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Does poor dental health predict becoming
homebound among older Japanese?
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Abstract

Background: Being homebound is an important risk factor of functional disability in older people. There is a
possibility of bidirectional relationship between homeboundness and dental health. This prospective cohort study
examined the association of dental health, which includes social function, on homeboundness in the future.

Methods: The participants were ≥ 65 years, responded to two postal surveys conducted in 2006 and 2010, and
were not homebound at baseline. Logistic regression analysis was used to estimate the odds ratios for homeboundness,
defined as going out of one’s home less than once weekly. Self-reported baseline dental status was used as the
main predictor. Age, sex, marital status, educational attainment, income, comorbidity, depression, walking time,
living alone, and area of residence were used as covariates.

Results: Among 4390 non-homebound respondents, 7.4 % were homebound four years later. The proportions of
homebound respondents with < 20 teeth without dentures, < 20 teeth with dentures, and ≥ 20 teeth were 9.7,
8.8, and 4.4 %, respectively. The odds for being homebound in the 65–74-year age group, adjusted for covariates,
was 1.78 (95 % CI: 1.01–3.13; p < 0.05) times higher for respondents with < 20 teeth and no dentures than that for
respondents with ≥ 20 teeth. Among the participants in the ≥ 75-year age group, a significant association of
homeboundness and dental health was not observed.

Conclusions: Among the young-old population, poor dental health predicted future onset of homeboundness,
while depressive symptoms did not show any significant association.
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Background
Being homebound leads to social isolation and physical
inactivity in older people [1], which are important risk
factors of functional disability, defined as a difficulty in
performing activities of daily living. Functional disability
has attracted increased attention as a public health
problem in many aging societies [1]. In addition, pre-
vious studies have shown that homebound older
people are at a significantly higher risk of mortality
than non-homebound older people [1–3]. The various
sociodemographic and behavioral risk factors of home-
boundness include older age [2, 4–6], male sex [2], lower
socioeconomic status [4, 6], unmarried status (single,

separated, or divorced) [7], living alone [2, 4, 8], and
poorer physical and psychological health [2, 4, 7].
A previous study reported the possibility that home-

bound people had poor dental health because of lack of
access to dental care. In a study of homebound older
adults living in New York City, the participants had
poor dental health, most of whom did not have access
to dental care [9]. In addition to the possibility that
homeboundness causes poor dental health, there is a
possibility that poor dental health causes homebound-
ness thorough several pathways. Dental health may
affect both the physical and social behaviors of home-
bound individuals. Dental health affects not only phys-
ical health status but also social abilities. Dental health
plays an important role in food choice and nutritional
intake [10–15]. Additionally, recent studies have shown
the effects of dental health on general health status
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include increased incidence of falls [16, 17] and func-
tional disability [18]. In addition to these physical
health factors, dental health, including loss of teeth,
also affects social factors such as conversation [19] and
facial attractiveness [20]. Embarrassment is often expe-
rienced when people have poor dental health issues
such as having fewer remaining teeth [21]. Therefore,
poor dental health could reduce social participation
[16]. As a result of these mechanisms, inadequate den-
tal health may have a negative effect on social activities,
leading individuals to isolate themselves from others.
Although there is a possibility of a bidirectional rela-
tionships between homeboundness and dental health,
homeboundness causes poor dental health and poor
dental health causes homeboundness, no study has ex-
amined the later direction, association of dental health
on homeboundness.
If homeboundness and dental health are bidirection-

ally related, the negative spiral of homeboundness and
poor dental health could deteriorate the activity of older
people. In this situation, maintaining good dental health
could alleviative this negative spiral. The aim of this lon-
gitudinal cohort study was to examine the association
between poor dental health (tooth loss and lack of den-
tures) and being homebound in older Japanese people.
We hypothesized that poor dental health at baseline pre-
dicts the homebound status at follow-up.

Methods
Respondents and setting
This prospective cohort study used data from the
Japan Gerontological Evaluation Study (JAGES) Pro-
ject [22, 23]. The JAGES Project investigated social,
behavioral, and health factors in people aged 65 years
or older. The JAGES sample was restricted to people
who did not already have physical or cognitive disabil-
ities, which were defined as those without eligibility
for receiving long-term public care insurance benefits.
Thus, the goal of the JAGES Project was to assess the
health status and social determinants of able-bodied
people aged 65 years or older. The present longitu-
dinal study used panel data from surveys conducted in
2006 and 2010.
We mailed self-reported questionnaires to people who

were randomly selected from the list of older residents
not receiving long-term public care insurance benefits in
each municipality. However, as the study fields were not
randomly selected from whole Japanese municipalities, we
did not apply weight analysis. In 3 municipalities where the
dental health questionnaires were distributed for both study
periods, 7270 individuals completed the questionnaire in
2006, and 5589 responded to our questionnaire in 2010
(follow-up rate: 72.39 %). The present study determined
which respondents had become homebound between 2006

and 2010, and we excluded 640 individuals who were
homebound at baseline (2006). Of these respondents, 211
were excluded because of a lack of information regarding
being homebound in 2006, 348 were excluded because of a
lack of information regarding being homebound in 2010.
Finally, 92.66 % of the participants were included in our
analyses. Data collected from 4390 respondents were in-
cluded in the analysis (Fig. 1).

Ethical considerations
The JAGES protocol was reviewed and approved by the Eth-
ics Committee on Research of Human Subjects of Nihon
Fukushi University. The questionnaire was sent via mail,
with a written explanation of the study aim. The people who
returned the questionnaire were regarded as having pro-
vided consent to participate in the survey. The authors ob-
tained the permission to use the data from the JAGES data
management committee.

Outcome variables
Homeboundness has several similar definitions. The cri-
teria of homeboundness include going out of one’s home
once weekly or less often [4], less often than once weekly
[24] and once monthly or less often [25]. Since being
homebound was considered to be affected by social and
cultural background, we applied the definition used in

Responded both our questionnaires in
2006 and 2010

(N=5,589, follow-up rate :72.39%)

Analyzed population (N=4,390, the
final inclusion percentage 92.66%)

Excluded due to being
homebound in 2006

(N=640)
Excluded due to lack of

homebound information
at 2006 (N=211)

Excluded due to lack of
homebound information

at 2010 (N=348)

Not homebound in 2006
(N=4,738)

Fig. 1 Data for 4390 respondents were included in the analysis
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Japan, which is going out of one’s home less often than
once weekly [24]. This reflects not only physical reasons
for being confined to one’s home, such as being bedridden,
but also psychosocial or geographical reasons. Frequency
of going outdoors was measured by using the question,
“How often do you usually go outside of the house (this in-
cludes shopping, meeting with people, walking, going to
the hospital, and other activities)?”

Explanatory variables
The number of remaining teeth and the use of dentures at
baseline (2006) were used as variables representing dental
health status. They were assessed by responses to the self-
administered questionnaire. Previous studies have indi-
cated that older people with 20 or more teeth ingested
more food relative to those with fewer than 20 teeth [26].
Therefore, we categorized the numbers of remaining teeth
as follows: 20 or more teeth, fewer than 20 teeth with den-
tures, and fewer than 20 teeth without dentures.

Covariates
From previous studies, we selected physical, psychological,
and geographical variables as the covariates [1, 7, 27, 28].
As in the previous studies, the following questions regard-
ing sociodemographic characteristics, baseline health sta-
tus, and risk factors of homeboundness were included in
the analyses as covariates: age, sex, marital status, educa-
tional attainment, annual household income, comorbidity,
depression, walking time (min/day), living alone, and area
of residence at baseline (2006). To minimize the effect of
age as a strong confounding factor, we conducted a
stratified analysis according to age and included age as
a continuous variable in the models. Marital status was
categorized as married, widowed, separated, never mar-
ried, and other. Educational attainment was categorized as
follows: < 6 years, 6–9 years, 10–12 years, and ≥ 13 years.
Annual household income was categorized as follows:
< $20,000 (< ¥2,000,000), $20,000–$29,999 (¥2,000,000–
¥2,999,999), $30,000–$39,999 (¥3,000,000–¥3,999,999),
and ≥ $40,000 (≥¥4,000,000) (US$1 = ¥100). Comorbid-
ity was measured by using the question, “Do you receive
treatment now?” (to which respondents answered yes or
no). Depressive symptoms were measured via the short ver-
sion of the Geriatric Depression Scale (GDS-15) by using a
simple yes/no format suitable for self-administration. Previ-
ous studies have concluded that a cutoff point of 5 is ap-
propriate for use with the GDS as a screening tool for
depression in community-dwelling older adults in the
United States and Japan [29, 30]. Therefore, a cutoff point
of 5 was used as an indication of depression in this study.
Walking time was categorized as follows: < 30, 30–59, 60–
89, and ≥ 90 min/day. The categories representing the
numbers of people living in respondents’ households were
“living alone” or “living with others.” Because the risk of

being homebound was affected by residential area, residen-
tial municipality was also used as a categorical covariate as
follows: living area A, living area B, or living area C. The
2005 population densities [31] for areas A, B, and C were
1,026.6, 566.9, and 572.9 persons/km2, respectively.

Statistical analysis
We calculated prevalence and 95 % confidence interval
(CI) for respondents who were homebound due to dental
health. We then calculated the odds ratios (ORs) of the
baseline dental health status for homeboundness four years
later. Univariate and multivariate ORs and 95 % CIs for
dental health were calculated. As age was strongly associ-
ated with both dental health and homebound status, we ap-
plied a stratified analysis according to age. The participants
were stratified into two groups as follows: 65–74 years old
or 75 years or older. In the multivariate model, age, sex,
marital status, educational attainment, annual household
income, comorbidity, depression (GDS-15), walking time
(min/day), living alone, and area of residence at baseline
were included. We put emphasis on the theoretical import-
ance of the covariates, and included all covariates in the
multivariate model. If data were missing for explanatory
variables, the corresponding observations were assigned to
“missing” categories. In the present analysis, we selected
the study population from three municipalities. The sam-
pling rates and populations of the municipalities were simi-
lar. As a result, the sampling weight was not applied in the
analyses. All analyses were performed by using SPSS ver-
sion 22.0 statistical software.
In addition, the results of the logistic regression were used

to calculate the population-attributable fraction (PAF) of
dental health for being homebound. The PAF is defined as
“the proportional reduction in population disease or mortal-
ity that would occur if exposure to a risk factor were re-
duced to an alternative ideal exposure scenario (e.g., no
tobacco use)” by the World Health Organization [32]. The
PAF has been used to examine the impact of risk factors on
health outcomes in various public health studies [33, 34].
The impact of dental health on the population’s risk of being
homebound was estimated according to the PAF concept.

Results
Of 4390 respondents, whose mean (SD) age was
72.37 years (5.44), 2035 men and 2355 women were not
homebound at baseline, 7.4 % (n = 324) of whom were
homebound four years after baseline assessment. The
baseline characteristics of the respondents according to
homebound status at follow-up are presented in Table 1.
The proportion of homebound respondents with fewer
than 20 teeth and no dentures, fewer than 20 teeth and
dentures, and 20 or more teeth were 9.7, 8.8, and 4.4 %,
respectively. Respondents who were older, lowest educa-
tional attainment, shorter walking time (min/day), had
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Table 1 Baseline characteristics of the participants according to homebound status at follow-up (n = 4390)

Number of respondents (%) (excluding those who were homebound at baseline)

65–74 years old (n = 3007) ≥75 years old (n = 1383)

Total Non-homebound Homebound Total Non-homebound Homebound

Sex

Male 1410 (100.0) 1338 (94.9) 72 (5.1) 625 (100.0) 550 (88.0) 75 (12.0)

Female 1597 (100.0) 1530 (95.8) 67 (4.2) 758 (100.0) 648 (85.5) 110 (14.5)

Dental health

≥20 teeth 1195 (100.0) 1158 (96.9) 37 (3.1) 298 (100.0) 270 (90.6) 28 (9.4)

≤19 teeth with dentures 1465 (100.0) 1388 (94.7) 77 (5.3) 922 (100.0) 789 (85.6) 133 (14.4)

≤19 teeth without dentures 297 (100.0) 275 (92.6) 22 (7.4) 127 (100.0) 108 (85.0) 19 (15.0)

Marital status

Marriage 2424 (100.0) 2318 (95.6) 106 (4.4) 810 (100.0) 700 (86.4) 110 (13.6)

Widowed 410 (100.0) 388 (94.6) 22 (5.4) 475 (100.0) 417 (87.8) 58 (12.2)

Separated 44 (100.0) 42 (95.5) 2 (4.5) 9 (100.0) 9 (100.0) 0 (0.0)

Never married 33 (100.0) 31 (93.9) 2 (6.1) 18 (100.0) 13 (72.2) 5 (27.8)

Other or missing 96 (100.0) 89 (92.7) 7 (7.3) 71 (100.0) 59 (83.1) 12 (16.9)

Education

<6 years 19 (100.0) 18 (94.7) 1 (5.3) 61 (100.0) 52 (85.2) 9 (14.8)

6–9 years 1563 (100.0) 1473 (94.2) 90 (5.8) 708 (100.0) 600 (84.7) 108 (15.3)

10–12years 892 (100.0) 860 (96.4) 32 (3.6) 375 (100.0) 337 (89.9) 38 (10.1)

≥13 years 377 (100.0) 366 (97.1) 11 (2.9) 133 (100.0) 116 (87.2) 17 (12.8)

Annual household incomea

<$20,000 1190 (100.0) 1123 (94.4) 67 (5.6) 496 (100.0) 426 (85.9) 70 (14.1)

$20,000–29,999 662 (100.0) 639 (96.5) 23 (3.5) 246 (100.0) 215 (87.4) 31 (12.6)

$30,000–39,999 471 (100.0) 456 (96.8) 15 (3.2) 161 (100.0) 142 (88.2) 19 (11.8)

≥$40,000 301 (100.0) 288 (95.7) 13 (4.3) 133 (100.0) 117 (88.0) 16 (12.0)

Do you have hospital treatment?

Yes 1933 (100.0) 1846 (95.5) 87 (4.5) 961 (100.0) 820 (85.3) 141 (14.7)

No 794 (100.0) 762 (96.0) 32 (4.0) 211 (100.0) 186 (88.2) 25 (11.8)

Depression (GDS score)

0–4 1961 (100.0) 1878 (95.8) 83 (4.2) 811 (100.0) 718 (88.5) 93 (11.5)

≥5 575 (100.0) 536 (93.2) 39 (6.8) 246 (100.0) 203 (82.5) 43 (17.5)

Walking time (min/day)

<30 840 (100.0) 788 (93.8) 52 (6.2) 433 (100.0) 358 (82.7) 75 (17.3)

30–59 959 (100.0) 917 (95.6) 42 (4.4) 478 (100.0) 420 (87.9) 58 (12.1)

60–89 460 (100.0) 444 (96.5) 16 (3.5) 203 (100.0) 185 (91.1) 18 (8.9)

≥90 641 (100.0) 616 (96.1) 25 (3.9) 201 (100.0) 178 (88.6) 23 (11.4)

Do you stay with your family?

Yes 2477 (100.0) 2365 (95.5) 112 (4.5) 1023 (100.0) 894 (87.4) 129 (12.6)

No (living alone) 185 (100.0) 173 (93.5) 12 (6.5) 127 (100.0) 111 (87.4) 16 (12.6)

Living areab

A 1277 (100.0) 1251 (98.0) 26 (2.0) 488 (100.0) 449 (92.0) 39 (8.0)

B 923 (100.0) 873 (94.6) 50 (5.4) 429 (100.0) 359 (83.7) 70 (16.3)

C 807 (100.0) 744 (92.2) 63 (7.8) 466 (100.0) 390 (83.7) 76 (16.3)
aUS $1 = \100
bThe population densities of areas A, B, and C were 1,026.6, 566.9, and 572.9 persons/km2 respectively
GDS Geriatric Depression Scale

Koyama et al. BMC Oral Health  (2016) 16:51 Page 4 of 9



Table 2 Association between dental health at baseline and homeboundness at follow-up (n = 4390)

65–74 years old (n = 3007) ≥75 years old (n = 1383)

Univariate analysis Multivariate analysisa Univariate analysis Multivariate analysisa

Age: continuous 1.12 (1.05–1.19)*** 1.09(1.02–1.16)* 1.10 (1.05–1.14)*** 1.10(1.05–1.15)***

Sex

Male 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Female 0.81 (0.58–1.14) 0.68(0.47–0.99)* 1.24 (0.91–1.71) 1.40(0.96–2.03)

Dental health

≥ 20 teeth 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

≤ 19 teeth with dentures 1.74 (1.16–2.59)** 1.39(0.92–2.10) 1.63 (1.06–2.50)* 1.40(0.89–2.21)

≤ 19 teeth without dentures 2.50 (1.45–4.31)*** 1.78(1.01–3.13)* 1.70 (0.91–3.17) 1.47(0.76–2.84)

Marital status

Marriage 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Widowed 1.24 (0.77–1.99) 1.21(0.67–2.19) 0.89 (0.63–1.24) 0.56(0.37–0.86)**

Separated 1.04 (0.25–4.36) 1.08(0.24–4.79) - -

Never married 1.41 (0.33–5.97) 1.09(0.23–5.16) 2.45 (0.86–7.00) 2.27(0.68–7.53)

Other or missing 1.24 (0.77–1.99) 1.26(0.54–2.94) 0.89 (0.63–1.24) 0.83(0.40–1.72)

Education (years)

< 6 1.85 (0.23–15.11) 0.96(0.11–8.55) 1.18 (0.49–2.82) 0.80(0.31–2.06)

6–9 2.03 (1.08–3.84)* 1.47(0.76–2.86) 1.23 (0.71–2.13) 1.06(0.59–1.91)

10–12 1.24 (0.62–2.48) 1.18(0.58–2.40) 0.77 (0.42–1.42) 0.70(0.36–1.33)

≥13 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Annual household incomeb

< $20,000 1.32 (0.72–2.43) 0.93 (0.49–1.76) 1.20 (0.67–2.15) 0.89 (0.48–1.66)

$20,000–29,999 0.80 (0.40–1.60) 0.73 (0.36–1.49) 1.05 (0.55–2.01) 0.82 (0.42–1.62)

$30,000–39,999 0.73 (0.34–1.55) 0.70 (0.32–1.50) 0.98 (0.48–1.99) 0.91 (0.44–1.91)

$40,000 ≤ 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Do you have hospital treatment?

Yes 1.12 (0.74–1.70) 1.88(0.73–4.82) 1.28 (0.81–2.01) 1.26(0.78–2.03)

No 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Depression (GDS score)

0–4 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

≥5 1.65 (1.11–2.44)* 1.44(0.95–2.18) 1.64 (1.10–2.42)* 1.39(0.92–2.12)

Walking time (min/day)

< 30 1.63 (1.00–2.65) 1.46(0.88–2.42) 1.62 (0.98–2.67) 1.56(0.93–2.64)

30–59 1.13 (0.68–1.87) 1.08(0.64–1.82) 1.07 (0.64–1.79) 1.11(0.65–1.90)

60–89 0.89 (0.47–1.68) 0.90(0.47–1.73) 0.75 (0.39–1.44) 0.82(0.42–1.61)

≥90 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Do you stay with your family?

Yes 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

No (living alone) 1.46 (0.79–2.71) 1.16(0.53–2.53) 1.00 (0.57–1.74) 1.10(0.57–2.10)
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lived alone, exhibited symptoms of depression, had re-
ceived hospital treatment, earned the lowest annual
household incomes, or lived in areas B or C were more
likely to be homebound.
Table 2 shows the results of the age-stratified logistic

regression analyses. In the univariate analysis, the odds
of being homebound for respondents with fewer than 20
teeth and no dentures in the 65- to 74-year age group
was 2.50 (95 % CI: 1.45–4.31) times greater than that for
respondents with 20 or more teeth. Even after adjust-
ment for a number of covariates, the odds of being
homebound for respondents with fewer than 20 teeth
and no dentures in the 65- to 74-year age group was
1.78 (95 % CI: 1.01–3.13) times greater than that for re-
spondents with 20 or more teeth. In contrast, among the
participants aged 75 years or older, no significant associ-
ation was observed between dental health and home-
boundness. Widowed participants had lower odds for
homeboundness in the 75-year or older age group. Al-
though statistically non-significant, depressive participants
tended to being homebound for both age groups. The
PAF for dental health of the respondents with fewer than
20 teeth in the 65- to 74-year age group was 18.72 %. This
was equivalent to avoidance of being homebound by pre-
venting tooth loss in 187 per 1000 cases.

Discussion
To the best of our knowledge, this is the first study to
examine the association between dental health at base-
line and homebound status at follow-up in older people.
The result of a longitudinal data analysis suggested that,
in the 65- to 74-year age group, having fewer teeth and no
dentures at baseline was associated with future risk of be-
ing homebound. In contrast, in the 75-year or older age
group, no significant association was observed between
dental health and homeboundness. Therefore, for young-
old people, dental health was an important predictor of
being homebound. Future intervention studies focused on
improving dental health in order to prevent homebound-
ness in older Japanese population are required.
Being homebound also showed robust associations

with living area in both age groups. Previous studies in

Japan reported that higher population density, a proxy of
possibility for social interactions, was associated with
lower prevalence of homeboundness [28]. An interven-
tion that aims to increase social interactions would be
beneficial in areas with higher prevalence of home-
boundness [35]. Even after adjustments for living area,
the association of dental health and homeboundness was
still significant among young-old people. Compared to
living area, dental health is a relatively easy target for
modification in public health programs.
Based on the results of previous studies and the present

study, both pathway directions could exist between home-
boundness and dental health. Older people who were
homebound and/or had functional disabilities had limited
access to dental care [9]. Therefore, homebound people
tend to have poor dental health [8]. In addition, the present
study suggests that poor dental health increases the risk of
homeboundness. Several possible pathways may link dental
health and homeboundness. Dental health, including loss
of teeth, also affects food choice and nutritional intake
[10–15], conversation [19], and facial attractiveness [20].
Therefore, poor dental health could reduce social participa-
tion [16]. A cross-sectional study conducted in 2013 dem-
onstrated the association between social participation and
dental health [36]. Another cross-sectional study reported
that denture use was significantly associated with par-
ticipation in social groups among community-dwelling
older Japanese women after adjusting for possible con-
founders [37]. Through these mechanisms, inadequate
dental health may have a negative influence on social
activities, leading individuals to isolate themselves from
others. From a physical perspective, poor dental health
can lead to general health problems, including func-
tional disability and dementia [38]. Loss of physical or
psychological health is associated with the risk of be-
coming homebound [2, 4, 7, 8].
In this study, the association of poor dental health and

homebound status was stronger in the young-old popula-
tion. This result may be explained by social compassion re-
lated to dental health. Among participants, the percentages
of people with 20 or more teeth among 74 or younger and
75 or older were 40 and 22 %, respectively. A smaller

Table 2 Association between dental health at baseline and homeboundness at follow-up (n = 4390) (Continued)

Living areac

A 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

B 2.76 (1.70–4.46)*** 2.64(1.62–4.29)*** 2.24 (1.48–3.40)*** 2.21(1.44–3.40)***

C 4.07 (2.56–6.49)*** 3.55(2.20–5.74)*** 2.24 (1.49–3.38)*** 2.10(1.38–3.21)***
aAdjusted for age, sex, marital status, educational attainment, annual household income, comorbidity, depression (Geriatric Depression Scale score), walking time
(min/day), living alone, and living area at baseline (2006)
bUS $1 = \100
cThe population densities of areas A, B, and C were 1,026.6, 566.9, and 572.9 persons/km2, respectively.
Data are presented as odds ratios (95 % confidence intervals), p value of homeboundness of the respondents
GDS Geriatric Depression Scale
*: p < 0.05, **: p < 0.01, ***: p < 0.005
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Table 3 Baseline characteristics of the respondents and non-respondents to the follow-up survey (n = 7270)

Number (%) at baseline

Respondents to the follow-up (n = 5589) Non-respondents to the follow-up(n = 1681)

Sex

Male 2513(45.0) 785(46.7)

Female 3076(55.0) 896(53.3)

Dental health

≥20 teeth 1788(32.0) 405(24.1)

≤19 teeth with dentures 3064(54.8) 927(55.1)

≤19 teeth without dentures 579(10.4) 240(14.3)

Marital status

Marriage 4020(71.9) 1147(68.2)

Widowed 1140(20.4) 330(19.6)

Separated 68(1.2) 18(1.1)

Never married 67(1.2) 28(1.7)

Other or missing 294(5.3) 158(9.4)

Education

<6 years 129(2.3) 52(3.1)

6–9 years 2976(53.2) 995(59.2)

10–12years 1517(27.1) 325(19.3)

≥13 years 587(10.5) 122(7.3)

Annual household incomea

<$20,000 2198(39.3) 743(44.2)

$20,000–29,999 1065(19.1) 213(12.7)

$30,000–39,999 741(13.3) 152(9.0)

≥$40,000 511(9.1) 125(7.4)

Do you have hospital treatment?

Yes 3685(65.9) 1014(60.3)

No 1230(22.0) 409(24.3)

Depression (GDS score)

0–4 3311(59.2) 823(49.0)

≥5 1107(19.8) 351(20.9)

Walking time (min/day)

<30 1705(30.5) 549(32.7)

30–59 1738(31.1) 453(26.9)

60–89 805(14.4) 221(13.1)

≥90 1019(18.2) 281(16.7)

Do you stay with your family?

Yes 394(7.0) 102(6.1)

No (living alone) 4339(77.6) 1220(72.6)

Living areab

A 2118(37.9) 410(24.4)

B 1661(29.7) 515(30.6)

C 1810(32.4) 756(45.0)
aUS $1 = \100
bThe population densities of areas A, B, and C were 1,026.6, 566.9, and 572.9 persons/km2 respectively
GDS Geriatric Depression Scale
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number of people had poor dental health within the
young-old population. Therefore, poor dental health status
should be more severe in the young-old population. A psy-
chological study reported that in a given situation, perform-
ance negatively judged by others initiated the highest
psychological stress responses [39]. Among the young-old
population, poor dental health reflects more negatively on
facial attractiveness compared to the older population. This
situation could erode self-esteem, decreasing social inter-
action and increasing homeboundness.
The implications of this study are that interventions that

promote dental health and denture use may prevent older
people from becoming homebound. In this study, 9.7 % of
the respondents did not use dentures in spite of having
fewer than 20 teeth. Improving the rate of denture use
among older people with fewer teeth could reduce their risk
of homeboundness in the future. Socioeconomic inequal-
ities were observed in dental prosthesis use among older
Japanese people [40]. In addition to dental health, home-
boundness is associated with socioeconomic conditions [1].
Therefore, up-stream public health approaches that con-
sider a broad range of social determinants of health are
needed to prevent homeboundness and deterioration of
dental health [41, 42].
The strength of our study includes a prospective co-

hort design involving the use panel data. This design
was suitable for the inference of causality. In addition,
our analysis considered various covariates that previous
studies found to be associated with homeboundness.
Even after adjustments for these covariates, a signifi-
cant association was found between dental health and
homeboundness.
Our findings should be considered within the context of

its limitations. First, the follow-up rate was relatively low
(72.39 %). Although follow-up rates of 50–80 % have been
shown to be acceptable [43, 44], higher rates are desirable.
Since our study respondents were 65 years or older, their
physical conditions were sometimes unstable. In fact, the
characteristics of non-respondent to the follow-up survey
were younger and healthier (Table 3). Therefore, lower
follow-up rates decrease the generalizability of the present
results. Second, dental health (number of remaining teeth
and denture use) was self-reported, and even though the
validity of this measure has been well established with re-
spect to objective measures [45–48], self-reported dental
health was found to be imprecise relative to clinical dental
checkups. Therefore, our result regarding the association
between dental health and homebound status is considered
an underestimation. Third, the study fields were not ran-
domly selected from whole Japanese municipalities; thus,
we did not apply weight analysis. Our participants did not
include people with disability at baseline. Therefore, the
generalizability of the present results to the Japanese
population is limited. Fourth, we did not examine

dental attendance history at the baseline survey. Includ-
ing this variable as a covariate can further reduce the
possibility of reverse causation.

Conclusions
This prospective cohort study demonstrated that having
fewer teeth and failure to use dentures was associated
with future onset homeboundness in young-old popula-
tion. Among this young-old population, the association
between dental health and homeboundness was stronger
than association with depressive symptoms.

Availability of supporting data
Data are from the JAGES study. All enquiries are to be ad-
dressed at the data management committee via e-mail:
dataadmin@jages.net. All JAGES datasets have ethical or
legal restrictions for public deposition due to inclusion of
sensitive information from the human participants.
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