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Abstract

Background: Although oral health has improved remarkably in recent decades, not all populations have benefited
equally. Ethnic identity, and in particular visible minority status, has been identified as an important risk factor for
poor oral health. Canadian research on ethnic disparities in oral health is extremely limited. The aim of this study
was to examine ethnic disparities in oral health outcomes and to assess the extent to which ethnic disparities could
be accounted for by demographic, socioeconomic and caries-related behavioral factors, among a population-based
sample of grade 1 and 2 schoolchildren (age range: 5-8 years) in Alberta, Canada.

Methods: A dental survey (administered during 2013-14) included a mouth examination and parent questionnaire.
Oral health outcomes included: 1) percentage of children with dental caries; 2) number of decayed, extracted/missing (due to
caries) and filled teeth; 3) percentage of children with two or more teeth with untreated caries; and 4) percentage of children
with parental-ratings of fair or poor oral health. We used multivariable regression analysis to examine ethnic disparities in oral
health, adjusting for demographic, socioeconomic and caries-related behavioral variables.

Results:We observed significant ethnic disparities in children’s oral health. Most visible minority groups, particularly Filipino
and Arab, as well as Indigenous children, were more likely to have worse oral health than White populations. In particular,
Filipino children had an almost 5-fold higher odds of having severe untreated dental problems (2 or more teeth with
untreated caries) than White children. Adjustment for demographic, socioeconomic, and caries-related behavior variables
attenuated but did not eliminate ethnic disparities in oral health, with the exception of Latin American children whose
outcomes did not differ significantly from White populations after adjustment.

Conclusions: Significant ethnic disparities in oral health exist in Alberta, Canada, even when adjusting for demographic,
socioeconomic and caries-related behavioral factors, with Filipino, Arab, and Indigenous children being the most affected.
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Background
Although dental caries, also known as cavities or tooth
decay, is largely preventable, it remains the preeminent oral
disease of childhood and adolescence [1]. Dental caries
negatively affects children’s oral health-related quality of
life, causing disturbances such as pain, impaired speaking,
eating and sleeping disruptions [2, 3] and poor school per-
formance [4].
In recent decades, remarkable progress has been made in

improving oral health; however, not all populations have
benefited equally. Dental caries is disproportionately experi-
enced by socially disadvantaged individuals, such as those
of lower socioeconomic position, and/or within certain
ethnic groups [1, 5, 6]. Canadians from lower income fam-
ilies have almost two times worse dental health outcomes
compared to higher income Canadians [7]. One important
contributor to poor dental health among socially disadvan-
taged populations in Canada is limited access to dental care.
Most dental services in Canada are privately financed.
Although a small proportion of dental services are federally
or provincially funded, not all vulnerable Canadians are
eligible [8].
The present study focuses on ethnicity. An ethnic group

may be defined as a category of people who identify with
each other based on similarities, such as common lan-
guage, ancestral, social, cultural, or national experiences
[9]. According to Statistics Canada, the White population
refers to those who identify as Caucasian in race or white
in color, whereas the visible minority population includes
persons who are non-Caucasian in race or non-white in
colour and who do not report being Indigenous [10].
Ethnicity is a significant determinant of oral health in
numerous countries, and visible minority status is a well-
documented risk factor, or marker of risk, for poor oral
health [11].
There is important theoretical and empirical literature

on ethnic health inequalities, which considers how social
exclusionary processes such as labour market segregation,
unemployment and income inequality, and poverty dis-
proportionately impact racialized and immigrant groups,
and translate into health disparities [12]. Published studies
from the United States (U.S.) have highlighted several fac-
tors as relevant for explaining ethnic disparities in oral
health, including socioeconomic conditions, health liter-
acy, educational attainment, dental insurance, language
barriers, and cultural characteristics [13–15]. Some behav-
iors were also identified as relevant to understanding or
explaining ethnic inequalities in oral health, such as poor
dental hygiene behavior, sugary dietary habits and early
childhood bottle-feeding practices [16–18].
Several studies have examined the association between

ethnicity and oral health outcomes, though they differ in
how they define ethnicity. Research using population-based
samples from the United States (U.S.), United Kingdom

(U.K.) and elsewhere has documented that, in general, vis-
ible minority populations experience poorer oral health
compared to White populations. In the U.S., research has
focused on health disparities between White, Black, and
non-white Hispanic children under 18 years old and found
that Black and non-white Hispanic children experienced
poorer dental health than White children. Further, these
inequalities were found to be largely attributable to socio-
economic determinants such as income and health insur-
ance [19–21]. In the U.K., research has shown that among
preschool children, certain ethnic minority groups, such as
Asian Pakistani, Asian Bangladeshi, Black and Caribbean
populations, experienced significantly higher rates of caries
than their White British counterparts [22]. On the other
hand, in a recent study using a national U.K. sample, better
oral health was observed among non-White compared to
White adult groups, and these differences were partially
explained by reported differences in dietary sugar [23].
While patterns of ethnic inequalities in oral health observed
in other countries (e.g., the U.S., the U.K.) may apply to the
Canadian situation, they also may not because of important
differences in the ethnic composition of the countries. In
the U.S., much quantitative health research classifies people
by race, using large categories such as White, Black, and
Hispanic [24]. In Canada, in contrast, a more common
classification is White, Indigenous, and visible minorities,
with examples of the latter category including Filipino,
Chinese, and South Asian (e.g., Indian, Bangladeshi) [10].
There is very little Canadian research on ethnic disparities

in oral health, which in part reflects data limitations –
namely, the limited number of population-based surveys that
contain data on ethnic identity and clinician-assessed oral
health outcomes. The limited Canadian research on this sub-
ject constitutes an important knowledge gap. Canada is one
of the most ethnically diverse countries in the world. The
proportion of visible minorities has increased significantly
over the past few decades, both in Canada and within the
province of Alberta, where our study is situated. By 2031,
Statistics Canada projects that close to 30% of the Canadian
population and 25% of Alberta’s population will be a member
of a visible minority group [25]. Therefore, greater under-
standing of ethnic disparities in oral health in Alberta and
Canada is important to inform future policies and programs.
The primary objective of this study was to examine,

amongst a population-based sample of grade 1 and 2
schoolchildren, ethnic disparities in oral health. The second-
ary objective was to assess the extent to which ethnic dispar-
ities in oral health could be accounted for by demographic,
socioeconomic, and caries-related behavioral factors.

Methods
Data source
Data analyzed for this paper were drawn from a larger
cross-sectional study, the objective of which was to
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explore the implications of cessation of community
water fluoridation for children’s dental caries experience
[26, 27]. The target population was children in grades 1
and 2 attending school in the Public or Catholic school
system in the cities of Calgary and Edmonton, Alberta,
Canada. Calgary and Edmonton are the two largest cities
in the province of Alberta and are both large urban cen-
tres with diverse demographic profiles.
Data were collected during 2013/14. A multistage prob-

ability sampling strategy was used. Within each city, schools
were stratified into quartiles based on the median house-
hold income of the neighbourhood in which the school was
located, and schools were selected randomly from each
quartile (strata). Within sampled schools, all children of
eligible grades were invited to participate. In the end, 125
(out of 220) and 117 (out of 218) schools participated in
Calgary and Edmonton respectively. The overall school-
level response rates were 57.3% and 54.1% in Calgary and
Edmonton, respectively. The overall student-level response
rates within participating schools were 49.1% and 47.0% in
Calgary and Edmonton, respectively.
Data collection included both an mouth examination

and a structured Alberta Oral Health Questionnaire com-
pleted by respondents’ parents. The total number of
records in the original dataset was 8641, of which 7548
students had mouth examination data and 8419 students’
parents completed the parent questionnaire. A total of
6884 students had data from both the parent question-
naire and the mouth examination (with both primary and
permanent teeth), and constituted the initial sample for
the present study.
The mouth examination was conducted at school by 5

trained and calibrated assessment teams (3 teams in Calgary
and 2 teams in Edmonton), each consisting of a registered
dental hygienist and a clerk. The mouth examination
followed the caries diagnostic criteria [28, 29] to yields caries
experience using the traditional deft/DMFT index (i.e.,
decayed, extracted/missing (due to decay), and filled teeth
(primary and permanent)). All five assessment teams were
trained together in the protocol and received both theoret-
ical and hands-on calibration. Specifically, the theoretical
calibration occurred for everyone together; the hands-on
calibration occurred in two locations (all Calgary teams and
all Edmonton teams), 1 day apart, by the same calibrator.
The calibrator is a public health dentist with considerable
experience in survey calibration and extensive knowledge
and background in survey methodology. Signed parental
consent and verbal child assent were secured.
Data collection also included a hard-copy questionnaire,

which was distributed at school, completed by parents,
and returned via mail. The questionnaire included items
in the following domains: parent reports of children’s den-
tal health; visits to dental health professionals; child’s food
and beverage consumption; child’s use of fluoride; place of

residence and drinking water source; and socio-demographic
information. Specific variables from the questionnaire that
were used in the present study are described below.

Variables
Oral health outcomes
The deft/DMFT index is a commonly used index for
cumulative measures of dental caries in populations and
represents the total number of decayed (cavitated) (d/D),
extracted/missing (e/M, due to decay) and filled (f/F)
teeth. The lowercase letters (deft) refer to primary teeth,
whereas the capitalized letters (DMFT) refer to perman-
ent teeth.
We used four oral health outcomes. Three of these were

“clinician-assessed” based on the results from the mouth
examination: 1) caries prevalence, or the percentage of
children with some caries experiences (i.e., percent with
deft/DMFT >0); 2) number of decayed, extracted/missing
(due to decay) and filled teeth (deft/DMFT); and 3) the
percentage of children with two or more teeth (primary or
permanent) with untreated caries (i.e., percent with 2 or
more d or D). The fourth outcome was “parent percep-
tion” based on questionnaire responses (“In general, how
would you rate the health of your child’s mouth, including
his/her teeth, tongue, gums, lips, and jaw joint?” [excellent
/ very good / good / fair / poor]). For this outcome, we
used the percentage of children rated by their parents as
having fair or poor oral health.

Primary independent variable: Ethnicity
Ethnic identity, as reported on the parent questionnaire, was
the primary independent variable in this study. Additional
file 1: Appendix A presents the question used, which was
drawn from Cycle 1 of the Canadian Health Measures
Survey (CHMS), household interview [30]. Statistics Canada
questionnaire items, including those used in the Canadian
Health Measures Survey, underwent extensive field testing
prior to use, thus enhancing their reliability and validity [31].
Briefly, parents were asked to select all that apply amongst
15 “ethno-cultural background” groups (see Additional file
1: Appendix A). For those whose parents selected “other-
specify” and provided a written response, we re-classified
ethnic group into an existing category when possible. For
example, we reclassified one written response of “Barbados”
to the existing category of Latin America, based on geo-
graphic location. Other responses of “other” were either
excluded if too few in number, or classified as “mixed ethnic
group” (see below).
We restricted our analysis to ethnic groups with a

sample size of at least 100; these included: White, South
Asian, Filipino, Chinese, Black, Arab, Latin American,
and Indigenous. The minimum of 100, though somewhat
arbitrary, gave us balance between the number of ethnic
groups available to examine (a higher minimum number
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would have meant fewer groups) and reasonable sample
size for multivariate analysis. We combined First Nations,
Métis and Inuit into one group of Indigenous.1 Though the
sample size was slightly smaller than 100 (n = 95), we
included Indigenous children in our study because of the
unique importance of that identity in Canada [32, 33]. It is
important to note that the Indigenous children included in
this study live in two urban areas (Calgary and Edmonton);
Indigenous children living on reserves were not part of the
sampling frame. Finally, we aggregated all children whose
parents selected more than one (two or more) ethnic group
into one group, which we called “mixed ethnic group”.

Caries-related behavioral variables
We considered three caries-related behavioral variables, all
of which were included in the parent questionnaire. All
caries-related behavioral variables were dichotomous for the
purpose of analysis, which reflects our desire for a balance
between capturing some differential exposure and retaining
a parsimonious model (avoiding multiple categories of mul-
tiple covariates).
The first variable is tooth brushing: less than twice per day

versus twice or more per day, based on recommendations
by the Canadian Dental Association and dental public health
organizations [7]. Second, we considered children’s parent-
reported consumption frequency of sugar-sweetened bever-
ages (regular [non-diet] soft drinks, soda pop, sports drinks,
fruit-flavoured drinks), which has been shown to increase
the risk of developing dental caries [1]. We constructed a
two-level indicator: low/medium (less than 4 times per
week) versus high (4 or more times per week). Third, we
considered regular visits to a dental professional, and con-
structed a two-level indicator: one or more routine dental
visits (including preventive or treatment-based visits, exclud-
ing emergency visits) in the past year, versus no routine den-
tal visit in the past year.

Socioeconomic variables
We examined three indicators of socioeconomic circum-
stances. As with the caries-related behavioral variables, all
socioeconomic variables were dichotomous: 1) highest level
of household educational attainment (higher than high
school diploma versus high school diploma or less); 2)
dwelling ownership (owned with or without mortgage ver-
sus non-owned); and 3) dental insurance status (uninsured
versus insured with public or private insurance). Although
dental insurance is not a direct marker of socio-economic
status, we opted to include it because it gives an indication
of resources that permit some access to dental services.

Other covariates
Other variables included in analyses were children’s age in
years, sex (male, female), and city (Calgary or Edmonton).

Data analysis
All data analyses were carried out using STATA 14 survey
commands. Two-tailed p values of less than 0.05 were
considered statistically significant. Sampling weights were
developed to account for the clustered sampling design
(probability weights) and to account for imbalances in
participants’ socioeconomic status (post stratification
weights, with post-strata corresponding to the median
household income of the neighborhood [census dissemin-
ation area] in which the school was located).
First, to characterize the sample, the distribution of oral

health outcomes, socioeconomic and caries-related behav-
iors variables was examined across all ethnic groups. For all
comparisons, we used the chi-square test (for categorical
variables) with Rao-Scott corrections [34] to account for
the complex survey design, and the Kruskal Wallis test (for
skewed count variable) to determine whether the differ-
ences between ethnic groups were statistically significant.
Then, multivariable regression analysis was used to achieve

the main study objectives (i.e., to examine the effect of ethni-
city on oral health, and to assess whether or the extent to
which the effect could be accounted for by demographic,
socioeconomic, and some caries-related behavioral variables).
We used binary logistic regression for the following out-
comes: children with dental caries (outcome 1), children with
≥2 teeth with untreated caries (outcome 3), and children
with parent-rated fair or poor oral health (outcome 4).
Because caries experience (count of deft/DMFT, outcome 2)
is an over-dispersed count variable with excess zeroes, the
zero-inflated negative binomial (ZINB) regression was used,
in which the same sets of independent variables were used in
both the counting and inflated model components in ZINB
regression [35]. The odds ratios (ORs) from the logistic
regression component of the ZINB regression were identical
to the inverse of the ORs from the binary logistic regression
for caries prevalence (outcome 1); therefore, we do not
present the binary logistic regression output in ZINB.
For each of the four oral health outcomes, we ran three

regression models. Each successive model contained an
additional block of covariates, which permitted us to see
whether/to what extent the effect of ethnicity on oral
health changed as additional blocks of covariates were added
(i.e., demographic [model 1], socioeconomic [model 2], and
caries-related behaviors [model 3]). Each successive model
included the covariate block(s) from the previous models,
such that model 3 is the fully-adjusted model. We also
report fit indices (c statistic, and Root Mean Square Error)
for our fully adjusted models.

Ethics
The original study received approval from the Conjoint
Health Research Ethics Board at the University of Calgary
(ID E-25219) and the Health Research Ethics Board at the
University of Alberta (ID Pro00037808).
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Results
Description of the sample: Missing data, ethnic identity
distribution, and comparison with national population
estimates
Of the 6884 participants who had the data from both parent
questionnaire and mouth examination (with both primary
and permanent teeth), our analytic sample size was n = 5600
(see Additional file 2: Figure S1 for a flow chart of exclu-
sions). There are some similarities and some differences
between those with complete data (n = 5600) and those with
missing covariate data (n = 792, which is the most important
reason for excluding participants, see Additional file 2:
Figure S1). Specifically, compared to those with missing
covariate data, those with complete data had a higher per-
centage of White (51.8% versus 31.8%), and lower percent-
ages of South Asian (13.5% versus 23.2%), Black (4.4%
versus 9.4%), Arab (3.8% versus 6.2%), and Indigenous (2.3%
versus 4.1%) ethnicities. There were no significant differ-
ences in percentages of Filipino, Chinese, Latin America or
mixed ethnic group populations, between those with
complete versus missing covariate data. In terms of oral
health outcome variables, the percentage of children having
at least two teeth with untreated caries (outcome 3) was
significantly lower among those with complete data, com-
pared to those with missing covariate data, (16.5% vs
20.9%). There were no other differences between those with
complete versus missing covariate data on the other oral
health outcome variables.
Sample size is often calculated before the study to iden-

tify the minimum sample size to reject the null hypothesis
with desired power and statistical significance. However,
in our study, we have tried to recruit all the grade 1 and/
or 2 students in our study population and aimed to assess
the effect of ethnicity on children’s oral health outcomes
without a predetermined hypothesis since this study is
exploratory/non-hypothesis driven in nature. Therefore,
our main consideration for sample size is the stability of
model, which indicates whether the model parameters can
be estimated from the data.
In logistic regression (our study used the multivariable

logistic regression), a common used rule to determine the
stability of model estimation is the ratio of minimum
(events, non-events) to number of candidate parameters in
the model. Among our health outcomes, the outcome of
parent-rated fair or poor oral health status has the most
unbalanced distribution of outcome (10.4% of n = 5600
reported fair or poor oral health status, shown in Table 1).
In our most complex model (i.e., fully adjusted model
(model 3)), we had 20 parameters (including intercept par-
ameter). The calculated ratio in our study is around 29
(5600*0.104/20 = 29.12), which is higher than the suggested
value of at least 20, which were suggested by van der Ploeg
et al. [36]. Therefore, our study had enough power to get
the stable estimate from the model.

Across our study sample (n = 5600), 74.7% of children
were age 7 or 8 years. The sex breakdown was similar
across ethnic groups (nearly half males). Ethnicity was
distributed across our sample as follows: 51.8% White,
13.4% South Asian, 6.2% Filipino, 5.1% Chinese, 4.4%
Black, 3.8% Arab, 3.1% Latin America, 2.3% Indigenous
and 9.9% mixed ethnic groups. For purpose of comparison
with population estimates (the 2011 National Household
Survey), we also examined the ethnicity distribution across
the full sample (i.e., sample including those whose ethni-
city fell into a smaller group (n < 100), and those whose
ethnicity was recorded as “other” and could not be re-
classified into an existing category, see Additional file 2:
Figure S1). The percentages of different ethnic groups in
our full sample versus the 2011 National Household Survey
(NHS) for the same geographic regions (i.e., Calgary and
Edmonton combined) were: White: 49.5% (our sample)
versus 59.2% (NHS); South Asian: 12.8% versus 9.0%;
Filipino: 5.9% versus 3.8%; Chinese: 4.9% versus 3.9%; Black:
4.2% versus 4.4%; Arab: 3.7% versus 2.3%; Latin America:
2.9% versus 1.9%; Indigenous: 2.2% versus 5.9%; and mixed
ethnic group: 9.4% versus 6.1%.

Descriptive statistics for oral health outcomes and covariates
Table 1 shows the distribution of oral health outcomes,
sociodemographic variables and caries-related behaviors
across different ethnic groups. Overall, 56.7% of children
were affected by dental caries, and the average number of
teeth with caries experience (deft/DMFT) was 2.71 (2.59
for primary (deft) and 0.12 for permanent (DMFT)). For
children with dental caries experience (deft/DMFT > 0),
the average number of teeth with dental caries was 4.76
(4.55 for deft and 0.21 for DMFT). 16.5% of children had
at least 2 teeth with untreated caries (d or D), and 10.4%
of children were rated by their parents as having “fair or
poor” health of teeth and mouth.
Table 1 also shows that there were significant differ-

ences between ethnic groups in all oral health outcomes,
caries-related behaviors and socioeconomic factors (Table 1).
In particular, Filipino, Arab, and Indigenous children had the
worst clinician-assessed oral health outcomes (i.e., dental car-
ies prevalence, average count of deft/DMFT, and percent
with 2 or more teeth with untreated caries) while Chinese
children were most likely to have “fair or poor” oral health
ratings from their parents. Based on parental reports, South
Asian, Latin America, Black, and Arab children had lower
rates of having dental insurance (72.3%, 73.6%, 74.2% and
75.0%, respectively) compared to other ethnic groups. In
terms of household educational attainment, Indigenous and
Black children were most likely (40.8% and 32.5%, respect-
ively) and Filipino children were least likely (7.0%) to fall into
the lowest household educational attainment category (high
school diploma or less). Indigenous and Black children were
most likely (78.7% and 64.2% respectively) and Chinese
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children were least likely (9.8%) to live in homes that were
not owned by their families. Filipino children were most
likely (90.8%) to brush their teeth at least twice per day, while
Chinese andWhite children had the lowest consumption fre-
quency of sugar-sweetened beverages (15.6% and 10.3% with
reported consumption of 4 or more times per week, respect-
ively). Just over half (54.3%) of South Asian children had one
or more routine dental visits in the past year, which was
much lower than the other ethnic groups.

Regression analysis
Table 2 shows the results of binary logistic regression
and zero-inflated negative binomial (ZINB) regression
analyses. Ethnic disparities were apparent for all four
oral health outcomes. The predominant pattern was that
most visible minority populations, except for Latin
American children, had worse oral health outcomes than
White populations. Indigenous and mixed ethnic groups
also had worse oral health outcomes than White popula-
tions. Overall, most effects attenuated but persisted
(remained statistically significant) with consecutive
adjustment for blocks of covariates (i.e., from model 1 to
3). Focusing on the fully-adjusted models (model 3), for
outcome 1 (dental caries prevalence), children in South

Asian, Filipino, Chinese, Arab, Indigenous and mixed
ethnic groups were significantly more likely to have car-
ies experience (deft/DMFT > 0) compared to White chil-
dren, whereas Black and Latin American children did
not significantly differ from White children. For out-
comes 2 and 3 (i.e., average count of deft/DMFT and 2
or more teeth with untreated caries, respectively), most
visible minority groups (except for Latin American chil-
dren), as well as Indigenous children and children classi-
fied as mixed ethnicity, were significantly more likely to
have poorer oral health outcomes than White children
after full adjustment. For outcome 4 (parent-rated fair or
poor oral health status), South Asian, Filipino, Chinese
and Indigenous children were more likely to have parent
ratings of “fair or poor” oral health than White children,
whereas Black, Arab, Latin American and mixed ethnic
children did not differ significantly from White children.
For some ethnic groups, the parent-rated outcome

(i.e., outcome 4) appeared somewhat inconsistent with
the clinician-assessed outcomes (i.e., outcomes 1-3).
Specifically, although we did not directly compare across
ethnic groups, we noted that Filipino children had the
highest coefficients for untreated dental problems (e.g.,
OR = 4.77 relative to Whites, see Table 2, outcome 3,

Table 1 Descriptive statistics (mean or %) of weighted sample: oral health outcomes, socio-demographic and caries-related behaviours
variables, by ethnic group
Variables Ethnic groups

All White South Asian Filipino Chinese Black Arab Latin America Indigenous Mixed ethnic P-value

(n = 5600) (n = 2944) (n = 771) (n = 345) (n = 301) (n = 241) (n = 193) (n = 166) (n = 95) (n = 544)

Oral health outcomes

Children with dental caries, % 56.7 49.2 60.2 76.1 70.0 58.3 81.9 54.1 81.9 57.0 <0.001

Average count of deft/DMFT 2.71 2.0 2.9 5.2 3.7 2.8 4.7 2.2 5.5 2.8 <0.001

Average count of deft/DMFT
if deft/DMFT > 0

4.76 4.0 4.9 6.9 5.2 4.9 5.7 4.1 6.7 4.9 <0.001

≥ 2 teeth with untreated
caries, %

16.5 9.6 25.0 38.3 18.1 23.9 29.5 15.9 32.4 14.9 <0.001

Parent-rated oral health (fair
or poor), %

10.4 7.5 14.2 14.8 20.3 8.8 14.2 11.1 22.3 8.8 <0.001

Sociodemographic variables

Age (≥ 7 years), % 74.7 75.3 71.8 82.6 72.0 69.5 77.7 71.8 71.2 74.4 0.025

Male, % 49.6 50.2 48.2 48.2 50.7 45.1 54.7 44.4 44.5 51.6 0.201

Having dental insurance, % 84.7 89.6 72.3 85.3 85.5 74.2 75.0 73.6 89.3 85.7 <0.001

Highest level of educational
attainment in household
(high school diploma
or less), %

14.8 12.3 14.6 7.0 15.5 32.5 22.6 17.2 40.8 14.7 <0.001

Dwelling ownership of family
(non-owned), %

30.1 21.6 35.6 43.4 9.8 64.2 51.2 54.0 78.7 27.2 <0.001

Caries-related behaviors

Brushing teeth twice or more
times per day, %

62.8 62.8 55.4 90.8 70.6 67.4 32.9 67.6 36.7 65.6 <0.001

Sugar sweetened beverage consumption
(high level), %

23.0 10.3 41.1 41.1 15.6 58.8 48.1 37.9 53.2 20 <0.001

One or more routine dental visits in the past
year, %

77.2 85.3 54.3 69.8 83.8 64.2 66.9 66.2 63.7 83.2 <0.001

NOTE: for the purpose of summarizing results in the text, we use the term “visible minority” to describe all groups except White and Indigenous [10]. We also considered the
mixed ethnicity category separately
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model 3), while their coefficients for parent-rated oral
health were more similar to those of other ethnic groups
(e.g., OR = 2.25 relative to Whites, see Table 2, outcome
4, model 3). On the other hand, Chinese children had
the highest coefficients for parent-rated oral health (e.g.,
OR = 3.97 relative to Whites, see Table 2, outcome 4,
model 3), while their coefficients for untreated dental
problems were more similar to those of other ethnic
groups (e.g., OR = 1.84 relative to Whites, see Table 2,
outcome 3, model 3).
Focusing on model 3 (fully adjusted by all covariates),

the c statistics for outcomes 1, 3, and 4, using logistic
regression, are 0.63, 0.73, and 0.67 respectively, which
indicates modest discrimination ability. The root mean
square error (RMSE) for zero-inflated negative binomial
(ZINB) model on the outcome 2 is 3.18.

Discussion
The results of this study show that ethnic disparities in
children’s oral health were present in the urban settings
of Calgary and Edmonton, Canada. Among grade 1 and
2 schoolchildren, members of certain visible minority
groups (i.e., South Asian, Filipino, Chinese, Black, Arab),
as well as members of Indigenous, and mixed, ethnic

groups, were more likely to have dental caries experience
(deft/DMFT) and untreated dental problems, compared
to children identified as White. Members of Filipino,
Arab and Indigenous groups were particularly affected.
One exception was Latin American children, who did not
differ significantly from White children on oral health out-
comes. Visible minority and Indigenous populations in
our sample tended to have lower socioeconomic status
and poorer caries-related behaviors compared to White
populations. However, even after adjusting for these
covariates, most of the significant ethnic disparities in oral
health persisted. Perhaps most notably, in fully adjusted
models (model 3), Filipino children remained far more
likely than White children to have untreated dental prob-
lems (outcome 3). The reasons for the particularly large
effects observed in the Filipino children in our study are
unknown but their magnitude merits further study.
Socioeconomic factors are strong determinants of oral

health as documented in both Canadian and international
literature [7, 37, 38]. It is also well established that visible
minority groups and Indigenous people are more likely to
experience lower socioeconomic position compared to
White populations [39]. Therefore, it is important to under-
stand whether or the extent to which the socioeconomic

Table 2 Associations (odds ratio (OR) or incidence rate ratio (IRR)) between oral health outcomes and ethnicity identity, adjusting
for increasing number of covariates

Models Ethnic groups (reference group: White)

South Asian Filipino Chinese Black Arab Latin America Indigenous Mix ethnic

Outcome 1: Children with dental caries - OR (95% CI)

Model 1 1.55 (1.32, 1.82) 3.52 (2.82, 4.39) 2.37 (1.92, 2.93) 1.50 (1.17, 1.92) 3.80 (2.82, 5.14) 1.16 (0.90, 1.51) 4.52 (2.96, 6.90) 1.33 (1.14, 1.56)

Model 2 1.50 (1.28, 1.76) 3.40 (2.70, 4.28) 2.51 (2.02, 3.12) 1.26 (0.95, 1.67) 3.38 (2.51, 4.55) 1.12 (0.87, 1.45) 3.96 (2.50, 6.28) 1.32 (1.12, 1.56)

Model 3 1.51 (1.27, 1.79) 3.18 (2.48, 4.08) 2.61 (2.07, 3.28) 1.15 (0.83, 1.59) 3.71 (2.67, 5.17) 1.11 (0.84, 1.46) 3.43 (2.11, 5.59) 1.33 (1.12, 1.58)

Outcome 2: Caries experience (count of deft/DMFT) - IRR (95% CI)

Model 1 1.21 (1.13, 1.30) 1.83 (1.71, 1.95) 1.34 (1.24, 1.44) 1.24 (1.12, 1.37) 1.50 (1.35, 1.66) 1.05 (0.91, 1.21) 1.83 (1.64, 2.05) 1.25 (1.17, 1.35)

Model 2 1.21 (1.13, 1.30) 1.80 (1.69, 1.93) 1.38 (1.28, 1.49) 1.15 (1.03, 1.27) 1.41 (1.27, 1.56) 1.00 (0.87, 1.16) 1.61 (1.43, 1.82) 1.24 (1.15, 1.33)

Model 3 1.23 (1.14, 1.32) 1.80 (1.66, 1.94) 1.40 (1.30, 1.51) 1.13 (1.01, 1.28) 1.36 (1.22, 1.52) 0.99 (0.85, 1.15) 1.58 (1.39, 1.79) 1.23 (1.14, 1.32)

Outcome 3: ≥ 2 teeth with untreated caries – OR (95%CI)

Model 1 3.04 (2.53, 3.65) 6.14 (4.95, 7.62) 2.14 (1.65, 2.76) 3.00 (2.29, 3.94) 3.66 (2.57, 5.22) 1.68 (1.18, 2.39) 3.96 (2.48, 6.34) 1.60 (1.25, 2.05)

Model 2 2.63 (2.17, 3.17) 5.50 (4.42, 6.86) 2.34 (1.82, 3.03) 2.21 (1.64, 2.98) 2.92 (2.07, 4.13) 1.33 (0.93, 1.91) 2.51 (1.45, 4.36) 1.50 (1.16, 1.93)

Model 3 1.95 (1.58, 2.40) 4.77 (3.71, 6.13) 2.41 (1.84, 3.15) 1.62 (1.15, 2.28) 2.17 (1.47, 3.20) 1.13 (0.78, 1.65) 2.00 (1.11, 3.61) 1.49 (1.15, 1.92)

Outcome 4: Fair or poor oral health status – OR (95%CI)

Model 1 2.08 (1.70, 2.55) 2.13 (1.64, 2.77) 3.24 (2.52, 4.16) 1.32 (0.93, 1.87) 2.03 (1.38, 3.00) 1.50 (1.06, 2.13) 4.58 (3.11, 6.74) 1.25 (0.98, 1.60)

Model 2 1.83 (1.49, 2.25) 2.00 (1.51, 2.66) 3.65 (2.80, 4.75) 0.91 (0.63, 1.33) 1.44 (0.96, 2.16) 1.16 (0.82, 1.65) 3.24 (2.18, 4.82) 1.19 (0.92, 1.54)

Model 3 1.52 (1.20, 1.94) 2.25 (1.64, 3.09) 3.97 (3.02, 5.20) 0.86 (0.56, 1.31) 1.05 (0.65, 1.68) 1.20 (0.83, 1.72) 2.43 (1.57, 3.77) 1.25 (0.96, 1.63)

Covariates adjustment:

Model 1: age, sex and city.

Model 2: Model 1 covariates + highest level of educational attainment, dwelling ownership, and dental insurance.

Model 3: Model 2 covariates + frequency of tooth-brushing/day, routine dental visit in past year, sugar sweetened beverage consumption.

NOTE: for the purpose of summarizing results in the text, we use the term “visible minority” to describe all groups except White and Indigenous [10]. We also
consider the mixed ethnicity category separately
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factors could account for observed ethnic disparities in chil-
dren’s oral health. Overall, a large body of U.S. research
shows that socioeconomic factors could account for much
of the oral health differences between Black and White pop-
ulations, and in fact they fully accounted for Black / White
differences in some studies [18, 21]. In some contrast, in our
study, the socioeconomic factors accounted for only a small
part of the ethnic disparities in oral health (i.e., results from
model 1 to 2). The differences between the two countries
may reflect, in part, that axes of ethnic identity and socio-
economic status are more independent of one another in
Canada than in the U.S. They could also reflect methodo-
logical limitations of our study, which are discussed in more
detail below.
Evidence exists to suggest that certain behaviors are

important risk factors for developing dental caries [40].
The results of our study show that there were significant
ethnic disparities in some oral health-related behaviors,
such as daily tooth-brushing and sugar-sweetened drink
consumption. After adjusting for those behaviors, ethnic
disparities in oral health outcomes were attenuated but
did not disappear. These findings suggest that, in Canada,
there must be other potential factors driving ethnic dispar-
ities in oral health, which were not included in our study.
Examples might include aspects of a cariogenic diet other
than sugar-sweetened beverages, such as consumption of
candy or night time meals or drinks, which have been
shown to increase the risk of developing dental caries [40],
or practice and duration of infant feeding (i.e., breast, bottle
or mixed). For example, studies have shown that breast-fed
children were less affected by dental caries than bottle-fed
children [31] and children who were never breast-fed or
who were breast-fed for more than 24 months had a higher
prevalence of dental caries, compared to children who were
breast-fed for 24 months or less [17, 40, 41].
This study included both clinician-assessed and parent-

rated outcomes of oral health. Clinical data are important
for disease identification, while parent perception measures
may reflect or influence oral health-related behaviors (in-
cluding visits to dental professionals) and in turn, oral health
itself [42]. Our results showed, in some cases, apparent
inconsistencies between the two types of measures, specific-
ally within Filipino and Chinese children. Understanding the
differences in meaning and implications of clinician-assessed
and parent perception measures may shed light on steps
that need to be taken to improve oral health in the different
ethnic groups.
Even though the number of Indigenous children in this

study was smaller than other ethnic groups and fell below
our working cut-off (n < 100), we included them as a distinct
group because of their unique cultural heritage and identity
in Canada [32]. Other research has shown that Indigenous
people experience higher rates of dental caries than other
Canadians [33], and these inequalities are evident for both

Indigenous persons living in urban areas and those living in
remote First Nations and Inuit communities [7, 43, 44]. This
study only sampled Indigenous children who were living in
urban areas (Calgary and Edmonton) and results showed
that among those children, 81.9% had dental caries experi-
ence (deft/DMFT > 0) and an average of 5.5 teeth (either
primary or permanent) were affected by dental caries. These
estimates are slightly lower than national estimates from the
Canadian Health Measures Survey (CHMS, 2007-09), where
89.2% of Indigenous children aged 6-11 years (excluding
those who was living on reserves) had caries experience,
and there was an average of 6.62 teeth (either primary or
permanent) affected by dental caries [7]. The difference in
age group between our sample and that of the CHMS
could partly explain the differences. Additional research
on reasons and potential solutions for poor oral health
among Indigenous Canadians is a very important priority.
This research has limitations. First, these data are cross-

sectional. Although we can rule out ethnicity being caused by
oral health indicators, conclusions about causal relationship
cannot be drawn in terms of potentially important covariates
unmeasured in this study, such as infant feeding practices.
Second, amongst the five assessment teams who collected

the mouth examination data for this study, inter- and intra-
examiner reliability is unknown. Although all teams under-
took consistent calibration, within a short window of time,
and by the same expert calibrator; inconsistencies within
and between raters could influence the validity and reliability
of our findings. Third, because our study is a secondary ana-
lysis of data collected for another purpose, we were unable
to include other variables that may have been uniquely
important for the present study; examples may include
infant feeding practices, toddlers’ age at first tooth, or night
time meals or drinks. These factors have been found to have
a significant association with dental caries at school age in
other research [45] and may help explain the remaining
ethnic disparities observed here.
Fourth, some of our variables had limitations, for example,

our dental insurance indicator combined public and private
forms of insurance, which can differ substantially in terms
of coverage [8]. The indicator of one or more routine dental
visits in the past year conflates preventive and treatment
activities that may have taken place during the visit, and
there may be important differences between the two. Ethnic
identity, like all self-reported items, may be subject to some
reporting bias. In our study, however, ethnicity is self-
identified and we included ‘select all that apply’ as well as an
open-ended ‘other’ category, which theoretically should
improve respondents’ ability to convey the ethnic group(s)
with which they align. Other reported variables, such as
dental hygiene behaviours, may be subject to social desirabil-
ity bias; however, the anonymous nature of our survey
would be expected to reduce that bias to some extent. Fifth,
minority groups of Southeast Asian, Korean and Japanese
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children were not included in our study due to small num-
bers in our sample. We made the decision to group together
those children whose parents selected more than one single
ethnic group (i.e., mixed ethnic group); we recognize that
that group would have had significant, though not easily in-
terpretable, heterogeneity. Lastly, based on response rates,
one might be concerned about bias in our sample. However,
examination of participation rates by income quartile, school
system, and geographic area did not reveal any obviously
biased patterns.2 Also, post stratification weights by income
quartile were applied to data analysis to address participa-
tion disparities by participants’ socioeconomic status.
A strength of the study is its novelty: we are not aware

of any other published Canadian reports on ethnic dispar-
ities in oral health in a population-based sample of chil-
dren that include a mouth examination. In light of its
inclusion of both clinician-assessed oral health data and
ethno-cultural information available, this study is the first
to report the ethnic disparities in oral health in Canada.

Conclusions
This population-based, cross-sectional study demonstrated
that ethnic disparities in children’s oral health exist in
Canada; specifically, among grade 1 and 2 schoolchildren in
urban settings in the province of Alberta. Adjustment for
demographic, socioeconomic, and caries-related behavior
variables attenuated but did not eliminate the observed eth-
nic disparities in oral health. These findings suggest that
there are additional, more complex factors driving ethnic
disparities in oral health and further research is needed to
explore potential remaining contributors to such disparities,
which may be a combination of cultural, biological, envir-
onmental, behavioral, and lifestyle-related factors. Further
research may benefit from other analytic methods such as
path analysis, to sort out potential mediating and moderat-
ing relationships amongst axes of stratification (e.g., ethni-
city, socioeconomic circumstances), covariates (e.g., age,
sex, demographic and behavioral variables), and oral health
outcomes. Our findings provide an opportunity to inform
universal and targeted preventive and treatment-based
public oral health programs.

Endnotes
1Although other previously published Canadian studies,

including the Canadian Health Measures Survey (CHMS),
used the term “Aboriginal”, we elected to use the term
“Indigenous” because the Government of Canada is now
using that term to identify peoples of First Nations, Inuit
and Métis heritage (https://www.aadnc-aandc.gc.ca/).

2For example, participation rates by school system
were 54.7% (Public) and 61.7% (Catholic) in Calgary; and
57.5% (Public) and 46.2% (Catholic) in Edmonton.
School-level participation rates by income quartile were
69.1% (Q1), 67.3% (Q2), 49.1% (Q3), and 43.6% (Q4) in

Calgary; and 53.7% (Q1), 47.3% (Q2), 63.6% (Q3), and
51.9% (Q4) in Edmonton. Student-level participation rates
by income quartile, within participating schools, were:
44.6% (Q1), 47.7% (Q2), 50.3% (Q3), and 54.0% (Q4) in
Calgary; and 36.0% (Q1), 43.2% (Q2), 51.0% (Q3), and
51.8% (Q4) in Edmonton.
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Additional file 1: Appendix A. Question about participants’ ethnic identity
in parent questionnaire: Shows the exact question that was asked in the
parent questionnaire about the child’s ethnic identity (DOCX 12 kb)

Additional file 2: Figure S1. Flow chart of participant exclusions. Shows
the flow chart of participant exclusions, from the initial sample with data
available from both the open mouth exam and the parent questionnaire, to
the final analytic sample which takes into account missing data and exclusions
for other reasons (e.g., ethnic identity grouping that fell below our cut-off of
n=100). * Main sources of missing covariate data were: sugar-sweetened
beverage consumption (n=317), at least one routine dental visit in the past
year (n=184), dwelling ownership (n=146), household educational attainment
(n=127), and sex (n=134); other covariates in this study had 10 or fewer missing
cases. These numbers total more than 792 due to children with missing data
on multiple covariates. (DOCX 27 kb)
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teeth, DMFT-permanent teeth); OR: Odds ratio

Acknowledgments
N/A

Funding
We gratefully acknowledge funding support for this project from the Canadian
Institutes of Health Research (funding reference GIR127083), Alberta Health, and
Alberta Health Services. Lindsay McLaren holds an Applied Public Health Chair
award funded by the Canadian Institutes of Health Research (Institute of
Population and Public Health and Institute of Musculoskeletal Health and
Arthritis), the Public Health Agency of Canada, and Alberta Innovates – Health
Solutions. The funding bodies had no role in the design of the study, or in
collection, analysis, and interpretation of data, or in writing of the manuscript.

Availability of data and materials
The dataset has not been made available for public access in order to protect
the confidentiality of the participants, who did not provide consent to share
individual-level data.

Authors’ contributions
CS contributed to the conceptualization of the study, performed the data
management and statistical analysis, and drafted the manuscript. PF
contributed to the conceptualization and implementation of the study and
made substantive contributions to study implementation, data analysis, and
interpretation of data. DM contributed to the conceptualization and
implementation of the study and made substantive contributions to study
implementation, data analysis, and interpretation of data. SP contributed to
the conceptualization and implementation of the study and interpretation of
data. MP contributed to the conceptualization and implementation of the
study, data analysis, and interpretation of data. ST contributed to the
conceptualization and implementation of the study. LM contributed to the
conceptualization of the study, led the implementation of the study, and
supervised the data management and analysis. All authors made substantive
contributions to the writing of the manuscript, and all authors have read and
approved the final version.

Ethics approval and consent to participate
The study received approval from the Conjoint Health Research Ethics Board
at the University of Calgary (ID E-25219) and the Health Research Ethics

Shi et al. BMC Oral Health  (2018) 18:1 Page 9 of 11

https://en.wikipedia.org/wiki/M%C3%A9tis_people_(Canada)
https://www.aadnc-aandc.gc.ca/
dx.doi.org/10.1186/s12903-017-0444-8
dx.doi.org/10.1186/s12903-017-0444-8


Board at the University of Alberta (ID Pro00037808). Signed parental consent
and verbal child assent were secured prior to data collection (mouth
examination conducted at school by trained and calibrated registered
dental hygienists).

Consent for publication
N/A

Competing interests
The authors declare that they have no competing interests.

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

Author details
1Department of Community Health Sciences, University of Calgary, TRW3,
3280 Hospital Dr. NW, Calgary, AB T2N 4Z6, Canada. 2School of Dentistry,
University of Alberta, Edmonton, AB, Canada. 3Alberta Health Services,
Calgary, AB, Canada. 4Faculty of Nursing, University of Calgary, Calgary, AB,
Canada.

Received: 15 August 2016 Accepted: 7 December 2017

References
1. Selwitz RH, Ismail AI, Pitts NB. Dental caries. Lancet. 2007;369(9555):51–9.
2. Low W, Tan S, Schwartz S. The effect of severe caries on the quality of life in

young children. Pediatr Dent. 1999;21(6):325–6.
3. Alsumait A, ElSalhy M, Raine K, Cor K, Gokiert R, Al-Mutawa S, Amin M.

Impact of dental health on children's oral health-related quality of life: a
cross-sectional study. Health Qual Life Outcomes. 2015;13:98.

4. Jackson SL, Vann WF Jr, Kotch JB, Pahel BT, Lee JY. Impact of poor oral
health on children's school attendance and performance. Am J Public
Health. 2011;101(10):1900–6.

5. O'Keefe J. Oral health in Canada. J Can Dent Assoc. 2000;66(7):351.
6. Ravaghi V, Quinonez C, Allison PJ. The magnitude of oral health inequalities

in Canada: findings of the Canadian health measures survey. Community
Dent Oral Epidemiol. 2013;41(6):490–8.

7. Health Canada. Summary report on the findings of the oral health
component of the Canadian health measures survey 2007–2009. 2010.
http://publications.gc.ca/collections/collection_2010/sc-hc/H34-221-1-2010-
eng.pdf. Accessed 27 May 2017.

8. Canadian Academy of Health Sciences. Improving access to oral health care
for vulnerable people living in Canada. 2014. http://cahs-acss.ca/wp-
content/uploads/2015/07/Access_to_Oral_Care_FINAL_REPORT_EN.pdf.
Accessed 27 May 2017.

9. Isajiw WW. Definitions of ethnicity. Ethnicity. 1974;1(2):111–24.
10. Statistics Canada. Visible minority of person. 2016. http://www23.statcan.gc.

ca/imdb/p3Var.pl?Function=DEC&Id=45152. Accessed 13 Dec 2017.
11. Watt R, Sheiham A. Inequalities in oral health: a review of the evidence and

recommendations for action. Br Dent J. 1999;187(1):6–12.
12. Raphael D. Social determinants of health: Canadian perspectives. 2nd ed.

Ontario: Canadian Scholars’ Press; 2009.
13. Garcia RI, Cadoret CA, Henshaw M. Multicultural issues in oral health. Dent

Clin N Am. 2008;52(2):319–32. vi
14. Mejia GC, Weintraub JA, Cheng NF, Grossman W, Han PZ, Phipps KR, Gansky

SA. Language and literacy relate to lack of children's dental sealant use.
Community Dent Oral Epidemiol. 2011;39(4):318–24.

15. Sabbah W, Tsakos G, Sheiham A, Watt RG. The effects of income and
education on ethnic differences in oral health: a study in US adults. J
Epidemiol Community Health. 2009;63(7):516–20.

16. Liu HY, Chen CC, Hu WC, Tang RC, Chen CC, Tsai CC, Huang ST. The impact
of dietary and tooth-brushing habits to dental caries of special school
children with disability. Res Dev Disabil. 2010;31(6):1160–9.

17. Avila WM, Pordeus IA, Paiva SM, Martins CC. Breast and bottle feeding as
risk factors for dental caries: a systematic review and meta-analysis. PLoS
One. 2015;10(11):e0142922.

18. Guarnizo-Herreno CC, Wehby GL. Explaining racial/ethnic disparities in
children's dental health: a decomposition analysis. Am J Public Health.
2012;102(5):859–66.

19. Dietrich T, Culler C, Garcia RI, Henshaw MM. Racial and ethnic disparities in
children's oral health: the National Survey of Children's health. J Am Dent
Assoc. 2008;139(11):1507–17.

20. Flores G, Tomany-Korman SC. Racial and ethnic disparities in medical and
dental health, access to care, and use of services in US children. Pediatrics.
2008;121(2):e286–98.

21. Fisher-Owens SA, Isong IA, Soobader MJ, Gansky SA, Weintraub JA, Platt LJ,
Newacheck PW. An examination of racial/ethnic disparities in children's oral
health in the United States. J Public Health Dent. 2013;73(2):166–74.

22. Marcenes W, Muirhead V, Murray S, Redshaw P, Bennett U, Wright D. Ethnic
disparities in the oral health of three-to four-year-old children in East
London. Br Dent J. 2013;215(2):E4.

23. Arora G, Mackay DF, Conway DI, Pell JP. Ethnic differences in oral health
and use of dental services: cross-sectional study using the 2009 adult dental
health survey. BMC Oral Health. 2016;17(1):1.

24. Humes K, Jones N, Ramirez R. Overview of Race and Hispanic Origin: 2010.
United States Census Bureau. 2011. https://www.census.gov/prod/cen2010/
briefs/c2010br-02.pdf. Accessed 27 May 2017.

25. Statistics Canada: Projections of the Diversity of the Canadian Population,
2006 to 2031. 2015. http://www.statcan.gc.ca/pub/91-551-x/91-551-
x2010001-eng.htm. Accessed 27 May 2017.

26. McLaren L, Patterson S, Thawer S, Faris P, McNeil D, Potestio M, Shwart L.
Measuring the short-term impact of fluoridation cessation on dental caries
in grade 2 children using tooth surface indices. Community Dent Oral
Epidemiol. 2016;44(3):274–82.

27. McLaren L, Patterson S, Thawer S, Faris P, McNeil D, Potestio M, Shwart L.
Exploring the short-term impact of community water fluoridation cessation
on children's dental caries: a natural experiment in Alberta, Canada. Public
Health. 2017;146:56–64.

28. Warren JJ, Levy SM, Kanellis MJ. Dental caries in the primary dentition:
assessing prevalence of cavitated and noncavitated lesions. J Public Health
Dent. 2002;62(2):109–14.

29. World Health Organization. Oral health surveys: basic methods. 5th ed.
Geneva: World Health Organization; 2013.

30. Statistics Canada: Canadian Health Measures Survey (CHMS) Data User
Guide: Cycle 1. 2011. http://www23.statcan.gc.ca/imdb-bmdi/pub/
document/5071_D2_T1_V1-eng.htm. Accessed 27 May 2017.

31. Statistics Canada. Canadian Health Measures Survey: Cycle 1 2007 to 2009
Household Questionnaire. Canadian Health Measures Survey. 2011. http://
www23.statcan.gc.ca/imdb-bmdi/instrument/5071_Q1_V1-eng.pdf.
Accessed 27 May 2017.

32. Todd R, Thornton M, Collins DM. Aboriginal people and other Canadians:
shaping new relationships. Ottawa: University of Ottawa Press; 2001.

33. Lawrence HP, Binguis D, Douglas J, McKeown L, Switzer B, Figueiredo R,
Reade M. Oral health inequalities between young aboriginal and non-
aboriginal children living in Ontario, Canada. Community Dent Oral
Epidemiol. 2009;37(6):495–508.

34. Scott A. Rao-Scott corrections and their impact. In: Proceedings of the 2007
joint statistical meetings, salt Lake City, Utah: 2007; 2007.

35. Bandyopadhyay D, DeSantis SM, Korte JE, Brady KT. Some considerations for excess
zeroes in substance abuse research. Am J Drug Alcohol Abuse. 2011;37(5):376–82.

36. van der Ploeg T, Austin PC, Steyerberg EW. Modern modelling techniques
are data hungry: a simulation study for predicting dichotomous endpoints.
BMC Med Res Methodol. 2014;14:137.

37. Paula JS, Ambrosano GM, Mialhe FL. The impact of social determinants on
schoolchildren's oral health in Brazil. Braz Oral Res. 2015;29:1–9.

38. Telford C, Coulter I, Murray L. Exploring socioeconomic disparities in self-
reported oral health among adolescents in california. J Am Dent Assoc.
2011;142(1):70–8.

39. Levy J, Ansara D, Stover A. Racialization and Health Inequities in Toronto.
Toronto Public Health. 2013. http://www.toronto.ca/legdocs/mmis/2013/hl/
bgrd/backgroundfile-62904.pdf. Accessed 27 May 2017.

40. Harris R, Nicoll AD, Adair PM, Pine CM. Risk factors for dental caries in young
children: a systematic review of the literature. Community Dent Health.
2004;21(1 Suppl):71–85.

41. Dini EL, Holt RD, Bedi R. Caries and its association with infant feeding and
oral health-related behaviours in 3-4-year-old Brazilian children. Community
Dent Oral Epidemiol. 2000;28(4):241–8.

42. Vered Y, Sgan-Cohen HD. Self - perceived and clinically diagnosed dental
and periodontal health status among young adults and their implications
for epidemiological surveys. BMC Oral Health. 2003;3(1):3.

Shi et al. BMC Oral Health  (2018) 18:1 Page 10 of 11

http://publications.gc.ca/collections/collection_2010/sc-hc/H34-221-1-2010-eng.pdf
http://publications.gc.ca/collections/collection_2010/sc-hc/H34-221-1-2010-eng.pdf
http://cahs-acss.ca/wp-content/uploads/2015/07/Access_to_Oral_Care_FINAL_REPORT_EN.pdf
http://cahs-acss.ca/wp-content/uploads/2015/07/Access_to_Oral_Care_FINAL_REPORT_EN.pdf
http://www23.statcan.gc.ca/imdb/p3Var.pl?Function=DEC&Id=45152
http://www23.statcan.gc.ca/imdb/p3Var.pl?Function=DEC&Id=45152
https://www.census.gov/prod/cen2010/briefs/c2010br-02.pdf
https://www.census.gov/prod/cen2010/briefs/c2010br-02.pdf
http://www.statcan.gc.ca/pub/91-551-x/91-551-x2010001-eng.htm
http://www.statcan.gc.ca/pub/91-551-x/91-551-x2010001-eng.htm
http://www23.statcan.gc.ca/imdb-bmdi/pub/document/5071_D2_T1_V1-eng.htm
http://www23.statcan.gc.ca/imdb-bmdi/pub/document/5071_D2_T1_V1-eng.htm
http://www23.statcan.gc.ca/imdb-bmdi/instrument/5071_Q1_V1-eng.pdf
http://www23.statcan.gc.ca/imdb-bmdi/instrument/5071_Q1_V1-eng.pdf
http://www.toronto.ca/legdocs/mmis/2013/hl/bgrd/backgroundfile-62904.pdf
http://www.toronto.ca/legdocs/mmis/2013/hl/bgrd/backgroundfile-62904.pdf


43. The First Nations Information Governance Centre. Report on the Findings of
the First Nations Oral Health Survey (FNOHS) 2009-2010 National Report.
2012. http://fnigc.ca/sites/default/files/docs/fn_oral_health_survey_national_
report_2010.pdf. Accessed 13 Dec 2017.

44. Health Canada. Summary report Inuit Oral Halth Survey 2008-2009. 2011.
http://publications.gc.ca/collections/collection_2011/sc-hc/H34-231-2-2011-
eng.pdf. Accessed 27 May 2017.

45. Clarke P, Fraser-Lee NJ, Shimono T. Identifying risk factors for predicting
caries in school-aged children using dental health information collected at
preschool age. ASDC J Dent Child. 2001;68(5-6):373–8. 302-373

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Shi et al. BMC Oral Health  (2018) 18:1 Page 11 of 11

http://fnigc.ca/sites/default/files/docs/fn_oral_health_survey_national_report_2010.pdf
http://fnigc.ca/sites/default/files/docs/fn_oral_health_survey_national_report_2010.pdf
http://publications.gc.ca/collections/collection_2011/sc-hc/H34-231-2-2011-eng.pdf
http://publications.gc.ca/collections/collection_2011/sc-hc/H34-231-2-2011-eng.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data source
	Variables
	Oral health outcomes
	Primary independent variable: Ethnicity
	Caries-related behavioral variables
	Socioeconomic variables
	Other covariates

	Data analysis
	Ethics

	Results
	Description of the sample: Missing data, ethnic identity distribution, and comparison with national population estimates
	Descriptive statistics for oral health outcomes and covariates
	Regression analysis

	Discussion
	Conclusions
	Although other previously published Canadian studies, including the Canadian Health Measures Survey (CHMS), used the term “Aboriginal”, we elected to use the term “Indigenous” because the Government of Canada is now using that term to identify peoples...
	Additional files
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

