participated in $ 1 groups
compared to 64.5% of women. However, with respect to the mam
results we found few differences between men and women.

The results of this study have public health implications. Our
goal was to estimate the PAF associated with participation in social
activities (compared to non-participation) for having $ 20
remaining teeth. The largest PAF (31.6%) was for participation
i $ 1 social groups, which implies that in 31.6% of cases in the
population, presence of $ 20 remaining teeth may be attributed to

Table 3. Association of dental health status with number of social activities determined by ordinal logistic regression.

Model 1

Model 2

Number of social activities

3 2.84 (2.32-3.48)

$5 2.31 (1.84-2.90)

1.36 (1.07-1.72)

1.25 (0.96-1.62)

316

1.31 (1.07-1.59)

194 (42.5)

124 (38.9)

OR=o0dds ratio; (I=confidence interval.

bPopulation-attiibutable fraction.
doi'10.1371/jo umal pone.0061741.t003
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Table 4. Association of dental health status with type and frequency of social participation determined by oxdinal logistic
regression.

Model 1 Model 2

Type and frequency of social participation

Several times per year . 0.89 (0.70-1.11) 120 (37.4)

Tndustrial or professional group 36

Several times per month 1.17 (0.82-1.67) 55 (43.7)

Once or more per week 1.38 (0.98-1.96) 1.11 (0.76-1.61) 44 (39.6)

1.31 (0. ; ]
1.37 (1.10-1.72) 1.02 (0.79-1.3D 108 (39.3)

1,031 (34.8)

Once or more per week 0.99 (0.61-1.58) 0.87 (0.51-1.48) 18 (31.6)

Several times per year 1.34 (0.96-1.87)

Once per week 1.78 (1.36-2.20) 1.20 (0.92-1.56) 104 (424

Several times per year 1.54 (1.17-2.04) 1.02 (0.75-1.39) 69 (39.2)

1.63 (1.30-2.05) 0.93 (0.72-1.19)

2-3 times per week 1.98 (1.58-2.49) 1.36 (1.05-1.76) 122 (43.0)

Almost never 1.00 1.00 590 (28.5)

OR=o0dds ratio; (I=confidence interval

20dds ratio adjusted for sex, age, marital status, curent medical history, activity of daily living, educational attainment, and annual equivalent income.
bPopulation-attributable fraction.

d0i:10.1371/journal.pone.0061741.t004
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participation in $ 1 social groups Similarly, the PAFs for
participation in sports groups, neighborhood community associ-
ations, and hobby groups were 7.5%, 14.5%, and 16.8%,
respectively, for having $ 20 remaining teeth. Therefore, promot-
ing and supporting opportunities for social participation, especially
in sports groups, neighborhood community associations, or hobby
clubs, as a public health intervention may contribute to an increase
in the number of older people with $ 20 remaining teeth.

Our study has several limitations as well as strengths. First, the
response rate was moderate (59.0%); hence, our results may have
been affected by selection bias. Second, our rescarch data were
derived from self-reported questionnaires, raising issues of informa-
tion bias regarding the true number of remaining teeth. However,
self-reports have yielded reasonably valid estimates for the mumber
of teeth in national epidemiological surveys in several prior studies
[27,28]. In a study of 2,496 Japanese older people, the difference
between the selfveported number of teeth and the clinically
examined number of teeth was very small and insignificant
according to the ttest, and the correlation between the 2 groups
was very high (c=0.93) [28]. Therefore, it is reasonable to assume
that selfreported questionnaires can provide sufficiently reliable
data. about the number of remaining teeth. Third, our study was
crosssectional; therefore, it was not possible to generate any
statements on causation. The present cross sectional study could not
exclude the possibility of reverse causation, in that people with good
oral health tend to participate in social activities Longitudinal
studies or intervention studies are needed to examine the effects of
social participation on dental health status Lastly, our study
participants were from one mediumr-sized municipality in Japan;
hence, the generalizability of our results is limited. Caution should
be exercised when interpreting our results as it requires the
somewhat strong assumption that the data we used for our analysis
are generalizable to the entire population.
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However, the population sample also could be considered a
strength, as our data were less affected by geographic and cultural
factors between municipalities, which provides some assurance of
internal validity. The level of detail included in the social
participation variable is another strength. Lastly, our data were
reliable because all of the older residents in one city were recruited
for our survey, and a large number of people participated.

Conclusion

Social participation was significantly and positively associated
with better dental health status among older Japanese adults.
Approximately one-third of the participants had $ 20 teeth, which
may have been attributable to their participation in $ 1 social
groups, though the present crosssectional design could not
exclude the posgbility that people with good oral health tend to
participate in social activities. In addition, our results indicate the
possibility that participation in sports groups, neighborhood
community associations, or hobby clubs in later life is protective
of dental health beyond individual differences in demographic
variables and social class indicators,
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Introduction [5]. Such special exercise training programs may not even be
necessary; as links have also been shown between walking and
Over 1 in 5 people are 60 years or older in more developed physical activity that includes exercise, and a decrease in
regions today, and aging is predicted to advance in developing functional disability, [6-11].
nations as well in the future, [1]. At 81.1% of the country’s While people may exercise alone, they may also join a group
population, Japan has the largest proportion of people who are 60 or organization to get exercise. Mechanisms for the effect of
vears and older in the world, and the number of older people with participation in organized sports on health may include not only
incident functional disability is increasing as society continues to physiological mechanisms through the increase in physical
age, [2]. Reducing this number is an urgent task throughout the activity, but also mechanisms whereby social networks and
world. social support are more easily obtained through the joining of a
Exercise is an effective way to prevent incident functional  group or organization, [12]. Links have been shown between
disability. Training programs that include special exercises have  poor social relationships and a decline in functional status [7]
been reported to influence numerous factors related to functional as well as death, [13,14]. This means that, in addition to
disability, such as maintenance of physical functioning, [8],  physiological effects of exercise, getting exercise by participating
prevention of falls, [4] and improvement of cognitive fimctioning, in a sports organization may have additional effects from social
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relationships which are not achieved in exercise without
participation in an organization. To the best of our knowledge,
the effect of the latter has not been tested in any studies to date.
If participation in a sports organization is indeed more strongly
linked to incident functional disability prevention than private
exercise, approaches for incident functional disability prevention
should involve increasing participation in a sports organization
in addition to recommending private exercise.

This prospective cohort study of older Japanese people aimed to
test the relationship between incident functional disability and
differences in whether or not subjects exercised and/ or partici-
pated in a sports organization.

Methods

Study Sample

The present study is based on the Aichi Gerontological
Evaluation Study (AGES Cohort Study data, [15,16]. This
study involves investigating factors associated with incident
functional disability among non-institutionalized elderly individ-
uals aged 65 years or older. The region studied covered 6
municipalities in the Chita-hanto Peninsula of Aicht Prefecture,
Japan (Handa city, Tokoname city, Agui town, Taketoyo town,
Minamichita town and Mihama town). In October 2003, self
reported questionnaires were mailed to 29,374 community-
dwelling individuals aged 65 years or older who were not
eligible to receive benefits from public long-term care msurance
L TCD services The survey was conducted using a random
sampling method in the 2 larger municipalities (Handa city and
Tokoname city) and a complete census (complete enumeration)
of the 4 smaller municipalities (Agui town, Mihama town,
Minami-Chita town, and Taketoyo town) by mumicipal officers
of the public LTCI system. The official residential registries
were maintained by the mumicipal administrations, and the
Japanese registries included information such as age. Questionr
naires were sent to 5,000 people each from Handa city and
Tokoname city and to all elighle people in the other
municipaliies. Of those, 18,310 individuals (6,508 males
6,802 females) were introduced to the AGES Cohort. They
were followed for a 4-year period starting in November 2003
(observation period: November 2003 to October 2007). Analysis
was carried out on 11,581 subjects, excluding 319 people whose
information on age or sex was missing, and 1,410 people who
did not respond to questions on frequency of exercise and
participation in a sports organization. Subjects were 5,700 males
(49.2%) and 5,881 females (50.8%), and the mean age was
72.66 6.1 years Baseline characteristics of the participants have
been reported elsewhere, [15,16].

Ethical approval for the study was obtained from the Nihon
Fukushi University Ethics Committee.

Tncident Functional Disability

We defined the state of becoming eligible for certification of
needed long-term care within the procedure prescribed in the
LTCI system that has been in place in Jpan since 2000 as
“incident functional disability.” Certification of needed long
term care is based on evaluation of the need for long-term care
according to uniform criteria for all of Japan and based on both
a home-visit interview and a written opinion from the primary
physician, [17]. We obtained information on certification of
needed long-term care, death, and moving out of the study area
from the IT'CI database maintained by the municipalities. The
day certification of needed long-term care was issued was the
application date for certification of needed long-term care.
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Performing Fercise and Participation in a Sports
Organization

To define exercise, stbjects were asked “Do you engage in any
Jeisure activities at the moment?” Those who answered “Yes” were
then asked about the frequency of performing a sportsactivity such as
ground golf, gateball [Japanese croquet], walking, jogging or any
other physical exercises (“frequency of exercise”). Subjects who
responded with “almostevery day,” “twice or three timesa week,” or
“once a week” were labeled “Exercisers” and those who responded
with “once or twice a month,” “several times a year” or “I don’t
engage inanysportsactivities” werelabeled as*“Inactive.” Thosewho
regponded with “No” to the firstquestion wereconsidered thesame as
thosewho responded with “T don’tengageinanysportsactivities.” To
determine participation in asportsorganization, subjectswere asked
ifthey area memberofa “sportsgrouporclub.” Thosewho answered
“Yeg’ were labeled “Participants”’ and those who answered “No”
were labeled “Non-participants.”

Covanates

Based on previous studies [8-11,18], age, sex, amnual
equivalent income, educational attainment, marital status, occur
pational status, selfreported medical conditions, depression
(Geriatric Depression Scale: GDS), [19], smoking and alcohol
consumption were used as covariates that may correlate with
participation in a sports organization, performance of exercise and
incident fimctional disability. Social networks and social support
were used to test which aspect of participation in a sports
orgenization accounts for the prevention of incident functional
disability, since previous studies indicate that social relations are
important mediating factors in the mechanisms for the effect of
participation in organized sports on health, [12). Frequency of
meeting friends was used as a measure of social networks, and
social support was measured with four types “receiving” and
“providing” emotional and instrumental support.

Statistical Analysis

As shown in Table 1, subjects were first split into 4 groups based
on whether or not they performed exercise and participated in a
sports organization. Table 2 shows baseline characteristics and the
incident rate of functional disability over 4 years for each group
related to performance of exercise and participation in a sports
organization. To test for group differences, oneway amalysis of
variance (ANOVA) was performed on age, and x2 tests were
performed on sex, frequency of exercise, social networks and social
support. Next, Cox’s proportional hazards model was used to
calculate the hazard ratio (HR) of incident functional disability
over 4 years Respondents who were lost to followup by moving
or death without incident functional disability, were included as
censored data in the models Regression analysis was performed
with smultaneous forced entry of age, sex, annual equivalent

Table 1. Combination of frequency of exercise and
participation in a sport oxganization.

Sport organization

Frercise Alone
(B

Brercise  Once a month

Active Participant
(AP

doi:10.1371/journalpone.0051061.t001
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Table 2. Baseline characteristics.

Active Participant (AP) Exercise Alone (EA)  Passive Participant (PP)  Sedentary (S) P

70.76 4.9 7186 55 70.76 5.0 73.56 6.6

Twice or thiee times a 445 284 0.0 0.0
week

Once or twice a month 0.0 0.0 313 2.6

Iess than once amonth 5.7 230 105 304

Receiving Yes 90.3 86.8 86.8 829 , .001
emotional

No 9.7 136 123 183

*P-value was calculated using one-way analysis of variance (ANOVA) for age.

*Pvalues were caleulated using x? test for sex, frequency of frequency of exercise of meeting friends, receiving emotional suppoxt, providing emotional support,
receiving instrumental support, and providing instrumental support.

doi:10.1371/journal pone.0051061.t002

income, educational attainment, marital status occupational All variables except for age were set as dummy variables A
status self-reported medical conditions depression, smoking and “missing” category was used in analysisto account for missing values
alcohol consumption as covariates (Model 1). in response to questions regarding the covariates. SPSS 18.0J was

To test which agpect of participation in a sports organization used for statistical analysis with a significance level of 5%.
accounts for the prevention of incident functional disability, we
added one social network/ support measure to each model from Results

Model 2 to Model 6 and inspected the change in the HR estimate . . .
asociated with sports participation. Thus in Model 2 for Table 2 shows baseline characteristics. A total of 4,436 subjects

example, we added the varisble “frequency of meeting friends” ~ exetcised once or more a week (38.3%) and 2,335 subjects (20.2%)
(as a measure of social network) above and beyond the variablesin participated in a sports organization.

Model 1. In a similar manner, we added the following additional There were 1,888 subjects (16.3%) in the Active Participant
variables Sub&quent models IECEIVng emotional support m (AP) group, 2,548 Sllb_]eCtS (220%) in the Exercise Alone (EA)
Model 8, providing emotional support in Model 4, receiving  roup, 447 subjects (3.9%) in the Passive Participant (PP) group
support in Model 6. age was lowest in the AP group and highest in the S group,
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with a difference of 2.8 years The proportion of males was  |mypie 4. Adjusted hazard mtios (95% confidence intervals) for

be]oW 50% only 1n the S group- Regarding frequency‘ of incident functional disability by exercise and participation n a
exercise, nearly twice the people in the FA group exercised sport organization.

“almost every day” compared to the AP group. Also, more than
ten times moxe people in the PP group exercised “once or twice
a month” compared to the S group. The ratio of subjects who N Crude HR (95% CD  Adjusted HR(95% CD
met friends once a month or more decreased in order of AP,
PP, FA and S, showing a trend for greater frequency of
meeting fiiends by those who participated in a sports
organization. Social support showed the same pattern as
frequency of meeting friends with the ratio of subjects who
said they have social support decreasing in order of AP, PP, EA
and S for all aspects of support except for receiving emotional P Adjusted for age, sex, annual equivalent income, educational attainment,
support. HOWGVQI‘, the difference between groups was smaller man'j:glstatus, occupation status, self'lep'o#ed. mefiical condjtions{ deplession,
than that for fequency of meeting fiends Sl sl conmmpton. axd pripeion 4 sport oguiton.|

Among the 11,581 subjects analyzed, 909 people died (331 marital status, occupation status, self-reported medical conditions, depression,
people developed an incident functional disability before they smoking, alcohol consumption, and exercise.
died), 1,380 people developed an incident functional disability 401101371/ joumal pone.0051061.£004
and 128 people moved out of the research area during the 4
year follow-up period. The incident rate of functional disebility =~ hardly ever participated in their sports organization, we then
was calculated by dividing the person-years of observation from  conducted sub-analysis with these subjects in the “S” group.
the number of people who developed an incident functional ~ The number of subjects in the PP group dropped from 447
disability (Table 3). Incident rate was lowest in the AP group,  people to 157 people, but the HR only changed from 1.16
followed by the PP group, the EA group and the S group, in ~ ©0.76-1.77 to 115 (0.56-2.37) and the lack of a difference
increasing order. The same trend was seen when the data was  between the PP group and the AP group was therefore
stratified by age. maintained.

Table 4 shows the results of analyzing incident fumctional Next, social networks and social support were used to test
disability by performance of exercise and participation in a sports ~ which aspect of participation in a sports organization accounts
organization using Cox’s proportional hazards model. Setting the for the prevention of incident functional disability (Table 6). As
“Exerciser” group as the reference, the HR for the “Inactive” mentioned above, frequency of meeting friends was then added
group was significantly high at 1.26 ©5% confidence intervals to the covariates in Model 1 as a measure of social networks.
1.10-1.45). Setting the “Participant”’ group as the reference, the The HR for the EA group dropped dightly from 1.29 (1.02-
HR for the “Non-participant” group was also significantly high at 1.64) to 1.27 (1.00-1.61), and significance disappeared. The HR
1.33 (1.09-1.62). for the S group was aloo somewhat attenuated from 1.65(1.33-

Table 5 shows the results of amalyzing incident functional — 2.04) to 1.60(1.29-1.98), but the 95% confidence intervals
disability by the 4 groups of different combinations of  overlapped, and we cannot say that these estimates are
performance of exercise and participation in a sports organiza- statistically different. Addition of either measure of social
tion using Cox’s proportional hazards model Setting the AP support resulted in almost no change in the HR for the FA
group as the reference, the HR for the FA group was  group and the S group.
significantly high at 1.29 (1.02-1.64) and was even higher for
the S group at 1.65 (1.33-2.04). No significant difference was Discussion
seen in the PP group, with an HR of only 1.16 0.76-1.77). As
it is likely that subjects who responded that they participated in In the present study, we tested incident functional disability by
a sports organization but that they “Never” exercised also performance of exercise and participation in a sports organization.

.20-3.17) 1.33(1.09-1.

Table 3. Incident rate of functional disability for 4 years.

Active Participant (AP)  Exercise Alone (FA) Passive Participant (PP) Sedentary (S)

total 0.014 0.024 0.016 0.047

do1:10.1371/journal.pone.0051061.t003
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