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Abstract

Background Dental caries is one of the most common chronic diseases worldwide, affecting lifelong as well

as children. Therefore, it is important to clarify factors related to early childhood caries (ECC) in a younger popula-
tion in terms of caries prevention. However, the prevalence of ECC is low in developed countries in the twenty-first
century and a large-scale survey is needed to clarify the risk factors. Furthermore, earlier tooth eruption is not taken
into consideration in most studies of ECC, even though it may be a factor of ECC. The present study investigated
the prevalence and risk factors of dental caries in children aged 18 months in a core city of Japan.

Methods Findings from a total of 7351 children aged 18 months were analyzed. Anthropometric measurements

of height and weight, as well as an oral examination and a microbiological caries-risk test, were performed. Addition-
ally, a structured interview sheet was provided to the parents or guardians. Findings of dental caries at 18 months

of age were evaluated using a logistic regression model.

Results Of the enrolled children, 1.2% had experienced dental caries. Multivariable logistic regression analysis results
indicated a significant association with dental caries at 18 months of age for the following factors: second child
(OR=1.78; 95% Cl:1.08-2.93, P< 0.05), third and later child (OR=2.08; 95% Cl:1.12-3.89, P<0.05), 12 or fewer erupted
teeth (OR=0.47; 95% Cl:0.24-0.96, P< 0.05), 17 or more erupted teeth (OR=4.37,95% Cl:1.63-11.7, P<0.01), Cariostat
score (++4) (OR=3.99; 95% Cl:1.29-12.31, P< 0.05), daily eating before bed (OR=2.62; 95% Cl: 1.55-4.45, P<0.001),
three or more snacks per day (OR=2.03; 95% Cl:1.15-3.58, P < 0.05), and breastfeeding (OR=3.30; 95% Cl:2.00-5.44,
P<0.001).

Conclusions These results suggest that the number of erupted teeth, as well as birth order, eating habits, and breast-
feeding, are significant factors in dental caries occurrence at 18 months of age.
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Background

Dental caries is one of the most common chronic and
progressive childhood diseases worldwide and can have
a negative impact on a child’s growth, general health,
and quality of life [1, 2]. It not only affects children; it is
a lifelong condition that tracks across adolescence and
adulthood [3]. Some epidemiological studies indicate
that the lifetime prevalence of dental caries has decreased
in recent decades, mainly in developed countries [4, 5].
Early childhood caries (ECC) remains a significant dis-
ease of childhood and cause of public health problems
[6]. Although dental caries prevalence in primary teeth
has decreased in Japan as a result of improved knowledge
about its prevention, it still occurs in certain high-risk
populations, and the polarization of oral health in chil-
dren is becoming more apparent [7—10].

Dental caries is a multifactorial disease, encompass-
ing physical, biological, environmental, behavioral, and
lifestyle-related factors, such as high levels of cariogenic
bacteria, inadequate salivary flow, poor oral hygiene,
inappropriate methods of feeding infants, secondhand
smoke, and socioeconomic status [11]. Among them, oral
bacteria, diet, host, and time are the fundamental fac-
tors that directly contribute to dental caries development
[11]. However, few studies of ECC adequately take these
factors into consideration. In particular, early tooth erup-
tion can be considered as a factor in the development of
severe ECC, because of the longer periods of exposure to
cariogenic factors such as the colonization of cariogenic
bacteria [12]. Nevertheless, few studies have investigated
the relationship between tooth eruption and dental car-
ies, and thus there is no definition for early tooth erup-
tion in the eruption stage of primary teeth. Furthermore,
the prevalence of severe ECC is low in developed coun-
tries in the twenty-first century, and a large-scale survey
is needed to clarify the risk factors [10, 13].

In the present study, we investigated the prevalence
and risk factors of dental caries in relation to the number
of erupted teeth in children aged 18 months in a core city
of a developed country, Japan.

Methods

Study design

This study was a cross-sectional and complete enumera-
tion study in a city. Data for the study were obtained from
all three public health centers in Toyonaka city, a core
city to the north of Osaka City, a metropolitan area in
western Japan, with a total population of approximately
400,000. In Japan, when children reach 18 months of age,
the local municipality performs a physical examination,
which includes an oral examination, anthropometric
measurements of height and weight, and an interview
sheet about the guardian and the child’s health. The
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public healthcare center mails notices about the exami-
nation to families with a child aged 18 months.

Subjects

The subjects of this study were 8281 18-month-old chil-
dren (participation rate>95%) who underwent physi-
cal examinations at all three public healthcare centers
in Toyonaka City from April 2018 to March 2020. The
inclusion criterion was any child who had undergone
this clinical examination. The exclusion criterion was any
child whose examination data or the interview sheet pro-
vided by the parents or guardians were incomplete.

Clinical examination

In the physical examination, anthropometric measure-
ments of height and weight were recorded. In the oral
examination, the number of erupted teeth and carious
teeth was assessed visually according to criteria estab-
lished by the World Health Organization [14]. The oral
examination was performed by dentists belonging to
Toyonaka Dental Association.

Microbiological assessment

The microbiological assessment was performed using the
Cariostat® (Dentsply Sirona, Tokyo, Japan), which is a
colorimetric caries-risk test for measuring the presence
of acidogenic microorganisms [15]. Dental plaque was
collected from the buccal surfaces of all maxillary teeth
using a sterilized cotton swab supplied in the kit. The col-
lected plaque on the swab was put into a test medium in
a Cariostat® test tube and incubated at 37 °C for 48 h. The
color turns from blue to green and, ultimately, to yellow,
indicating increased acid production of the plaque in the
sample. The color of the culture medium was compared
with the reference color on the color chart supplied. The
reference color was scored and classified into four cate-
gories, (-), (+), (++), and (+++) [15].

Interview sheet

The structured self-administered interview sheet made
by the public healthcare center in Toyonaka city was pro-
vided directly to the guardians in the public healthcare
center and collected before the physical examination. The
interview sheet included the following information: care
environment (birth order, commuting to daycare, bed-
time) and diet habits (snacking, feeding, eating before
bedtime) of the child, and health condition of the guard-
ian (exhausted with parenting, enjoying parenting, anxi-
ety, physical health). Birth order (first, second, third or
later), body mass index (BMI; underweight, ideal, over-
weight), number of erupted teeth (<12, 13-16, 17 <), eat-
ing before bed (never, weekly, daily), snacking habits per
day (never, 1 or 2 times, 3 times or more), feeding habits
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(weaned, bottle, breast, breast and bottle) and bedtime
(before 21:00, 21:00-22:00, after 22:00, unsettled) were
categorized as binary variables.

Statistical analysis

Descriptive analyses included calculation of relative fre-
quencies, absolute frequencies, medians, and interquar-
tile ranges (IQRs). Dental caries prevalence was defined
as the frequency of children with at least one carious
tooth. The relationship between dental caries prevalence
and the number of erupted teeth was analyzed using the
Cochran-Armitage test. Additionally, within the range
of the number of erupted teeth with dental caries, we
performed forward stepwise binary logistic regression
with dental caries occurrence at 18 months of age as the
dependent variable. All variables with a P value lower
than 0.05 in the univariate analysis were entered in the
regression models as independent variables. The odds
ratios (ORs) and their 95% confidence intervals were esti-
mated with regard to risk factors for dental caries occur-
rence at 18 months of age. The fit of the data to the model
was tested using the Hosmer—Lemeshow test and multi-
collinearity was assessed by using the variance inflation
factor (VIF).

For reliable analysis, we required at least 10 events
of the primary outcome measure per variable; that is,
an estimated, 250 events for 25 variables [16]. Given a
prevalence of 4% for dental caries in participants aged
18 months [13], the number of subjects required was
estimated at 6250 or more. All data were analyzed using
IBM SPSS Statistics version 28.0.1.0® (IBM Japan, Tokyo,
Japan) and the level of statistical significance was set at
P<0.05.

Results

Of the 8281 children, 7351 (88.8%) (3805 boys [51.8%]
and 3546 girls [48.2%]) were included. There were no
deficiencies in their clinical examination data or the
interview sheet answered by parents or guardians. The
median height was 79.3 cm (IQR: 77.5-81.2), median
weight was 10.3 kg (IQR: 9.6-11.1), and median BMI
was 16.0 kg/m? (IQR: 14.9-17.2). Of the 7351 children,
87 (1.2%) had experienced dental caries and 7264 (98.8%)
were caries-free. In the 87 children with dental car-
ies, the median number of carious teeth per child was 3
(IQR: 2—4). The number of erupted teeth was 16 (IQR:
14-16) (Fig. 1). Figure 2 shows the relationship between
dental caries prevalence and the number of erupted
teeth. Dental caries prevalence significantly increased
with the number of erupted teeth (P<0.001). Addition-
ally, some of the children with 8 or more teeth had den-
tal caries, but none of the children with 7 or fewer teeth
had experienced dental caries. Therefore, further caries
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Fig. 1 Distribution of the number of erupted teeth
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Fig. 2 Relationship between dental caries prevalence and the number
of erupted teeth (P<0.001: Cochran-Armitage test)

risk analyses were performed in children with 8 or more
erupted teeth because this was considered to be a caries-
sensitive developmental stage.

Of the 7351 children, 7222 (98.2%) (3747 boys [51.9%]
and 3475 girls [48.1%]) had 8 or more erupted teeth. The
median height was 79.3 cm (IQR: 77.5-81.2), weight was
10.3 kg (IQR: 9.7-11.1), and BMI was 16.0 kg/m? (IQR:
15.0-17.2). Tables 1 and 2 show the results of the univari-
ate analysis of dental caries distribution among the 7222
children with 8 or more erupted teeth at 18 months of
age and the risk factors attributed to children and their
guardians. The following factors were significantly asso-
ciated with dental caries occurrence: birth order (sec-
ond: P<0.01; third or later: P<0.001), number of erupted
teeth (<12: P<0.05;>17: P<0.001), Cariostat score
(++ +: P<0.001), eating before bed (weekly: P<0.01;
daily: P<0.001), snacking (<2 times: P<0.05;>3 times:
P<0.001), feeding habits (bottle feeding: P<0.01; breast
feeding: P<0.001; breast and bottle feeding: P<0.01) and
bedtime (after 22:00: P<0.01). Commuting to daycare
and guardians’ health conditions were not significantly
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Table 1 Dental caries distribution and crude odds ratio (OR) among factors in children
Variables Total Caries Crude OR (95% Cl) P
N (%) N (%)
(Overall) 7222
Caries Yes 87(1.2)
No 7135 (98.8)
Sex Male 3747 (51.9) 52(14)
Female 3475 (48.1) 35(1.2) 0.72(0.47-1.11) 0.139
Birth order First 3659 (50.7) 28(0.8)
Second 2708 (37.59) 40(1.5) 1.94 (1.20-3.16) 0.007
Third or later 855(11.8) 19(2.2) 2.95 (1.64-5.30) <0.001
Body mass index Ideal 4559 (63.1) 52 (1.1)
Underweight 1181 (16,4) 9(0.8) 0.67 (0.34-1.36) 0.261
Overweight 1482 (20.5) 26 (1.8) 1.55 (0.96-2.49) 0.071
Number of erupted teeth 13-16 5632 (78.0) 72(1.3)
<12 1497 (20.7) 9(0.6) 047 (0.23-0.94) 0.032
>17 93(1.3) 6 (6.5) 532 (226-12.6) <0.001
Cariostat score - 313 (4.3) 5(1.6)
+ 5957 (82.5) 48(0.8) 0.50(0.20-1.27) 0.144
++ 847 (11.7) 23(2.7) 1.72 (0.65-4.56) 0.276
+++ 105 (1.5) 11 (105 7.21(244-21.27) <0.001
Eating before bed No 5138 (71.1) 37(0.7)
Weekly 854 (11.8) 15(1.8) 247 (1.35-4.51) 0.003
Daily 1230 (17.0) 35(2.8) 4.04 (2.53-6.44) <0.001
Snacking No 5708 (79.0) 50(0.9)
<2times 876 (12.1) 16 (1.8) 2.11(1.19-3.71) 0.010
>3 times 638 (8.8) 21(33) 3.85 (2.30-6.46) <0.001
Feeding habit Weaned 4777 (66.1) 28(0.6)
Bottle feeding 719(10.0) 11(1.5) 264 (1.31-5.32) 0.007
Breast feeding 1626 (22.5) 45 (2.8) 483 (3.00-7.64) <0.001
Breast+ bottle 100 (1.4) 3(3.0) 5.25(1.57-17.53) 0.007
Bedtime Before 21:00 1904 (26.4) 14(0.7)
21:00-22:00 3235 (44.8) 47 (1.2) 1.65 (0.89-3.04) 0.111
After 22:00 1358 (18.8) 17 (1.7) 2.64 (1.37-5.06) 0.004
Unsettled 725(10.0) 9(2.7) 51(0.63-3.61) 0.358
Daycare Yes 2460 (34.1) 60 (1.3)
No 4762 (65.9) 27(1.1) 0.87 (0.55-1.37) 0.549
Table 2 Dental caries distribution among children and crude odds ratio (OR) among factors in guardians/parents
Variables Total Caries Crude OR (95% Cl) P
N (%) N (%)
(Overall) 7222 87(1.2)
Exhausted with parenting Yes 1322 (18.3) 18(1.4) 0.86 (0.51-145) 0.563
No 5900 (81.7) 69 (1.2)
Enjoying parenting Yes 7156 (99.1) 86(1.2) 1.27 (0.17-9.22) 0.816
No 66 (0.9) 1(1.5)
Anxiety Yes 1375 (19.0) 18 (1.3) 0.90 (0.53-1.52) 0.693
No 5847 (81.0) 69 (1.2)
Physical condition Healthy 6434 (89.1) 81(1.3) 0.60 (0.26-1.38) 0.227
Unhealthy 788 (10.9) 6(0.8)
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associated with dental caries occurrence. Table 3 shows
the results of the binary logistic regression analyses of
risk factors associated with dental caries occurrence at
18 months of age. Adjusted by potential confounders, the
following factors were significantly associated with den-
tal caries occurrence at 18 months of age: second child
(OR=1.78; 95% CI:1.08-2.93, P<0.05), third or later
child (OR=2.08; 95% CI:1.12-3.89, P<0.05), 12 or fewer
erupted teeth (OR=0.47; 95% CI.0.24—0.96, P<0.05),
17 or more erupted teeth (OR=4.37; 95% CIL:1.63-11.7,
P<0.01), Cariostat score (+++) (OR=3.99; 95% CI:1.29—
12.31, P<0.05), daily eating before bed (OR=2.62; 95%
CI: 1.55-4.45, P<0.001), snacking three times or more
per day (OR=2.03; 95% CI:1.15-3.58, P<0.05), and
breastfeeding (OR=3.30; 95% CIL:2.00-5.44, P<0.001).
In the regression model, the Hosmer—Lemeshow test
showed a good fit (P=0.664), and the VIF showed the

Table 3 Binary logistic regression analysis with dental caries
occurrence as the dependent variable

Adjusted odds P Variance
ratio (95% Cl) inflation
factor
Birth order 0.029 1.03
First Ref
Second 1.78 (1.08-2.93) 0.023
Third or later 2.08(1.12-3.89) 0.021
Number of erupted teeth 0.001 1.01
13-16 Ref
<12 047 (0.24-0.96) 0.039
>17 437 (1.63-11.7) 0.003
Cariostat score <0.001 1.01
- Ref
+ 042 (0.16-1.07) 0.070
++ 1.20 (0.45-3.26) 0.714
+ 4+ 3.99(1.29-12.31) 0.016
Eating before bed 0.002 1.16
No Ref
Weekly 1.79(0.94-3.41) 0.078
Daily 2.62 (1.55-4.45) <0.001
Snacking 0.051 1.12
No Ref
<2 times 1.30 (0.71-2.39) 0401
>3 times 2.03 (1.15-3.58) 0.015
Feeding habit <0001 1.09
Weaned Ref
Bottle feeding 1.30(0.61-2.77) 0.502
Breast feeding 3.30(2.00-5.44) <0.001
Breast + bottle 242 (0.63-9.34) 0.198

Adjusted for birth order, number of erupted teeth, Cariostat score, eating before
bed, snacking, feeding habit, and bedtime
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absence of multicollinearity for each independent vari-
able (<4.0).

Discussion

In the present study, the prevalence of dental caries in
children aged 18 months was 1.2%. Although few stud-
ies have been conducted in such a young population, the
prevalence was thought to be lower than that in other
countries (18 months of age: dmft=2.8+2.7 [17]; 1 year
old: 1.9%, 2 years old: 10.7% [18]). Additionally, the prev-
alence was slightly lower than that of previous studies in
Japan (3.3%-4.0%) [13, 19]. The present results may be
indicative of the oral health literacy of this city. How-
ever, ECC affects lifelong oral health into adolescence
and adulthood [3], and it is problematic that some chil-
dren have already experienced dental caries at 18 months
of age in developed countries in the twenty-first century.
Furthermore, these previous studies were small-scale
compared with the present study, and large-scale surveys
of young children in different regions are needed to clar-
ify the status of ECC in both developed and developing
countries [13, 17-19].

Because few studies have been conducted in such a
young population, there is also a lack of research about
the association between tooth eruption and dental car-
ies [12]. In the present study, a greater number of erupted
teeth was a significant factor associated with dental car-
ies at 18 months of age. Early tooth eruption can be an
important risk factor for dental caries in young children,
and 17 or more erupted teeth in children aged 18 months
may be interpreted as early tooth eruption according to
the results of the present study. The eruption timing of
primary teeth is affected by both genomic factors and
environmental factors [20-22]. Although the cause of
increased dental caries risk associated with early tooth
eruption could not be determined in the present study,
our findings suggest an indirect relationship between the
vulnerability of early erupting teeth, the early introduc-
tion of a mature diet including sugar-containing foods,
and the difficulty of maintaining oral hygiene in young
children. Longitudinal studies are needed to investigate
up to what age earlier tooth eruption affects dental caries
risk.

Cariostat® is a microbiological test that evaluates the
acidogenic ability from sucrose of the aciduric bacteria
in dental plaque, and is a simple test for identifying high-
risk patients for dental caries [15]. Microbiological tests
in some cross-sectional and longitudinal surveys show
strong associations of dental caries with mutans strep-
tococci and lactobacilli [15, 23]. In the present study, a
Cariostat score (+++) was a significantly high-risk fac-
tor for dental caries. The acquisition and colonization
of S. mutans are considered to occur at approximately
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19-31 months after birth [24], and some studies have
detected S. mutans in the oral cavity of infants younger
than 12 months, albeit at low frequency [25]. The results
of the present study suggest that bacteriological fac-
tors already exert a strong influence at 18 months of age.
However, microbiological tests used alone were consid-
ered to have limited value in predicting dental caries in a
previous study [23]. Nevertheless, previous studies were
not complete enumeration studies like the present study
and did not include a population as young as 18 months
of age. Microbiological tests can be effective in identify-
ing children with high dental caries activity in large pop-
ulations of children at an age with a low distribution of
dental caries.

There are clear benefits of breastfeeding for a child in
terms of health promotion and prevention of diseases
such as severe lower respiratory infections, asthma, sud-
den infant death syndrome, and obesity [26]. It is also
possible that early breastfeeding may protect against den-
tal caries by delaying the introduction of sugar-contain-
ing foods [27]. However, breastfeeding and baby bottle
use beyond 12 months, especially if frequent and/or noc-
turnal, are associated with ECC [27]. In the present study,
breastfeeding up to 18 months of age was significantly
related to dental caries. However, 97.2% of the children
who continued breastfeeding up to 18 months of age had
no caries in the present study, although the subsequent
caries risk should be analyzed longitudinally. It is thought
that breastfeeding is not a determinant factor but a high-
risk factor of dental caries and leads to dental caries in
combination with sugar consumption rather than directly
leading to dental caries [27]. Therefore, rather than the
components of breast milk, the habits and behaviors
induced by prolonged breastfeeding may combine with
sugar consumption, strongly influencing caries risk.

Birth order was a significant environmental factor for
dental caries at 18 months of age in the present study. The
association between birth order and dental caries has been
investigated in recent studies and the present result was
consistent with a previous study [28]. Birth order is thought
to be related to oral health condition as well as general
health condition [29]. Later-born children are likely to have
more sibling influences and less parental attention, result-
ing in less individual care and earlier exposure to sugar-
containing foods compared with first-born children [28].
These habitual eating characteristics were consistent with
the habit of eating before bed and snacking frequency, both
high-risk factors for dental caries in the present study.

In contrast, no significant associations of dental car-
ies with guardians’ health conditions were found in the
present study. Although many studies have focused on
the association between caries and guardians’ socioeco-
nomic status or education level, few have explored the
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association of dental caries with guardians’ physical and
mental health conditions [1-4, 7, 8, 11, 12, 27]. However,
guardians’ socioeconomic status and education level
could be related to health-compromising behaviors and
lifestyles, and may affect their health condition as a result
[18]. Therefore, it may be important for the long-term
maintenance of a child’s oral health condition to evaluate
the family environment, including the physical and men-
tal health condition of the guardians.

The present study had several limitations. First, detailed
daily intake of food and drink, especially those contain-
ing sugar, was not investigated. For example, juice intake in
infants before the age of 1 year can be a serious ECC risk fac-
tor and should be avoided completely [30]. ECC caries risk
assessment could have been more thoroughly evaluated by
including these items in the interview sheet. Second, dental
hygiene habits such as brushing frequency, fluoride use, and
dental care patterns were also not investigated; neither were
socioeconomic status and guardians’ education level. These
factors can depend on guardians and family and may be
important factors. Third, dental caries is a chronic disease,
and the present cross-sectional study has a certain level of
limitation because there may be time discrepancies between
dental caries development and risk factors, especially envi-
ronmental factors. Fourth, the number of erupted teeth and
carious teeth were assessed only visually according to crite-
ria established by the World Health Organization, and we
did not verify consistency among examiners or the reliabil-
ity and validity of the interview sheet. Nevertheless, we con-
sider that dental caries distribution at 18 months, despite its
low frequency, merits extensive investigation. The funda-
mental factors directly contributing to caries development,
such as oral bacteria, diet, host, and time, were analyzed in a
relatively well-balanced manner in the present study.

Conclusions
Within the limitations of this cross-sectional study, the
following conclusions can be drawn:

+ 1.2% of children aged 18 months had experienced den-
tal caries in a core city of a developed country, Japan.

« The number of erupted teeth, as well as birth order,
eating habits, and breastfeeding, may be significant fac-
tors for dental caries occurrence at 18 months of age.

« Bacteriological factors are a significant influence, and
microbiological caries-risk tests are effective for detect-
ing a high risk of ECC in children aged 18 months.

Abbreviation
ECC  Early childhood caries



Otsugu et al. BMC Oral Health (2023) 23:671

Acknowledgements

We thank the members of the Toyonaka Dental Association for the clinical
examinations. We also appreciate the generous support from Drs. Atsushi
Kondo, Makoto Kitatani, Shozo Wada, Tsutomu Sasabe, Takuji Hoshina, Takahiro
Kato and Tetsuya Manabe from the Toyonaka Dental Association.

Authors’ contributions

MO and YM designed the study, and data inputting was performed by TM, KM,
and MN. Data interpretation was performed by MO, YM, MK, YO, TK and KN.
MO wrote the paper under the supervision of TK and KN. All authors gave their
final approval and agreed to be accountable for all aspects of the work.

Funding

This work was supported by KAKENHI research project grants (22K10268)
from the Japan Society for the Promotion of Science and JST-Mirai Program
(JP20348555). The funders had no roles in the study design, data collection
and analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials
The dataset used and/or analyzed during the current study available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was conducted with full adherence to the Declaration of Helsinki.
The study protocol was approved by the Ethics Committee of Osaka University
Graduate School of Dentistry (approval number R2-E25). Informed consent
was obtained from all the participants and their legal guardians/parents in the
form of an opt-out on the website.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Pediatric Dentistry, Osaka University Graduate School

of Dentistry, Osaka, Japan. “Toyonaka City Public Health Center, Osaka, Japan.
3Department of Health Sciences, Osaka University Graduate School of Medi-
cine, Osaka, Japan. “Department of Oral Physiology, Osaka University Graduate
School of Dentistry, Osaka, Japan.

Received: 26 May 2023 Accepted: 8 September 2023
Published online: 16 September 2023

References

1. Folayan MO, Ramos-Gomez F, Sabbah W, Tantawi ME. Editorial: Country
profile of the epidemiology and clinical management of early childhood
caries, volume II. Front Public Health. 2023;11:1201899. https://doi.org/10.
3389/fpubh.2023.1201899.

2. GeX, LyuX, Zhou Z MiY, He T, Wu B, et al. Caesarean-section deliv-
ery and caries risk of 3-year-old Chinese children: a retrospective
cohort study. BMC Oral Health. 2023;23:373. https://doi.org/10.1186/
$12903-023-02998-w.

3. Peres MA, Macpherson LMD, Weyant RJ, Daly B, Venturelli R, Mathur
MR, et al. Oral diseases: a global public health challenge. Lancet.
2019;394:249-60. https://doi.org/10.1016/50140-6736(19)31146-8.

4. Wen PYF, Chen MX, Zhong YJ, Dong QQ, Wong HM. Global burden and
inequality of dental caries, 1990 to 2019. J Dent Res. 2022;101:392-9.
https://doi.org/10.1177/00220345211056247.

5. Frencken JE, Sharma P, Stenhouse L, Green D, Laverty D, Dietrich T. Global
epidemiology of dental caries and severe periodontitis—a comprehen-
sive review. J Clin Periodontol. 2017;44:594-105. https://doi.org/10.1111/
jcpe.12677.

6. American Academy of Pediatric Dentistry. Policy on early childhood
caries (ECC): Classifications, consequences, and preventive strategies. The

20.

21

22.

23.

24.

25.

Page 7 of 8

Reference Manual of Pediatric Dentistry. Chicago, lll.: American Academy
of Pediatric Dentistry. 2022:90-3. https://www.aapd.org/globalassets/
media/policies_guidelines/p_eccconsequences.pdf. Accessed 12 Sept
2023.

Uribe SE, Innes N, Maldupa I. The global prevalence of early childhood
caries: a systematic review with meta-analysis using the WHO diagnostic
criteria. Int J Paediatr Dent. 2021;31:817-30. https://doi.org/10.1111/ipd.
12783.

Splieth CH, Banerjee A, Bottenberg P, Breschi L, Campus G, Ekstrand KR,
et al. How to intervene in the caries process in children: a joint ORCA and
EFCD Expert Delphi Consensus Statement. Caries Res. 2020;54:297-305.
https://doi.org/10.1159/000507692.

Seki M, Yamashita Y. Decreasing caries prevalence in Japanese preschool
children is accompanied with a reduction in mutans streptococci infec-
tion. Int Dent J. 2005;55:100-4. https://doi.org/10.1111/j.1875-595x.2005.
tb00041 x.

Ministry of Health, Labour and Welfare. Survey of dental diseases. 2016.
https.//www.mhlw.go.jp/toukei/list/62-28 html . Accessed 16 Jan 2023 .

. Selwitz RH, Ismail Al, Pitts NB. Dental caries. Lancet. 2007;369:51-9.

https://doi.org/10.1016/50140-6736(07)60031-2.

Warren JJ, Levy SM, Xu Y, Daly JM, Eckert GJ, Clements D, et al. Tooth erup-
tion and early childhood caries: a multisite longitudinal study. Pediatr
Dent. 2021;43:287-9.

Ohsuka K, Chino N, Nakagaki H, Kataoka I, Oshida Y, Ohsawa |, et al. Analy-
sis of risk factors for dental caries in infants: a comparison between urban
and rural areas. Environ Health Prev Med. 2009;14:103-10. https://doi.org/
10.1007/512199-008-0065-6.

World Health Organization. Oral health surveys: basic method (5th ed),
Geneva. 2013. https.//www.who.int/publications/i/item/9789241548649.
Accessed 16 Jan 2023.

Ansai T, Yamashita Y, Shibata Y, Katoh Y, Sakao S, Takamatsu N, et al. Rela-
tionship between dental caries experience of a group of Japanese kin-
dergarten children and the results of two caries activity tests conducted
on their saliva and dental plaque. Int J Paediatr Dent. 1994,4:13-7. https.//
doi.org/10.1111/j.1365-263x.1994.tb00095 X.

Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR. A simulation
study of the number of events per independent variable in logistic
regression analysis. J Clin Epidemiol. 1996;49:1373-9. https://doi.org/10.
1016/50895-4356(96)00236-3.

Thitasomakul S, Piwat S, Thearmontree A, Chankanka O, Pithporn-
chaiyakul W, Madyusoh S. Risks for early childhood caries analyzed by
negative binomial models. J Dent Res. 2009;88:137-41. https://doi.org/10.
1177/0022034508328629.

Bernabe E, MacRitchie H, Longbottom C, Pitts NB, Sabbah W. Birth weight,
breastfeeding, maternal smoking and caries trajectories. J Dent Res.
2017;96:171-8. https://doi.org/10.1177/0022034516678181.

Nakayama Y, Mori M. Association between nocturnal breastfeeding and
snacking habits and the risk of early childhood caries in 18- to 23-month-
old Japanese children. J Epidemiol. 2015;25:142-7. https://doi.org/10.
2188/jea.JE20140097.

Hughes TE, Bockmann MR, Seow K, Gotjamanos T, Gully N, Richards LC,

et al. Strong genetic control of emergence of human primary incisors. J
Dent Res. 2007,86:1160-5. https://doi.org/10.1177/154405910708601204.
Pillas D, Hoggart CJ, Evans DM, O'Reilly PF, Sipila K, Lahdesmaki R, et al.
Genome-wide association study reveals multiple loci associated with pri-
mary tooth development during infancy. PLoS Genet. 2010;6:e1000856.
https://doi.org/10.1371/journal.pgen.1000856.

Zadzinska E, Sitek A, Rosset |. Relationship between pre-natal factors, the
perinatal environment, motor development in the first year of life and the
timing of first deciduous tooth emergence. Ann Hum Biol. 2016;43:25-33.
https://doi.org/10.3109/03014460.2015.1006140.

Bowden GH. Does assessment of microbial composition of plaque/saliva
allow for diagnosis of disease activity of individuals? Community Dent
Oral Epidemiol. 1997,25:76-81. https://doi.org/10.1111/}.1600-0528.1997.
tb00902.x.

Caufield PW, Cutter GR, Dasanayake AP. Initial acquisition of mutans strep-
tococci by infants: evidence for a discrete window of infectivity. J Dent
Res. 1993;72:37-45. https://doi.org/10.1177/00220345930720010501.
Mohan A, Morse DE, O'Sullivan DM, Tinanoff N. The relationship between
bottle usage/content, age, and number of teeth with mutans strepto-
cocci colonization in 6-24-month-old children. Community Dent Oral


https://doi.org/10.3389/fpubh.2023.1201899
https://doi.org/10.3389/fpubh.2023.1201899
https://doi.org/10.1186/s12903-023-02998-w
https://doi.org/10.1186/s12903-023-02998-w
https://doi.org/10.1016/S0140-6736(19)31146-8
https://doi.org/10.1177/00220345211056247
https://doi.org/10.1111/jcpe.12677
https://doi.org/10.1111/jcpe.12677
https://www.aapd.org/globalassets/media/policies_guidelines/p_eccconsequences.pdf
https://www.aapd.org/globalassets/media/policies_guidelines/p_eccconsequences.pdf
https://doi.org/10.1111/ipd.12783
https://doi.org/10.1111/ipd.12783
https://doi.org/10.1159/000507692
https://doi.org/10.1111/j.1875-595x.2005.tb00041.x
https://doi.org/10.1111/j.1875-595x.2005.tb00041.x
https://www.mhlw.go.jp/toukei/list/62-28.html
https://doi.org/10.1016/S0140-6736(07)60031-2
https://doi.org/10.1007/s12199-008-0065-6
https://doi.org/10.1007/s12199-008-0065-6
https://www.who.int/publications/i/item/9789241548649
https://doi.org/10.1111/j.1365-263x.1994.tb00095.x
https://doi.org/10.1111/j.1365-263x.1994.tb00095.x
https://doi.org/10.1016/S0895-4356(96)00236-3
https://doi.org/10.1016/S0895-4356(96)00236-3
https://doi.org/10.1177/0022034508328629
https://doi.org/10.1177/0022034508328629
https://doi.org/10.1177/0022034516678181
https://doi.org/10.2188/jea.JE20140097
https://doi.org/10.2188/jea.JE20140097
https://doi.org/10.1177/154405910708601204
https://doi.org/10.1371/journal.pgen.1000856
https://doi.org/10.3109/03014460.2015.1006140
https://doi.org/10.1111/j.1600-0528.1997.tb00902.x
https://doi.org/10.1111/j.1600-0528.1997.tb00902.x
https://doi.org/10.1177/00220345930720010501

Otsugu et al. BMC Oral Health

26.

27.

28.

29.

30.

(2023) 23:671

Epidemiol. 1998;26:12-20. https://doi.org/10.1111/j.1600-0528.1998.
thb01918.x.

Salone LR, Vann WF, Dee DL. An overview of oral and general health
benefits. J Am Dent Assoc. 2013;144:143-51. https://doi.org/10.14219/
jada.archive.2013.0093.

Peres KG, Chaffee BW, Feldens CA, Flores-Mir C, Moynihan P, Rugg-Gunn
A. Breastfeeding and oral health: evidence and methodological chal-
lenges. J Dent Res. 2018,97:251-8. https://doi.org/10.1177/0022034517
738925.

Julihn A, Soares FC, Hammarfjord U, Hjern A, Dahllof G. Birth order is
associated with caries development in young children: a register-based
cohort study. BMC Public Health. 2020;20:218. https://doi.org/10.1186/
$12889-020-8234-7.

Omer M, Posti JP, Gissler M, Merikukka M, Barnighausen T, Wilson ML. Birth
order and pediatric traumatic brain injury. Sci Rep. 2022;12:14451. https://
doi.org/10.1038/541598-022-18742-3.

Heyman MB, Abrams SA, Section on Gastroenterology, Hepatology, and
Nutrition, Committee on Nutrition. Fruit juice in infants, children, and
adolescents: Current recommendations. Pediatrics. 2017;139:e20170967.
https://doi.org/10.1542/peds.2017-0967.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1111/j.1600-0528.1998.tb01918.x
https://doi.org/10.1111/j.1600-0528.1998.tb01918.x
https://doi.org/10.14219/jada.archive.2013.0093
https://doi.org/10.14219/jada.archive.2013.0093
https://doi.org/10.1177/0022034517738925
https://doi.org/10.1177/0022034517738925
https://doi.org/10.1186/s12889-020-8234-7
https://doi.org/10.1186/s12889-020-8234-7
https://doi.org/10.1038/s41598-022-18742-3
https://doi.org/10.1038/s41598-022-18742-3
https://doi.org/10.1542/peds.2017-0967

	The number of erupted teeth as a risk factor for dental caries in eighteen-month-old children: a cross-sectional study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design
	Subjects
	Clinical examination
	Microbiological assessment
	Interview sheet
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


