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Abstract

Background: Early Childhood Caries (ECC) is defined as the presence of caries lesion in an primary tooth in
children below the age of 71 months. It is a significant public health problem with consequences for the growth
and development of affected children. The objective of this study was to determine the prevalence and ECC risk
indicators in a suburban population in Nigeria.

Methods: The data of 497 children aged 6 months to 71 months who were recruited through a household survey
conducted in Ile-Ife, Nigeria was analysed for prevalence of ECC and risk indicators. Information on children’s ages,
sex, socioeconomic status, tooth brushing habits, sugary snacks consumption, use of fluoridated toothpaste, birth
rank, infant-feeding practices, breastfeeding practices, maternal age at childbirth, and maternal knowledge of oral
health was obtained. Children’s oral hygiene and caries status was also determined. Risk factors associated with ECC
were determined using logistic regression analysis.

Results: Thirty-three (6.6 %) children had ECC. Four (0.8 %) had severe ECC. The four risk indicators for ECC were
the child’s gender, mothers’ knowledge of oral health, consumption of sugary snacks in between meals more than
three times a day, and the child’s oral hygiene status. Females (PR: −0.06; 95 % CI: −0.01– -0.01; p = 0.02), and children
with mothers who had good knowledge of oral health (PR: −0.06; 95 % CI: −0.11––0.008; p = 0.02) were less likely to
have ECC. Children who consumed sugary snacks in between meals three times a day or more (PR: 0.05; CI: 0.003 – 0.01;
P = 0.04) and children with fair oral hygiene (PR: 0.05; 95 % CI: 0.005–0.10; p = 0.03) were more likely to have ECC.

Conclusions: The prevalence of ECC in the study population was low. Promoting good oral hygiene practices and
enhancingmothers’ knowledge of oral health may help reduce further, the risk for ECC in the study population.
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Background
Dental caries is a major public health concern. The most
prevalent public health disease worldwide in 2010 was
caries [1], with caries affecting the primary teeth being
the tenth most prevalent disease [1]. Caries affecting the
primary teeth in preschool children, also known as early
childhood caries (ECC), has been of major concern in
the field of child care. ECC is defined as one or more

caries lesions, with or without cavitation, by the age of
71 months [2]. The prevalence of ECC is especially high
in many low-income countries [3, 4] and in socioeco-
nomically disadvantaged groups [5–7].
In many countries, ECC are largely untreated [8, 9].

Unfortunately, caries has major impact on children’s
quality of life causing many to suffer pain, premature
tooth-loss, malnutrition, and delayed growth and devel-
opment [10, 11]. In addition, children with caries spend
more time out of school than in school and do not en-
gage actively in outdoor activities because of restrictions
from caries-associated pain [12, 13]. ECC is also a risk
factor for caries in the permanent dentition [14].
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Many factors are associated with ECC. These include
the presence of plaque, poor oral hygiene, increasing
age, sex, and the frequency and timing of consumption of
sugar-containing drinks [15–18]. Other reported associ-
ated factors are nocturnal breastfeeding [19] and pro-
longed duration of breastfeeding [20], but some authors
have questioned this association [21, 22]. Other risk factors
include the presence of enamel hypoplasia [23], molar-
incisor hypomineralisation [24], and the child’s socioeco-
nomic status [25]. Many maternal factors that may predis-
pose children to ECC are children’s oral-hygiene behavior,
infant-feeding practices [26], maternal knowledge of oral
hygiene practices [27], maternal nutrition [28] and mater-
nal stress [29].
One of the biggest challenges facing caries management

in children in Nigeria is the poor uptake of treatment ser-
vices for caries [30]. A combination of biological, behav-
ioral, and structural interventions to prevent lesions and
promote prompt diagnosis has been proposed [31]. How-
ever, research-based evidence is needed to aid the design
of caries prevention and risk mitigation programs in
Nigeria. While some research had identified risk factors
for ECC in Nigeria, little is known about the interplay of
these factors and how they affect the risk of ECC.
This study would determine the prevalence of ECC by

conducting a secondary analysis of a data set collected
through a household survey. We shall also determine
which biological (age, sex, socioeconomic status, birth
rank, family size, family structure, maternal age at child-
birth) and non-biological (oral health knowledge of
mothers, infant feeding practice, tooth brushing frequency,
use of fluoridated toothpaste, frequency of sugar consump-
tion in-between meals, oral health status) factors are ECC
risk indicators for the study population.

Methods
Study design
This report is the outcome of a secondary data analysis
of a cross-sectional study conducted in the Ife-Central
Local Government Area (LGA), a suburban area. The
primary study looked at the association between digit
sucking and the prevalence of caries in the study popula-
tion. Part of this main study has been reported in a study
by Folayan, et al. [32]. Data were collected from 992
children and parents of children aged 6 months to
12 years old through a household survey.

Sampling procedure
The sampling was done using a (three-level) multi-stage
cluster sampling aimed at selecting eligible study partici-
pants. Stage 1 involved the random selection of eight
out of the 25 enumeration areas within Ife Central LGA
designated by the National Populations Commission
during the 2006 National census exercise by balloting.

Stage 2 involved the selection of eligible households
within the enumeration sites for the survey. At each of
the enumeration sites, every third household on each
street was considered eligible for recruitment of a study
participant. Stage 3 involved the selection of actual
respondents for interview and examination. Only one r
each household participated in the study. Alternative
sexes and age range identified for study recruitment
were selected to participate in each consecutive house-
hold. Study participant recruitment continued in the
enumeration site until the study sample per each data
collector was reached.

Study population
Ife Central Local Government Area has an estimated
population of 167,204 in the year 2006 [32]. The data of
a subset of children aged 6 months to 71 months were
analyzed for this study. The study population consisted
of children living with their biological parents or legal
guardians and for whom the parents or legal guardians
gave written informed consent for their child to partici-
pate in the study. Only children who were present in the
home at the time the study was conducted were recruited
for the study.
The primary study proposed to exclude from analysis,

the data of children with chronic medical conditions that
required prolonged use of sweetened medication, anti-
histamines, and anti-asthmatic drugs; those with medical
conditions that increased the risk for caries, such as
Sicca syndrome or Sjögren’s syndrome, or other condi-
tions associated with xerostomia; and those with dental
developmental anomalies, such as deciduous molar
hypoplasia, that result in defective enamel formation and
increase risk for caries. However, the data of these
children were included in the current study analysis.

Study size
Using the formula by Araoye [33], we calculated that the
sample size required to determine the prevalence of ECC
in the study population was 144 participants, using an
ECC prevalence of 10.5 % [34], a margin of error of 5 %
and a confidence level of 95 %. However, our study popu-
lation included the data of 497 children age 6 months to
71 months retrieved from the primary data source.

Data collection
Data were collected through personal interviews by use
of a structured questionnaire. Experienced fieldworkers
who had been engaged in past national surveys and who
were trained for this study administered the study tool
in the field. Four trained qualified dentists were engaged
to do the clinical examinations for the study partici-
pants. The dentists were trained centrally for the pur-
pose of this study. They had several sessions reviewing
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clinical photographs and repeated practices on examin-
ation of lesions using clinical photographs until their com-
petency to make diagnosis was as close to perfect with
that of the training consultants. Clinical examination was
conducted on 10 patients with recordings made for caries,
oral health status, and gingival health. The same patients
were re-examined two weeks later. The kappa scores for
the dentists ranged between 0.7-1.0.
The instruments were administered to the mothers

when both parents were at home. When only one parent
was met at home during the survey, the questionnaire
was administered to that parent. Data collected during
the survey included the socio-demographic profile.
Questions on oral health knowledge of mothers and oral
health behavior of children and infant-feeding profile
were collected from the child’s mother. Intra-oral exam-
ination was conducted to determine the caries and oral
hygiene status.

Socio-demographic profile
Information on the age, sex, family composition, birth
rank, family size, maternal age at childbirth, and socio-
economic status of the children was collected. The age
was established as the child’s age at their last birthday.
Sex was determined as male or female. The birth rank of
the child was determined as the birth position of the
child among his or her siblings. The family composition
of the child was also recorded: child could be living with
both parents, with mother only, with father only, with
mother/father and step parent or with the caregiver.
Data on socioeconomic status were determined by use

of an adapted version of the index developed by Olusanya
et al. [35], which had been used a previous study in the
study environment [36]. The index is a multiple-item
index combining the mother’s level of education with the
father’s educational level and occupation. For this study,
data were collected on the educational levels and profes-
sions of respondents’ parents. The mother’s level of educa-
tion was classified as follows: no formal education,
Quranic and primary school education (score 2); second-
ary school education (score 1) and tertiary education
(scored 0). The father’s occupation was also categorized
into three levels: civil servants or skilled professionals with
a tertiary level of education (score 1); civil servants or
skilled professionals with a secondary level of education
(score 2); unskilled, unemployed, students, and civil
servants or skilled professionals with a primary and or
Quranic education (scored 3}. The social class of the par-
ents was determined by adding the score of the mother’s
level of education to that of the father’s occupation. Each
child was allocated into social classes I–V (class I, upper
class; class II, upper middle class; class III, middle class;
class IV, lower middle class; class V, lower class). When a

child had lost a parent, their socioeconomic status was
determined using the status of the living parent.

Oral health knowledge
The process for assessing parents’ oral health knowledge
for this study population had been described in detail in
a prior study [32]. For this study, we used the data col-
lected on the oral health knowledge of the children’s
mothers. Respondents were asked to react to eight state-
ments about aspects of caries diagnosis and prevention
on a five-point Likert scale ranging from “strongly agree”
to “agree”, “disagree”, “strongly disagree”, and “do not
know”. The statements were: (i) Fluoridation of drinking
water is an effective, safe, and efficient way to prevent
dental caries. (ii) Use of fluoride-containing toothpaste is
an effective, safe, and efficient way to prevent holes from
forming on the teeth. (iii) Frequency of sugar consump-
tion has a greater role in producing caries than the total
amount of sugar. (iv) Sealant is effective in the preven-
tion of pit and fissure caries in newly erupted molars. (v)
Rinsing teeth with a little amount of water after brushing
teeth increases the effect of fluoride. (vi) Using fluoride
toothpaste is more important than the brushing per se
for preventing caries. (vii) Brushing twice daily with
fluoride-containing toothpaste is effective for preventing
holes from developing in the teeth. (viii) It is important
to visit the dental clinic regularly as a measure for pre-
venting holes from forming in the teeth. For each of the
eight statements, respondents who indicated “strongly
agree” and “agree” as options were graded as having
responded correctly to the statement. The responses were
then scored from one to five with “strongly agree” scoring
5 and “do not know” scoring 1. Where there were no
responses, a score of 1 was allocated. Therefore, each
respondent could obtain a total minimum score of 8 and a
total maximum score of 40. Mothers who scored 21 and
above were categorized as having good oral health know-
ledge while those who scored 20 and below were catego-
rized as having poor oral health knowledge [32].

Oral health behavior
The process for assessing the oral health behavior in this
study population had also been described in detail in a
previous study [32]. Information was generated on the
tooth brushing frequency, use of fluoridated toothpaste,
and eating sugary snacks between main meals for each
of the children recruited for the study. These questions
had four to seven alternatives. To define acceptable
levels for each of the components, the following cutoff
points were used: brushing more than once a day, using
fluoridated toothpaste always or almost always, and eat-
ing sugary snacks between main meals less frequently
than once a day.
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The respondents were also asked to indicate the time
of their last check-up (with the alternatives being within
the last 6 months, more than 6 months to 1 year ago,
more than 1 to 2 years ago, more than 2 to 5 years ago,
more than 5 years, never, or do not remember). Attending
a dental check-up within the last 12 months was defined
as the use of preventive care.
Recommended oral self-care was defined as a composite

score derived from indications of brushing teeth more
than once a day, use of fluoridated toothpaste, and
consumption of sugary snacks between main meals less
frequently than once a day [32]. Each respondent had to
have met these three criteria to be categorized as prac-
ticing the recommended oral self-care.

Infant-feeding profile
Mothers of the respondents were questioned on the form
and duration of breastfeeding, and night-feeding patterns.
Breastfeeding was classified as exclusive when the mother
gave only breast milk without any other supplements for
the first 6 months of life [37]; almost exclusive when the
mother fed the child on breast milk with water supple-
ments; and partial or mixed breastfeeding when other
types of feeding were included with the breastfeeding.
Night-feeding practice was defined as feeding the child at
nighttime after going to bed.

Caries assessment
ECC was defined as dental caries in the primary teeth of
children 5 years or younger [38]. Severe ECC (S-ECC) was
defined as any sign of smooth-surface caries in children
younger than 3 years of age; one or more decayed, missing
or filled smooth-surface caries in primary maxillary anter-
ior teeth in children 3–5 years old; or one or more
decayed, missing or filled tooth greater or equal to 4 (for
children 3 years of age), or to 5 (for children 4 years of
age) or to 6 (for children 5 years of age) surfaces [38].
For this study, the number of decayed, filled, or missing

teeth (dmft) was noted for each child who had caries. The
dmft was determined according to the World Health
Organization Oral Health Survey methods [39]. The
examination for dental caries was conducted by use of a
plain mouth mirror with a light source from a torch with
the child seated on a chair. Teeth were not dried before
examination, but gross debris was cleared with gauze
where necessary. The examination of the teeth was done
in an orderly manner from one tooth or tooth space to
the adjacent tooth or tooth space.
To arrive at a dmft score for an individual child, three

values were determined: the number of teeth with carious
lesions, the number of teeth extracted due to caries, and
the number of teeth with fillings or crowns [40]. The chil-
dren’s parents were asked to explain the loss of any teeth
not noted during the oral examination. Only teeth

extracted due to caries were recorded as missing. The
number of teeth was counted to give the dmft score for the
primary dentition for each child. For the purpose of ana-
lysis, caries was classified as being present or not present.

Oral hygiene status
Mouth cleanliness was evaluated by assessing the accu-
mulation of plaque and debris. The Simplified Oral
Hygiene Index (OHI-S) of Greene and Vermillion [41]
was used to determine the oral hygiene status. The OHI-
S comprises debris and calculus scores on selected tooth
surfaces. However, because of the young age group
involved, facial and lingual surfaces were examined on
the following index teeth 51, 55, 65, 71, 75, and 85. The
debris and calculus scores were added and divided by
the number of surfaces examined to give the OHI-S
score as recommended. Oral hygiene was classified as
good, fair, or poor when the score ranges were 0.0–1.2,
1.3–3.0, and >3.0, respectively.

Theoretical Model for statistical analysis
The theoretical model used by Nunes et al. [42] was
adapted for use in this study. A hierarchical theoretical
model with the following six blocks was employed: 1)
age of child; 2) socioeconomic and demographic factors;
3) mother’s knowledge of oral health; 4) child’s dietary
child habits; 5) child oral hygiene data; and 6) oral
hygiene index. See Fig. 1.
Age was considered a potentially confounding factor,

so the developed model was adjusted for this variable.
The second block included socioeconomic and demo-
graphic variables as distal factors in the theoretical
model since they can influence all variables in subse-
quent blocks. Also included in this block were the child’s
birth rank and the mother’s age in years and the family
size. The health variable included for the mother in the
third block, which may mediate the association between
socioeconomic variables and childhood caries, was
mother’s knowledge of oral health. In the fourth block,
dietary practices were included, assuming that these vari-
ables may be influenced by socioeconomic and demo-
graphic factors, and by mother’s knowledge of oral health
variables. The variables in this block were: nighttime
breastfeeding (yes, no), prolonged breastfeeding beyond
12 months (yes, no), and frequency of consumption of
sugary snacks between main meals (<3 or ≥3 times/day).
Oral hygiene practice may be moderator variable of the
association between diet and ECC, so it was included in
the fifth block as the number of times a day the child’s
teeth are brushed (up to 1 time, ≥2 times) and the daily
use of fluoridated toothpaste. In the sixth block, the
oral hygiene status was recorded with the assumption
that this variable may be influenced by both hygiene
and dietary practices.
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Data analysis
Data transformation
For ease of analysis, socioeconomic status in this study
was regrouped into three levels: high (upper and upper
middle classes), middle (middle class), and low (lower
middle and lower classes). This categorization was used
to test associations and for logistic regression analysis.
This modality of categorization of socioeconomic status
was previously used by Folayan et al. (36).
The age of the children was categorized into <12 months,

12–23 months, 24–35 months and 36–47 month, 48–59
months and 60–71 months based on the recommendation
by Dury et al. [38].
Each of the following oral health behaviors was identi-

fied as present if tooth brushing was done more than once
a day, fluoridated toothpaste was used always or almost al-
ways, and when sugary snacks were eaten between main
meals less frequently than once a day. A child was catego-
rized as using recommended oral self-care measures when
all three behaviors were present.
Further sub-analysis was conducted for children who

consumed sugary snacks were eaten between main meals.
Based on the outcome by Folayan et al. [43], the caries
prevalence of children who consumed sugary snacks were

eaten between main meals less than three times a day was
compared with that of children who consumed sugary
snacks were eaten between main meals three times a day
or more.
Maternal age at childbirth was dichotomized to 22 years

and younger or above 22 years. The age of 22 years was
chosen as the age for dichotomization based on the study
by Niji et al. [44]. Family size was also dichotomized to up
to four siblings or more than four siblings. Having four
siblings was used as the reference point for dichotomiza-
tion because the official national standard family size for
Nigeria is four children. The family composition of each
child was also dichotomized: child could either be living
with both parents or with others (mother only, with father
only, with mother/father and step parent or with guard-
ian). The birth rank was dichotomized into ‘Primogenitor
or only child’ or ‘Not primogenitor’ based on an earlier
classification by Ola et al. [45].

Data analysis
Descriptive analysis was conducted to determine the
prevalence of ECC in the study population for each age,
each sex, and each socioeconomic stratum. The chi-
square test was used to test associations between the ECC
and (i) the child’s oral health behavior, (ii) the mother’s
oral health knowledge, (iii) infant-feeding practices, (iv)
age, (v) socioeconomic status, (vi) sex, (vii) oral hygiene
status, and (viii) recommended oral self-care was tested.
A logistic regression using forward selection and

guided by a hierarchical approach as described was used
for the inferential analysis. We evaluated possible associ-
ations between risk factors and ECC using a series of
models as described in the section on theoretical model.
However, only factors whose p value was <0.20 during
the tests of association entered into the model based on
recommendation by Altman [46].
The hierarchical modeling started with the first block.

The variables of the first block were adjusted simultan-
eously for each other and only those variables whose
p value was <0.20 entered in subsequent models. Then
variables of the second block were adjusted simultan-
eously for each other and for the variables whose p value
was <0.20 in the previous step. The significance of each
variable was considered at the time of entry into the
model (p value <0.05). All other blocks were then added
in succession following the same procedure. The esti-
mated coefficients were expressed as prevalence ratios
(PRs) and their 95 % confidence intervals were also cal-
culated. Each model was tested for the goodness of fit.
All variables were assessed for their normalcy of distri-
bution. Where data were skewed, the data either squared
to adjust for their skewness or their dichotomized ver-
sion used in the model. STATA software (version 10)
was used for data processing and statistical analysis.

Fig. 1 Hierarchical model for data analysis
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Ethical consideration
Before commencing the study, ethical approval for the
study was obtained from the Health Research Ethics
Committee of the Obafemi Awolowo University Teaching
Hospitals’ Complex Ile-Ife (ERC/2013/07/14). Permission
to conduct the study was also obtained from the Ife
Central Local Government. Efforts were made to ensure
confidentiality and adherence to ethical principles during
fieldwork. All data were collected without study partici-
pants’ identifiers (names and residential address). All study
participants were compensated for their time with gifts
worth less than $1.00.

Results
Thirty-three (6.6 %) of the 497 children examined had
ECC and four (0.8 %) had severe ECC. The prevalence
of ECC in children 6–11 months, 12–23 months, 24–35
months, 36–47 months, 48–59 months, 60-71months
were 0.0 %, 1.6 %, 2.1 %, 8.2 %, 12.7 %, and 6.6 %, re-
spectively. Seventy two carious teeth identified, of which
67 (93.1 %) were unrestored decayed teeth and five
(6.9 %) were extracted teeth. None of the teeth was re-
stored. The dmft ranged from 0 to 8. Four hundred
sixty-four (93.4 %) children were caries-free, 11 (2.2 %)
had a dmft of 1, 13 (2.6 %) had a dmft of 2, three (0.6 %)
had a dmft of 3, and one (0.2 %) had a dmft of 4, 5, and
6, respectively. Two children had a dmft of 8 (0.4 %).
The mean dmft was 0.15. Table 1 shows the caries pro-
file of children with ECC.
Table 2 shows the profile of the study participants. It

also shows the outcome of the tests of association be-
tween ECC and the child’s oral health behavior, use of
recommended oral self-care, infant-feeding practices,
age, socioeconomic status, sex, birth rank, family size
and oral hygiene status. Also tested was the association
between ECC and the mother’s oral health knowledge
and maternal age at child birth.
The age and sex of the child, and mother’s oral health

knowledge were significantly associated with presence of
ECC. The proportion of children with caries increased
significantly with increasing age up to the age of 4 years
(p = 0.01). More females than males had ECC (66.7 % vs

33.3 %; p = 0.02). More children with mothers who had
good oral health knowledge were ECC free when com-
pared with children who had mothers with poor oral
health knowledge (71.8 % vs 28.2 %; p = 0.005).
The child’s birth rank was also significantly associated

with having ECC. More children who were not progeni-
tors or only child had ECC when compared with chil-
dren who were progenitors or only child (33.3 % vs
66.7 %; p = 0.05).
Also, more children who consumed cariogenic snacks

between meals three times a day or more were ECC free
compared with children who consumed cariogenic
snacks in-between meals less than three times a day
(70.8 % vs 29.2 %; p = 0.01).
There was no significant difference in the proportion

of children with high, middle and low socio-economic
status who had ECC (p = 0.07). Maternal age at childbirth
(p = 0.45), birth rank (p = 0.06), family size (p = 0.65),
family composition (p = 0.30), brushing teeth twice daily
(p = 0.76), use of fluoridated toothpaste (p = 0.40), annual
dental visits (p = 0.49) and the oral hygiene status
(p = 0.18) were not significantly associated with ECC. The
use of a combination of caries prevention tools (recom-
mended oral self-care measures) was also not associated
with ECC (p = 1.00). Also, no infant-feeding practice was
significantly associated with ECC: night breastfeeding
(p = 0.46), forms of breastfeeding (exclusive, partial, or
nonexclusive) (p = 0.84), and duration of breastfeeding
(p = 0.23) were all not associated with ECC.
Table 3 shows the results from the logistic regression

analysis determining the risk indicators for ECC. Ana-
lysis could only be conducted for blocks 1–4 and 6 since
none of the variables in block 5 reached a significant
value of p < 0.20 for the tests of association. The logistic
regression analysis showed four risk indicators for ECC:
gender, mothers’ knowledge of oral health, consumption
of sugary snacks between meals and oral hygiene status.
Females were less likely than males to have ECC
(PR: −0.06; 95 % CI: −0.01– -0.01; p = 0.02). Children
with mothers who had good knowledge of oral health
were less likely than children with mothers who had
poor knowledge of oral health to have ECC (PR: −0.06;

Table 1 Distribution of children with ECC and severe ECC

Age ECC S-ECC Mean dmft Total no of children with ECC Total no of children

6-11 months 0 (0.0 %) 0 (0.0 %) 0 0 (0.0 %) 10 (2.0 %)

12-23 months 0 (0.0 %) 1 (25.0 %) 0.13 1 (3.0 %) 62 (12.5 %)

24-35 months 2 (6.9 %) 0 (0.0 %) 0.02 2 (6.1 %) 95 (19.1 %)

36-47 months 10 (34.5 %) 0 (0.0 %) 0.14 10 (30.3 %) 122 (24.6 %)

48-59 months 11 (37.9 %) 2 (50.0 %) 0.27 13 (39.4 %) 102 (20.5 %)

60-71 months 6 (20.7 %) 1 (25.0 %) 0.21 7 (21.2 %) 106 (21.3 %)

Total 29 (100.0 %) 4 (100.0 %) 0.15 33 (100.0 %) 497 (100.0 %)
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Table 2 Association between ECC, socio-demographic profile, oral health practices, mother’ oral health knowledge, oral hygiene,
and infant-feeding practices

Variables ECC presentn = 33 ECC absentn = 464 TotalN = 497 P value

Age

6-11 months 0 (0.0 %) 10 (2.2 %) 10 (2.0 %) 0.01

12-23 months 1 (3.0 %) 61 (13.1 %) 62 (12.5 %)

24-35 months 2 (6.1 %) 93 (20.0 %) 95 (19.1 %)

36-47 months 10 (30.3 %) 112 (24.1 %) 122 (24.6 %)

48-59 months 13 (39.4 %) 89 (19.2 %) 102 (20.5 %)

60-71 months 7 (21.2 %) 99 (21.3 %) 106 (21.3 %)

Sex

Male 11 (33.3 %) 255 (55.0 %) 266 (53.5 %) 0.02

Female 22 (66.7 %) 209 (45.0 %) 231 (46.5 %)

*Socioeconomic status

High 5 (15.2 %) 124 (26.7 %) 129 (26.0 %) 0.07

Middle 13 (39.4 %) 213 (45.9 %) 226 (45.5 %)

Low 15 (45.5 %) 127 (27.4 %) 142 (28.5 %)
*Maternal age at childbirth

>22 years 5 (15.6 %) 90 (21.3 %) 95 (20.9 %) 0.45

≤22 years 27(84.4 %) 332 (78.7 %) 359 (79.1 %)
*43 variables missing

*Birth rank

Primogenitor or only child 11 (33.3 %) 234 (51.0 %) 245 (49.8 %) 0.05

Not primogenitor 22 (66.7 %) 225 (49.0 %) 247 (50.2 %)

*5 variables missing

*Family size

More than four siblings 2 (6.1 %) 20 (4.3 %) 22 (4.4 %) 0.65

Four siblings or less 31 (93.9 %) 442 (95.7) 473 (95.6 %)

*2 variables missing

*Family composition

Living with both parents 27 (81.8 %) 421 (92.3 %) 448 (91.6 %) 0.30

Living with others 6 (18.2 %) 35 (7.6 %) 41 (8.4 %)

P = 0.03 *8 variables missing

Tooth brushing frequency

Brushing teeth twice daily or more 3 (9.1 %) 40 (8.9 %) 43 (8.9 %) 0.76

Brushing teeth less than twice daily 30(90.9 %) 424 (91.1 %) 454 (81.1 %)

Use of fluoridated toothpaste

Use fluoridated toothpaste 33 (100.0 %) 438 (94.4 %) 471 (94.8 %) 0.40

Do not use fluoridated toothpaste 0 (0.0 %) 26 (5.6 %) 26 (5.2 %)

*Consume sugary snacks between meals

Consume sugary snacks between meals three times a day or more 16 (50.0 %) 130 (29.2 %) 146 (30.6 %) 0.01

Consume sugary snacks between meals less than three times a day 16 (50.0 %) 312 (70.8 %) 331 (69.4 %)

*20 variables missing

Recommended oral self care

Use recommended oral self-care 0 (0.0 %) 5 (1.1 %) 5 (1.0 %) 1.00

Do not use recommended oral self-care 30 (100.0 %) 459 (98.9 %) 492 (99.0 %)
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95 % CI: −0.11––0.008; p = 0.02). Children who con-
sumed sugary snacks in between meals three times a day
or more were more likely than children who consumed
sugary snacks in between meals less than three times a
day to have ECC (PR: 0.05; CI:0.003 – 0.01; P = 0.04).
Children with fair oral hygiene were more likely to have
ECC than children with good oral hygiene (PR: 0.05;
95 % CI: 0.005–0.10; p = 0.03).

Discussion
The study showed that the prevalence of ECC in the
study population was low. The risk of ECC was signifi-
cantly higher for children with mothers who had poor
knowledge of oral health, males, children with fair oral
hygiene and those who consumed sugary snacks in be-
tween meals more than 3 times a day.
One of the strengths of this study is that the data were

collected through a household survey, which means that
the results of the study are generalizable to the study popu-
lation. A prior study on ECC in the study environment
was hospital based [43] thus limiting the generalizability of
the study findings. Another strength of this study is the
inclusion of various potential risk variables in the multi-
variate regression model predicting ECC for the study
population which differ from those studies that had simply

conducted a univariate analysis [43] and had evaluated lim-
ited potential risk factors for ECC [47]. Also, the use of a
theoretical approach for statistical analysis reduced the risk
for spurious outcomes.
This study was also able to show that oral hygiene

status was a significant risk factor for ECC like the study
conducted Sowole et al. [47]. However, unlike Sowole
et al. [47] and Folayan et al. [43], this study identified
gender as a risk factor for ECC. The plausibility of bio-
logical factor like sex being risk factors for dental caries
is difficult to understand and may require further studies
to investigate gender differences in caries risk practices
or differences in tooth anatomy between sexes in this
study location. The differences in the socialization process
of males and females in the study environment may also
need to be studied to be able to find appropriate reasons
for the observation.
This study, like past studies [48, 49], was also able to

show that consumption of sugary snacks between meals
was a risk factors for ECC. The finding also corroborates
an earlier finding in the study environment that consump-
tion of sugary snacks between meals more than three
times a day was a risk factor for ECC [43]. This further re-
inforces the need to manage children with this character-
istic as having a high risk for ECC. The relationship

Table 2 Association between ECC, socio-demographic profile, oral health practices, mother’ oral health knowledge, oral hygiene,
and infant-feeding practices (Continued)

Annual dental service utilization

Had dental checkup last 12 months 2 (6.1 %) 17 (3.7 %) 19 (3.8 %) 0.49

Did not have dental checkup in last 12 months 31 (93.9 %) 447 (96.3 %) 478 (96.2 %)

Maternal oral health knowledge

Good 16 (48.5 %) 333 (71.8 %) 349 (70.2 %) 0.005

Poor 17 (51.5 %) 131 (28.2 %) 148 (29.8 %)

*Infant-feeding practices

Night breastfeeding 13 (39.4 %) 155 (33.4 %) 128 (25.8 %) 0.46

No night breastfeeding 20 (60.6 %) 309 (66.6 %) 369 (74.2 %)

P = 0.46

Exclusive breastfeeding 5 (15.6 %) 52 (11.2 %) 57 (11.5 %) 0.84

Partially exclusive breastfeeding 1 (3.0 %) 14 (3.0 %) 15 (3.0 %)

Nonexclusive breastfeeding 26 (78.8 %) 342 (73.7 %) 368 (74.0 %)

P = 0.84 *56 variables missing

Breastfed for ≤12 months 10 (31.3 %) 91 (22.0 %) 101 (22.7 %) 0.23

Breastfed for >12 months 22 (68.7 %) 322 (78.0 %) 344 (77.3 %)

*52 variables missing

*Oral hygiene status

Good 19 (57.6 %) 324 (70.4 %) 343 (69.6 %) 0.18

Fair 14 (42.4 %) 125 (27.2 %) 139 (28.2 %)

Poor 0 (0.0 %) 11 (2.4 %) 11 (2.2 %)

*4 variables missing
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Table 3 Logistic regression determining risk indicators for early childhood caries

Variables Block 1PR (95 % CI) P value Block 2PR (95 % CI) P value Block 3PR (95 % CI) P value Block 4PR (95 % CI) P value Block 6PR (95 % CI) P value

Age 0.02(0.003-0.04) 0.02 0.02(0.00-0.03) 0.04 0.02(0.001-0.03) 0.03 0.02(−0.00 – 0.03) 0.06

Sex

Male - - - - - - - -

Female −0.05(−0.10- -0.009) 0.02 −0.05(−0.09- -0.005) 0.03 −0.05(−0.10- -0.008) 0.02 −0.06(−0.10- -0.01) 0.02

Socioeconomic status

High - -

Middle −0.04(−0.02-0.10) 0.20

Low −0.02(−0.07-0.02) 0.50

Birth rank

Not primogenitor - -

Primogenitor or only child −0.04(−0.09—0.005) 0.08

Mothers’ knowledge of oral health

Good - - - - - -

Poor −0.07(−0.11 - -0.02) 0.007 −0.05(−0.10- -0.002) 0.04 −0.06(−0.11- -0.008) 0.02

Sugar consumption habit between meals

≥3 times a day - - -

<3 times a day 0.05(−0.000- 0.10) 0.05 0.05(0.003 -0.10) 0.04

Oral hygiene status

Good - -

Fair 0.05(0.005-0.10) 0.03

Poor −0.05(−0.20-0.10) 0.53
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between diet and dental caries has however become
weaker in contemporary society attributable to the wide-
spread use of fluoride.
The study was however, unable to show that the other

caries prevention practices (use of fluoridated tooth-
paste, brushing twice a day and annual dental visits)
could mitigate the risk of ECC. This finding does not
corroborate the findings of a previous study that the use
of a combination of fluoridated toothpaste and twice
daily tooth brushing was the most effective caries pre-
vention measure for children in the study environment
[50]. While this study only looked at the preschool chil-
dren and caries in the primary teeth, the previous study
examined caries in a wider age range which included
children with permanent dentition. The difference ob-
served may therefore be a difference in the impact of
fluoridated toothpaste and twice daily tooth brushing on
caries in the primary and permanent dentition. There is
clear evidence that regular use of fluoride toothpastes
have a caries inhibiting effect in the permanent dentition
but little evidence on its impact in the primary dentition
[51]. These findings should however, not dissuade chil-
dren less than six years of age from the use of fluori-
dated toothpastes and twice daily brushing, as good oral
health habits need to be developed from infancy. Twice
daily brushing with fluoridated toothpastes is not only
important for ensuring continued availability of fluoride
in the oral environment; when done effectively it reduces
plaque accumulation.
The prevalence of ECC in this study populationwas low

when compared with the prevalence of 28 % in the United
States [52], 32 % for 3–4-year-old children in Greater Man-
chester, UK [53], 56.2 % in 3-year-old Polish children [54],
50 % to 80 % in high-risk populations in Canada [55, 56],
and as high as 70 % in socially disadvantaged groups in
Europe, Africa, Asia, the Middle East, and North America
[57]. Very little is understood about the reason for the low
ECC prevalence in Nigeria. This may reflect the reason for
the very low DMFT in 12 year olds and adults in the coun-
try [58]. It would be important to conduct studies that can
help identify reasons for the low prevalence of ECC ob-
served in the study population. This would enable policy
makers to identify caries-prevention practices that need to
be reinforced in the study population. It may also help the
global community learn about factors that could reduce the
risk of ECC.
The proportion of children with untreated caries was

very high in this study. Children with untreated caries
run the risk of poor quality of life and other short-term,
long-term, and rare sequelae of dental caries [59]. The
use of dental services is also low in the study population
[60]. For this community with a low prevalence of ECC
but high risk for untreated caries and the development
of its sequelae, it may be important to conduct screening

programmes adopting appropriate approaches for behav-
ior change as posited by Folayan et al. [31].
This study has a number of limitations. First, the de-

termination of ECC prevalence for the study population
was based on data that identified caries by use of the
WHO criteria. This would result in an underestimation
of the prevalence of caries in the study population, as
non-cavitated lesions are more prevalent on the smooth
tooth surfaces of primary teeth in children aged 6–18
months than are cavitated lesions [38]. A primary study
determining ECC should ideally use the ICDAS [61] for
caries detection rather than the WHO criteria. Second,
the data for this study were not collected primarily to
address the objectives of this study. Though this second-
ary data analysis was powered to determine the prevalence
of ECC, it was not powered to analyze factors associated
with ECC in children below 72 months; thus the ability of
the study to identify predictors of ECC was limited. How-
ever the conduct of a logistic regression analysis using a
hierarchical data analysis model based on a theoretical
framework helped us evaluate mediation of more prox-
imal factors and their association with ECC [42], reduced
the tendency for spurious associations and increased the
dependability of the data analysis outcomes. Third, re-
spondents had to recall feeding practices including recall
of the duration of breastfeeding for the study participants.
The reliability and validity of such recall data is high for
the first 36 months and decreases after that [62]. The
questionnaire assessing oral health knowledge of the
mother also used ‘hole’ alternatively with ‘caries’ showing a
lack of consistency in the wordings of the questionnaire
with the possibility of introducing distortions in the
responses.
Despite these limitations, this study once again reiter-

ates the importance of maternal factors in the manage-
ment of caries. Mothers with good oral health
knowledge protect children from ECC. Unfortunately,
while programmes can be designed to influence maternal
oral health knowledge as a measure of improving oral
hygiene practices and reducing consumption of sugary
snacks between meals by children [32], little can be done
to modify the biological factor (gender) that increases the
risk of ECC for children in this study population. Further
studies are required to understand how gender interplays
with environmental factors to increase the risk of ECC for
children in the study location.
For this population, not only is it important to promptly

identify ECC, it is also important to identify ways that
children with ECC can promptly access treatment because
the level of untreated caries is extremely high. Prompt
diagnosis and treatment of the lesion reduces the risk of
developing new caries lesions. Prior studies show the risk
for developing new caries lesions is five times higher in
children with untreated caries lesions than in children
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with no caries [63]. The low prevalence of ECC in the
study environment when compared with ECC prevalence
in other countries around the world should not preclude
efforts at prevention, prompt diagnosis, and early treat-
ment of ECC in the study population.

Conclusions
The prevalence of ECC in the study population is low,
although the report may have underestimated the true
prevalence of ECC in the community. Programs that
improve the oral health knowledge of mothers should be
able to result in improved oral hygiene practices and
reduced consumption of sugary snacks between meals
by preschool children. A study primarily designed to
assess predictors of ECC in the preschool children in the
study environment is required.
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