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Abstract

Background The goal of the United Nations Sustainable Development Goal (SDG) 4 is to ensure inclusive and
equitable quality education and promote lifelong learning opportunities for all. The aim of this scoping review was
to map the current evidence on the association between the prevalence of early childhood caries (ECC) and parental
education; and to identify possible pathways by which parental education may protect against ECC.

Methods The two questions that guided this review were: what is the existing evidence on the association between
maternal and paternal education and ECC; and what are the pathways by which parental education protects against
ECC? The initial search was conducted in January 2023 in PubMed, Web of Science and Scopus. Articles published in
English between January 2000 and October 2022 that reported on the association between parental education and
ECC were screened, and the extracted data were compiled, summarized, and synthesized. Review papers and non-
primary quantitative research papers were excluded from the full-text review. Open coding was applied to develop a
conceptual framework.

Results In total, 49 studies were included: 42 cross-sectional, 3 case-control and 4 cohort studies. The majority
(91.8%) reported on the associations between ECC and maternal (n=33), paternal (n=3), and parental (n=9) level of
education, and 13 (26.7%) reported on the association between parental education and the severity of ECC. Mothers
with more than primary school education (n=3), post-secondary/college/tertiary education (n=23), and more than
4-12 years of education (n=12) had children with lower risk for ECC. Two studies reporting on parental education
found an association between maternal but not paternal education and ECC. The review suggests that achieving the
SDG 4.1 may reduce the risk of ECC. Possible pathways by which maternal education protects from ECC were feeding
practices, oral hygiene practices, and the use of dental services.
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Conclusion The study findings suggests that higher maternal educational level may reduce the risk for the
consumption of cariogenic diet, poor oral hygiene practices and poor use of dental services for caries prevention.
However, the association between paternal education and ECC was not consistently observed, with significant
associations less frequently reported compared to maternal education. Future studies are needed to define the
magnitude and modifiers of the impact of maternal education on the risk for ECC.

Keywords Paternal education, Maternal education, Oral hygiene practices, Dental care, Feeding behaviors, Early

childhood caries

Introduction

The goal of the United Nations’ Sustainable Development
Goal (SD@G) 4 is to ensure inclusive and equitable quality
education and promote lifelong learning opportunities
for all [1]. Access to education is critical as it is the princi-
pal pathway to financial security, stable employment, safe
neighborhoods, healthier lifestyles, and social success, all
of which protect or enhance health [2, 3]. Education also
improves individuals’ knowledge, skills, reasoning, effec-
tiveness, and other abilities that can be utilized to achieve
optimal health [4]. Earning an education credential is a
potent signal about one’s skills and abilities to be eco-
nomically and socially secured [4]. Education influences
health and longevity through a causal relationship that
results in skills acquisition and the ability to be dynamic
and flexible with mechanisms [5-10].

The health of young children is intrinsically linked to
the educational level of their parents; education improves
economic opportunities by reducing financial difficulties
among households and improves health literacy [11]. The
relationship between parental education and the health
of the child is stronger for maternal than paternal educa-
tion, however this varies by racial and ethnic background
[12]. The exact mechanism through which parental edu-
cation affects the health of the child health is still unclear
[13, 14]. Low parental health literacy increased the risk
of under-5 mortality [15], child malnutrition [14], unnec-
essary visits to emergency departments, mistakes in the
administration of medication, as well as increased risk of
exposure to secondhand tobacco smoke [13].

Parental education may also be intrinsically linked
to the risk for early childhood caries (ECC), defined as
cavitated and non-cavitated caries lesions present on
the teeth of children <72 months [16]. An analysis of the
ECC chain of causality shows that socioeconomic fac-
tors are among the determinants of behavioral factors
that cause the disease including the early introduction
of sugar and high frequency of sugar consumption in the
diet of infants, toddlers, and pre-school children [17-24]
and other oral health behaviors [25]. Among non-com-
municable diseases, ECC is the first consequence of sugar
consumption and can affect children even before com-
pleting the first year of life [18—20]. Parental level of edu-
cation is associated with offering sugar in the first year of
life [18, 26] and early introduction of mature oral bacteria

[27] both of which are important factors associated with
ECC. However, little is known about the pathways by
which parental education may affect the risk for ECC.
This information can inform public policies that address
the SDG 4.

Parental education is intricately linked to SDG4, as it
affects the health and wellbeing of communities. Educa-
tion fosters health and healthy lifestyle choices, empow-
ers individuals to adopt and sustain healthy behaviours
throughout their lives, addresses health inequalities, and
strengthens community resilience to health threats and
emergencies [28]. The 10 targets and 11 indicators of
the Sustainable Development Goal 4 are all focused on
ensuring access to equitable and quality primary and sec-
ondary education that promotes effective learning out-
comes [29].

Thus, the aim to this scoping review was to map the
current evidence on the associations between paren-
tal (maternal and paternal) education and ECC, and to
investigate possible pathways by which parental educa-
tion may protect against ECC. The study also identified
the link between studies on parental education and ECC
with the SDG 4.

Methods

This scoping review was reported according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses Extension for Scoping Reviews (PRISMA-ScR)
guidelines [30].

Research questions

The research question that guided this study was: What is
the existing evidence on the association between mater-
nal and paternal education and ECC? An additional ques-
tion investigated was: what are the pathways by which
maternal and paternal (parental) education protects
against ECC?

Identifying relevant articles

The initial search was conducted on three electronic
databases in January 2023. PubMed, Web of Science and
Scopus. The search was performed using the follow-
ing key terms: “early childhood caries’, “dental caries’,
“tooth decay” “parental’, “maternal’, “mother”, “father’,

“paternal’; “education’; “schooling” Search terms were
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tailored to the specific requirements of each database.
Publications, including e-pub ahead from 2000 to 2023,
were screened. Additional hand searching was done. The
search was completed in January 2023. No protocol was
published for this review.

Eligibility and selection

Literature obtained through database searches were
exported to the reference management software Zotero
version 6, where duplicates were removed using the
“duplicates items” function. Title and abstract screening
were conducted by two independent reviewers, guided by
eligibility criteria for this review. No authors or institu-
tions were contacted to identify additional sources.

Inclusion criteria

This review only included English language publications
from January 2000 until October 2022. Studies that were
cross-sectional, case-control, and cohort in design, and
presented findings about the association between educa-
tion and ECC among children below the age of six years
were included.

Exclusion criteria

As the aim of this review was to assess the association
between parental education and ECC, studies focusing
exclusively on ECC prevalence were excluded from this
review. Ecological studies were excluded as well. Review
papers and non-primary quantitative research papers
were excluded from the full-text review screening and
analysis.

Data extraction

The data extraction was performed in four phases. The
first phase was conducted by one reviewer (IA) who
searched in the three databases for the information. In
the second phase, the same reviewer screened the title
and abstracts of all identified manuscripts and removed
the duplicates. In the third phase two reviewers (IA and
AN) reviewed the manuscripts independently and dis-
crepancies were discussed with a third reviewer (MOF)
to reach a consensus. The name of the author, publica-
tion year of the manuscript, study location, study design,
study sample size, age of the children studied, study
aim, data collection methods, and main findings were
extracted from the studies included in this review. The
extracted data from each study were compiled and sum-
marized in Table 1. In the fourth phase, the summarized
data was shared with two experts for their review (CAF
and EMRBC). Publications were retained only when
there was consensus between the experts and the earlier
three reviewers. In the fifth phase, the consensus docu-
ment was shared with members of the Early Childhood
Caries Advocacy Group (www.eccagroup.org) to identify
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other published ECC literature reporting on the associa-
tion between ECC and parental education not retrieved
by the original search strategy.

Synthesis of results
There were two steps for data synthesis. First, a descrip-
tive analysis of the publications included in the review
was conducted. The descriptions included countries
where the studies were conducted, the study design, the
journals (dental or non-dental) in which the studies were
published and the results on the associations between
maternal/paternal education levels and ECC. Countries
where the studies were conducted were classified by
World Health Organization region into Americas region
(AMR); Eastern Mediterranean Region (EMR); African
region (AFR), European region (EUR); Southeast Asian
region (SEAR) and the Western Pacific region (WPR).
Next, open coding was applied for the identification of
concepts, categories, or themes to generate initial codes
that capture the main ideas emanating from the study
findings [31]. The findings were used to revise the cat-
egories of the chart and establish key themes across the
included manuscripts. From this analysis, a conceptual
framework was created based on an analysis done using
the socioecological model and revised by all authors.
The developed conceptual framework could guide future
empirical studies on the links between parental educa-
tion and ECC. It can also guide policy making by identi-
fying entry points for interventions and policies. For the
current study, the conceptual framework illustrates how
the exposure of interest (parental education) can directly
or indirectly influence the outcome (ECC).

Role of the funding source

There was no funding for the study. The study design
selection, data collection, data analysis, data interpreta-
tion and writing of the report were free from any form
of influence. All authors had full access to all the data in
the study and had final responsibility for the decision to
submit for publication.

Results

The initial search from PubMed, Web of Science and
Scopus using the specified search terms yielded 1,551
potentially relevant articles. Of these, 193 papers were
removed as duplicates, leaving 1,358 papers for title and
abstract screening. Following that, 1,301 papers were
excluded based on the eligibility criteria. Fifty-seven arti-
cles were eligible for full text screening. Studies that have
ecological design or non-primary design, reported in a
language other than English, did not assess the associa-
tion between education related factors and ECC or had
a sample of children older than six years were excluded.
Finally, 49 studies that met the inclusion criteria were
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included in this scoping review [32-80]. All included
articles assessed the association between maternal and/
or paternal education and ECC. Figure 1 illustrates the
flow of publication identification.

As shown in Table 1, the studies included in the review
were conducted in all the World Health Organization
regions: SEAR (n=14), AMR (n=11), WPR (n=11), AFR
(n=4), EUR (n=5), and EMR (n=4). When split by conti-
nent, the majority of the studies were conducted in Asia
(52.1%), leaded by China [33, 42, 43, 45, 46, 54, 62]., This
was followed by South America (16.7%), leaded by Brazil
[39, 41, 53, 55, 56, 59, 64, 71] and then followed by the
Middle East (8.34%), Africa (8.3%) and Europe (8.3%).
The least number of studies was conducted in North
America (6.3%).

In addition, 42 (85.7%) studies were cross-sectional in
design [32, 34-46, 48-53, 56—68, 70-75, 77, 78, 80], three
were case-control [47, 54, 79] and four were cohort [33,
55, 69, 76] studies. In addition, 42 (85.7%) studies were
published in dental journals [32, 33, 36—38, 41-48, 53—
80] and seven (14.3%) studies were published in non-den-
tal journals [34, 35, 39, 40, 49-51].
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Of the 49 studies reviewed, 45 (91.8%) reported an
association between maternal and or paternal education
and the prevalence of ECC. These include 33 (73.3%)
reports on maternal education [33, 35, 37, 39, 41-45, 47,
49-57, 59-61, 63, 67, 69, 71, 72, 74, 76—80], three (6.7%)
reports on paternal education [34, 40, 62] and 9 (13.3%)
reports on both fathers and mothers’ level of educa-
tion [36, 38, 46, 48, 64, 65, 68, 70, 75] associations with
ECC. Three (6.1%) studies did not find an association
between ECC and maternal education [32, 58, 66], while
one (2.0%) study did not find an association with paternal
education [73]. In addition, two studies reported an asso-
ciation between maternal education and ECC but not
with the father’s education [50, 57].

Of the 45 studies that identified an association between
maternal and or paternal education and the prevalence
of ECC, 13 (28.9%) identified and association between
maternal [36, 45, 51, 56, 57, 66, 71, 72, 74, 78, 80], pater-
nal [45] or parental [48, 62] level of education and the
severity of ECC. In addition, different levels of maternal
and or paternal education were associated with ECC.

The articles included in this scoping review that indi-
cated an association between maternal and or paternal

[ Identification of studies via databases ]

Web of Science= 644

!

c

o Records identified from databases

8 (n=1551)

£ PubMed = 435

é Scopus= 472 >

Records removed before the screening: (n=193)
Duplicate records removed (n = 193)
Records marked as ineligible by automation
tools (n =0)

Records removed for other reasons (n = 0)

Records excluded
(n=1301)

Reports not retrieved
(n=0)

)
Records screened
(n =1358)
4
=) )
£ Reports sought for retrieval
S (n=57)
e
7}
(7}
v
Reports assessed for eligibility >
(n=57)
—
o
°
[}
E Studies included in review
g (n =49)
—

Reports excluded: (n=8)
e Not related to education (1)
Not related to ECC (1)
Article in a language other than English (1)
Not preschool children (1)
Review papers (1)
Not related to dental caries (1)
Non-original research (1)
Ecological studies (1)

Fig. 1 Study flowchart showing the flow of studies from retrieval to the final included studies



Folayan et al. BMC Oral Health (2024) 24:517

education and ECC suggest that achieving the SDG 4.1
— ensure that all girls and boys complete free, equitable
and quality primary and secondary education - may
reduce the risk of ECC at the family level in the future
[81]. Table 1 summarizes the included studies.

Table 2 shows the possible pathways by which parental
education may protect against ECC. The three mediating
variables identified were all related to maternal educa-
tion. The first was feeding practices: earlier introduction
of sugary foods and drinks and higher risk of cariogenic
feeding practices in children of mothers’ lower maternal
education [82-84]. Second, higher maternal education
was associated with better oral hygiene index, less plaque
and Strep mutans count, and earlier introduction of flu-
oride toothpaste [58, 80, 85—87]. Third, higher level of
maternal education was associated with the use of dental
services and a higher proportion of dental visitation by
children [88-90].

Figure 2 presents the conceptual model that situates
maternal and or paternal education as a risk factor for
ECC using the socioecological model. The findings from
the scoping review suggest a household factor (parental
education) influences the behavioral and biological risk
of infants, toddlers, and preschool children for caries.

Discussion

The current evidence suggests that there is an asso-
ciation between maternal education level and ECC: the
prevalence of ECC may be inversely related to the level
of maternal education. There are however a few other
insights revealed from our scoping review of the data.

First, the study findings suggest that parental educa-
tion levels lower than 4 to 13 years were associated with
higher risk for ECC while tertiary education is protec-
tive against ECC. Prior studies have indicated that adults’
access to tertiary education critically influences chil-
dren’s general health, and lower levels in tertiary educa-
tion adversely affect a country’s health situation [91]. This
present review provides additional evidence to suggest
that parental access to education above primary level of
education — including maternal access to tertiary educa-
tion — may lower the risk for ECC.

Second, not only did we find studies suggesting an
inverse relationship between the prevalence of ECC and
mothers’ educational level, but we also found studies sug-
gesting an inverse relationship between the severity of
ECC and mothers’ educational levels. A prior study had
indicated that low maternal education increases the odds
for treatment of ECC in the operating room using general
anesthesia [92]. This suggests that low maternal educa-
tion is associated with severe ECC as severe ECC is what
requires treatment under general anesthesia [93]. Severe
ECC affects general health and often causes pain, eating
and sleeping difficulties, infection, impairs quality of life
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of affected children, results in absenteeism from school,
and adversely affects the growth and development of the
child [94]. It is therefore likely that regions of the world
where poor attention is paid to maternal education, the
risk of ECC may be high. Greater attention may, there-
fore, need to be paid to countries where the education
of girls is given low priority in the attempt to reduce the
global burden of ECC.

A region of interest is Africa, where the education of
females is threatened by many factors such as conflict,
economic deprivation, gender inequality, violence, tra-
ditional misconceptions, and social norms such as early
marriage [95]. Africa is one of two regions of the world
(the second is South-East Asia) with the highest burden
of oral diseases [96]. The three studies that showed no
associations between ECC and maternal education were
conducted in countries in Africa [32, 58, 66]. A possible
reason for these findings may be the high likelihood that
the educational status of mothers largely cluster in the
low educational status tercile. It is also possible that there
are other drivers of the risk of ECC in the region beyond
maternal education. Studies are, therefore, needed to
unravel the role, impact, and pathways of influence of
maternal and or paternal education on the risk of ECC.

We found that ECC risk behaviors such as feeding
practices, hygiene practices and the use of dental services
seem to be driven by the level of education of the mother.
Children of mothers with low education tend to consume
more cariogenic diets [82—84], use dental services less for
preventive care [88, 89] and have poorer oral hygiene [58,
86, 87]. These are known risk factor for caries [97]. Thus,
the findings from this scoping review presuppose that
healthier diets, better hygiene practices, and increased
use of services may be possible pathways by which paren-
tal education protects against ECC. Testing this hypoth-
esis requires further investigation. There was, however, a
study that indicated that maternal educational status may
not be associated with dental service utilization [90].

Of interest was the observation in the current study
that there was more evidence of an inverse association
between the prevalence of ECC and paternal educational
level than the evidence that showed no association. This
is unlike most studies that report no significant associa-
tions between paternal education and the child’s health
[98]. Prior studies had indicated that fathers with higher
education use resources more efficiently, improve their
access to financial capital, have a larger social network-
ing, better communication skills, and healthier behaviors
[82, 99]. These possibilities may have contributed to the
lower risk of ECC. This postulation needs to be explored
further.

Third, though there is a direct relationship between
educational level and socioeconomic status, and socio-
economic encompasses income and educational
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Table 1 Summary of the 49 studies included in the scoping review

First au- Country Sample  Studydesign ECC Main findings
thor (year) size/ prevalence
age
African region
Abiola Nigeria 404 Cross-sectional  10.9% Mother's educational level was not associated with ECC.
Adeniyi 18-60
(2009) [58] months
Alade Nigeria 1549 Cross-sectional  4.3% Mother’s educational level was not associated with ECC and its severity.
(2021) [66] 6-71
months
Masumo Tanzania 122 Cross-sectional  3.7% in Maternal and paternal educational level were not associated with ECC.
(2012) [32]  Uganda Tanzania Tanzania
816 17.6% in
Uganda Uganda
6-36
months
Kabil Egypt 140 Cross-sectional  64.2% The children whose mothers and fathers had a university education had
(2017) [68] 2-4 years lower odds of ECC than those whose mother’s and father's education was

limited to lower than university education.
Region of the Americas

Schroth Canada 61 Cross-sectional  44% The severity of ECC was lower as the mother’s educational status increased
(2005) [78] 3 years from ‘did not finish high school'to ‘completed high school’and ‘post-second-
ary education’.

Foxman USA 650 Cohort 6% Children of mothers with educational level lower than high school presented
(2022) [76] 3 years with a higher prevalence of ECC.
Finlayson USA 719 Cross-sectional  54% Children of mothers with high school or more educational level had lower
(2007) [52] 1-5 years risk for ECC.
Ferreira Brazil 1487 Cross-sectional  40% Mother's education <4 years associated with greater probability of ECC.
(2007) [53] 0-5 years
Oliveira Brazil 1018 Cross-sectional  23.4% Children whose mothers had < 8 years of education had an increased risk of
(2008) [59] 12-59 high levels of dental caries.

months
Traebert Brazil 347 Cross-sectional  64.3% Children of mothers with <8 years of education had higher prevalence and
(2009) [64] 3-5years severity of ECC.
Feldens Brazil 340 Cohort 63% Mother’s education <8 years was associated the occurrence of S-ECC at 4
(2010) [55] 48-53 years of age.

months
Carvalho Brazil 2511 Cross-sectional ~ 39.5% The likelihood of ECC was higher for children of mothers with 4 years of
(2014) [71] 1-5 years education and <4 years of education.
Kramer Brazil 2,793 Cross-sectional  39.6% in Children whose mothers had < 8 years of education had higher caries preva-
(2014) [56] <6 years 2000 and lence and dmft scores than those whose mothers had > 8 years of education.

259%in Significant reduction in dmft from 2000 to 2010 only in children of mothers
2010 with > 8 years of education.

Pinto- Brazil 843 Cross-sectional  66.3% Mother's schooling < 8 years was significantly associated with higher odds of
Sarmento 36-71 ECC.
(2016) [39] months
Pinto Brazil 538 Cross-sectional  15.1% Maternal education level (<8 years or > 8 years) was not associated with the
(2017) [41] 24-42 prevalence of caries in children.

months

Eastern Mediterranean region

Sayegh Jordan 1140 Cross-sectional  67% Children of mothers with intermediate college and university education had

(2002) [63] 4-5 years lower ECC prevalence.

Elamin UAE 186 Cross-sectional  41% Children of mothers with university education had significantly lower ECC

(2018) [57] 18-48 severity and SiC index score than children of mothers with high school edu-
months cation and below. The father’s educational level was not associated with ECC

severity and SiC index score.

Yazdani Iran 500 Case-control NA Children of mothers and fathers with university education were less likely to

(2020) [47] 4-6 years have ECC.

Jamshidi Iran 280 Cross-sectional ~ 73.2% Parental education was not associated with ECC.

(2022) [75] 3-5 years
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Table 1 (continued)

First au- Country Sample  Studydesign ECC Main findings
thor (year) size/ prevalence

age
European region
Declerck Belgium 2533 Cross-sectional 7% for Children whose mothers and fathers had complete college/higher/university
(2008) [65] 3-5years 3-year-olds education had a lower risk of developing dental caries than those whose

and 31% for mothers and fathers had completed primary/secondary school.
5-year-olds

Congiu Italy 544 Cross-sectional  15.9% Lower odds of ECC in children from mothers and fathers with secondary
(2014) [37] 18-60 school and university degree compared to primary school.

months
Olczak- Poland 656 Cross-sectional  53.8% Children of parents with higher education level had significantly lower odds
Kowalczyk 3 years of having ECC, severe-ECC and had lower ECC severity.
(2020) [48]
Hernandez  France 425 Cross-sectional  15.8% Children with mothers whose education level was high school or lower had
(2021 [72] 4 years higher prevalence of ECC and higher dmft than those whose mothers’ educa-

tion level was university. Father's education was not associated with dmft.

Ersin Turkey 101 Cross-sectional 9% Higher dmft in children with mothers with < 4years educational level.
(2006) [80] 15-35

months

South-East Asia region

Jigjid Mongolia 670 Cross-sectional ~ 72.2% The caries severity was significantly higher in children with mothers with
(2009) [61] 1-5 years university and higher educational level than children with high school and
lower educational level.
Nanayakkara Sri Lanka 784 Cross-sectional  72% ECC was significantly higher in children whose fathers had < 5 years of educa-
(2013) [34] 48-72 tion compared to those whose fathers had tertiary education.
months
Vachi- Thailand 520 Cross-sectional  82.8% Children of mothers with educational level of primary school or less has
rarojpisan 6-19 higher |- ECC values than those whose mothers’education level was second-
(2004) [60] months ary school or higher.
Peltzer Thailand 597 Cohort 68.5% Children with mothers who had primary and high school had significantly
(2015) [69] 3 years higher odds of having S-ECC than children of mothers who had no education
at the time of birth of the children.
Boonya- Thailand 338 Cross-sectional  80.8% Mother’s educational level and not fathers’ educational level was significantly
wong 4-5 years associated with ECC. Children of mothers who had mandatory education had
(2022) [50] higher odds of having ECC than children of mothers with higher education.
Agarwal India 150 Case-control NA Higher prevalence of ECC in children from mothers with education up to
(2011) [79] 3-5years intermediate.
Prakash India 1500 Cross-sectional  27.5% The prevalence of caries was significantly higher in children with mothers
(2012) [73] 8-48 who had no schooling and primary education alone than those who had
months higher secondary school, pre-university college, graduate and postgraduate
education.
Narang India 512 Cross-sectional  33% The prevalence of ECC was significantly lower as the maternal educational
(2013) [35] 2-6 years status increase from being illiterate to having primary, high school and
university education.
Sankesh- India 1116 Cross-sectional  63.2% Inversely correlation between mother’s education and dmft.
wari (2013) 3-5 years
(36]
Stephen India 2771 Cross-sectional  16% The prevalence of ECC was high among children with illiterate parents and
(2015) [70] 18-72 was lowest among children with parental education at college level.
months
Bhayade India 324 Cross-sectional  63.6% Significantly more children whose parents had education level less than
(2016) [38] 1-5 years school site council had ECC.
Vandana India 550 Cross-sectional - The mother's educational level at child’s birth and not the father’s education-
(2018) [44] 2-6 years al level at child's birth was significantly associated with the prevalence of ECC.
Nagarajappa India 320 Cross-sectional  37.2% Children whose mother had no schooling had significantly higher prevalence
(2020) [771 3-6 years of caries prevalence.
Chhabra India 398 Cross-sectional  45.2% The prevalence and severity of ECC reduced as the educational level of the
(2022) [51] 4-5 years mother increased from below 10th grade to 10th grade pass, to graduate

education and postgraduate education.
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First au- Country Sample  Studydesign ECC Main findings
thor (year) size/ prevalence
age
Western Pacific region
Qin China 246 Case-control NA The proportion of children that were caries free increased from mothers with
(2008) [54] 0-4 years elementary education to mothers with high school education to mothers
with college education and higher.
Li China 1523 Cross-sectional  71.8% The prevalence of caries was significantly higher in children whose parents
(2011) [62] 3-6 years had elementary education than those who had middle school or college
education. dmft decreased from elementary to college educational level of
parents.
Zhou China 225 Cohort 284% Children whose mother had > 12 years of education at the time of birth of
(2012) [33] 8-32 the child had significantly lower odds for ECC.
months
Li China 1727 Cross-sectional  78.2% Children with mothers who has educational level higher than none/primary
(2017) [43] 3-5years education had significantly higher odds of lower ECC prevalence.
Sun China 337 Cross-sectional  9.8% Higher mothers’ education level was associated with higher possibility of ECC
(2017) [42] 24-37 experience.
months
Li China 2592 Cross-sectional  78.4% Children whose parents had education of more than 9 years had significantly
(2020) [46] 3-5years lower odds of having ECC than children with parents who had 9 years or less
of education.
Kato Japan 6315 Cross-sectional  14.7% Compared with less than 13 years of paternal and maternal education,
(2017) [40] 3 years 13-14 years and 15 or more years of paternal and maternal education were
independently inversely significantly associated with the prevalence of ECC.
Gao Hong Kong 5167 Cross-sectional  22% Significantly more children whose mother and father had higher than man-
(2018) [67] 3 years datory education had ECC when compared with mothers and fathers who
had the mandatory education respectively.
Duangthip  Hong Kong 1204 Cross-sectional  46.3% Significantly fewer children with mothers and fathers that had tertiary educa-
(2019) [45] 3-5years tion and above had ECC. The severity of ECC was also lower was significantly
lower for children with mothers and fathers that had tertiary education than
children with mothers and fathers who had secondary, primary and below
primary education.
Zheng Hong Kong 404 Cross-sectional  57% Significantly more children of mothers with secondary school or below had
(2021) [49] 5 years untreated ECC and decayed teeth than children of mothers with post-sec-
ondary school education.
Nguyen Vietnam 1028 Cross-sectional  89.1% The ECC prevalence and severity in children aged 2-years and 3-5-years were
(2018) [74] 2-5 years significantly lower in children whose mother had high school education and

above than those with up to middle school.

attainment among others [100], the results of one of the
studies suggested that education and not income was
associated with the experience of ECC [33]. Some other
maternal-related factors such as health beliefs, den-
tal health locus of control, executive dysfunction, sense
of coherence, dental self-efficacy, family organization,
and access to social support may lead to better attitudes
and behaviors and may explain the protective effect of
mother’s education on childhood diseases [86, 101-103].
These factors need to be explored in future studies.

The exact mechanism by which parental education
links with ECC is complex and needs to be deepened.
The reviewed studies suggest that higher maternal educa-
tion protects against ECC through lower sugar consump-
tion, later introduction of sucrose, better oral hygiene
practices, and use of dental services. This relation-
ship, however, does not seem to be result from a simple

“increase in knowledge” provided by greater education.
Rather, mothers with higher education are likely to be
more aware of the risk of their children developing ECC,
positively appraise the benefits of preventive actions,
and have a lower sense of fatalism [104]. Psychosocial
variables like perceived susceptibility, perceived severity,
perceived benefits, and perceived barriers as represented
by the Health Belief Model [105, 106], possibly represent
a pathway by which higher maternal education protects
against ECC through different mechanisms. In addition,
the Extended Health Belief Model, used to examine the
role of self-efficacy for other health problems [107-110],
can be used to examine the role of maternal self-efficacy
for the prevention of ECC. Maternal education may also
affect fatalistic health beliefs, inadequate knowledge of
children’s needs, the prospect of living in deprived neigh-
borhoods [52, 111] and parenting style [112] all of which
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Table 2 Mechanisms explaining how parental education level may protect against ECC

First author (Year) Country Study design Sam-  Main findings

ple
size

Feeding practices

Feldens (2012) [55] Brazil Cohort 327 The risk of cariogenic feeding practices doubled in children from mothers
with less <5 years of education.

Tovar (2019) [84] USA Cohort 666 Children of mothers with less than high-school degree when compared with
those with mothers with high-school degree or higher were introduced early
to juice and sugar-sweetened-beverage consumption.

Feldens (2021) [83] Brazil Cohort 596 A larger number of sweet items introduced in the first year of life in children
whose mothers were <8 years of schooling.

Hygiene practices/biofilm/fluoride dentifrice use

Ersin Turkey Cross-sectional 110 Mother’s education <4 years indirectly associated with ECC through the Strep

(2006) [80] mutans count.

Adeniyi (2009) [58] Nigeria Cross-sectional 404 Maternal education was positively correlated with children oral hygiene index.

Feldens (2010b) [85]  Brazil Cross-sectional 432 Maternal education >4 years was associated with the introduction of fluoride-
dentifrice before 2 years of age.

Duijster (2014) [86] Netherlands Cross-sectional 630 Lower maternal education level was related to factors associated with poorer
oral hygiene behaviours, higher levels of ECC.

Azevedo (2015) [87] Brazil Cross-sectional 249 Children whose maternal schooling was < 8years had higher risk for dental

plague than children whose mothers had > 8years education.

Use of dental services

Lower prevalence of dental visitation among children whose parents had low

socioeconomic backgrounds and who rated their oral health as poor.

Higher proportion of dental visitation in children whose mothers had more

than > 8 years of education.

Machry (2013) [88] Brazil Cross-sectional 478
Feldens (2018) [89] Brazil Cohort 435
Folayan (2020) [90] Nigeria Cross-sectional 1549

Maternal education was not significantly associated with child’s dental-service

utilization.

may increase the risk for ECC. The Extended Health
Belief Model could also be combined with the Socio-
ecological Model to understand contextual factors that
directly or indirectly affects access of mothers and or
fathers to education. Future studies on the link between
parental education and ECC using theoretical models
may help with identifying other parental related risk fac-
tors for ECC.

The Socioecological Model for the study of oral health
in children [113] may also facilitate the study of other
SDG@G 4 target’s direct and indirect influences on the risk
of ECC. The current study on ECC and the SDG 4 sug-
gests that the articles available on ECC is linked to only
SDG@G 4.1. Thus, not only do we need a more comprehen-
sive model developed to investigate factors that put chil-
dren at risk of ECC using the parental education pathway,
but models are also needed to enable us to learn how to
ensure inclusive, equitable quality education and lifelong
learning opportunities can reduce the risk for ECC.

The current study’s findings suggest several practical
implications. Firstly, ensuring universal access to educa-
tion and facilitating the educational progression of pro-
spective mothers can potentially alleviate the burden of
ECC. Additionally, there’s a call for policy implementa-
tions aimed at curbing teenage pregnancy, which is a
pervasive factor contributing to school dropout rates and

various adverse health outcomes throughout individuals’
live [114]. . Regarding future research directions, a sys-
tematic review with meta-analysis is needed to quantify
the association between maternal/paternal educational
level and the prevalence and severity of ECC. Such analy-
sis could help identify regional and sub-regional level
variabilities and provide information on the possible
cutoff points at which the exposure variable (maternal/
paternal education) significantly increases the risk for
ECC. The systematic review and meta-analysis can also
explore the role of contextual factors (fluoride in water,
availability of health services) as a modifier of the effect
of maternal and paternal educational level on the risk for
ECC.

Despite the findings presented in this scoping review, a
few limitations were identified. First, our search was con-
fined to English-language literature, potentially exclud-
ing studies on the association between ECC and parental
education published in other languages. This language
restriction was strictly enforced during the article selec-
tion process for full-text review, ensuring transparency
regarding the availability of eligible reports in languages
other than English, as illustrated in Fig. 1 [115]. The deci-
sion to restrict our search to English literature was due to
our inability to understand and interpret literature writ-
ten in other languages. Second, our search was limited to
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tween the variables analyzed in this study

three databases, which may have resulted in the omission
of relevant articles not captured by the search strategy,
possibly introducing selection bias. Despite these limita-
tions, the study highlights plausible connections between
ECC and parental education that warrant further empiri-
cal exploration in future research endeavours.

In addition, the current study was limited in its scope
of definition of parents with no clear definition of the
scope of parents — parents as biological parents or par-
ents as caregivers. While biological parents typically refer
to individuals who have a genetic relationship with the
child, caregivers encompass a broader category of indi-
viduals responsible for providing care and support to
children, including biological parents, adoptive parents,
foster parents, grandparents, guardians, and other fam-
ily members or non-family members entrusted with care-
giving responsibilities. There are acknowledged complex
distinctions on the impact of these roles on the health
and wellbeing of children [116]. Understanding how

these distinctions may affect the risk for ECC is crucial
for comprehensively managing ECC.

Conclusion

The findings of this scoping review showed that higher
maternal educational level protects against ECC, with
lower consumption of cariogenic diet and better oral
hygiene practices being possible mediators of this rela-
tionship. However, a link between paternal level of edu-
cation and ECC was not consistently observed, with
significant associations less frequently reported com-
pared to maternal education. The link between parental
educational level and the risk for ECC may be moderated
by multiple contextual factors suggesting the need for
more studies from regions of the world with low publi-
cation rate — Africa, Europe, and the Eastern Mediterra-
nean Regions. Studies on how other SDG 4 targets may
influence the risk for ECC are also needed.



Folayan et al. BMC Oral Health (2024) 24:517

Abbreviations
ECC Early Childhood Caries

PRISMA-ScR  Preferred Reporting Items for Systematic Reviews and Meta-
Analyses Extension for Scoping Reviews guidelines

SDG Sustainable Development Goal

AMR Americas region

EMR Eastern Mediterranean Region

AFR African region

EUR European region

SEAR South East Asian region

WPR Western Pacific region

Acknowledgements
We appreciate all the participants who provided data and contributed their
time to make this study possible.

Author contributions

Authors contributions: M.O.F conceived the study. The Project was managed
by M.O.F and CAF. Data curating was done by I.A, AN., and EMR. de B.C. Data
analysis was conducted by M.O.F, CAF, LA, AN.and 1.G.S. M.O.F. developed
the first draft of the document. RJ.S, LA, AN, O.BA-B,HD, JIV, BG, DD,
1.GS, AA, CAF, EMR. de B.C.and M.ET. read the draft manuscript and made
inputs prior to the final draft. All authors approved the final manuscript for
submission.

Funding
Not applicable.

Data availability
The datasets used and/or analysed for the study are publicly accessible. Data
used are summarised in the publication.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

Duangporn Duangthip and Jorma Virtanen are Associated Editors with the
BMC Oral Health. Morenike Oluwatoyin Folayan and Maha El Tantawi are
Senior Editor Board members with BMC Oral Health. All other authors declare
no conflict of interest.

Author details

‘Ear\y Childhood Caries Advocacy Group, Winnipeg, MB, Canada
’Department of Child Dental Health, Obafemi Awolowo University, lle-Ife,
Nigeria

*Department of Pediatric Dentistry, Lutheran University of Brazil, Canoas,
Brazil

“Department of Pediatric Dentistry, Pontifical Catholic University of Rio
Grande do Sul, Porto Alegre, Brazil

°Department of Pediatrics and Child Health, Faculty of Health Sciences,
University of Cape Town, Cape Town, South Africa

5Division of Human Genetics, Department of Pathology, Faculty of Health
Sciences, University of Cape Town, Cape Town, South Africa
'Department of Preventive and Restorative Dentistry, College of Dental
Medicine, University of Sharjah, Sharjah, United Arab Emirates
SPreventive Dentistry Department, Jordan University of Science and
Technology, Irbid, Jordan

Dubai Health Authority, Dubai, United Arab Emirates

1OFaculty of Dentistry, The University of Hong Kong, Hong Kong SAR,
China

""Department of Community and Preventive Dentistry, University of
Benghazi, Benghazi, Libya

"2Faculty of Medicine, University of Bergen, Bergen, Norway
13Department of Preventive Dental Sciences, College of Dentistry, Imam
Abdulrahman bin Faisal University, Dammam, Saudi Arabia

Page 11 of 14

“Department of Pediatric Dentistry and Dental Public Health, Faculty of
Dentistry, Alexandria University, Alexandria, Egypt

15Dr. Gerald Niznick College of Dentistry, University of Manitoba,
Winnipeg, Canada

1%College of Dentistry, The Ohio State University, Columbus, OH, USA

Received: 22 March 2023 / Accepted: 24 April 2024
Published online: 02 May 2024

References

1. United Nations. Sustainable Development Goals: 4-Quality Education. Acces-
sible at: https://www.un.org/sustainabledevelopment/education/. Accessed:
25 February 2023.

2. Baker DP.The Schooled Society: the Educational Transformation of Global
Culture. Stanford, CA: Stanford University Press; 2014.

3. FreeseJ, Lutfey K, Fundamental, Causality. Challenges of an Animating
Concept for Medical so ciology. In: Pescosolido BA, Martin JK, McLeod JD,
Rogers A, editors. Handbook of the Sociology of Health, illness, and Healing:
a blueprint for the 21st Century. New York, NY: Springer New York; 2011. pp.
67-81.

4. Mirowsky J, Ross CE. Education, Social Status, and Health. New York: Aldine de
Gruyter; 2003.

5. Zajacova A, Lawrence EM. The Relationship between Education and Health:
reducing disparities through a Contextual Approach. Annu Rev Public Health.
2018;39:273-89. https://doi.org/10.1146/annurev-publhealth-031816-044628.

6. Shiels MS, Chernyavskiy P, Anderson WF, Best AF, Haozous EA, Hartge P,
Rosenberg PS, Thomas D, Freedman ND, Berrington de Gonzalez A. Trends
in premature mortality in the USA by sex, race, and ethnicity from 1999 to
2014: an analysis of death certificate data. Lancet. 2017;389(10073):1043-54.
https://doi.org/10.1016/50140-6736(17)30187-3.

7. Zajacova A, Montez JK. Physical functioning trends among US women
and men Age 45-64 by Education Level. Biodemography Social Biology.
2017,63:21-30.

8. Meara ER, Richards S, Cutler DM. The gap gets bigger: changes in mortality
and life expectancy, by education, 1981-2000. Health Aff. 2008;27:350-60.

9. Montez JK, Zajacova A. Trends in Mortality Risk by Education Level and cause
of death among US White women from 1986 to 2006. Am J Public Health.
2013;103:473-9.

10. Lawrence EM. Why do College graduates Behave more healthfully than those
who are less educated? J Health Soc Behav. 2017,58(3):291-306. https://doi.
org/10.1177/0022146517715671.

11.  Lindeboom M, Llena-Nozal A, van der Klaauw B. Parental education and child
health: evidence from a schooling reform. J Health Econ. 2009;28(1):109-31.
https://doi.org/10.1016/jjhealeco.2008.08.003.

12. Rangel DE, Rauscher E. Paternal Education and Infant Health: variation by
Race/Ethnicity. J Racial Ethn Health Disparities. 2021;8(6):1406-14. https://doi.
0rg/10.1007/540615-020-00902-8.

13. Sanders LM, Shaw JS, Guez G, Baur C, Rudd R. Health literacy and child health
promotion: implications for research, clinical care, and public policy. Paediat-
rics. 2009;124(3):5306-14.

14.  Cochrane SH, Leslie J, O'Hara DJ. Parental education and child health:
intracountry evidence. Health Policy Educ. 1982;2(3-4):213-50. https://doi.
0rg/10.1016/0165-2281(82)90011-x.

15.  Balaj M, York HW, Sripada K; et al. Parental education and inequalities in
child mortality: a global systematic review and meta-analysis. Lancet.
2021,398(10300):608-20. https://doi.org/10.1016/S0140-6736(21)00534-1.

16.  Drury TF, Horowitz AM, Ismail Al, Maertens MP, Rozier RG, Selwitz RH.
Diagnosing and reporting early childhood caries for research purposes. A
report of a workshop sponsored by the National Institute of Dental and
Craniofacial Research, the Health Resources and Services Administration, and
the Health Care Financing Administration. J Public Health Dent. 1999 Sum-
mer;59(3):192-7. https://doi.org/10.1111/j.1752-7325.1999.tb03268 x.

17. Moynihan P. Sugars and Dental Caries: evidence for setting a recommended
threshold for Intake. Adv Nutr. 2016;7(1):149-56. https://doi.org/10.3945/
an.115.009365.

18. Feldens CA, Vitolo MR, Maciel RR, Baratto PS, Rodrigues PH, Kramer PF. Explor-
ing the risk factors for early-life sugar consumption: a birth cohort study. Int J
Paediatr Dent. 2021;31(2):223-30.


https://www.un.org/sustainabledevelopment/education/
https://doi.org/10.1146/annurev-publhealth-031816-044628
https://doi.org/10.1016/S0140-6736(17)30187-3
https://doi.org/10.1177/0022146517715671
https://doi.org/10.1177/0022146517715671
https://doi.org/10.1016/j.jhealeco.2008.08.003
https://doi.org/10.1007/s40615-020-00902-8
https://doi.org/10.1007/s40615-020-00902-8
https://doi.org/10.1016/0165-2281(82)90011-x
https://doi.org/10.1016/0165-2281(82)90011-x
https://doi.org/10.1016/S0140-6736(21)00534-1
https://doi.org/10.1111/j.1752-7325.1999.tb03268.x
https://doi.org/10.3945/an.115.009365
https://doi.org/10.3945/an.115.009365

Folayan et al. BMC Oral Health

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

(2024) 24:517

Chaffee BW, Feldens CA, Rodrigues PH, Vitolo MR. Feeding practices in
infancy associated with caries incidence in early childhood. Community Dent
Oral Epidemiol. 2015;43:338-48.

Feldens CA, Giugliani ER, Vigo A, Vitolo MR. Early feeding practices and severe
early childhood caries in four-year-old children from southern Brazil: a birth
cohort study. Caries Res. 2010,44:445-52.

Folayan MO, El Tantawi M, Ramos-Gomez F, Sabbah W. Early childhood caries
and its associations with sugar consumption, overweight and exclusive
breastfeeding in low, middle and high-income countries: an ecological study.
Peer). 2020;8:¢9413. https://doi.org/10.7717/peerj.9413.

Feldens CA, Rodrigues PH, de Anastacio G, Vitolo MR, Chaffee BW. Feeding
frequency in infancy and dental caries in childhood: a prospective cohort
study. Int Dent J. 2018;68(2):113-21.

Irvine V, John JR, Scott JA, Hayen A, Do LG, Bhole S, Ha D, Kolt GS, Arora

A. Factors influencing the early introduction of Sugar Sweetened bever-
ages among infants: findings from the HSHK Birth Cohort Study. Nutrients.
2020;12(11):3343. https://doi.org/10.3390/nu12113343.

Echeverria MS, Schuch HS et al. Early sugar introduction associated with
early childhood caries occurrence. Caries Res 2023 Jan 20. https://doi.
0rg/10.1159/000529210.

Chen L, Hong J, Xiong D, Zhang L, Li Y, Huang S, Hua F. Are parents'education
levels associated with either their oral health knowledge or their children’s
oral health behaviors? A survey of 8446 families in Wuhan. BMC Oral Health.
2020;20(1):203. https://doi.org/10.1186/512903-020-01186-4.

Wang L, van Grieken A, van der Velde LA, et al. Factors associated with early
introduction of complementary feeding and consumption of non-recom-
mended foods among Dutch infants: the BeeBOFT study. BMC Public Health.
2019;19:388. https://doi.org/10.1186/512889-019-6722-4.

Fernandes M, Azevedo MJ, Campos C, et al. Potential pathogenic and oppor-
tunistic oral Bacteria in early life: the role of maternal factors in a Portuguese
Population. Pathogens. 2023;12(1):80.

Sustainable development goals. Quality education: why it matters. https://
www.un.org/sustainabledevelopment/wp-content/uploads/2018/09/Goal-4.
pdf. Accessed: 9 April 2024.

Our World in Data team. Ensure inclusive and quality education for all and
promote lifelong learning. 20203. https://ourworldindata.org/sdgs/quality-
education. Accessed: 9 April 2024.

Tricco AC, Lillie E, Zarin W, O'Brien KK, Colguhoun H, Levac D, et al. PRISMA
Extension for scoping reviews (PRISMASCR): Checklist and Explanation. Ann
Intern Med. 2018;169:467-73. https://doi.org/10.7326/M18-0850.

Thomas J, Harden A. Methods for the thematic synthesis of qualitative
research in systematic reviews. BMC Med Res Methodol. 2008;8:45.

Masumo R, Bardsen A, Mashoto K, Astrom AN. Prevalence and socio-behav-
ioral influence of early childhood caries, ECC, and feeding habits among 6-36
months old children in Uganda and Tanzania. BMC Oral Health. 2012;12:24.
Zhou Y, Yang JY, Lo ECM, Lin HC. The contribution of life course determinants
to early childhood caries: a 2-Year Cohort Study. Caries Res. 2012;46(2):87-94.
Nanayakkara V, Renzaho A, Oldenburg B, Ekanayake L. Ethnic and socio-
economic disparities in oral health outcomes and quality of life among Sri
Lankan preschoolers: a cross-sectional study. Int J Equity Health. 2013;12:89.
Narang R, Saha S, Jagannath GV, Kumari M, Mohd S, Saha S. The maternal
socioeconomic status and the caries experience among 2-6 years old pre-
school children of Lucknow city, India. J Clin Diagn Res. 2013;7(7):1511-3.
Sankeshwari RM, Ankola AV, Tangade PS, Hebbal MI. Association of
socio-economic status and dietary habits with early childhood caries
among 3-to 5-year-old children of Belgaum city. Eur Arch Paediatr Dent.
2013;14(3):147-53.

Congiu G, Campus G, Sale S, Spano G, Cagetti MG, Luglie PF. Early childhood
caries and associated determinants: a cross-sectional study on Italian pre-
school children. J Public Health Dent. 2014;74(2):147-52.

Bhayade SS, Mittal R, Chandak S, Bhondey A. Assessment of social, demo-
graphic determinants and oral hygiene practices in relation to dental caries
among the children attending Anganwadis of Hingna, Nagpur. J Indian Soc
Pedod Prev Dent. 2016;34(2):124-7.

de Pinto-Sarmento A, Abreu TC, Gomes MH, Melo de Brito Costa MC,

Martins EM, Granville-Garcia CC. Determinant factors of untreated Dental
Caries and Lesion Activity in Preschool Children using ICDAS. PLoS ONE.
2016;11(2):0150116.

Kato H, Tanaka K, Shimizu K, Nagata C, Furukawa S, Arakawa M, et al. Parental
occupations, educational levels, and income and prevalence of dental caries
in 3-year-old Japanese children. Environ Health Prev Med. 2017;22(1):80.

41.

42.

43.

45.

46.

47.

48.

49.

50.

5T

52.

53.

54.

56.

57.

58.

59.

60.

61.

62.

63.

Page 12 of 14

Pinto GDS, Azevedo MS, Goettems ML, Correa MB, Pinheiro RT, Demarco FF.
Are maternal factors predictors for early childhood caries? Results from a
cohort in Southern Brazil. Braz Dent J. 2017,28(3):391-7.

Sun L. The association between postpartum depression and early childhood
caries. Acta Odontol Scand. 2020;78(5):352-7. (essa referencia esta errada, a
certa é SUN 2017).

LiY, Wulaerhan J, Liu Y, Abudureyimu A, Zhao J. Prevalence of severe early
childhood caries and associated socioeconomic and behavioral factors in
Xinjiang, China: a cross-sectional study. BMC Oral Health. 2017;17(1):144.
Vandana K, Raju SH, Badepalli RR, Narendrababu J, Reddy C, Sudhir KM. Preva-
lence and risk-factors of early childhood caries among 2-6-year-old angan-
wadi children in Nellore district, Andhra Pradesh, India: a cross-sectional
survey. Indian J Dent Res off Publ Indian Soc Dent Res. 2018;29(4):428-33.
Duangthip D, Chen KJ, Gao SS, Lo ECM, Chu CH. Early childhood caries
among 3-to 5-year-old children in Hong Kong. Int Dent J. 2019;69(3):230-6.
LiJ, Fan W, Zhou Y, Wu L, Liu W, Huang S. The status and associated factors

of early childhood caries among 3- to 5-year-old children in Guangdong,
Southern China: a provincial cross-sectional survey. BMC Oral Health.
2020;20(1):265.

Yazdani R, Mohebbi SZ, Fazli M, Peighoun M. Evaluation of protective factors
in caries free preschool children: a case-control study. BMC Oral Health.
2020;20(1):177.

Olczak-Kowalczyk D, Gozdowski D, Kaczmarek U. Factors Associated with
Early Childhood caries in Polish three-year-old children. Oral Health Prev
Dent. 2020;18(1):833-42.

Zheng FM, Yan IG, Duangthip D, Gao SS, Lo ECM, Chu CH. Prevalence of
untreated early childhood caries of 5-Year-old children in Hong Kong: a cross-
sectional study. Int J Environ Res Public Health. 2021;18(22):11934.
Boonyawong M, Auychai P, Duangthip D. Risk factors of Dental Caries

in Preschool Children in Thailand: a cross-sectional study. Healthcare.
2022;10(5):794.

Chhabra C, Sogi HPS, Chhabra KG, Rana S, Gupta S, Sharma P. Social and
behavioral determinants of early childhood caries: a cross-sectional study
within region of Ambala, Haryana. J Educ Health Promot. 2022;11:168.
Finlayson TL, Siefert K, Ismail Al, Sohn W. Psychosocial factors and early
childhood caries among low-income African-American children in Detroit.
Community Dent Oral Epidemiol. 2007,35(6):439-48.

Ferreira SH, Béria JU, Kramer PF, Feldens EG, Feldens CA. Dental caries in 0- to
5-year-old Brazilian children: prevalence, severity, and associated factors. Int J
Paediatr Dent. 2007;17(4):289-96.

Qin M, Li J, Zhang S, Ma W. Risk factors for severe early childhood caries

in children younger than 4 years old in Beijing, China. Pediatr Dent. 2008
Mar-Apr;30(2):122-8.

Feldens CA, Giugliani ER, Vigo A, Vitolo MR. Early feeding practices and severe
early childhood caries in four-year-old children from southern Brazil: a birth
cohort study. Caries Res. 2010;44(5):445-52.

Kramer PF, Chaffee BW, Bertelli AE, Ferreira SH, Béria JU, Feldens CA. Gains in
children’s dental health differ by socioeconomic position: evidence of widen-
ing inequalities in southern Brazil. Int J Paediatr Dent. 2015;25(6):383-92.
Elamin A, Garemo M, Gardner A. Dental caries and their association with
socioeconomic characteristics, oral hygiene practices and eating habits
among preschool children in Abu Dhabi, United Arab Emirates - the NOPLAS
project. BMC Oral Health. 2018;18(1):104.

Abiola Adeniyi A, Eyitope Ogunbodede O, Sonny Jeboda O, Morenike
Folayan O. Do maternal factors influence the dental health status of Nigerian
pre-school children? Int J Paediatr Dent. 2009;19(6):448-54.

Oliveira LB, Sheiham A, Bonecker M. Exploring the association of dental caries
with social factors and nutritional status in Brazilian preschool children. Eur J
Oral Sci. 2008;116(1):37-43.

Vachirarojpisan T, Shinada K, KawaguchiY, Laungwechakan P, Somkote T,
Detsomboonrat P. Early childhood caries in children aged 6-19 months.
Community Dent Oral Epidemiol. 2004;32(2):133-42.

Jigjid B, Ueno M, Shinada K, KawaguchiY. Early childhood caries and related
risk factors in Mongolian children. Community Dent Health. 2009,26(2):121-8.
LiY, Zhang Y, Yang R, Zhang Q, Zou J, Kang D. Associations of social and
behavioural factors with early childhood caries in Xiamen city in China. Int J
Paediatr Dent. 2011;21(2):103-11.

Sayegh A, Dini EL, Holt RD, Bedi R. Caries in preschool children in Amman,
Jordan and the relationship to socio-demographic factors. Int Dent J.
2002;52(2):87-93.


https://doi.org/10.7717/peerj.9413
https://doi.org/10.3390/nu12113343
https://doi.org/10.1159/000529210
https://doi.org/10.1159/000529210
https://doi.org/10.1186/s12903-020-01186-4
https://doi.org/10.1186/s12889-019-6722-4
https://www.un.org/sustainabledevelopment/wp-content/uploads/2018/09/Goal-4.pdf
https://www.un.org/sustainabledevelopment/wp-content/uploads/2018/09/Goal-4.pdf
https://www.un.org/sustainabledevelopment/wp-content/uploads/2018/09/Goal-4.pdf
https://ourworldindata.org/sdgs/quality-education
https://ourworldindata.org/sdgs/quality-education
https://doi.org/10.7326/M18-0850

Folayan et al. BMC Oral Health

64.

65.

66.

67.

68.

69.

70.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

(2024) 24:517

Traebert J, Guimaraes L, do A, Durante EZT, Serratine ACP. Low maternal
schooling and severity of dental caries in Brazilian preschool children. Oral
Health Prev Dent. 2009;7(1):39-45.

Declerck D, Leroy R, Martens L, Lesaffre E, Garcia-Zattera MJ, Broucke SV, et

al. Factors associated with prevalence and severity of caries experience in
preschool children. Community Dent Oral Epidemiol. 2008,36(2):168-78.
Alade M, Folayan MO, Tantawi E. Early childhood caries: are maternal psy-
chosocial factors, decision-making ability, and caries status risk indicators for
children in a sub-urban Nigerian population? BMC Oral Health. 2021;21:73.
https://doi.org/10.1186/512903-020-01324-y.

Gao SS, Duangthip D, Lo ECM, Chu CH. Risk factors of early childhood caries
among Young Children in Hong Kong: a cross-sectional study. J Clin Pediatr
Dent. 2018;42(5):367-72. https://doi.org/10.17796/1053-4625-42.5.8.

Kabil NS, Eltawil S. Prioritizing the risk factors of severe early childhood caries.
Dent J (Basel). 2017;5(1):4. https://doi.org/10.3390/dj5010004.

Peltzer K, Mongkolchati A. Severe early childhood caries and social determi-
nants in three-year-old children from Northern Thailand: a birth cohort study.
BMC Oral Health. 2015;15:108. https://doi.org/10.1186/512903-015-0093-8.
Stephen A, Krishnan R, Ramesh M, Kumar VS. Prevalence of early childhood
caries and its risk factors in 18-72 month old children in Salem, Tamil Nadu.
JInt Soc Prev Community Dent. 2015 Mar-Apr;5(2):95-102. https://doi.
0rg/10.4103/2231-0762.155731.

Carvalho JC, Silva EF, Vieira EO, Pollaris A, Guillet A, Mestrinho HD. Oral health
determinants and caries outcome among non-privileged children. Caries Res.
2014/48(6):515-23. https://doi.org/10.1159/000360709.

Hernandez M, Chau K, Charissou A, Lecaillon A, Delsau A, Bruncher P, Droz D.
Early predictors of childhood caries among 4-year-old children: a population-
based study in north-eastern France. Eur Arch Paediatr Dent. 2021;22(5):833-
42. https://doi.org/10.1007/540368-021-00627-0.

Prakash P, Subramaniam P, Durgesh BH, Konde S. Prevalence of early
childhood caries and associated risk factors in preschool children of urban
Bangalore, India: a cross-sectional study. Eur J Dent. 2012;6(2):141-52.
Nguyen YHT, Ueno M, Zaitsu T, Nguyen T, Kawaguchi Y. Early Childhood caries
and Risk factors in Vietnam. J Clin Pediatr Dent. 2018;42(3):173-81. https://
doi.org/10.17796/1053-4628-42.3.2.

Jamshidi M, Naghibi Sistani MM, Boushehri N, Hamzeh M. Prevalence of
early childhood caries and the related factors among 3-5- year-old children
in Babol, Iran. J Dent (Shiraz). 2022;23(2):137-43. https://doi.org/10.30476/
DENTJODS.2021.88122.1313.

Foxman B, Davis E, Neiswanger K, McNeil D, Shaffer J, Marazita ML. Maternal
factors and risk of early childhood caries: a prospective cohort study.
Community Dent Oral Epidemiol. 2022 Sep;28. https://doi.org/10.1111/
cdoe.12794.

Nagarajappa R, Satyarup D, Naik D, Dalai RP. Feeding practices and early child-
hood caries among preschool children of Bhubaneswar, India. Eur Arch Pae-
diatr Dent. 2020;21(1):67-74. https://doi.org/10.1007/540368-019-00449-1.
Schroth RJ, Moffatt ME. Determinants of early childhood caries (ECC) in a rural
Manitoba community: a pilot study. Pediatr Dent. 2005 Mar-Apr;27(2):114-20.
Agarwal V, Nagarajappa R, Keshavappa SB, Lingesha RT. Association of
maternal risk factors with early childhood caries in schoolchildren of
Moradabad, India. Int J Paediatr Dent. 2011;21(5):382-8. https://doi.
org/10.1111/j.1365-263X.2011.01141x.

Ersin NK, Eronat N, Cogulu D, Uzel A, Aksit S. Association of maternal-child
characteristics as a factor in early childhood caries and salivary bacterial
counts. J Dent Child (Chic). 2006;73(2):105-11.

UNESCO. Sustainable Development Goal 4 and its targets. https://en.unesco.
org/education2030-sdg4/targets. Accessed: 27 February, 2023.

Mirowsky J, Ross CE. Well-being across the life course. In: Horwitz AV, Scheid
TL, editors. A handbook for the study of mental health: Social contexts,
theories, and systems. Cambridge University Press; 1999. pp. 328-47.

Feldens CA, Kramer PF, Sequeira MC, Rodrigues PH, Vitolo MR. Maternal
education is an independent determinant of cariogenic feeding practices in
the first year of life. Eur Arch Paediatr Dent. 2012;13(2):70-5.

Tovar A, Vadiveloo M, @stbye T, Benjamin-Neelon SE. Maternal predictors of
infant beverage consumption: results from the nurture cohort study. Public
Health Nutr. 2019;22(14):2591-7.

Feldens CA, Rosing CK, dos Santos BZ, Cordeiro MM. Pattern of fluoride-
containing dentifrice use and associated factors in preschool children from
ljuf, South Brazil. Oral Health Prev Dent. 2010;8(3):277-85.

Duijster D, van Loveren C, Dusseldorp E, Verrips GH. Modelling community,
family, and individual determinants of childhood dental caries. Eur J Oral Sci.
2014;122(2):125-33.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

102.

105.

106.

Page 13 of 14

Azevedo MS, Romano AR, Costa VP, da Linhares GS, Lamas RR, Cenci MS. Oral
Hygiene Behavior in 12- to 18-month-old Brazilian children. J Dent Child
(Chic). 2015;82(3):128-34.

Machry RV, Tuchtenhagen S, Agostini BA, da Silva Teixeira CR, Piovesan C,
Mendes FM, Ardenghi TM. Socioeconomic and psychosocial predictors of
dental healthcare use among Brazilian preschool children. BMC Oral Health.
2013;13:60.

Feldens CA, Fortuna MJ, Kramer PF, Ardenghi TM, Vitolo MR, Chaffee BW.
Family Health Strategy associated with increased dental visitation among
preschool children in Brazil. Int J Paediatr Dent. 2018;28(6):624-32.

Folayan MO, Alade M, Adeniyi A, El Tantawi M, Finlayson TL. Association
between maternal socioeconomic factors, decision-making status, and den-
tal utilization by children with early childhood caries in sub-urban Nigeria. J
Public Health Dent. 2020;80(4):288-96. https://doi.org/10.1111/jphd.12383.
RaghupathiV, Raghupathi W. The influence of education on health: an
empirical assessment of OECD countries for the period 1995-2015. Arch
Public Health. 2020;78:20. https://doi.org/10.1186/513690-020-00402-5.
Schroth RJ, Mittermuller BA, Au W, Hai-Santiago K, Martin H, Martens P,
Brownell M, Prenatal. Maternal, and Early Childhood Factors Associated with
Dental General Anesthesia to treat severe early childhood caries. Pediatr
Dent. 2019,41(6):477-85.

Schroth RJ, Quifionez C, Shwart L, Wagar B. Treating early childhood caries
under general anesthesia: a national review of Canadian data. J Can Dent
Assoc. 2016;82:920.

World Health Organization. Sugars and dental caries. Nov 2017. Avail-

able at: who.int/news-room/fact-sheets/detail/sugars-and-dental-
caries#:~text = Dental%20caries%20(als0%20known%20as,may%?20result%20
in%20tooth%20extraction. Accessed 6th January 2023.

Williams TM, Girl-Child. Health, and Education in Africa. In: Yacob-Haliso O,
Falola T, editors. The Palgrave Handbook of African women'’s studies. Cham:
Palgrave Macmillan; 2021. https://doi.org/10.1007/978-3-030-28099-4_162.
World Health Organization. Global oral health status report Towards universal
health coverage for oral health by 2030. 2022.

Bellini HT, Arneberg P, von der Fehr FR. Oral hygiene and car-

ies. A review. Acta Odontol Scand. 1981;39(5):257-65. https://doi.
0rg/10.3109/00016358109162287.

Nepal AK. What matters more for child health: a father's education or
mother’s education? World Dev Perspect. 2018;10-12:24-33. https://doi.
0rg/10.1016/j.wdp.2018.09.002.

Cutler DM, Lleras-MuneyA. Education and health: evaluating theories and
evidence. National Bureau of Economic Research; 2006.

American Psychological Association. Education and, Status S.

July. 2017. https://www.apa.org/pi/ses/resources/publications/
education#:~:text=Socioeconomic%20status%20(SES)%20encompasses%20
not,afforded%20to%20people%20within%20society. Accessed 6th January
2023.

. Waller KV, Bates RC. Health locus of control and self-efficacy beliefs in a

healthy elderly sample. Am J Health Promot. 1992,6(4):302-9. https://doi.
0rg/10.4278/0890-1171-6.4.302.

Wilson AR, Mulvahill MJ, Tiwari T. The impact of maternal self-efficacy and oral
health beliefs on early childhood caries in latino children. Front Public Health.
2017;5:228.

. Folayan MO, El Tantawi M, Oginni A, Adeniyi A, Alade M, Finlayson TL. Psycho-

social, education, economic factors, decision-making ability, and caries status
of mothers of children younger than 6 years in suburban Nigeria. BMC Oral
Health. 2020,20(1):131. https://doi.org/10.1186/512903-020-01120-8.

. Wilson AR, Mulvahill MJ, Tiwari T. The impact of maternal self-efficacy and oral

health beliefs on early childhood caries in latino children. Front Public Health.
2017;5:228. https;//doi.org/10.3389/fpubh.2017.00228.

Bandura A. Social foundations of Thought and Action: a Social Cognitive
Theory. Englewood Cliffs, NJ: Prentice Hall, Inc; 1986.

Rosenstock IM, Strecher VJ, Becker MH. Social learning theory and the

Health Belief Model. Health Educ Q. 1988;15(2):175-83. https://doi.
0rg/10.1177/109019818801500203.

. Aalto A-M, Uutela A. Glycemic control, self-care behaviors, and psychoso-

cial factors among insulin treated diabetics: a test of an extended health
belief model. Int J Behav Med. 1997;4(3):191-214. https://doi.org/10.1207/
$15327558ijbm0403.

. lannotti RJ, Schneider S, Nansel TR, Haynie DL, Simons-Morton B, Sobel DO,

et al. Self-efficacy, outcome expectations, and diabetes self-management
in adolescents with type 1 diabetes. J Dev Behav Pediatr. 2006;27(2):98-105.
https://doi.org/10.1097/00004703-200604000-00003.


https://doi.org/10.1186/s12903-020-01324-y
https://doi.org/10.17796/1053-4625-42.5.8
https://doi.org/10.3390/dj5010004
https://doi.org/10.1186/s12903-015-0093-8
https://doi.org/10.4103/2231-0762.155731
https://doi.org/10.4103/2231-0762.155731
https://doi.org/10.1159/000360709
https://doi.org/10.1007/s40368-021-00627-0
https://doi.org/10.17796/1053-4628-42.3.2
https://doi.org/10.17796/1053-4628-42.3.2
https://doi.org/10.30476/DENTJODS.2021.88122.1313
https://doi.org/10.30476/DENTJODS.2021.88122.1313
https://doi.org/10.1111/cdoe.12794
https://doi.org/10.1111/cdoe.12794
https://doi.org/10.1007/s40368-019-00449-1
https://doi.org/10.1111/j.1365-263X.2011.01141.x
https://doi.org/10.1111/j.1365-263X.2011.01141.x
https://en.unesco.org/education2030-sdg4/targets
https://en.unesco.org/education2030-sdg4/targets
https://doi.org/10.1111/jphd.12383
https://doi.org/10.1186/s13690-020-00402-5
http://who.int/news-room/fact-sheets/detail/sugars-and-dental-caries#:~:text=Dental%20caries%20(also%20known%20as,may%20result%20in%20tooth%20extraction
http://who.int/news-room/fact-sheets/detail/sugars-and-dental-caries#:~:text=Dental%20caries%20(also%20known%20as,may%20result%20in%20tooth%20extraction
http://who.int/news-room/fact-sheets/detail/sugars-and-dental-caries#:~:text=Dental%20caries%20(also%20known%20as,may%20result%20in%20tooth%20extraction
https://doi.org/10.1007/978-3-030-28099-4_162
https://doi.org/10.3109/00016358109162287
https://doi.org/10.3109/00016358109162287
https://doi.org/10.1016/j.wdp.2018.09.002
https://doi.org/10.1016/j.wdp.2018.09.002
https://www.apa.org/pi/ses/resources/publications/education#:~:text=Socioeconomic%20status%20(SES)%20encompasses%20not,afforded%20to%20people%20within%20society
https://www.apa.org/pi/ses/resources/publications/education#:~:text=Socioeconomic%20status%20(SES)%20encompasses%20not,afforded%20to%20people%20within%20society
https://www.apa.org/pi/ses/resources/publications/education#:~:text=Socioeconomic%20status%20(SES)%20encompasses%20not,afforded%20to%20people%20within%20society
https://doi.org/10.4278/0890-1171-6.4.302
https://doi.org/10.4278/0890-1171-6.4.302
https://doi.org/10.1186/s12903-020-01120-8
https://doi.org/10.3389/fpubh.2017.00228
https://doi.org/10.1177/109019818801500203
https://doi.org/10.1177/109019818801500203
https://doi.org/10.1207/s15327558ijbm0403
https://doi.org/10.1207/s15327558ijbm0403
https://doi.org/10.1097/00004703-200604000-00003

Folayan et al. BMC Oral Health (2024) 24:517 Page 14 of 14

109. Reynolds GL, Nguyen HH, Singh-Carlson S, Fisher DG, Odell A, Xandre P. 114. World Health Organization. Fact sheet on Adolescent pregnancy. https://
Application of the extended health control belief model to predict hepatitis www.who.int/news-room/fact-sheets/detail/adolescent-pregnancy.
A and B vaccinations. Public Health Nurs. 2016;33(5):430-9. https://doi. Accessed 12 April 2024.
org/10.1111/phn.12254. 115. Pieper D, Puljak L. Language restrictions in systematic reviews should not be
110. Buglar ME, White KM, Robinson NG. The role of self-efficacy in dental patients’ imposed in the search strategy but in the eligibility criteria if necessary. J Clin
brushing and flossing: testing an extended health belief Model. Patient Educ Epidemiol. 2021;132:146-7. https://doi.org/10.1016/j.jclinepi.2020.12.027.
Couns. 2010;78(2):269-72. https://doi.org/10.1016/}.pec.2009.06.014. 116. Chateauneuf D, Turcotte D, Drapeau S. The relationship between foster care
111. Willems S, Vanobbergen J, Martens L, De Maeseneer J. The indepen- families and birth families in a child welfare context: the determining factors.
dent impact of household- and neighborhood-based social determi- Child Family Social Work. 2018;23:71-9. https://doi.org/10.1111/cfs.12385.

nants on early childhood caries: a cross-sectional study of inner-city
children. Fam Community Health. 2005;28(2):168-75. https://doi.
0rg/10.1097/00003727-200504000-00008. Publisher’s Note
112. Dabawala S, Suprabha BS, Shenoy R, Rao A, Shah N. Parenting style and oral
health practices in early childhood caries: a case—control study. Int J Pediatr
Dent. 2017,27(2):135-44.
113. Do LG, Song YH, Du M, Spencer AJ, Ha DH. Socioecological determinants
of child oral health-A scoping review. Community Dent Oral Epidemiol.
2023,;51(5):1024-36. https://doi.org/10.1111/cdoe.12819.

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1111/phn.12254
https://doi.org/10.1111/phn.12254
https://doi.org/10.1016/j.pec.2009.06.014
https://doi.org/10.1097/00003727-200504000-00008
https://doi.org/10.1097/00003727-200504000-00008
https://doi.org/10.1111/cdoe.12819
https://www.who.int/news-room/fact-sheets/detail/adolescent-pregnancy
https://www.who.int/news-room/fact-sheets/detail/adolescent-pregnancy
https://doi.org/10.1016/j.jclinepi.2020.12.027
https://doi.org/10.1111/cfs.12385

	﻿Association between early childhood caries and parental education and the link to the sustainable development goal 4: a scoping review
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Research questions
	﻿Identifying relevant articles
	﻿Eligibility and selection
	﻿Inclusion criteria
	﻿Exclusion criteria
	﻿Data extraction
	﻿Synthesis of results
	﻿Role of the funding source

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


