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Abstract

Background: One of the main arguments made in favor of community water fluoridation is that it is equitable in
its impact on dental caries (i.e., helps to offset inequities in dental caries). Although an equitable effect of fluoridation
has been demonstrated in cross-sectional studies, it has not been studied in the context of cessation of community
water fluoridation (CWF). The objective of this study was to compare the socio-economic patterns of children’s
dental caries (tooth decay) in Calgary, Canada, in 2009/10 when CWF was in place, and in 2013/14, after it had
been discontinued.

Methods: We analyzed data from population-based samples of schoolchildren (grade 2) in 2009/10 and 2013/14.
Data on dental caries (decayed, missing, and filled primary and permanent teeth) were gathered via open mouth
exams conducted in schools by registered dental hygienists. We examined the association between dental caries
and 1) presence/absence of dental insurance and 2) small area index of material deprivation, using Poisson (zero-inflated)
and logistic regression, for both time points separately. For small-area material deprivation at each time point, we also
computed the concentration index of inequality for each outcome variable.

Results: Statistically significant inequities by dental insurance status and by small area material deprivation were more
apparent in 2013/14 than in 2009/10.

Conclusions: Results are consistent with increasing inequities in dental caries following cessation of CWF. However,
further research is needed to 1) confirm the effects in a study that includes a comparison community, and 2) explore
possible alternative reasons for the findings, including changes in treatment and preventive programming.
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Background
There are significant socio-economic inequities in dental
caries (tooth decay). Data from Canada [1], the U.S. [2],
Australia [3], the United Kingdom [4], Brazil [5] and
elsewhere [6] have demonstrated more, and more severe,
dental caries among children experiencing one or more
of: low family income, lower household educational at-
tainment, racial/ethnic minority status, lack of private
dental insurance, and higher levels of deprivation based
on small area measures. In some cases, inequities were
shown to be increasing (worsening) over time [5, 7].
Dental caries is largely preventable, and community

water fluoridation (CWF) (i.e., the controlled addition of
a fluoride compound to a public water supply [8]) is one
important option for prevention at the population level.
Extensive research supports the benefits of CWF for the
prevention of tooth decay in populations, although the
overall methodological quality of the evidence is modest,
due to problems such as weak study designs that inad-
equately account for potential confounders [9, 10]. A recent
Cochrane review concluded that high-quality recent evi-
dence was particularly sparse [10].
One of the main arguments made in favor of CWF is

that it is equitable in its impact on dental caries [11]. In
other words, it has been argued that CWF can help offset
inequities in dental caries, by benefiting all but particularly
those experiencing lower socioeconomic circumstances,
who generally have the poorest oral health profiles. An
equitable effect of CWF has been demonstrated in cross-
sectional studies in several countries, including Canada
[12], Britain [13], Australia [14], New Zealand [15] and
South Korea [16]. For example, Jones and Worthington
[13] showed that a positive linear association between
dental caries (decayed, missing, and filled deciduous teeth)
and small area deprivation score (based on the Townsend
index) was much steeper in non-fluoridated Liverpool,
UK, than in Newcastle where CWF had been in place
since the 1960s. Recently, Cho et al. [16], in a study of 11-
year old children in 8 geographic areas in South Korea
(4 fluoridated areas and 4 non-fluoridated areas which
were similar in economic situation, population size, and
geography), showed a statistically significant negative
association between socioeconomic status (family afflu-
ence scale) and DMFT index (decayed, missing, or filled
permanent teeth) in the non-fluoridated areas, but no
association in the fluoridated areas. The multivariable
analysis adjusted for intake of cariogenic snacks and
beverages, oral hygiene behaviors (brushing and floss-
ing), and use of piped water for drinking and cooking.
An equitable effect is consistent with CWF as a

population-level intervention that is structural in nature
[17, 18]. That is, rather than acting on individuals’ behav-
iors, it acts on the circumstances in which behaviors
occur, and thus the issue of active uptake-which is often

inequitably patterned-is largely obviated [18]. Research on
population-level interventions and their implications for
health equity is very important to the field of population/
public health, which is concerned with understanding and
reducing social inequities in health [19–21]. Social inequi-
ties in health refer to differences in health status between
social groups that are viewed as unfair and avoidable, as
distinct from inequalities in health which refer simply to
differences without accompanying moral and ethical di-
mensions [22]. Research on fluoridation and social inequi-
ties in dental health, thus, makes an important contribution
to that broader field of inquiry.
Although an equitable effect of CWF has been shown

in cross-sectional studies, equity of impact has not been
investigated in the context of cessation (i.e., do inequities
in dental caries increase [worsen] after community water
fluoridation is stopped?). To illustrate, in a systematic
review of research on cessation of CWF [McLaren L,
Singhal S. Does cessation of community water fluorid-
ation lead to an increase in tooth decay? A systematic
review of published studies. Unpublished], we identified
published research on cessation in 15 jurisdictions
across 13 countries. None of these incorporated an ana-
lysis of equity of impact.
The objective of this paper was to explore the

equity implications of CWF cessation, by examining
socio-economic patterns of children’s dental caries in
Calgary, Canada, in 2009/10 when CWF was in place,
and in 2013/14, after it had been discontinued. This paper
is part of a larger project, the objective of which was to
evaluate the short-term impact of CWF cessation on chil-
dren’s dental caries by comparing Calgary (where CWF
was discontinued in May 2011, after having been in place
since 1991) to Edmonton (where CWF began in 1967 and
remains in place). Elsewhere [McLaren L, Patterson S,
Thawer S, Faris P, McNeil D, Potestio M, Shwart L. The
short-term impact ofcommunity water fluoridation ces-
sation on children’s dental caries: a natural experiment
in Alberta, Canada. Unpublished; 23], we reported main
effects results from that comparative evaluation. In
those papers, we were not able to examine questions
about equity because socio-economic data were not
available in our pre-cessation (2004/05) surveys for both
cities.
Here we use data from another Calgary survey, from

2009/10 [24], which contained some socio-economic in-
formation, to explore trends over time by socio-economic
indicators. The specific objective was to examine change
over time in children’s dental caries in Calgary by 1) pres-
ence or absence of dental insurance, and 2) a geographic
small area measure-namely, material deprivation of child’s
community of residence (dissemination area). Based on
consistent findings from cross-sectional studies, we
hypothesized that we would see an increase in inequity of
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dental caries, by dental insurance and small area material
deprivation, post-cessation relative to pre-cessation.

Methods
Data source
Data for a population-based sample of grade 2 students
in Calgary in 2009/10 were available from a survey con-
ducted by the former Calgary Health Region as part of
their surveillance activities [24]. Data for a population-
based sample of grade 2 students in Calgary in 2013/14
were collected as part of a joint research - surveillance
initiative to evaluate the impact of CWF cessation in
Calgary on children’s dental caries [25]. Methods used in
2013/14 were designed to maximize comparability with
the earlier survey. In both surveys, dental caries data
(decayed, missing/extracted, and filled teeth) were col-
lected via open mouth exams conducted in schools, by
trained and calibrated assessment teams each consisting
of a registered dental hygienist and clerk.
The target population for both surveys was children

(grade 2) attending school in the Public or Catholic
school systems in the city of Calgary. In both survey
years (2009/10 and 2013/14) a stratified random sample
was drawn, with strata based on median neighbourhood
income where the school was located; within sampled
schools, all children of eligible grades were invited to
participate. Signed parental informed consent was se-
cured, and verbal assent of each child was also secured.
The response rate in 2009/10 was 81 % [24]. In 2013/14
the response rate was lower: the overall school-level
response rate for Calgary was 57 %, and the overall
student-level response rate within participating schools
was 49 %. We developed sampling weights for both
surveys. The weights account for both the probability of
selection and the probability of non-response, and enhance
the extent to which each sample (2009/10 and 2013/14) is
representative of its underlying target population. We also
ran all analyses unweighted. Results were broadly similar in
all cases (i.e., no change to statistical significance vs. not)
and weighted estimates are presented below.

Variables and analysis
Outcome variables examined were: the deft index and
the DMFT index. These indices were created by sum-
ming, for each child, the number of decayed, extracted/
missing (due to caries) or filled teeth for both primary
teeth (deft) and permanent teeth (DMFT), based on the
open mouth exam. We focus on tooth-level measures
(versus tooth surface-level measures) because the 2009/
10 survey only contains tooth-level data. The deft and
DMFT are well-established, commonly used summary
measures for studies of tooth decay in child populations
[26]. Because the deft and DMFT include both treated
(fillings, extractions) and untreated decay, which could

show different socio-economic patterns depending on
access to treatment [27], we also examined untreated
decay separately. Specifically, we considered those with
two or more teeth (primary or permanent) with untreated
decay (“decay2”) as a dichotomous variable (yes vs. no).
Two socioeconomic indicators were considered, based

on information available in both surveys. The informa-
tion was included on the parent questionnaire in 2013/
14, and on the parent consent form in 2009/10. The first
indicator was reported presence vs. absence of dental in-
surance, where presence included any type of insurance
(i.e., private, employer-sponsored, or public). Second, we
used the Pampalon index, which describes the material
deprivation of a small geographic area [28]. The Pampalon
index is based on age- and sex-adjusted census data from
Statistics Canada (from the 2006 census1) for the
population age 15 years and older within a dissemin-
ation area. A dissemination area is a geographic unit
used in the Canadian census that contains a population of
400–700 persons. It is the smallest standard geographic
area for which aggregate census data are released [29].
Material deprivation is a composite variable based on:
average individual income, employment to population ra-
tio, and proportion without a high school diploma or
equivalent. The Pampalon index was assigned to survey
respondents by linking each respondent’s home postal
code to the corresponding dissemination area. In the
2009/10 survey, school postal code was recorded if the
home postal code was not provided; we omitted cases in
which that occurred (n = 43 cases, approx. 8 % of the
sample). Material deprivation was expressed as a continu-
ous variable based on factor analysis. Using the continu-
ous variable scores for the full Alberta population, we
created both quintiles and tertiles which were then applied
to our sample, for use in regression analysis below.
We first examined the association between socio-

economic indicators and dental caries measures for
2009/10 and 2013/14 separately, using zero-inflated
Poisson regression (deft, DMFT) or logistic regression
(decay2). We then confirmed apparent differences be-
tween surveys using zero-inflated Poisson regression or
logistic regression including a year X socio-economic indi-
cator interaction term (where X =multiplied by), for each
socio-economic indicator and each dental caries outcome
measure separately.
Then, for material deprivation, we computed the con-

centration index of inequality [30] for each dental caries
outcome variable. The concentration index, which can
range from −1 to +1, quantifies the extent to which a
health problem is concentrated in lower (or higher)
socio-economic groups. Means and regression coeffi-
cients do not necessarily capture this information. For
the concentration index we used the continuous version
of the Pampalon material deprivation index, because the
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concentration index requires socio-economic data that
are at least at the ordinal level of measurement. The
continuous variable was transformed so that a negative
concentration index, as per convention, corresponds to
greater concentration of the health problem among
those with fewer resources (higher deprivation). To im-
prove the meaning of the concentration index, one can
multiply the value by 75 which yields the percentage of
the health variable that would need to be redistributed
from the less deprived half to the more deprived half of
the population (if the inequality favors the less deprived)
to arrive at an equal distribution (i.e., a concentration
index of 0) [30].
The 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). Approval was also
sought and granted by the participating school boards.

Results
Full sample sizes for primary teeth were: n = 557 (2009/10)
and n = 3230 (2013/14). Sample sizes for permanent teeth
were slightly lower because those measures are based on
individuals with at least one permanent tooth: n = 551
(2009/10) and n = 3182 (2013/14). Sample sizes for ana-
lyses with dental insurance were approximately 98–99 %
of the full sample, due to missing data on dental insurance:
n = 528 (deft) and n = 522 (DMFT) for 2009/10, and n =
3164 (deft) and n = 3120 (DMFT) for 2013/14. For the
small-area material deprivation index, sample size was ap-
proximately 92 % of the full sample, partly because the

deprivation index is based on 2006 census data which
omits some newer postal codes: n = 511 (deft) and n = 505
(DMFT) for 2009/10, and n = 2980 (deft) and n = 2939
(DMFT) for 2013/14.
Means or percentages and 95 % confidence intervals

for all study variables are shown in Table 1, for 2009/10
and 2013/14 separately.
Tables 2 and 3 shows associations between socio-

economic variables and dental caries summary measures
in 2009/10 and 2013/14 based on regression analyses.
Table 2 focuses on dental insurance. Absence of dental in-
surance was associated with higher mean DMFT in 2013/
14 but not in 2009/10. A statistically significant year X no
dental insurance interaction term was observed for DMFT
(far right-hand column of Table 2), indicating that the as-
sociation between no dental insurance and DMFT differed
significantly between 2009/10 and 2013/14. Absence of
dental insurance was associated with greater likelihood of
having two or more instances of untreated decay, in both
2009/10 and 2013/14.
Table 3 shows the associations between small area (dis-

semination area-level) material deprivation (Pampalon
index) and dental caries summary measures. For primary
tooth decay, there were statistically significant positive ef-
fects of material deprivation category (where categories
correspond to provincial tertiles) with highest and middle
material deprivation categories having higher [worse] pri-
mary tooth caries, relative to lowest material deprivation
category, in 2013/14 but not in 2009/10. Highest and
middle material deprivation, relative to lowest material
deprivation, had greater likelihood of two or more

Table 1 Descriptive statistics for study samples (weighted estimates)

Variable Calgary 2009/10: Calgary 2013/14:

Mean or % (95 % CI), n Mean or % (95 % CI), n

Dental caries summary measures

Mean number of decayed, extracted, or filled primary teeth (deft) 2.22 (1.87 to 2.57), n = 557 2.69 (2.52 to 2.86), n = 3230

Mean number of deft among those with deft > 0 4.22 (3.85 to 4.58), n = 284 4.73 (4.52 to 4.94), n = 1835

Mean number of decayed, missing, or filled permanent teeth (DMFT) 0.19 (0.11 to 0.27), n = 551 0.12 (0.10 to 0.14), n = 3182

Mean DMFT among those with DMFT > 0 1.85 (1.61 to 2.09), n = 56 1.52 (1.41 to 1.63), n = 254

Percent with 2 or more teeth with untreated decay (primary or permanent) 10 % (8 % to 13 %), n = 551 14 % (12 % to 15 %), n = 3182

Socio-economic variables

Percent with no dental insurance 21 % (17 % to 25 %), n = 528 17 % (15 % to 19 %), n = 3164

Small area material deprivation (Pampalon index)a

Percent within Category 1 (least deprived) 39 % (27 % to 52 %) 34 % (29 % to 40 %)

Percent within Category 2 18 % (12 % to 27 %) 23 % (18 % to 28 %)

Percent within Category 3 16 % (11 % to 23 %) 15 % (11 % to 19 %)

Percent within Category 4 9 % (6 % to 12 %) 11 % (9 % to 13 %)

Percent within Category 5 (most deprived) 19 % (10 % to 31 %) 18 % (14 % to 23 %)

n = 511 n = 2980
aPampalon material deprivation categories are based on quintiles that apply to the whole province of Alberta. Category 1 = least deprived, 5 =most deprived.
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instances of untreated decay in 2013/14 (positive effects at
p < .05). In 2009/10 a positive effect of highest material
deprivation came close to statistical significance (p = .07).
There were no statistically significant year X material
deprivation interactions for material deprivation.
Concentration indices showing the extent to which den-

tal caries measures were concentrated across material
deprivation (Pampalon index) are shown in Table 4,
and illustrated in Fig. 1. In 2013/14, the primary
tooth measures (mean deft, mean deft if deft > 0)
and the % with two or more instances of untreated

decay showed statistically significant concentration
among those living in communities with higher ma-
terial deprivation. In 2009/10, the deft (but not deft
if deft > 0) and the % with two or more instances of
untreated decay showed statistically significant con-
centration with increasing material deprivation, with
an effect that came close to statistical significance
(p = .067) for DMFT if DMFT > 0. As noted above,
one can multiply the value of the concentration
index by 75 to yield the percentage of the health
variable that would need to be redistributed from

Table 2 Weighted estimates from regression (zero-inflated Poisson, logistic) to assess associations between dental insurance (no vs.
yes) and dental caries indices, Grade 2 students in Calgary, 2009–10 and 2013/14

Outcome variable Rate ratio (RR) or odds ratio (OR) for effect of absence (vs presence) of dental insurance on dental caries
outcomes (reference = 1.0)

2009/10 2013/14 Interaction term (Year X No
dental insurance): RR or OR
(95 % CI), p-value, (n)

RR or OR (95 % CI), p-value, (n) RR or OR (95 % CI), p-value, (n)

defta RR = 1.05 (0.94 to 1.17),
p = 0.40 (n = 528)

RR = 0.94 (0.86 to 1.03), p = 0.18
(n = 3164)

RR = 0.90 (0.78 to 1.04), p = .14
(n = 3692)

DMFTa RR = 0.87 (0.65 to 1.16), p = 0.33
(n = 522)

RR = 1.56 (1.05 to 2.33), p = 0.03*

(n = 3120)
RR = 1.80 (1.10 to 2.93), p = .02*

(n = 3642)

2 or more teeth (primary or permanent)
with untreated decayb

OR = 1.76 (1.34 to 2.32),
p < .001* (n = 522)

OR = 2.0 (1.57 to 2.53), p < .001*

(n = 3120)
OR = 1.13 (0.81 to 1.58), p = .46
(n = 3642)

deft number of decayed, missing, and filled primary teeth, DMFT number of decayed, missing, and filled permanent teeth, X multiplied by
*Statistically significant effect of no dental insurance (vs. dental insurance) on dental caries outcome
aZero-inflated Poisson regression
bLogistic regression (yes vs. no)

Table 3 Weighted estimates from regression (zero-inflated poisson, logistic) to assess associations between Pampalon material
deprivation index categories corresponding to provincial tertiles (highest deprivation and middle deprivation versus lowest
deprivation) and oral health summary measures, grade 2 students in Calgary, 2009–10 and 2013/14

Outcome variable Rate ratio or odds ratio for effect of high or middle material deprivation (vs. low deprivation) on dental
caries outcomes (reference = 1.0)

2009/10 2013/14 Interaction terms: RR or
OR (95 % CI), p-value (n)RR or OR (95 % CI),

p-value (n)
RR or OR (95 % CI),
p-value (n)

defta Highest deprivation: RR = 1.07 Highest deprivation:
RR = 1.19

Year X Highest deprivation: RR = 1.11

(0.93 to 1.23), p = .34 (1.08 to 1.30), p < .001* (0.95 to 1.30), p = .20

Middle deprivation: RR = 1.03 Middle deprivation: RR = 1.15 Year X Middle deprivation: RR = 1.12

(0.88 to 1.19), p = .73 (n = 511) (1.02 to 1.30), p = .023* (n = 2980) (0.91 to 1.37), p = .27 (n = 3491)

DMFTa Highest deprivation: RR = 1.42 Highest deprivation: RR = 1.04 Year X Highest deprivation: RR = 0.74

(.74 to 2.69), p = .27 (0.68 to 1.59), p = 0.85 (0.36 to 1.50), p = 0.40

Middle deprivation: RR = 1.08 Middle deprivation: RR = 0.80 Year X Middle deprivation: RR = 0.74

(0.61 to 1.91), p = .77 (n = 505) (0.49 to 1.30), p = 0.37 (n = 2939) (0.36 to 1.51), p = 0.41 (n = 3444)

2 or more teeth (permanent or primary)
with untreated decayb

Highest deprivation: OR = 2.95 Highest deprivation: OR = 2.23 Year X Highest deprivation: OR = 0.75

(0.89 to 9.82), p = .07 (1.66 to 2.98), p < .001* (0.24 to 2.36), p = 0.63

Middle deprivation: OR = 0.90 Middle deprivation: OR = 1.43 Year X Middle deprivation: OR = 1.59

(0.31 to 2.62), p = .83 (n = 505) (1.05 to 1.94), p = .024* (n = 2939) (0.57 to 4.43), p = 0.37 (n = 3444)

deft number of decayed, missing, and filled primary teeth, DMFT number of decayed, missing, and filled permanent teeth, X multiplied by
*Statistically significant effect (at p < .05) of Pampalon material deprivation category (high or middle, versus low) on dental caries outcome
aZero-inflated Poisson regression
bLogistic regression (yes vs. no)
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the less deprived half to the more deprived half of
the population to arrive at an equal distribution (i.e.,
a concentration index of 0) [30]. The percentages of
the outcome variable that would need to be distributed
from the less deprived half to the more deprived half of
the population, computed for those measures with a con-
centration index that was statistically significant at p < .10
(for this purpose only, we included the effects that came
close to statistical significance at the p < .05 level), ranged
from a low of 2.7 % (2013/14 decay2) to a high of 6.2 %
(2013/14 deft).

Discussion
We set out to explore whether inequities in tooth-level
measures of dental caries increased (worsened) following
cessation of CWF, by examining the association of caries
measures with socio-economic indicators (dental insurance
and small area material deprivation [Pampalon index]) in
Calgary in 2009/10 and in 2013/14. CWF cessation oc-
curred in 2011. This analysis was based on an argument
often made in favor of CWF; namely, that it can help offset
inequities in dental health [11] and thus inequities could
hypothetically emerge or worsen following cessation.

Table 4 Concentration indices for dental caries indices, by small-area material deprivation (Pampalon index)

Outcome variable Concentration index which indicates the extent to which the dental caries index is concentrated
by small-area deprivationa

2009/10 2013/14

Concentration index (95 % confidence interval),
p-value, (n)

Concentration index (95 % confidence interval),
p-value, (n)

deft Conc. index: −0.065 (−0.13 to −003), p = .039* Conc. index: −0.082 (−0.11 to −0.06), p < .001*

(n = 511) (n = 2980)

deft if deft > 0 Conc. index: −0.027 (−0.07 to 0.017), p = .23 Conc. index: −0.041 (−.06 to −02), p < .001*

(n = 256) (n = 1678)

DMFT Conc. index: −0.14 (−0.31 to 0.04), p = .13 Conc. index: −0.031 (−0.12 to 0.055), p = .48

(n = 505) (n = 2939)

DMFT if DMFT > 0 Conc. index: −0.08 (−0.17 to .006), p = .067 Conc. index: −0.004 (−.042 to 0.034), p = .84

(n = 48) (n = 237)

2 or more teeth (permanent or primary) with
untreated decay

Conc. index: −0.055 (−0.09 to −0.019), p = .003* Conc. index: −0.036 (−.048 to −024), p < .001*

(n = 505) (n = 2939)

deft number of decayed, missing, and filled primary teeth, DMFT number of decayed, missing, and filled permanent teeth
*Statistically significant at p < .05
aConcentration index is bounded by −1 (all problems concentrated in the lowest SES) and +1 (all problems concentrated in the highest SES). Concentration index
of zero = perfect equality. Here, a statistically significant negative concentration index indicates that the dental caries outcome is significantly concentrated
amongst those with higher material deprivation

Fig. 1 Extent to which dental caries is concentrated by small area deprivation. deft = number of decayed, missing, and filled primary teeth.
DMFT = number of decayed, missing, and filled permanent teeth
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Overall, we observed more evidence of inequities in
2013/14 (post-cessation) than in 2009/10 (pre-cessation).
While inequities by dental insurance status and small
area material deprivation were observed in both 2009/10
and 2013/14, they occurred more frequently, across
more outcome measures, in 2013/14 than in 2009/10.
However in some cases, the statistically significant in-
equities observed in 2013/14 did not significantly differ
from effects in 2009/10. Furthermore, the magnitude of
the inequities, especially as quantified using the concen-
tration index, was quite small in most cases.
In the absence of a comparison community, it is im-

portant to consider other factors that might explain an
apparent increase in dental caries inequities from pre- to
post- fluoridation cessation. One possibility is changes to
the composition of the population over time. Although
Calgary’s population has increased (from approximately
1.07 million in 2010 to approximately 1.20 million in
2014), the proportion of 5–14 year olds (the age range
that includes our target population) has stayed the same
(11.5 % for both time points) (Calgary Civic Census). In
terms of socio-economic characteristics, our study data
presented in Table 1 showed that there has been no clear
shift in proportions across the provincial material
deprivation categories over the time period (the categor-
ies correspond to quintiles developed for the province of
Alberta as a whole, so comparisons are meaningful). Un-
fortunately, we did not have data on other important
population attributes at both time points, either from
the Calgary civic census or from our data (the 2009/10
survey did not include a questionnaire). And, it is pos-
sible that the absolute material circumstances within the
deprivation categories has changed (to become more or
less inequitable), and we were not able to capture that.
A second possibility relates to changes over time in

publically-funded preventive dental programming. For
school-aged children (including Grade 2) in Calgary, there
is a targeted program of fluoride varnish application which
is administered by the provincial (and formerly regional)
health authority, and is delivered in schools by dental pub-
lic health professionals. The program is targeted to
schools located in communities characterized as having
higher care needs based on household income data for
that community [31]. There have been some changes to
the programming during the last several years. Specifically,
prior to 2008/09, children within targeted schools were in-
vited to receive the fluoride varnish only if they had not
received treatment at a dentist office within the previous
6 months or if their family did not have dental insurance.
Since 2008/09, all children within targeted schools have
been invited to receive the fluoride varnish. An additional
change that occurred after CWF cessation in 2011 was
that some funds were re-allocated to a dental health bus,
which travels to schools in lower-income communities

(which represent a subset of the schools targeted in the
school-based program) to deliver services, including fluor-
ide varnish and application of protective dental sealants.
Collectively, therefore, preventive programming that is

delivered and funded by the provincial health authority
for school-aged children in Calgary has-if anything-
expanded over the time period, which is not consistent
with it explaining our observed trend of an apparent in-
creasing presence of dental caries inequities over the
time period. The observation that inequities have in-
creased despite these programs, which are targeted to
socioeconomically disadvantaged populations, in fact
raises interesting questions about the role of targeted,
versus more universal, preventive programming vis-à-vis
population dental health and health inequities [32]. Such
questions are particularly pertinent as more communi-
ties opt to discontinue CWF [33], which represents a
universal or population-level approach to prevention
[17]. Discontinuation of CWF demands consideration of
viable, effective, and equitable alternatives.
A third possible reason for an observed increase in

dental caries inequities is inequities in dental-related be-
haviors such as regular tooth brushing with fluoride
toothpaste. A post hoc exploration of our 2013/14 data
(which included a questionnaire) indicated statistically
significant inequities, by dental insurance status and by
small area material deprivation (Pampalon index), in 1)
reported brushing at least twice/day and 2) reported use
of fluoride toothpaste. Those without dental insurance,
and those living in areas characterized by higher material
deprivation, were less likely to report brushing at least
twice/day and less likely to report using fluoride tooth-
paste, compared to those with insurance, and those liv-
ing in less deprived areas, respectively (more detailed
analysis of socioeconomic inequities in dental-related
behaviors in 2013/14 is planned for another paper).
Thus, although our 2013/14 data indicate the presence
of inequities in these behaviors, the lack of such infor-
mation in 2009/10 precluded insight into whether or to
what extent they may have contributed to apparently in-
creasing inequities in dental outcomes observed here.
A fourth issue that must be considered, as possibly con-

tributing to an apparent increase in dental caries inequi-
ties from pre- to post- fluoridation cessation, is dental
care in the private sector. A recent report [27] highlighted
the significant inequities in access to dental care across
Canada, which reflects the overwhelmingly private nature
of dental service delivery: of all oral health care expendi-
tures in Canada, approximately 95 % is privately financed
[27]. Theoretically, increasing inequities in dental caries
following fluoridation cessation could reflect coincident
trends toward less access to care, or greater inequities
in access to care, during the time period in question.
However, that does not seem likely in this case, for
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three reasons. Firstly, although the effect is not statistically
significant, Table 1 hinted at a decline, if anything, in the
proportions of our samples who did not have dental insur-
ance. On the other hand, if changes to dental insurance
have occurred such that those who responded “yes” had
less coverage in 2013/14 than was the case in 2009/10,
then insurance might still play a role and we would not
have captured it here.
Furthermore, in another paper from the same project

[McLaren L, Patterson S, Thawer S, Faris P, McNeil D,
Potestio M, Shwart L. The short-term impact of
community water fluoridation cessation on children’s
dental caries: a natural experiment in Alberta, Canada.
Unpublished], we showed that the proportion of Calgary
children in our study with “complete caries care”, defined
as one or more fillings or extractions but no untreated
decay, had increased over time, while the proportion with
“no caries care” (some untreated decay, but no fillings or
extractions) had decreased over time. The opposite was
observed in our comparison community of Edmonton.
This suggested that care access has, if anything, increased
in Calgary.
Finally, the fact that we observed emerging inequities in

the composite caries measures (deft, DMFT, which
include both treated and untreated problems), as well as
in the indicator of untreated decay (which would reflect
primary prevention rather than treatment), suggests that
the factors driving the increasing inequity include factors
that drive incidence. Overall, it seems unlikely that the
factors contributing to the observed increase in inequities
over time are predominantly dental care-related. Rather,
the observed trends in inequities appear to have occurred
despite hints of improvements in treatment over time.
A primary limitation of our study was the lack of com-

parison community for this analysis; however, the fact that
we had a comparison community for the main analysis
[McLaren L, Patterson S, Thawer S, Faris P, McNeil D,
Potestio M, Shwart L. The short-term impact of com-
munity water fluoridation cessation on children’s den-
tal caries: a natural experiment in Alberta, Canada.
Unpublished; 23] permitted us to triangulate from
those findings to explore consistency of effects. In the
absence of a comparison community, a longitudinal
design where the same children are studied at multiple
time points would have been a superior design, which
would have permitted better control for potential con-
founding factors. Another important limitation was that
we had only very limited socio-economic information
available at both time points. The dental insurance vari-
able was crude, and the “yes” category included those with
private or employer-sponsored insurance, as well as those
with public insurance. To explore whether the conflation
of different types of insurance influenced our findings, we
ran a post hoc re-analysis of the 2013/14 data (for which

we had information on type of insurance) in Table 2, omit-
ting those with public insurance (who represented ap-
proximately 10 % of the sample). The pattern of findings
did not change (i.e., statistically significant positive effect
of no insurance on DMFT and on decay2). The material
deprivation index (Pampalon index), while carefully con-
structed [28], is an ecological level variable and thus our
understanding of the relationship between individual-level
socio-economic characteristics and dental caries in the
context of CWF cessation remains limited.
Strengths of our study included high-quality caries data

collected by dental health professionals who underwent
intensive and ongoing training and calibration led by a
public health dentist with expertise and experience in sur-
vey calibration; population-based samples with sampling
weights to permit better representation of the target popu-
lation; and our pre-post CWF cessation approach which
builds importantly on the existing (cross-sectional) litera-
ture of CWF and dental health inequities.

Conclusions
Our study objective was to compare the socio-economic
patterns of children’s dental caries in Calgary, Canada, be-
fore and after cessation of community water fluoridation.
Overall, results are consistent with increasing inequities in
dental caries following cessation of CWF. However, add-
itional studies are needed to confirm the effects using a
study design that permits stronger control for potential
confounding variables, such as a pre-post design with com-
parison community, or a prospective longitudinal design
where the same children are examined at multiple time
points. Future research on the implications of CWF cessa-
tion for inequities in dental health outcomes should also
ensure high-quality individual-level data on socio-economic
circumstances both pre- and post- cessation.

Endnotes
1Following the 2006 national census, the mandatory

long-form census was discontinued, and its replacement
(the National Household Survey) was voluntary and may
have some bias (http://www12.statcan.gc.ca/census-recen-
sement/fc-rf/reports-rapports/r2_table-tableau_3-eng.cfm).
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