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Abstract

Objectives This study investigated the incidence of caries
in infants and explored the risk factors related to note-
worthy variations between urban and rural areas.

Methods Subjects were 232 infants (111 males and 121
females) aged 1.6 and 3 years born in “N” town between
the fiscal years of 1997 and 2001. Infants aged 1.6 and
3 years had 99.6 and 100% participation in health check-
ups, respectively. Of the total, 148 and 84 infants were
living in the urban and rural areas, respectively, of “N”
town.

Results Caries incidence and the average number of
carious teeth (decayed/missing/filled teeth, dmft) for
infants aged 1.6 years were significantly higher in the rural
area than in the urban area, indicating that environmental
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factors that predispose infants to develop dental caries exist
in the rural area. In addition, logistic regression analysis for
infants in each of the two areas revealed that risk factors
of the child-care environment, for example living with
grandparents and brushing by parents, stood in marked
contrast with each other. Moreover, the odds ratio of the
risk factor dozing off while drinking showed a marked
difference between the areas, although this risk factor was
common in both areas.

Conclusions The results of this study indicated that sev-
eral factors of the child-care environment, for example the
daytime caring person, are related with caries development.
Scientific elucidation of the risk factors that give rise to
high prevalence of caries in specific regions and access to
the whole picture of the disease mechanism may have great
potential to lead to the development of effective counter-
measures and to contribute to the reduction of dental caries
in preschool children.

Keywords Dental caries - Infants - Regional differences -
Child-care environment - Logistic regression analysis

Introduction

After reconstruction, the Japan of the post-World War 2
period had rapid economic development and, together with
this, greatly increased incidence of childhood caries (more
than 80%); the so-called “flood of decayed teeth in chil-
dren”. In recent years, caries prevalence in infants has
decreased significantly in Japan, being regarded as a slight
illness. However, prevalence of early childhood caries in
Japan is still higher than in other developed countries [1].

Studies on caries prevalence in infants have taken into
consideration several important aspects such as race [2—4],
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the gap between the rich and the poor [5], lifestyle [6—10],
social class [11, 12] and so forth. By recognizing the
influence of modernization and changes in the social
environment, those multi-faceted [13] studies have made a
valuable contribution to the prevention of tooth decay.

Studies that compared caries incidence in urban and
rural areas with regard to their environmental and lifestyle
differences only have been performed since 1980 [1, 14—
17]. However, to our knowledge, studies analyzing the
characteristics of different areas inside a certain munici-
pality are rare [15, 16, 18]. Recently we have found “N”
town in which the rural area has higher caries incidence
than the urban area [19]. However, there have been few
studies which uncover the risk factors yielding the differ-
ences in caries prevalence in such areas.

“N” town can be roughly divided into a functional
urban area, provided with good infrastructure, and a
mountainous rural area, where the majority of the houses
are widely dispersed. Taking into account the characteris-
tics of the subjects in both areas, this study intended to
make clear the risk factors that influence significant dif-
ferences in caries prevalence in the different areas of “N”
town. By investigating the risk factors of early childhood
caries, this study also aimed to contribute to the develop-
ment of effective directions for prevention of caries.

Materials and methods
Subjects

Subjects were 232 infants (111 males and 121 females)
born in “N” town between the fiscal years of 1997 and
2001. Data were collected when infants were 1.6 and
3 years old and correspond to the same individuals at both
ages. Infants aged 1.6 and 3 years had 99.6% and 100%
participation in health checkups, respectively. Of the total,
148 and 84 infants were living in the urban and rural areas,
respectively, of “N” town.

Characteristics of “N” town and its areas

“N” town (Fig. 1) is located in a region blessed with
abundant nature and has about 87% of its total area
(160.27 km?) covered by mountains. At the time this study
was carried out, in November 2005, the number of
households in “N” town was 2,789, the population was
9,447 people, each household was composed of an average
of 3.39 people, the ratio of elderly was 24.7%, and the
population density was 58 people per square kilometer. The
number of births per year in “N” town is about 50.

Thanks to cooperation among the associations of phy-
sicians, dentists, and dental hygienists and health-care
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centers, newborns aged 4 months, 1.6 and 3 years have
been given health checkups. In addition, despite several
inconveniences found in the rural area of “N” town,
implementation of a mobile health checkup unit has pro-
vided health examination for nearly 100% of the infants
living in that area. Furthermore, dental health checkups in
infants aged 1.6 and 3 years have been carried out with
enthusiasm and, unlike other towns in Aichi prefecture,
gratis examinations for infants aged 1 and 2 years also
have been implemented. Moreover, charged fluoride
applications in infants aged 3 years or less have been
carried out when the parents requested them.

The characteristics of the areas selected for this study
were as follows:

1) Urban Area where the offices, banks, libraries, and
shopping malls are concentrated. Provided with good
infrastructure and containing 58.8% of the population
and 58.6% of the total households of the town.
Frequent moving in and out, and predominance of
nuclear families. This area has one dental clinic.

2) Rural Mountainous region 2.84-fold larger than the
urban area where houses are widely dispersed, and
containing 41.2% of the population and 41.4% of the
total households of the town. Most of the inhabitants
are native. Families are basically composed of three
generations and patriarchy remains. The presence of
strong community awareness is evident. This area also
has one dental clinic.

Methods

Data were obtained from the health-control documentation
(slips) of mother and child and from questionnaires filled
out by mothers. The contents of health guidance and
information such as those acquired by physical measure-
ments (stature, body weight, Kaup index), interviews
carried out by public health professionals, dental exami-
nation (number of carious teeth, number of filled teeth,
number of silver-coated teeth, pattern of caries prevalence,
situation of stained teeth, presence/absence of abnormal
soft tissue, other dental abnormalities, finger chewing), and
medical examination performed by the pediatrician were
collected from health-control records pertaining to infants
aged 1.6 and 3 years. Data on the child-care environment
(residence area, household composition, birth order, day-
time caring person, etc.), lifestyle (snack composition,
habit of brushing teeth, dietary habits, etc.), physical and
mental development (language development, understand-
ing, general habits, recreation, etc.), and number of
fluoride applications were obtained from questionnaires
filled out by mothers. The number of dental checkups
performed between 1 and 2 years of age was extracted
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Fig. 1 Urban and rural areas of
“N” town
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from the health-control documentation of mother and
child.

Inspection of the oral health status of infants aged 1.6
and 3 years in “N” town was performed by six dentists
(two working permanently in “N” town and four from a
nearby city), who followed the standards set by the Mother
and Child Health Checkup Manual of the Aichi prefecture.
Questionnaires were mailed to the guardians together with
notifications of health checkup for infants when they were
1.6 and 3 years old.

Caries prevalence conditions were classified according
to the ratio of infants with decayed teeth, the average
number of carious teeth per infant (dmft), and the pattern of
caries incidence (0, no carious tooth; A, maxillary frontal

or molar teeth with caries; B, molar and maxillary frontal
teeth with caries; C, carious teeth including the inferior
frontal ones).

Data analyses were performed as follows:

1) Descriptive statistical total caries
prevalence.

2) Comparative analysis of caries prevalence in urban
and rural areas. The Pearson’s Chi-squared test and the
t test were used.

3) Descriptive analysis of the relationship between the
presence/absence of caries in infants aged 1.6 years
and the pattern of caries prevalence in infants aged

3 years.

analysis of
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4) Specifically, 12 items were selected from the 103 items
that composed the data extracted from the health-
control documentation of mother and child. First, based
on the results of the descriptive statistical analysis, 21
items that have a direct relationship with oral health and
caries and four items that have indirect relationship with
caries development and psychosomatic development of
the infants (e.g., the state of the feces, type of recreation
with friends at 3 years of age) were extracted. Next,
qualitative variables and those that had too many
missing values were excluded, so that the 21 variables
directly related with oral health were narrowed down to
11 variables present at 1.6 years of age. Finally, given
the difficulty of providing evidence on the cause-and-
effect relationship and the nonexistence of previous
studies on this matter, the four variables related to the
psychosomatic development of the infants were
excluded. Carious tooth at 3 years of age was set as
the response variable, and then logistic regression
analyses were performed per residence area for the ten
items that were set as risk factors. As infants who had
missing values for any of the 12 items (including the
response variable) were excluded from data analysis,
the final number of subjects became 188 (120 subjects
in the urban area and 68 subjects in the rural area). Type
IIT analysis of the SAS logistic procedure was used for
analysis of the effect of the risk factors.

Ethical considerations

Following detailed explanation of the objectives and
methods of the study, approval from the institutional
administrator was obtained by means of exchange of
written consent. All identifiable personal information was
adequately disguised in the data provided by “N” town in
order to preserve the anonymity of the individuals
involved. This procedure was based on the ethical guide-
lines set by the Japan Epidemiological Association, which
standardizes the policy to be followed by researchers when
informed consent cannot be obtained from the subjects.
This study was approved by the Committee on Human
Research of the Aichi Gakuin University (Department of
Health Science, Faculty of Psychological and Physical
Science) on March 22, 2006 (receipt number 0506).

Results
Dental health and caries prevalence in “N” town

Nine of the 232 infants aged 1.6 years had carious teeth
and, as seven of them (77.8%) lived in the rural area, total
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caries prevalence was significantly higher and dmft tended
to be elevated in the rural area (Table 1). For infants aged
3 years, both caries prevalence and dmft were markedly
higher in the rural area than in the urban area (Table 1). Of
the nine 1.6-year old infants who had carious teeth, six
(66.7%) showed a type B pattern of carious incidence at
age 3 years. On the other hand, 55 (24.7%) of the 223
infants who had healthy teeth at 1.6 years of age but had
caries at 3 years of age exhibited a type A pattern of car-
ious incidence.

Charged fluoride applications in infants were imple-
mented in “N” town as a result of joint cooperation among
the associations of dentists and dental hygienists and
health-care centers. Regional differences in the ratios of
dental health checkups and fluoride applications in infants
aged 1-2 years were not observed (Table 2).

Comparison of the risk factors for caries in urban
and rural areas

In order to clarify the risk factors which might have given
rise to significant differences in caries prevalence in the
two areas, we performed logistic regression analysis sep-
arately for the data in these areas.

The likelihood ratio Chi-squared test of the overall
goodness of fit of the model resulted in a significance level
of 5% for infants in the urban area (y* = 23.7169, df = 13,

Table 1 Dental caries prevalence and dmft in infants aged 1.6 and
3 years in both urban and rural areas

Age Number (%) dmft
(years)
Urban Rural Urban Rural
1.6 2 (1.4) 7 (8.3)%** 0.05 £ 046 0.26 £ 0.96*

3.0 38 (25.7) 40 (47.6)***  0.88 £ 1.97 1.73 £ 2.69**

The dmft values are means £ SD (n = 232). The dmft is the mean
number of caries. The Chi-square test was used to compare preva-
lence values and an unpaired ¢ test was used to compare dmft data

* Tendency to significance (<10% level) vs. urban. ** and *** rep-
resent 5%, and <1% levels of statistical significance versus urban,
respectively

Table 2 Medical care delivery system in the areas of “N” town

Item Urban area Rural area
(n = 148) (n = 84)

Fluoride applications until 3 years of age

Number of infants (%) 123 (83.1) 73 (86.9)

Average applications 2.1 23

Dental checkups until 3 years of age

Number of infants (%) 140 (94.6) 76 (90.5)

Average checkups 1.6 1.6

Number of dental clinics 1 1
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P = 0.0338). Type III analysis indicated that the factor
daytime caring person was significantly related with caries
incidence (Wald ;(2 = 6.1768, P = 0.0129). In addition, it
showed that the factors living with grandparents, dozing off
while drinking, and snack eating frequency tended to be
associated with caries incidence. Wald »” statistics with dfs
and corresponding P-values for the three factors were, in
the order they are described above, 4.3063 (df = 2,
P = 0.1161), 2.2490 (df =1, P = 0.1337), and 2.8741
(df =1, P = 0.0900).

We then estimated the odds ratios corresponding to
2 x 2 contingency tables and their 95% confidence inter-
vals for caries prevalence in the urban area (Table 3). Here,
we shall describe exclusively the odds ratios that had sta-
tistical significance or tendency to significance. First, the
odds of the presence of caries in infants living with a
grandmother or grandfather were nearly fourfold higher
than those for infants living with neither a grandmother nor
grandfather. Second, the odds of the presence of caries in
second-born infants were about 34% those for third or
later-born infants. Third, the odds of the presence of caries

in infants who dozed off while drinking were nearly
2.6 times higher than the odds for infants who did not doze
off while drinking. Fourth, the odds of caries incidence in
infants who ate one or two snacks were nearly 35% of the
odds for infants, who had three or more snacks between
meals. Finally, the odds when the daytime caring person
was the mother or the nursery school staff were less than
20% of those when the daytime caring person was a
grandmother (Table 3).

In contrast with the urban area, the likelihood ratio Chi-
squared test of the overall goodness of fit of the model
resulted in a tendency to significance for infants in the rural
area (;{2 = 18.7682, df = 13, P = 0.1305). Type III anal-
ysis indicated that the factor doze off when drinking
was significantly related with caries incidence (Wald
x> = 7.1009, df = 1, P = 0.0077). Furthermore, Type III
analysis revealed that the factors living with grandparents,
brushing by parents, snack-eating frequency, and daytime
caring person tended to associate with caries incidence
in infants living in the rural area. Wald y* statistics with
dfs and corresponding P-values for the four factors were,

Table 3 Caries prevalence in 3-year-old infants living in the urban area based on the categories of the questionnaire applied at the age of

1.6 years (logistic regression analysis)

Variables Category (n) Odds ratio 95% CI

1. Sex 1. Male (49) (1vs.2) 1.570 0.564-4.371
2. Female (71)

2. Living with grandparents 1. Grandmother and grandfather (55) (1 vs.3) 1.239 0.367-4.188
2. Grandmother or grandfather (21) (2 vs. 3) 3.868%* 0.955-15.670
3. No (44)

3. Birth order 1. First-born (40) (1 vs. 3) 0.645 0.175-2.372
2. Second-born (55) (2 vs. 3) 0.336* 0.095-1.182
3. Third or later-born (25)

4. Brushing by parents 1. Every day (101) (1vs.2) 1.229 0.322-4.694
2. Occasionally or never (19)

5. Use of milk bottle 1. Yes (12) (1vs.2) 0.749 0.127-4.434
2. No (108)

6. Dozing off while drinking 1. Yes (23) (1 vs.2) 2.555%* 0.750-8.707
2. No (97)

7. Snack-eating time 1. Fixed (80) (1 vs.2) 0.572 0.183-1.783
2. Not fixed (40)

8. Snack-eating frequency 1. Twice or less (98) (1vs.2) 0.347* 0.102-1.180
2. Three times or more (22)

9. Average daily milk intake 1. <100 ml (36) (1 vs. 3) 1.034 0.202-5.282
2. 100-400 ml (68) (2 vs. 3) 0414 0.084-2.051
3. >400 ml (16)

10. Daytime caring person 1. Mother or nursery (1vs.2) 0.171%%* 0.043-0.689

School staff (105)
2. Grandmother (15)

* P < 0.10, **P < 0.05 (Wald Chi-square test)
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in the order they are described above, 4.5463 (df = 2,
P = 0.1004),2.1292 (df = 1, P = 0.1445),3.0712 (df = 1,
P = 0.0797), and 3.5287 (df = 1, P = 0.0603).

We estimated the odds ratios corresponding to 2 x 2
contingency tables and their 95% confidence intervals for
caries prevalence in the rural area (Table 4).

The odds ratios that had statistical significance or ten-
dency to significance are described below. First, the odds
of the presence of caries in infants living with both a
grandmother and grandfather were nearly 22% of those for
infants living with neither a grandmother nor a grandfather.
This result is clearly different from that in the urban area.
Moreover, the odds for infants living with a grandmother or
grandfather were nearly fourfold higher than those for
infants in the third category in the urban area, whereas
those odds were less than unity in the rural area.

Second, the odds of the presence of caries in infants who
had their teeth brushed every day were about 34% of those
for infants whose parents occasionally or never brushed
their teeth. This result also is clearly different from that
exhibited in the urban area, because the corresponding odds
ratio in the urban area was more than unity.

Third, the odds of the presence of caries in infants who
dozed off while drinking were nearly 13 times higher than

the odds for infants who did not doze off while drinking.
This result is in marked contrast with that obtained in the
urban area, which had an odds ratio of less than 3. Nev-
ertheless, this risk factor was common in both areas.

Fourth, the odds of caries incidence in infants who ate
one or two snacks were nearly 30% of the odds for infants
who had three or more snacks between meals.

Finally, the odds when the daytime caring person was
the mother or nursery school staff were just above 20% of
those when the daytime caring person was a grandmother
(Table 4). Although there were clear differences for the
first three results between the urban area and rural area,
odds ratios for the fourth and fifth results and the birth
order are almost the same in both areas.

Discussion

When urban and rural areas were compared in relation to
caries prevalence and dmft in infants aged 1.6 and 3 years,
both caries prevalence and dmft were significantly higher
in the rural area than in the urban area. In 1984, Sakuma
[15] reported that caries prevalence in infants aged 3 years
was significantly higher in the peripheral than in the central

Table 4 Caries prevalence in

3-year-old infants living in the Variables Category Odds ratio 95% CI
rural area based on the 1. Sex 1. Male (38) (1vs.2) 2158  0.566-8.223
categories of the questionnaire
applied at the age of 1.6 years 2. Female (30)
(logistic regression analysis) 2. Living with grandparents 1. Grandmother and grandfather (42) (1 vs.3) 0.217**% 0.049-0.967
2. Grandmother or grandfather (8) (2vs.3) 0.842 0.105-6.727
3. No (18)
3. Birth order 1. First-born (24) (1vs.3) 0.601 0.130-2.774
2. Second-born (27) (2 vs.3) 0.308 0.060-1.595
3. Third or later-born (17)
4. Brushing by parents 1. Every day (52) (1vs.2) 0340*  0.080-1.448
2. Occasionally or never (16)
5. Use of milk bottle 1. Yes (15) (1vs.2) 0439 0.086-2.244
2. No (53)
6. Dozing off while drinking 1. Yes (17) (1 vs. 2) 13.286*** 1.982-89.057
2. No (51)
7. Snack-eating time 1. Fixed (41) (1vs.2) 1.592 0.437-5.795
2. Not fixed (27)
8. Snack-eating frequency 1. Twice or less (49) (1vs.2) 0.299% 0.077-1.154
2. Three times or more (19)
9. Average daily milk intake 1. <100 ml (14) (1vs.3) 0.550 0.069-4.380
2. 100-400 ml (45) (2 vs.3) 0.527 0.084-3.314
3. >400 ml (9)
*P < 0.10; **P < 0.05; 10. Daytime caring person 1. Mother or nursery school staff (53) (1 vs.2) 0.208* 0.040-1.070
2

*##%P < 0.01 (Wald Chi-square
test)

. Grandmother (15)
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area of a city. In addition, in 1990, Sakuma [16] reported
that infants living in an urban area had lower dmft than
infants who lived in two different rural areas. In this study
we have obtained similar results: clear differences between
the two areas of “N” town were detected.

Studies that compared urban and rural areas have
obtained divergent results concerning the relationship
between child-care environment and caries development.
Although two studies [20, 21] have concluded that “living
with grandparents” is not a risk factor for caries develop-
ment, other studies have found that child care by
grandparents is related to caries development in infants
aged 3 years [9, 22, 23]. In this study, logistic regression
analysis carried out to compare differences in the factor
residence area identified that caries incidence in infants
aged 3 years in the urban area tended to be high (odds ratio
3.868) when they lived with their grandmothers or their
grandfathers. However, in the rural area, caries incidence
was significantly low (odds ratio 0.217) in infants who
lived with both a grandmother and grandfather. That is to
say, added to the exclusion of “living with grandparents”
as a risk factor for caries development, infants who lived
with both a grandmother and grandfather in the rural area
had significantly decreased caries incidence. Therefore we
suppose that, in a rural area with deficient infrastructure
and low population density, child care support by the
grandparents underlies this phenomenon. In addition, the
fact that the presence of both husband and wife facilitates
the stability of familiar relationships may explain the
observed differences between “living with both a grand-
mother and grandfather” and “living with a grandmother
or grandfather”. Moreover, influence of grandparents on
caries development may differ in areas with clearly dif-
ferent lifestyles and, thus, it is important to analyze these
areas separately.

Reports also disagree with regard to whether “grand-
parents as daytime caring persons” is [9, 15] or is not [20]
a risk factor for caries incidence in infants. In this study,
caries incidence in both areas was higher or tended to be
higher when the daytime caring person was a grandmother
than when the daytime caring person was the mother or the
nursery school staff.

Until now, several studies have been performed on the
relationship between use of milk bottle or the habit of
having snacks and early childhood caries. The conclusion
that infants aged 1.6 years have high incidence of caries
when they are given milk during the hours of sleep [16, 23]
is in agreement with the finding that newborns who are
continually breast-fed or given milk through the milk bottle
until 1.6 years of age tend to have carious teeth [9, 15, 24].
Moreover, both the custom of having snacks and high
plaque score have been regarded as important factors that
influence caries development [10, 12]. In this study,

although similar results were obtained, infants living in the
rural and urban areas who had the custom of dozing off
while drinking were shown to have 13.3 and 2.6-fold more
caries, respectively, than infants who did not doze off while
drinking. Among the risk factors, the only factor that
showed a difference between urban and rural areas was
brushing by parents. In other words, while the odds ratio of
every day teeth brushing to occasional or absence of teeth
brushing was 1.229 in the urban area, it was only 0.340 in
the rural area—a clearly reverse situation. Therefore, given
that the odds of the presence of caries in infants who had
their teeth brushed every day were just above 30% of those
for infants whose parents occasionally or never brushed
their teeth, we consider that thorough guidance on the need
for brushing of teeth by parents from the time when milk
teeth start to appear will contribute to a reduction of caries
incidence in rural areas.

Notwithstanding the declaration of Sakamoto et al.
[25] that “despite the existence of great regional differ-
ences in Japan’s dental health guidelines, standardized
procedures to confront the national average of caries
incidence have been planned and put into effect”, dental
health guidance has tended to be implemented in the same
way as in the past and this situation is not limited to “N”
town. So far, investigations about regional differences in
caries prevalence and implementation of health-related
educational activities adapted to local requirements have
hardly been put into practice. It becomes essential, thus,
to fill the gap between scientific knowledge and action of
the people in order to improve dental health guidance.
Finally, scientific elucidation of the risk factors that give
rise to high prevalence of caries in specific regions and
access to the whole picture of the disease mechanism
have great potential to lead to the development of effec-
tive countermeasures and to contribute to the reduction of
dental caries in infants.
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