E
[R15] HEEECOPD (V—F—-E—+Fv—) EVNDERE > TNEID,

{1. EIRE N L o TnWA 2, ATV Z LRk S 3. WHipn J

(18] HAF-ORBETHICOVTE I MBLLETS,

1) BtE. C—)LOvT 1 REQDEDIET, §<EIREIEEN. BOFITN?
L1.& 5 2.7 v 3. bihbAn }

2) BUBEIBDITED 1~2 FHIE, E—=)LDv T 1 MEZEODERET, I <EIRIIZDIEED

bduFLEN?
(1. bz 2. ol 3. bbby }

3) BEEESETIC. WEEESSEHFNZNTENERSECEABDET,
1ol 2. mete B BabZL - KERL }

4) BEEESETIC. REEHNSN TN SO, WBESED LECENBDETH,
[1.%0% 2. Bvotde 8. B - BCE A }

5) BAEESETIC. MBICESHENEFSORBRERS JECENBOET,
(1bor 2 mpor 3. HRO - KERL ]

6) BEEESETIC. BEONIBERALECENBDETH.
L1.%ok 2. ot 3. HobZL - BREA }

7) BBE=Cn< bb\d)*éﬁ;fﬁﬂ%?"ﬁb‘

___________________________________________________________________

1B | 2. @ik 3. MIC5~6H 4. Mic3~4H |
| 5. Mic1~28 6. Alc1~3R 7. AlclAKE |
__________ R IS

8) HBEERBBIE. 1BICEDSSNERBHEI D,

(BERBE1E&=E-IPEVIR=DA RF =Y VTN 2MEBZTIZEID)

1. 18K 2. 16~26KmM 3. 26~36KM
4. 35~446KWM 5. 4H5~56KWM 6. 5ALE

[(17] SEDOHLEORFIZTOVTESIABLLET,

1)@%éomrm@mmttmﬁnaﬁctﬁ@@iano——~{1-% % 2. 72

vy

-

2)%%(@mﬁm\tz~t:—)ﬁ&<®@i@ﬁo~*~{1.% 5 2. %

v

3)%ﬁﬁ(ﬁb<ﬂ%iﬁ)7Dw$—®ﬁﬁmﬁ©§§@o"—{1-% 5 2. 7%

|7

11



4) O3y AEIC. WOEEDNEHUIZN,

1. FLAEER 2, Lxlg 3. &I DRI
4, —AELL, DOVEFREFETEDL LD, brblen

[F5 18] EMETEI=>WLTESHRLLET,

1) 8% 1 7 BREICESMADANE > TOESNIDEERSES (SEERE) H50E LD,
[1. DEEE 2. EICHERE 3. Bl ERE 4. HIC1EEE 5. £< anoi }

2) BREORDTEEDNRFDEEBONDGADHVEIN? HTUIEDEDICTATIZOZ
I TZEELN,

1. &M 2. ¥ Lk 3. BREMRR 4. Rz
5. JR - FEROHR 6. g - Ax7 v 7. BH = 8. B %
9. 26, K205 10. = ( )

3) TEE. FERZBHDADEAD T BHEH TOZIEREEELET DEODIL—IVEEHDEIC
DNWTEDBNETD,

1. & &K 2. EbonE0WRITHER 3. EbbhEWnAERs
4. x =t 5. brbiwn

4) HRIEiE. BRLULTWE, i, BAEBBELTNEI D,

L1.@@L1wk‘itw\ﬁﬁ%@@bfwé 2. AYEBRE 7= T kA ]
5) 1 BIZEARLSSWNWI/NIZRNETH, INTERBL Y TT
(B> TNFELED) Z:N THAH YYD
IXwWFELAE

) {IRMOBARETY/NIZR > TNETD (®oTHELEZD

TXIE?_EH%ELIC(,%) Bld. REOF#HZSALTIESL)

7)CQ%@&ND@@ﬁEH@AE%Z%%%E%EbfmiﬁnoL1.ﬁ R 2.wmz]

8) BEICERTEN\BIK, F/NIERSTEERIFIN. v 20 vz |

INTHAERERT T, REMICHLE) THAIH 8L ) TEWE LA,
12



|

V. WFERROHITICEE9 5

Bonecker M, Pordeus I, Peres M, Aida J: Epidemiology of oral health problems and trends
In: Promoting the Oral Health of Children Theory & Practice. 2nd edn. Edited by Sheiham
A, Moysés S, Watt R, Bonecker M: QUINTESSENCE; 2014.

Yamamoto T, Kondo K, Aida ], Suzuki K, Misawa J, Nakade M, Fuchida S, Hirata Y, group
J: Social determinants of denture/bridge use: Japan gerontological evaluation study
project cross—sectional study in older Japanese. BMC oral health 2014, 14:63.
Yamamoto T, Kondo K, Aida J, Fuchida S, Hirata Y, group J: Association between the longest
job and oral health: Japan Gerontological Evaluation Study project cross—sectional study.
BMC oral health 2014, 14(1):130.

Tsuboya T, Aida J, Kawachi I, Katase K, Osaka K: Early life—course socioeconomic position,
adult work-related factors and oral health disparities: cross—sectional analysis of the
J-SHINE study. BMJ Open 2014, 4:e005701

Takeuchi K, Aida J, Ito K, Furuta M, Yamashita Y, Osaka K: Nutritional Status and Dysphagia
Risk among Community-Dwelling Frail Older Adults. The journal of nutrition, health & aging
2014, 18(4) :352-357.

Sato Y, Aida J, Takeuchi K, Ito K, Koyama S, Kakizaki M, Sato M, Osaka K, Tsuji I: Impact
of Loss of Removable Dentures on Oral Health after the Great East Japan Earthquake: A
Retrospective Cohort Study. Journal of prosthodontics : official journal of the American
College of Prosthodontists 2014.

Rouxel PL, Heilmann A, Aida J, Tsakos G, Watt RG: Social capital: theory, evidence, and
implications for oral health. Community Dent Oral Epidemiol 2014.

Murakami K, Aida J, Ohkubo T, Hashimoto H: Income-related inequalities in preventive and
curative dental care use among working—age Japanese adults in urban areas: a
cross—sectional study. BMC oral health 2014, 14(1):117.

Matsuyama Y, Aida J, Takeuchi K, Tsakos G, Watt RG, Kondo K, Osaka K: Inequalities of
dental prosthesis use under universal healthcare insurance. Community Dent Oral Epidemiol
2014, 42(2):122-128.

Koyama S, Aida J, Kawachi I, Kondo N, Subramanian SV, Ito K, Kobashi G, Masuno K, Kondo
K, Osaka K: Social Support Improves Mental Health among the Victims Relocated to Temporary
Housing following the Great East Japan Earthquake and Tsunami. The Tohoku journal of
experimental medicine 2014, 234(3) :241-247.

Kanamori S, Kai Y, Aida J, Kondo K, Kawachi I, Hirai H, Shirai K, Ishikawa Y, Suzuki K,
Group J: Social Participation and the Prevention of Functional Disability in Older
Japanese: The JAGES Cohort Study. PLoS One 2014, 9(6) :e99638.

A FE, fHE O, B B, REOE A% B AT va BT Ao ngERA L
HEITEIR ) R 7 ER. ALHRE SRS 2014, 34(2) 177-86.

FEE M, ERE mA): [BEREL Y-y - Xy EEAD [RZAI] Y—v%n - %
61



¥ AN EEREKE EREES 2014, 24(1) 15774

2. A AT —Z OFEFIC L B BNTHETA O #MIEZE SR OHANICRB T A EERZED
AL, EBRIRARE A TSR 2014 (46) 122-24.
3. Sheiham A, AHFH ¥#: 21 oo OFEEEER  BARIZEBIT 2RV OB, HRAEBYL 2014,

124(2) :370-374.

[FaFEE]

1. J. Aida, K. Kondo, T. Yamamoto, S. Masashige, K. Ito, K. Suzuki, I. Kawachi, K. Osaka.
Does social capital explain rural-urban inequalities in edentulousness?. 93rd General
Session & Exhibition of the International Association for Dental Research. March 12, 2015,
Boston, US.

2. Y. Matsuyama, J. Aida, K. Kondo, I. Kawachi, H. Hikichi, K. Osaka. Economic Difficulty
and Tooth Loss after Catastrophic Disaster in Japan. March 12, 2015. 93rd General Session
& Exhibition of the International Association for Dental Research. Boston, US.

3. Y. Sato, J. Aida, K. Kondo, T.Tsuboya, K. Osaka : Dental Status and IADL Disability; the
JAGES Panel Cohort Study. March 14, 2015. 93rd General Session & Exhibition of the
International Association for Dental Research. Boston, US.

4, J. Aida. Oral health inequalities in japan; research and policy challenges. 2014 annual
meeting of Korean Academy of Oral Health. 2014 4= 10 A 31 H. Yongpyong. Korea

5. J. Aida. Oral health inequalities in japan; research and policy challenges. Korean Academy
of Dental Insurance. 20144F 11 A 1 H. Seoul. Korea

6. Sl 1, JTEE M, fHE E, O . B oYdunrBINC I 3ENEY X7 O Bl
REITICRT 5 5 ERM O AT, B ARARBEEFLSHREIDEE 2014;73 [[]:225.

7. HIL 6, fHE B, 2t G R, L B, R R, ZHE &, DR R DHERRIER

OEBEFFRIZROERE R & BRANMFROEE., AAEHNEZHATEZESNE - ZifkeF e s
F A, - PhEREE 2014533 [H]:160.

8. A BE, TRE O, MHE E, WE E, FH = GRE BT ARERE DEERRER X
OERMEEITEN & ORFR  JAGES 7= b, OEfA RS 2014;64(2) (164,

9. A g€, JTRE o, FEH JE, WHE E, FE = BREICRBIT ARER L DRk EE - wE
REEITEN  OR A ARBEFAFEMATZE (JAGES) 7 u P =7 b, #HEJIHEHE 2014;49 (&
££) 152,

10. AL s, fHE B, BA R, kRl W, G R =W OB, MR B BERBCL-oTHR
~OEBRIOFEAOHBIIELR D00, AAEREZHBTFERE - FIFRET 0l T76 -1
$EE 2014;33 [A]:132.

11. Al s, BA R, O R Rl ot PRER FE ME E, 2 & DMK B mEmICRT
L% ) THEOERERE. DA FSHE 2014;64(2) 1214,

12. ANIE KE, BE B, M, i R, IEE W, B W HURSEE OEEE & EEEE,
HEE R L OBE  JAGES u Y= b, HAARBEFSHBSIELE 2014;73 [B]:216.

13. P th, fHHE P, (LR B, BRR B, BEE R, ML R, R R, O ®, /MR #® B
AANEBREICB TS, #iEpHERAKZE £2F 30 BIAEOMELE. DEmAEESME
2014;64(2) :217.

14. EE R, MM B, R R, B OB S B S IMEEESEERN TSV EES
N—"F EBFENHICBT A7 o{beo@E s Bk s STHICRITA 7 b0l 1 BEOR)
BORRIZOWT. HOEEfEESSMEE 2014;64(2) 1 227.

15. FHE E [Zhuhbo@FERY]  EERBICBITBZZANRN—VT 4 X VAV NANTT
DV— BEOHEHIEER NS EZDZANRN—T 4 RV AV NA NI T U—, EESELE
FMEEk 2014;56 (EEH) 1 231.

16. FHE H. 3.11 - BHEOFTEZ FEEERFEROERK REROEEEHH =— XDMEEE
HfELC. BEEHRF 2014;35(3) :218.

17. FHE M, EEE TR, oK BE, U 2, NR B ISRy —T v b - Ty B L EEE DO

62 :



18.

19.

20.

21.

22.

s s, e RS il 2014564 (2) 1162,
R 5, HE W, g 28 /L )L, S th, =l 72, N EEOSHENERHED S
mwrwa: /Al:%ﬁi::)iermm“' ZOWT, AARWRHEFHG b - PR v 7o
- PLERAE 2014333 [A]:106.

Jf"é,&% e, R OHE RO, MR A, AR 35, GITEE N, AT OME AR, T o A
HET B O T2 DL D E VIS T A8 JAGES v e 7 . AR A e Dk
45 2014;73 [i]: 224,
J& 1 fm, (RIS 5% E A 2 I AN f*r;%é e, JTEE N, ARE O, A T, W
M2, OB 35, A B, JAGES Z— MRENC L AFRAED Y A Y JAGES =AR— ke
~;>‘;L-.f/ k. FARGEREG T B asE 2014; 49(2) 169

A fE, A ff’ﬂ LW} B, OUEE ZE, b s, B S, Rl #h, SOl 2 R e 1R

THVI Bili OO N5 A6 s\ B9 2 SR Lo PR RS R 2SI 0 Lo W BREE & HFR L ¢ ey
R iRk 2014 64 (2) 169.

P, LA i 4ﬂm M, T vE, SR RETRKITR ORI & F 2Dk
N3 A7 I B9~ A BEIR. DA S RS 2014564 (2) 1248

63



V. WHFERCGR O TIATH - Bl

(—HEB D B PkE)

64



BMC Oral Health "?he'(apeaiAccess ?ub!tsher

D

This P,‘ryo;\y/fifsmnal PDF corres aonds to the artlcle as it appeared u’»,dni*aycc, tance Fullyformatted

; PDFrahd ,UItext (H"'ML) vers |ons WI|| be ma,de vailabl

Individual- and community-level social gradients of edentulousness

BMC Oral Health (2015) 15:34
doi:10.1186/s12903-015-0020-z

Kanade Ito (kanade-i@umin.ac.jp)

Jun Aida (aidajun@m.tohoku.ac.jp)
Tatsuo Yamamoto (yamamoto.tatsuo@kdu.ac.jp)
Rika Otsuka (rika-o@cam.hi-ho.ne.jp)

Miyo Nakade (nakade-m@tokaigakuen-u.ac.jp)
Kayo Suzuki (ksuzuki@psis.agu.ac.jp)
Katsunori Kondo (kkondo@chiba-u.jp)

Ken Osaka (osaka@m.tohoku.ac.jp)

Published online: 11 March 2015

ISSN 1472-6831
Article type Research article
Submission date 12 December 2014

Acceptance date 20 February 2015

Article URL  hitp://dx.doi.org/10.1186/s12903-015-0020-2z

Like all articles in BMC journals, this peer-reviewed article can be downloaded, printed and distributed
freely for any purposes (see copyright notice below).

Articles in BMC journals are listed in PubMed and archived at PubMed Central.

For information about publishing your research in BMC journals or any BioMed Central journal, go to

http://iwww.biomedcentral.com/info/authors/

© 2015 lto et al.; licensee BioMed Central.
This is an Open Access article distributed under the tenms of the Creative Commons Attribution License (http://creativecommons.orgllicenses/ty/4.0), which
permits unrestricted use, distribution, and reproduction in any medium, provded the original work is properly credited. The Creative Commons Public Domain
Dedication waiver (http://creativecommons org/publicdomaln/zero/1.0/) applies to the data made awvailable in this article, unless otherwise stated.



Individual- and community-level social gradients of
edentulousness

%(anade Ito"**
Corresponding author
Email: kanade-i@umin.ac.jp

Jun Aida'
Email: aidajun@m.tohoku.ac.jp

Tatsuo Yamamoto
Email: yamamoto.tatsuo@kdu.ac.jp

Rika Otsuka®
Email: rika-o@cam.hi-ho.ne.jp

Miyo Nakade’
Email: nakade-m@tokaigakuen-u.ac.jp

Kayo Suzuki®’
Email: ksuzuki@psis.agu.ac.jp

Katsunori Kondo®®
Email: kkondo@chiba-u.jp

Ken Osaka'
Email: osaka@m.tohoku.ac.jp

! Department of International and Community Oral Health, Tohoku University
Graduate School of Dentistry, Sendai City, Miyagi, Japan

2 Division of Oral Health Sciences, Department of Health Sciences, School of
Health and Social Services, Saitama Prefectural University, Koshigaya City,
Saitama, Japan

3 Department of Dental Sociology, Graduate School of Dentistry, Kanagawa
Dental University, Yokosuka City, Kanagawa, Japan

* Research Team for Human Care, Tokyo Metropolitan Institute of Gerontology,
Itabashi Ward, Tokyo, Japan

> Department of Nutrition, Faculty of Health and Nutrition, Tokaigakuen
University, Nagoya City, Aichi, JAPAN

6 Center for Well-being and Society, Nihon Fukushi University, Nagoya City,
Aichi, Japan

7 Department of Policy Studies, Aichi Gakuin University, Nisshin City, Aichi,
Japan



8 Center for Preventive Medical Sciences, Chiba University, Chiba City, Chiba,
Japan

Abstract

Background

Community-level factors as well as individual-level factors affect individual health. To date,
no studies have examined the association between community-level social gradient and
edentulousness. The aim of this study was to investigate individual- and community-level
social inequalities in edentulousness and to determine any explanatory factors in this
association.

Methods

We analyzed the data from the Japan Gerontological Evaluation Study (JAGES). In 2010—
2012, 112,123 subjects aged 65 or older responded to the questionnaire survey (response rate
= 660.3%). Multilevel logistic regression analysis was applied to determine the association
between community-level income and edentulousness after accounting for individual-level
income and demographic covariates. Then, we estimated the probability of edentulousness by
individual- and community-level incomes after adjusted for covariates.

Results

Of 79,563 valid participants, the prevalence of edentulousness among 39,550 men (49.7%)
and 40,013 women (50.3%) were both 13.8%. Living in communities with higher mean
incomes and having higher individual-level incomes were significantly associated with a
lower risk of edentulousness (odds ratios [ORs] by 10,000 USD increments were 0.37 (95%
confidence interval [CI] [0.22-0.63]) for community-level and 0.85 (95% CI[0.84-0.86]) for
individual-level income). Individual- and community-level social factors, including density
of dental clinics, partially explained the social gradients. However, in the fully adjusted
model, both community- and individual-level social gradients of edentulousness remained
significant (ORs = 0.43 (95% CI [0.27-0.67]) and 0.90 (95% CI [0.88-0.91]), respectively).
One standard deviation changes in community- and individual-level incomes were associated
with 0.78 and 0.84 times lower odds of edentulousness, respectively. In addition, compared to
men, women living in communities with higher average incomes had a significantly lower
risk of edentulousness (p-value for interaction < 0.001).

Conclusions

Individual- and community-level social inequalities in dental health were observed. Public
health policies should account for social determinants of oral health when reducing oral
health inequalities.

Keywords

Dental public health, Edentulous/edentulism, Income inequality, Gender differences,
Multilevel analysis




Background

Severe tooth loss is the 36th most prevalent condition among 291 diseases and it caused a
loss of 106 disability-adjusted life-years per 100,000 population [1]. Prevalence of severe
tooth loss increases with age. Approximately 20% of the older population experienced severe
tooth loss [2]. Severe tooth loss causes chewing difficulties and poor nutritional status [3]. It
also affects general health status. For example, tooth loss predicts the onset of future co-
morbidities such as dementia [4] and mortality [5].

Recent studies showed that the prevalence of severe tooth loss differed by socioeconomic
group [6-8]. These health inequalities are caused by social determinants of health and can be
observed on social gradients [9]. Adverse social conditions such as lower income and lower
educational attainment affect the health of not only the most disadvantaged people, but also
the entire population within a society [10,11]. The differences in social conditions create a
stepwise gradient of health conditions between social groups [12,13]. The total loss of teeth
(i.e., edentulousness) reflects the social determinants of an individual’s life-course, as it is the
result of oral health behavior, oral diseases, and the community health care system [14].
Reducing oral health inequalities is an urgent matter for both researchers and policymakers
[15-17]. Furthermore, determining the factors that affect oral health inequalities is important
for future public health interventions.

Recent studies have demonstrated that not only individual factors, but also community-level
social determinants such as income inequalities or community-level mean income affect the
health of individuals and facilitate health inequalities [7,8,18]. Because community factors
potentially affect the health of all residents in an area, it is important to understand their
effects on health. However, to the best of our knowledge, no study has examined both the
individual- and community-level social gradients of edentulousness. Thus, the aims of the
present study were: 1) to investigate the association between individual- and community-
level incomes and edentulousness, 2) to determine the explanatory factors for edentulousness
inequalities, and 3) to investigate gender differences within the socioeconomic inequalities of
edentulousness.

Methods

Data collection

We used cross-sectional data from the Japan Gerontological Evaluation Study (JAGES)
cohort study in Japan. The JAGES project is an ongoing prospective cohort study
investigating social and behavioral factors associated with the loss of health related to
functional decline or cognitive impairment among individuals aged 65 years or older
[6,19,20]. Between August 2010 and January 2012, a total of 169,215 community-dwelling
people aged 65 years and older were randomly selected from 31 municipalities in 12
prefectures in Japan and mailed a set of questionnaires. In total, 112,123 people in 31
municipalities participated (response rate = 66.3%). We used data from 79,563 participants
without missing responses.

Outcome variable

The outcome variable for the present analysis was edentulousness (i.e., edentulous or
dentulous). Current dental status was measured by a self-administered questionnaire.



Respondents were asked “What is the status of your dental health?” with four choices: 1) I
have 20 or more natural teeth, 2) I have 10 to 19 natural teeth, 3) I have 1 to 9 natural teeth,
or 4) I have no natural teeth. We categorized answers 1-3 as “dentulous” and answer 4 as
“edentulous.”

Main predictors

We used two income variables as the main predictors. The individual-level equivalent
household income was obtained and calculated from the questionnaire. The community-level
mean income was obtained from national census data [21]. Both income variables were used
as continuous variables and the unit used was 10,000 USD (1 USD = 100 JPY).

Individual-level socio-demographic covariates

Sex, age (65-69, 70-74, 75-79, 80—-84 and >84 years old), marital status (currently married,
widowed, divorced, never married, and other), and educational attainment (years of school
education received (<6, 6-9, 10-12, >12 years, and other)) were used as individual-level
socio-demographic covariates. Marital status [22-24] and educational attainment [25,26] were
associated with general and oral health status. In addition, both variables in this study were
associated with income level. Therefore we included these variables as covariates.

Community-level socio-demographic covariate

Density of dental clinics is a proxy for access to dental care in communities. A previous study
in Japan indicated that density of dental clinics was an appropriate proxy for access to care
[27]. Dental status is associated with access to dental care [27]. Density of dental clinics is
likely to be higher in urban areas than rural areas [28]. Generally, urban areas are richer than
rural areas [29]. Thus, we used density of dental clinics as a covariate of community-level
income in this analysis. Density of dental clinics in each municipality in 2010 were obtained
from the census data and used as the community-level variable [30].

Data analysis

In our dataset, 79,563 individuals (individual-level) were nested across 30 municipalities
(community-level). We have hypothesized that oral health is affected not only by individual-
level socioeconomic status but also by community-level social conditions. To examine the
contextual effect of community-level income on edentulousness, we applied a 2-level
-multilevel logistic regression analysis with random intercepts and fixed slopes. To determine
explanatory factors in the association between individual- and community-level incomes and
edentulousness, we built the models as follows. Model 1 tested the association between
individual-and community-level incomes and edentulousness. Model 2 tested the association
between income variables and edentulousness after adjusting for age, sex, and marital status.
Model 3 added educational attainment into Model 2. Model 4 was the fully adjusted model,
adding the community-level variable (density of dental clinics) into Model 3. To determine
gender differences in the effect of both individual- and community-level incomes on dental
health, interaction terms were included in the fully adjusted model. To evaluate the degrees of
individual- and community-level variances in edentulousness, median odds ratios (ORs) were
calculated [31]. To compare the degrees of the association between individual- and
community-level income variables and edentulousness, we constructed a fully adjusted model
with standardized income variables. When non-standardized income variables were included



into the models, they were grand mean centered. Analysis were conducted using MLwiN
version 2.28 (Centre for Multilevel Modelling, University of Bristol, UK).

Ethical considerations

Ethical approval for the study was obtained from the Ethics Committee at Nihon Fukushi
University, Japan (Approval number: 10-05).

Results

The average ages of 39,550 men (49.7%) and 40,013 women (50.3%) were 73.5 (SD = 5.97)
and 73.7 (SD = 6.17) years old, respectively. The prevalence of edentulousness was 13.8%
for both men and women. Table 1 shows the demographic distribution of the variables by
dental status. Edentulous individuals had significantly lower incomes and lived in
communities with lower mean incomes (p < 0.001).

Table 1 The demographic distribution of variables by dental status (n = 79,563)

Categorical variables

Dentulousness Edentulousness p-value

n (%) n (%)
Sex Male 34,083 (86.2) 5,467 (13.8) 0.798"
Female 34,507 (86.2) 5,506 (13.8)
Age 65-69ys 23,239 (94.6) 1,327 (5.4) p<0.0017
70-74ys 21,560 (90.3) 2,314 (9.7)
75-79ys 14,212 (83.2) 2,877 (16.8)
80-84ys 6,899 (72.8) 2.573(27.2)
>84ys 2,680 (58.7) 1,882 (41.3)
Marital status Married 52,769 (88.1) 7,115(11.9) p<0.001"
Widowed 12,185 (78.6) 3,311 (21.4) ’
Divorced 2,007 (86.7) 307 (13.3)
Never married 1,316 (88.4) 173 (11.6)
Other 313(82.4) 67 (17.6)
Educational attainment <6ys 1,120 (61.70 694 (38.3) p <0.0017
6-9ys 27,979 (82.7) 5,853 (17.3)
10-12ys 25,428 (89.4) 3,023 (10.6)
>12ys 13,650 (91.3) 1,299 (8.7)
Other 413 (79.9) 104 (20.1)
Continuous variables Mean (SE)
Density of dental clinics (per 10 thousand population) 4.45 (£0.837) 4.31 (£0.699) p <0.001*
Individual income (10 thousand US dollars”) 2.39 (£1.553)  1.95 (+1.467) p<0.001*
Community income (10 thousand dollars”) 3.18 (+0.297) 3.09 (+0.285) p<0.001*

T p-value for chi-squared test.
¥ p-value for r-test.
"1 US Dollar = 100 Japanese Yen.

Table 2 shows the results of the multivariate multilevel analysis. In the intercept-only model
(not shown), there was a significant difference in edentulousness between municipalities
(community-level variance: Qy = 0.262, SE = 0.069). The median OR in the model was
1.629, which indicated that if a person moved to another municipality with a higher
probability of poor dental status, their median risk of edentulousness would increase 1.629
times.



Table 2 Association of edentulousness with individual- and community-level variables determined by multilevel logistic regression (n =

79,563)

Model 1
OR (95%CI)

Model 2
OR (95%CD)

Model 3
OR (95%CI)

Model 4
OR (95%CI)

Model 5
OR (95%CY)

Model 6
OR (95%C1)

Fixed effect

Individual-variables

Individual income (10 thousand US dollars)
Educational attainment (ref:>12ys)

<6ys

6-9ys

10-12ys

Other

Community-variables

Community income (10 thousand US dollars)
Density of dental clinics (per 10 thousand population)
Interaction term (Sex*Individual income)
Interaction term (Sex*Community income)
Random effects (SE)

Median OR

0.85 (0.84-0.86)

0.37 (0.22-0.63)

0.148 (0.039)
1.443

0.87 (0.86-0.88)

0.39 (0.25-0.61)

0.105 (0.028)
1.362

0.90 (0.88-0.91)
1.00

2.19 (1.94-2.47)
1.61 (1.50-1.73)
1.15 (1.07-1.24)
1.79 (1.41-2.28)

0.41 (0.27-0.63)

0.095 (0.026)
1.342

0.90 (0.88-0.91)
1.00

2.19 (1.94-2.47)
1.61 (1.51-1.73)
1.15 (1.07-1.24)
1.80 (1.42-2.28)

0.43 (0.27-0.67)
0.96 (0.78-1.19)

0.095 (0.026)
1.342

0.90 (0.88-0.92)
1.00

2.19 (1.94-2.47)
1.62 (1.51-1.73)
1.16 (1.08-1.24)
1.80 (1.42-2.28)

0.43 (0.27-0.67)
0.96 (0.78-1.19)
0.98 (0.95-1.02)

0.095 (0.026)
1.342

0.90 (0.88-0.91)
1.00

2.19 (1.93-2.48)
1.62 (1.51-1.73)
1.16 (1.08-1.25)
1.80 (1.42-2.29)

0.53 (0.33-0.85)
0.96 (0.78-1.18)

0.63 (0.54-0.73)
0.095 (0.026)
1.342

Model 1: Adjusted for individual- and community-level incomes.
Model 2: Model 1 + age, sex, and marital status.
Model 3: Model 2 + educational attainment.

Model 4 (full model): Model 3 + community-variable (density of dental clinics).

Model 5,6: Model 4 + each interaction term.
"1 US Dollar = 100 Japanese Yen.
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Figure. Gender difference in the association between individual- and community- level incomes and probability of edentulousness

(N=78,405).



Univariate analyses showed that both individual- and community-level incomes were
associated with lower risk for edentulousness; ORs of individual- and community-level
incomes were 0.84 (95% confidential interval [CI] [0.84-0.86]) and 0.33 (95% CI [0.19—
0.601]), respectively. Then, we included both income variables into the same model. Having a
10,000 USD higher income and living in a community with a 10,000 USD higher mean
income were associated with 0.85 times and 0.37 times lower risk for edentulousness,
respectively (Model 1). Individual characteristics mediated these relationships by 13.5%
(individual-level income) and 3.4% (community-level income), respectively (Model 2,
calculated from the ORs [32]). Educational attainment further attenuated the ORs of
individual- and community-level income variables by 20.5% and 3.8%, respectively (Model
3). The community-level covariate, density of dental clinics, only mediated the association
between community-level income and edentulousness (2.1% reduction of the OR, Model 4).
Even after considering all covariates, there remained significant geographical differences and
individual- and community-level social gradients for edentulousness (Model 4). When
standardized income variables were included in Model 4 instead of non-standardized income
variables, ORs for individual- and community-level income variables were 0.84 (95% CI
[0.82-0.87]) and 0.78 (95% CI [0.68-0.89]), respectively. There was a significant interaction
between gender and community-level income, although the interaction between gender and
individual-level income was non-significant (Models 5 and 6). Compared to men, women
living in arcas with higher community-level incomes had a lower probability of
edentulousness (Figure 1). For individual-level income, similar social gradients were
observed among both men and women (Figure 1).

Figure 1 Gender difference in the association between individual- and community-level
incomes and probability of edentulousness. Compared to men, women living in areas with
higher community-level incomes had a lower probability of edentulousness.

Discussion

To the best of our knowledge, this study was the first to examine both the individual-and
community-level social gradients of edentulousness using a multilevel analysis. This large-
scale multilevel analysis demonstrated that not only individual-level income but also
community-level income showed social gradients for edentulousness. Present study also
investigated the factors which associated between income inequalities and dental status.
Individual socioeconomic characteristic partially mediated the association between both
individual- and community-level incomes and edentulousness. The community’s socio-
demographic characteristic also partially mediated the association between community-level
income and edentulousness. However, even after adjusting for all covariates, individual- and
community-level social gradients remained. In addition, compared to men, women living in
municipalities with higher community-level incomes derived greater oral health benefits from
the social environment.

The present study reports similar result to previous studies using non-oral health outcomes,
which have suggested that community-level social factors affect population health [18].
Those systematic review and meta-analysis showed that poor community-level
socioeconomic environment increased resident mortality [18]. A meta-analysis of 11 studies
with smaller sample sizes indicated that living in areas with low socioeconomic status
increased mortality 1.11 times compared to areas with high socioeconomic status [18].
Another meta-analysis of seven studies with larger sample sizes also demonstrated that living
in low socioeconomic status areas increased mortality 1.07 times [18]. In oral health studies,



regardless of individual-level income, adults living in affluent areas had a higher number of
remaining teeth than those living in deprived areas, after adjusting for age, sex, and
educational attainment [8]. Dental health is considered to be affected to a greater extent by
community-level factors. Previous studies conducted in one Japanese prefecture reported
larger geographical differences in the dental outcome of number of remaining teeth compared
to self-rated health [7]. Therefore, a public health intervention considering community-level
social determinants would be more effective.

There are at least three possible pathways between community-level income and oral health.
First, access to dental care could explain the mechanism. Second, individual health behaviors
are formed by the surrounding environment. Third, people living in affluent communities are
less likely to have psychosocial stress than those living in deprived communities. In relation
to the first pathway, although we considered access to dental clinics in the models, there
might be unexplained variance of the outcome associated with access to dental care. A
previous study demonstrated that low-income individuals had less access to dental clinics
than high-income individuals [33]. Moreover, access to dental clinics was significantly
associated with area-level income after adjusting individual income [28]. This study
suggested that people living in affluent areas were more likely to visit a dental clinic than
those in deprived areas, regardless of individual socioeconomic status. Although the variable
we used, density of dental clinics, could change throughout the life-course of each
respondent, we could not consider possible changes in this variable. Therefore, this might
have caused the unexplained variance of the outcome, which was associated with access to
dental care. For the second pathway, compared to deprived communities, affluent
communities tend to have positive social environments, including sufficient grocery stores
with fresh and healthy food, public safety, and good access to hospitals and dental clinics
[34,35]. People living in affluent communities tend to eat more fruits and sugar-free foods
because they can easily purchase healthy foods at grocery stores in their communities
[36,37]. In addition, people living in affluent communities are also more likely to drink
healthy beverages, such as non-sugared teas rather than sodas [38]. Sugar is an established
risk of dental caries [39]. Moreover, recent study also indicated that sugar associated with
risk of periodontal diseases [40]. Healthy lifestyles can help prevent them. For the third
pathway, people living in affluent communities are less likely to have psychosocial stress
because of increased safety, good social capital (e.g., social connections and social networks),
and social norms than those living in deprived communities [41]. Psychosocial stress is also
associated with smoking status, which affects periodontal diseases causing tooth loss [42]. In
addition, community public safety affects oral health by reducing the possibility of dental
injuries. Dental injury was affected by community social environment [43].

Present study showed that community explanatory variable partially mediated the association
between community-level income and edentulousness. To examine the possibility of the
pathway “access to dental care”, we include the variable into the model. However, variable
on access to dental care explained only 2.1% of the association between community-level
income and edentulousness. Further studies that consider the wider range of variables related
to the pathway, such as social capital and geographical clustering of dental health behaviors,
are needed.

In the present study, women’s dental health was affected by community-level income to a
greater extent than men’s health. Previous studies on other health outcomes have reported
similar results. Compared to men, the self-rated health of women is considered to be affected
to a greater extent by the neighborhood social environment [44]. Another study on self-rated
health reported similar findings and the authors suggested that this might be because women



tend to spend more time at home and in the community [45]. Thus, women were more likely
than men to communicate with neighbors. Therefore, women’s health behaviors are more
likely to be affected by neighbors though informal social control and social influence. A
previous study in Japan demonstrated that, for older women, the distance to a dental clinic
was an important factor for dental attendance, while distance was not significantly associated
with access to dental care among older men [27]. Because many older women in Japan do not
have a driver’s license, public transportation is considered an important factor for dental
clinic access [27].

Public health implications

Community factors are important because they potentially affect the health of all residents in
a given arca. The present study revealed the importance of community-level socioeconomic
status on oral health. Therefore, interventions should focus not only on individual efforts but
also consider community-level social determinants underlying the oral health of a population.
Therefore, after relevant factors are determined by future studies, wupstream approaches
including structural and environmental interventions for improving various social
determinants of communities (e.g., smoking policies for public spaces, food policies for
reducing sugar consumption, health care system reforms for improving access to preventive
and curative care, and access to fluoride in the water system or in schools) are necessary for
reducing oral health inequalities [46-48]. In addition to these upstream approaches, building
society which focuses on not only economic growth, but also fair distribution of well-being
of individuals are required [34]. As various socioeconomic environment of community affect
health of residents, broader social and economic policies should consider health and well-
being of residents [34].

Limitation and strengths

This study has some limitations. First, this was a cross-sectional study; thus, we cannot rule
out the possibility of reverse causation. Consequently, prospective follow-up studies are
required. Second, although the validity of self-reporting number of remaining teeth was
validated, measurements were obtained from a self-administered questionnaire [49].
However, if we can obtain clinical measurements of remaining teeth, which are more
accurate than self-administered questionnaires, the association between income variables and
edentulousness will be strengthened. Third, there might have a potential bias because of a
lack of many cases. The main strength of this study was its large sample size. In addition, our
survey was conducted across an adequate number of municipalities with various
characteristics and we used appropriate statistical analysis. Therefore, the present study could
legitimately describe the effects of community factors.

Conclusion

In conclusion, community-level income, as well as individual-level income, formed social
gradients for edentulousness, even after accounting for individual- and community-level
factors. The oral health of women living in municipalities with higher community-level
incomes benefited from the social environment.

Availability of supporting data

Raw data is available from corresponding author.



Standards of reporting

This study was prepared according to STROBE check list for cross-sectional studies.

Consent

Present study was an observational study and not using human biological specimens. We
explained all relevant details regarding the study to be carried out and provide each
prospective subject an opportunity to refuse inclusion in the research. Subject who consented
to participate in the study wrote the self-reported questionnaire and send it by mail.
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