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ABSTRACT

Background: Community water fluoridation is one component of a multifactorial approach to preventing
dental caries. Yet, fluoridation monitoring in Canada has historically been fragmented, and recent national
estimates give little indication of trends at the provincial or municipal levels. We aimed to quantify
fluoridation exposure trends in Alberta from 1950 to 2018 at both the population and municipal levels.
Insights have implications for dental public health surveillance.

Methods: Drawing from various public sources, we compiled a list of all Alberta municipalities, noting
type of municipality and annual population count from 1950 to 2018. We recorded fluoridation status
(excluding naturally occurring fluoride) by year for each municipality, based on the start and end (if
ever) dates. We calculated annual fluoridation exposure at the population level (% of Alberta population
exposed) and the municipality level (number of municipalities exposed) to visually assess trends over time.

Results: Population exposure to fluoridation in Alberta generally increased from 1950 to 2010. A sharp
drop occurred in 2011, after which exposure fluctuated at around 43-45%. Municipality exposure
generally increased from 1958 to 2006 and from 2012 to 2018, except for small declines during
2007-2008 and 2010-2011. Challenges concerning data completeness were considerable.

Conclusion: Our findings illuminate the substantial variation in fluoridation exposure of Albertans over
time, and they elucidate the complexities of estimating such exposure. They speak to the value of centralized
fluoridation monitoring mechanisms as a key part of dental public health surveillance infrastructure.
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[though Canada ranks highly among higher-income nations

in terms of population-level dental health,' significant

problems persist. Certain oral health problems, such as dental
caries (i.e., tooth decay) are common, and social inequities remain
high.'? Surveillance infrastructure is a key part of the organized
efforts of society to improve population dental health®* by providing
a foundation for monitoring and evaluation. However, despite
important data-related initiatives over the last 15 years,® challenges
remain surrounding the ability to monitor and evaluate programs
and policies, such as community water fluoridation.®”

Community water fluoridation is the controlled addition of a fluoride
compound to municipal water systems to prevent tooth decay.® It is 1
component of a multifactorial approach to preventing dental caries.
The benefits of fluoridation are available to everyone living in the
jurisdiction served by the water supply, and this public health policy
has the potential for equitable impact.’

Historical estimates of fluoridation coverage in Canada have relied
on subnational reporting systems, which vary across the provinces
and territories in terms of the quality and completeness of available
data.'® Further, aggregate national estimates may give little indication
of provincial or municipal-level trends. For example, although
national population exposure to fluoridation in Canada increased
slightly between 2012 (37.4%) and 2017 (38.7%), that increase
masks a decline in some provinces and territories, such as New
Brunswick, Quebec and Alberta over the same timeframe. Likewise,
population exposure to fluoridation increased in some provinces,
such as Saskatchewan (from 36.7% in 2012 to 39.6% in 2017),
even though several municipalities in the province discontinued
fluoridation. Finally, fluoridation exposure at the population level
(% population exposed) may differ from exposure at the municipality
level (number of municipalities exposed), because of factors, such
as population growth in areas with fluoridation and migration
of people to fluoridated municipalities (either interprovincially
or from other countries). Municipal-level exposure is relevant,
because across Canada, the decision to fluoridate is determined
by municipal governments (either via a municipal council decision
or public vote)."" Overall, understanding of trends in fluoridation
exposure is incomplete.

Our objective was to examine historical fluoridation exposure
at the municipal and population levels in the province of
Alberta, Canada from 1950 to 2018. An understanding of
historical trends provides useful contextual information and
sheds light on data-related challenges and limitations that
could inform dental public health surveillance in jurisdictions
across Alberta and, more broadly, Canada.
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Methods

We determined the total number of Alberta municipalities, each
municipality’s annual population counts from 1950 to 2018, and
historical fluoridation status for each municipality, including the start
and end vyear (if applicable). This information is described in more
detail below.

Annual Municipality and Population Counts

We acquired a list of Alberta municipalities and their annual
populations from 2 main sources: Alberta Municipal Affairs'*'®
and the Government of Canada." Alberta Municipal Affairs has
publicly available official annual population figures for the province
beginning in 1914, broken down by municipality type (see Table 1
for descriptions). We assigned a type code to each municipality on
our list, for every year beginning with the official incorporation date.
Municipalities that dissolved completely (e.g., were incorporated
into a larger municipal district) were coded as “dissolved” and had
an annual population count of 0 following the year of dissolution.

Municipality and Population-Level Exposure
to Fluoridation

To estimate population-level fluoridation exposure, we determined
the historical fluoridation status for each municipality, including start
and end year, if applicable. We began with a partial list of existing
Alberta municipalities and their fluoridation status drawn from
various sources, including information compiled by the provincial
ministry of Environment and Protected Areas (formerly Environment
and Parks),?" a report prepared for Alberta Health Services*? and an
ad hoc running list held by one of the authors. For the remaining
municipalities, we consulted additional documents, including annual
reports from the provincial department historically responsible for
public health, and fluoridation materials prepared for past plebiscites
in Calgary,?® and we contacted staff at water commission and water
supply systems and municipalities. We attempted to find at least 2
corroborating sources to confirm fluoridation start and end dates. For
each year, municipalities were assigned 1 of 3 codes: fluoridated,
partly fluoridated (i.e., municipalities included multiple water supply
systems) or non-fluoridated.

Despite significant effort to obtain information on naturally occurring
fluoride (versus systems where fluoride is added by municipalities), we
were unable to find consistent historic data on private water sources.
In Alberta, approximately 90% of people receive drinking water via
municipal water systems approved by Alberta Environment.** The
remainder, and most notably First Nations and rural communities,
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obtain water from private systems, such as wells, which can contain
varied levels of naturally occurring fluoride. As many of these
sources are not monitored by government, fluoride levels are
often unknown,'® and these were excluded from the analysis.

Analysis

We counted the number of existing municipalities per year, overall
and by municipality type. For each year, 1950-2018, we obtained
municipal-level fluoridation counts by adding up the number of
fluoridated and partly fluoridated municipalities, overall and by
municipality type.

The proportion of the Alberta population exposed to fluoridation each
year was computed based on annual population data and fluoridation
status for each municipality. Specifically, we multiplied the annual
population count for each municipality by “1” (fluoridated that year)
or “0” (not fluoridated that year). For the small number of partly
fluoridated communities (7 municipal districts and 1 specialized
municipality), we used “0.5” as a multiplier, as we did not know the
within-municipality exposure in these municipalities and estimated
it at 50%. The sum of the resulting population values was divided
by the total annual population count to compute the proportion
of the Alberta population exposed to fluoridation each year from
1950 to 2018. We visually examined fluoridated municipality and
population-level fluoridation exposure data (separately) over time to
discern descriptive trends.

Results

There were several recurring challenges in acquiring complete and
accurate information on municipal population and fluoridation
status data. To contextualize findings and inform surveillance moving
forward, it is important to describe these challenges.

Data Collection Challenges

For annual population data, as is typical for historical statistics, data
were missing or unavailable for certain years, which varied between
and within municipality types (Table 2). Complete annual population
data were available for most municipalities (398 or 68.0%), i.e.,
population counts were available for every year of existence.
Improvement districts, First Nations and Metis settlements had the
highest proportion of missing population data, i.e., most municipalities
in these categories were missing >25% of annual population counts.

For missing data on fluoridation status, we were unable to obtain
any information on the fluoridation history for 51.6% (302) of the
municipalities; missing data by municipality type (Table 2) ranged
from 0 among the 18 cities to 100% of First Nation (n = 79) and
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Metis settlements (n = 8). In all these cases, we took the conservative
approach of assuming these municipalities to be non-fluoridated.
According to the Government of Canada, the only Indigenous
communities with access to fluoridated water are those with a
Municipal Transfer Agreement, allowing them to acquire water from
a municipal water source.’® In Alberta, approximately 6.4% of the
“on reserve” population has access to fluoridated water sources;
however, this number may be an overestimate, as some Indigenous
communities may be only partly fluoridated.'

Municipality and Annual Population Counts
in Alberta, 1950-2018

The number of municipalities per year ranged from a low of 316 in
1951 to a high of 438 in 1995 (Figure 1). From 1950 to 2018, there
was a gradual increase in the number of towns, summer villages
and, to a lesser extent, municipal districts and cities. Overall, villages
were the most prevalent municipality type in Alberta from 1950
to 1997, but were then surpassed by towns, which in part reflects
circumstances in which villages became towns, or dissolved into
larger municipalities. There were 68 instances of changes in the type
of municipality (e.g., a village becomes a town) and 71 municipalities
dissolved between 1950 and 2018.

Alberta’s population has increased over time, from 932 018 in 1950
to 1794 057 in 1975, 2 930 836 in 2000 and, finally, 4 203 231 in
2018. Population growth has varied by municipality type. As shown
in Table 3, the most dramatic change over time is the increasing
proportion of the population living in cities, which nearly doubled
from 1950 to 2018. The proportion living in towns (after 1975),
villages and municipal districts has decreased.

Fluoridation Exposure: Population Level

Population exposure to fluoridation in Alberta increased from 1950
to 2010 (Figure 2). Significant increases occurred in 1967 and
1991, reflecting the commencement of fluoridation in the large
cities of Edmonton and Calgary, respectively. The first non-0 year
of fluoridation exposure in Alberta was 1958, with a population
exposure of 1.5%, reflecting the initiation of fluoridation in Fairview
and Red Deer that year. Fluoridation exposure peaked at 75.5% in
2010, then declined to 43.4% reflecting Calgary’s 2011 decision
to cease the practice. From 2011 to 2018, overall population
exposure to fluoridation hovered around 43-45%. Examining this
pattern by municipality type (not shown) indicates, not surprisingly,
that it is dominated by trends in cities.

Fluoridation Exposure: Municipality Level

As shown in Figure 3, the number of fluoridated municipalities
generally increased over time from 2 (out of 402) in 1958 to 105
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(out of 398) in 2018, except for small declines in 2007-2008
and 2010-2011.

Broken down by municipality type (Figure 4), the increase in the
number of fluoridated municipalities primarily reflects an increase
in the number of fluoridated towns, particularly from 1958 (1/83) to
1994 (52/109), after which it plateaued and then declined in 2012
(45/109). The decline was partly a result of temporary cessation

Table 1: Descriptions of municipality tfypes in Alberta.
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of fluoridation in Red Deer (2007-2009), which also affected
surrounding communities receiving water from Red Deer, and
municipalities that ended fluoridation altogether, such as Hanna in
2008, Grimshaw and Taber in 2011 and Okotoks in 2012. However,
between 2012 and 2018, the number of fluoridated towns increased
again (50/109). The numbers of fluoridated municipal districts and
villages also increased over time, while the number of fluoridated
cities gradually plateaued from 1995 (14/16) to 2018 (12/18).

Municipality type Description

City ¢ Population >10 000 people

e Governed by a mayor and an even number of councillors
« Established ward systems, with the same number of councillors in each ward

First Nation * Not part of any municipality

« Exclusive legislative authority on matters related to First Nation reserves rests with the federal government

Improvement » Sparsely populated areas where tax base is not sufficient to support and finance a local government
district « Province is responsible for all local government functions through Alberta Municipal Affairs

Metis settlement < Established under the Metis Settlements Act

Municipal district < Government in rural areas, such as farmland and unincorporated communities (e.g., hamlets)
e Council consists of 1 councillor per ward
« 1 councillor is elected as “reeve” by the council

Special area e Rural area in southeast Alberta

¢ Administered by a board of 4 people appointed by the lieutenant governor in council
« 3 exist in Alberta, but are referred to as 1 unit

e Can no longer be created in Alberta

Specialized * Formed without resorting to special acts of the legislature
municipality  Rural and urban communities often exist under a single municipal government
Summer village » Same provisions as a village (below), except elections and annual meetings are held in the summer

Town ¢ Population >1000

e Governed by a mayor and councillors

e May exceed 10 000 people unless change to city status is requested

« Size of council is set by municipal bylaw (currently 5-7)

Village e Population =300

* Formed on request by 30% of electors in a community
« May apply for town status when the population reaches 1000
¢ Council consists of 3 councillors, 1 of whom is the mayor

Note: Information is available from the Government of Alberta.?°
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Table 2: Municipalities, by type, missing annual population count data and fluoridation status.*

Municipalities with missing
Municipalities with missing population data data on fluoridation status

% of missing annual municipality
population data range

City (18) * No missing data 17 0-24.6 0 —
* Missing <25% 1
* Missing >25% —
e Missing all data —_

Municipality type (no.)

First Nation (79) * No missing data — 3.3-98.5 79 100
* Missing <25% 35
* Missing >25% 44
e Missing all data —_
Improvement district * No missing data 23 0-100 79 100
” * Missing <25% 4
* Missing >25% 51
e Missing all data 1
Metis settlement (8) * No missing data — 43.5-59.4 8 100
* Missing <25% —
* Missing >25% 8
e Missing all data —_
Municipal district (89) * No missing data 85 0-98.6 50 56.2
* Missing <25%
* Missing >25% 2
* Missing all data —_
Special area (6) * No missing data 4 0-14.5 6 100
* Missing <25% 2
* Missing >25% —
* Missing all data —_
Specialized * No missing data 5 0 0 -
municipality (5) « Missing <25% _
* Missing >25% —
e Missing all data —_
Summer village (53) * No missing data 29 0-21.7 17 32.1
* Missing <25% 24

* Missing >25% —
* Missing all data —_

Table 1 continued P>
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Municipalities with missing

Municipalities with missing population data data on fluoridation status
Municipality type (no.) | %eof “ggﬁriggn&l;LTél:;gipulity
Town (121) * No missing data 116 0-100 12 9.9
* Missing <25% 3
* Missing >25%
* Missing all data 1
Village (124) * No missing data 118 0-6.7 48 38.7
* Missing <25% 6
* Missing >25% —

* For 3 municipalities, we were unable to acquire any information on type, annual population or fluoridation status; these were excluded from the analysis.

Table 3: Population distribution in Alberta by municipality type, 1950-2018.

Year
City 35.4 58.8 64.6 67.9 68.4
First Nation 1.5 1.9 1.7 1.8 1.9
Improvement district 9.5 4.2 0.1 0.1 0.1
Metis settlement 0.1 0.1 0.2 0.1 0.1
Municipal district 35.0 15.6 14.1 114 11.3
Special area 1.3 0.4 0.2 0.1 0.1
Specialized municipality 0.7 2.3 4.5 6.0 55
Summer village <0.1 0.1 0.1 0.1 0.1
Town 11.1 14.2 13.0 11.6 11.5
Village 5.3 2.6 1.5 1.0 0.9
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Figure 1: Number of Alberta municipalities, 1950-2018, by type.*
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Figure 2: Population exposure to fluoridation in Alberta, 1950-2018.
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Figure 3: Number of fluoridated municipalities in Alberta, 1950-2018.*
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*From 1950 fo 2018, 12 fluoridated (and 1 partly fluoridated) municipalities underwent a status change (e.g., Chestermere changed from summer
village to town in 1993); 2 fluoridated municipalities dissolved info larger municipalities.

Note: Eight municipal districts and specialized municipalities were considered partly fluoridated, as multiple water supply systems existed in them.
Graph shows results for both a crude assumption of 50% population fiuoridation in these municipalities (Partial) and 0% coverage (No partial).

Figure 4: Fluoridated municipdlities in Alberta, 1950-2018, by municipality type.*
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Discussion

Our data show that population exposure to fluoridation in Alberta
increased between 1958 and 2010, decreased in 2011 and then
leveled, consistent with other reports.'® These trends were heavily
influenced by decisions in Calgary and Edmonton, the province’s
2 largest urban centres. Over time, there was an increase in the
proportion of the Alberta population living in cities as opposed to
towns, villages or municipal districts. Thus, the disproportionate
influence of cities in estimates of population fluoridation coverage is
likely to increase if these demographic trends continue. We observed
a different trend in fluoridation exposure at the municipality level,
with the number of fluoridated municipalities showing a more
consistent increase over time.

Consistent with other Canadian reports,®”'° the availability of data
on fluoridation status varied across municipalities in Alberta and, in
some cases, was non-existent. Because fluoridation is an important
element of a multifaceted approach to dental public health, it
is important to be able to contextualize and quantify trends. Our
findings point to the value of a centralized monitoring system to
track changes in fluoridation exposure over time. One example of
fluoridation surveillance strategy that could be applied in Alberta
(and more broadly, Canada) is the Water Fluoridation Reporting
System in the United States,*® which provides an online tool to help
states manage water quality. It forms the basis for national surveillance
reports on the proportion of citizens exposed to fluoridated drinking
water; the tool monitors fluoridation status of water systems,
communities served and which systems purchase or sell water to
other systems. Continued surveillance of fluoridation status over
time is a necessary step to achieving the key dental health initiatives
outlined in Alberta’s Oral Health Action Plan,* specifically the need
to maintain accurate records and information on fluoridation and
to provide surveillance data for the planning, implementation and
evaluation of dental health policies.

The value of a fluoridation exposure surveillance system in Alberta
will arguably increase with regionalization of water supply systems,
i.e.,, multiple water systems in an area will be managed by a single,
integrated entity.*® Increased regionalization has resulted in several
communities now receiving water from larger municipalities (as
opposed to a local water source) and fewer stand-alone water
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facilities.?* This trend could have interesting and under-recognized
implications for establishing a fluoridation reporting system in
Alberta. Specifically, regionalization has also resulted in the
development and implementation of key initiatives to improve
monitoring of data surrounding drinking water quality, safety and
water treatment processes across the province.”” Municipal-level
fluoridation status could be added as a component to existing
municipal water surveillance system initiatives that are ongoing
in Alberta.?”2¢

Strengths and Limitations

As noted, we encountered instances of incomplete or missing
information about fluoridation status and annual population counts.
To some extent, this is to be expected with historical quantitative
research, reflecting changes over time in data collection capacity,
methods and priorities. Incomplete data were particularly evident
for First Nations communities and Metis settlements, thus illustrating
data limitations that have elsewhere been identified as reflecting
and contributing importantly to well-being and health equity of
Indigenous populations.?*=' Based on available information, we
were also unable to ascertain specific fluoridation decision-making
circumstances for each municipality (e.g., municipal or public vote).

Another limitation is the lack of consistent historic data on water
sources with naturally occurring levels of fluoride. Because of this
exclusion, our estimates of population exposure to fluoride may
be underestimated; however, the large majority (90%) of people in
Alberta receive drinking water from municipal water systems, and
the proportion of people receiving water from private sources with
naturally occurring levels is relatively small. This limitation highlights
the value of maintaining a registry of fluoride levels in all sources of
drinking water, including sources with naturally occurring levels of
fluoridation as more consistent data sources become available.

In terms of strengths, we highlight our careful and conservative
approach to data collection and analysis. Moreover, our study
generates new knowledge on population exposure to fluoridation,
both at the population and municipal levels over time, thus
historically contextualizing and illustrating the value of routine data
on fluoridation in the province of Alberta.
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