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Introduction: Early childhood caries (ECC) is any caries in the primary dentition occurring

in children under the age of six. ECC is common in many population groups in Canada.

Objective: The purpose of this review was to describe the burden of ECC in Canada,

the prevalence and associated risk factors for ECC, and its impact on childhood health

based on the existing published literature.

Methods: A review was conducted to assess published Canadian studies on ECC

identified through searches of electronic databases. Databased searched included

PubMed, Medline, Cinahl, and the library catalog of the University of Manitoba. Known

publications on ECC that were not identified by the electronic search were also

considered. Only the studies that reported the prevalence of ECC or caries in preschool

aged children were considered. In-depth assessments were restricted to those studies

that employed logistic regression analysis to investigate relationship between ECC and

risk factors or nutritional status and quality of life.

Results: A total of 36 studies were identified that related to ECC in Canadian children.

Overall, 27 related to prevalence and 12 reported on risk factors, four related to

the association between severe ECC and nutritional health and well-being, while only

one related to the oral microbiome composition. Published studies reveal that the

prevalence of ECC can be as high as 98% in some parts of Canada. Commonly

identified risk factors include age, sex, socio-economic status, parental beliefs, family

characteristics, debris/plaque, enamel hypoplasia, and behavioral (oral health or feeding

behaviors) tendencies.

Conclusions: Current literature reveals that many Canadian children are affected

by ECC. The development of ECC appears to be strongly associated with social

determinants of health including low household income and the level of parental

education or employment status. Associations were also observed between ECC and

the child’s age at first dental visit and parental beliefs about child’s oral health. Children

with enamel hypoplasia are also at significantly greater odds for experiencing caries.

Future research should include assessments of developmental defects of enamel to

better understand the association between enamel hypoplasia and ECC.
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INTRODUCTION

Decay involving the primary dentition in children younger than 6
years of age is termed Early Childhood Caries (ECC) (1). ECC is a
multifactorial chronic disease, which is influenced by biomedical
factors such as diet, the oral microbiome, tooth integrity and
by underlying social determinants of health (1, 2). This includes
low socioeconomic status (SES), parental education, maternal
nutrition, and psychosocial issues (3–5).

Numerous young Canadian children experience significant
oral health problems, particularly ECC. This is especially true
for First Nations, Inuit and Metis children, recent refugees and
immigrants (i.e., newcomers), those living in low SES households,
and children from geographically remote regions of the country
(6–12). It is now well-established that up to 90% of children in
some northern and remote Indigenous communities are affected
(13–15). Usually, urban children are considered low-risk for
caries, but there is also data available that signify that ECC
is prevalent in disadvantaged urban communities in Canada
(11, 16, 17). The challenge is that those most at risk for ECC
are often those with the greatest barriers in accessing oral health
care services.

Although national data on the true prevalence of ECC is
missing, as children <6 years of age were not included in
the Canadian Health Measures Survey, ECC continues to be a
problem in Canada today (3, 18). One reason is due to the failure
of previous interventions of being able to address successfully the
underlying causative biomedical, behavioral, and social factors
known to contribute to the development of caries (12).

If left untreated, early childhood caries advances to a more
rampant form of disease, which further leads to malocclusions,
abscess and pain. This situation is further compounded by the
fact that there are long waiting lists for operative treatment in
hospitals (19, 20). Furthermore, Severe Early Childhood Caries
(S-ECC) among young children can negatively impact oral health
related quality of life, nutritional status and growth (12, 21–23).
There is also a growing body of evidence that the reoccurrence of
dental caries and relapse following restorative dental treatment
under general anesthesia is high (24–26).

In the absence of national prevalence data, national rates of
pediatric dental surgery to treat ECC under general anesthesia
can serve as a proxy measure (3, 27). National data reveals that
the rate of dental surgery for ECC is 12.1 per 1,000 children
and is recognized as the most common surgical procedure
performed in preschool children at most Canadian hospitals
(3, 28). This report also found that children from rural regions
had rates of dental surgery to treat ECC 3.2 times higher than
rates of urban-dwelling children (31.2 per 1,000 vs. 9.8 per
1,000) (3).

Due to potential for ECC to affect childhood growth and

development and the associated treatment costs, the prevalence

and etiology of ECC must be examined more closely to inform
clinical management, policy, and prevention activities. The
purpose of this review was to describe the burden of ECC in
Canada, particularly its prevalence, associated risk factors, and
its impact on childhood health and well-being based on the
existing literature.

METHODS

Electronic databases were searched to identify all Canadian
published studies on ECC. The search strategy by Schroth and
Grant informed our work for this current review and provided
a recent listing of relevant publications (18). Keywords (used
alone and in various combinations) were: baby, babies, Canada,
Canad∗, caries, cavities, cavit∗, child, “dental caries,” “dent∗ and
cavit∗,” “early childhood caries,” ECC, infant, preschool∗, “severe
early childhood caries,” S-ECC, and toddler. The search terms
were used for title, abstract, and where possible full text. As the
term and case definition for early childhood caries was adopted in
1998 (29), the literature search was limited to sources published
in the English language spanning from 1990 to 2019. Databases
searched included PubMed, Medline, Cinahl, Scopus, Cochrane
Library, and the Library Catalog of the University of Manitoba.
Similar search strategies were used to identify web resources
using the Google search engine. Known publications on ECC that
were not identified by the electronic search were also considered.

For the purpose of this review, ECC was defined according
to American Academy of Pediatric Dentistry’s case definition
(1). Studies were included if they involved children <72 months
of age, involved Canadian children and either focused on ECC,
reported the prevalence of caries in the primary dentition (i.e.,
ECC, dmft > 0, dmfs >0), examined the risk factors for ECC,
investigated the associated microbiome with modern techniques,
or discussed associations between ECC and nutritional status and
well-being. Studies relating to parental reported ECC were not
included (27, 30). In depth assessments were restricted to those
studies that employed logistic regression analysis to investigate
the relationship between ECC and risk factors or nutritional
status and quality of life. Studies exploring the oral microbiome
were also reviewed in detail.

Common risk factors for ECC investigated by Canadian
studies were identified with variables grouped into 15
overarching categories: childhood age, sex, SES, community
of residence, family characteristics, ethnicity, parental beliefs,
prenatal nutrition, child behaviors, feeding behaviors (e.g.,
bottle-feeding and breastfeeding), dental history, enamel
hypoplasia, tooth debris score, fluoride exposure, and oral health
behaviors (e.g., brushing habits). SES risk factors included any
demographic characteristics relating to the level of parental
education and annual household income. Family characteristics
encompassed variables related to the family size or composition
and whether the caregiver had legal custody of the child.

RESULTS

A total of 36 published Canadian studies were identified
and reviewed in detail; 27 reporting prevalence, 11 reporting
associated risk factors following logistic regression analyses, six
exploring associations with nutrition and well-being, and one
involving the oral microbiome (Table 1). Twenty-one of the
studies reviewed were cross-sectional in nature, seven were
case-control studies, three were randomized control trials, three
were retrospective chart reviews, and two studies employed
a prospective cohort design. A total of 14 studies involved
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TABLE 1 | Published studies on early childhood caries among pre-school children in Canada over 29 years.

Study Region of Canada Population Type of study Age Prevalence of ECC (%) Reported risk factors

using multiple logistic

regression

Williams and Hargreaves

(31)

Edmonton, Alberta Urban Asians Cross-sectional 2 years old

3–4 years old

5 years old

0

28

62

No

Harrison and Davis (32) British Columbia (1988 Survey) First Nation Cross-sectional 5 Years old 87.5 in 1988

89.7 in 1980

No

Young et al. (33) Keewatin region, Northwest Territories Inuit Cross-sectional 0–2 years old

3-5 years old

50–100, depending on

community

No

Weinstein et al. (34) Edmonton, Alberta Urban Caucasian and

diverse ethnic

Cross-sectional Mean age = 19 months 25 No

Harrison et al. (35) Vancouver, British Columbia Urban Vietnamese Cross-sectional 3–74 months

<18 months

≥18 months

0

79.5

No

Harrison and Wong (17) Vancouver, British Columbia (1996

follow-up)

Urban Vietnamese

(Intervention Group Control

group)

Cross-sectional and

intervention study

22.1 ± 5.0 months

22.7 ± 5.8 months

6.2 intervention

57.1 comparison

No

Peressini et al. (36) District of Manitoulin, Ontario First Nation Cross-sectional 3 years old

5 years old

67

78

No

Lawrence et al. (14) Northern Ontario First Nation Cross-sectional 2 years old

3 years old

4 years old

91.8

S-ECC-−81.9

97.7

S-ECC−95.8

100

S-ECC−94.7

No

Schroth and Moffatt (13) Garden Hill First Nation, Manitoba First Nation Cross-sectional 3–5 years old 98.9 No, but did undertake

multiple regression for deft

score

Schroth et al. (10) Rural South-western Manitoba Caucasian Cross-sectional 36–48 months 44 S-ECC−21 Yes

Schroth et al. (16) Winnipeg (South Point Douglas),

Thompson, Norther First Nation,

Roseau River First Nation, Manitoba

Diverse urban and First

Nations children living on

reserve

Cross-sectional <1–5 years old

<1 year old

1 year old

2 years old

3 years old

4 years old

5 years old

Winnipeg (South Point

Douglas)

Thompson

Northern First Nation

Roseau River First Nation

53.6

7.1

30.4

54.7

78.1

78.3

84.2

43.3

51.4

58.6

56.5

No

Clarke et al. (21) Toronto, Ontario Ethnically heterogeneous

children with S-ECC

Cross-sectional 2–6 years of age N/A

All children recruited

had S-ECC.

No

(Continued)
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TABLE 1 | Continued

Study Region of Canada Population Type of study Age Prevalence of ECC (%) Reported risk factors

using multiple logistic

regression

Harrison et al. (37) Hartley Bay, British Columbia First Nations (Base Line

Group)

Cross-sectional Pre-kindergarten children 69 (baseline) No

Schroth et al. (38) Winnipeg (South Point Douglas),

Thompson, Norther First Nation,

Roseau River First Nation, Manitoba

Diverse urban and First

Nations children living on

reserve

Cross-sectional <72 months of age Previously reported in

Schroth et al. (16)

Yes

Harrison et al. (39) Surrey, British Columbia South Asian immigrants

enrolled into a randomized

trial of motivational

interviewing

Randomized controlled trial

(RCT)

6–18 months (baseline)

Intervention group

Control group 1.6

No, but did undertake

Poisson regression for dmfs

Schroth and Cheba (40) Winnipeg and surrounding area in

southern Manitoba

Ethnically heterogeneous Retro-spective chart review 1-5 years old

<23 months

2 years old

3 years old

4 years old

5 years old

71

47

56

67

75

78

Yes

Tiberia et al. (41) Five Pediatric dental practices in

Canada—British Columbia, Ontario,

Prince Edward Island

77% Caucasian, 7% First

Nation, 8% Asian

Cross-sectional survey Mean age 3.05 years

1–5 year olds

1–2 year olds

74.5

S-ECC−65.7

72.7

S-ECC−57.6

Yes

Leake et al. (42) Inuvik Region, Northwest Territories Predominantly Inuit Cross-sectional 2–5 years old

2 years old

3 years old

4 years old

5 years old

62.5

29

53

67

69

Yes, but this was

undertaken for their own

case definition for S-ECC

Valencia-Rojas et al. (43) Toronto, Ontario Children in care of the

Children’s Aid Society of

Toronto (Maltreated

Children)

Retro-spective chart review 2–6 years old

2–3 years old

4–6 years old

57.6

50.0

63.9

Yes

Werneck et al. (44) Toronto, Ontario Portuguese speaking

immigrants from Portugal or

the Azores, Brazil, Angola,

or Mozambique

Case-control ≤ 48 months of age 35 Yes

Lawrence et al. (45) Sioux Lookout Zone (SLZ) and

Thunder Bay, Ontario

First Nations children in SLZ

and primarily

non-Indigenous comparison

group in Thunder Bay

RCT 6 months to 5 years old

Baseline:

SLZ control

SLZ fluoride varnish

intervention

Thunder Bay intervention

68.9
72.7

15.7

Yes
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TABLE 1 | Continued

Study Region of Canada Population Type of study Age Prevalence of ECC (%) Reported risk factors

using multiple logistic

regression

Lawrence et al. (46) Sioux Lookout Zone (SLZ) and

Thunder Bay, Ontario

First Nation

Primarily non-aboriginal

Cross-sectional <6 years of age SLZ

3–5 year olds Thunder Bay

Kindergarten

All

Non-Indigenous

living off-reserve

95.9 (2001)

94.6 (2002)

70.6 (2003)

89.1 (2004)

93.8 (2005)

37.7 (2003/04)

40.3 (2004/05)

36.8 (2005/06)

31.1 (2003/04)

35.2 (2004/05)

31.2 (2005/06)

73.8 (2003/04)

81.6 (2004/05)

79.4 (2005/06)

No, but did undertake

Poisson regression

Schroth et al. (47) South-western Manitoba Hutterite Colonies Cross-sectional 6–71 months 53

S-ECC– 42.4

Yes

Harrison et al. (48) Nine Cree communities in northern

Quebec

First Nations RCT Children of mothers who

had recently given birth

Control group 76%

(100/131)

Treatment group 65%

(72/110)

Overall, 0.71

Schroth et al. (49) Winnipeg and surrounding southern

Manitoba

Ethnically Heterogeneous Case-control Mean age 43.8 months

16–71 months of age

N/A

Children were recruited

based on whether or not

they had S-ECC

Yes

Schroth et al. (23) Winnipeg, Manitoba Ethnically Heterogeneous Case-control Mean age 40.8

<72 months of age

N/A

Children were recruited

based on whether or not

they had S-ECC

Yes

Schroth et al. (22) Winnipeg, Manitoba Ethnically Heterogeneous Case-control Mean age 40.8

<72 months of age

N/A

Children were recruited

based on whether or not

they had S-ECC

Yes

Schroth et al. (50) Winnipeg (93%) and surrounding rural

Manitoba (7%)

Expectant mothers from

vulnerable populations.

90% Canadian Aboriginal

(First Nation, Metis, or Inuit)

Prospective cohort Infants < 24 months of age 23– when restricted to

cavitated enamel lesions

36–when white spot lesions

are included

S-ECC-−23

Yes

Schroth et al. (51) Winnipeg (South Point Douglas),

Thompson, Northern First Nation,

Roseau River First Nation, Manitoba

Cross-sectional follow-up

study evaluating the Healthy

Smile Happy Child Initiative

Cross-sectional Children ≤ 71 months of

age

52 S-ECC-−38.6 Yes
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TABLE 1 | Continued

Study Region of Canada Population Type of study Age Prevalence of ECC (%) Reported risk factors

using multiple logistic

regression

Amin et al. (9) Edmonton, Alberta African Communities (90%

originated from North

eastern Africa; 9.7% from

West Africa)

Cross-sectional 21–72 months old 63.7 (untreated ECC) No

Poon et al. (52) British Columbia (Province Wise) Kindergarten children 4–6

years of age

Retro-spective cohort Children between the ages

of 4 and 6 years old

38.9 (2006/07)

36.7 (2009/10)

No

Davidson et al. (53) Winnipeg, Manitoba Ethnically heterogeneous Case-control 24–71 months old N/A

Children were recruited

based on whether or not

they had S-ECC

No, but did undertake

multiple linear regression for

BMI that included S-ECC as

a covariate

El Azrak et al. (11) Winnipeg, Manitoba Children from Newcomer

families

Cross-sectional <72 months of age 45.5 S-ECC−31.3 Yes

Agnello et al. (54) Winnipeg, Manitoba First Nation or Metis. Case-control <72 months of age N/A

Children were recruited

based on whether or not

they had S-ECC to look at

the microbiome

No

Deane et al. (55) Winnipeg, Manitoba Ethnically heterogeneous Case-control 40.8 † 14.1 months N/A

Children were recruited

based on whether or not

they had S-ECC

No, but did undertake

multiple linear regression for

PTH levels that included

S-ECC as a covariate

Grant et al. (56) Winnipeg, Manitoba Children with S-ECC

receiving treatment under

general anesthesia

Prospective cohort ≤6 years of age
N/A

Children with S-ECC were

specifically recruited.

No, but multiple linear

regression undertaken for

early childhood oral health

impact scale scores
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Indigenous children (i.e., First Nations, Inuit, or Metis), six
included children of newcomers (immigrants and refugees) to
Canada, and 11 were with ethnically diverse populations.

Among the entire number of studies reviewed, only 14
incorporated multiple logistic regression into their analysis to
investigate the presence of any significant relationships between
ECC and several associated variables (Table 2). Eleven of these
studies focused their analysis on risk factors that may contribute
to the onset of ECC, while three examined how severe forms
of ECC are associated with underlying nutritional status of
affected children.

Overall, the prevalence of ECC in the literature reviewed
ranged between 0 and 98.9% (Table 1). Many of the identified
publications involved preschool children from Manitoba (n =

16). As seen in Table 1, the prevalence of ECC appears to be
high among Indigenous children, often affecting 85% of children
or more. Prevalence was also considerably high among children
from newcomer communities reaching as high as 79.5%.

Among the 27 studies reviewed that reported on the
prevalence of ECC, seven also reported the prevalence of S-
ECC. The average rates of S-ECC are lower than that of ECC,
however, prevalence of S-ECC still varied greatly depending
on the communities and participants involved (range: 21–
95.8%). In one First Nation community, the prevalence of S-
ECC among Indigenous children ranged from 81.9 to 95.8%.
By contrast, the prevalence of S-ECC from several different
communities including Hutterite, Indigenous, and immigrant or
refugee families in southern Manitoba ranged as low as 21% to as
high as 42.4%.

Risk Factors
Childhood age is a recognized predictor of ECC and six of
the reviewed Canadian studies considered it as a risk factor
for ECC (Table 3). In 2007, a retrospective chart review to
determine the prevalence of preschool dental decay reported
that children who did not have their first dental visit before
24 months of age had increased odds of developing decay
(40). These findings were further supported in a subsequent
prospective study conducted by Schroth et al. (50) where
they discovered that infants aged ≥14 months of age at
the time of their first dental examination were significantly
more likely to have ECC. Similarly, a 2010 study investigating
the prevalence of ECC among Hutterite preschool children
reported that childhood age was the strongest independent
predictor of ECC (OR = 3.49) (47). More recently, Azrak et al.
(11) found that older children had a mildly greater risk for
developing ECC. Lastly, logistic regression analysis used in a
serial cross-sectional study among four Manitoba communities
revealed that childhood age was significantly related to S-ECC
(Table 2) (51).

Another potential risk factor for caries development that was
investigated among some of the Canadian studies was the sex
of the child. However, out of five studies that employed logistic
regression to investigate this relationship, only one 2007 study
found males to be at 38% greater risk for developing ECC than
females (Tables 2, 3) (40).

Three studies examined the dental history of children as
a potential risk factor for caries development (Tables 2, 3).
Children with a baseline decayed and filled surface (dfs) score
of ≥5 were 4.88 times more likely to have caries over a 2 year
interval vs. those whose dfs score was between 0 and 4 (45). In
addition, one publication reported that children with a history
of missed dental appointments had an 82% greater risk for
developing ECC (OR= 1.82) (40). However, a more recent study
did not find the location at which dental care was received to be
a significant risk indicator for caries (11).

Three studies observed the relationship between debris
score and ECC (Table 3). Two of these studies did not find
the association to be statistically significant. However, one
documented that the presence of debris on primary teeth was
significantly and independently associated with ECC and S-
ECC (11).

Enamel hypoplasia has been identified as additional risk
factor in ECC development. Two studies reported that enamel
hypoplasia was significantly and independently associated with
ECC (Table 3). This was first verified in a prospective cohort
study where they found that infants with enamel hypoplasia in
the form of pits andmissing enamel were significantlymore likely
to have ECC (50). Another study reported that children with
enamel hypoplasia were 6.1 and 3.9 times more likely to have
ECC and S-ECC, respectively (11).

Specific behavioral factors were categorized and examined for
any relationships with ECC. One study investigated difficult child
behaviors as a potential risk indicator for caries and found it
to be significantly associated to the onset of ECC but not S-
ECC (Table 2) (41). Three studies also considered how different
feeding practices may contribute to ECC development; two of
which were reported to be significant (Table 3) (10, 41, 44).
Certain behaviors such as the bottle propping, the frequency of
snack consumption, or having liquids in themouth for prolonged
periods of time were associated with ECC, however the results
remain mixed. Lastly, behaviors related to child oral health
practices were explored by two studies as possible risk indicators
for ECC (Table 3). One reported that children who had difficulty
brushing were significantly more likely to get ECC but not S-ECC
(41). The other reported that independent brushing by the child
did not contribute to the onset of ECC (47).

Four studies have considered the influence of caregiver beliefs
and attitudes on the incidence of ECC in preschool children
(Table 3). In 2007, Schroth et al. (38) found that children whose
caregivers who believed it is safe to allow an infant to nurse
throughout the night in bed were 45% less likely to experience
decay in the form of caries(OR= 0.55). In addition, parents who
believed that rotten teeth could impact their child’s health were
more than four times as likely to have children with ECC (OR
= 4.33). However, whether parents agreed with the practice of
bottle-feeding children after 1 year of age was not associated with
ECC (Table 2) (38).

Certain socioeconomic factors such as low household income
and the level of parental education or employment status can
significantly increase the threat of caries development. Among
these factors, two studies specifically assessed whether low annual
household income is a risk indicator for both ECC and S-ECC

Frontiers in Public Health | www.frontiersin.org 7 November 2019 | Volume 7 | Article 328

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Pierce et al. ECC in Canada: Burden and Risk Factors

TABLE 2 | Identified risk factors for ECC in Canadian studies.

Study Risk factors for ECC or S-ECC from multiple logistic

regression analyses

Association with nutrition and

well-being

Schroth and Moffatt

(10)

Not Significant:

Family size (p > 0.05) [family characteristics]

Duration of breastfeeding (p > 0.05) [feeding behavior]

Bottle at bed (p > 0.05) [feeding behavior]

Gender (p > 0.05) [sex]

Debris on teeth (p > 0.05) [debris]

Schroth et al. (38) Significant:

Disagree that it is okay to let baby nurse in bed with mother all

night (OR = 0.55, p = 0.018) [beliefs]

Rotten teeth could affect child’s health (OR = 4.33, p = 0.006)

[beliefs]

Not Significant:

Bottle feeding after child is 1 year old is bad for his/her teeth (OR

= 0.70, p = 0.162) [beliefs]

Tiberia et al. (41) Significant:

Leaving bottle with child with ECC (RR = 6.71, p = 0.002) and

S-ECC (RR = 7.43, p = 0.002) [feeding behavior]

Having problems brushing with ECC (RR = 3.11, p = 0.05) [oral

hygiene behavior]

Holding liquids in the mouth for prolonged time with ECC (RR =

7.04, p = 0.04) [feeding behavior]

Using a bottle [protective] with ECC (RR = 0.11, p = 0.01) and

S-ECC (RR = 0.16, p = 0.05) [feeding behavior]

Having a difficult child [protective] with ECC (RR = 0.08, p = 0.04)

[behavior]

Caucasian with S-ECC (RR = 7.22, p = 0.05) [ethnicity]

Not Significant:

Receive government assistance with ECC (RR = 2.17, p = 0.34)

and S-ECC (RR = 2.18, p = 0.34) [SES]

Having problems brushing with S-ECC (RR = 2.36, p = 0.17) [oral

hygiene behavior]

First born child with ECC (RR = 1.98, p = 0.21) and S-ECC (RR =

2.06, p = 0.22) [family characteristics]

Having a difficult child [protective] with ECC (RR = 0.09, p = 0.12)

[behavior]

Holding liquids in the mouth for prolonged time with S-ECC (RR =

5.60, p = 0.07) [feeding behavior]

Level of parental education with ECC (RR = 1.84, p = 0.34) and

S-ECC (RR = 2.44, p = 0.21) [SES]

Caucasian with ECC (RR = 3.11, p = 0.16) [ethnicity]

Timing of snacks with ECC (RR = 1.65, p = 0.37) and S-ECC (RR

= 1.80, p = 0.33) [feeding behavior]

Fluoridated water with ECC (RR = 0.63, p = 0.22) and S-ECC

(RR=0.53, p = 0.11) [fluoride]

Daily medications with ECC (RR = 4,385.24, p = 0.79) and

S-ECC (RR = 3,307.67, p = 0.80) [health status]

Schroth and Cheba

(40)

Significant:

Male child (OR = 1.38, p = 0.048) [sex]

Age at first visit >23 months of age (OR = 0.19, p = 0.009) [age]

Low monthly income (≤ $2000 per month) (OR = 1.79, p =

0.014) [SES]

Failed dental appointments (OR = 1.82, p = 0.002) [dental history]

Not being a single parent (OR = 0.61, p = 0.011) [family

characteristics]

Not Significant:

Community of residence (urban) (OR = 0.55, p = 0.06)

[community of residence]

Low monthly income per family member (<$325) (OR = 1.28, p =

0.092) [SES]

Maternal employment status (being employed) (OR = 1.42, p =

0.054) [SES]

(Continued)
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TABLE 2 | Continued

Study Risk factors for ECC or S-ECC from multiple logistic

regression analyses

Association with nutrition and

well-being

Valencia-Rojas et al.

(43)

Significant:

Having guardianship status [protective] with ECC (OR = 0.14, p =

0.03) [family characteristics]

Number of times in care of the Children’s Aid Society of Toronto

[protective] with S-ECC (OR = 0.16, p = 0.03) [family

characteristics]

Not Significant:

Age with ECC (OR = 1.52, p = 0.45) and S-ECC (OR = 1.18, p =

0.79) [age]

Sex with ECC (OR = 0.54, p = 0.29) and S-ECC (OR = 0.84, p =

0.77) [Sex]

Siblings in care of Children’s Aid Society of Toronto with ECC (OR

= 0.74, p = 0.65) and S-ECC (OR = 0.81, p = 0.75) [family

characteristics]

Type of Abuse with ECC (OR = 1.09, p = 0.90) and S-ECC (OR =

0.61, p = 0.48)

Number of times in care of the Children’s Aid Society of Toronto

with ECC (OR = 0.42, p = 0.16) [family characteristics]

Having guardianship status with S-ECC (OR = 0.22, p = 0.24)

[family characteristics]

Period of time under care of Children’s Aid Society of Toronto with

S-ECC (OR = 1.29, p = 0.73) [family characteristics]

Lawrence et al. (45) Significant:

Control vs. fluoride varnish (FV) (Adjusted OR = 1.96, p = 0.027)

[fluoride]

Baseline dfs (≥5 vs. 0–4) (Adjusted OR = 4.88, p = <0.001)

[dental history]

Age (0–2 years vs. 3–5 years) (Adjusted OR = 1.94, p = 0.02)

[age]

Not Significant:

Sex (Female vs. Male) (Adjusted OR = 1.14, p = 0.307) [sex]

Follow-up timing (18–24 months vs. 12–18 months) (Adjusted OR

= 1.33, p = 0.187) [age]

Parental Education (<High School vs. ≥High School) (Adjusted

OR = 1.27, p = 0.138) [SES]

Number of Children (>4 vs. ≤3) (Adjusted OR = 1.28, p = 0.057)

[family characteristics]

Werneck et al. (44) Significant:

No insurance (Adjusted OR = 4.87, p = 0.001) [SES]

No family dentist (Adjusted OR = 3.96, p = 0.013) [SES]

Frequency of snack consumption ≥2 per day (Adjusted OR =

3.79, p = 0.013) [feeding behavior]

Schroth et al. (47) Logistic Regression for ECC c/w age:

Significant:

Age of child (OR = 3.49, p = 0.0079) [age]

Not Significant:

Child brushes independently (OR = 0.59, p = 0.54) [oral hygiene

behavior]

Debris score (OR = 4.03, p = 0.17) [debris]

Maternal rating of child’s teeth (OR = 4.06, p = 0.11) [beliefs]

Number of children in household (OR = 1.54, p = 0.10) [family

characteristics]

Logistic Regression for ECC w/out age:

Significant:

Maternal rating of child’s teeth (OR = 7.49, p = 0.021) [beliefs]

Number of children in household (OR = 1.94, p = 0.0057) [family

characteristics]

Not Significant:

Child brushes independently (OR = 1.57, p = 0.52) [Oral hygiene

behavior]

Debris score (OR = 3.80, p = 0.12) [debris]

(Continued)
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TABLE 2 | Continued

Study Risk factors for ECC or S-ECC from multiple logistic

regression analyses

Association with nutrition and

well-being

Schroth et al. (49) 2nd Pilot Model:

Significant:

Children whose parents completed ≤Grade 12 were significantly

more likely to have S-ECC (CI = 0.69, 3.778, OR = 9.3, p =

0.0046) [SES]

1st Pilot Model:

Significant:

PTH is significantly and independently

associated with S-ECC (OR = 0.23, p

= 0.004)

Children with S-ECC significantly

more likely to have higher PTH levels

than caries free children

Not Significant:

25(OH)D with S-ECC (OR = 2.2, p =

0.12).

2nd Pilot Model:

Not Significant:

25(OH)D with S-ECC (OR = 1.7, p

= 0.19).

Schroth et al. (22) Significant:

Children with S-ECC were nearly

twice the odds of being classified as

having low ferritin (OR = 1.48, p =

0.048).

Children with S-ECC were over 6

times more likely to have IDA (OR =

6.58, p = <0.0001).

Schroth et al. (23) Significant:

S-ECC related to lower household income (p ≤ 0.001) [SES]

S-ECC related to poorer rating of children’s general health (p =

0.002) [beliefs]

Significant:

S-ECC related to lower vitamin D

levels (p = 0.04)

Schroth et al. (50) Significant:

ECC is related to infant age (≥14 months) at the time of dental

examination (p = 0.01) [age]

ECC is related to Enamel Hypoplasia (p = 0.001) [enamel

hypoplasia]

ECC is related to maternal prenatal 25(OH)D levels (p = 0.05)

[prenatal nutrition]

Schroth et al. (51) Significant:

Prevalence of ECC between the southern First Nation and

Thompson (p = 0.00075) and the northern First Nation and

Thompson (p = 0.00010) [community of residence]

Prevalence of S-ECC between the southern First Nation and

Thompson (p = 0.00081) and the northern First Nation and

Thompson (p = 0.044) [community of residence]

Decrease in S-ECC following community development (OR =

0.71, p = 0.026) [community of residence]

Age (p < 0.05)

Not Significant:

Prevalence of ECC and S-ECC between the two urban centers (p

= 0.13, p = 0.97) [community of residence]

El Azrak et al. (11) Significant:

Age (months) with ECC (OR = 0.98, p = 0.034) [age]

Debris Score with ECC (OR = 0.17, p < 0.001) and S-ECC (OR =

0.04, p < 0.001) [debris]

Parent thinks child has dental problem with ECC (OR = 5.51, p <

0.001) and S-ECC (OR = 4.44, p < 0.001) [beliefs]

Presence of enamel hypoplasia with ECC (OR = 6.10, p = 0.031)

and S-ECC (OR = 3.93, p = 0.048) [enamel hypoplasia]

Not Significant:

Child sex with S-ECC (OR = 1.80, p = 0.14) [Sex]

No dental insurance with S-ECC (OR = 1.12, p = 0.77) [SES]

Child has visited dentist in Winnipeg with ECC (OR = 1.80, p =

0.14) and S-ECC (OR = 1.32, p = 0.5) [Dental History]

OR, Odds ratios; RR, Relative risk.
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TABLE 3 | Canadian studies using Logistic Regression to assess Caries risk

factors.

Risk factors Number of studies assessing

risk factor type

Number of studies

reported significant

associations with

risk factor type

Age 6 5 (83.3%)

Sex 5 1 (20%)

Socioeconomic Status

(SES)

7 4 (57.1%)

Beliefs 4 4 (100%)

Family Characteristics 6 3 (50%)

Behavior 1 1 (100%)

Feeding Behavior 3 2 (66.7%)

Oral Hygiene Behavior 2 1 (50%)

Debris/Plaque 3 1 (33.3%)

Enamel hypoplasia 2 2 (100%)

Dental History 3 2 (66.7%)

Fluoride Exposure 2 1 (50%)

Community of

Residence

2 1 (50%)

Ethnicity 1 1 (100%)

Prenatal Nutrition 1 1 (100%)

(Table 2). In each instance, a lower household income increased
the strength of an association with both forms of caries (23, 40).
These findings were further supported in a cross-sectional study
of 349 Inuit children that documented a higher family income
as a significant protective factor against caries onset. Four studies
also investigated the relationship between paternal education and
employment status with presence of decay. Schroth and Cheba
(40) did not find any significant differences between maternal
employment status and deft scores. Similarly, no associations
were observed between ECC and the mother’s level of education
when logistic regression was performed on participants from
a rural Manitoban community (10). This finding was further
supported by a RCT conducted with children in Ontario, where
they did not find the level of parental education to be related
to the child’s development of ECC (OR = 1.27, p = 0.138) (45).
These results were in sharp contrast to a subsequent pilot study
investigating the relationship between vitamin D and S-ECC,
which reported that children with parents whose educational
attainment was ≤ grade 12 were 9.3 times more likely to have
S-ECC (49).

Specific characteristics of the families children belonged to
were also assessed for the presence of any significant associations
with ECC (Table 3). Three studies considered the impact of
family size on a child’s likelihood for developing ECC. Neither
Schroth and Moffatt (10) nor Lawrence et al. (45) found that
children from larger families were at increased risk for developing
ECC (Table 2). These findings were further supported by a pilot
study of Hutterite children in southwest Manitoba (OR = 1.54,
p = 0.10) (47). However, a subsequent regression model that
controlled for childhood age did report statistical significance
between family size and ECC (OR = 1.94) (47). One study

reported that children coming from single parent households
were more likely to be caries-free than those living with two
parents (40).

The same pilot study of Hutterite preschool children did
not find any significant association between the maternal rating
(fair/poor/very poor) of their child’s teeth and ECC (OR = 4.06,
p= 0.17) (47). However, when age was excluded from regression
analysis, low maternal ratings of childhood oral health were 7.49
times more likely to develop ECC (47). Since then, other studies
have reported similar findings where lower parental ratings of
their child’s general or oral health was associated with a greater
likelihood of experiencing caries (11, 23).

An in depth analysis on the prevalence of caries was conducted
in preschool children under the care of the Children’s Aid
Society of Toronto (CAST), a not-for-profit agency that provides
alternate care for young abused or neglected children. The results
suggested that the period of time spent under CAST care did
not significantly influence the risk of having S-ECC (OR = 1.29,
p = 0.73) (43). However, they found that having permanent
guardianship status of the children in care was protective against
ECC development but not S-ECC (OR = 0.14, 0.22) (43).
Conversely, an increase in the number of times children were
admitted to CAST care was protective against the onset of S-ECC
but not ECC (OR= 0.16, 0.42) (43).

One study investigated how differential access to dental care
is related to ECC (44) (Table 2). This study was conducted on
Portuguese-speaking immigrants in Toronto and revealed that
children with ECC were more likely to be from families without
reliable access to dental care and often lacking dental insurance.

Two studies analyzed the association between ECC and
community of residence (urban/rural). One determined the
prevalence of ECC among children accessing a community dental
clinic and found that the prevalence of ECC among children from
Winnipeg did not differ significantly from those residing in rural
Manitoba (Table 2) (40). Alternatively, the other reported that
the prevalence of ECC differed significantly between a southern
First Nation and Thompson and a northern First Nation and
Thompson, but not between the two urban centers investigated
(51). In addition, significant differences in S-ECC were observed
between the southern First Nation and Thompson, the northern
First Nation and Thompson, but not between Winnipeg and
Thompson (51).

Fluoride exposure or the lack thereof was investigated by
several studies as a potential risk factor for ECC. A RCT
reported that the scheduled application of fluoride varnish
(FV) over a 2 year interval led to an 18.3% reduction in
ECC among First Nation children and 24.5% reduction in the
overall study population (45). Logistic regression further revealed
that participants in the FV treatment group were 1.96 times
less likely to have caries than comparable controls (45). By
contrast, the presence of fluoridated water was not found to
be protective against ECC or S-ECC development in another
included study (41).

Nutrition and Well-Being
Recently, more robust analysis involving logistic regression
performed by our group has validated these initial findings of
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associations between ECC and nutritional health and well-being
(Table 2). In 2013, a case-control study involving nearly 300
preschool children and documented that children with S-ECC
were nearly twice the odds of having low ferritin and over
six times more likely to have IDA than caries free children
(22). The authors further extended their nutritional analysis to
investigate the relationship between caries and vitamin D status.
They reported that S-ECC was significantly associated with lower
levels of vitamin D and elevated levels of parathyroid hormone
(PTH) (23, 49). In 2014, a prospective study further supported the
relationship between caries and vitamin D status as they found
that low maternal prenatal vitamin D levels were associated with
an increased risk of caries in infants (50).

Microbiome
Only one study was identified that explored the composition
of the oral microbiome of children with S-ECC (Table 1). This
case control study involved First Nations and Métis children
with and without ECC (54). The microbiome analysis of the
16S rRNA gene identified 10 phyla, 95 genera, and 290 species
(54). The alpha (Within-sample) diversity analysis did not show
any differences in species richness and phylogenetic diversity
between groups (54). However, the beta diversity analysis
revealed a significant cluster of samples according to caries-
status (caries-free vs. S-ECC) (54). Taxonomic classification
revealed that the levels of 28 species were significantly different
between the groups (54). The caries-free group had 5 and 2-fold
higher abundances of Streptococcus gondonii and Streptococcus
sanguinis, respectively (54). Conversely, the S-ECC group had
7 and 9-fold higher levels of Haemophilus species (HOT 036)
and Porphyromonas species (HOT 284) (54). Further, Veillonella
species (HOT 780) was 4.6 times higher in the S-ECC group
(54). Streptococcus mutans was detected in both groups, but
was three times higher in the S-ECC group (54). These findings
indicate that S-ECC is related to the structure of the plaque
microbial communities.

DISCUSSION

This review reveals that there have been numerous investigations
in Canada on ECC over the last two decades. Many of
the studies involved populations often to be considered at
high risk for caries, including Indigenous children, those
from disadvantaged communities, and newcomer populations
to Canada. Unfortunately, there have been no national
representative samples to study the true prevalence of ECC in the
Canadian population. In the absence of such data, we must rely
on regional studies, review national surveys of parental reported
ECC in specific populations, or look to pediatric dental surgery
under general anesthesia to treat ECC as a proxy measure for
the burden of disease in the infant and preschool population in
Canada (3, 27, 28).

Despite all the advancements in preventive dentistry, ECC
continues to be the most common reason for pediatric day
surgery in Canadian hospitals and surgical centers (3). While
the average national rate for surgery under general anesthesia
to treat caries is 12.1/1,000 children, it is apparent that rates

are considerably higher in certain regions of Canada, including
rural and remote northern communities, where rates can exceed
100/1,000 children (3, 28). Children living in communities with
a high proportion of Indigenous persons are nearly eight times
more likely to undergo dental surgery for ECC while those living
in rural regions are over three times as likely (3). In addition,
children from the least affluent communities are 3.7 times more
likely to undergo rehabilitative dental surgery than children from
more affluent communities (3).

SES is a well-recognized determinant of oral health and was
identified as a risk factor in several of the Canadian studies
reviewed. Poverty, inability to pay for or lack of dental insurance
can limit access to primary dental care and prevention and
increase the risk for ECC and complex dental treatment (3, 4, 57).
It can also prevent families from purchasing nutritious foods
and oral hygiene supplies, which prevents parents from adopting
dental friendly routines at home (8). Parental education and
employment status are also some of the social determinants that
influence caries development (58). Unfortunately, oral health is
not part of Canada’s universal healthcare system.

Some of the Canadian studies reviewed provide evidence
that past oral health status and the presence of plaque are
associated with ECC. Previous caries experience is actually the
strongest predictor of future caries (59, 60). Unfortunately, there
is considerable variability in what clinical assessments (e.g.,
plaque/debris levels, developmental defects of enamel) are made
during examinations of preschool children in research studies. In
fact, only two studies examined enamel hypoplasia as a risk factor,
with both finding that these developmental defects of enamel
are strongly associated with increased caries risk (11, 50). For
many years, enamel hypoplasia has been an underappreciated
risk factor for ECC, but there is increasing awareness of its
contribution to the caries process as it is easily colonized by
cariogenic microorganisms, which allows the caries process to
progress more rapidly in these areas as either enamel is thinner
or missing (50, 61–64). Future epidemiological studies into ECC
should also collect clinical measures of enamel hypoplasia to
understand its prevalence, role, and to identify those factors that
are associated with its increased prevalence.

Infant feeding practices, such as bottle-feeding and
breastfeeding, are complex processes that are difficult to
investigate in typical studies on ECC (65). The lack of
standardized questioning on these practices and the degree of
breastfeeding (e.g., exclusive breastfeeding, partial breastfeeding,
mixed feeding with expressed breastmilk), pose challenges
as does the fact that such questioning can also be subject to
recall bias. Many studies have not properly controlled for
other potential modifiers such as the introduction of solids,
other dietary behaviors, vitamin D supplementation, and the
child’s oral hygiene routine (65). While breastfeeding has
sometimes been mistaken as a risk factor for ECC in the past, it
is actually protective and associated with lower odds for caries
(1, 27, 66, 67). However, breastfeeding beyond 24 months of age
has been reported to be associated with an increased risk for ECC
(68, 69).

Several Canadian publications have reported on the
association between ECC and childhood nutritional health
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status and well-being and have added to our understanding
of the oral-systemic relationship (22, 23, 49, 55, 56). The first
Canadian report on the potential association between S-ECC
and malnourishment suggested that many children with S-ECC
suffered from low ferritin and met the definition for both iron
deficiency (ID) and iron deficiency anemia (IDA) (21). Low
maternal prenatal vitamin D concentrations was identified as
a risk factor in one Canadian study (50). Since then, other
investigators have also identified that vitamin D levels and
prenatal vitamin D intake are associated with increased risk
for ECC (70–72). In the few years it has been revealed that
children with S-ECC are more likely to have lower serum levels
of vitamin D, lower iron concentrations, and be both ID and
have IDA than caries-free children (22, 23, 49). In many of these
children these nutritional deficiencies actually co-exist (55).
This provides more evidence that ECC is not just about teeth.
Canadian children with S-ECC are also known to have higher
BMI z-scores than caries-free counterparts. Current research is
underway with our team to see whether nutritional status and
well-being improve for these children following rehabilitative
dental surgery under GA.

The advancement of modern microbiological techniques
is undoubtedly enhancing our understanding behind the
composition of the microbiome and risk for ECC. While only
one Canadian study was identified, the field continues to grow
(54, 73, 74). This will inevitably lead to future discussions
on incorporating microbiological assessments into caries risk
assessment (CRA) and risk prediction at the individual level
(74, 75) Current research funded by the Canadian Institutes
of health Research is underway to determine the role of taste
genes and functional plaque microbiome in caries risk in young
children in Manitoba Canada.

CRA is garnering increasing attention and is assisting in
shifting our approach to managing caries from a restorative
approach one that is non-restorative and minimally invasive.
CRA can assists dental providers in tailoring clinical care
decisions unique to the individual (76). It is vital that dental
professionals familiarize themselves on how to undertake regular
CRA of their young patients. CRA tools can also be used by
non-dental primary healthcare professionals to screen children,
determine their caries-risk, and provide prevention services,
including fluoride varnish and anticipatory guidance. Several
dental and pediatric organizations have developed CRA tools that
can be used to help guide practitioners in determining someone’s
likelihood of developing caries. As parental belief and values can
influence whether caries risk, it might be prudent to consider
incorporating questions into CRA tools (38).

Early visits offer tremendous hope to curbing the problem of
ECC. While there is growing awareness of the importance for
such preventive dental practices, not all Canadian children are
benefiting (77–80). Professional dental organizations, including
the Canadian Dental Association call for the first dental visit
no later than 12 months of age (81). In an attempt to
increase dentist and public awareness, the Manitoba Dental
Association established its Free First Visit program and the
Canadian Dental Association introduced its First Visit First
Tooth initiative (77–79).

As previously mentioned, many of the studies assessed in our
review focused on Indigenous children, those from newcomer
families, and those from disadvantaged communities, all who
are known to have a higher burden of ECC than many other
Canadian children. Different populations can have different risk
factors for ECC as cultural practices and beliefs can play a role.
However, one thing that is often common between our diverse
at-risk populations is limited access to care and early childhood
oral health promotion. Several programs and early childhood oral
health initiatives are underway in regions of Canada. The federal
Children’s Oral Health Initiative is focused on improving the oral
health status of young First Nations and Inuit children in Canada
by emphasizing prevention and minimally invasive approaches
to caries management over traditional restorative methods (82).

The Healthy Smile Happy Child (HSHC) initiative in
Manitoba, Canada is a well-established, multidisciplinary
partnership that works to address the problem of ECC while also
considering the contributing health determinants (16, 51, 83, 84).
HSHC is guided by three key pillars; (1) community engagement
and development, (2) knowledge exchange, and (3) research,
evaluation, and quality improvement (51, 85).

Key objectives of the HSHC initiative are to (1) promote
the initiative and gain community awareness and acceptance of
the importance of early childhood oral health, (2) use existing
early childhood and family focused community-based programs,
services and activities to deliver the oral health promotion
and ECC prevention activities, and (3) recruit and train
natural leaders, including service providers, to assist in program
development and to deliver the ECC prevention program on
an ongoing basis (51, 84). Further goals are to (4) scale-up
capacity within existing programs and communities to assist in
the sustainability of the promotional and educational program;
and 5) determine the impact this would have on preschool oral
health, parental knowledge, and attitudes regarding ECC, and
knowledge of existing services and health care providers of the
importance of prevention (51, 84). Evidence arising from the
HSHC initiative’s community development experiences over the
past 18 years reveal that their approach is successful in improving
parents’ and caregivers’ knowledge, attitudes, and behaviors
toward early childhood oral health and results in significant
reductions in caries scores and the prevalence of S-ECC over time
(51, 83).

During our review of the Canadian ECC literature, it became
apparent that there are some limitations with the Canadian
literature. Many studies are cross-sectional in nature, with
many being convenience samples of children and parents. A
significant challenge with comparing risk factors between studies
is the fact that investigators are not using a standardized set
of questions or survey instruments. This means that different
investigations into the same risk factors may yield differing
findings even with the same population. The phrasing of
questions into feeding and lifestyle behaviors are extremely
variable. Further, not all studies are consistently looking at the
risk factors. There is a lack of consistency in how questions
about behaviors are being asked, which means that there is no
uniformity in how risk factor variables are defined and measured
between studies.
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While there is finally consensus on how ECC and S-ECC
are defined (1), there still is a lack of consensus of what is
recorded as caries in epidemiological studies. The World Health
Organization recommends that caries be diagnosed if pit and
fissure or smooth surface lesions are cavitated and does not
record incipient lesions as caries (86). This can result in an
underestimation of the actual caries burden in high-risk children.
While the recent Bangkok Declaration confirms the clinical
definition of ECC, it does not speak to S-ECC (87, 88). However,
S-ECC is still an important outcome to track in populations
known to be at high risk for caries.

Going forward, researchers would be encouraged to try
to use validated survey tools to help standardize data
collection and analysis. Clinical researchers should also
identify and record non-cavitated caries lesions. Lastly,
researchers should continually strive to undertake more
robust data analyses, such as multivariate regression
(e.g., multiple logistic regression for ECC), to control for
confounding variables.

CONCLUSION

Current literature reveals that many Canadian children are
affected by ECC. The development of ECC appears to be
strongly associated with social determinants of health including
low household income and the level of parental education or
employment status. Associations were also observed between
ECC and the child’s age at first dental visit and parental beliefs
about child’s oral health. Children with enamel hypoplasia are
also at significantly greater odds for experiencing caries. Future
research should include assessments of developmental defects
of enamel to better understand the association between enamel
hypoplasia and ECC. Multiple logistic regression should become

standard practice to identify true risk factors for ECC as this
methodology can help to control for confounders.

AUTHOR CONTRIBUTIONS

AP and SS contributed to design, acquisition, analysis, and
interpretation, drafted manuscript, critically revised the
manuscript, gave final approval, and agrees to be accountable
for all aspects of work ensuring integrity and accuracy. JL
contributed to design, drafted manuscript, contributed to
interpretation, critically revised the manuscript, gave final
approval, and agrees to be accountable for all aspect of work
ensuring integrity and accuracy. VC drafted manuscript,
critically revised manuscript, gave final approval, and agrees
to be accountable for all aspects of work ensuring integrity
and accuracy. CG contributed to acquisition, critically revised
manuscript for important intellectual content, gave final
approval, and agrees to be accountable for all aspects of work
ensuring integrity and accuracy. RS contributed to conception
and design, contributed to acquisition, contributed to analysis,
contributed to interpretation, drafted the manuscript, critically
revised the manuscript, gave final approval, and agrees to
be accountable for all aspect of work ensuring integrity
and accuracy.

ACKNOWLEDGMENTS

RS holds a Canadian Institutes of Health Research Embedded
Clinician Researcher salary award in Improving access to oral
health care and oral health care delivery for at-risk young
children in Manitoba. Operating funds for this research were
provided through RS’s CIHR Embedded Clinician Researcher
program funds.

REFERENCES

1. American Academy of Pediatric D. Policy on early childhood caries

(ECC): classifications, consequences, and preventive strategies. Pediatr Dent.

(2017) 39:59–61.

2. Canadian Dental A. CDA Position on Early Childhood Caries. Ottawa, ON:

Canadian Dental Association (2010).

3. Schroth RJ, Quinonez C, Shwart L, Wagar B. Treating early childhood caries

under general anesthesia: a national review of Canadian data. J Can Dent

Assoc. (2016) 82:g20.

4. Rai NK, Tiwari T. Parental factors influencing the development

of early childhood caries in developing nations: a systematic

review. Front Public Health. (2018) 6:64. doi: 10.3389/fpubh.2018.

00064

5. Feitosa S, Colares V, Pinkham J. The psychosocial effects of severe

caries in 4-year-old children in Recife, Pernambuco, Brazil. Cad.Saude

Publica. (2005) 21:1550–56. doi: 10.1590/S0102-311X20050005

00028

6. Canadian Academy of Health S. Improving access to oral health care for

vulnerable people living in Canada. Ottawa, ON: Canadian Academy of

Health Sciences (2014).

7. Amin MS, Elyasi M, Schroth RJ, Azarpazhooh A, Compton S, Keenan L, et al.

Improving the oral health of young children of newcomer families: a forum

for community members, researchers, and policy-makers. J Can Dent Assoc.

(2014) 80:e64.

8. Prowse S, Schroth RJ, Wilson A, Edwards JM, Sarson J, Levi JA, et al. Diversity

considerations for promoting early childhood oral health: a pilot study. Int J

Dent. (2014) 2014:175084. doi: 10.1155/2014/175084

9. Amin MS, Perez A, Nyachhyon P. Parental awareness and dental attendance

of children among african immigrants. J Immigr Minor Health. (2015) 17:132–

8. doi: 10.1007/s10903-013-9912-7

10. Schroth RJ, Moffatt ME. Determinants of early childhood caries (ECC) in a

rural Manitoba community: a pilot study. Pediatr Dent. (2005) 27:114–20.

11. Azrak ME, Huang A, Hai-Santiago K, Bertone MF, DeMaré D, Schroth RJ.

The Oral Health of Preschool Children of Refugee and Immigrant Families in

Manitoba. J Can Dent Assoc. (2017) 82:h9.

12. Schroth RJ, Harrison RL, Moffatt ME. Oral health of indigenous children

and the influence of early childhood caries on childhood health and well-

being. Pediatr Clin North Am. (2009) 56:1481–99. doi: 10.1016/j.pcl.2009.

09.010

13. Schroth RJ, Smith PJ, Whalen JC, Lekic C, Moffatt ME. Prevalence of caries

among preschool-aged children in a northern Manitoba community. J Can

Dent Assoc. (2005) 71:27.

14. Lawrence HP, Romanetz, Rutherford L, Cappel L, Binguis D, Rogers JB.

Effects of a community-based prenatal nutrition program on the oral

health of Aboriginal preschool children in northern Ontario. Probe. (2004)

38:172–90.

15. Irvine J, Holve S, Krol D, Schroth RJ. Policy statement–early childhood

caries in indigenous communities. Paediatr Child Health. (2011) 16:351–

7. doi: 10.1093/pch/16.6.351

Frontiers in Public Health | www.frontiersin.org 14 November 2019 | Volume 7 | Article 328

https://doi.org/10.3389/fpubh.2018.00064
https://doi.org/10.1590/S0102-311X2005000500028
https://doi.org/10.1155/2014/175084
https://doi.org/10.1007/s10903-013-9912-7
https://doi.org/10.1016/j.pcl.2009.09.010
https://doi.org/10.1093/pch/16.6.351
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Pierce et al. ECC in Canada: Burden and Risk Factors

16. Schroth RJ, Moore P, Brothwell DJ. Prevalence of early childhood caries in 4

Manitoba communities. J Can Dent Assoc. (2005) 71:567.

17. Harrison RL, Wong T. An oral health promotion program for an urban

minority population of preschool children. Community Dent Oral Epidemiol.

(2003) 31:392–9. doi: 10.1034/j.1600-0528.2003.00001.x

18. Schroth RGC. Canada–chapter 5. In: Folayan M, editor. A Compendium on

Oral Health of Children around the World. Early Childhood Caries. New York,

NY: Nova Science Publishers Inc. (2018), p. 55–82.

19. Schroth RJ, Morey B. Providing timely dental treatment for young children

under general anesthesia in a government priority. J Can Dent Assoc.

(2007) 73:241–3.

20. Wright JG, Menaker RJ. Waiting for children’s surgery in Canada: the

Canadian paediatric surgical wait times project. CMAJ. (2011) 183:E559–

64. doi: 10.1503/cmaj.101530

21. Clarke M, Locker D, Berall G, Pencharz P, Kenny DJ, Judd P. Malnourishment

in a population of young children with severe early childhood caries. Pediatr

Dent. (2006) 28:254–59.

22. Schroth RJ, Levi J, Kliewer E, Friel J, Moffatt ME. Association between

iron status, iron deficiency anaemia, and severe early childhood caries: a

case–control study. BMC Pediatr. (2013) 13:22. doi: 10.1186/1471-2431-13-22

23. Schroth RJ, Levi JA, Sellers EA, Friel J, Kliewer E, Moffatt ME. Vitamin D

status of children with severe early childhood caries: a case-control study.

BMC Pediatr. (2013) 13:174. doi: 10.1186/1471-2431-13-174

24. Schroth RJ, Smith WF. A review of repeat general anesthesia for pediatric

dental surgery in Alberta, Canada. Pediatr Dent. (2007) 29:480–7.

25. Amin M, Nouri R, ElSalhy M, Shah P, Azarpazhooh A. Caries recurrence

after treatment under general anaesthesia for early childhood caries:

a retrospective cohort study. Eur Arch Paediatr Dent. (2015) 16:325–

31. doi: 10.1007/s40368-014-0166-4

26. Foster T, Perinpanayagam H, Pfaffenbach A, Certo M. Recurrence of early

childhood caries after comprehensive treatment with general anesthesia and

follow-up. J Dent Child. (2006) 73:25–30.

27. Schroth RJ, Halchuk S, Star L. Prevalence and risk factors of caregiver

reported Severe Early Childhood Caries in Manitoba First Nations children:

results from the RHS Phase 2 (2008–2010). Int J Circumpolar Health. (2013)

72. doi: 10.3402/ijch.v72i0.21167

28. Canadian Institute for Health I. Treatment of Preventable Dental Cavities in

Preschoolers: A Focus on Day Surgery Under General Anesthesia. Ottawa, ON:

CIHI (2013).

29. Tinanoff N. Introduction to the early childhood caries conference: initial

description and current understanding. Community Dent Oral Epidemiol.

(1998) 26(1 Suppl):5–7. doi: 10.1111/j.1600-0528.1998.tb02089.x

30. Al Jewair TS, Leake JL. The prevalence and risks of early childhood

caries (ECC) in Toronto, Canada. J Contemp.Dent Pract. (2010) 11:001–

8. doi: 10.5005/jcdp-11-5-1

31. Williams SA, Hargreaves JA. An inquiry into the effects of health related

behaviour on dental health among young Asian children resident in a

fluoridated city in Canada. Community Dent Health. (1990) 7:413–20.

32. Harrison RL, Davis DW. Caries experience of Native children of British

Columbia, Canada, 1980–1988. Community Dent Oral Epidemiol. (1993)

21:102–07. doi: 10.1111/j.1600-0528.1993.tb00730.x

33. Young TK, Moffatt ME, O’Neil JD, Thika R, Mirdad S. The population survey

as a tool for assessing family health in the Keewatin region, NWT, Canada.

Arctic Med Res. (1995) 54(Suppl 1):77–85.

34. Weinstein P, SmithWF, Fraser-Lee N, Shimono T, Tsubouchi J. Epidemiologic

study of 19-month-old Edmonton, Alberta children: caries rates and risk

factors. ASDC J Dent Child. (1996) 63:426–33.

35. Harrison R, Wong T, Ewan C, Contreras B, Phung Y. Feeding practices

and dental caries in an urban Canadian population of Vietnamese preschool

children. ASDC J Dent Child. (1997) 64:112–17.

36. Peressini S, Leake JL, Mayhall JT, Maar M, Trudeau R.

Prevalence of early childhood caries among First Nations

children, District of Manitoulin, Ontario. Int J Paediatr

Dent. (2004) 14:101–10. doi: 10.1111/j.1365-263X.2004.0

0532.x

37. Harrison RL, MacNab AJ, Duffy DJ, Benton DH. Brighter smiles.

Service learning, inter-professional collaboration and health promotion

in a First Nations community. Can J Public Health. (2006) 97:237–

40. doi: 10.1007/BF03405594

38. Schroth RJ, Brothwell DJ, Moffatt ME. Caregiver knowledge and attitudes of

preschool oral health and early childhood caries (ECC). Int J Circumpolar

Health. (2007) 66:153–67. doi: 10.3402/ijch.v66i2.18247

39. Harrison R, Benton T, Everson-Stewart S, Weinstein P. Effect of motivational

interviewing on rates of early childhood caries: a randomized trial. Pediatr

Dent. (2007) 29:16–22.

40. Schroth RJ, Cheba V. Determining the prevalence and risk factors for

early childhood caries in a community dental health clinic. Pediatr Dent.

(2007) 29:387–96.

41. Tiberia MJ, Milnes AR, Feigal RJ, Morley KR, Richardson DS, Croft WG, et al.

Risk factors for early childhood caries in Canadian preschool children seeking

care. Pediatr Dent. (2007) 29:201–08.

42. Leake J, Jozzy S, Uswak G. Severe dental caries, impacts and determinants

among children 2–6 years of age in Inuvik Region, Northwest Territories,

Canada. J Can Dent Assoc. (2008) 74:519.

43. Valencia-Rojas N, Lawrence HP, Goodman D. Prevalence of early childhood

caries in a population of children with history of maltreatment. J

Public Health Dent. (2008) 68:94–101. doi: 10.1111/j.1752-7325.2007.0

0077.x

44. Werneck RI, Lawrence HP, Kulkarni GV, Locker D. Early childhood caries

and access to dental care among children of portuguese-speaking immigrants

in the city of Toronto. J Can Dent Assoc. (2008) 74:805.

45. Lawrence HP, Binguis D, Douglas J, McKeown L, Switzer B, Figueiredo R,

et al. A 2-year community-randomized controlled trial of fluoride varnish to

prevent early childhood caries in Aboriginal children. Community Dent Oral

Epidemiol. (2008) 36:503–16. doi: 10.1111/j.1600-0528.2008.00427.x

46. Lawrence HP, Binguis D, Douglas J, et al. Oral health

inequalities between young Aboriginal and non-Aboriginal

children living in Ontario, Canada. Community Dent Oral

Epidemiol. (2009) 37:495–508. doi: 10.1111/j.1600-0528.2009.0

0497.x

47. Schroth RJ, Dahl PR, Haque M, Kliewer E. Early childhood caries among

Hutterite preschool children in Manitoba, Canada. Rural Remote Health.

(2010) 10:1535.

48. Harrison RL, Veronneau J, Leroux B. Effectiveness of maternal

counseling in reducing caries in cree children. J.Dent Res. (2012)

91:1032–7. doi: 10.1177/0022034512459758

49. Schroth R, Jeal N, Kliewer E, Sellers E. The relationship between vitamin D

and severe early childhood caries: a pilot study. Int J Vitam Nutr Res. (2012)

82:53–62. doi: 10.1024/0300-9831/a000094

50. Schroth RJ, Lavelle C, Tate R, Bruce S, Billings RJ, Moffatt ME. Prenatal

vitamin D and dental caries in infants. Pediatrics. (2014) 133:e1277–

84. doi: 10.1542/peds.2013-2215

51. Schroth RJ, Edwards JM, Brothwell DJ, Yakiwchuk CA, Bertone MF, Mellon B,

et al. Evaluating the impact of a community developed collaborative project

for the prevention of early childhood caries: the Healthy Smile Happy Child

project. Rural Remote Health. (2015) 15:3566.

52. Poon BT, Holley PC, Louie AM, Springinotic CM. Dental caries

disparities in early childhood: a study of kindergarten children in British

Columbia. Can J Public Health. (2015) 106:e308–14. doi: 10.17269/cjph.1

06.4918

53. Davidson K, Schroth RJ, Levi JA, Yaffe AB, Mittermuller BA, Sellers EAC.

Higher body mass index associated with severe early childhood caries. BMC

Pediatr. (2016) 16:137. doi: 10.1186/s12887-016-0679-6

54. Agnello M, Marques J, Cen L, Mittermuller B, Huang A, Chaichanasakul

Tran N, et al. Microbiome associated with severe caries in Canadian first

nations children. J Dent Res. (2017) 96:1378–5. doi: 10.1177/00220345177

18819

55. Deane S, Schroth RJ, Sharma A, Rodd C. Combined deficiencies of 25-

hydroxyvitamin D and anemia in preschool children with severe early

childhood caries: a case-control study. Paediatr Child Health. (2018) 23:e40–

5. doi: 10.1093/pch/pxx150

56. Grant CD, Rodd C, Mittermuller B, Pierce A, Kennedy T, Singh S, et al. Oral

health related quality of life of Canadian preschoolers with severe caries after

dental rehabilitation under general anesthesia. Pediatr Dent. (2019) 41:221–8.

Frontiers in Public Health | www.frontiersin.org 15 November 2019 | Volume 7 | Article 328

https://doi.org/10.1034/j.1600-0528.2003.00001.x
https://doi.org/10.1503/cmaj.101530
https://doi.org/10.1186/1471-2431-13-22
https://doi.org/10.1186/1471-2431-13-174
https://doi.org/10.1007/s40368-014-0166-4
https://doi.org/10.3402/ijch.v72i0.21167
https://doi.org/10.1111/j.1600-0528.1998.tb02089.x
https://doi.org/10.5005/jcdp-11-5-1
https://doi.org/10.1111/j.1600-0528.1993.tb00730.x
https://doi.org/10.1111/j.1365-263X.2004.00532.x
https://doi.org/10.1007/BF03405594
https://doi.org/10.3402/ijch.v66i2.18247
https://doi.org/10.1111/j.1752-7325.2007.00077.x
https://doi.org/10.1111/j.1600-0528.2008.00427.x
https://doi.org/10.1111/j.1600-0528.2009.00497.x
https://doi.org/10.1177/0022034512459758
https://doi.org/10.1024/0300-9831/a000094
https://doi.org/10.1542/peds.2013-2215
https://doi.org/10.17269/cjph.106.4918
https://doi.org/10.1186/s12887-016-0679-6
https://doi.org/10.1177/0022034517718819
https://doi.org/10.1093/pch/pxx150
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Pierce et al. ECC in Canada: Burden and Risk Factors

57. Fontana M. The clinical, environmental, and behavioral factors that foster

early childhood caries: evidence for caries risk assessment. Pediatr Dent.

(2015) 37:217–25.

58. Fisher-Owens SA, Gansky SA, Platt LJ, Weintraub JA, Soobader MJ, Bramlett

MD, et al. Influences on children’s oral health: a conceptual model. Pediatrics.

(2007) 120:e510–20. doi: 10.1542/peds.2006-3084

59. Mejare I, Axelsson S, Dahlen G, Espelid I, Norlund A, Tranæus S, et al.

Caries risk assessment. A systematic review. Acta Odontol Scand. (2014)

72:81–91. doi: 10.3109/00016357.2013.822548

60. Twetman S, Fontana M. Patient caries risk assessment. Monogr Oral Sci.

(2009) 21:91–101. doi: 10.1159/000224214

61. Caufield PW, Li Y, Bromage TG. Hypoplasia-associated severe

early childhood caries–a proposed definition. J.Dent Res. (2012)

91:544–50. doi: 10.1177/0022034512444929

62. Kirthiga M, Murugan M, Saikia A, Kirubakaran R. Risk factors for early

childhood caries: a systematic review and meta-analysis of case control and

cohort studies. Pediatr Dent. (2019) 41:95–112.

63. Seow WK, Clifford H, Battistutta D, Morawska A, Holcombe T. Case-

control study of early childhood caries in Australia. Caries Res. (2009) 43:25–

35. doi: 10.1159/000189704

64. Seow WK. Early Childhood Caries. Pediatr Clin North Am. (2018) 65:941–

54. doi: 10.1016/j.pcl.2018.05.004

65. Wong JP, Venu I, Moodie RG, Arivudainambi VC, Stewart H, Schroth RJ, et al.

Keeping caries at bay in breastfeeding babies. J Fam Pract. (2019) 68:E1–4.

66. ThamR, Bowatte G, Dharmage SC, TanDJ, LauMX,Dai X, et al. Breastfeeding

and the risk of dental caries: a systematisc review and meta-analysis. Acta

Paediatr. (2015). 104:62–84. doi: 10.1111/apa.13118

67. Hong L, Levy SM, Warren JJ, Broffitt B. Infant Breast-feeding and childhood

caries: a nine-year study. Pediatr Dent. (2014) 36:342–7.

68. Wong PD, Birken CS, Parkin PC Venu I, Chen Y, Schroth RJ, et al. Total

breast-feeding Duration and dental caries in healthy urban children. Acad

Pediatr. (2017) 17:310–15. doi: 10.1016/j.acap.2016.10.02

69. Moynihan P, Tanner LM, Holmes RD, Hillier-Brown F, Mashayekhi A,

Kelly SAM, et al. Systematic review of evidence pertaining to factors That

modify risk of early childhood caries. JDR Clin Trans Res. (2019) 4:202–

16. doi: 10.1177/2380084418824262

70. Singleton R, Day G, Thomas T, Schroth R, Klejka J, Lenaker D, et al.

Association of maternal vitamin D deficiency with early childhood caries. J

Dent Res. (2019) 98:549–55. doi: 10.1177/0022034519834518

71. Tanaka K, Hitsumoto S, Miyake Y, Okubo H, Sasaki S, Miyatake N, et al.

Higher vitamin D intake during pregnancy is associated with reduced risk

of dental caries in young Japanese children. Ann Epidemiol. (2015) 25:620–

5. doi: 10.1016/j.annepidem.2015.03.020

72. Almoudi MM, Hussein AS, Abu Hassan MI, Schroth RJ. Dental caries and

vitamin D status among children in Asia: a literature review. Pediatr Int.

(2019) 61:327–38. doi: 10.1111/ped.13801

73. Hurley E, Barrett MPJ, Kinirons M, Whelton H, Ryan CA, Stanton C,

et al. Comparison of the salivary and dentinal microbiome of children

with severe-early childhood caries to the salivary microbiome of caries-

free children. BMC Oral Health. (2019) 19:13. doi: 10.1186/s12903-018-

0693-1

74. Hajishengallis E, Parsaei Y, Klein MI, Koo H. Advances in the microbial

etiology and pathogenesis of early childhood caries. Mol Oral Microbiol.

(2017) 32:24–34. doi: 10.1111/omi.12152

75. Divaris K. Predicting dental caries outcomes in children: a “Risky” concept. J

Dent Res. (2016) 95:248–54. doi: 10.1177/0022034515620779

76. American Academy of Pediatric D. Guideline on caries-risk assessment

and management for infants, children and adolescents. Pediatr Dent.

(2015) 37:132–39.

77. Schroth RJ, Boparai G, Boparai M, Zhang L, Svitlica M, Jacob L, et al. Tracking

early visits to the dentist: a look at the first 3 years of the manitoba dental

association’s free first visit program. J Can Dent Assoc. (2015) 81:f8.

78. Schroth RJ, Ndayisenga S, Guenther K, Marchessault G, Prowse S, Hai-

Santiago K, et al. Parents’ perspectives on the manitoba dental associaton’s

free first visit program. J Public Health Dent. (2015) 76:1–7. doi: 10.1111/jphd.

12137

79. Schroth RJ, Guenther K, Ndayisenga S, Marchessault G, Prowse S, Hai-

Santiago K. et al. Dentists’ perspectives on the manitoba dental association’s

free first visit program. J Can Dent Assoc. (2015) 81:f21.

80. Darmawikarta D, Chen Y, Carsley S, Birken CS, Parkin PC, Schroth

RJ, et al. Factors associated with dental care utilization in early

childhood. Pediatrics. (2014) 133:e1594–600. doi: 10.1542/peds.201

3-3725

81. Canadian Dental A. CDA Position on First Visit to the Dentist. Ottawa, ON:

Canadian Dental Association (2005).

82. Mathu-Muju KR, McLeod J, Walker ML, Chartier M, Harrison RL. The

children’s oral health initiative: an intervention to address the challenges

of dental caries in early childhood in Canada’s first nation and inuit

communities. Can J Public Health. (2016) 107:e188–93. doi: 10.17269/cjph.10

7.5299

83. Schroth RJ, Wilson A, Prowse S, Edwards JM, Gojda J, Sarson. Looking back

to move forward: understanding service provider, parent, and caregiver views

on early childhood oral health promotion in Manitoba, Canada. Can J Dent

Hyg. (2014) 48:99–108.

84. Macintosh AC, Schroth RJ, Edwards J, Harms L, Mellon B, Moffatt M. The

impact of community workshops on improving early childhood oral health

knowledge. Pediatr Dent. (2010) 32:110–17.

85. Schroth RJ, Edwards JM, Moffatt ME, Melon B, Ellis M, Harms, L. Healthy

Smile Happy Child: evaluation of a capacity-building early childhood oral

health promotion initiative. Circ. Health Suppl. (2010) 7:60–6.

86. World Health Organization. Oral Health Surveys: Basic Methods. Geneva:

World Health Organization (2013).

87. Early Childhood Caries: IAPD Bangkok Declaration. Int J Paediatr Dent.

(2019) 29:384–86. doi: 10.1111/ipd.12490

88. Early Childhood Caries: IAPD Bangkok Declaration. Pediatr Dent.

(2019) 41:176–78.

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2019 Pierce, Singh, Lee, Grant, Cruz de Jesus and Schroth. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Public Health | www.frontiersin.org 16 November 2019 | Volume 7 | Article 328

https://doi.org/10.1542/peds.2006-3084
https://doi.org/10.3109/00016357.2013.822548
https://doi.org/10.1159/000224214
https://doi.org/10.1177/0022034512444929
https://doi.org/10.1159/000189704
https://doi.org/10.1016/j.pcl.2018.05.004
https://doi.org/10.1111/apa.13118
https://doi.org/10.1016/j.acap.2016.10.02
https://doi.org/10.1177/2380084418824262
https://doi.org/10.1177/0022034519834518
https://doi.org/10.1016/j.annepidem.2015.03.020
https://doi.org/10.1111/ped.13801
https://doi.org/10.1186/s12903-018-0693-1
https://doi.org/10.1111/omi.12152
https://doi.org/10.1177/0022034515620779
https://doi.org/10.1111/jphd.12137
https://doi.org/10.1542/peds.2013-3725
https://doi.org/10.17269/cjph.107.5299
https://doi.org/10.1111/ipd.12490
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	The Burden of Early Childhood Caries in Canadian Children and Associated Risk Factors
	Introduction
	Methods
	Results
	Risk Factors
	Nutrition and Well-Being
	Microbiome

	Discussion
	Conclusion
	Author Contributions
	Acknowledgments
	References


