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ABSTRACT

Objectives We examined the trend in the number of
missing teeth in a Japanese community over a 10-year
period and the potential associated explanatory factors.
Design Prospective cohort study.

Setting A population-based study conducted in 2007,
2012 and 2017 in Japan (Hisayama Study).

Participants Residents of a Japanese community aged
40-79 years undergoing dental examination in 2007
(n=2665), 2012 (n=2325) and 2017 (n=2285).

Outcome measures The number of missing teeth,
periodontal condition, dental caries experience, dental
plaque index and oral health behaviours were evaluated
each year. The longitudinal analysis of variation in these
factors were assessed using mixed models.

Results The age-adjusted and sex-adjusted mean
number of missing teeth decreased with time (6.80 in
2007, 6.01 in 2012 and 4.99 in 2017). The mean clinical
attachment level (CAL), prevalence of periodontitis and
dental plaque index decreased over the study period, while
dental caries experience slightly increased. The level of
oral health behaviour increased over time. Poisson mixed
models showed that changes in mean CAL and dental
caries experience were positively associated with the
change in the number of missing teeth over time. Linear
mixed models showed that changes in dental plague index
and no regular dental visit were positively associated with
changes in mean CAL.

Conclusions These findings suggest that a decreasing
trend regarding the number of missing teeth in Japan
might be associated with improvements in the periodontal
condition due to changes in oral hygiene level and oral
health behaviour.

INTRODUCTION

The number of teeth is a key indicator of the
oral health condition of populations, espe-
cially in senior adults. The age-standardised
prevalence of edentulism in the global popu-
lation decreased from 4.4% in 1990 to 2.4% in
2010. The incidence rate of edentulous indi-
viduals reduced from 374 cases to 205 cases
per 100000 person-years over the last two
decades.' Decreased severe tooth loss over
the past two decades suggests that global oral
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Strengths and limitations of this study

» The majority of studies on tooth loss trends have fo-
cused on the complete loss of all teeth.

» This study evaluated the number of missing teeth as
gradual tooth loss.

» This is the first study to comprehensively investigate
the changes in the number of missing teeth, peri-
odontal condition, dental plaque and oral health be-
haviours in community-dwelling adults over a long
time period in Japan.

» The dental examination participation rate decreased
in 2012 and 2017, which suggests that the partici-
pants of these years might be less representative of
the general population.

health is constantly improving. This updated
information regarding changes in oral health
may help in understanding the needs of the
population and facilitating the formulation
of policies for further improvement of oral
health. Additionally, trends in tooth loss are
necessary for estimating population levels of
oral health, planning dental health services
and for evaluating global oral health goals at
the population level. The majority of studies
in trends in tooth loss have focused on the
complete loss of all teeth."” Although it
is easy to detect edentulous dentition, this
outcome fails to evaluate many health factors
associated with gradual tooth loss. Analysis of
earlier stages of tooth loss and their associ-
ated factors may be important for oral health.
The Japanese Ministry of Health, Labor and
Welfare and the Japanese Dental Association
have carried out a social campaign (‘8020
movement’) since 1991. This programme
educates the population about the benefits of
retaining 20 or more of one’s own teeth at the
age of 80, such as maintaining a satisfactory
dietary life. Indeed, the presence of at least
20 teeth is enough to assure sufficient masti-
catory function and aesthetic satisfaction.’
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In part because of the 8020 movement, the findings of a
national survey in Japan (Survey of Dental Diseases, SDD)
indicate that the proportion of elderly individuals with
at least 20 teeth has increased over time.” Interpretation
of the SDD requires caution as the sampling methods
differ each survey year.® The SDD was conducted every
6years until 2011 and then every byears thereafter. The
SDD is carried out at the same time as the National
Health and Nutrition Survey (NHNS). The SDD in 2005
was a stratified two-stage cluster sample design to obtain
a nationally representative sample of the Japanese popu-
lation, whereas the SDD in 2011 was a stratified single-
stage cluster sample design to obtain an exceptionally
expanded sample for comparison across 47 prefectures.”’
The SDD in 2016 selected the survey areas chosen for
the NHNS, whose survey area was chosen for the Popu-
lation Census of Japan, to obtain a nationally representa-
tive sample of the Japanese population.® Because of the
different sampling methods in each survey year of the
SDD, the trend in tooth loss is difficult to understand.
Population-based epidemiological studies are needed to
confirm the trend in tooth loss, but there has been no
study investigating the trend in tooth loss in Japan other
than the SDD, which has its limitations.

Periodontitis and dental caries are considered major
causes of tooth loss. Tooth loss reflects not only oral disease
but also oral hygiene level and oral health behaviour.' To
understand trends in tooth loss, it is necessary to explore
changes in factors associated with tooth loss over time."”
However, as far as we know, no population-based cohort
study in Japan has comprehensively investigated the
changes in these factors in a single population for a long
time period.

The objective of this study was to examine the trend in
tooth loss in a general Japanese community between 2007
and 2017. We also discuss potential explanatory factors
for the trends in this community.

METHODS

Study population

This study was conducted as part of the Hisayama Study,
a population-based prospective study of cardiovascular
disease, in the town of Hisayama, a suburb of the Fukuoka
metropolitan area in southern Japan. Demographic char-
acteristics of this population, such as age and occupa-
tion, were similar to the general Japanese population.'
Dental examinations began in 1998 for the residents of
Hisayama and have been conducted annually since 2003
with the purpose of early detection and prevention of
oral diseases. To date, several studies have been published
using data mainly from the dental examinations.'***

The Hisayama Study has established new cohorts
for cardiovascular disease at 5-year intervals.”> Dental
examinations were conducted in Hisayama residents
aged >40 years in accordance with the establishment of
these cohorts. Dental examinations of all residents were
conducted in 2007, 2012 and 2017, whereas in all other

years they were provided to only a subset of residents
(online supplemental table 1); therefore, this study did
not use the data from those years. Dental examinations
were conducted at the health centre in Hisayama. Non-
independent older people, including those who required
long-term nursing care, could not participate, and the
participation rate was lower in the older age groups.
Therefore, participants aged >80 years might not be
representative of the older population; thus, these partic-
ipants were excluded.

The study population consisted of 2665 participants
who were 40-79 years old and received both medical
and dental examinations in 2007, representing 70%
of residents in this age group. Similarly, the number of
participants was 2325 (57.4%) in 2012 and 2285 (54.1%)
in 2017. The numbers of participants according to
10-year age groups are shown in online supplemental
table 2. Informed written consent was obtained from all
participants.

Assessment of oral health condition

The numbers of missing and present teeth, periodontal
condition and oral hygiene status were recorded as
indicators of oral health condition. According to modi-
fications made by the WHO in the 5th edition of Oral
Health Surveys: Basic Methods,** permanent dentition
status of each tooth was determined as a sound tooth
with no evidence of treated or untreated caries, a tooth
with untreated caries, a filled tooth including a fixed
dental prosthesis due to caries or any other reason, an
extracted tooth without replacement by a dental pros-
thesis, a missing tooth replaced by a fixed bridge abut-
ment, denture or implant, or an unerupted tooth. The
number of missing teeth was calculated by the sum of
missing teeth that were not replaced by dental pros-
theses or replaced by a fixed bridge abutment, denture
or implant. When the third molar was absent, we did
not include it as a missing tooth because we did not
identify whether it was extracted or simply not erupted.
A periodontal examination was performed on all teeth
except the third molars at two sites (mesiobuccal and
midbuccal), following the National Health and Nutrition
Examination Survey (NHANES) III method. Addition-
ally, probing pocket depth (PPD) and clinical attachment
level (CAL) were assessed. The periodontal examination
has been described previously in more detail.'”” The mean
PPD and the mean CAL were calculated as the sum of the
maximum PPD or CAL per tooth, divided by the number
of teeth present in each individual. Periodontitis was
defined by the 1999 and 2018 classification.”® In the
1999 classification, moderate periodontitis was defined
as the presence of two or more interproximal sites with
CAL >4mm (not on the same tooth) or two or more
interproximal sites with PPD=5mm (not on the same
tooth).” Severe periodontitis was defined as the presence
of two or more interproximal sites with CAL >6mm (not
on the same tooth) or one or more interproximal sites
with PPD>5mm (not on the same tooth).”® Periodontitis
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in the 1999 classification was dichotomised as either no/
mild periodontitis or moderate/severe periodontitis. In
the 2018 classification, periodontitis was defined as inter-
dental clinical attachment loss at 22 non-adjacent teeth or
buccal or oral clinical attachment loss 23 mm with pock-
eting 23mm on 22 teeth. Regarding the staging of peri-
odontitis, clinical attachment losses of 1-2mm, 3—-4mm
and >bmm were defined as stages I, II and III, respec-
tively. By assessing maximum PPD (stage I, PPD<4 mm;
stage II, PPD<5mmy; stage III, PPD>6 mm), stage-shifting
was possible only when the stage increased.*This study
did not examine the reasons for missing teeth. There-
fore, stage shifting complexity factors, including the
present number of teeth, were considered to discriminate
between stages III and IV. Less than 20 teeth was classified
as stage IV.* Periodontitis in the 2018 classification was
dichotomised as either no/stage I to II periodontitis or
stage III to IV periodontitis.

In the 2007 survey, a total of nine trained dentists assessed
the periodontal condition. The inter-examiner agree-
ment for PPD measurements within +1 mm between eight
research examiners and the other examiner (YShim) as
the gold-standard examiner was very high (kappa >0.8).'”
In the 2012 survey, the inter-examiner agreement between
10 research examiners and one examiner (YShim) as the
gold-standard examiner ranged between kappa values of
0.80-0.95 for PPD measurements. In the 2017 survey, one
examiner (MF) had a very high inter-examiner agree-
ment with the previous gold-standard examiner (YShim)
in the 2007 and 2012 surveys (kappa value was 0.95) and
served as a gold-standard examiner. Inter-examiner agree-
ment between the 10 research examiners and the gold-
standard examiner (MF) ranged between kappa values of
0.64-1.00 for PPD measurements.

The total number of decayed and filled teeth was used
as a measure of assessing dental caries. A dental plaque
was assessed by the Silness and Loée plaque index which
evaluates both soft debris and mineralised deposits on
six selected teeth (tooth numbers: 12, 16, 24, 32, 36 and
44).* The plaque index score is as follows: (0) no plaque;
(1) a film of plaque adhering to the free gingival margin
and adjacent area of the tooth; (2) moderate accumu-
lation of soft deposits within the gingival pocket, or the
tooth and gingival margin; (3) abundance of soft matter
within the gingival pocket and/or on the tooth and
gingival margin.” The total scores for each tooth were
divided by the number of teeth examined to determine
the participant’s mean plaque index score.*

Questionnaire

Information on participants’ toothbrushing frequency,
regular dental visits, removal of dental calculus in the
past year, current smoking and occupational status were
obtained using a self-administered questionnaire. The
frequency of tooth brushing was categorised as either one
time per day or less or two times per day or more. For
dental visits, participants were categorised as those who
did or did not regularly visit a dentist for oral care at least

once ayear. The participants were divided into two groups
by habitual smoking status: current smokers and former
or non-smokers. Occupational status was classified into
three categories: clerical support workers, homemaker,
unemployed or retired, and other jobs.

Statistical analysis

The longitudinal analysis for changes in variables of
interest used mixed models (SAS PROC MIXED and
GLIMMIX; SAS Institute, Cary, North Carolina).30 This
method allows for the analysis of correlated observations
that are measured repeatedly and the inclusion of partic-
ipants with different numbers of measurements, giving
this approach a distinct advantage over more traditional
repeated-measures analytical methods, which remove
participants who do not have data at all time points.”
The first set of models explored whether survey year was
associated with oral condition and health behaviours,
adjusted for baseline age and sex. These models estimated
changes in oral condition and health behaviours over
time. We used linear, Poisson and logistic mixed models
based on the distribution of variables. Age-adjusted and
sex-adjusted mean values of continuous variable and
proportion of participants in categorical variable were
estimated using these models. We calculated p for trend
considering the survey year as a continuous variable. In
comparing survey years, the survey year in 2007 was used
as the reference category.

A second set of models (Poisson mixed model) used the
number of missing teeth over time as the outcome. These
models explored whether baseline risk factors for tooth
loss (periodontal condition, dental caries and oral health
behaviours) were associated with the number of missing
teeth over time, adjusted for age, sex and baseline number
of present teeth and job. The last set of models explored
whether the change in risk factors for tooth loss, treated
as time-varying variables, was associated with the number
of missing teeth over time, adjusted for age, sex, number
of present teeth and job. These models estimated the rate
ratio of the change in the number of missing teeth per
unit change in the independent variable. The additional
models explored whether changes in risk factors were
associated with the mean CAL or number of decayed and
filled teeth over time, adjusted for covariates.

To obtain an understanding of the peculiarity of our
study population, the numbers of missing teeth and
the proportions of participants with >20 present teeth
in 2007, 2012 and 2017 were compared with the SDD’
in 2005 (n=3138), 2011 (n=2908) and 2016 (n=2809),
respectively. We calculated the number of missing teeth
in SDD as 28 minus the number of present teeth in indi-
viduals with <27 teeth, and as 0 in those with >28 teeth
because non-erupted wisdom teeth were not treated as
missing teeth in the SDD. Using cross-sectional data from
the surveys in 2007, 2012 and 2017, comparisons between
our study population and the SDD and among survey
years in each survey were used a Poisson regression model
adjusted for sex. When comparing factors related to oral
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Table 1 Change in oral condition and oral health behaviours among the three surveys

2007 2012 2017 P for trend*

n 2665 2325 2285

Aget, years 60.61 (0.20) 60.76 (0.22) 60.29 (0.24) 0.171
Femalef, % 55.7 55.1 55.0 0.585
Number of missing teeth 6.80 (0.13) 6.01 (0.14)§ 4.99 (0.16)§ <0.001
Number of present teeth 21.63 (0.14) 22.34 (0.14)§ 23.37 (0.17)§  <0.001
>20 teeth, % 75.4 79.2§ 81.0§ <0.001
Number of decayed and filled teeth 13.30 (0.12) 13.70 (0.13) 13.88 (0.15)§  <0.001
Mean PPDY| 2.39 (0.01) 2.16 (0.02)§ 1.88 (0.02)§ <0.001
Mean CALY| 2.83 (0.02) 2.46 (0.02)§ 2.21 (0.02)§ <0.001
Moderate/severe periodontitis in the 1999 classificationy], % 43.2 26.3§ 17.8§ <0.001
Periodontitis stage lll/IV in the 2018 classificationy], % 34.9 24.5§ 16.2§ <0.001
Dental plaque index] 0.77 (0.01) 0.66 (0.01)§ 0.59 (0.02)§ <0.001
Toothbrushing >2 times™*, % 66.4 721§ 79.1§ <0.001
Regular dental visittt, % 27.3 35.9§ 48.68 <0.001

Age-adjusted and sex-adjusted mean values (SEs) or proportions in the mixed model.

*P for trend considering the survey year as a continuous variable.
TUnadjusted mean values
FUnadjusted proportions

§P < 0.05 compared each survey in 2012 and 2017 with the survey in 2007. The survey year in 2007 was used as a reference category.
Y|Excluding edentulous individuals (n=81 in 2007, n=50 in 2012 and n=24 in 2017)

**Excluding individuals with missing values (n=17 in 2007, n=19 in 2012 and n=16 in 2017)

11Excluding individuals with missing values (n=50 in 2007, n=97 in 2012 and n=52 in 2017)

CAL, clinical attachment level; PPD, probing pocket depth.

health, data from NHNS* in 2004 and 2007 were used.
Differences between our study population and NHNS
were assessed by the % test.

SAS V.9.4 (SAS Institute) was used to perform all statis-
tical analyses and p<0.05 was considered statistically
significant in all analyses.

Patient and public involvement

Participants were recruited with the help of the Health
C&C Center Hisayama, which provided healthcare
services to the residents of Hisayama. None of our partic-
ipants were involved in the recruitment or conduct of
either study that has provided data for this report.

RESULTS

Changes in oral condition and oral health behaviour

The age-adjusted and sex-adjusted mean values or frequen-
cies of oral condition and oral health behaviours among
the three surveys are shown in table 1. The average of the
number of missing teeth decreased from 2007 and 2017
(p for trend <0.001). The mean PPD and CAL decreased
from 2007 to 2017, and the prevalence of moderate/severe
periodontitis in the 1999 classification and stage III/IV
in the 2018 classification decreased over the study period
(all p for trend <0.001). The mean number of decayed
and filled teeth slightly increased from 13.30 in 2007 to
13.88 in 2017. In oral health behaviours, the percentage
of participants who brushed their teeth >2 times per day

and regularly visited a dental clinic increased from 2007
to 2017 (both p for trend <0.001).

As shown in figure 1, the number of missing teeth
decreased over survey years in all age groups in our study
population, as did the trend in the national survey (all p
for trend <0.05, from 2005 to 2016 in national survey and
from 2007 to 2017 in Hisayama). The number of missing
teeth in our population was compared with that of the
national survey in Japan based on different age groups;
the number of missing teeth in the 50-59year group in
our study population in 2007 was lower than that of the
national survey in 2005. The age groups of 60-69 years and
70-79 years in our study population had lower numbers
of missing teeth than those of the national survey across
all examined years (figure 1). Similarly, the frequencies
of participants with 220 teeth increased over survey years
in all age groups in our study population, as did the trend
in the national survey (online supplemental figure 1). We
found a higher percentage of individuals with >20 teeth
in our study population than in the 70-79years group
of the national survey across all examined years (online
supplemental figure 1).

Baseline risk factors and number of missing teeth over time

The associations of risk factors for tooth loss at baseline
with time-varying numbers of missing teeth were shown in
online supplemental tables 3 and 4. The positive associa-
tions were seen for mean CAL and PPD, moderate/severe
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Table 3 Association of changes in dental plaque and oral behaviour with mean CAL or number of decayed and filled teeth

over time

Base model*

Adjusted modelf

Beta (95% Cl) P value Beta (95% Cl) P value

Time-varying mean CAL%t

Dental plaque index (per 1 point) 0.44 (0.41 t0 0.48) <0.001 0.35(0.31 t0 0.38) <0.001

Toothbrushing <1time (yes) 0.15 (0.09 to 0.20) <0.001 0.03 (-0.03 to 0.08) 0.350

No regular dental visit (yes) 0.22 (0.18 t0 0.27) <0.001 0.15(0.11 to0 0.20) <0.001
Time-varying number of decayed and filled teeth§

Dental plaque index (per 1 point) -0.03 (-0.45 to -0.12) <0.001 0.17 (0.01 to0 0.33) 0.034

Toothbrushing <1time (yes) -0.49 (-0.75 to -0.23) <0.001 —-0.17 (-0.41 to 0.08) 0.177

No regular dental visit (yes) -0.39 (-0.59 to -0.19) <0.001 -0.24 (-0.42 to -0.06) 0.011

*Base model; linear mixed model adjusted for age and sex.

TAdjusted model included all independent variables (time-varying variables), age, sex, number of present teeth and job at baseline.
fLinear mixed models; time-varying mean CAL was the dependent variable and changes in dental plaque and oral health behaviours were the

independent variable.

§Linear mixed models; time-varying number of decayed and filled teeth was the dependent variable and changes in dental plaque and oral

health behaviours were the independent variable.
CAL, clinical attachment level.

in mean CAL and number of decayed and filled teeth were
associated with an increasing number of missing teeth.
The reduction in tooth loss in the study period may be
explained by fewer teeth being extracted because of peri-
odontitis. We support this conclusion with the findings
that periodontal condition, oral hygiene level and oral
health behaviours showed improvement over time, while
dental caries experience increased (table 1). We found
the positive association of dental plaque and regular
dental visit with periodontal condition (table 3). Addi-
tionally, we observed a decline in smoking prevalence in
our study population, particularly among men.”* These
findings suggest that improvement in health behaviours,
such as toothbrushing, regular dental visits and smoking,
leads to improved oral hygiene, which subsequently
reduces the prevalence of periodontitis.

Consistent with our study population, the national
survey showed a significant decrease in the number of
missing teeth over 10 years. This finding suggests that
dental health services in Japan have been effective in
preventing tooth loss. In addition, we found that resi-
dents of Hisayama in the age groups of 60-69 years and
70-79 years had lower numbers of missing teeth when
compared with those same groups in the national survey.
Alower number of missing teeth in the town of Hisayama
than in the national survey may be attributed to the town’s
health policy, which has incorporated dental examina-
tions in the regular health check-up since 1998. Addi-
tionally, the study centre and town office in Hisayama
provide free health examinations, counselling and educa-
tional health services. Since approximately 50%-70% of
town residents participate in the annual heath check-up,
this health policy enables residents to be aware of their
own oral condition and to modify oral health behaviours
(eg, toothbrushing frequency, use of dental floss and

interdental brushing and regular dental visits) before
progressive oral disease. Certain risk factors are shared
between oral disease and several chronic diseases, include
smoking, poor diet and stress.” Performing simultaneous
health check-ups and dental examinations may there-
fore be effective for preventing tooth loss by controlling
common risk factors for chronic diseases and oral disease
(ie, common risk factor approach).” The Ministry of
Health, Labor and Welfare in Japan provides a national
healthcare programme, which includes an annual
health check-up and health guidance in the workplace
and municipality’; however, dental examinations are
not included. On the basis of the common risk factor
approach, further improvement in oral health could be
achieved at the national level by adding dental examina-
tions for the prevention of oral disease to the healthcare
programme.

The differences in the numbers of missing teeth
between our study and that of the national survey may
be partly explained by different levels of oral health
behaviour. We compared health behaviours between our
population and that of the national survey and found
that the percentage of participants who were 70-79 years
old who had dental calculus removed in the past year was
higher in our population in 2007 than that of the national
survey (online supplemental table 5). Additionally, the
percentage of individuals with untreated dental caries was
lower in all age groups in our population compared with
that of the national survey (online supplemental table
5). Immediately after dental examination, the residents
of Hisayama were informed about their disease status.
Understanding of the seriousness of periodontitis and the
benefits of behavioural change is associated with a greater
likelihood of behaviour change.” We could not compare
regular dental visits between our population and that in
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the national survey because the national survey did not
collect data on regular dental visits. It was considered
that the residents of Hisayama were more likely to visit a
dental clinic to prevent aggravation of periodontitis and
receive treatment for dental caries after receiving dental
examinations.

In regard to dental caries, the numbers of decayed
and filled teeth along with regular dental visit tended to
increase over the follow-up period (table 1). Additionally,
no regular dental visit was inversely associated with the
numbers of decayed and filled teeth over time (table 3).
It is considered that regular dental visit contributes to
detect early dental caries lesion and have more opportu-
nities for treatment of dental caries.

This study had several limitations. First, the use of
dental floss and interdental brushing was not investi-
gated in the surveys in 2007 and 2012, thus eliminating
the ability to study trends on the use of dental floss and
interdental brushing. Second, we used a partial mouth
assessment to assess the periodontal condition, which
did not include an examination of lingual or palatal
sites. Our results may potentially underestimate the peri-
odontal condition. Additionally, we could not compare
the periodontal condition between our study population
and that of the national survey due to different means
of periodontal assessment (this study and the national
survey used the NHANES III method and a community
periodontal index, respectively). Third, the participation
rate in dental examinations was 70% in 2007 and above
50% in both 2012 and 2017. The Hisayama Study has
attempted to examine 70%-80% of all residents aged
40 years or older in each cohort at intervals of 5 years.”
Dental examinations in 2007 included residents aged 40
years or older for the first time and many residents were
likely to receive dental examinations. After this survey,
some residents refused to receive a dental survey in 2012
and 2017 because they had regularly gone to a dental
clinic for check-up. The participants in this study might
be progressively less representative of the general popu-
lation over survey years. Finally, this study included the
residents of a municipality in Japan. Our sample size may
limit the ability to extrapolate our findings to all Japanese
people. Caution is warranted to generalise our findings to
the rest of the Japanese population.

In conclusion, this study showed that oral health condi-
tion improved in a Japanese community from 2007 to
2017, with decreasing tooth loss, a decreasing prevalence
of periodontitis, and increasing levels of oral health
behaviour. This study indicated changes of tooth loss
along with changes in associated risk factors, which will
contribute to the exploration of the global trend in tooth
loss.
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