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Abstract

Purpose: Human flourishing is a multidimensional concept that encompasses happiness and life satisfaction (happiness),
mental and physical health (health), meaning and purpose (purpose), character and virtue (character), and close social
relationships (social), which are characterized by comprehensive well-being. This cross-sectional study investigated the
association of oral health, number of remaining teeth, and prosthesis use with multidimensional flourishing.

Methods: Data was sourced from the 2022 wave of the Japan Gerontological Evaluation Study, a population-based survey
of independent individuals aged 65 years or older. This study utilized multilevel linear regression with multiple imputa-
tions. The covariates included sex, age, income, education, marital status, smoking status, diabetes history, instrumental
activities of daily living, and depressive symptoms.

Results: This study included 87,201 participants with a mean age of 74.87 years [standard deviation (SD)=6.30], and
mean+SD composite flourishing index of 6.77+1.64. Multilevel multivariable regression showed that individuals with den-
tal prostheses or more teeth had a higher flourishing index. Among individuals without dental prostheses, those with >20
teeth showed a composite flourishing index of 0.34 units higher (95% confidence interval (95% Cl): 0.26-0.42, P < 0.001)
than those with 0-9 teeth. Among those with 0-9 teeth, individuals with dental prostheses showed 0.21 (95% Cl: 0.12-0.29,
P < 0.001) higher units compared to those without prostheses. The interaction analysis showed that dental prosthesis use
was significantly associated with higher indices, especially among those with fewer teeth.

Conclusions: Teeth and prostheses were independently associated with multidimensional flourishing. Using dental pros-
theses may enhance multidimensional flourishing among individuals with fewer remaining teeth.
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1. Introduction ing domains. In health research, approaches often address a single
disease, that is, a single health domain[2,3]. Similarly, the main goal in
Human flourishing, a multifaceted concept that goes beyond  psychological studies is usually to alleviate particular symptoms[4,5].
the mere absence of illness or infirmity and includes a state of ho-  To effectively enhance human flourishing, empirical studies and
listic well-being comprising physical, mental, and social well-being, ~ measurements must provide a comprehensive understanding of
has gained attention globally and is considered a broader range of ~ multidimensional flourishing[6].
outcomes to assess[1]. Investigating the causes and interventions
that have the most significant impact on human flourishing is cru-
cial. However, it is worth noting that studies in various fields such
as medicine, public health, psychology, and economics tend to con-
centrate on very narrow outcomes, specifically on specific flourish-
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» Having more teeth and using dental prostheses were indepen-
dent predictors of enhanced flourishing in older Japanese individu-
als. Dental prostheses use may boost multidimensional flourishing
among individuals with fewer remaining teeth.
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Table 1. Flourishing @ measure and questions

Domain Item

Statement (0-10)

Overall, how satisfied are you with life as a whole these days?

Happiness and life satisfaction

In general, how happy or unhappy do you usually feel?

0 = not satisfied at all,
10 = completely satisfied

0 = extremely unhappy,
10 = extremely happy

In general, how would you rate your physical health?

Mental and physical health

How would you rate your overall mental health?

0 =poor,
10 = excellent

Overall, to what extent do you feel the things you do in your life are worthwhile?

Meaning and purpose
| understand my life purpose.

0 = not at all worthwhile,

10 = completely worthwhile
0 = strongly disagree,

10 = strongly agree

I always act to promote good in all circumstances, even in difficult and challenging situations.

Character and virtue

| am always able to give up some happiness now for greater happiness later.

0 = not true of me,
10 = completely true of me

| am content with my friendships and relationships.

Close social relationships

My relationships are as satisfying as | would want them to be.

0 = strongly disagree,
10 = strongly agree

@ The composite flourishing index (range, 0 (lowest response) -10 (highest response)) is a mean score calculated by 10 items across 5 domains, with greater

values indicating higher flourishing levels

Oral health is closely determined by oral appearance, typically
represented by the number of teeth and dental prosthesis use, which
are two important components that can impact essential activities
such as speaking and eating[7]. Deterioration of oral health, such
as fewer teeth, has also been linked to feelings of embarrassment,
lower self-esteem, and adverse effects on social interaction[8-11].
Oral diseases and tooth loss can substantially impact the quality of
life and well-being of older adults[12]. Some studies focused on oral
health with mortality, in which denture use is inversely associated
with mortality among elderly individuals with tooth loss, particularly
among females with fewer than 10 functional teeth[13,14]. A single
domain of flourishing, such as the association between the number
of teeth and happiness[1], oral health and both mental and physical
health[15,16], or oral conditions and social relationships[17,18], has
been the focus of previous empirical studies. However, the associa-
tion between oral conditions, including the number of teeth and the
use of dental prostheses, and human multidimensional flourishing
still lacks a comprehensive understanding, especially in the older
population.

Therefore, using data collected from an older population-based
survey, this cross-sectional study aimed to explore the association
between multidimensional flourishing and oral health status, includ-
ing the number of remaining teeth with and without the use of dental
prostheses. The research hypothesis was that there is an association
between fewer remaining teeth and worse multidimensional flour-
ishing, and dental prosthesis use would alleviate this consequence.

2. Material and Methods
2.1. Population

Cross-sectional data from the Japan Gerontological Evaluation
Study (JAGES)[19,20] project, an ongoing prospective cohort study
in Japan, were used. The JAGES project investigates the gerontologi-
cal and social epidemiological perspectives associated with health
among individuals aged 65 years or older who are not certified for
long-term care insurance, which targets older people needing as-
sistance in their daily living activities[21-25]. From November 2022
to December 2022, self-administered questionnaires were randomly
delivered by mail to 338,742 community-dwelling older individuals

who were 65 years and older in 76 municipalities in 23 prefectures
throughout Japan (227,731 individuals responded; valid responses:
193,049). The questionnaire containing flourishing measures was
randomly distributed to one in two people, and 96,340 individuals
responded to the questionnaire with flourishing measures. Among
them, the number of respondents without functional dependence
was 88,077. Participants with missing data on age and sex were
excluded; hence, data on 87,201 participants were included in this
study.

2.2. Measures
2.2.1. Outcomes

Using VanderWeele's[26] multidimensional conception of flour-
ishing as a framework, we assessed five universally desired domains
of flourishing: (1) happiness and life satisfaction (happiness); (2) men-
tal and physical health (health); (3) meaning and purpose (purpose);
(4) character and virtue (character); and (5) close social relationships
(social)[6]. The composite scores calculated from the average of all 10
items were considered as the composite flourishing index. Each item
was assessed on a scale of 0-10 (worst to ideal). The average scores
on the composite flourishing index ranged 0-10, with greater values
indicating higher flourishing levels. Domain-specific scores were
obtained by calculating the average of two items in each domain[27].
Table 1 contains a complete list of items.

2.2.2. Oral health status

Oral health variables included the number of remaining teeth
and dental prosthesis use, both of which were self-reported. The
JAGES uses questions similar to the World Health Organization’s
(WHO) basic oral health survey[28]. The validity and reliability of the
self-reported number of remaining teeth were established in the
JAGES[29]. In JAGES 2022, we used more categories of the number
of teeth, and participants selected from the following choices: 0, 1-4,
5-9, 10-14, 15-19, 20-23, 24-27, or 28-32 teeth. Dental prosthesis use
was determined by a self-reported binary question: “Do you use den-
tures or bridges (non-removable dentures) or have dental implants?”.
Following a previous study[1], the self-reported number of teeth and
dental prosthesis use were amalgamated and grouped into one of
the following six categories: 0-9 teeth without dental prosthesis, 0-9
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teeth with dental prosthesis, 10-19 teeth without dental prosthesis,
10-19 teeth with dental prosthesis, 220 teeth without dental prosthe-
sis, and >20 teeth with dental prosthesis.

2.2.3. Covariates

The covariates were selected based on the probable association
between oral health and multidimensional flourishing[30-36]. The
theoretical framework of this study is shown as a directed acyclic
graph in the Supplementary Figure 1 (Fig. S1). Similar to previ-
ous studies, sociodemographic covariates included sex, age group,
equivalized household income, educational attainment, and marital
status[31]. Equivalent household income was calculated by dividing
annual income by the square root of the number of household mem-
bers and was categorized into three groups. Marital status was cat-
egorized as married, divorced, widowed, or single. For health-related
covariates that could be associated with oral health and flourishing,
smoking status, diabetes history[32,33], instrumental activities of
daily living (IADLs)[34], and depressive symptoms[35,36] were con-
sidered. Smoking status was categorized as never smoking, quitting
for 5 years or earlier, quitting for years or later, occasional smoking,
and smoking every day[37]. IADLs were assessed using a 13-item
scale (score range: 0-13) created by the Tokyo Metropolitan Institute
of Gerontology[38]; a score of 13 indicated independence in higher
life functions, and a score of 0-12 indicated nonindependence. For
the depressive symptoms, a 15-item Geriatric Depression Scale[35]
was used, and the responses were categorized into non “0-4 points,”
mild depressive symptoms “5-9 points,” or severe depressive symp-
toms “10-15 points.”

2.3. Statistical analysis

A descriptive analysis was conducted to examine the demo-
graphics and characteristics of the participants. In the regression
analysis, we considered the structure of an individual living in a
municipality because of the existence of regional differences in the
distribution of dental clinics and health status. Therefore, univariable
and multivariable multilevel linear regression were used to calculate
the coefficient and 95% confidence intervals (95% Cl) of the number
of teeth and dental prostheses used in composite flourishing and
each domain separately to determine the association between oral
condition and multidimensional flourishing. The multilevel multivari-
able linear regression was adjusted for age, sex, education, marital
status, smoking, diabetes, IADLs, and depressive symptoms.

To test the statistical significance of the interaction between the
number of teeth and dental prosthesis use, we made models that
separately included teeth and prostheses as independent variables;
these were performed as supplementary analyses. An interaction
model was constructed to examine the association between the
number of teeth and dental prosthesis use. We created a figure (Fig.
1) for the composite flourishing index calculated from the interaction
model results. To reduce bias due to missing responses, multiple im-
putation with the chained equation method were applied to create
20 imputed datasets[39]. Multiple imputation has been reported to
be a robust imputation method. Complete case analyses were used
for sensitivity analysis to verify the multiple imputation analyses. The
statistical software program, STATA 17.0 Standard Edition (StataCorp
LLC, College Station, TX, StataCorp LLC) was used for the analyses.
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Fig. 1. Estimated composite flourishing and interaction between the num-
ber of remaining teeth, and dental prosthesis use condition, adjusted for all
covariates by multilevel linear regression (age, sex, income, marital status,
education, smoking, diabetes, instrumental activities of daily living, and de-
pressive symptoms).

2.4. Ethical issues

JAGES 2022 was reviewed and granted ethical approval by the
Ethics Committee of the Chiba University (M10460) and the Ethics
Committee of the Tokyo Medical and Dental University (D2022-
040-01). This study adhered to the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) guidelines for
cross-sectional studies. Informed consent was obtained from the
questionnaire, we asked about participation in the survey, and the
data from the responses of those who agreed were used in the
analysis.

3. Results

This study enrolled 87,201 participants with a mean age of 74.87
(SD=6.30; 47.8% of the participants were men (n=41,683) and 52.2%
were women (n=45,518). Descriptive statistics, mean scores of com-
posite flourishing, and each domain are displayed in Table 2. The
proportion of respondents with 0-9 teeth and no dental prosthesis,
0-9 teeth and used a dental prosthesis,10-19 teeth and no dental
prosthesis, 10-19 teeth and used a dental prosthesis, =20 teeth and
no dental prosthesis, and >20 teeth and used a dental prosthesis
were 1.7%, 19.0%, 2.9%, 15.8%, 31.4%, and 29.2%, respectively.
The mean composite flourishing index score + SD was 6.77 + 1.64.
Those with 0-9 teeth and no dental prosthesis showed the lowest
composite flourishing score (5.93+1.83), and the group with more
than 20 teeth and without dental prostheses showed the highest
composite flourishing score (6.90+1.60). This trend was also observed
in all domains of the flourishing scores. Regarding covariates, the
flourishing index score of respondents was higher with a higher
number of remaining teeth who used a dental prosthesis, except for
those with =20 remaining teeth, women, with age and self-reported
income increasing, with higher educational attainment, not single,
with independence in higher life functions, without diabetes and
depressive symptoms.
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Table 2. Descriptive statistics of participants by using multiple imputations (N=87,201)

Respondent, Flourishing, Domain of flourishing, mean (SD)
N (%) Mean (SD) Happiness Health Purpose Character Social
Total 87,201(100.0) 6.77(1.64) 7.09(1.73) 6.86(1.74) 6.76(1.92) 6.48(1.93) 6.67(2.02)

Number of teeth and dental pro
0-9 teeth and no

dental prosthesis 1,449(1.7) 5.93(1.83) 6.18(1.97) 6.20(1.90) 5.85(2.09) 5.74(2.13) 5.66(2.27)
gfnigleg; ;S';ﬁ::lse 16,580(19.0) 6.60(1.71) 6.93(1.81) 6.62(1.81) 6.54(1.99) 6.39(2.01) 6.51(2.10)
;2:& lt‘;erg;fh”e‘iizo 2,547(2.9) 6.35(1.72) 6.61(1.83) 6.46(1.80) 6.33(1.99) 6.12(1.99) 6.21(2.11)
Jjg'rltga lt‘;ergztah”e‘ii‘;se 13,755(15.8) 6.71(1.64) 7.03(1.72) 6.77(1.74) 6.69(1.91) 6.46(1.94) 6.63(2.01)
zggtt?je;‘oi?ﬁezg 27,405(31.4) 6.90(1.60) 7.23(1.68) 7.03(1.70) 6.91(1.88) 6.56(1.89) 6.79(1.97)
35255?'?0??&?? 25,465(29.2) 6.87(1.59) 7.20(1.67) 6.97(1.68) 6.87(1.88) 6.55(1.88) 6.76(1.95)
Age

65-69 19,858(22.8) 6.64(1.64) 6.96(1.76) 6.84(1.73) 6.67(1.95) 6.27(1.89) 6.43(2.04)
70-74 25,952(29.8) 6.74(1.64) 7.04(1.73) 6.89(1.72) 6.75(1.93) 6.40(1.91) 6.61(2.01)
75-79 20,344(23.3) 6.82(1.63) 7.12(1.70) 6.87(1.74) 6.80(1.90) 6.55(1.91) 6.75(1.98)
80-84 1,3898(15.9) 6.85(1.65) 7.19(1.72) 6.82(1.76) 6.77(1.91) 6.64(1.95) 6.81(2.00)
>85 7,149(8.2) 7.02(1.65) 7.39(1.70) 6.89(1.77) 6.91(1.91) 6.87(2.00) 7.04(1.99)
Sex

Male 41,683(47.8) 6.64(1.63) 6.96(1.72) 6.76(1.73) 6.65(1.90) 6.35(1.89) 6.47(2.00)
Female 45,518(52.2) 6.90(1.65) 7.21(1.73) 6.96(1.74) 6.86(1.94) 6.60(1.95) 6.86(2.01)
Income

Low 43,314(49.7) 6.49(1.72) 6.79(1.81) 6.62(1.80) 6.44(1.99) 6.24(2.00) 6.37(2.10)
Middle 33,699(38.6) 6.96(1.52) 7.30(1.59) 7.03(1.64) 6.97(1.80) 6.63(1.82) 6.88(1.88)
High 10,188(11.7) 7.35(1.47) 7.72(1.50) 7.34(1.60) 7.42(1.76) 7.00(1.82) 7.27(1.83)
Education

<9years 18,932(21.7) 6.52(1.77) 6.87(1.87) 6.59(1.84) 6.44(2.03) 6.30(2.07) 6.41(2.18)
10-12 years 38,247(43.9) 6.73(1.63) 7.04(1.71) 6.85(1.72) 6.71(1.90) 6.43(1.91) 6.63(1.99)
>13years 30,022(34.4) 6.99(1.55) 7.30(1.63) 7.05(1.66) 7.03(1.85) 6.66(1.84) 6.88(1.91)
Marital status

Married 63,737(73.1) 6.84(1.59) 7.18(1.67) 6.91(1.71) 6.85(1.87) 6.53(1.88) 6.72(1.95)
Widowed 16,384(18.8) 6.82(1.69) 7.10(1.78) 6.87(1.77) 6.73(1.98) 6.58(2.00) 6.82(2.06)
Divorced 4,114(4.7) 6.21(1.82) 6.36(1.95) 6.53(1.86) 6.19(2.17) 5.98(2.11) 5.98(2.28)
Single 2,956(3.4) 5.93(1.76) 6.12(1.87) 6.32(1.85) 5.88(2.08) 5.68(2.04) 5.67(2.25)
Smoking

Every day 7,747(8.9) 6.39(1.72) 6.65(1.84) 6.61(1.78) 6.33(2.04) 6.10(1.98) 6.25(2.12)
Occasionally 1,056(1.2) 6.44(1.75) 6.71(1.86) 6.61(1.91) 6.36(2.06) 6.22(1.99) 6.29(2.12)
Quit 4 years or later 2,364(2.7) 6.28(1.68) 6.66(1.78) 6.35(1.81) 6.25(1.93) 6.00(1.94) 6.15(2.05)
Quit 5 years or earlier 24,893(28.5) 6.62(1.59) 6.96(1.68) 6.75(1.70) 6.62(1.88) 6.30(1.86) 6.44(1.96)
Never 51,142(58.6) 6.94(1.63) 7.25(1.70) 6.99(1.73) 6.92(1.90) 6.66(1.93) 6.87(1.99)
Diabetes

No 74,750(85.7) 6.81(1.64) 7.1201.72) 6.92(1.73) 6.79(1.92) 6.50(1.93) 6.70(2.01)
Yes 12,451(14.3) 6.57(1.66) 6.92(1.74) 6.51(1.72) 6.57(1.94) 6.35(1.94) 6.48(2.05)
IADLs*, 13 items

13 19,687(22.6) 7.38(1.48) 7.57(1.56) 7.35(1.60) 7.41(1.73) 7.12(1.78) 7.42(1.75)
0-12 67,514(77.4) 6.60(1.65) 6.95(1.75) 6.72(1.75) 6.57(1.93) 6.30(1.93) 6.45(2.03)
Depressive symptom

None 66,202(75.9) 7.24(1.40) 7.59(1.45) 7.29(1.54) 7.27(1.68) 6.89(1.77) 7.19(1.75)
Mild 16,771(19.2) 5.56(1.33) 5.85(1.48) 5.75(1.56) 5.44(1.63) 5.43(1.74) 5.32(1.79)
Severe 4,228(4.9) 4.22(1.41) 4.32(1.58) 4.59(1.59) 3.99(1.73) 4.31(1.92) 3.86(1.90)

N: number, SD: standard deviation, IADLs: instrumental activities of daily living scale
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Table 3. Multilevel linear regression analysis of the association between the number of teeth with and without dental prosthesis with composite flourishing
by using multiple imputations (N=87,201)

Univariable model Fully adjusted modelt

Coefficient* 95% Cl P Coefficient* 95% Cl P
Number of teeth and dental prosthesis
0-9 teeth and no dental prosthesis Ref. Ref.
0-9 teeth and use dental prosthesis 0.67 0.57 0.76 <0.001 0.21 0.12 0.29 <0.001
10-19 teeth and no dental prosthesis 0.42 0.31 0.53 <0.001 0.13 0.03 0.22 <0.01
10-19 teeth and use dental prosthesis 0.77 0.68 0.87 <0.001 0.24 0.16 0.33 <0.001
=20 teeth and no dental prosthesis 0.95 0.86 1.05 <0.001 0.34 0.26 0.42 <0.001
>20 teeth and use dental prosthesis 0.92 0.83 1.01 <0.001 0.32 0.24 0.40 <0.001
Age
65-69 Ref. Ref.
70-74 0.09 0.06 0.12 <0.001 0.12 0.10 0.15 <0.001
75-79 0.16 0.13 0.19 <0.001 0.24 0.22 0.27 <0.001
80-84 0.19 0.16 0.23 <0.001 0.32 0.28 0.35 <0.001
=85 0.38 0.33 0.42 <0.001 0.56 0.52 0.60 <0.001
Sex
Male Ref. Ref.
Female 0.27 0.24 0.29 <0.001 0.10 0.07 0.12 <0.001
Income
Low Ref. Ref.
Mid 0.47 0.44 0.49 <0.001 0.23 0.21 0.26 <0.001
High 0.85 0.81 0.88 <0.001 0.51 0.48 0.54 <0.001
Education
<9years Ref. Ref.
10-12 years 0.20 0.17 0.23 <0.001 0.07 0.05 0.10 <0.001
>13years 0.44 0.41 0.47 <0.001 0.22 0.19 0.25 <0.001
Marital status
Married Ref. Ref.
Widowed -0.01 -0.04 0.02 0.595 -0.04 -0.06 -0.01 <0.01
Divorced -0.63 -0.68 -0.58 <0.001 -0.24 -0.28 -0.19 <0.001
Single -0.91 -0.97 -0.85 <0.001 -0.43 -0.49 -0.38 <0.001
Smoking
Every day -0.55 -0.59 -0.51 <0.001 -0.15 -0.19 -0.m <0.001
Occasionally -0.50 -0.60 -0.40 <0.001 -0.17 -0.25 -0.08 <0.001
Quit 4 years or later -0.66 -0.72 -0.59 <0.001 -0.27 -0.33 -0.21 <0.001
Quit 5 years or earlier -0.33 -0.36 -0.31 <0.001 -0.16 -0.19 -0.14 <0.001
Never Ref. Ref.
Diabetes
No Ref. Ref.
Yes -0.23 -0.27 -0.20 <0.001 -0.10 -0.13 -0.07 <0.001
IADLs, 13 items
13 0.79 0.76 0.81 <0.001 0.42 0.40 0.45 <0.001
0-12 Ref. Ref.
Depressive symptoms
None Ref. Ref.
Mild -1.68 -1.70 -1.65 <0.001 -1.54 -1.57 -1.52 <0.001
Severe -3.02 -3.07 -2.98 <0.001 -2.78 -2.83 -2.73 <0.001

IADLs: instrumental activities of daily living scale, Cl: confidence interval. * The coefficient indicates the difference in composite flourishing from the refer-
ence category coef. Positive: Composite flourishing is higher than the reference category coef. Negative: Composite flourishing was lower than the reference
category. tAdjusted for all covariates (age, sex, education, marital status, smoking, diabetes, IADLs, and depressive symptoms).

Table 3 presents the results of multilevel linear regression  than 20 teeth and no dental prosthesis showed a 0.95 (95% CI: 0.86
analysis of the imputed data for composite flourishing. Compared  to 1.05, P < 0.001) higher index in the univariable model. After adjust-
to those with 0-9 teeth and no dental prosthesis, those with more  ing for covariates, some of the variance previously attributed to the
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Table 4. Multilevel linear regression analysis of the association between the number of remaining teeth with and without dental prosthesis with each domain
of flourishing by using multiple imputations (N=87,201)

Happiness Health Purposet Character t Social +

Coef.*(95%Cl) P Coef.*(95%Cl) P  Coef*(©95%Cl) P  Coef*(95%Cl) P  Coef*(©5%Cl) P
Number of teeth and dental prosthesis
0-9 teeth and L Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
dental prosthesis
0-9teethanduse  ,,,16.033) <0001 007-0.02016) 0108 0.22012:0.32) <0.001 0.20(0.09,030) <0.001 0.30(0.20;0.40) <0.001
dental prosthesis
10-19teethandno  15605.052) <001  0.01(-0.09,012) 0835 0150.04027) <005 013(0.01:025 <005 022(0.10,0.34) <0.001
dental prosthesis
10-19teethand use ) ,7010.036) <0001  01200.030.21) <001 026(0.160.36) <0.001 0.22(0.120.33) <0.001 0.34(0.24:0.44) <0.001
dental prosthesis
>20 teeth and no . . . by q
dontal prosthedy  0-37(0.29,045)  <0.001  0.27(0.180.36) <0.001 036(0.26046) <0.001 0.27(017037) <0001 043033053 <0001
220teethanduse 35 57.044) <0001 0.23(0150.32) <0.001 0.34(0.24:044) <0.001 0.27(017:037) <0.001 041(0.31,0.51) <0.001

dental prosthesis

Cl: confidence interval, Coef: coefficient. * Coefficients indicate the differences in each domain of flourishing from the reference category coefficient. Posi-
tive: Flourishing is higher than the reference category Coef. Negative: Flourishing scored lower than the reference category. tAdjusted for all covariates (age,
sex, education, marital status, smoking, diabetes, instrumental activities of daily living scale, and depressive symptoms).

independent variable in the univariable model was explained by the
confounders. It was then reduced to 0.34 (95% Cl: 0.26 to 0.42, P <
0.001) in the fully adjusted model, shown as the coefficient. In addi-
tion, an increased coefficient of composite flourishing index for those
who used a dental prosthesis who had the same number of teeth
and did not use a dental prosthesis was observed, except for those
with >20 remaining teeth (P < 0.001) in both univariable and fully
adjusted models. In the fully adjusted model, individuals with 10-12
years of education presented a higher index of 0.07 (95% Cl: 0.05 to
0.10, P < 0.001) compared to the reference category (individuals with
an education of <9 years). For individuals with 0-9 teeth who use
dental prostheses and those with 10-19 teeth who use dental pros-
theses when compared to those with 0-9 teeth without using dental
prostheses, this difference was more particularly pronounced, which
presented a higher index of 0.21 (95% Cl: 0.12 to 0.29, P < 0.001) and
0.24 (95% Cl: 0.16 to 0.33, P < 0.001), respectively. In the multivariable
model, municipality-level variance was 0.006, and individual-level
variance was 1.793. This indicated that after adjusting for individual
factors, most of the variance was observed between individuals
rather than municipalities.

Table 4 shows the results of the fully adjusted model of the
multilevel linear regression analyses for each flourishing domain. In
the domain of happiness, those with =20 teeth and no dental pros-
thesis showed a 0.37 (95% Cl: 0.29-0.45, P < 0.001) higher score than
the group of 0-9 teeth and no dental prosthesis; the coefficient was
0.27 (95% Cl: 0.18-0.36, P < 0.001) in the health domain; 0.36 (95%
Cl: 0.26-0.46, P < 0.001) in the purpose domain; 0.27 (95% Cl: 0.17-
0.37, P < 0.001) in the character domain; 0.43 (95% Cl: 0.33-0.53, P <
0.0017) in the domain of social relationship. An increased coefficient
of multidimensional flourishing scores for those who used a dental
prosthesis with the same number of remaining teeth compared to
those who did not use a dental prosthesis was observed, except for
those with =20 remaining teeth (P < 0.001). Table S1 contains the
results for all covariates.

Supplementary analyses using the variables of the number
of teeth and dental prosthesis use separately showed a significant
interaction (P < 0.05) between the number of remaining teeth and
dental prosthesis use on composite flourishing (Table S2).

Figure 1 presents the estimated composite flourishing index
obtained from the interaction model. Without dental prosthesis,
individuals with 10-19 teeth showed an index of 6.63 (95%Cl: 6.57-
6.68, P < 0.001), those with 0-9 teeth had a lower index of 6.50(95%
Cl: 6.42-6.58, P < 0.001). Individuals with 0-9 teeth had lower indices
than those with 10-19 teeth. The estimated composite flourishing
index of those who use dental prostheses was 6.74 (95% Cl: 6.71-6.77,
P <0.001) when the number of remaining teeth was 10-19, those with
0-9 teeth had a lower index of 6.71 (95% Cl:6.68-6.73, P < 0.001). The
significant interaction indicated that the reduction in the composite
flourishing index among those with fewer teeth was more prominent
among those who did not use dental prostheses. Complete case
analyses were performed as sensitivity analyses, showing a similar
result to the imputed analyses (Tables S3, and S4, and Fig. S2).

4, Discussion

To the best of our knowledge, this is the first study to determine
the association between oral health and multidimensional flourish-
ing. These findings indicate that individuals with a limited number
of teeth showed lower flourishing levels; however, prosthesis use
attenuated this association.

4.1. Comparison with previous studies

Our results are consistent with those of previous studies; how-
ever, many empirical studies have focused on the association be-
tween oral health and very narrow outcomes, with a single domain
flourishing. One study reported that dental prostheses have shown
substantial benefits in enhancing the happiness of older individuals
with fewer than 20 remaining teeth[1]. Other studies have indicated
that the main predictors of reduced social interaction and social iso-
lation are tooth loss and lack of dental prostheses[17,18]. Moreover,
having less than 20 teeth correlated with adverse physical and cog-
nitive health outcomes[16,40]. Furthermore, a significant correlation
existed between oral health-related factors and the experience of
happiness[1,41,42]. A holistic assessment of human flourishing, en-
compassing diverse indicators beyond singular domains, is pivotal in
shaping future public health priorities by revealing areas over-or un-
deremphasized in policies and agendas[30]. Our study used human
flourishing, which comprises a broad range of states, as an outcome.
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Regarding the influence of age on multidimensional flourishing,
consistent with prior research[43], life satisfaction and happiness
were positively correlated with age. It is plausible that as individuals
age, they experience a reduction in stress stemming from life events
and economic concerns while concurrently exhibiting an increase in
positive emotions and the stability of emotional experiences[43,44].
Simultaneously, evidence indicates that a higher positive effect
is associated with reduced mortality risk among both healthy and
diseased populations residing in the community[45], especially in
older adults[46]. Therefore, our results, which are consistent with
flourishing trends, tend to increase with age, particularly in older
individuals. This might be attributed to older adults enhancing their
attention and retention of positive information relative to negative
information[47]. Their goals become more realistic and easier to
achieve, thereby leading to heightened flourishing[48].

4.2. Strengths

The significance of this study cannot be overstated, especially
for those who have lost a moderate-to-significant number of teeth.
Loss of teeth is likely to result in functional impairment, such as
difficulty chewing and esthetics, which may eventually lower the
quality of life[8]. This study further contributes to clinical relevance,
which can be considered a strength of this study. In comparison
to the education variable categories, which have a three-year dif-
ference in educational attainment, the disparities observed in the
composite flourishing index are more pronounced with respect to
the variables of tooth and dental prosthesis use when compared
to their respective reference categories. This finding highlights the
potential significance of focusing clinical attention on dental health
indicators such as tooth count and dental prosthesis use to promote
flourishing among older adults. The use of dental prosthetics can
significantly improve the ability to eat and speak correctly, leading
to a marked improvement in the overall quality of life[49]. This find-
ing underscores the crucial role of oral health in multidimensional
flourishing. This suggests that maintaining natural teeth and using
dental prostheses may positively affect the functioning of all flour-
ishing domains including happiness and life satisfaction, mental and
physical health, meaning and purpose, character and virtue, close
social relationships, and financial and material stability. The inclusion
of dental care in health coverage can potentially enhance the well-
being of the older population.

The strengths of this study include the use of a relatively large
sample size, which improved the statistical power and precision of
the estimates. The findings were robust because of the adjustment
for broad and essential covariates, such as symptoms of depression
and IADLs. In addition, multiple imputation of the missing data re-
duced the possibility of selection bias.

4.3. Limitations:

The limitations of this study must be considered cautiously. First,
it had a cross-sectional design, and there was a possibility of reverse
causation. Moreover, some covariates may be related to the path-
ways linking oral health and flourishing; further longitudinal studies
are required to address this limitation. Second, the nature of the
observational study could not clarify causality. Although several con-
founding factors were considered, unmeasured confounders may
exist. Third, because we used self-report questions, there may have
been information bias. If misclassification systematically occurred for
both teeth and flourishing scores, the observed association was seri-

ously biased. The self-reported number of teeth has been reported
to be valid and reliable in the JAGES[21]. In addition, selection bias
is possible as we excluded participants with invalid information on
age and sex (n=876); however, the magnitude of such selection bias
is considered minimal as these excluded individuals constituted
only 1% of the original sample. Finally, this study did not analyze
variations in the effects of different types of prosthetic devices on
multidimensional health outcomes. Further research is required to
evaluate the variations related to the types of dental prostheses.

4.4. Implications and future research directions

In Japan, a universal health care insurance system that en-
compasses conventional dental prosthetic procedures has been
established[50,51]. Several studies have indicated that Japanese and
foreign residents enjoy discounted services with reduced out-of-
pocket payments under the universal healthcare insurance system.
The system has enhanced accessibility to dental prosthetic treat-
ments and increased dental procedures and oral health checkup vis-
its[52,53]. However, many problems remain in Japan, such as regional
inequalities in oral health and total healthcare costs, especially in
older populations[50]. In an aging world, not only in Japan, but also
in middle-income countries, raising revenues or making payments
for healthcare for older people is a serious problem([54]. These stud-
ies indicate that it is crucial to maintain and expand the range of dis-
counted dental treatment services that are essential to maintaining
flourishing in the older population. Future research should include
longitudinal studies to assess the temporal dynamics of oral health
status and multidimensional flourishing. Additionally, incorporating
a mediation analysis into studies is necessary to determine the me-
diating mechanisms of this relationship. In addition, cross-national
comparative research is vital for a global assessment of the associa-
tion between oral status and multidimensional flourishing.

5. Conclusions

This study reported that having a greater number of teeth and
using a dental prosthesis were separately linked to multidimensional
flourishing even after controlling for all relevant covariates. These
findings suggest that the use of dental prostheses may enhance mul-
tidimensional flourishing in individuals with fewer remaining teeth.
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