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Abstract
Background We sought to examine pmspectxvely the dJﬁ'erence in the assoc:anon between incident functmnal dlsabihty
and exercise with or withouit sports oxganization participation. i

Methods: The study was based on the Aichi Gerontological Fraluation Study'(AGES Cohort Study data. Tn Oc‘oober2003,
self-reported questionnaires were mailed to 29,374 non-disabled Japanese individuals aged 65 years or older. Of these,
13,310 individuals were introduced to the Study, and they were followed for 4 years. Ana]ys:s was camied out on 11,581
subjects who pmVIded all necessary mfomlatlon for the analysis. : :

Results Analys:s was camied out on incident functlonal disability by 4 gmups of different combmanons of perfonnance of
exercise and participation in a sponts organization Active Participant (AP), Frercise Alone (EA), Passive Participant (PP) and
Sedentary (9. Compared to the AP goup, the FA group had a hazand ratio (HR) of 1.29 (1.02-1.64) for incident functional
disability. No significant difference was seen with the PP group, with an HR of 1.16 (0.76-1.77). When a measure of social
networks was added to the covariates, the HR of the FA group dropped to 1.27 (1.00-1.61); and sagmﬁcant dﬂ'emnces
disappeared. T contrast, it showed hardly any change when social suppoxt was added. :

Conclusion: The results suggested that, even with d regular exercise habit, incident functional dlsabihty may be better
prevented when a person participates in a sports ovganization than when he/she does not. In addition, participation in a
sports oxgamzatxon conelates posﬁ:tvely with 500131 netwoxks, which may lead to a small decrease in incident functlonal
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Introduction

Over 1 in 5 people are 60 years or older in more developed
regions today, and aging is predicted to advance in developing
nations as well in the fuhme, [1]. At 31.1% of the country’s
population, Japan has the largest proportion of people who are 60
years and older in the world, and the number of older people with
incident functional disability is increasing as society continues to
age, [2]. Reducing this number is an urgent task throughout the
world.

Exercise is an effective way to prevent incident fumctional
disability. Training programs that inchude special exercises have
been reported to influence numerous factors related to functional
disability, such as maintenance of physical functioning, [3],
prevention of falls, [4] and improvement of cognitive functioning,
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[5]. Such special exercise training programs may not even be
necessary; as links have also been shown between walking and
physical activity that includes exercise, and a decrease in
fimctional disability, [6-11].

While people may exercise alone, they may als join a group
or organization to get exercise. Mechanisms for the effect of
participation in organized sports on health may include not only
physiological mechanisms through the increass in physical
activity, but also mechanisms whereby social networks and
social support are more easily obtained through the joining of a
group or organization, [12]. Links have been shown between
poor social relationships and a decline in fimctional status, [7]
as well as death, [13,14]. This means that, in addition to
physiological effects of exercise, getting exercise by participating
n 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 fumctional 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 Aichi 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 comumumity-
dwelling individuals aged 65 years or older who were not
eligible to receive benefits from public longterm care insurance
(LTCD services The survey was conducted using a random
sampling method in the 2 larger rmmicipalities (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 municipal administrations, and the
Japanese registries included information such as age. Question
naires were sent to 5,000 people each from Handa city and
Tokoname city and to all eligible people in the other
municipalities. Of those, 13,310 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.

Incident 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 Japan 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 LTCI database maintained by the municipalities. The
day certification of needed longterm care was issued was the
application date for certification of needed long-term care.
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Performing Brercise and Participation in a Sports
Organization

To define exercise, subjects were asked “Do you engage in any
leisure activities at the moment?” Those who answered “Yes” were
then asked aboutthe frequency of performing a sportsactivity suich 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
engageinanysportsactivities” werelabeled as“Inactive.” Those who
regponded with ““No” to thefirst question were considered thesameas
thosewho responded with ‘I don’tengage nany sportsactivities” To
determine participation in a sportsorganization, subjects were asked
if they are amemberofa “sportsgroup orclub.” Those who answered
“Yes” were labeled ““Participants” and those who answered “No”
were labeled “Non-participants.”

Covanates

Based on previous studies [8-11,18], age, sex, ammual
equivalent income, educational attainment, marital status occu-
pational status, self‘reported 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 functional disability. Social networks and social support
were used to test which aspect of participation in a sports
organization 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 bascline 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, one-way analysis 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 fimctional disability
over 4 years. Respondents who were lost to follow-up by moving
or death without incident functional disability, were included as
censored data in the models Regression analysis was performed
with simultaneous forced entry of age, sex, annual equivalent

Table 1. Combination of frequency of exercise and
patticipation in a sport organization.

Sport organization

) Participation Non-participation
Brercise  Once a month Active Participant Bercise Alone
or more (AP (B8
Iess than once Passive Participant Sedentary
a month 152 o

doi¥'10.137V/journal pone.0051061.t001
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income, educational attainment, marital status occupational
status, self-reported medical conditions, depression, smoking and
alcohol consumption as covariates (Model 1).

To test which aspect of participation in a sports organization
accounts for the prevention of incident functional disability, we
added one social network/ support measure to each model from
Model 2 to Model 6 and inspected the change in the HR estimate
asociated with sports participation. Thus, in Model 2 for
example, we added the varigble “frequency of meeting friends”
(as a measure of social network) above and beyond the variables in
Model 1. In a similar manner, we added the following additional
varigbles In subsequent models receiving emotional support in
Model 3, providing emotional support in Model 4, receiving
instrumental support in Model 5, and providing instrumental
support in Model 6.
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Table 2. Baseline characteristics.
Active Participant (AP) Exercise Alone (EA)  Passive Participant (PP)  Sedentary (S P
N , S 183 2,548 e 6698 -
Age (years) Mean6 SD 70.76 4.9 71.86 55 70.76 50 73.56 6.6 , 001
Sex (%) Males 522 571 55.7 450 , 001
Frequency of - Almost everyday 981 st 00 - o0 om
exercise (%) - : 5 : : L T : !
Twice or three times a 445 284 0.0 0.0
week
Once aweek 218 s 00 . 00
Once or twice amonth 00 00 313 26
Several times a year 00 iy 00 38 o
Never 00 00 649 96.3
Fequency of . Once a month ormore . 93.3 755 870 : 65.7 -+, 001
meeting fiends : ' ; R : i . : : g
) e : LT
Iess than once a month 5.7 230 105 304
Missing 10 1 25 , ; 40
Receiving Yes 90.3 868 868 829 , 001
emotional
suppoxt (%)
N , 65 89 98 e 107
Missing 32 43 34 64
Providing Yes - 863 r o816 834 Ce g om
emotional : . g o o T : P s
support &) ’ ) i s
No 97 136 123 183
Mising 40 i 48 43 79
Receiving Yes 940 911 92.6 839 , 001
instrumental
support (%)
N T " b4 a5 58
Missing 22 35 29 53
Providing Yes %25 900 %22 835 ' , 001
instrumental , ' :
support %)
No 38 57 43 91
Missing 37 42 36 S 73
*Pvalue was calculated using one-way analysis of variance (ANOVA) for age.
*Pvalues were calculated using x° test for sex, frequency of frequency of exercise of meeting friends, receiving emotional support, providing emotional support,
receiving instrumental support, and providing instrumental suppoxt.
do0i:10.1871/joumal pone.0051061.t002

All variables except for age were set as dummy variables. A
“missing” category wasused in analysisto account for missing values
in regponse to questions regarding the covariates. SPSS 18.0J was
used for statigtical analysis with a significance level of 5%.

Results

Table 2 shows baseline characteristics. A total of 4,436 subjects
exercised once or more a week (38.3%) and 2,335 subjects (20.2%)
participated in a sports organization.

There were 1,888 subjects (16.3%) in the Active Participant
(AP) group, 2,548 subjects (22.0%) in the Exercise Alone (EA)
group, 447 subjects (3.9%) in the Passive Participant (PP) group
and 6,698 subjects (57.8%) in the Sedentary () group. Mean
age was lowest in the AP group and highest in the S group,

November 2012 | Volume 7 |Issue 11 | €51061

- 306 -



with a difference of 2.8 years The proportion of males was
below 50% only in the S group. Regarding frequency of
exercise, nearly twice the people in the EA group exercised
“almost every day” compared to the AP group. Also, more than
ten times more people in the PP group exercised “once or twice
a month” compared to the S group. The ratio of subjects who
met friends once a month or more decreased in order of AP,
PP, EA and S, showing a trend for greater frequency of
meeting friends 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
support. However, the difference between groups was smaller
than that for frequency of meeting friends.

Among the 11,581 subjects analyzed, 909 people died (331
people developed an incident fumctional disability before they
died), 1,380 people developed an incident fimctional disability
and 128 people moved out of the research area during the 4
year followup period. The incident rate of functional disability
was calculated by dividing the person-years of observation from
the number of people who developed an incident functional
disability (T'able 8). Incident rate was lowest in the AP group,
followed by the PP group, the EA group and the S group, in
increasing order. The same trend was seen when the data was
stratified by age.

Table 4 shows the results of analyzing incident functional
disability by performance of exercise and participation in a sports
organization using Cox’s proportional hazards model. Setting the
“Exerciser” group as the reference, the HR for the “Inactive”
group was significantly high at 1.26 (95% confidence intervals
1.10-1.45). Setting the “Participant” group as the reference, the
HR for the “Non-participant” group was also significantly high at
1.33 (1.09-1.62).

Table 5 shows the results of analyzing incident functional
disability by the 4 groups of different combinations of
performance of exercise and participation in a sports organiza
tion using Cox’s proportional hazards model. Setting the AP
group as the reference, the HR for the EA group was
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
seen in the PP group, with an HR of only 1.16 ©.76-1.77). As
it is likely that subjects who responded that they participated in
a sports organization but that they “Never” exercised alswo

Sports Organizations and Functional Disability

Table 4. Adjusted hazard ratios (35% confidence intervals) for
incident functional disability by exercise and participation in a
sport organization.

N Crude HR(95% CD Adjusted HR (95% CD
Brerciser 4436 100 1o0?
Thactive 7,145 2.13(1.88-2.42) 1.26(1.10-1.45)
Participant 2335 100 1009 -

Non-participant 9,246 2.64(220-3.17) 1.33(1.09-1.62)

a)Adjusted for age, sex, annual equivalent income, educational attainment,
marital status, occupation status, self-reported medical conditions, depression,
smoking, alcohol consumption, and paricipation in a sport organization.

Y Adjusted for age, sex, annual equivalent income, educational attainment,
manital status, occupation status, self-reported medical conditions, depression,
smoking, alcohol consumption, and exercise.

doi'10.137V/joumal pone.0051061.t004

hardly ever participated in their sports organization, we then
conducted sub-analysis with these subjects in the “S” group.
The number of subjects in the PP group dropped from 447
people to 157 people, but the HR only changed from 1.16
0.76-1.77) to 115 (0.56-2.37) and the lack of a difference
between the PP group and the AP group was therefore
maintained.

Next, social networks and social support were used to test
which aspect of participation in a sports organization accounts
for the prevention of incident functional disability (Table 6). As
mentioned above, frequency of meeting friends was then added
to the covariates in Model 1 as a measure of social networks.
The HR for the EA group dropped dightly from 1.29 (1.02-
1.64) to 1.27 (1.00-1.61), and significance disappeared. The HR
for the S group was also somewhat attenuated from 1.65(1.33-
2.04) to 1.60(1.29-1.98), but the 95% confidence intervals
overlapped, and we cannot say that these estimates are
statistically different. Addition of either measure of social
support resulted in almost no change in the HR for the EA

group and the S group.

Discussion

In the present study, we tested incident functional disability by
performance of exercise and participation in a sports organization.

PLOS ONE | www.plosone.org

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

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

N@® 65-74 1,503(79.6) 1,815(71.2) 340(76.1) 3,681(55.0)
75+ 385(20.4) 733(288) 107239 3,017(45.0)
total 1,888(100.0) 2,548(100.0) 447(100.0) 6,698(100.0)

Tncident 65-74 30/6423 777850 10/1491 201/16776

/Person year
75+ 61/845 148/1661 18/228 826/7145
total 100/7268 295/9511 28/1719 1027/23921

Tncident mate 65-74 0006 0010 0.007 0012

‘ 75+ 0072 0089 0079 0.116
total 0014 0024 0016 0.047

d0i10.1371/joumal pone.0051061.t003
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participation in a sport organization.

Sports Organizations and Functional Disability

Table 5. Adjusted hazard ratios (95% confidence intervals) for incident functional disability by combination of exercise and

N Crude HR (95% CD Adjusted HR (95% CD Model 12
Active Participant (AP) 1888 U100 o ‘ L1000 : ‘
Bercise Alone (FA) 2,548 1.72(1.36-2.18) 1.29(1.02-1.64
Passive: Participant (PP ¢ AT 1:18(0.78-1.80) 1.160.76-177)
Sedentary (8 6,698 3.14(2.56-3.85) 1.65(1.33-2.04)

smoking, and alecoho! consumption.
d0i:10.1371/joumalpone.0051061.t005

The HR of incident functional disability was significantly higher
for the “Inactive” groups than the “Exerciser” groups Regarding
participation in a sports organization, the risk of incident
functional disability was significantly higher in the “Non-
participant” groups compared to the “Participant” groups
Furthermore, the HR was significantly higher for the EA group
than the AP group. It was reported that participation in social
activities leads to a decrease in the risk of fimctional decline, [7}
and incident disability, [18]. These past studies suggest that one
such social activity, participation in a sports organization, may
lead to incident functional disability prevention. The results of the
present study agreed with this hypothesis Moreover, the results
suggest that the health protection effects of participation in a sports
organization include not only the physiological effect of exercise,
but other effects aside from the exercise itself. Greater amount of
exercise has been shown to lead to decreasing risk of functional
disability, [6]. There were about twice as many people in the EA
group who exercised every day than in the AP group. As a result,
there may have been more positive results from exercise in the EA
group. It is possible that this effect led to an apparent decrease in
the difference in whether or not subjects participated in a sports
organization, causing level of participation to be underestimated.
This supports the hypothesis that, even when exercise is performed
regularly, incident functional disability may be better prevented if
they participate in a sports organization than if they do not. When
subjects who participated in a sports organization but vesponded
that they “never” exercised were included in the “S” group for
analysis, there was no significant difference between the AP group
and the PP group. This suggests that participation in a sports
organization may help prevent mcident functional disability,
regardless of frequency of exercise. It remains unclear, however,

“Vpdel 1 is adjusted for age, sex, annual equivalent income, educational attainment, marital status, occupation status, self-reported medical conditions, depression,

why there is a difference in incident functional disability with
frequency of exercise in those who participate in a sports
organization. Future studies are needed to clarify this point.

Next, we tested to see how far health protection effects from
participation In a sports organization aside from the effects of
exercise could be explained by social relations. When a measure of
social networks was added to the covariates in the model, the HR
of the EA group dropped, and significant differences disappeared.
Using a method for calculating the rate of change from earlier
literature “(OR,-ORyY (OR,-1*1007, [20], the decrease in HR
by social networks was 6.9%. A decrease by 7.7% was also seen for
the S group. Only a small fraction of the change was attributable
to social networks, but its involvement was nonetheless indicated.
An asociation has also been shown between social networks and
decrease in disability, [11,21]. It is thus conceivable that
participation in a sports organization relates more strongly with
social networks than private exercise does, and leads to a decrease
in incident functional disability. However, the change in HR was
minor. In addition, it is possble that social network was not
sufficiently evaluated, as frequency of meeting friends was the only
measure used.

On the other hand, while social support may also be obtained
through participation in a sports organization, adding social
support to the covariates had hardly any effect on the HR of the
EA group and S group. Group differences in ratio of people with
social support were smaller compared to frequency of meeting
friends This suggests that social support has a weaker connection
to participation in a sports organization than social networks do.
Moreover, In congruence with previous studies no relationship
was seen between incident functional disability and receiving
emotional support, [21,22] or providing social support, [11].

Table 6. Adjusted hazard ratios (95% C) for incident functional disability by social relations.

Model 1% Model 2 Model 39 Model 49 Model 59 Model 6”
Active Paticipant (AP~ 1.00 1.00 , 100 100 - 1.00 100
Brercise Alone (EA) 129(1.02-1.64) 1.27(1.00-1.61) 1.29(1.02-1.64 1.29(1.02-1.68) 1.28(1.01-1.63) 1.30(1.03-1.65)
Passive Participant (PP - 1.16(0.76-1.77) 1.15(0.76-1.76) 1.150.75-1.75) 1.15(0.76-1.75) 114(0.75-1.74) 1.1800.77-1.79)
Sedentary (9 1.65(1.33-2.04) 1.60(1.29-1.98) 1.64(1.33-2.03) 1.63(1.32-2.02) 1.63(1.32-2.02) 1.64(1.33-2.09)

smoking, and alcohol consumption.

d0i'10.1371/joumal.pone.0051061.t006
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“Nbdel 1 is adjusted for age, sex, annual equivalent income, educational attainment, marital status, occupation status, self-reported medical conditions, depression,

Y\bdel 2 is adjusted for the covariates in Model 1 plus frequency of meeting friends.
IMbdel 3 is adjusted for the covariates in Model 1 plus receiving emotional support.
DMpdel 4 is adjusted for the covaniates in Mbdel 1 plus providing emotional support.
“Mbdel 5 is adjusted for the covariates in Mbdel 1 plus receiving instrumental support.
IMbdel 6 is adjusted for the covariates in Model 1 phis providing instrumental support.
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These findings suggest that social support does not explain why
participation in a sports organization leads to a decrease in
incident functional disability.

The present study has four limitations The first is that, for
people participating in a sports organization, there is no digtinction
between exercise carried out in the sports organization and private
exercise, nor is there any clear distinction among the types of
exercise. We acknowledge that people in the “Exercise Alone”
category are not necessarily exercising in solitude. Instead, we
have used this label to contrast it with people who exercise as part
of an organized activity. In future studies, a question should be
added to the questionnaires that will enable such distinction. The
second limitation is that final analysis was only carried out on
about 40% of subjects due to lack of response to the questionnaires
and missing varisbles therefore it is possible that the results of the
present study do not give a complete picture of the region studied.
The third limitation is that the sample size in the present study was
too small to allow for more detailed analysis of frequency of
exercise. Future studies are required to further elucidate the reason
why incident functional disability prevention efficacy was greater
in the AP group than the EA group and clarify the most preferable
frequency of exercise. The fourth limitation is that the only
measure used was frequency of meeting friends though social
networks were used to test which aspect of participation in a sports
organization serves to prevent incident functional disability.
Future studies should consider more aspects of social networks.

In conclusion, tests of the relationship between incident
functional disability and 4 groups made up of different combina-
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tions of performance of exercise and participation in a sports
organization showed a significantly higher HR in the EA group
compared to the AP group. This suggests that, even when exercise
is performed once a week or more, incident functional disability
may be better prevented if the person participates in a sports
organization than if they do not. Moreover, when various aspects
of social relations were added to the covariates, only inclusion of
social networks brought a small reduction in the HR of the EA
group and S group. Compared to private exercise, participation in
a sports organization correlates more with social networks, which
may lead to a small decrease in incident functional disability.
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Dental status and incident falls among
older Japanese: a prospective cohort
study

Tatsuo Yamamoto,! Katsunori Kondo,? Jimpei Misawa,? Hiroshi Hirai,
Miyo Nakade,* Jun Aida,® Naoki Kondo,® Ichiro Kawachi,” Yukio Hirata®

ABSTRACT

Objective: To examine if self-reported number of
teeth, denture use and chewing ability are associated
with incident falls.

Design® Longitudinal cohort study (the Aichi
Gerontological Braluation Study).

Setting: 5 Japanese municipalities.

Participants® 1763 commmmity-dwelling individuals
aged 65 years and older without experience of falls
within the previous year at baseline.

Main outcome measures: Selfreported history of
multiple falls during the past year at the followup
survey about 3 years later. Baseline data on the
number of teeth present and/or denture use and
chewing ability were collected using self-administered
questionnaires. Logistic regression analyses controlled
for sex, age, functional disability during followup
period, depression, self-rated health and educational
attainment.

Results: 86 (4.9%) subjects reported falls at the
follow-up survey. Logistic regression models fully
adjusted for all covariates showed that subjects having
19 or fewer teeth but not using dentures had

a significantly increased risk for incident falls (OR
2.50, 95% (I 1.21 to 5.17, p=0.013) compared with
those having 20 or more teeth. Among subjects with
19 or fewer teeth, their risk of falls was not
significantly elevated so long as they wore denfires
(OR 1.36, 95% (T 0.76 to 2.45, p=0.299). Nb
significant association was observed between chewing
ability and incident: falls in the fully adjusted model.
Conclusions: Having 19 or fewer teeth but not using
dentires was associated with higher risk for the
incident falls in older Japanese even after adjustment
for multiple covariates. Dental care to prevent tooth
loss and denture treatment for older people might
prevent falls, although the authors cannot exclude the
possibility that the association is due to residual

the USA? and in half of cases falls are
recurrent.’> The consequences of falls are
severe: 6% of fallslead to a fracture and 24%
lead to other serious injuries.? Thus, falls
impose a burden on the sustainability of
health and long-term care in Japan and many
other countries, where population is rapidly

cofoundvg ageing.! In dpan, the annual health and
long-term care costs attributable to falls are
about 730 thousand million Japanese yen in
2002, which amounts to roughly 5% of the

INIRODUCHON entire health and longterm care costs.’

Falls occur frequently in older people and A number of studies® including those using

adversely affect their quality of life. More

Jpanese data’ have identified risk factors for

Dr Yukio Hirata than one-third of persons aged 60 years and falls, including female sex, older age, having
hiratay@kdcnet.ac.jp older fall each year in Jpan,’ England® and a history of falls, arthritis, cerebrovascular
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disease, depression and the impairment of muscle
strength  and/or balance. Although  exercise
programmes including balance training are effective,®
multifactorial fall prewention programmes to address
these risk factors hawe not been successful in reducing
falls.® A recent systematic review concluded that there is
limited evidence to suggest that multifactorial fall
prevention programmes in primary care, Community or
emergency care settings are effective in reducing the
number of falls.® Therefore, identification of additional
modifiable risk factors may be helpful to establish more
effective programmes for fall prevention.

Unhealthy dental status is a candidate risk factor for
falls™ 2 A longitudinal study showed that partial or
complete loss of dental occlusion was associated with
a decline in lower extremity dynamic strength and
balance function.’® One 1-year prospective longitudinal
study using 146 demented older people reported the
association between dental occlusion and subsequent
physical health.’* Researchers have argued that these
potential links between dental health and physical
health may be because jaw position affects body
posture.* Proprioceptive receptors of the masticatory
muscular system and dentoalveolar ligaments provide
sensory afferent input,'® and hence poor dental occlu-
sion may decrease that proprioception, thereby inter-
fering with the stability of head posture (and increasing
the risk of falling). However, whether or not dental
occlusion and chewing ability actually predict the
subsequent incidence of falls is largely unknown.

Therefore, this prospective study aimed to determine
the association between dental health in terms of the
number of teeth present, denture use and chewing
ability and the incidence of falls in a large cohort of
older Japanese people.

METHODS

Study population

Our analyses were based on data from the Aichi
Gerontological Evaluation Study (AGES) Project, an on-
going Jpanese prospective cohort study’® 7 The
detailed protocol of the AGES and baseline characteris
tics of the study participants have been published else-
where.'® 18 In brief, the AGES aims to investigate the
factors related to the loss of healthy years, such as
functional decline, cognitive impairment or death
among non-institutionalised older people. The sample
was restricted to those who did not already have a phys
ical or cognitive disability at baseline, defined by not
receiving public long-term care insurance benefits and
self-reported dependence in walking, toileting and
bathing.

The sampling frame for the AGES cohort was selected
as follows. In 2003, the residential registers of five
municipalities in Aichi prefecture were obtained with
the cooperation of city officials. From these compre-
hensive registers, we selected a random sample of one in
three citizens aged 65 years or older in four towns (1281,

1537, 1766 and 1873) and a random sample of 1666 in
a city. They (N=8123) were then mailed the baseline
questionnaire, inviting them to participate in the AGES
cohort study. Responses were obtained from 3998
subjects (49.2%), and 3981 subjects were identified
using ID. We mailed a followup surwey between March
2006 and March 2007 to the 3471 subjects after
excluding 510 subjects who died or started receiving
insurance benefits due to certified disability (N=472) or
could not be traced (N=38). Two thousand six hundred
and forty subjects responded to the followup survey
(76.1%) and formed the analytic sample for our study.
After excluding 166 and 545 subjects who experienced
multiple and single falls, respectively, as well as 106
subjects without information of falls at baseline, we were
left with 1823 subjects who did not report experiencing
falls at baseline. After excluding 56 subjects without
information on falls at followup and four subjects
without information on age, a total of 1763 subjects
formed the final analytic population of this study. The
AGES protocol was reviewed and approved by the Ethics
Committee on Research of Human Subjects at Nihon
Fukushi University.

Outcome variables

History of falls was ascertained by asking, “Have you had
any falls over the past year?” with possible answers of
“multiple times,” “once” or “none.” Multiple falls was
used as an outcome and the last two categories were
combined because previous studies have found that
single fallers are more similar to non-fallers than to
recurrent fallers on a range of medical, physical and
psychological risk factors.® 1° 20

Dental health variables

Dental status and chewing ability were assessed using
a self-administered questionnaire. Respondents were
asked to classify their dental status as having 20 or more
teeth, having 19 or fewer teeth with dentures, having 19
or fewer teeth without dentures, having few teeth with
dentures or having few teeth without dentures. Data
from having 19 or fewer teeth with dentures and those
from having few teeth with dentures were combined.
Data from having 19 or fewer teeth without dentures and
those from having few teeth without dentures were also
combined.

Chewing ability was ascertained by asking, “Howis your
ability to chew?” with possible answers being “I can chew
anything I want,” “I can chew most foods with some
exceptions,” “I can eat limited foods as I cannot chew
very well,” “I can hardly chew anything” and “I have
liquid foods as I cannot chew at all.” Data from the last
three categories were combined due to the small
number of respondents.

Covariates

Studies suggest that falls are associated with sex,” 2! age,2”
stroke,” sewere foot problems? impaired vision and
impaired hearing,? activities of daily living (ADL),® ¢ 2!
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body mass index (BMI),?! use of sedatives? depres
gon,2 selfrated health,?! exercise,”> mobility’ and
socioeconomic status.?? Therefore, associations of inci-
dent fall with sex, age, present illness related to falls,
ADIL, BMI, use of sedatives depression, selfrated
health, exercise (how much they walked in minutes per
day), frequency of outings, educational attainment and
equivalised household income were analysed. Self-
reported current medical treatment of stroke, osteo-
porosis, joint disease/ neuralgia, injury fracture,
impaired vision and/ or impaired hearing was used as
a variable for present illness related to falls. To evaluate
functional status, the survey asked whether the
respondents had difficulty or needed someone’s assis
tance in performing any of the following ADL: basing,
walking and using the toilet.?® Subjects without diffi-
culty for all three ADL items were categorised into ADL
without limitation and those with at least one ADL item
with difficulty into ADL with limitation. BMI was cate-
gorised into three groups (<18.5, 18.5e 24.9 and 25.0
or more).?* Depression was assessed with the short
version of the Geriatric Depression Scale-15 deweloped
for self-administration in the community using a simple
yes/ no format®® and was categorised into three groups:
Oe 4 (no), 5e 9 (mild) and 10e 15 (moderate to severe).
To adjust household income for household size,
equivalised income was calculated by dividing the
household income by the square root of the number of
household members and grouped into one of the seven
categories. In addition to these covariates, data on
functional disability during followup period were
collected from the public longterm care insurance
database maintained by each participating municipality
and used as a covariate. Incidence of functional
disability was determined based on when a person
newly qualified for the insurance benefit, new registra-
tions to the public longterm care insurance database.”
The distribution of each covariate at baseline for the
overall AGES 2003 cohort (n=32891) has been
reported elsewhere.'®

Statistical analysis

Categorical variables that included missing data were
recorded by reassigning missing values to separate
“missing” categories in order to maximise the number of
subjects included in the statistical analysis and thereby
maximise statistical power. Logistic regression models
were used to calculate the ORs and 95% Cls for the
incident falls at the followup. First, univariate ORs were
calculated for each dental health variable and each
covariate. Variables that were marginally significant
(p<0.10) in the univariate analyses were selected as
covariates for subsequent multivariate analysis. Then,
logistic regression analysis was performed for each
dental variable after including sex, age, functional
disability during followup period, depression, self-rated
health and educational attainment as covariates. All
statistical analyses were conducted using IBM SPSS
Statistics V.19 (IBM Co.).

RESULTS

A total of 86 (4.9%) of the 1763 respondents reported
the incidence of multiple falls at the followup survey.
Table 1 shows the rates of fallers and non-adjusted ORs
for reporting multiple falls at the followup survey
according to dental health variables and covariates.
Univariate models showed that poor dental status
chewing ability, male sex, older age, lower functional
disability during followup period, depression, poor self-
rated health and low educational attainment were each
associated with incident falls.

In the fully adjusted model, subjects with 19 or fewer
teeth without dentures had a 2.50 (95% CI 1.21 to 5.17)-
fold increased rigk for incident falls compared with those
having 20 or more teeth(Table 2). No significant asso-
ciation was observed between incident falls and chewing
ability after adding all covariates in the logistic regres
sion model. When the two dental health variables were
entered simultaneously into the same model with full
adjustment for all covariates, there was no change in the
ORs for any of the dental status variables.

DISCUSSION

Results of the present study showed that subjects with 19
or fewer teeth without dentures had a significantly
higher risk for incident falls than those with 20 or more
teeth, ewven after adjusting for multiple potential
confounding factors including demographics, physical
and mental health status, and socioeconomic status.
These findings are consistent with those of a l-year
longitudinal study using 146 older patients with severe
dementia, showing that patients with functionally inad-
equate dental status had significantly more frequent falls
than those with functionally adequate occlusion
composed of natural teeth, dentures or both.'* Inter
estingly, among subjects with 19 or fewer teeth, their risk
of falls was not significantly elevated so long as they wore
dentures. These results suggest that the poor dental
occlusion due to not using dentures after losing teeth is
a strong risk factor for falls among subjects with 19 or
fewer teeth.

There are several possible pathways between not using
dentures after losing teeth and incident falls. One
possibility is that the loss of occlusion due to not using
dentures may result in a decrease in functional balance
and these functional declines lead to falls. A cross
sectional study suggests that dental occlusal condition is
associated with balance function.’? An 8-year longitu-
dinal study showed that partial or complete loss of
occlusion was associated with a decrease in balance
function.'® Because balance deficit is a wellknown risk
factor for falls® it is plausible that poor balance may
explain the increased risk of falls among subjects with
poor dental occlusion.

A clinical study showed that dental occlusion affects
postural and gaze stabilisation because proprioceptive
receptors of the masticatory muscular system and
dentoalveolar ligaments provide sensory afferent input,
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and hence poor dental occlusion may decrease that
proprioception and interfere with the stability of head
posture.'® Another clinical study showed that denture
use improves postural swaying.”’ Because using den-
tures reduced the OR for incident falls in the present
study, proprioceptive receptors of the masticatory
muscular system might be more strongly associated with
balance function and falls than those of dentoalveolar
ligaments.

Some subjects with 20 or more teeth may have had
dentures in the present study; however, the information
was not obtained. Subjects with 20 or more teeth without
dentures may be more appropriate than those with 20 or
more teeth with/ without dentures as a reference, and
lack of the information might underestimate the asso-
ciation between dental status and incident falls.
However, studies show that people having at least 20
teeth usually can eat anything even they do not ware
dentures.?® ?° Therefore, the lack of the information of
with/ without dentures in subjects having 20 or more
teeth may be negligible.

We excluded individuals with history of falls because
we wanted to examine prospectively the risk of incident
falls. In addition, there is a theoretical possibility that
history of falls might confound the association between
number of teeth and risk of future falls, that is, history of
falls in the past can be a prior common cause of (1)
number of teeth (because some people may break teeth
when they fall) and (2) past falls predict future falls. For
these reasons, we felt that it was justified to exclude those
with fall history at baseline.

In the present study, self-reported chewing ability was
not associated with the incident falls. This result
disagreed with those from a crosssectional study
showing a significant association between chewing ability
judged from number of foods chewable and one-leg
standing time.?° Because selfreported mastication can
be modified by cooking (eg, cooking soft meal helps

chewing ability) and is more subjective than self-
reported number of teeth present and denture use, this
might dilute the association between selfreported
chewing ability and the incident falls. A study using 5643
subjects aged 40e 89 years showed that number of func-
tional teeth which differentiate subjects with and without
subjective dysphagia, defined as suffering any kind of
subjective impairment to eating function, including
biting difficulty; declined with age.?’ Additional studies
using objective measures for chewing ability are required
to clarify the relationship between chewing ability and
the incident falls.

Using dentures does not always recover chewing
ability. For example, a crosssectional study showed that
biting forces among removable partial and complete
denture wearers were 35% and 11%, respectively, when
expressed as a percentage of the subjects with natural
dentition.®* These results may explain the different
associations of dental status and chewing ability with
incident falls in the present study. When both dental
status and chewing ability were simultaneously entered
in the fully adjusted logistic regression model in the
present study, only dental status was still significantly
associated with incident falls.

Men were at increased risk of falls in the present study,
which disagrees with a meta-analysis’ based on people
aged 60 years or older showing that female sex was a risk
factor. On the other hand, our study result is also similar
to another large study of 12 684 individuals aged 85 years
or older.?’ We feel that the association between sex and
risk of falls might vary according to the study population.
Indeed, current clinical guidelines for the prevention of
falls do not include sex as a risk factor,® 3 and thus it
may not be a settled question.

Strengths and Limitations
We note some strength of the present study including
large sample size, population-based sampling and
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control for many potential confounding factors.
However, the present study has a number of limitations.
First, measurement of dental status was based on self-
report, not based on clinical examination. However, the
validity and reliability of self-reported number of teeth
has been established by multiple studies and widely used
in epidemiological surveys.** For example, validation
studies in the USA and Japan hawve reported a high
agreement between selfreported and examined number
of teeth (Pearson’s correlation coefficient: r=0.97 and
0.93, respectively) in 50 community-dwelling individuals
aged 70 years or older and 2496 subjects with a mean age
of 59.2% % Socond, selfreport of falls may not be
perfectly accurate.’” However, the associations with
demographic factors and other covariates are in the
generally expected direction, suggesting that there may
be sufficient value in this outcome.

OONCIUBIONS

The primary implication of this study is the importance
of maintaining the dental occlusion, especially with
natural teeth, in order to prevent falls among older
adults. The loss of teeth might be an independent risk
factor for incident falls, but it could be prevented by
using dentures. Promoting dental care including proper
use of denture might be an additional option for the
prevention of falls in addition to current interventions
targeting conventional risk factors, which warrants
further interventional studies testing the effects of
dental care and denture use on the prevention of falls.
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Tb evaluate the genderspecific impact of social exclusion on the mortality of older (hpanese adults, we
performed a prospective data analysis using the data of the Aichi Gerontological Evaluation Study (AGES).
In AGES, we surveyed functionally independent residents aged 65 years or older who lived in six
municipalities in Aichi prefecture, apan. We gathered baseline information from 13,310 respondents in
2003. Information on mortality was obtained from municipal databases of the public long-term care
insurance system. All participants were followed for up to 4 years. We evaluated social exclusion in terms

Keywords:
Social exclusion
Relative poverty

Social isolation of the combination of social isolation, social inactivity, and relative poverty. Cox’s proportional hazard
Cohort study . .. . .
Aged model revealed that socially excluded older people were at significantly increased risk (9e 34% for
Mortality premature mortality. Those with simultaneously relative poverty and social isolation and/or social
Bpan inactivity were 1.29 times more likely to die prematurely than those who were not socially excluded.
Women showed stronger overall impact of social exclusion on mortality, whereas relative poverty was
significantly associated with mortality risks for men. If these associations are truly causal, social
exclusion is attributable to 9000e 44,000 premature deaths (le 5% annually for the older Jhpanese
population. Health and social policies to mitigate the issue of social exclusion among older adults may
require gender-specific approaches.
© 2012 Hsevier Itd. All rights reserved.
Introduction issues; in other words, inadequate social participation, lack of social

There is a growing interest in the concept of social exclusion.
Social exclusion is closely associated with material deprivation due
to poverty but it covers wider and dynamic dimensions, including
deprivation in social networks, living arrangements, goods,
employment, access to benefits, and cultural capitals (Berghman,
1995). Social exclusion is a “multidimensional” problem and
a “dynamic process”, whereas the traditional concept of poverty
focuses on “income” and “static outcome”. As shown in Table 1,
various methods for measuring social exclusion exist. Barnes
(2002) emphasized the importance of measuring the dimensions
of interpersonal relationships and social participation. As Barnes
argued, because “poverty is not simply about income, but about
a lack of resources that impedes participation in society, measuring
poverty requires detailed analysis of multiple deprivation and
participation issues. Social exclusion focuses more on relational

* Corresponding author.
E mail address: masa-s@n-fukushi.acjp (M. Saito).

0277-9536/% e see front matter © 2012 Hsevier Itd. All rights reserved.
doi:10.1016/j.s0cscimed.2012.04.006

integration and lack of power.” Note that the term “social exclu-
sion” has been used in a different context in social psychology.
Specifically, the negative consequence of unfavorable interpersonal
relationships (e.g., being rejected by one’s peers) is similar to other
concepts, such as social rejection and social ostracism (Baumeister,
DeWall, Garocco, & Twenge, 2005; Nolan, Hlynn, & Garber, 2003;
Williams, Forgas, & von Hippel, 2005).

The World Health Organization has mentioned that “Poverty,
relative deprivation and social exclusion have a major impact on
health and premature death” (Wilkinson & Marmot, 2003). In fact,
there are a large number of studies that focus on specific dimen-
sions of social exclusion and health, for example, relative poverty,
socioeconomic inequality, and neighborhood relationships
(Rawachi, 2000; Kondo, Kawachi, Subramanian, Thkeda, &
Yamagata, 2008; Kondo, Sembajwe, et al., 2009; Leclerc, Chastang,
Menvielle, & Iuce, 2006). However, there are few studies that
have analyzed the impact of accumulation of poverty and social
disintegration. It is highly likely that an individual’s experiences
overlap in multiple dimensions of social exclusion, and we should
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