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Table 1. O& Y CTOEFHOERE AR—VHBE~OHINE OHBEE
RIR—VE~DEMBE

E1ELLE 3B 1 EIRH
V&Y TDEERD B1ELLE Individual & group (IG)  Individual Only (10)
B 1 ERE Group only (GO) Sedentary (S)
(%) 40
EEEHYDE
N=888

30
20
10

ERGL/MEREL | ERHY/EREL | ERGL/AAEHY | ERHY/MalbY

@%“%ﬁ&é 1,42N ¢ 1,143A | 2450 452 A
BEIREHY . 4528 0 284N 1 56N 1 96N

K1. &7V —7I2B) 2EAEFEOES

#2. EATOES, AR—VHEE~OSN L &EEE L OBSR

N Crude OR (95% Cl) Adjusted OR (95% C1) @
EADEENZL 1,667 1.00 1.00
BADEEIHY 1,595 0.71(0.61-0.83) 0.80(0.69-0.95)
AR—VEESMEL 2,565 1.00 1.00
AR—ViESmHY 697 0.69(0.57-0.85) 0.78(0.63-0.96)

a) i, 1A, BHEE FMAE EAROKEOHE, 150T
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#3. BEELZE TNV —T & OBEK

CrudeQR{95%C) Model 17 Mode} 27

EEhaEE Sedentary(s) 1.00 1.00 1.00

Individual Only (10) 071 [0.60-0.84) 0.79  {0.66 - 0.95) 0.85  {0.70 - 1.05)

Group-only (GO) 0.64 {0.46-0.87) 0.7 {051 - 0.99) 0.66 {047 - 0.94)

Individual & group (IG) 058  {0.45-0.74) 0.70 {054 - 0.81) 0.66  {0.48 - 0.50)
EH (5 66-74 1.00 1.00

=75 138 {117 - 1.63) 138 [1.16 - 1.63)
el B2t 1.00 1.00

i 1.14 {097 - 1.34) 119 {101 - 1.41)
HEE (E) z10 1.00 1.00

<10 1.08  {0.90 - 1.29) 1.06  (0.88 - 1.27)
£{@FrE ChFD {EFRIB(>200) 1.00 1.00

o - BFE (2200) 0.87 {073 - 1.04) 0.89  {0.75 - 1.06)
EREOESDEES =4y 1.00 1.00

) 149 (1.24 - 1.80) 149 {124 - 1.79)
mwoo 3L 1.00 1.00

MO DERE-IDD 2.04 {188 - 247 2.04  {1.68 - 2.48)
SHEEEE FEALEn 1.00

1E2~32] 072 {036 - 0.93)

WEEILTF 1.00
1 BT TeER 304kl kb 1.06  (0.87 - 1.30)

Bl | 1.00
EEpEE (SEE) EELLE 133 {1.08 - 1.63}

8 stroke, osteoporosis, joint disease/ neuralgia, injury/fracture, mental iliness, impairedvision, impaired hearing

a) Model 1: 85, 153 HEE. SHFE BEAROEREDEE M5OTHE.
b) Model 2 :Modell+Z K EBIZ (FE, TEE, BE).

#F4. tE2RIBER & REEE & OB

Model 2 Model 3% Model 49
(Sse)de"ta’y 1.00 1.00 1.00
;Tg;v'd“a' Only 0.85(0.70-1.05) 0.86(0.70-1.05)  0.85(0.69-1.04)
(Gég‘)‘p'm'y 0.66(0.47-0.94) 0.69(0.48-0.98)  0.67(0.47-0.94)

Individual & group

(16)

0.66(0.48-0.90)  0.68(0.50-0.94)

0.65(0.47-0.89)

a) Model 2 :E#5, %3l HEE, EERT ELaBEOKRBEOEE, 152,
BREIEE (BE, hFE, 4E) THRE

b) Model 3:Model 2+ — ¥ LRy T —H TERE

c) Model 4:Model 3+ Y— v )L R—FTHE
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,Abstract

! Background Although socral partlcrpatron is a key determmant of health among older adults, few stud|es have focused on
the association between social participation and dental health. This study exammed the assocratuons between soaal
a parthpatlon and dental health status in commumty—dwellmg older Japanese adults. o

Methods and Fmdmgs. In 2010 self-admmlstered postal questlonnalres were dlstrlbuted to all people aged >65 years in
natural teeth, for determmmg the dental health status, and social part|c1pat|on were obtamed 'using self—admmlstered ‘
questlonnaures The number, type, and frequency of social activities were used to assess socral partlcrpatron Soc:al activities
were. political organ|zat|ons or associations, industrial or professional groups, volunteer groups, senior citizens’ clubs,
religious groups or associations, sports groups, neighborhood community associations, and hobby clubs. Using ordinal
logistic regression, we calculated the odds ratios (OR) and 95% confidence intervals (95% Cl) for an increase in category of
remaining teeth based -on the number, type, and frequency of social activities. Sex, age, marital status, current medical
history; activity of daily living, educational attainment, and annual equivalent income were used as covariates. Of the
respondents, 34. 2% reported having =20 teeth; 27.1%; 10-19 teeth; 26.3%, 1-9 teeth; and 12.4%, edentulousness Social
participation appeared to be related ‘with an increased likelihood of having a greater number of teeth in old age, even after
28 adjustlng for covariates (OR=1.30, 95% Cl=1.10-1.53). Part|C|pat|on in: sports groups, nerghborhood communlty
kassocratlons or hobby cIubs was srgmf’ cantly assoqated ‘with havmg more teeth

Conclusmns. Our results suggest a protectwe effect of social partlapatlon on dental health ln partlcular, partrcrpatlon in
sports groups, ne|ghborhood community associations, or hobby clubs mlght be a strong predlctor for retammg more teeth
in later life. : s , i i e
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Introduction

Enhanced social participation, a social determinant of health
[1,2], is one of the 3 pillars of a World Health Organization
(WHO) policy framework for an active aging society [3]. Social
participation is a source of social relations and describes a person’s
participation in formal and informal group activities [4,5,6]. As
many older retired people are assumed to have more time to
participate in other activities, the role of social participation in the
health of older adults is increasing in today’s aging society.

Previous studies have examined the association between social
participation and various health outcomes. A meta-analysis
determined that social participation reduced the risk for mortality
and that the magnitude of this effect was comparable with smoking
cessation [7]. A study conducted in Asia reported that maintaining
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or initiating social participation in later life benefited the mental
health of older adults [8]. A study conducted in Japan reported
that lack of social participation was significantly related to an
increased risk for onset of long-term care insurance certification
[9]. In addition to the effect itself, social participation is important
because it is a component of social capital [10]. According to
Putnam, social capital refers to “features of social organization
such as networks, norms, and social trust that facilitate coordina-
tion and cooperation for mutual benefit” [11]. Recent studies have
demonstrated a positive association between social capital and
various  health  outcomes, including dental  health
[12,13,14,15,16,17].

Social participation is also considered to affect dental health
[18,19]. Previous studies have demonstrated that lower levels of
social participation were associated with a higher risk for
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edentulism [18] or periodontitis [19]. There are 2 plausible
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 review
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
association 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 meta-analysis 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 Evaluation Study (JAGES) project data. The
JAGES project is an ongoing prospective cohort study investigat-
ing factors associated with the loss of health related to functional
decline or cognitive impairment among individuals aged 65 years
or older. In 2010, self-administered postal questionnaires were
distributed 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 3,517 respondents were
analyzed. If the respondents did not respond to the other
variables, the corresponding observations were assigned to
“missing” categories. Ethical approval for the study was obtained
from the Ethics Committee at Tohoku 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 associations, industrial or
professional groups, volunteer groups, senior citizens’ clubs,
religious groups or associations, sports groups, neighborhood
community associations, or hobby clubs. Second, respondents
were asked to indicate the frequency of participation in each
group: 2-3 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
associations, 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

It 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, low-middle, 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
(95% 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 WHOV/ Federation Dentaire Internationale 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 associations, 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 association 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 community associations, 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 associated with higher odds of having more teeth, the
associations were explained by covariates. This indicates that
healthier people tend to have more teeth and participate in groups.

The PAFs, or the contribution of social participation to having
=20 teeth, are shown in Tables 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 (i.e., sports groups,
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Table 1. Characteristics of respondents.

n % n %
Sex - Educational attainment (years)
Men 1,681 47.8 ’ <6 86 24
Women 183 522 69 1,071 305
Agé (years) - 10-12 1,521 43.2
6569 1,147 326 =13 762 217
70-74 950 270 Missing 77 22
75-79 649 185 Anpual equivalent income (quartiles)
80—84 418 119 Lo;»vest 718 204
=85 346 98  lowmiddle 731 208
’Mis;«sing 7 0.2 k High-middle 861 228 k
Marital status ~~ Highest 792 225
Mérrfed 2,416 68.7 Mfssing 475 1 3.’5
Widowed : -~ 855 243 :qun‘be'l" of remai'ning"natural teeth
Separated m 3.2 =20 ’ 1,203 34.2 ’
Never married 50 14, - 10-19 = Yos2 271
ther ’ 28 ' 0.8 1-9 925 26.3
Missing 5716 No 437 124
Current medi&al history Number of social activifies (groups)
Yes 2741 779 0 1,068 304
NO 731 ’ 20.8 1 749 213
Missing 45 13 2 644 183
Activify of daily living V 3’ 456 13.0'
Independent 3155 897 4 281 . 80
Parﬁally 208 ’ ’5.9 2’5 3'i9 9.1
dependent
bep;ende‘nyt S22 35
Miséing 32 0.9

doi:10.1371/journal.pone.0061741.t001

neighborhood community associations, and hobby clubs) were
7.5%-31.6%. The largest PAF (31.6%) was for participation in =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
participation in =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 associated with dental
health status, even after adjusting for demographic variables and
social class indicators. In relation to the number of social activities,
almost all amounts of social participation were significantly
positively associated with dental health.

Qur results may support the earlier-described mechanisms
linking social participation and dental health status (i.e., social
network as a main effect and stress buffering). There was a
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significant association with better dental health status 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
association between frequent participation in neighborhood
community associations and dental health, but there was a
significant association between relatively rare participation and
denta] health. The negative effects of social participation on health
may be a reason for this. Participation in neighborhood
community associations might include obligatory activities char-
acterized by the negative aspects of social networks. People who
frequently participate ‘in obligatory activities may experience
stress, leading to oral disease. Therefore, frequent participation in
neighborhood community associations might not be significantly
associated with having more teeth. Similarly, where participation
in =5 groups is concerned, social participation might not be

Table 2. Characteristics of respondents according to type and frequency of social participation.

2-3 times per  Once per Several times per Several times per

week n (%) week n (%) month n (%) year n (%) Almost never n (%)
Type and frequency of social
participation y ;
Political organization or aSsociation ' 45 (1.3) 32 (0.9) 90 (2.6) 321 (9.1) 3,029 (86.1)
Industrial or professional group 56 (1.6) 36 (1.0) 126 (3.6) 318 (5.0) 2,981 (84.8) -
Volunteer group 52 (1.5) 59 (1.7) 192 (5.5) 275 (7.8) 2,939 (83.6)
Senior citizens' club .27 (0.8) : 61,'(1 .7) 185 (5.3) 280 (8.0) 2,964 (84.3)
Religious group or association 23 (O.7j 34 (1 .O) 81 (2.3) 120 (3.4) 3,259 (92.7)
Sports group’ o 259 (74) 245 (7.0) - 183 (5.2) 176 (5.0) 26654 (755)
Neighborhood community association 44 (1.3) 61 (1.7) 282 (8.0)’ 1,260 (35.8) 1,870 (53.2)
Hobby club 4@ 350 (100) 500142 31188) 2,072 (589)
doi:10.1371/journal.pone.0061741.t002

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
associated with a lower prevalence of edentulism among older
adults [18]. Merchant et al. also suggested that men who
participate in religious meetings are associated with a reduced
risk of developing periodontitis [19].

To our knowledge, no study has specifically examined the
differences between men and women in relation to the association
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 main
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
in =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
Crude OR (95% CI) Adjusted OR * {95% Cl) n of =20 teeth (%) PAF® (%)
Number of social activities 316
(groups)
0 1.00 1.00 250 (23.4)
i 2.21’ (1.86-2.62) 1.31 (1.07-1.59) 279 (37.2)
2 2.22 (1.85-2.65) 1.21 (0.98-1.49) 231 (35.9)
3 2.84 (2.32-3.48) 1.36 (1.07-1.72) 194 (42.5)
4 2.90 (2.28-3.70) 146 (1.11-1.93) 125 (44.5)
‘25 2.31 (1.84-2.90) 1.25 (0.96-1.62) 124 (38.9)

OR=odds ratio; Cl=confidence interval.

PPopulation-attributable fraction.
doi:10.1371/journal.pone.0061741.t003
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Table 4. Association of dental health status with type and frequency of social participation determined by ordinal logistic
regression.
Model 1 Model 2

, Crude OR (95% CI) Adjusted OR® (95% CI) n of =20 teeth (%) PAF" (%)
Type and frequency of social participation )
quiticél drgdniédtfoh or association e i N L : SRR ’ s
dnce or more per wéek ‘ 1.15 (0.77-1.74) 0.97 (0.61-1.53) ‘ 26 (33.8)
Several times per month . 133(091-195) 106 (069-161) . 35(389)
éevéfal ﬁmes ber yearﬁ 1.14 (0.93-1.41) 0.89 (0.70-1.11) ‘ 120 (37.4)
Amostnever 00 100 1022067 S
)ndustrial or’ profe§sional graub ' - o ‘ ' - ‘ ' ‘ 3.6
Once or more per week . 129(088-187) . 103(068-158  33(39)
SeVeral tiﬁ‘les per month ’ 1.7’5‘ (1.26-2.44) ’ ' 117 (0.8’2——1.67') ' 55 (43;7)
Several times per year L 151 122-187) 105(083-132)  132(415)
Almosf never H 1.60 1;00 ‘ 983 (33.0)
Vo[unréérgrbup N e el T ; . , s b G : iy a3
Onﬁe or horé pér wéek ’ 1.38 (0.98-1.96) 1.11 (0.76;1 .61) ’ 44 (39.6) ’
Several times per month - o 1850141-242) 131 (097-1.76) = 89 (46.4)
Sevéral timés per year ' 137 (11 0—1;72) ' 1.02 (0.79-1.31) ' o 108 (39.3)
Almost never ey 00 100 - 962(327)
geniof cftizens’ ciub ‘ ' -1.7
Once or more per week i 076 (0.52-1.12) . 089(058-136) 27G07)
Seve;al 'tin;és per rﬁonth 0.77 (0.59-1.01) ' 0.76 (O.SG—i .02) 58 (31.4)
Several times per year . 080(065-100)  089(070-114 87(31))
Aimost never ' ‘ ' ’1 .00 ‘ 1.00 ‘ ‘1',‘031 '(34.8)
ke/igiéds group ofk'associarion o Lt , g L b 04
Once or moré pér week 0.99 (0.61 -1 .58) 087 (0.51—1 48) lé (3i.6) ‘
Several times per month e 106 071-158) 107(068-168)  28(346)
Several times per’year ‘ 1.34 (0.96—1 .87) ' 1.31 (6.96—‘!.90) ‘ 47 (39.2)
Almost never S 100 im0 1,110 340)
Sparrs groﬁp ' ' ‘ ‘ ‘ . ‘ ‘ 7.5
2-3 times per week 1.90 (1.50-2.41) : 131001-169)  115(444)
Once per week ‘ 1.73 (1.36-2.20) 1.20 (0.92-1.56) i04 (42.4)
Several times per month 1.64 (1.25-2.16) 099 (074-139) 75 @1.0)
Several times per year 1.54 (1.17-2.04) 1.02 (0.75—1.39) 69 (39.2)
Almést neyér i 1.00 1000 1840 (31.7)
Neighborhood community association 14.5
Once or mofe per week - 1.42 (0.99-2.02) 0.98 (0.65-1.47): - ,;'34 (32.4)
Several times per ﬁlonth 1.63 (1.30-2.05) 0.93 (0.72—1.19) 100 (35;5)
Several times per yeér 1.83 (1.60-2.08) 1.19 (1.02-1.39) ; 522 (414)
Almost never ’ 1.00 1.00 547 (29.3)
Hobby club ) ) ! ) : 168
2-3 times per week 1.98 (1.58-2.49) 1.36 (1.05-1.76) 122 (43.0)
Once per week © 206 (1.67-2.54) 139 (110-175) 157 (449)
Sevéral times per month 1.84 (1.54-2.20) 1.16 (0.95-1.42) 194 (38.8)
Several times pér year . B ; 1213 (1.71-2.65) 141 (1.11-1.81) 140.(45.0)
Aimost never 1.00 1.00 590 (28.5)
OR = odds ratio; Cl= confidence interval.
20dds ratio adjusted for sex, age, marital status, current medical history, activity of daily living, educational attainment, and annual equivalent income.
PPopulation-attributable fraction.
doi: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 research 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 number
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 self-reported number of teeth and the clinically
examined number of teeth was very small and insignificant
according to the #test, and the correlation between the 2 groups
was very high (r=0.93) [28]. Therefore, it is reasonable to assume
that self-reported questionnaires can provide sufficiently reliable
data about the number of remaining teeth. Third, our study was
cross-sectional; 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 medium-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 cross-sectional design could not
exclude the possibility 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.

Acknowledgments

We are grateful to the subjects who participated in this study. This study
used data from the JAGES. The Tohoku University and the Nihon Fukushi
University Center for Well-being and Society conducted the survey as one
of those research projects.

Author Contributions

Conceived and designed the experiments: KT JA KK KO. Performed the
experiments: KT KO. Analyzed the data: KT JA. Contributed reagents/
materials/analysis tools: KT JA KO. Wrote the paper: KT JA KK.

14. Murayama H, Fujiwara Y, Kawachi I (2012) Social capital and health: a review
of prospective multilevel studies. J Epidemiol 22: 179-187.

15. Kawachi I, Kennedy BP, Glass R (1999) Social capital and self-rated health: a
contextual analysis. Am J Public Health 89: 1187-1193.

16. De Silva MJ, McKenzie K, Harpham T, Huttly S (2005) Social capital and
mental illness: a systematic review. J Epidemiol Community Health 59: 619-
627.

17. Aida J, Hanibuchi T, Nakade M, Hirai H, Osaka K, et al. (2009) The different
effects of vertical social capital and horizontal social capital on dental status: a
multilevel analysis. Soc Sci Med 69: 512-518.

18. Rodrigues SM, Oliveira AC, Vargas AM, Moreira AN, E Ferreira EF (2012)
Tmplications of edentulism on quality of life among elderly. Int J Environ Res
Public Health 9: 100-109.

19. Merchant AT, Pitiphat W, Ahmed B, Kawachi I, Joshipura K (2003) A
prospective study of social support, anger expression and risk of periodontitis in
men. J] Am Dent Assoc 134: 1591-1596.

20. Cohen S (2004) Social relationships and health. Am Psychol 59: 676-684.

21. Christakis NA, Fowler JH (2008) The collective dynamics of smoking in a large
social network. N Engl ] Med 358: 2249-2258.

22. Peruzzo DC, Benatti BB, Ambrosano GM, Nogueira-Filho GR, Sallum EA, et
al. (2007) A systematic review of stress and psychological factors as possible risk
factors for periodontal disease. J Periodontol 78: 1491-1504.

23. Rothman KJ, Greenland S, Lash TL (2008) Modern epidemiology (3rd ed.).
Philadelphia: Lippincott Williams & Wilkins. pp. 51-70.

24. Federation Dentaire Internationale (1982) Global goals for oral health in the
year 2000. Int Dent J 32: 74-77.

25. Yoshihara A, Watanabe R, Nishimuta M, Hanada N, Miyazaki H (2005) The
relationship between dietary intake and the number of teeth in elderly Japanese
subjects. Gerodontology 22: 211-218.

26. Kawachi I, Berkman LF (2001) Social ties and mental health. ] Urban Health
78: 458467,

27. Pitiphat W, Garcia RI, Douglass CW, Joshipura KJ (2002) Validation of self-
reported oral health measures. ] Public Health Dent 62: 122-128.

28. Ando Y, Ikeda S, Yoshihara A (1997) The reliability of self-assessment of
number of remaining teeth using questionnaires [in Japanese]. ] Dent Health 47:
657-662.

April 2013 | Volume 8 | Issue 4 | e61741



m-1-3 BAGBRENEEMNE (RERERAIIEERE)
SRR

BfnEICBITORRME ORORBIKES S VERHRZITEI & OBRK

Mg AR BB (MRIERRE KEHEFER HEER)

WrgefiaRE ok TR (HARBAREERE S v 4 —R S @k i #us)
W% FH =R GRIERRE  REGEFEIIER  202)

wryesyRE MHE B GRAERE  REGHEFOIER A8

WHoERE E El (RIERRE R ETER KEEbA)

MREE

BN OFERITDEOBEIREED L < 20 &y, RMREITEINFE L RN E WD
HREMOBRICESSEBRN D 5, THAT — & TR S AUTHIRIZ 81 5 R &2
WU NE T T TED EEZ D, £ 2 CABHE CIIERE ICRBIT 2 &E
Bk & OO RERRRIER L ORHMAMEITE) & OBSE ARG Lz,

2010~20124FE S DIAGES (B AZELRFHENSE) T =7 M THOWXIREE %
ETHEEICEE U729 HIARICERET 5655 2L LD 20,7364 OREErT — % 2
72o BEHNC, HRWBEFRALI. DEORFRER L OWRMREITEINZ B3, E
ANDEH, HER, SMpTEs L OWER Z & O A0 Y% 0 OEFHEMEE Z A 0%
FEER R L L VF LrULRT Y IR 21T 2 T,

i, BERE, FMHE. ADYZVEREMBBIOCADEELFELTL, B
TixEEk, F|iF - 7V v UEH, FEM D EEERE, BRZ2E L OEEImERSE
EROT TV T, LTI, BN D EERRE, BRX2k L OEMEmE
REBEFER BT, KREE OMICAEBERBERBA LN, T72bb, kKT - —F
R¥E, HHE - HER. BAR - ER, Zoft, RBEBOFIL. T - BETOR Ik
L CAHBRICAEOREIRIE L HRHREITEIN AR Th oo, BlxiX, B - ERO
prevalence ratio (95%{EEHX ) THE TH - -Dix, B TIXI9HLLIT1.15 (1.06-1.26) |
19 A T OFEICRIT25E - 7V v URMEA1.20 (1.03-1.39) | 108 LOFEITHEIT D
W7 Iy - TrEAT R ARMEM122 (1.03-144) THOH, KHETIXI9HELIT1.21
(1.09-1.35) |, 108 LA EOFIZRIT 2HM T T - T Z 7 v AR H1.27 (1.03-1.56)
ThHoT,

INHOFRRND, IRFE - - RE, HEE - FHE. B - REERS Loy
7o 2 L DIRVEENR S FFEET D ICHUIRIC R L CEAMICHERMRE S R E1TH 2 & T,
THERE - BRA 2 HETFIIBOR D B 2 ATREMENSRIB S LTz,

NEOVARAIETERDIEPAL NI

A. BFREER T&h, AL WICHBEb b FElRER
DEIX, 208U LESOWEFETHE LD S

HEOPFERIZELY, HORENEDHRDOE BREVCRAMEYDORIEY A7 BEL 25

232



ENar— MNFRIZL > THLNIR> T
5., £, BODOWEMNIOARLLT OF I1Z204KLL
LoFEIVL, ZORBRICEBENEREERT D

YA BRENZ ERRINTNEY, 2D LX)
REOEBERENLLSZVENRED LS nHl
WICEET A IEAEFEITER . ER R
KR E FRFICENEBREED D L CHERGE
WHETH D,

[EMIMOERITEEZER D20 o TR
MOERGEEEEFEI RV 28 ORMER
LZOBERIESERRD D, ZTUBT—X
TEAMT bnE, B EE M T IR R A
EE AT 52 & T, wRRE., BRI
TEREY, RAEIRSENEEYOMH L Vo
TN ETFHCORNDARERD D,

FRAE & BVl BERY & o BRI, HEE
ERRELEHETERI AT, Hil
FTEARATHD, £ TAFETIE, Eh
HICBT D RERE OO BERECER R
RITEHHE DBRERFT 2L EHEMNE LT,
BB, SWEEDDICHTZ> T, BT
DL OERELEAERTCEEERTH
DI HEMOBERELBIEOREFRI.
EHITHEHE~DT 7B ADEEL LTERY
OB EME, W boRE (AREE)
EEE LT,

B. WFZEFHE

2010~20124 E i DJAGES (H AR EBEZEH
FEMAFE) Y s MTBWT, HAREE
HEZ#EORAEZICEZ LE29BIEREED
65i% LA £ 24,9234 ([EIULFE60.8%) D H b,
RER (M - K., F3HE, F5E. K
e - — U B, fhiE - BB, tofti, &
WKWEWREZ R W) oBEMICEZE L
20,736 ERHR L Lz,

HRE#IL, BEME»SE L OO RER

233

BE (W%, |- 7V v UER. EBNRDO
Ptk EE) B L OHRHREITE (BEOK
HOWHZZ, wHHERER (FH7 72 -
FTrENMNTOR) OFER) &Lk, ®EIL20
WL EE 19 BLT, B - 7 U v UHERIZA
g, BN oEERERBIILIY (ETH &
WeEbHI) - IRV (BEY LRV -
<) | BEOEDOHERZZITHEE,
WY - FraLr7a2A0ERITAEED?2
e L, BE -7V v PERIZI9ELLTO
HE, EHT Ty - FTrAALT R AOERI
10 LA EoFEZX G L L,
BRANCEBIERKICR LT, BEBREH
REHE L. AOFE., BHERE., SMFE
BIXOEHOKH»OAFELE, HETHI LD
AAY7ZY OEREMBBSLIOCANEEZH
BEHKE L, MAZEILL, TR %252
VL e L AF L_LET Y BRSO
1T\, prevalence ratio (PR) & 95%fE #H X [
(95% CI) %#FHE L7, otricidmity 7 k
IBM SPSS Statistics 213 X U"MLwiN 2.28% H
Wiz,

C. ERER

1L, BREFOREBD 50 % B LRI
AL, BHETIIHEM - &Il (229%) . &
PECIIERE - 2% (18.7%) BE&E b %D
o>, BREBOSMITBE R TR, THE
EBHETI0.8% TH o BN EMETIHLI%TH
o, —F., EEIRWIEI RV HEIETLK
HET12.0%TH 1B BHETIH1.0%TH - 7,
EERERICBIOREROBEOREIRET
HOIEBLOARRERGRETEZ L 5FD
HEEBLBCER2ICR L, BHETIIER
B & FEBBICB VTR, DEOREIRE
EHRBHREITEIN R Th o, RO
ETHFELLARAVEVWIRRTH- T, &K



PECITERT - BRI, ., FHEM LR
OO RERE - wRREITH N RFTH
V. HR7E - - RE, Bk - RER, Kt
BICBWTHEBMARTH -,
BALV_LOER, BHERE., SMMF/HL L
OHETR LD AO Y720 B ERE. A
NEECHELEZBEO, BHEME DO
RER L OHBR@EITE & OB E %2 % 3 IR
L, BECTIIERE. - 7V v UEH,
B O EEEIRE. wRZ2 R X OwEE
BRBEFEHOTTIZBWT, i TidWE
., EBAOEERRE, FRZZREIOW
MEERAEFERAICBVTRERE OMICEH
BREMRIZ LN, Tbb, RiE - ¥ —
A R - FEB. BA - RER. To
fin, REtBEoF 1T, BN - BT OF Ik
L CHEICAREDOREEIREE & HRH R EITEIH
RETH -7z,

D. B
RIFEDOERP G, BEEHOHE RSB
DORFERE, £ L TEET LIHEBICIT 580
BEMOEESCHTILOBRELZEE L TH,
EEBOBEIZL > CTHREE OO EO RN
BE L ERHREITEICEVWR DD Z ERNH LM
Wi ole, T, REMOBERIZESCER
ThdEN - BEBROMIZHLRE - P—E X
%, HEE - FER. oM, Bomnwiz b
BRWEIZ, M - IR TH o e FITH~
THBEOREIRE & HRHREITEIAF E L <
BROVEVWIRRTHoTZ, 5%, OEORRE
RELHEBREITHLFE L BRVERZ
AEEOH D, LERERBERRLZENS
KBETLIHMX % RRHREEEOE S L
THZELT, NETHBRE RN - ZhEH
WHEETE DM E®ERH 5,
EEBOENCEZOBEORERES LV

‘%K\

234

WRHMREITEIOZDOFRE & L Tidwn < o0l
MRS D, 72 & 2 1E, F - BRI IR -
P—ERE, K- HERIY GBS OREH
DEBENTXBLEDICHEBEE~DREREZ
TIZEABLRLTOVLS LAY, £, %t
BLRoTERENBEEY Tho I
R ERBEORENSBEE CH Y., BHRIEN
THET BN - RERIIRBHCHRET S
BPY - HRER I R U CHIER AR T 7 AR
FHEECTHoTenb LR, £ REE T,
AR SN ICHERRREEL2T-
TWDEIANRDY, REFXETHFT LTV
H - BRI IR - RER IV bR R R
BT 2 HEmA LS LR,

E. ¥

29 H IR IRTEME D65k BL £ D 20,7364 % %t
REME NEOREE (Wi, ##F -
TV yUHER, TR DERERE) BXIUT
R EITE) (ERZZ. HREIE RS RS
M) oW TEMEREZITV, RRBED
MEOREE R L OWARETEE 0BERER
L7z, TORER, KEBIE. BEAOFEER,
BERB L OHMFTE, REFOBBEICE
TAANOY D WRIEMBB X OADEE:
EZERLTH., OO RREECHERHMEEITE &
FRICHEETLZZERHALNICR o7, FRIT,
HR5E - B— v R¥E, BiE - FER. Bk - R
£, ToM, RetoF X, BN - B
DFECHE L THRICOEOREIREE &
RETHR AR TH o2,

Xk
1) Yamamoto T, Kondo K, Misawa J et al.:
Dental status and incident falls among
older Japanese: a prospective cohort study.

BMJ Open 2012;2:¢001262.



