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Abstract

Objective: The purpose of this study was to determine the prevalence of early
childhood caries (ECC), including noncavitated lesions (d1), in children 6~59
months of age in relation to socioeconomic factors, feeding practices, and oral
health behaviors in Seoul, Korea. Methods: The children attended child care
facilities and were selected from 32 primary sampling units. Two dentists exam-
ined 470 children. Parents of 383 of the subjects were interviewed by phone
regarding caries risk factors. Resulits: For children 6-59 months of age, the
prevalence of ECC and severe ECC were 56.5 percent and 47.0 percent respec-
tively. In bivariate analysis, the children whose nursing bottle contained sweet-
ened solution had higher severe ECC prevalence (P=.035), and children whose
parents reported a lower frequency of between-meal snacks showed lower ECC
prevalence (P=.046). By logistic regression analysis, age and frequency of
between-meal snacks were associated with the prevalence of ECC (P<.05).
Conclusion: This study demonstrates that the prevalence of ECC was high
among children in Seoul. Early educational intervention programs for pregnant
women and mothers of young children should be developed based on the risk

factors identified in this study. [J Public Health Dent 2003,;63(3):183-88]
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Children who have caries in their
primary teeth in infancy or as toddlers
tend to develop additional dental de-
cay in their primary teeth (1,2) and are
more likely to experience caries in
their permanent teeth (3-5). Dental
caries in primary teeth is a major
health problemin Korea. According to
the 2000 National Oral Health Survey,
83.3 percent of 5-year-old Korean chil-
dren experienced dental caries in their
primary teeth (6).

Many terms have been used to de-
scribe dental caries in young children.
These include “baby bottle tooth de-
cay,” “nursing caries,” and “bottle
mouth,” which tend to identify caries
in the labial surfaces of upper anterior
primary teeth. In contrast, early child-
hood caries (ECC) is a term that en-
compasses all dental caries occurring
in the primary dentition of young chil-
dren and ECC includes noncavitated

lesions (d1) as well as cavitated lesions.
This definition was recommended by
workshop participants in 1999 in an
effort to better evaluate evidence from
different studies bearing on the rela-
tive frequency, etiology, clinical
course, and impact of ECC (7,8).
Studies on ECC have been con-
ducted to identify the etiology, preva-
lence, and treatment of this disease
over the past 40 years. A higher preva-
lence of ECC in lower socioeconomic
groups has been reported (9-11). Infor-
mation and education about child oral
care, and the level of education of pri-
mary caregivers and family income
were negatively associated with caries
levels in children (12). ECC is com-
monly associated with incorrect feed-
ing habits such as putting a child to
bed with a bottle, bottle feeding with
sweetened beverages, and prolonged
breastfeeding (13,14). Even though

prolonged baby bottle use seems to be
a rather widely used practice among
infants and young children, not all
children with the nursing bottle habit
develop ECC (15). It also has been
demonstrated that oral health behav-
iors are associated with the prevalence
of ECC (16). Some researchers have
recognized that infant feeding prac-
tices are influenced by cultural, ethnic,
and socioeconomic factors (17,18).
Thus, to develop and implement ECC
interventions in Korea, it is necessary
to identify risk factors for this country.

Seoul is the capital city of South Ko-
rea and accounts for about 20 percent
of the total population. The water sup-
plies are not fluoridated and neither
professional fluoride application nor
fluoride supplements are widely used.
There are no organized public health
programs for early childhood such as
fluoride mouthrinse regimens, but
most toothpaste for children contains
fluoride in South Korea. The purpose
of this study was to determine the
prevalence of ECC, including dj, in
children 6-59 months of age in relation
to socioeconomic factors, feeding
practices, and oral health behaviors in
Seoul, Korea.

Methods

Subject Selection. To identify chil-
dren for the study, Seoul was divided
into four strata by administrative
boundaries. Subsequently, eight child
care facilities were selected in each
stratum as primary sampling units
and 15 subjects were selected ran-
domly in each primary sampling unit.
A total of 480 children aged 6-59
months were selected from 32 child
care facilities. The study was con-
ducted during January through March
2000.
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Oral Examination. Two dentists us-
ing natural light, a small auxiliary
light, standard mouth mirrors and ex-
plorers, and gauze wipes conducted
the oral examinations. A small auxil-
iary pen-type light was used to exam-
ine proximal and lingual surfaces. An
explorer was used only to remove
plaque or to detect any loss of tooth
substance when this condition was
suspected. All children had parental
consent. Children were examined in a
supine position on tables except for
infants who were held in the lap of
their caregiver. The criteria for dental
caries diagnosis were based on Na-
tional Institute of Dental and Cranio-
facial Research (NIDCR) standard ex-
amination method (19). Noncavitated
caries lesions and cavitated lesions
were examined separately. Cavitated
lesions included lesions penetrating
the pulp as well as cavitated enamel or
dentine lesions (7,8). Only deciduous
teeth were examined and caries was
recorded for all tooth surfaces.

Calibration of the two dentists was
accomplished by first practicing on ex-
tracted primary teeth. Subsequently,
both examiners examined 45 children
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TABLE1
Case Definitions of Early Childhood Caries and Severe Early Childhood Caries

8

Age (Months) Early Childhood Caries

Severe Early Childhood Caries

<12 1 or more dmf surfaces*
12-23 1 or more dmf surfaces*
24-35 1 or more dinf surfaces*
3647 1 or more dmf surfaces*
48-59 1 or more dmf surfaces*
60~71 1 or more dmf surfaces*

1 or more smooth dmf surfaces*

1 or more smooth dmf surfaces*

1 or more smooth dmf surfaces*

1 or more cavitated, filled, or missing
(due to caries) smooth surfaces in
primary maxillary anterior teeth OR
dmfs score > 4

1 or more cavitated, filled, or missing
(due to caries) smooth surfaces in
primary maxillary anterior teeth OR
dmfs score 25

1 or more cavitated, filled, or missing
(due to caries) smooth surfaces in
primary maxillary anterior teeth OR
dmfs score > 6

*Any carious lesion, noncavitated or cavitated, missing tooth due to caries, or filled surfaces.

Includes primary teeth only.

as a pilot study for calibration pur-
poses. During the main survey, 25 chil-
dren were reexamined. The kappa sta-
tistic was used for calculating agree-

TABLE 2

List of Independent Variables Investigated

ment of the two examiners based on
tooth level (dmf). The interexaminer
kappa value was 0.71 and intraex-
aminer kappa values for examiners I

Subjects Logistic Régression
Independent Variables Time for Analysis Model
Sociceconomic factors
Age (months) Present  All ages Included
Father’s level of education: O=college or above; 1=middle, high school, Present All ages Included
or below
Mother’s level of education: O=college or above; 1=middle, high school, Present All ages Included
or below
Mother’s employment status: O=not employed; 1=employed full or part  Present All ages Included
time
Family income level: O=high (>$2,400/m); medium ($800/m to Present All ages Included
$2,400/m); 1=low (<$800/m)
Feeding practices
Feeding practice: O=breast milk; 1=bovine milk, powdered milk, others ~ Past/ All ages Excluded
present
Content of bottle: 0=milk, 1=juice, soda, and other sweetened solution Past/ Bottle users only Included
present
Bedtime bottle use: 0=no; 1=yes Past/ Bottle users only Included
present
Bottle feeding duration: 0=<12 months; 1=12 months or more Past Bottle users only Excluded
Oral health behavior
Person responsible for child’s oral hygiene: O=aduit, adult+child; 1=child Present 36-59 months  Included
Between-meal snacks/day: 0=1 or fewer; 1=2 or more Present  36-59months  Included
Routine dental checkups: O=yes; 1=no Present 36-59 months  Included
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TABLE 3
Dental Caries Experience by Age
dmft Index (Mean * SE) ECC (%)t Severe ECC (%)
ft

Age Excluding  Including (Mean Excluding  Including  Excluding  Including
(Months) n dq* d, + SE) dq dy d, dq
6-59 383 193+£027 3671047 0461010 40.3 56.5 24.4 470
6-11 25 0.00£0.00 0.03+£0.03 0.00+0.00 0.0 3.2 0.0 32
12-23 54 0.47+0.09 1852048 0.00+0.00 16.3 44.0 6.5 36.4
24-35 80 1.08+0.23 4.00+070 0.10+0.08 36.1 63.6 28.1 62.6
3647 129 2871030 5374051 046+0.12 63.5 79.3 359 61.5
48-59 59 506+038 692+038 1.70+0.26 83.0 90.8 50.2 70.3
:I\Toncavitated carious lesion. ) S o N -
tPercent of children with ECC.

fPercent of children with severe ECC.

and Il were 0.78 and 0.81, respectively, TABLE 4

for tooth level including d1. The inter- Socioeconomic Factors and Caries Prevalence Among Children Aged
examiner kappa value was 0.71 and 6-59 Months

intraexaminer kappa values for exam-~ ]

iner I and Il were 0.84 and 0.80, respec- Caries Prevalence (%)
tively, for tooth level excluding di. :

’ V ) - *
Definitions of Early Childhood ' °n70ie Status n B P SECC P

Caries and Severe Early Childhood  Father's College 311 56.1 871 462 682
Caries. Case definitions of ECC and education High school 7 57.8 50.2

severe EC%’“‘ this Sft“dy fouo“f’ed the  Mother's College 271 536 298 436 172
;egcgo 9m x‘;lrlk:ﬁlgg sop(?n;ig gg br;)x?hz education High school 112 63.5 55.4

NIDCR, the Health Resources and Mother’s Not employed 180 53.1 318 44.6 357
Services Administration, and the employment  Employed 203 59.8 49.6

Health Care Financing Administra- Family income  High 343 55.6 109 45.4 .050
tion (Table 1) (8). Low 40 714 63.2

Survey Questionnaire. The ques-
tionnaire included information re-
garding socioeconomic factors, feed-
ing practices, and oral health behav-
iors (Table 2). The survey instrument
was pretested twice with mothers of
infants or small children, once with 20
mothers, and once with 10 mothers.
During the pretest, some questions
were found to be confusing, which
were then revised. A trained inter-
viewer interviewed the parents of all
subjects by phone within two weeks
after the oral examinations.

Data Analysis. Descriptive and
analytical techniques were conducted
using SUDAAN Version 8.0.0 (Re-
search Triangle Institute, Research Tri-
angle Park, NC). After data collection,
poststratified adjustment was done for
children’s age and sex using the 2000
Nationwide Health and Welfare Indi-
cators in Korea. The chi-square test for
categorical variables was used for
comparisons of proportions. A logistic
regression model was used to identify
risk factors for caries development

*S-ECC=severe early childhood caries.

among children older than 35 months
by considering independent variables
simultaneously (Table 2). The Wald
test was done and a P-value <.05 was
considered statistically significant.

Results

Table 3 shows the prevalence of
ECC and severe ECC. Although 470
children were examined clinically, 87
children were lost in the survey be-
cause their parents did not participate
in the interview. Thus, a total of 383
children 6-59 months of age with a
mean age of 36.5 months were inter-
viewed (200 boys and 183 girls). The
response rate for the questionnaire
was 79.8 percent. In each classification
scheme, there were no statistically sig-
nificant differences between the age
and the sex for the nonresponse rates.
The prevalence of ECC including d1 in
children 6-59 months of age was 56.5

percent, and severe ECC was 47.0 per-
cent.

The relationship between socioeco-
nomic factors and caries status is
shown in Table 4. Father’s education
level, mother’s education level,
mother’s employment, and family in-
come were examined. But there were
no statistically significant differences
between these risk factors and caries
prevalence (P2.05).

The relationship between infant
feeding practices and caries status is
shown in Table 5. The children whose
nursing bottle contained sweetened
solution had higher severe ECC preva-
lence (P=.035). But type of feeding
practice, bedtime bottle, and age of
weaning from nursing bottle feeding
were not statistically significant vari-
ables (P>.05).

The relationship between oral
health behaviors and caries status is
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TABLE5

Feeding Practices and Caries Prevalence Among Children Aged 6-59 Months

Caries Prevalence (%)

Variables Status n ECC P S-ECC* P
Feeding practice Breast milk 28 51.6 752 43.0 769
Other 355 56.9 47.3
Content of Milk 187 50.6 .078 39.7 035
bottlet Sweetened 168 62.8 54.5
solution
Bedtime bottlet Yes 216 57.8 925 47.0 584
No 139 58.5 50.5
Age at weaning <12 months 27 78.5 902 710 431
from bottle >12 months 239 775 63.4
feedingf
*S-ECC=Severe early childhood caries.
1Bottle users only.
{Children who have weaned bottle feeding.
TABLE 6
Oral Health Behaviors and Caries Prevalence Among Children Aged 3659
Months
Caries Prevalence (%)
Variables Status n ECC P S-ECC* P
Person responsible for Adults 57 80.9 503 63.0 692
child’s oral hygiene Child 167 86.4 66.8
Between-meal snacks/ 1 or fewer 59 76.7 046 57.2 152
day 2 or more 165 87.9 68.8
Routine dental Yes 38 83.0 743 66.3 953
checkups No 186 85.5 65.8

*S-ECC=severe early childhood caries.

shown in Table 6. The children whose
parents reported a lower frequency of
between-meal snacks showed statisti-
cally lower ECC prevalence (P=.046).
The results of logistic regression
analysis are shown in Table 7. As a
result of considering 10 independent
variables simultaneously (Table 2),
age and frequency of between-meal
snacks were statistically significant
among independent variables (P<.05).

Discussion

South Korea is basically a single ra-
cial ethnic country and its capital city,
Seoul, enjoys a relatively high eco-
nomic status compared with other re-
gional cities. While rice remains the
nation’s staple food, the consumption
of fast foods, between-meal snacks,
and sugar has markedly increased

during the fast economic develop-
ment. Almost all the people benefit
from the national health insurance
scheme, yet caries-prevention regi-
mens such as pit and fissure sealants
and professional fluoride applications
are not covered by this insurance. The
water supplies of Seoul are not fluori-
dated, and the use of professional fluo-
ride application or fluoride supple-
ments is rare. Although most kinds of
toothpaste for children contain fluo-
ride, no data are available regarding
the percent of parents who purchase
this toothpaste for their children. Ac-
cording to the National Oral Health
Survey in 2000, levels of caries found
among 5-year-olds were a mean dft of
5.47 and a mean dfs of 11.16 in metro-
politan areas. There was no significant
difference in caries prevalence by area
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of residence, although those living in
rural areas were found to experience a
slightly higher caries prevalence.
Data from this study confirmed a
significant amount of dental caries
was evident at an early age (Table 3).
The prevalence of ECC and severe
ECC increased with age. Mean dmft
excluding noncavitated lesions was
1.93, but mean dmft including non-
cavitated lesions was 3.67 at the age of
6-59 months. These findings indicate
that it is important to evaluate non-
cavitated lesions for early interven-
tion. Given the possible rapid progres-
sion of dental caries in primary teeth
of susceptible children as well as the
need to reduce the probability of a
false negative diagnosis, both non-
cavitated and cavitated carious lesions
should be included in the research di-
agnostic criteria for dental caries in
primary teeth. Diagnosis of noncavi-
tated carious lesion will provide more
useful data on the caries process in
primary teeth and may aid in under-
standing the progression of dental car-
ies during early childhood (8). Over 90
percent of the children aged 48-59
months had ECC. Furthermore, only
8.0 percent of the subjects had pit and
fissure sealants in their teeth at age
36~-59 months {data not shown). In the
National Oral Health Survey in 2000,
the prevalence of dental caries in pri-
mary teeth also was very high and this
national survey did not include non-
cavitated lesions (6). Considering this
severe caries status, early dental inter-
ventions are necessary to reduce ECC.
In general, socioeconomic status has
been considered an indicator in caries
risk assessment studies and lower so-
ciceconomic status has frequently
been associated with higher levels of
caries, although few contemporary re-
ports address this issue for preschool
aged children (10,20). Parents’ level of
education, mother’s employment, and
family income were examined in this
study. Family income can affect food
selection and nutrient intake for moth-
ers and also for infants during the
tooth development period. Family in-
come also can affect health values, life-
style, and access to health care infor-
mation. As a consequence, lower fam-
ily income canbe an indirect risk factor
for caries, and higher income is associ-
ated with better access to care (12,21).
In this study, however, the proportion
of children from families with higher
family income who had ECC was not
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Results of Logistic Regression Analysis of Effect of Variables for Early Childhood Caries (ECC) and Severe ECC Among

Children 36-59 Aged Months

ECC Severe ECC
Odds Ratio 95% CI P Odds Ratio 95% CI P
Age (months) 1.090 1.009, 1.177 .030 1.042 1.006, 1.079 024
Father’s level of education 1.982 0.265, 14.814 .640 0.852 0.226, 3.207 .805
Mother’s level of education 1.858 0.246, 14.024 532 1.375 0.627,3.016 411
Mother’s employment 1.142 0.461,2.829 .765 1.381 0.580, 3.289 449
Content of bottle 1.422 0.648,3.121 364 0.887 0.424,1.857 .740
Bedtime bottle 1.056 0.435, 2.564 .900 1.349 0.700, 2.597 355
Person responsible for child’s oral 1.069 0.358, 3.194 901 0.924 0.368,2.324 .861
hygiene
Frequency of between-meal snacks 2.377 1.047,5.395 .039 1.670 0.789, 3.536 171
Routine dental checkup 1.343 0.429, 4.201 .598 1.166 0.517,2.630 .700

statistically different compared to
those with lower family income, al-
though children with higher family in-
come tended to have a lower preva-
lence of severe ECC (Table 4). The pro-
posed criterion for low family income
was about US $800 monthly, which is
the level of lower family income in
Korea. Although attempts were made
to adjust the cut-off point to several
different criteria, there were still no
significant differences. But when chil-
dren younger than 12 months or 24
months of age were excluded, lower
family income was associated with
higher ECC or SECC prevalence sig-
nificantly (data not shown). This find-
ing may reflect the need for further
study especially in younger children
because there are relatively few stud-
ies of caries prevalence in children
younger than 24 months of age. J'ur-
thermore, the data that are available
often are grouped into broad age cate-
gories, and the definitions of ECC are
different. Although a low level of pa-
rental education does contribute to
lack of information and education
about children’s oral health care (22-
24), there was no difference in this
study.

Bottle feeding has increased consid-
erably in recent years. ECC has been
related to prolonged feeding beyond 1
year of age (25,26), but there was no
difference in this study (Table 5).
Roberts et al. (27) also reported that
they were unable to relate dental car-
ies to length of time of breast- or bottle
feeding. But in the current study, it
was noted that the prevalence of ECC

and severe ECC was slightly higher in
children who were weaned early from
the nursing bottle, although there was
no statistical difference. Caries may be
related to the kinds of foods consumed
or oral hygiene behaviors after wean-
ing from the nursing bottle. Further
study is needed concerning these fac-
tors. In this study, the contents of nurs-
ing bottles were usually milk, fruit
juice, or yogurt. All liquids except bo-
vine milk were categorized as sweet-
ened liquids and the children whose
nursing bottle contained sweetened
solution had higher severe ECC preva-
lence (Table 5). Many caregivers seem
to ignore or do not understand the
relationship between the contents of
the nursing bottle and dental caries. In
this study, 47.3 percent of the nursing
bottles contained sweetened solu-
tions.

Children who consumed more be-
tween-meal snacks had a higher ECC
prevalence (Table 6), and odds ratio
was 2.377 (Table 7). Many studies
found an association between the fre-
quency of intake and caries (16,28).
Because mothers are usually responsi-
ble for establishing and regulating die-
tary habits of their children (29), and
children tend to adopt individual die-
tary patterns and feeding preferences
from their mothers during early child-
hood (30,31), this factor also should be
included in the educational interven-
tion.

Unfortunately, there is no specific
policy on ECC prevention and early
dental examinations or routine dental
checkups are not widely practiced in

the country at the present time. The
nation’s 2000 National Oral Health
Survey reported that the percentage of
people who had not visited a dentist
during the past two years was over 50
percent (6). In this study, the propor-
tion of children who had routine den-
tal checkups was only 14.1 percent
(Table 6). Yet all Koreans have Na-
tional Health Insurance and dental
checkups are covered by this insur-
ance program. The American Acad-
emy of Pediatric Dentistry recom-
mends that all infants receive a dental
examination at or before the age of 1
year (32); however, many other agen-
cies recommend a preferred age of 2 or
3 for the initial dental referral (33).
Thus, consensus on establishing an
age at which a child should first go to
the dentist needs to be established.
Nevertheless, a routine dental check-
up and early screening could help in
the early identification of incipient
carious lesions and provide an oppor-
tunity for treatment with fluoride to
remineralize these lesions. Addition-
ally, these visits provide an opportu-
nity to obtain information on a child’s
feeding and oral hygiene practices and
a time to reinforce healthy practices.
In this study, subjects were selected
only in child care facilities. Thus, gen-
eralizability is limited to children who
go to these facilities, even with post-
stratified adjustment to the national
population distribution. Because of
the financial and personnel resources
involved, we did not consider power
of test at sample size decision, but we
did post hoc power analysis in the
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process of analysis.

In the data analyses procedures, we
considered interactions between co-
variates that provide a better descrip-
tion of the risk relationships, but there
was no statistical significance at P<.05
levels. For this reason, we considered
the main effects only.

Conclusions

This study demonstrates high
prevalence of ECC among children in
Seoul. Early educational intervention
programs for pregnant women and
mothers of young children should be
developed based on the risk factors
identified in this study.
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