Yamamoto et al. BMC Public Health (2024) 24:762 B MC PU b | i C H ea |th
https://doi.org/10.1186/512889-024-18156-y

. . ®
Associations between school-based fluoride ==

mouth-rinse program, medical-dental expense
subsidy policy, and children’s oral health
in Japan: an ecological study

Takafumi Yamamoto'?", Sakura Kiuchi??, Miho Ishimaru?, Hideki Fukuda® and Tetsuji Yokoyama'

Background Dental caries are a common non-communicable disease among children. As a public health measure
at the prefectural level, school-based fluoride mouth-rinse (S-FMR) program, medical/dental expense subsidy poli-
cies, and other factors may reduce the incidence of dental caries and tooth loss. Prefectures focusing on promoting
oral health policies may promote both, but the interaction effect of implementing both subsidy policies and S-FMR
at the prefectural level on caries prevention has not yet been examined.

Methods We conducted an ecological study using two-wave panel data, prefecture-level aggregated data in Japan
for 2016 and 2018. Coefficient and 95% confidence intervals (Cl) were calculated for the dependent variables for oral
health using mixed-effects linear regression analysis adjusted for possible confounders. Two dependent variables
were used; the standardized claim ratio (SCR) of deciduous tooth extraction and 12-year-olds’ decayed, missing,

or filled permanent teeth (DMFT). Four independent variables were S-FMR, the SCR of dental sealants, prefectural
income per person, and subsidy policy in three models: co-payment until children enter elementary school (n=23),
no co-payment until children enter elementary school (n=7), and co-payment continuing beyond elementary school
(n=17).The effects of six interaction terms, each representing a unique pairing from the four independent variables,
were individually calculated.

Results S-FMR was negatively associated with the SCR of deciduous tooth extractions and DMFT (coefficient=-0.11,
95% Cl1-0.20;-0.01 and coefficient=-0.003, 95% CI -0.005; -0.001, respectively). No co-payment until children enter
elementary school was positively associated with the SCR of deciduous tooth extraction compared to co-payment
until children enter elementary school(coefficient=11.42, 95% Cl 3.29; 19.55). SCR of dental sealants was positively
associated with the SCR of deciduous tooth extractions (coefficient=0.12, 95% Cl 0.06; 0.19) but negatively associ-
ated with DMFT (coefficient=-0.001, 95% CI -0.003; -0.0001). Per capita prefectural income was positively associ-
ated with the SCR of deciduous tooth extractions(coefficient=0.01, 95% CI 0.001; 0.02). No interaction was found
between S-FMR and the subsidy policy at both outcomes.

Conclusion High S-FMR utilization and no co-payment until children enter elementary school were associated
with fewer deciduous tooth extractions. Also, S-FMR and dental sealant were associated with decreased DMFT.
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Introduction

Dental caries is a common non-communicable disease
affecting adults and children [1, 2], and previous stud-
ies suggest its prevalence was associated with socio-
economic status (SES) [3, 4]. Protecting children’s oral
health from economic inequaliies is a crucial issue in
dental public health. One approach is the use of fluo-
ride, such as tap water fluoridation or pit and fissure
sealant application, which has been shown to be effec-
tive in preventing childhood caries [5, 6]. Tap water
fluoridation is recognized as one of the top 10 public
health achievements of the twentieth century by the
US Centers for Disease Control and Prevention [7].
In Japan, several municipalities intervene in children’s
oral health through school-based fluoride mouth-rinse
program (S-FMR). Previous studies have suggested
that S-FMR reduces dental caries among children
[8-10].

Another measure to protect children’s oral health is
the introduction of universal health coverage into the
dental care system to eliminate inequalities in dental
care access [11, 12]. Universal health coverage reduces
out-of-pocket costs for medical and dental care,
thereby encouraging community-dwellers to use them
[13]. In Japan, dental care is provided under the uni-
versal health insurance system [14]. Additionally, each
prefecture has its own policies to assist with medical
and dental expenses for children [15]. These policies
involve contributions from the prefecture or munici-
pality to reduce out-of-pocket costs for residents.
Through this subsidy policy, the co-payment for chil-
dren is kept lower than that for adults (30%). However,
the amount of assistance and eligibility requirements
vary by region (the self-payment rate was 0% to under
30% across prefectures). Given that the price elasticity
of dental care costs is higher than that of medical care
costs [16], residents in areas where the co-payment
rate is kept low may increase their dental visits com-
pared to those in other areas.

While both S-FMR and medical and dental sub-
sidy policies may be effective in protecting children’s
oral health, prefectures that focus on oral health poli-
cies may promote both, and there may be an interac-
tion between them. This study aimed to: 1) examine
the effects of S-FMR, the subsidy policy, the preva-
lence of dental sealants, and regional-level income on
children’s oral health, 2) determine whether there are
interaction effects among community-level factors
influencing children’s oral health, specifically between
S-FMR, subsidy policies, the prevalence of dental seal-
ants, and regional economic conditions.
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Methods
Study setting
This ecological study targeted all 47 prefectures in Japan,
using data from multiple publicly available datasets,
including the National Database of Health Insurance
Claims and Specific Health Checkups of Japan (NDB)
Open Data. The NDB is a comprehensive database
encompassing most of the data related to Japan’s National
Health Insurance system. Therefore, the representative-
ness of the NDB data is considered to be very high [17].

The NDB Open Data, accessible to researchers and
the general public since fiscal year 2014, aggregates the
number of medical and dental treatments by prefecture
in the NDB data, excluding individual identification IDs.
Notably, the inclusion of dental treatment data, which is
a focus of this study, began in the fiscal year 2016. The
NDB Open data is accessible to everyone free of charge
and is actually used for several studies [18—20]. To align
the survey timings for outcome and independent vari-
ables, a two-wave panel dataset was constructed for 2016
(wave 1) and 2018 (wave 2).

For more information about the data we used, please
refer to the DATA AVAILABILITY STATEMENT
section.

Dependent variables

We used two dependent variables to assess dental care
utilization and the oral health status of Japanese children
from multiple perspectives: the standardized claim ratio
(SCR) of deciduous tooth extractions (medical practice
code number: 310000110) and the mean number of den-
tal caries in 12-year-old children indicated by decayed,
missing, or filled permanent teeth (DMFT).

Extractions of deciduous tooth were used as a proxy for
dental visits for treatment. To determine the dental care
utilization for children by prefecture, we used the 2016
and 2018 NDB Open Data and calculated SCRs. SCR is
commonly used in research focusing on regional differ-
ences in medical care [18, 19]. It is an index of the level
of dental care utilization relative to the value of 100 for
Japan as a whole, indirectly adjusted for sex and age of
the target prefecture. An SCR score higher than 100
means the prefecture utlilizes specific medical/dental
care more frequently than the mean of Japan as a whole.
For detailed SCR calculations, please refer to previous
studies [19, 20]. The information on treatment for den-
tal caries in children such as fillings, prosthetics, and
dental pulp extractions was unavailable due to the fol-
lowing two reasons: First, the NDB Open data does not
provide information on medical/dental claims by pre-
fecture for specific age groups. Second, these data could
not be differentiated by age because the rates for these
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dental services are the same for children and adults. We
addressed this issue by focusing on dental practices that
are mostly performed on children.

Another indicator of oral health at the community level
were the DMFT scores for 12-year-olds acquired from
school health statistics research conducted by the Min-
istry of Education, Culture, Sports, Science and Tech-
nology in 2016 and 2018. The DMFT scores have been
commonly used in previous studies as a representative
indicator of the oral health of children [10, 21].

Independent variables

We used four independent variables: S-FMR program,
medical-dental expense subsidy policies, SCR of dental
sealants, and the per capita prefectural income. All inde-
pendent variables were used from the survey data from
2016 and 2018.

The information about S-FMR in 2016 was provided by
the Non-profit Japanese Conference on the Promotion of
the Use of Fluoride in Caries Prevention. The informa-
tion about S-FMR in 2018 was provided by the Minis-
try of Health, Labor and Welfare (MHLW). We used the
survey data that included the number and percentage of
institutions’ students that used S-FMR at their facilities
(i.e., nurseries, kindergartens, elementary schools, and
junior high schools).

Each prefecture in Japan provides medical/dental
expense assistance status for infants and young children
in addition to the universal health insurance system (the
eligible age varies in each prefecture). There are two
types of subsidies: one exempts the full amount of the
co-payment, and the other subsidizes the co-payment
to a lower amount. The medical-dental expense subsidy
policy information was used from other open data pro-
vided by the MHLW [22]. The MHLW conducted a sur-
vey to determine the medical/dental expense assistance
status for infants and young children in each prefecture.
The survey data included the eligibility age for deductible
medical expenses and co-payments. From this data, we
categorized the status of outpatient medical assistance in
the following four categories: 1. Co-payment until chil-
dren enter elementary school; 2. No co-payment until
children enter elementary school; 3. Co-payment contin-
ues after children enter elementary school (till 18 years
old); 4. No co-payment continues after children enter
elementary school (till 18 years old). The co-payment in
this case varies in each prefecture but does not exceed
the co-payment amount for adults (30%). Since the num-
ber of prefectures opting for option 4 is small (for exam-
ple, 4 out of 47 prefectures in 2018 data), options 3 and 4
were combined and three categories were created: 1. Co-
payment until children enter elementary school; 2. No
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co-payment until children enter elementary school; and
3. Co-payment continuing beyond elementary school.

The SCR of dental sealants (medical practice code
number: 309001710) was obtained from the NDB Open
data as a proxy for dental visits for prevention.

Per capita prefectural income data was obtained from
the Prefectural Accounts, key economic indicators used
for prefectural policy-making. The Prefectural Accounts
are formulated following the System of National
Accounts and adhere to international standards estab-
lished by the United Nations, and Japan’s Statistics Law.

Covariates

To examine other factors contributing to inequality
among prefectures, the following variables published
by the Japanese government were used: the number of
dentists working in private offices per 10000 people,
the unemployment rate (labor force survey), the rate of
industrial structure 3 (service/commerce), percentage of
college graduates, number of families per household, per-
centage of the nuclear family, the total fertility rate, the
percentage of households living with older adults, and
the percentage of receiving public assistance. These vari-
ables were not surveyed in 2016 and 2018, so the values
published from the 2010 and 2015 surveys were used.

Statistical analyses

First, we conducted descriptive statistics to clarify the
relationships between dependent variables, independent
variables, and covariates. We conducted Pearson’s cor-
relation test for continuous variables and calculated the
correlation coefficients. In the case of continuous and
categorical variables, we performed a one-way analysis of
variance (ANOVA) to compute the F-values.

Next, multilevel mixed-effects linear regression analy-
sis was performed for each dependent variable to clarify
the association between the independent and depend-
ent variables. Coefficient and 95% confidence intervals
(95%CI) were calculated to facilitate the interpretation
of the results of the linear regression analysis. Our analy-
ses were conducted for five models: Model 1 includes
the S-FMR and covariates, Model 2 includes the subsidy
policy and covariates, Model 3 includes SCR of dental
sealants and covariates, Model 4 includes per capita pre-
fectural income and covariates, Model 5 includes Model
1 and the subsidy policy, SCR of dental sealants, and
per capita prefectural income. Additionally, multilevel
mixed-effects linear regression analysis was performed to
assess the interaction effects to determine whether there
are interaction effects between S-FMR, subsidy policies,
the prevalence of dental sealants, and regional economic
conditions. We analyzed these through six distinct mod-
els, each incorporating interaction terms alongside all
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independent variables and covariates. Interaction terms
were: Model 1, subsidy policy and S-FMR; Model 2, sub-
sidy policy and dental sealants; Model 3, subsidy policy
and prefectural income; Model 4, S-FMR and dental seal-
ants; Model 5, S-FMR and prefectural income; and Model
6, dental sealants and prefectural income.

All covariates were treated as continuous values and
included in the model. Since the NDB Open data does
not include medical claims data for public assistance
recipients, the percentage of receiving public assistance
was excluded from the model when analyzing the SCR
of deciduous tooth extraction as the dependent variable.
However, since the percentage of receiving public assis-
tance can be considered a proxy indicator for SES at the
community level, we included the percentage of receiving
public assistance in the model conducted as a sensitivity
analysis.

All analyses were performed using Stata (version 16.1;
StataCorp LP, College Station, Texas). The threshold for
significance was set at P<0.05, 2-tailed.

Results

Table 1 presents the descriptive statistics for the
data from all 47 prefectures from 2016 (wave 1) and
2018(wave 2). The mean SCR of deciduous tooth extrac-
tions was 98.8 (standard deviation (SD)=12.9) in wave 1
and 97.9 (SD=12.1) in wave 2. The DMFT for 12-year-
olds was 0.9 (SD=0.3) in wave 1 and 0.8 (SD=0.3) in
wave 2. The mean S-FMR utilization rate was 17.3%
(SD=21.1) in wave 1 and 19.4% (SD=22.6) in wave 2.
The mean SCR of dental sealants was 88.8 (SD=36.6)
in wave 1 and 88.0 (SD=38.7) in wave 2. The mean
Per capita prefectural income (1000 JPY) was 2894.7
(SD=472.4) in wave 1 and 3003.8(SD=467.9) in wave 2.
The number of prefectures that provided subsidy poli-
cies were as follows: co-payment until the child enters
elementary school (#=25 in wave 1, n=23 in wave 2),
no co-payment until the child enters elementary school
(n=7 in wave 1, n=7 in wave 2), and continuing the sub-
sidy policy beyond elementary school (#=15 in wave 1,
n=17 in wave 2). From the results of correlation analysis
and ANOVA, the variables significantly associated with
the SCR of deciduous tooth extraction were: SCR of den-
tal sealants in wave 1 (r=0.37), medical-dental expense
subsidy policies in wave 1 (F=5.59), SCR of dental seal-
ants in wave 2 (r=0.42), per capita prefectural income
in wave 2 (r=0.37), number of dentists in private dental
offices in wave 2 (r=0.33), and medical-dental expense
subsidy policies in wave 2 (F=5.57). Similarly, variables
significantly associated with DMFT were: S-FMR utiliza-
tion rate in wave 1 (r=-0.29), SCR of dental sealants in
wave 1 (r=-0.34), per capita prefectural income in wave
1 (r=-0.32), the total fertility rate in wave 1 (r=0.32),
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percentage of college graduates in wave 1 (r=-0.31), the
unemployment rate in wave 1 (r=0.44), the percentage
receiving public assistance in wave 1 (r=0.58), the total
fertility rate in wave 2 (r=0.40), and percentage receiv-
ing public assistance in wave 2 (r=0.39). For more infor-
mation about time series changes in each prefecture’s
dependent or independent variables, please refer to the
figures (Figs. 1, 2, and Supplementary Figs. 1, 2, 3, 4).

Table 2 shows the associations of S-FMR and the sub-
sidy policy on the SCR of deciduous tooth extractions.
The results from Models 1 to 4 were largely consistent
with the findings of Model 5. Therefore, we presented
the results of Models 5 here. In Model 5, included Model
1 (S-FMR and covariates) and the subsidy policy, SCR
of dental sealants, and per capita prefectural income.
S-FMR was negatively associated with the SCR of decid-
uous tooth extractions (coefficient=-0.13, 95% CI -0.24;
-0.02). No co-payment until the child enters elementary
school was positively associated with the SCR of decidu-
ous tooth extractions compared to co-payment until the
child enters elementary school (coefficient=11.42, 95%
CI 3.29; 19.55). SCR of dental sealants was positively
associated with the SCR of deciduous tooth extractions
(coefficient=0.12, 95% CI 0.06; 0.19). Per capita prefec-
tural income was positively associated with the SCR of
deciduous tooth extractions (coefficient=0.01, 95% CI
0.001; 0.02).

Table 3 shows the Interaction of each independent var-
iable in the SCR of deciduous tooth extraction. Among
the interaction terms, only in Model 4 was a significant
association observed. In Model 4, the interaction terms
between S-FMR and SCR of dental sealants were posi-
tively associated with the SCR of deciduous tooth extrac-
tion (coefficient=0.004, 95% CI 0.001; 0.01). In this
model, S-FMR was negatively associated with the SCR
of deciduous tooth extractions (coefficient=-0.46, 95%
CI -0.70; -0.21, while dental sealants were not associ-
ated with the SCR of deciduous tooth extractions (coef-
ficient=0.04, 95% CI -0.04; 0.13).

Table 4 shows the associations of S-FMR and the sub-
sidy policy on the DMFT. The results from Models 1 to
4 were largely consistent with the findings of Model 5.
Therefore, we presented the results of Models 5 here.
In Model 5, included Model 1(S-FMR and covariates)
and the subsidy policy, SCR of dental sealants, and per
capita prefectural income. S-FMR was negatively associ-
ated with the SCR of deciduous tooth extractions coef-
ficient=-0.003, 95% CI -0.005; -0.001). SCR of dental
sealants was negatively associated with DMFT (coeffi-
cient=-0.0013, 95% CI -0.0025; -0.0001).

Table 5 shows the Interaction of each independent
variable in children’s DMFT. Among the interaction
terms, Model 2 and Model 4 were significant associations
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Fig. 1 The SCR of deciduous tooth extraction trend among prefectures in Japan between 2016 to 2018. Legends: A figure shows the SCR
of deciduous tooth extraction trends in each prefecture between 2016 and 2018
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Fig. 2 The DMFT score among prefectures in Japan between 2016 to 2018.
between 2016 and 2018

observed. In Model 2, the interaction terms between
subsidy policy and SCR of dental sealants were nega-
tively associated with DMFT (coefficient=-0.003, 95%
CI -0.006; -0.0005). In this model, the subsidy policy and
SCR of dental sealants were not associated with DMFT.
In Model 4, the interaction terms between S-FMR and
SCR of dental sealants were positively associated with

Legends: A figure shows the DMFT score trends in each prefecture

DMFT (coefficient=0.0001, 95% CI 0.00003; 0.0002). In
this model, S-FMR and SCR of dental sealants were nega-
tively associated with DMFT (coefficient=-0.012, 95% CI
-0.018; -0.005, coefficient=-0.003, 95% CI -0.005; -0.002,
respectively).

The sensitivity analysis results that included the per-
centage of public assistance in each prefecture as a proxy
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for community-level SES in the model were almost the
same as the results in Table 2 (shown in Supplementary
Table 1).

Discussion

Our study found that children’s oral health was associ-
ated with S-FMR, subsidy policy, dental sealants, and
prefectural income. Additionally, we assessed for inter-
action effects to determine whether there are interaction
effects between S-FMR, subsidy policies, the prevalence
of dental sealants, and regional economic conditions.
Two interaction terms, S-FMR with dental sealants and
the subsidy policy with dental sealants, showed signifi-
cant associations with children’s oral health, however,
no interaction effect existed between S-FMR and the
subsidy policy. Our results are consistent with previous
studies reporting improved oral health measures with
S-FMR [10, 23] and improved oral health measures with
a decrease in the co-payment rate [24, 25].

S-FMR was negatively associated with the SCR of
deciduous tooth extractions and DMFT, even after
adjusting for the influence of the subsidy policy, dental
sealants, and prefectural income. The subsidy policy may
increase children’s dental care use and result in higher
SCR for deciduous tooth extraction rates. This result
reinforces that S-FMR is an effective universal approach
to maintaining oral health in children [10].

A positive association between the subsidy policy and
the SCR of deciduous tooth extractions was found. This
finding was consistent with the previous studies that free
out-of-pocket medical expenses encourage hospital visits
[15, 26]. However, no association was found between the
subsidy policy and DMFT. This suggests that the effect of
the subsidy policy on DMFT may be limited.

The SCR of dental sealants was negatively associated
with children’s poor oral health, a finding consistent with
systematic review [5]. Interestingly, the point estimates
for dental sealants remained largely unchanged before
and after adjusting for S-FMR and other independent
variables. This suggests that the impact of dental sealants
on children’s oral health may operate via an independent
pathway.

The positive point estimates for prefectural income,
associated with deciduous tooth extractions and DMFT,
align with the results of a past critical review [27].
Wealthier communities are likely to have better access
to dental clinics [28], which could lead to more fre-
quent dental visits. Considering that extractions may
result from regular dental visits and frequent clinical
experiences, the deciduous tooth extractions observed
in wealthier communities could be of healthy decidu-
ous teeth during the tooth exchange period rather than
extractions due to severe caries.
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The interaction term between the subsidy policy and
dental sealants demonstrated a significant negative asso-
ciation with DMFT, which could be interpreted as the
subsidy policy encouraging the implementation of dental
sealants. Additionally, there was no significant associa-
tion between the interaction of S-FMR and the subsidy
policy with DMFT or deciduous tooth extractions. This
suggests that these interventions might operate through
independent pathways. While the subsidy policy contrib-
utes to improved access to dental care, considering its
association with an increase in deciduous tooth extrac-
tions, it might have a greater impact on treatment visits
rather than prevention.

The point estimate for the interaction between S-FMR
and dental sealants was small but positive. Considering
the biological mechanisms where S-FMR primarily pre-
vents smooth surface caries and dental sealants prevent
pit and fissure caries, it is inappropriate to interpret that
implementing both interventions would decrease caries
prevention effectiveness. This suggests that the distinc-
tion between health policies and health systems is crucial
for effective decision-making in oral health. Health poli-
cies, like S-FMR and water fluoridation, set the direction
for oral health initiatives [29, 30], while health systems,
which include services like dental sealants, provide the
organizational structure for health care delivery [30, 31].
Our study’s findings align with this distinction, indicat-
ing that prefectures with extensive dental sealant use may
not be as engaged in promoting S-FMR (Supplementary
Fig. 5). In countries other than Japan, a municipality has
been observed switching from health policy approaches
to implementing medical policies more focused on health
systems [32]. Researchers and governments must con-
tinue informing residents that S-FMR and dental sealants
are an equitable and beneficial approach to maintaining
oral health [33].

One implication is offered from this study. Many
health interventions have a limited impact on vulner-
able populations, such as those with low SES or poor
health status, which leads to "inverse care laws" [34,
35]. While the subsidy policy and dental sealants may
have effects that apply to all populations, factors such
as geographic access to clinics are also relevant to
actual dental visits [36—38]. Thus, the health effects of
the subsidy policy among vulnerable populations may
be limited. Whereas, S-FMR could help vulnerable
populations because it targets entire institutions, such
as schools, and may reduce DMFT, one of the indica-
tors of oral health at the community level. A previous
study showed that children’s oral health worsened in
municipalities that discontinued water fluoridation and
switched to providing a dental sealant program [39].
To protect children’s oral health, policymakers need to
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consider comprehensively promoting S-FMR, imple-
menting subsidy policies, and providing dental sealants.

The strength of this study is that the validity of the
results is ensured as the data targeted the entire popu-
lation of Japan. The study had some limitations. First,
causal relationships are unknown because this eco-
logical study used two-wave panel data. An ecological
study can lead to the ecological fallacy that associations
observed between variables at the aggregated level do
not necessarily represent associations at the individual
level [40]. However, this can be avoided when previous
studies have shown causal relationships at the indi-
vidual level [41], such as the association between sub-
sidy policies and oral health [42], and S-FMR and oral
health [10]. Therefore, the potential for ecological fal-
lacy in this study is limited.

Second, due to the unavailability of detailed public
data at the municipal level, our sample size was limited
to 47 prefectures, which restricted the statistical power
of cross-sectional data. To overcome this limitation, we
created and analyzed a two-wave panel dataset. For the
implementation of more effective medical policies, it is
essential to prepare more detailed municipal-level data,
collect data that could be potential confounders, and
advance the openness of data.

Third, using SCR variables to indicate children’s oral
health in the community may not have been appropri-
ate because the NDB Open data are only from patients
who visited dentists. While the NDB database is highly
representative because it includes data on all medical
procedures, it does not include data on residents who
do not use medical facilities. Therefore, reimbursement
data is unlikely to accurately reflect local chronic disease
prevalence rates for which residents have little aware-
ness of the need for treatment. In fact, it has been found
that medical visits are lower in areas with poor access
to medical facilities [12, 43, 44]. Therefore, the present
study addressed this issue by examining the association
between S-FMR and the subsidy policy, including DMFT,
a dependent variable, other than NDB Open data.

Finally, using DMFT as an indicator of children’s oral
health may not have been appropriate in identifying
associations between the subsidy policy for children’s
oral health in the community because the subsidy policy
may have decreased the number of D (untreated decayed
teeth) and increased the number of F (filled teeth) among
DMFT. Therefore, we conducted a sensitivity analy-
sis using D, an indicator of untreated decayed teeth, as
a dependent variable instead of DMFT. The results
were similar to those in the main analysis (Supplemen-
tary Table 2). The subsidy policy does not appear to be
associated with dental visits for prevention, at least in
childhood.
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Conclusion

To maintain childhood oral health, policymakers need
to promote not only the strengthening of health systems,
such as support for dental visits for treatment but also
the enhancement of health policies, like the implementa-
tion of S-FMR.
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