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Introduction

Dental caries is a common public health problem in Canada," and it affects about 57% of
children aged six to 11 years and 59% of adolescents aged 12 to 18 years.2 It has been
estimated that the prevalence of coronal caries and the prevalence of root caries for
Canadian adults aged 19 years and older is 96% and 20.3%, respectively.2 Dental caries
can result in pain, infection, premature tooth loss, and misaligned teeth.® Untreated dental
caries in children are associated with poor overall growth, iron deficiency, behaviour
problems, low self-esteem, and a reduction in school attendance and performance.“‘9 In
pregnant women, periodontal diseases are risk factors for preterm low birth weight.'** By
adulthood, about 96% of Canadians have experienced dental caries.? In 2018, the cost of
dental services was estimated to be approximately $17 billion in Canada, about $461 per
Canadian, based on total national health expenditure estimated from both the private sector
($15.2 billion) and public sector ($1.8 billion).™ Poor oral health is experienced by
Canadians who cannot access regular dental care, including lower income families with no
insurance, seniors in long-term care, new immigrants, and Indigenous peoples.?*?

Fluoride is a negative ion (F") of the element fluorine (F2).* The term fluoride also refers to
compounds containing F~, such as sodium fluoride (NaF), calcium fluoride (CaF),
fluorosilicic acid (H2SiFs), or sodium fluorosilicate (NazsiFs).14 In water, these compounds
dissociate to release F~.** Fluoride compounds exist in soil, air, plants, animals, and water.*®
Epidemiological studies in the 1930s and 1940s found that people living in areas with high
naturally occurring fluoride levels in water had lower incidence of dental caries (i.e., cavities
and tooth decay), a chronic and progressive disease of the mineralized and soft tissue of the
teeth. This finding led to the controlled addition of fluoride to community drinking water with
low fluoride levels in order to prevent dental caries.'®” In 1945, Brantford, Ontario, was the
first city in Canada and the third city in the world to implement drinking water fluoridation.*®*°

Fluoride helps to prevent dental caries both systemically (pre-eruptive or before the teeth
emerge) and topically (post-eruptive or on the tooth surface).?>?* The systemic effect occurs
through the incorporation of ingested fluoride into enamel during tooth formation, which
strengthens the teeth, making them more resistant to decay.**® The major sources of
systemic fluoride are fluoridated water and foods and beverages prepared in areas with
fluoridated water.?*?® Fluoride from other sources such as toothpaste, mouth rinses, gels,
varnishes, or foams provides a topical effect (unless swallowed) through direct contact with
exposed tooth surface; this increases tooth resistance to decay against bacterial acid attack
by inhibiting tooth de-mineralization, facilitating tooth remineralization, and inhibiting the
activity of bacteria in plaque.26 As well, after being absorbed systemically, a small portion of
fluoride is excreted into the saliva where it provides a topical effect from the continuous
bathing of saliva over the teeth.”” Evidence has suggested that CWF is associated with a
decrease in dental caries, a decline in numbers of hospital attendances for general
anesthesia and tooth extractions, and a reduction in the cost of dental treatment in
children.?®%

Daily intake levels of fluoride in humans vary depending on many factors, these include
sources of fluoride (water, foods or beverages, or dental products), levels of fluoride in water
or foods, the amount of water or food consumed, and individual characteristics and habits.**
About 75% to 90% of ingested fluoride is absorbed through the gastrointestinal tract, and up
to 75% of the absorbed fluoride is deposited in calcified tissues (such as bones and teeth) in
the form of fluorapatite within 24 hours.**?® The rest is excreted primarily in the urine, with
small amounts excreted in perspiration, saliva, breast milk, and feces.***® In 2007, a dietary
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survey of the Canadian population estimated that the average intake of fluoride in children
aged one to four years old in fluoridated and non-fluoridated communities was 0.026
mg/kg/day and 0.016 mg/kg/day, respectively.14 The average dietary intake of fluoride in
adults 20 years and older ranged from 0.038 mg/kg/day to 0.048 mg/kg/day in fluoridated
communities, and ranged from 0.024 mg/kg/day to 0.033 mg/kg/day in non-fluoridated
communities.** Based on the average daily dietary fluoride intakes in fluoridated areas (i.e.,
0.7 to 1.1 ppm) in Canada and US, the recommended adequate intake (Al) of fluoride from
all sources that is sufficient to prevent dental caries is 0.05 mg/kg/day, irrespective of age
groups, sex, and pregnancy status.*”*® The tolerable upper limit (UL) value for infants
through children aged eight years is 0.10 mg/kg/day.37 The UL for children older than eight
years and for adults including pregnant women is 10 mg/day.37

According to the 2010 Health Canada Guidelines for Drinking Water Quality, the maximum
acceptable concentration (MAC) of fluoride in drinking water is 1.5 ppm (parts per million or
mg/L), while the optimal level of fluoride in drinking water is recommended to be 0.7 ppm
(reduced from the previous range of 0.8 ppm to 1.0 ppm) for providing optimal dental health
benefits and minimizing dental fluorosis.'® MAC was determined with moderate dental
fluorosis as the end point of concern.” Thus, community water fluoridation (CWF) in Canada
is the process of controlling fluoride levels (by adding or removing fluoride) in the public
water supply to reach the recommended optimal level of 0.7 ppm and to not exceed the
maximum acceptable concentration of 1.5 ppm.*® Most sources of drinking water in Canada
have low levels of naturally occurring fluoride.*® According to a Canadian survey conducted
between 1984 and 1989, the average, provincial, naturally occurring fluoride levels in
drinking water ranged from less than 0.05 ppm in British Columbia and Prince Edward
Island, to 0.21 ppm in Yukon.™ The provincial and territorial data on drinking water in 2005
provided by the Federal-Provincial-Territorial Committee on Drinking Water showed that the
average fluoride concentrations in fluoridated drinking water across Canada ranged between
0.46 ppm and 1.1 ppm.”™ As of 2017, about 38.7% of Canadians were exposed to CWF for
the protection of dental caries.* The decision to fluoridate drinking water is not regulated at
the federal, provincial, or territorial levels, but rather the decision is made at the municipal
level and is often taken by means of a community vote (i.e., by referendum or plebiscite).14

While public and dental health agencies and organizations, and about 60% of Canadians,
view CWF as an effective and equitable means of improving and protecting the dental health
of populations, there continues to be opposition, resistance, and skepticism about CWF,
especially in terms of human and environmental health.*>** There are a variety of different
perspectives on CWF, some of which centre on the scientific evidence of dental benefit,****
while others include the availability of alternative oral public health programs or interventions
that avoid perceived concerns of CWF.**** Alternative publicly funded oral public health
programs, such as school-based topical fluoride varnishes, though available, are not
consistent across Canadian jurisdictions.*™” Importantly, the available programs are not
universal in nature and mainly target high-risk populations.***® Furthermore, public health
programming is often targeted toward youth, excluding the adult and elderly populations.
CWEF, in contrast, is an intervention that reaches a broader population, so long as persons
drink from municipal water supplies. Still, others cite potentially harmful side effects of
fluoridation, for example, fluorosis, thyroid function, lowered average intelligence quotient
(IQ) in populations, and negative environmental impactl“'48 as motivation for water
fluoridation cessation. Additional concerns include possible relationships between industry
and fluoridation.**® Finally, an unsettled tension exists around the ethics of CWF in terms of
distribution of benefits to all persons who consume fluoridated tap water, removing (or
making very difficult) the ability to “choose” fluoridation.**%>*

CADTH TECHNOLOGY REVIEW Community Water Fluoridation Programs: A Health Technology Assessment — Budget Impact Analysis 9
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It is within this context that some municipalities are choosing to cease water fluoridation,
leading to its decline.® Notably, large Canadian cities such as Calgary, Quebec City,
Windsor, Moncton, and Saint John have discontinued their water fluoridation programs in
recent years.”>>* Other municipalities have also discontinued CWF across provinces and
territories since 2012.% Although the total percentage of Canadians with access to CWF has
increased from 2012 (37.4%) to 2017 (38.7%), some provinces and territories have shown a
significant decline in fluoridated water system coverage.39 As of 2017, the provinces and
territories with the fewest municipalities with CWF systems include British Columbia,
Quebec, New Brunswick, Newfoundland and Labrador, and Yukon.* The impact of CWF
cessation on dental health is unclear.

Policy Question

This Health Technology Assessment (HTA) is intended to provide guidance to policy- and
decision-makers at the municipal levels to help orient discussions and decisions about water
fluoridation in Canada. This HTA seeks to address the following policy question: Should
community water fluoridation be encouraged and maintained in Canada? The analytic
framework informing this HTA is presented in Appendix 1.

Objectives

The aim of this HTA is to inform the above-mentioned policy question through an
assessment of the effectiveness and safety,>® economic considerations,*® implementation
issues,®” environmental impact,®® and ethical considerations® for CWF. An analysis of the
evidence related to these considerations comprises different chapters of the HTA, each with
specific and different research questions and methodologies. The following budget impact
analysis (BIA) report addresses the economic considerations. Other sections have been
published separately.

Research Questions

The HTA addressed the following research questions:
Review of Dental Caries and Other Health Outcomes

1. What is the effectiveness of community water fluoridation (fluoride level between 0.4
ppm and 1.5 ppm) compared with non-fluoridated drinking water (fluoride level < 0.4
ppm) in the prevention of dental caries in children and adults?

2. What are the effects of community water fluoridation cessation (fluoride level < 0.4 ppm)
on dental caries in children and adults compared with continued community water
fluoridation (fluoride level between 0.4 ppm and 1.5 ppm), the period before cessation of
water fluoridation (fluoride level between 0.4 ppm and 1.5 ppm), or non-fluoridated
communities (fluoride level < 0.4 ppm)?

3. What are the negative effects of community water fluoridation (at a given fluoride level)
compared with non-fluoridated drinking water (fluoride level < 0.4 ppm) or fluoridation at
different levels on human health outcomes?

CADTH TECHNOLOGY REVIEW Community Water Fluoridation Programs: A Health Technology Assessment — Budget Impact Analysis 10



CADTH

Economic Analysis

4. From a societal perspective, what is the budget impact of introducing water fluoridation in
a Canadian municipality without an existing community water fluoridation program?

5. From a societal perspective, what is the budget impact of ceasing water fluoridation in a
Canadian municipality that currently has a community water fluoridation program?

Implementation Issues

6. What are the main challenges, considerations, and enablers related to implementing or
maintaining community water fluoridation programs in Canada?

7. What are the main challenges, considerations, and enablers related to the cessation of
community water fluoridation programs in Canada?

Environmental Assessment

8. What are the potential environmental (toxicological) risks associated with community
water fluoridation?

Ethical Considerations

9. What are the major ethical issues raised by the implementation of community water
fluoridation?

10. What are the major ethical issues raised by the cessation of community water
fluoridation?

11. What are the major ethical issues raised by the legal, social, and cultural considerations
to consider for implementation and cessation?

This economic analysis addressed research questions 4 and 5.

Financial considerations from the broader societal context in terms of the distribution of
budget impact among jurisdictional stakeholders and indirect costs related to dental care
(e.g., transportation and productivity loss costs) were deemed to be of key interest in
addressing the decision problem given that the cost impact of CWF is likely to extend across
many different stakeholders in Canada. While fluoridation falls within the purview of
municipalities, dental care is covered through a mix of public and private sectors. The
potential budgetary impact specific to each stakeholder from a decision to either implement
or cease fluoridation of community water is likely to be different and a proper understanding
of how cost impacts are distributed across different budgets is therefore important to
understanding the cost implications to each stakeholder.

Of note, the research questions reflect different decision problems that would be faced by
two different types of municipalities whose current practice of fluoridating community water
differs. Question 4 is applicable to a municipality that currently does not fluoridate municipal
water supplies and is deciding between introducing CWF into its existing water treatment
infrastructure (which include a water treatment plant and a treated water delivery system)
and continuing with the status quo (i.e., without fluoridation). Question 5 is applicable to a
municipality that currently fluoridates its municipal water supplies and is deciding between
the status quo (i.e., continuing water fluoridation) and ceasing CWF.

CADTH TECHNOLOGY REVIEW Community Water Fluoridation Programs: A Health Technology Assessment — Budget Impact Analysis 11
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Review of Published Economic Literature

Prior to conducting this BIA, a literature review of published economic studies (e.g.,
economic evaluations and BIAs) related to the introduction and cessation of CWF was
conducted to assess whether existing evidence could sufficiently address the research
questions. The literature search identified five studies.®®®*

The studies all addressed the potential impacts from the introduction of water fluoridation to
communities whose water is presently not fluoridated and shared some common findings.
The introduction of CWF was found to produce net cost savings under a societal perspective
compared with the status quo (i.e., no CWF). The studies generally reported consistent
findings across a range of community sizes and age groups, though two studies reported
that CWF was no longer cost saving for smaller community population sizes (between
1,000% people and 5,000% people). Although none of these studies self-reported as BIAs,
the studies shared some common approaches to quantifying the costs and benefits of CWF.
The costs of CWF generally included fixed costs (such as equipment) and variable costs
(such as labour), while the benefits of CWF were characterized as averted caries treatment
costs. Four out of five studies accounted for productivity losses associated with caries
treatment,®*®® and one study additionally accounted for transportation costs associated with
caries treatment.®® Most studies also considered a mix of deciduous and permanent
dentitions in evaluating the potential impact of water fluoridation to the development of
dental caries, with only two studies®*®* focusing solely on permanent dentition caries. Only
one of the studies was conducted for a Canadian setting®® — specifically in Quebec. The
studies also shared similar limitations as most did not clearly define the analytic time
horizon, with the exception of a study that explicitly stated adopting a 30-year period.64
Furthermore, potential changes in population demographic (e.g., birth, mortality, migration)
do not appear to be considered in these studies.

No studies were identified that have explored the potential financial impact of ceasing CWF
in existing fluoridated communities.

As noted in this report, there are two research questions of interest: one relating to
introduction and another relating to cessation of CWF in a Canadian context. For the first
research question, a single published study was found that addressed the economic
considerations of introducing CWF in Quebec; however, there remains uncertainty to the
generalizability of these findings to a broader Canadian perspective. For the second
guestion relating to cessation, none of the identified literature specifically investigated this
topic. Given these uncertainties and evidence gaps in the identified literature, de novo BlAs
were deemed necessary to address both research questions.

Budget Impact Analyses

Methods

A protocol was developed a priori® and was followed throughout the research
process.

BIAs were conducted on Microsoft Excel to address the decision problems previously
introduced. This section details the methodological specifications of the two BIAs, referred
as CWF introduction (the analysis addressing Question 4) and CWF cessation (the analysis
addressing Question 5).

CADTH TECHNOLOGY REVIEW Community Water Fluoridation Programs: A Health Technology Assessment — Budget Impact Analysis 12
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Perspective

Although municipal governments make decisions regarding CWF in Canada, its impact on
caries incidences extends to multiple budget holders. Therefore, the BIAs adopted a broader
societal perspective and reflected cost considerations from federal, provincial, territorial,
municipal, and private (i.e., private health insurer and individual) budgets. Federal,
provincial, and territorial budgets reflected direct medical costs covered under the public
health insurance plans of each government body. Municipal budget reflected direct dental
costs that may be covered by municipality-funded dental programs, as well as CWF capital
expenditure and operation costs. Private budget accounted for direct medical costs that may
be covered under private dental insurance plans or by patients themselves as out-of-pocket
expenses, alongside the costs of transportation and productivity loss incurred from seeking
health care services associated with caries.

Time Horizon

A twenty-year time horizon was used for both BIAs to reflect municipal asset management
practices in Canada,®®®® and to capture the expected life of the capital investment, and the
impact over generations of people who could be affected by a CWF decision. More
specifically, the analyses account for years 2018 to 2037.

Population

As the decision to implement or cease water fluoridation is at the level of a municipality, the
populations modelled in both BIAs reflect that of municipal residents. As most Canadians
generally live in an urban municipality,  the size of the municipality for the base-case
analyses was assumed to be that of an average large urban municipality in Canada (N =
675,429), estimated based on the 2016 Canadian census data.”

As the time horizon captured in the model reflects a long-time period of 20 years, a dynamic
population was considered. Specifically, the analyses captured a dynamic open population
in which the demographic composition of a municipality, by age and sex, changed over the
modelled time horizon to account for the expected long-term demographic changes within a
municipality. Changes in the municipal population were important to consider given that the
impact of a municipal CWF decision in terms of burden of caries extends over a long term
and the municipal population is expected to change during this period. Projections of birth,
mortality, and migration rates were adapted from Statistics Canada population
projections.’*"

Non-permanent residents, in particular, were not considered as part of the analyses. Given
that these individuals only stay temporarily in a municipality and represent a small subset of
the total Canadian population (i.e., less than three per cent),74 this exclusion would be
unlikely to impact the overall population estimates over the time horizon.

Community Water Fluoridation Strategies
The CWF strategies assessed were unique to each BIA and its decision problem.
Community Water Fluoridation Introduction (I.E., Question 4)

For municipalities currently without CWF, the decision problem of choosing between the
strategy of introducing CWF (referred henceforth as Strategy 1a) and the strategy of
maintaining the current status quo (which represents no CWF, and is henceforth referred to
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as Strategy 1b) was modelled. In the former strategy, equipment and processes for CWF
were assumed to be introduced in the first year as additional capital expenses to an existing
municipal water treatment infrastructure. The municipality considered in this analysis
therefore reflects one with an existing water treatment infrastructure and the decision
problem of introducing CWF would be in the context of upgrading an existing municipal
water treatment infrastructure.

Community Water Fluoridation Cessation (I.E., Question 5)

For municipalities that presently adjust fluoride levels in their community water supplies to
optimal levels, the decision problem of choosing between the strategy where a municipality
ceases fluoridation (referred to henceforth as Strategy 2a) and the strategy of maintaining
the current status quo (which represents continuation of CWF, and is henceforth referred to
as Strategy 2b) was modelled. In the latter strategy, it was assumed that CWF continuation
would necessitate renewed capital expenditures to retrofit (i.e., upgrade or replace) old
equipment and processes for fluoridation within an existing water treatment infrastructure.

Analytic Framework

The analytic framework for the BIAs are as described in Figure 1 and Figure 2, and illustrate
how the cost comparisons between strategies are structured for each BIA. For each
analysis, the population size, factoring in demographic change over time, was first projected.
Different caries incidence rates specific to each strategy were applied to estimate the
prevalence of caries over the modelled time horizon. Differences in the prevalence of caries
between the two strategies resulted in differences in both direct (i.e., medical) and indirect
(i.e., transportation and productivity loss) costs. Costs directly associated with CWF
construction, operation, and maintenance were also considered for the CWF introduction
and CWF continuation strategies (i.e., strategies 1a and 2b). Budget impact was defined as
the difference in the sum of total costs between the compared strategies.
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Figure 1. Comparison of Strategies for Community Water Fluoridation Introduction Budget
Impact Analysis

Strategy 1a: / Strategy 1b: \

Introduce CWF No CWF
Municipal Population [ Identical ]
Caries Incidence |  Incidence,, | [ Incidence,, |

Caries CWF
[ Medical ] [ Construction

\
Costs [ Productivity ) [ Operation & ]
/

Productivity

Loss Maintenance Loss

| Transportation
T

Budget Impact X Strategy 1a Costs r\ Strategy 1b Costs

Transportation

v

CWF = community water fluoridation.

Figure 2: Comparison of Strategies for Community Water Fluoridation Cessation Budget
Impact Analysis
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Input Data

Details to the input parameters that were used as part of the base-case analysis are
subsequently summarized.

Population Projection — Demographic Inputs

As previously noted, the total population considered in the BIA was at the level of a
municipal population.

Municipal population projection was modelled based on a cohort component method. An
initial municipal population (i.e., for the year 2018), categorized by age and sex, was defined
(Figure 3). Over the 20-year time horizon, a growing municipal population was modelled
based on factoring components of births, mortality, and migration. To project the change in
population demographics over time, the population from the start of a year was used to
estimate, within each age and sex group, the number of individuals who remained alive by
the start of the next year. The number of live births by sex that would occur was also
estimated and added to the population projection. Migration was handled by adding
immigrants and subtracting emigrants. As the population analyzed was those still residing
within the municipality, potential health outcome and cost impacts of drinking fluoridated
water in emigrants who have since left the municipality were not considered.

The municipality’s population pyramid for 2018 and the forecasted population distribution (by
age and sex groups) for 2037 are illustrated in Figure 3.

Initial Population

For the base case, as previously noted, the size of the initial municipality reflected the
average size of large population centres reported in the 2016 Canadian census (N =
675,429).The age-sex composition of the initial population represented a large urban
municipality given that 81.3% of the Canadian population live in urban areas’” and this was
considered to best reflect the municipality of an average person residing in Canada. The
division of the initial population by age and sex subgroups was therefore based on the
demographic composition of the most populous census subdivisions in 2016, which account
for 81.3% of the national population.76 Sensitivity analyses were conducted to explore
scenarios for smaller municipalities, including medium urban, small urban, and rural
municipalities.

The proportions of the initial population (by age and sex subgroup) are reported in Table 26,
Appendix 3.
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Figure 3: 2018 and 2037 Population Pyramids
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Births

Base-case birth rates for 2018 to 2037 were based on medium scenario birth projections
from Statistics Canada.” Male-to-female birth ratio was assumed to be 1.05, the same ratio
that was used in Statistic Canada projections.72 Low and high birth rate scenarios were

explored in sensitivity analyses.

Mortality

Base-case annual mortality rates for 2018 to 2037 were based on adjusted medium scenario
projections from Statistics Canada.’? Statistics Canada reported sex- and age-specific
mortality rate projections for two time periods: 2011 and 2062. With these values, age- and
sex-specific mortality rates were linearly interpolated for each of the years from 2018 to
2037. As the Statistics Canada projections had incorporated an older life table in its
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estimates, these mortality rates were further adjusted to reflect the latest available life table
(2013 to 2015).77 As ages older than 99 years were modelled as an age group of 100 and
older, the life table mortality rates for 100 to 109 years of age were averaged for this group.
Low and high mortality scenario rates were also adjusted similarly by using the reported
95% confidence intervals of the life table’s mortality rates and were explored in sensitivity
analyses.

Migration

International immigration is a significant source of population growth for Canada and is
therefore important to incorporate into population projections along with international
emigration. Overall immigration and emigration rates were combined with age- and sex-
specific distributions of immigrants and emigrants to inform changes in the modelled
municipal population’s age and sex composition over the time horizon. Of note, migration
was only incorporated for the purposes of projecting changes in the size of a municipal’s
population and a simplifying assumption was made that the baseline rate of caries of new
immigrants would be similar to residents of Canada. More details of how caries prevalence
was estimated can be found in the next section.

Although Statistics Canada projected the expected number of immigrants from 2018 to
2037, a report published by Immigration, Refugees and Citizenship Canada suggested that
the targeted total number of immigrants from 2018 to 2020 will be much higher than these
projections.” These immigration targets were therefore used to update Statistics Canada’s
projections. As immigration targets were only available for the next three years, immigration
rates were further estimated for the subsequent years (i.e., 2021 to 2037). Immigration rates
were forecasted by assuming a constant growth in the immigration rate based on the annual
change in immigration rates reported from the medium immigration scenario that was
projected by Statistics Canada. Sensitivity analyses were conducted to explore alternative
immigration rates based on combining the upper and lower immigration target ranges
planned by Immigration, Refugees and Citizenship Canada with the high and low
immigration scenarios projected by Statistics Canada respectively.

The overall annual net emigration rate was 0.0019, which was based on a medium
emigration projection scenario by Statistics Canada for 2018.”* This rate was assumed to be
equal across all years analyzed, which was consistent with Statistics Canada’s population
projection methods.”? The low and high emigration rates used by Statistic Canada were
explored in sensitivity analysis.

The overall immigration and emigration rates were used to estimate the overall change in
the size of the population. In addition, age- and sex-specific profiles of immigrating and
emigrating populations were obtained from Statistic Canada’s average annual estimates’®
from 2012 to 2017 in order to determine the expected age- and sex-specific distribution of
immigrants and emigrants.

Intermunicipal migration (i.e., movement between Canadian municipalities) was assumed
not to occur in the base case. However, a threshold analysis was conducted to explore the
impact of a declining municipal population on the decisions to either introduce or cease
CWF.
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Health Outcome Inputs
Caries Prevalence and Incidence

Overall caries prevalence for deciduous and permanent teeth were reported by Health
Canada for the years of 2007 to 2009 for five age subgroups: 6 years to 11 years, 12 years
to 19 years, 20 years to 39 years, 40 years to 59 years, and 60 years to 79 years (Table l).2
Although this data provides the best available estimate of caries prevalence for the
Canadian general population, it is limited by the reporting of caries prevalence as a number
of decayed, missing, and filled teeth. Given that teeth can be missing due to reasons other
than caries, the use of this data may overestimate caries prevalence in the general
population. However, the extent of this overestimation is likely reduced because the reported
prevalence excluded adults without any teeth.

Table 1: Mean Caries Reported in the General Canadian Population

Dentition Type, Age Range

Reported Number of Decayed, Missing, and Filled Teeth

Deciduous, 6 Years to 11 Years 1.99
Permanent, 6 Years to 11 Years 0.49
Permanent, 12 Years to 19 Years 2.49
Permanent, 20 Years to 39 Years 7.02
Permanent, 40 Years to 59 Years 13.06
Permanent, 60 Years to 79 Years 17.23

Source: Health Canada, 2010.

Age-specific incidence rate for caries in the general population were derived from this
prevalence data based on the approach subsequently described. Caries prevalence in
deciduous teeth was assumed to begin from zero decayed, missing, and filled deciduous
teeth (dmft) at birth. According to Health Canada, the reported number of caries for 6- to
11-year-old children was 1.99 dmft (Table 1).2 As such, age-specific caries prevalence was
linearly interpolated from birth to 8.5 years (i.e., the average age in this subgroup’s reported
age range), where dmft was artificially set to 1.99. Caries prevalence for deciduous teeth
from ages 9 to 11 were based on extrapolation, which was fitted to replicate a mean of

1.99 dmft for the subgroup of 6- to 11-year-old children. Age-specific incidence rates of dmft
for the general population (IR;) can then be calculated by subtracting the prevalence rates
between adjacent single-age cohorts. All of the deciduous teeth were assumed to have been
exfoliated by 12 years of age, and dmft was therefore not modelled for older ages.

A similar approach was taken to estimate age-specific incidence rates for permanent dental
caries in the general population. Permanent caries prevalence was assumed to begin at
zero decayed, missing, and filled permanent teeth (DMFT) at age 5, and was interpolated
using the approach described for dmft to derive age-specific incidence rates for DMFT. Of
note, Health Canada reports DMFTs separately for coronal and root caries (root caries is
less common and contribute to at most 10% of total caries) and, in our analysis, coronal and
root caries were summed together to estimate the general DMFT (i.e., this assumes coronal
and root caries would occur in separate teeth). Permanent DMFTs aged 80 years or older
were not explored due to a lack of data and uncertainties regarding edentulism in this
population.

The estimated general population caries prevalence is displayed in Figure 4 and Figure 5.
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Figure 4: Age-Specific Prevalence of Caries (Decayed, Missing, and Filled Deciduous Teeth)
in the General Population and by Community Water Fluoridation Exposure Status®
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CWEF = community water fluoridation; dmft = decayed, missing, and filled deciduous teeth.

2 Prevalence of caries in deciduous teeth is estimated to linearly increase with age and at different rates based on exposure to CWF. Prevalence is estimated to be highest
for those who have never been exposed to CWF, while the estimated prevalence in those previously exposed to CWF and in those who are currently exposed to CWF are
assumed to be equivalent.

Figure 5: Age-Specific Prevalence of Caries (Decayed, Missing, and Filled Permanent Teeth)
in the General Population and by Community Water Fluoridation Exposure Status®
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CWF = community water fluoridation; DMFT = decayed, missing, and filled permanent teeth.

 Prevalence of caries in permanent teeth is estimated to increase with age and at different rates based on exposure to CWF. Prevalence is estimated to be highest for
those who have never been exposed to CWF, while the estimated prevalence in those previously exposed to CWF and in those who are currently exposed to CWF are
assumed to be equivalent. The rate of increase was assumed to be equivalent after 45 years of age with the incidence rate of caries equal to zero after age 79 (i.e., no
further increase in the prevalence of caries).
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CWF Treatment Effects on the Incidence of Dental Caries

The estimated age-specific incidence rates of dmft and DMFT for the general population
(IR;) reflect a Canada-wide average incidence rate and, therefore, capture the incidence
rates observed in mixed populations exposed to and not exposed to CWF programs (Figure
6 and Figure 7). With these incidence rates, the impact of CWF on unexposed, exposed,
and previously exposed populations were separately estimated. To determine caries
incidences (with respect to dmft and DMFT) for the CWF-exposed and CWF-unexposed
populations, we merged two identity equations:

i) age-specific incidence rate of caries for the general population (IR;) reflects the sum of the
incidence rates of caries in the CWF-exposed population (/Rg) weighted by the proportion of
Canadians residing in municipalities with CWF (% CWFexposed), and the incidence rates of
caries in a CWF-unexposed population (IR;) weighted by the proportion of Canadians
residing in municipalities without CWF (1 — %CW Fgxposed), (€quation 1); and

(1) IRG = (%CWFExposed X IRE) + ([1 - %CWFExposed] X IRU)

i) Incidence rates of caries in a CWF-unexposed population (IRy) can be calculated by
multiplying the relative effect of no CWF on caries development (IRRyz) on the incidence
rates of caries in a CWF-exposed population (IRg) (equation 2).

(2) IRy =IRRyg X IRg
By substituting IR in equation 1 with equation 2, equation 3 was derived:
(3) IRG = (%CWFExposed X IRE) + ([1 - %CWFExposed] X IRRUE X IRE)

To solve for IR, equation 3 was rearranged (to create equation 4).

IRg
(%CWFgxposea) +([1~%CWFExposea] XIRRyE)

@) IRy =

Subsequently, IR, was solved (via equation 2).

For the population previously exposed to CWF (in the CWF cessation strategy), the same
set of equations were used, with the exception of equation 2, which was instead replaced by
equation 5. Equation 5 calculates the incidence rate of caries in a previously exposed
population (IRpg) by adjusting the baseline incidence rate of caries in an exposed population
(IRg) by the relative effect of previous exposure to CWF on caries development (IRRpg):

(5) IRpg = IRRpy X IR

The input parameters for computing age-specific incidence rates by fluoridation status are
listed in Table 2.
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Table 2: Community Water Fluoridation Treatment Effect Parameters

Parameter Value Source
Population proportion with 39.4% PHAC, 2017.%
CWF exposure

dmft IRRyg 1.62 Arrow, 2016.%°
DMFT IRRyg 2.13 Arrow, 2016.%
CWF exposure effect weaning age 45 years Do et al., 2017.%
dmft IRRpg 1 Assumption
DMFT IRRpg 1 Assumption
Caries incidence halt age 80 years Assumption

CWF = community water fluoridation; dmft = decayed, missing, and filled deciduous teeth; DMFT = decayed, missing, and filled permanent teeth; IRRp; = caries incidence
rate ratio of population previously exposed to CWF to population currently exposed to CWF; IRRy; = caries incidence rate ratio of CWF-unexposed population to
CWF-exposed population; PHAC = Public Health Agency of Canada.

The relative effect of CWF exposure on caries development in deciduous and permanent
teeth, also referred to as the incidence rate ratio (dmft and DMFT IRRyg, respectively), were
based on CADTH’s Review of Dental Caries and Other Health Outcomes of CWF compared
with no CWF, and CWF cessation compared with CWF continuation.>®

The CADTH Review of Dental Caries and Other Health Outcomes concluded that consistent
evidence exists for an association between water fluoridation at current Canadian levels and
the reduction of dmft and DMFT. Specifically, IRRy; were extracted from Arrow (2016), an
Australian cross-sectional study that investigated caries of deciduous and permanent
dentition in schoolchildren aged 5 years to 15 years old.*

Given that the CADTH Review of Dental Caries and Other Health Outcomes found
insufficient evidence of an association between CWF cessation and an increased risk of
dmft or DMFTs compared with continuing CWF, IRRp; was assumed to be one in the base-
case analyses. This would mean that the analysis conservatively assumed that, in a
municipality stopping CWF, the incidence of caries would remain identical between a
situation whereby fluoridation continued and a situation whereby fluoridation ceased for
teeth that have been previously exposed to CWF. The incidence rate of caries in a
population with no prior exposure to CWF (i.e., newborns entering model) was assumed to
equal the incidence rate of no CWF (IRRyg).

Different incidence rates by CWF exposure status for both deciduous and permanent teeth
were estimated until the age of 45 years. It was conservatively assumed that CWF exposure
would not significantly affect caries incidence in those aged 45 years and older as a study
reported limited impact of fluoride on the incidence of caries past this age.®! It was therefore
assumed that the CWF-exposed, -unexposed, and -previously exposed groups would
progress at the same DMFT incidence rate starting from this age. A sensitivity analysis was
conducted to explore the impact of lowering this age on the BIA results.

The resulting incidence rates by strategy are illustrated in Figure 6 and Figure 7.
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Figure 6: Age-Specific Incidence Rate of Decayed, Missing, and Filled Deciduous Teeth in
the General Population and by Community Water Fluoridation Exposure Status?
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CWF = community water fluoridation; dmft = decayed, missing, and filled deciduous teeth.

?Incidence of caries in deciduous teeth is estimated to be different based on exposure to CWF. These rates are also assumed to be consistent across age. Incidence is
estimated to be highest for those who have never been exposed to CWF, while the estimated incidence in those previously exposed to CWF and in those who are currently
exposed to CWF are assumed to be equivalent.

Figure 7: Age-Specific Incidence Rate of Decayed, Missing, and Filled Deciduous Permanent
Teeth in the General Population and by Community Water Fluoridation Exposure Status®
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CWF = community water fluoridation; DMFT = decayed, missing, and filled permanent teeth.

?Incidence of caries in permanent teeth is estimated to change based on age and exposure to CWF. Incidence rate is estimated to peak with the appearance of permanent
teeth at the age of six, before falling and rebounding to another peak between ages 17 and 29. Incidence is estimated to be highest for those who have never been
exposed to CWF, while the estimated incidence in those previously exposed to CWF and in those who are currently exposed to CWF are assumed to be equivalent.
Incidence rates are also assumed to be equivalent across CWF exposure groups after 45 years of age, and to be reduced to zero after age 79.

CADTH TECHNOLOGY REVIEW Community Water Fluoridation Programs: A Health Technology Assessment — Budget Impact Analysis 23



CADTH

Cost Inputs

Three different categories of costs were considered for each of the strategies in the BIAs:
direct medical costs, indirect costs, and CWF implementation costs. These costing
components and associated input parameters are detailed later on in this report. Generally,
latest available costs and resource use information were incorporated and, as necessary,
were inflated to 2018 costs using the relevant consumer price indices (CPIs). Dental
service—specific costs were inflated using dental care services CPI from Statistics
Canada,?*®® other medical service costs were inflated using the general CP1,%*®® and costs
extracted from American sources were inflated using urban CPI from the United States
Department of Labor’s Bureau of Labor statistics® before being converted to Canadian
dollars (exchange rate: US1 dollar = C1.2586 dollars).®®

Inflation was not accounted for in the base-case analyses and, per guidelines for the
conduct of BIA, discounting was not applied.86 Therefore, the reported costs are not
presented in 2018 present value but instead reflect currency with identical purchasing power
to 2018 Canadian dollars.

Direct Medical Costs

In this report, medical costs refer to dental costs. The development of caries would incur a
medical care visit (whether to a dentist for a timely treatment or to a hospital for delayed
caries treatment). The proportion of dmfts and DMFTs covered by each respective
stakeholder (federal, provincial and territorial, municipal, and private [i.e., private dental
insurance and individual’s out-of-pocket]) were informed by the Canadian Institute for Health
Information’s (CIHI) national health expenditure trends (Table 3).%” As these proportions are
calculated from CIHI's 2017 per capita expenditure forecasts for the “other professionals”
expenditure category, these are broadly representative of health expenditures for a mix of
allied health professions and are not solely attributable to dental services. An additional
limitation incurred by incorporating this data was that an assumption would be introduced
that equates the proportion of health expenditure billed by a stakeholder to the proportion of
caries treated by the stakeholder’s plan. This may not hold in practice considering that
different dental fees exist between federal, provincial and territorial, and private insurance
plans.®®*° However, given the dearth of information to inform the proportion of caries treated
by each plan, this data were incorporated into the base-case analyses.

Table 3: Proportion of Caries Treated by Stakeholder

Federal Provincial and Territorial Municipal Private

(i.e., Private Dental Insurance and
Individual’s Out-of-Pocket Expenses)

1.6680% 9.4655% 0.0037% 88.8628%

The type of medical care resourced for each caries is in part determined by whether care
was timely sought or delayed. The proportion of delayed caries treatment was informed by
the proportion of Canadians who avoided seeking care due to costs (17.3%), as reported by
Health Canada.”

If timely care was sought, caries would be managed at a dental office. It was assumed to
entail a specific examination and a bonded composite resin tooth restoration. Restorations
using composite resin rather than amalgam were assumed to reflect the observation that
amalgam use had declined while composite resin use had become more popular.gl Fees
were specific to deciduous or permanent teeth and came from federal, provincial, and
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private dental fee guides.®**° As municipal dental service fees were not available, these

were assumed to be identical to private fee codes. To estimate the procedure cost for a
restoration, the fees corresponding to a two- or three-surfaces restoration for anterior and
posterior teeth were averaged, as these are the most common codes utilized in Canadian
practice, and the incidence of caries were assumed to be equally distributed by tooth
location.” A summary of the cost parameters related to timely dental care is presented in
Table 4.

Table 4: Timely Dental Care Treatment Costs

Stakeholder Deciduous Teeth Permanent Teeth
Federal® Specific examination: $58.96 Specific examination: $58.96
+ +
Average of the following tooth-coloured Average of the following tooth-coloured
restorations, bonded: restorations, bonded:
« Anterior, 2 surfaces: $152.39 o Anterior, 2 surfaces: $146.50

« Anterior, 3 surfaces: $171.30

Anterior, 3 surfaces: $194.05

« Posterior, 2 surfaces: $171.30 ¢ Bicuspid, 2 surfaces: $177.89
« Posterior, 3 surfaces: $171.30 ¢ Bicuspid, 3 surfaces: $194.05
« Molars, 2 surfaces: $194.05
¢ Molars, 3 surfaces: $210.22
Average 2018 total cost: $226.82 Average 2018 total cost: $246.48
Provincial or Territorial® Specific examination: $19.00 Specific examination: $19.00
+ +
Average of the following tooth-coloured Average of the following tooth-coloured
restorations, bonded: restorations, bonded:
o Anterior, 2 surfaces: $63.35 o Anterior, 2 surfaces: $63.35
o Anterior, 3 surfaces: $87.17 o Anterior, 3 surfaces: $95.02

« Posterior, 2 surfaces: $87.17
« Posterior, 3 surfaces: $95.02

Bicuspid, 2 surfaces: $87.17
¢ Bicuspid, 3 surfaces: $95.02
« Molars, 2 surfaces: $95.02

« Molars, 3 surfaces: $102.88

Average 2018 total cost: $102.76 Average 2018 total cost: $109.36
Municipal88 Assumed identical to private costs Assumed identical to private costs
Private® Specific examination: $36.70 Specific examination: $36.70
+ +
Average of the following tooth-coloured Average of the following tooth-coloured
restorations, bonded: restorations, bonded:
 Anterior, 2 surfaces: $153.00 » Anterior, 2 surfaces: $147.00

o Anterior, 3 surfaces: $170.00
« Posterior, 2 surfaces: $183.00
« Posterior, 3 surfaces: $213.00

Anterior, 3 surfaces: $185.00
Bicuspid, 2 surfaces: $195.00
Bicuspid, 3 surfaces: $238.00
Molars, 2 surfaces: $234.00
Molars, 3 surfaces: $282.00

e o o o

Average 2018 total cost: $217.68 Average 2018 total cost: $251.62
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If caries treatment is delayed, the severity of the tooth decay was assumed to worsen to the
point that caries would need to be managed at a hospital setting. For the treatment of early
childhood caries occurring in children younger than five years of age, a day surgery at a
local hospital under general anesthesia was assumed.®” For patients older than five years of
age, a visit to the local emergency department was assumed. Table 5 summarizes the list of
fee parameters associated with delayed dental care.

Table 5: Delayed Dental Care Cost Parameters

Care Type Value
Early childhood caries day surgery with general anesthesia®™ $2,199.13
Emergency department visit™ $573.97

Indirect Costs
Each dental care visit would also incur transportation costs and productivity loss costs.

Transportation costs were calculated as the product of the average round trip distance
travelled, the fuel efficiency of cars, and the fuel consumption cost. Given the dearth of
information regarding average distance travelled to a dental care provider, median distance
to the nearest general practitioner, estimated by Statistics Canada,* was used as a proxy
(0.5 km) for distances travelled to seek timely dental care. Median distance to the nearest
emergency department (6.8 km) was also obtained from the same source to estimate the
distance travelled for delayed dental care. These distances may represent an
underestimate, especially in rural and remote settings. Fuel efficiency was used to convert
these distances to litres of gasoline consumed, before applying fuel prices to determine total
transportation costs. As Canada follows the same fuel efficiency improvement targets set by
the Environmental Protection Agency in the US, the Environmental Protection Agency’s
average fuel efficiency target improvement rate from 2016 to 2025% were used to project
fuel efficiency improvements over time. To project fuel efficiency up to 2037, the previous
year’s fuel efficiency was adjusted by the relative rate of improvement (i.e., ratio of new
efficiency targets compared with the proceeding year’s target). As these projections were
calculated in miles per gallon units, they were converted to L/km based on the National
Energy Board’s unit conversion (0.4252 km/L).96 Similarly, the 2018 average retail price for
regular gasoline reported by Natural Resources Canada® was projected to 2037 using the
projected changes in gasoline prices for years 2017 to 2037 estimated by Natural
Resources Canada.’®

Cost to lost productivity reflected the opportunity cost from the time spent seeking dental
care. Each visit for dental care, whether for children or adult, was assumed to incur a loss of
time for an adult (or an accompanying adult for children) that was valued at 2018 average
Canadian hourly wage rate of $26.92 per hour.” In terms of the duration of loss time, each
dental care visit was assumed to consist of travel time and service time. The average
commuting speed, in Canada,”® was multiplied by round trip dental care travel distances to
calculate the estimated duration of travel time required to seek care. The average duration
of a dentist visit was calculated from the average dentists’ working hours per week reported
by the Canadian Dental Association'® divided by the average number of patients seen per
week. The average duration of an emergency department visit was based on CIHI length-of-
stay estimates for early childhood caries day surgeries with general anesthesia and
emergency department stays for oral cavity or pharynx interventions.™®* Calculated indirect
costs are summarized in Table 6.

CADTH TECHNOLOGY REVIEW Community Water Fluoridation Programs: A Health Technology Assessment — Budget Impact Analysis 26




Table 6: Estimated Indirect Costs

Cost Type Value in 2018 Canadian Dollars

Oral care trip fuel cost Dentist visit: 2018: $0.11
2037: $0.04
Emergency department visit: 2018: $1.49
2037: $0.61
Productivity loss, as foregone wages Dentist visit: $14.99
Emergency department visit: $58.45
General anesthesia in emergency department: $57.55

Community Water Fluoridation Implementation Costs

Direct non-medical costs associated with implementing CWF consist of a lump sum capital
cost and recurring operation and maintenance costs. A hand search of the grey literature,
including municipal council meeting minutes, was conducted to obtain cost estimates
applicable to the base-case population size. Per capita costs were obtained and used to
calculate the total capital costs related to CWF introduction, retrofitting costs for CWF
continuation, and annual operation and maintenance costs (Table 7). By using a per capita
costing approach, the cost of CWF implementation is variable in the BIA and would differ
depending on the size of a municipality.

It was assumed that there would be no costs associated with decommissioning fluoride upon
ceasing water fluoridation.
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Table 7: Community Water Fluoridation Cost Parameters

Per Capita Cost Value Sources Source Derivation
Municipality Size
CWEF construction capital $11.432 | Portland, Oregon, 602,955"* Average of the foIIowing three
cost 2012 implementation costs'® converted and
inflated to 2018 Canadian dollars:
« CWF using fluorosilicic acid: $4.95
million
o CWF using sodium fluoride: $5.1 million
o CWF using sodium fluorosilicate:
$5.1 million.
CWF retrofit capital cost $1.494 Peel, Ontario, 1,381,739* Average of the following two retrofit
2016 costs'® inflated to 2018 Canadian dollars:
o CWF using sodium fluoride: $2 million
« CWF using sodium fluorosilicate: $2
million.
CWF operation and $0.308 Peel, Ontario, 1,381,739* Sum of the following costs** inflated to
maintenance cost 2016 2018 Canadian dollars:
« hydrofluorosilicic acid supply cost:
$250,000
« other operations cost estimated by the
municipality as 20% of supply cost:
$50,000.
CWF = community water fluoridation.
Analyses
Base Case

The base case represents the analysis that is most widely generalizable to Canadians, in
whom the majority resides in large urban municipalities. Both base case BIAs (i.e., for CWF
introduction [Strategy 1b versus 1a] and CWF cessation [Strategy 2b versus 2a))
incorporated a population size and age-sex composition that reflected a large urban
Canadian municipality. Medium birth, mortality, immigration, and emigration rates were
assumed, and intermunicipal migration was assumed negligible to project the population
growth over the next 20 years. Caries reduction due to CWF exposure was assumed to be
limited to those under the age of 45 years. CWF costs and distance to a dentist and a
hospital were also assumed to reflect that of a large urban Canadian municipality.

Uncertainty and Sensitivity Analysis

All parameters were modelled deterministically and uncertainties were accounted for
through deterministic sensitivity analyses. The following sensitivity analyses were conducted
in which a particular set of parameters or an assumption was modified from the base-case
analyses:

Municipal Scenarios and Rural Municipality Threshold Analysis

Base-case analyses assumed a large urban Canadian municipality. To assess the change in
the budget impact across different sizes of municipalities, scenario analyses for three
additional municipality sizes — medium urban, small urban, and rural — were explored. The
definition of different types of municipalities followed the definition used by Statistics Canada
for large, medium, and small population centres (i.e., large urban equals a population of
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100,000 or more; medium urban equals between 30,000 and 99,999 people; small urban
equals between 1,000 and 29,999 people), and designated places (i.e., rural equals a
population below 1,000 [with a minimum of 100], or a population density of less than

400 persons per km?).

106,107

These scenarios differed in terms of the modelled municipality’s

initial population size, distribution of age-sex composition within the initial population,
population growth assumptions, distances to dental care, and CWF costing approach, as
described in Table 8. The modelled population sizes were the average of the 2016 Canadian
census population of either large population centres, medium population centres, small

population centres, or designated places, as defined by Statistics Canada.

106197 pye to the

uncertainty regarding the cost of CWF implementation in rural settings, a threshold analysis
was conducted to determine the threshold value for the total CWF implementation cost at
which the 20-year budget impact of CWF introduction and the budget impact of not
introducing CWF would be zero — indicating a situation where the policy-maker would be
indifferent between the two strategies. The same was conducted for the CWF cessation

question.

Table 8: Municipal Scenario Inputs

Parameter

Large Urban

Medium Urban

Small Urban

Municipality size (initial
population)

675,429

55,777

4,857

423

Age-sex composition

2016 census
subdivision profiles
representing top
80th percentile of

2016 census
subdivision profiles
representing top 80th
percentile of largest

2016 census
subdivision profiles
representing top 80th
percentile of largest

2016 census
subdivision profiles
representing bottom
20th percentile of

largest municipalities. municipalities. largest municipalities.
municipalities.
Birth rate High Medium Medium Low
2018: 0.0122 2018: 0.0111 2018: 0.0111 2018: 0.0105
2037:0.0112 2037: 0.0099 2037: 0.0099 2037: 0.0090
Mortality rate Medium Medium Medium High
Male mean: Male mean: Male mean: Male mean:
2018: 0.0404 2018: 0.0404 2018: 0.0404 2018: 0.0434
2037: 0.0368 2037:0.0368 2037: 0.0368 2037: 0.0403
Female mean: Female mean: Female mean: Female mean:
2018: 0.0321 2018: 0.0321 2018: 0.0321 2018: 0.0333
2037: 0.0295 2037: 0.0295 2037: 0.0295 2037: 0.0317
Immigration rate High Medium Medium Low
2018: 0.0088 2018: 0.0083 2018: 0.0083 2018: 0.0078
2037: 0.0099 2037: 0.0090 2037: 0.0090 2037: 0.0076
Emigration rate Medium Medium Medium Medium
2018-2037: 0.0019 2018-2037: 0.0019 2018-2037: 0.0019 2018-2037: 0.0019
Distance to nearest dentist 0.5 km 0.5 km 0.5 km 14.5 km
Distance to nearest hospital 6.8 km 6.8 km 14.5 km 74.5 km

CWF costs

Base case (per
capita approach)

Base case (per capita
approach)

Base case (per capita
approach)

Threshold analysis

CWF = community water fluoridation.
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Population Growth

Base-case analyses assumed population growth components that reflected a large urban

municipality. In order to assess the range of impact of these population growth parameters,

a set of sensitivity analysis reflecting low and high population growth scenarios were
conducted. Associated inputs are described in Table 9.

Table 9: Population Growth Scenarios

Parameter Low Growth Rate Scenario High Growth Rate Scenario
Birth rate Low High
2018: 0.0105 2018: 0.0122
2037: 0.0090 2037:0.0112
Mortality rate High Low
Male mean: Male mean:
2018: 0.0434 2018: 0.0375
2037: 0.0403 2037: 0.0328
Female mean: Female mean:
2018: 0.0333 2018: 0.0307
2037: 0.0317 2037: 0.0269
Immigration rate Low High
2018: 0.0078 2018: 0.0088
2037:0.0076 2037: 0.0099
Emigration rate High Low
2018 to 2037: 0.0016 2018 to 2037: 0.0021

Efficacy of Community Water Fluoridation on Caries Prevention

Base-case analyses assumed that the efficacy of CWF on caries prevention applied to both
those who have yet to form and those who have already formed permanent dentition; thus,

were applied to everyone under the age of 45. A scenario analysis explored a more
conservative assumption in which the efficacy of CWF was focused solely on deciduous
teeth in those who are younger than six years old.

Community Water Fluoridation Cost

As noted, a per capita approach was taken to calculate the implementation costs associated
with CWF whereby these costs would be dependent on the size of a municipality. However,

the specific CWF costs incurred by a municipality may depend on many factors, including
population size, fluoridation supply type, and water treatment plant design. To explore the
impact of different CWF costs on the model, the highest per capita cost reported for

implementing and maintaining a CWF program was selected from the literature and tested.

The CWF cost parameters that were used in this sensitivity analysis are summarized in
Table 10.
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Table 10: High Community Water Fluoridation Cost Scenario Parameters

Per Capita Cost Value Sources Source Derivation

Municipality Size
CWF construction capital $24.593 Sudbury, ON, 165,270 Assumed same as retrofit cost given that
cost 2017 retrofit costs were more commonly reported

than construction costs in literature, and the
retrofit cost reported in this table was more
costly per capita than other construction costs
identified for this budget impact analysis.

CWF retrofit capital cost $24.593 Sudbury, ON, 165,270 Reported cost estimate of fluoride isolation
2017 rooms across twelve sites was'*® $4 million
This cost was inflated to 2018 Canadian
dollars.
CWF operation and $2.231 Hamilton, ON, 728,866 Reported cost estimate'*" of annual water

maintenance cost 2008 fluoridation budget for 0.7 ppm target
concentration was $1.4 million.

This cost was inflated to 2018 Canadian
dollars.

CWF = community water fluoridation; ppm = parts per million.

Amalgam Dental Restoration

Base-case analyses assumed that timely treated caries were treated using bonded
composite resin restorations. A scenario analysis explored another assumption that caries
were instead treated using non-bonded amalgam restorations, as costed in Table 11.

Declining Population Threshold Analysis

The assumption of growing municipal populations does not capture the reality of some
municipalities, which experience a decreasing population over time. A threshold analysis
was conducted to explore whether a specific rate of annual outmigration would alter CWF
implementation or cessation decisions such that the net budget impact between the CWF
strategies would be zero over a twenty-year time horizon. Furthermore, in this analysis, the
municipality’s demographics settings were set to low birth, high mortality, and no
immigration.

Community Water Fluoridation Cost Subsidization Threshold Analysis

Subsidization of municipal CWF costs is a policy option already in practice in Quebec.63 A
threshold analysis explored whether a degree of subsidization of municipal CWF costs by
provincial or territorial jurisdictions would alter base-case CWF implementation or cessation
decisions such that the municipal net budget impact between the CWF strategies would be
zero over a twenty-year time horizon.
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Table 11: Amalgam Dental Restoration Costs

Stakeholder

Federal®

Deciduous Teeth

Specific examination: $58.96
+
Average of the following amalgam
restorations, non-bonded:
o 2 surfaces: $122.45
e 3 surfaces: $137.42

Average 2018 total cost: $189.97

Permanent Teeth

Specific examination: $58.96

+

Average of the following amalgam
restorations, non-bonded:

o Anterior, 2 surfaces: $122.45
Anterior, 3 surfaces: $137.42
Bicuspid, 2 surfaces: $122.45
Bicuspid, 3 surfaces: $137.42
Molars, 2 surfaces: $152.39
Molars, 3 surfaces: $168.24

Average 2018 total cost: $200.15

Provincial or territorial

90
I

Specific examination: $19.00
+
Average of the following amalgam
restorations, non-bonded:
« 2 surfaces: $55.49
« 3 surfaces: $63.35

Average 2018 total cost: $78.87

Specific examination: $19.00

+

Average of the following amalgam
restorations, non-bonded:

o Anterior, 2 surfaces: $55.51
Anterior, 3 surfaces: $63.35
Bicuspid, 2 surfaces: $55.51
Bicuspid, 3 surfaces: $63.35
Molars, 2 surfaces: $63.35
Molars, 3 surfaces: $79.34

Average 2018 total cost: $82.87

Municipal®

Assumed identical to private costs

Assumed identical to private costs

Private®

Specific examination: $36.70
+
Average of the following amalgam
restorations, non-bonded:
o 2 surfaces: $125.00
o 3 surfaces: $135.00

Average 2018 total cost: $167.65

Specific examination: $36.70

+

Average of the following amalgam
restorations, non-bonded:

« Anterior, 2 surfaces: $142.00
Anterior, 3 surfaces: $168.00
Bicuspid, 2 surfaces: $142.00
Bicuspid, 3 surfaces: $168.00
Molars, 2 surfaces: $170.00
Molars, 3 surfaces: $196.00

Average 2018 total cost: $202.18
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Table 12: Summary of Key Assumptions and Sensitivity Analyses

Base-Case Assumption

Time horizon analyzed was 20 years to reflect municipal
asset management practices in Canada.®®®

Sensitivity Analyses

Cumulative year-to-date budget impact results were also
presented for each of the years over the modelled time horizon.

The municipalities considered have existing water treatment
infrastructure. The decision problems of introducing CWF
(Question 4) or maintaining CWF (Question 5) therefore
reflect an incremental cost.

For municipalities considering CWF cessation, cost of CWF
cessation is conservatively assumed to be zero.

Parameters relating to population size, demographic profile,
population growth, dental care access, and CWF costs are
representative of a large urban municipality.

Scenarios that are more representative of medium urban, small
urban, and rural municipalities were captured in the sensitivity
analyses. Municipality size, age-sex composition, birth, mortality,
immigration, emigration, and distance to dentist and hospital
were customized in each municipality’s scenario.

Intermunicipal migration does not occur.

Threshold analyses were conducted to find an annual
outmigration rate for a municipality (i.e., shrinking population)
that would make the municipality indifferent between fluoridated
and non-fluoridated water from a budgetary perspective.

Municipalities fully assume the cost of CWF implementation.

Threshold analyses were conducted to find a municipal CWF
cost subsidization rate that would make the municipality
indifferent between fluoridated and non-fluoridated water
supplies from a budgetary perspective.

CWF construction or retrofitting only occurs once in the
first year of the 20-year time horizon. Both were assumed to
be completed within the first year of the model.

All of those who lived in a municipality with CWF are
assumed to drink fluoridated water. Likewise, those who live
in a municipality without CWF are assumed to drink
unfluoridated water.

Caries reduction benefit of CWF introduction was applied to
both those who have yet to form (i.e., deciduous teeth) and
those who have already formed permanent dentition, and to
everyone under the age of 45 years.

A scenario analysis of the CWF introduction BIA explored limiting
the caries reduction benefit of CWF introduction to only those
who did not have a permanent tooth in the year of introduction
(up to age five).

Risk of increased caries associated with CWF cessation was
applied only to those who have never been exposed to CWF.

It was assumed that each individual in the model was
limited to developing one caries per year. This was
supported by the caries incidence estimated from Health
Canada® for deciduous or permanent teeth.

Upon developing caries, the medical and indirect costs
relating to its eventual treatment are accounted for in the
year in which the caries first develop, regardless if timely or
delayed care is sought.

Replacement of composite resin fillings was not considered
in this analysis, representing a conservative assumption.

Distribution of caries care across stakeholders reflects
CIHI's 2017 forecast of “other professional” national
expenditure trends.
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Base-Case Assumption Sensitivity Analyses

Caries treatments funded by municipal budgets are
assumed to be billed at the same rate as for the private
dental sector.

BIA = budget impact analysis; CIHI = Canadian Institute for Health Information; CWF = community water fluoridation; DMFT = decayed, missing, and filled permanent
teeth.

Results

Base Case
Community Water Fluoridation Introduction

Over 20 years, for a hypothetical large urban municipality, CWF introduction was found to
cost a total of $983 million, while not implementing CWF was found to cost $1,508 million
(Table 13). This indicates that, over a 20-year time span, savings of more than $525 million
could be achieved in a municipality that currently does not adjust fluoride levels in their
water supplies by introducing CWF. This represents savings of approximately $34.46 per
capita per year (Table 42), or $43.33 per dollar invested (Table 43). Savings began in the
first year and continued on an annual basis thereafter. Assuming that construction costs
were incurred in the first year, the first-year savings would be lowest at $16.6 million, they
would then increase annually to at least $24.5 million in the second year of implementation,
and continue to rise to $28.9 million by the end of the 20 years (Table 14).

Table 13: Base-Case Results for Question 4 — Estimated Total Costs Associated With Each
Strategy and Overall Budget Impact at 5, 10, 15, and 20 Years

Total Costs Across Years
(2018 Canadian Dollars, in Thousands)

5 years 10 years 15 years 20 years
CWF introduction 231,706 469,262 719,960 982,684
No CWF 347,696 715,292 1,102,479 1,507,704
Budget impact (i.e., difference between CWF —115,990 —246,030 -382,518 -525,020
implementation and no CWF)

CWF= community water fluoridation.
Note: Negative budget impact denotes overall financial savings from implementing CWF.

Among the jurisdictional stakeholders, CWF introduction was costliest for municipalities and
offered the greatest cost savings to private stakeholders (i.e., private insurance and
individuals). Municipalities cover the smallest proportion of the population in terms of dental
care (i.e., 0.0037%, Table 3) and were assumed to cover the entire expense related to CWF
construction, operation, and maintenance. As the cost of implementing CWF is larger than
the medical savings associated with reduced caries, municipal stakeholders were projected
to pay a cumulative total of $12.4 million by the end of 20 years (Table 16) for introducing
CWF (compared with not implementing CWF). Private stakeholders were found to have the
largest financial benefit given that the majority of dental care is covered either through
private insurance plans or as an out-of-pocket expense (i.e., 88.8628%, Table 3).
Furthermore, the management of caries was associated with indirect cost implications such
as transportation and productivity loss. The cumulative savings associated with CWF
introduction from the jurisdictional stakeholders’ perspective were $333 million by the end of
20 years (compared with not implementing CWF). Provincial and territorial stakeholders
were found to absorb the second-largest financial benefit from introducing CWF as
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provincial and territorial dental programs cover the second-largest proportion of the
population in terms of dental care (9.4655%, Table 3), with cumulative savings associated
with CWF estimated at $199 million by the end of 20 years. Federal stakeholders were
found to absorb the least financial benefit from introducing CWF because they are only
responsible for medical expenses related to caries treatments and cover only a small
proportion of the cost of caries treated within a population (1.6680%, Table 3). Cumulative
savings associated with CWF introduction were projected to be $5.5 million by the end of 20
years (Table 16).

Overall, the largest direct cost component in the BIA was medical costs (i.e., 98.6% in the
introduction strategy, 100% in the non-implementation strategy). The CWF introduction
strategy was associated with lower medical costs compared with the CWF non-
implementation strategy given their differences in overall caries burden. Medical costs
increased from $40.5 million annually in the first year to $49.5 million in the 20th year under
the CWF introduction strategy, while they increased from $63.3 million in the first year to
$76.7 million in the 20th year under the CWF non-implementation strategy. Of note, medical
costs were observed to increase annually within each strategy given that a municipality’s
population was projected to grow over the BIA’s 20-year time horizon. The findings of cost
savings associated with CWF implementation compared with non-implementation were
driven by the differences in projected caries burden between the two strategies.
Nonetheless, caries burden was found to grow over time within each strategy, reflecting the
expected overall growth in population size. In the CWF introduction strategy, the expected
incidence of caries within a large urban municipality rose from ~133,000 in the first year to
~162,000 in the 20th year, while they rose from ~207,000 in the first year to ~251,000 in the
20th year in the CWF non-implementation strategy. CWF introduction prevented an
increasing number of caries over time: from ~74,000 caries in the first year to ~89,000 caries
in the 20th year. By the end of the 20th year, CWF was found to have prevented more than
1.6 million caries; therefore, the medical cost savings associated with CWF rose from $22.8
million in the first year to $27.2 million in the 20th year and accumulated to a total of $500
million over 20 years. Although the cost of construction and maintaining fluoridation were
relatively small among the direct costs, this is primarily incurred by municipalities (i.e., $7.9
million in the initial year due to the costs of construction, followed by consistent annual costs
associated with CWF operation and maintenance [~$210,300 in the second year rising to
~$260,900 in the last year]).

Costs associated with productivity loss constituted most of the indirect costs incurred in the
analysis (99%), while transportation costs retained a small proportion (1%). Productivity loss
associated with dental care was lower in the CWF introduction strategy (i.e., increasing from
$3.0 million annually in the first year to $3.7 million in the 20th year) compared with the CWF
non-implementation strategy (i.e., increasing from $4.7 million in the first year to $5.7 million
in the 20th year). Overall, the annual savings associated with prevented productivity loss
from CWF introduction rose from $1.7 million in the first year to $2.0 million in the 20th year,
accumulating to $36.6 million over 20 years. Annual transportation costs decreased over the
analyzed 20 year time horizon due to expected improvements in fuel efficiency.95
Transportation costs were also lower in the CWF introduction strategy and decreased from
~$46,400 annually in the first year to ~$22,900 in the 20th year for the CWF introduction
strategy, while they decreased from ~$72,400 annually in the first year to ~$35,500 in the
20th year for the CWF non-implementation strategy. Overall, the annual savings from the
introduction of CWF in terms of transportation costs associated with seeking medical care
decreased from ~$26,000 in the first year to ~$12,500 in the 20th year, accumulating to
~$384,400 over 20 years.
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Table 14: Estimated Annual Costs Associated With Each Strategy, by Year and Stakeholder (Large Urban Community Water Fluoridation Introduction)

Estimated Annual Costs (2018 Canadian Dollars)

Total

1A: CWF 51,462,812 44,240,749 44,783,255 45,330,885 45,888,467 46,442,316 | 46,952,084 | 47,533,965 | 48053427 | 48574229 | 49,117,223 | 49,628,966 50,157,522 | 50,652,892 51,141,275 | 51,617,937 | 52,081,785 52,541,833 | 53,006,565 53,476,201
1B: No 68,029,697 68,722,625 69,510,744 70,313,719 71,119,277 71,927,720 | 72,668,817 | 73573500 | 74,338425 | 75,087,750 | 75882411 | 76,667,759 771473424 | 78216518 78,946,164 | 79,653,743 | 80,352,713 81,052,735 | 81,745535 82,420,850
CWF

Budget —-16,566,885 | —24,481,876 | —24,727490 | —-24,982,835 | —25230,811 | —25,485403 | —25,716,733 | —26,039,535 | —26,284,999 | —26,513521 | —26,765,188 | 27,038,792 | —27,315902 | —27,563,626 | —27,804,889 | —28,035,806 | —28,270,928 | —28,510,902 | —28,738,970 —28,944,649
impact

Federal

1A: CWF 447,428 452,251 457,416 462,527 467,620 472,661 477,754 483,694 489,054 494,513 500,228 505,623 511,209 516,444 521,600 526,621 531,487 536,287 541,106 545,945
1B: No 698,245 704,865 712,310 719,738 726,994 734,262 741,658 750,924 758,838 766,725 775,124 783,447 792,004 799,899 807,643 815,136 822,506 829,846 837,060 844,036
CWF

Budget —250,817 —252,614 —254,894 -257,211 —259,375 —261,601 —263,904 —267,230 —269,785 —272,212 —274,896 —277,823 —280,795 —283,455 —286,043 —288514 —291,019 —293,559 —295,954 —298,091
impact

Provincial and Territorial

1A: CWF 15,858,374 16,058,834 16,280,836 16,513,041 16,755,082 16,997,673 | 17,192,767 | 17,407,272 17595418 | 17,778,762 | 17,968,584 | 18,146,967 18,330,318 | 18,500,731 18,668,761 | 18,833,183 | 18,994,213 19,155,492 19,320,226 19,488,652
1B: No 24,847,137 25,134,012 25,464,415 25,813,564 26,174,141 26,538,626 | 26827546 | 27,163,732 | 27,444,145 | 27,710,767 | 27,991,051 | 28,266,773 28,548,198 | 28,805,680 29,058,579 | 29,304,588 | 29,549,212 29,796,679 | 30,044,737 30,290,178
CWF

Budget -8,988,763 -9,075179 | -9,183579 —9,300,523 —9,419,059 —9,540953 | -9,634,779 | -9,756,459 | -9,848,728 | 9,932,005 | —10,022,468 | -10,119,806 | —10,217,880 | —10,304,949 | -10,389,818 | —10,471,405 | —10,554,999 | —10,641,187 | —10,724,511 —-10,801,526
impact

Municipal

1A: CWF 7,930,164 211,273 213,932 216,667 219,491 222,357 225,225 228,096 230,963 233,825 236,681 239,528 242,367 245,196 248,018 250,834 253,648 256,463 259,282 262,110
1B: No 1,572 1,587 1,603 1,620 1,636 1,652 1,669 1,690 1,708 1,725 1,744 1,763 1,782 1,800 1,817 1,834 1,851 1,867 1,883 1,899
CWF

Budget 7,928,592 209,687 212,328 215,047 217,854 220,704 223556 226,406 229,256 232,100 234,937 237,766 240,585 243,39 246,201 249,000 251,797 254,596 257,399 260,211
impact

Private and Individual

1A: CWF 27,226,846 27,518,391 27,831,071 28,138,650 28,446,274 28,749,626 | 29,056,337 | 29,414,902 | 29,737,992 | 30,067,128 | 30,411,730 | 30,736,848 31,073,628 | 31,390,521 31,702,895 | 32,007,298 | 32,302,437 32,593592 | 32,885,951 33,179,494
1B: No 42,482,743 42,882,161 43,332,415 43,778,797 44,216,506 44,653,179 | 45,097,944 | 45657154 | 46,133,734 | 46,608,533 | 47,114,492 | 47,615,776 48,131,440 | 48,609,140 | 49,078,125 | 49532,185 | 49,979,145 50,424,343 | 50,861,854 51,284,737
CWF

Budget —15,255,897 | -15,363,770 | -15501,345 | —15,640,147 | -15,770,231 | —15,903553 | —16,041,606 | —16,242,252 | —16,395,742 | —16,541,405 | —16,702,762 | 16,878,929 | -17,057,812 | -17,218,619 | -17,375,230 | 17,524,887 | —17,676,708 | —17,830,751 | —17,975,904 —18,105,243
impact

CWF = community water fluoridation.

Note: Negative budget impact denotes overall financial savings.
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Table 15: Estimated Annual Costs Associated With Each Strategy, by Year and Cost Category (Large Urban Community Water Fluoridation Introduction)

Estimated Annual Costs (2018 Canadian Dollars)

Direct Cost

1A: CWF 48,431,209 41,177,357 41,685,356 42,200,650 42,724,951 43,246,924 43,724,222 44,267,571 44,752,430 45,237,964 45,743,947 46,220,778 46,713,099 47,174,860 47,630,161 48,074,642 48,507,353 48,936,638 49,370,426 49,808,916
1B:No CWF 63297,224 | 63946614 | 64684986 | 65441144 | 66,199,374 | 66,962,049 | 67,656,136 | 68500,666 | 69,214,559 | 69,913,038 | 70,653,359 | 71,384,820 | 72134955 | 72,827,403 | 73507411 | 74,167,033 | 74818876 | 75471866 | 76,11839%4 | 76,748,920
Budgetimpact | 14,866,015 | —22,769,257 | —22,999,630 | 23,240,494 | —23474422 | —23715125 | —23931,914 | 24,233,095 | 24,462,129 | —24,675,074 | —24,909,412 | —25164,043 | —25421,856 | —25652,543 | 25,877,250 | —26,092,391 | 26,311,523 | —26,535,227 | —26,747,968 | —26,940,004
Medical and Dental Costs

1A:CWF 40,502,052 | 40,967,103 | 41472454 | 41985024 | 42506513 | 43025632 | 43500072 | 44,040563 | 44522568 | 45005251 | 45508392 | 45982387 | 46471883 | 46,930,826 | 47,383,317 | 47,824,993 | 48,254,902 | 48,681,382 | 49,112,361 | 49,548,035
1B:No CWF 63297,224 | 63946614 | 64684986 | 65441144 | 66,199,374 | 66,962,049 | 67,656,136 | 68500,666 | 69,214,559 | 69,913,038 | 70,653,359 | 71,384,820 | 72134955 | 72,827,403 | 73507411 | 74,167,033 | 74818876 | 75471866 | 76,11839%4 | 76,748,920
Budgetimpact | 22795172 | —22979512 | 23212532 | —23,456,120 | —23,692,860 | —23,936,418 | —24,156,064 | —24,460,103 | —24,691,992 | —24,907,786 | 25,144,967 | 25402433 | 25,663,073 | 25896577 | —26,124,095 | —26,342,040 | —26,563,974 | —26,790,483 | 27,006,033 | 27,200,885
CWF Costs

1A:CWF 7,929,157 210,255 212,902 215,626 218438 221,293 224,150 227,007 229,863 232,712 235,556 238,391 241,216 244,034 246,844 249,649 252,452 255,256 258,064 260,881
1B: No CWF 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Budget impact 7,929,157 210,255 212,902 215,626 218,438 221,293 224,150 227,007 229,863 232,712 235,556 238,391 241,216 244,034 246,844 249,649 252,452 255,256 258,064 260,881
Indirect Costs

1A: CWF 3,031,603 3,063,392 3,097,898 3,130,235 3,163,515 3,195,392 3,227,862 3,266,394 3,300,997 3,336,265 3,373,275 3,408,188 3,444,423 3,478,032 3,511,114 3,543,295 3,574,431 3,605,195 3,636,140 3,667,286
1B:No CWF 4,732,473 4,776,011 4,825,758 4,872,575 4,919,904 4,965,671 5,012,681 5,072,833 5,123,866 5,174,713 5,229,052 5,282,938 5,338,468 5,389,115 5,438,753 5,486,710 5,533,837 5,580,870 5,627,141 5,671,931
Budget impact —1,700870 | 1,712,619 | -1,727,860 | -1,742340 | -1,756388 | -1,770278 | -1784819| -1,806440 | -1,822870| -1,838448| -1855777| -1874750| -1,894045| -1911083| -1927,639 | -1943415| -1,959406 | -1975675| -1991,001 | -2,004,645
Transportation

1A:CWF 46,356 45,791 45,660 43,726 42,875 40,955 39,239 37,933 36,536 35,129 33,757 32,384 31,074 29,783 28,537 27,333 26,156 25,041 23,968 22,949
1B: No CWF 72,365 71,392 71,127 68,065 66,680 63,646 60,936 58,912 56,713 54,487 52,329 50,198 48,162 46,148 44,205 42,324 40,494 38,765 37,092 35,495
Budget impact —26,009 —-25,601 —25,468 —24,339 —23,805 —22,690 —21,698 —20,979 -20,177 -19,359 -18,572 -17,814 -17,088 -16,365 -15,668 —-14,992 -14,338 -13,723 -13,124 —-12,545
Productivity Loss

1A: CWF 2,985,247 3,017,601 3,052,239 3,086,509 3,120,640 3,154,437 3,188,623 3,228,461 3,264,461 3,301,136 3,339,518 3,375,804 3,413,349 3,448,250 3,482,577 3,515,963 3,548,276 3,580,154 3,612,172 3,644,336
1B:No CWF 4,660,108 4,704,619 4,754,631 4,804,510 4,853,223 4,902,025 4,951,744 5,013,921 5,067,153 5,120,225 5,176,723 5,232,740 5,290,306 5,342,967 5,394,548 5,444,386 5,493,343 5,542,105 5,590,049 5,636,436
Budgetimpact —1,674,861 —1,687,018 —1,702,392 —1,718,001 —1,732,583 —1,747,588 —1,763,122 —1,785,461 —-1,802,693 —-1,819,089 1,837,205 —1,856,935 —1,876,957 —1,894,717 -1,911,971 —1,928,423 —1,945,067 —1,961,951 -1,977,877 —1,992,100
CWF = community water fluoridation.

Note: Negative budget impact denotes overall financial savings.
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Table 16: Estimated Cumulative Costs Associated With Each Strategy, by Year and Stakeholder (Large Urban Community Water Fluoridation Introduction)

Estimated Cumulative Costs (2018 Canadian Dollars)

Total

1A: CWF 51,462,812 | 95,703,562 140,486,816 | 185,817,701 231,706,168 | 278,148,484 | 325,100,568 372,634,532 420,687,959 469,262,188 518,379,411 568,008,377 618,165,899 668,818,791 719,960,066 771,578,003 823,659,788 | 876,201,621 929,208,186 982,684,388
1B:No CWF | 68,029,697 | 136,752,322 | 206,263,067 | 276576,786 | 347,696,063 | 419,623,783 | 492,292,600 | 565,866,100 640,204,525 715,292,275 791,174,686 | 867,842,445 | 945315868 | 1,023532,387 | 1,102,478,551 | 1,182,132,294 | 1,262,485,007 | 1,343537,742 | 1425283277 1507,704,128
Budget -16,566,885 | 41,048,761 | —65,776,251| -90,759,085| -115989,896 | —141,475299 | -167,192,032 | -193231,567 | -219,516,566 -246,030,087 | -272,795276 | -299,834,068 | -327,149,970 | -354,713,596 | -382,518485| -410554,291 | 438,825,219 | —467,336,121 | —496,075,091 -525,019,740
impact

Ferjderal

1A CWF 447,428 899,679 1,357,095 1,819,622 2,287,241 2,759,902 3,237,656 3,721,350 4,210,403 4,704,917 5,205,144 5,710,768 6,221,977 6,738,421 7,260,021 7,786,643 8,318,130 8,854,416 9,395,522 9,941,468
1B: No CWF 698,245 1,403,110 2115421 2,835,159 3,562,153 4,296,415 5,038,073 5,788,997 6,547,836 7,314,561 8,089,685 8,873,131 9,665,135 10,465,034 11,272,677 12,087,812 12,910,318 13,740,164 14,577,224 15,421,260
_Budget -250,817 503431 758326 | -1,015537 -1,274912 -1,536,513 | -1,800,418 -2,067,648 2,337,433 -2,609,644 -2,884,540 -3,162,364 -3,443,159 -3,726,613 —4,012,656 4,301,170 4,592,188 —4,885,748 -5,181,702 -5,479,793
impact

PrF:)vinciaI and Territorial

1A: CWF 15,858,374 | 31,917,208 48,198,044 | 64,711,085 81,466,168 98,463,841 | 115,656,608 133,063,881 150,659,298 168,438,060 186,406,644 | 204,553,611 | 222,883,928 241,384,660 260,053,421 278,886,604 | 297,880,817 | 317,036,309 336,356,535 355,845,187
1B:No CWF | 24,847,137 | 49,981,150 75445565 | 101,259,129 | 127,433,270 | 153,971,896 | 180,799443 | 207,963,175 235,407,320 263,118,087 291,109,138 | 319,375911 | 347,924,109 376,729,789 405,788,368 435,092,956 | 464,642,168 | 494,438,847 524,483,584 554,773,761
_Budget -8,988,763 | -18,063942 | -27,247521 | -36548044 | -45967,103| -55508,056 | -65142,835| —74,899,294 -84,748,022 -94,680,027 | -104,702,494 | -114,822,300 | -125,040,180 | -135345129 | -145734,947 | -156,206,353 | -166,761,351 | 177,402,538 | -188,127,049 -198,928,575
impact

Msnicipal

1A: CWF 7,930,164 8,141,437 8,355,369 8,572,036 8,791,527 9,013,883 9,239,109 9,467,205 9,698,168 9,931,994 10,168,675 10,408,204 10,650,570 10,895,766 11,143,784 11,394,618 11,648,266 11,904,729 12,164,011 12,426,121
1B: No CWF 1572 3,158 4,762 6,382 8,018 9,670 11,339 13,029 14,737 16,462 18,206 19,969 21,750 23,550 25,367 27,201 29,051 30,919 32,802 34,701
_Budget 7,928,592 8,138,279 8,350,607 8,565,654 8,783,509 9,004,213 9,227,769 9,454,176 9,683,431 9,915,532 10,150,469 10,388,235 10,628,820 10,872,216 11,118,417 11,367,417 11,619,215 11,873,810 12,131,209 12,391,420
impact

Pr’i)vate and Individual

1A CWF 27,226,846 | 54,745,237 82,576,308 | 110,714,958 | 139,161,232 | 167,910,858 | 196,967,195 | 226,382,097 256,120,090 286,187,217 316,598,947 | 347,335,795 | 378,409,423 409,799,944 441,502,840 473,510,138 | 505,812,575 | 538,406,167 571,292,118 604,471,612
1B:No CWF | 42,482,743 | 85364904 | 128,697,319 | 172476116 | 216,692,622 | 261,345,801 | 306,443,744 | 352,100,898 398,234,633 444,843,165 491,957,658 | 539,573,434 | 587,704,874 636,314,014 685,392,139 734,924,324 | 784,903,469 | 835,327,813 886,189,667 937,474,404
_Budget -15,255,897 | -30,619,667 | 46,121,011 | -61,761,159 | -77,531,390 | -93,434,943 | -109476,549 | -125,718,801 | -142,114,543 -158,655,948 | -175,358,710 | -192,237,639 | -209,295451 | -226514,070 | -243,889,299 | -261,414,186 | -279,090,894 | —296,921,645 | —314,897,549 -333,002,792
impact

CWF = community water fluoridation.
Note: Negative budget impact denotes overall financial savings.
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Table 17: Estimated Cumulative Costs Associated With Each Strategy, by Year and Cost Category (Large Urban Community Water Fluoridation Introduction)

Estimated Cumulative Costs (2018 Canadian Dollars)

CADTH

Direct Cost

1A: CWF 48,431,209 89,608566 | 131,293923 | 173494573 216,219,524 259,466,449 303,190,671 | 347,458,242 392,210,672 437,448,635 483,192,583 529,413,361 | 576,126,459 623,301,319 670,931,480 719,006,122 767,513,475 816,450,114 865,820,539 915,629,455
1B: No CWF 63297,224 | 127243839 | 191928825 | 257,369,969 323,569,343 390,531,392 458,187,528 | 526,688,194 595,902,754 665,815,791 736,469,150 807,853970 | 879988926 | 952,816,329 | 1,026,323,740 | 1,100,490,773 | 1175309649 | 1,250,781514 | 1,326,899,908 | 1,403,648328
Budget -14,866,015 | -37,635272 | -60,634902 | 83875396 | -107,349818 | -131,064,943 | -154,996858 | -179,229,953 | -203692,082 | 228,367,156 | —253276567 | -278,440,610 | 303,862,466 | —329,515,010 | -355392,260 | 381,484,651 | 407,796,174 | -434,331401 | —461,079,369 —488,019,373
impact

Medical Costs

1A: CWF 40,502,052 81,469,155 | 122,941,609 | 164,926,633 207,433,147 250,458,779 293958851 | 337,999414 382,521,982 427527233 | 473,035,625 519,018012 | 565489,895 | 612420,721 659,804,037 | 707,629,030 755,883,932 804,565,315 853,677,676 903,225,710
1B: No CWF 63,297,224 | 127243839 | 191928825 | 257,369,969 323,569,343 390,531,392 458,187,528 | 526,688,194 595,902,754 665,815,791 736,469,150 807,853970 | 879988926 | 952,816,329 | 1,026,323,740 | 1,100,490,773 | 1175309649 | 1,250,781514 | 1,326,899,908 | 1,403,648328
Budget —22,195172 | 45774684 | 68987216 | -92443336 | -116,136196 | -140,072,613 | -164,228677 | -188,688,780 | -213380,772 | -238,288558 | —263433525 | -288,835958 | —314,499,031 | -340,395,608 | -366519,702 | 392,861,742 | —419425717 | 446,216,200 | —473222,233 -500,423,118
impact

CWEF Costs

1A: CWF 7,929,157 8139412 8,352,314 8,567,939 8,786,377 9,007,670 9,231,820 9,458,827 9,688,690 9,921,402 10,156,958 10,395,348 10,636,565 10,880,598 11,127,442 11,377,091 11,629,543 11,884,799 12,142,863 12,403,744
1B: No CWF 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Budget 7,929,157 8139412 8,352,314 8,567,939 8,786,377 9,007,670 9,231,820 9,458,827 9,688,690 9,921,402 10,156,958 10,395,348 10,636,565 10,880,598 11,127,442 11,377,091 11,629,543 11,884,799 12,142,863 12,403,744
impact

Indirect Costs

1A: CWF 3,031,603 6,094,995 9,192,894 12,323,128 15,486,643 18,682,036 21,909,897 25,176,291 28,477,288 31,813,552 35,186,828 38,595,016 42,039,439 45517472 49,028,586 52,571,881 56,146,313 59,751,508 63,387,647 67,054,933
1B: No CWF 4732473 9,508,484 14,334,242 19,206,817 24,126,720 29,092,391 34,105,072 39,177,905 44,301,772 49,476,484 54,705,536 59,988,474 65,326,943 70,716,058 76,154,811 81,641,521 87,175,358 92,756,228 98,383,369 104,055,300
Budget -1,700,870 -3413489 | 5141348 —6,883,689 -8,640,077 -10,410,355 -12,195175 | -14,001,614 -15,824,484 -17,662,932 | -19518,708 -21,393458 | -23287,503 | 25,198,586 27126225 | -29,069,640 -31,029,046 -33,004,720 -34,995,722 -37,000,367
impact

Transportation

1A: CWF 46,356 92,147 137,807 181,533 224,408 265,363 304,602 342,535 379,071 414,200 447957 480,341 511,415 541,198 569,735 597,068 623,223 648,265 672,232 695,181
1B: No CWF 72,365 143,757 214,884 282,949 349,630 413275 474,212 533,124 589,837 644,324 696,653 746,852 795,014 841,162 885,367 927,691 968,185 1,006,950 1,044,042 1,079,536
Budget -26,009 -51,610 77,077 -101,417 -125,222 -147,912 -169,610 -190,589 -210,766 -230,124 —248,696 -266,511 -283,598 -299,964 -315,632 -330,624 -344,962 -358,685 -371,810 -384,355
impact

Productivity Loss

1A: CWF 2,985,247 6,002,848 9,055,087 12,141,595 15,262,235 18,416,672 21,605,295 24,833,756 28,098,217 31,399,353 34,738,871 38,114,675 41,528,024 44.976,274 48,458,851 51,974,814 55,523,089 59,103,243 62,715415 66,359,751
1B: No CWF 4,660,108 9,364,727 14,119,358 18,923,868 23,777,091 28,679,116 33,630,860 38,644,781 43,711,935 48,832,160 54,008,883 59,241,623 64,531,929 69,874,896 75,269,444 80,713,830 86,207,173 91,749,278 97,339,327 102,975,763
Budget -1,674,861 -3361,879 | 5,064,271 —6,782,272 8,514,855 -10,262,443 -12025565 | -13,811,025 -15613,718 -17432,807 | -19,270,012 -21,126,948 | -23003905 | -24,898,622 -26810593 | -28,739,016 -30,684,084 -32,646,035 -34,623912 -36,616,012
impact

CWF = community water fluoridation.

Note: Negative budget impact denotes overall financial savings.

CADTH TECHNOLOGY REVIEW Community Water Fluoridation Programs: A Health Technology Assessment — Budget Impact Analysis 39



CADTH

Table 18: Estimated Annual Number of Caries Associated With Each Strategy, by Year and Caries Type (Large Urban Community Water Fluoridation Introduction)

Estimated Annual Caries

Caries

1A: CWF 132,681 134,120 135,661 137,185 138,703 140,207 141,727 143,498 145,097 146,727 148,433 150,045 151,714 153,264 154,790 156,273 157,709 159,126 160,549 161,978
1B: No CWF 207,124 209,104 211,328 213,547 215,715 217,886 220,097 222,860 225,226 227,585 230,095 232,584 235,142 237,482 239,774 241,989 244,165 246,332 248,462 250,524
Difference —74,443 —74,984 —75,667 —76,362 -77,011 —77,679 —-78,370 —79,363 -80,129 -80,857 -81,662 -82,539 —83,429 —84,218 —84,985 —-85,716 —86,455 —-87,206 -87,914 —88,546
dmft

1A: CWF 13,622 13,874 14,142 14,408 14,667 14,930 15,202 15,499 15,795 16,096 16,408 16,727 17,046 17,186 17,297 17,382 17,443 17,505 17,574 17,652
1B: No CWF 22,068 22,476 22,910 23,341 23,760 24,187 24,628 25,108 25,587 26,075 26,581 27,098 27,615 27,841 28,021 28,158 28,257 28,359 28,470 28,596
Difference -8,446 -8,602 —-8,768 -8,933 -9,093 -9,257 -9,425 -9,609 -9,793 -9,979 -10,173 -10,371 -10,569 -10,655 -10,724 -10,777 -10,814 -10,853 -10,896 -10,944
DMFT

1A: CWF 119,059 120,246 121,519 122,777 124,037 125,277 126,524 127,999 129,303 130,632 132,025 133,318 134,668 136,078 137,493 138,892 140,267 141,620 142,975 144,326
1B: No CWF 185,056 186,628 188,418 190,206 191,955 193,699 195,469 197,752 199,639 201,510 203,514 205,486 207,528 209,641 211,753 213,831 215,908 217,973 219,992 221,928
Difference —65,997 —66,382 —66,900 -67,429 -67,918 —-68,422 —68,944 —69,753 —-70,336 —-70,878 —71,489 -72,168 —72,860 —73,563 —74,260 —74,939 —75,641 —76,352 —77,018 —77,601

CWF = community water fluoridation; dmft = decayed, missing, and filled deciduous teeth; DMFT = decayed, missing, and filled permanent teeth.
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Community Water Fluoridation Cessation

Over 20 years, for a hypothetical large urban municipality, CWF cessation was found to cost
a total of $1,086 million while continuing CWF was found to cost $976 million under a
societal perspective. This indicates that, for a municipality that currently adjusts fluoride
levels in its water supplies, ceasing CWF compared with continuing CWF could cost $110
million over a 20-year time horizon, or approximately $6.93 per capita per year (Table 19).
On the other hand, continuing CWF could have saved $20.35 per dollar invested compared
with ceasing CWF (Table 43). Although ceasing CWF resulted in overall savings of
~$792,000 in the first year (compared with continuing CWF, due to foregone CWF costs,
which include retrofitting and operations costs), direct and indirect costs associated with
increased caries burden continued to accumulate and exhausted the initial savings by the
third year.

Table 19: Base-Case Results for Question 5 — Estimated Total Costs and Budget Impact
Associated With Each Strategy at 5, 10, 15, and 20 Years

Total Costs Across Years

(2018 Canadian Dollars, in Thousands)
10 years

15 years

20 years

Cease CWF 229,773 485,694 771,394 1,086,107
Continue CWF 224,994 462,550 713,248 975,972
Budget impact (i.e., difference between 4,779 23,144 58,147 110,136
CWF implementation and no CWF)

CWF = community water fluoridation.

The magnitude of the financial impact across stakeholders reflected that of the CWF
introduction analysis; CWF cessation generated savings for municipalities at the cost of the
other stakeholders. Municipalities cover the smallest proportion of the population in terms of
dental care (0.0037%) and, if they ceased CWF, they would avoid paying CWF costs
associated with retrofitting a facility and continued operation and maintenance. As the
foregone cost of continuing CWF is larger than the cumulative cost associated with
increased caries burden from a municipal perspective, municipal stakeholders were
projected to save a cumulative total of $5.7 million by the end of 20 years (Table 22) from
CWEF cessation (compared with CWF continuation). Private and individual stakeholders were
once again found to have the largest financial impact as they covered the largest proportion
of caries treatments, and the cumulative cost associated with CWF cessation was $59.2
million by the end of 20 years (compared with CWF continuation). Provincial and territorial
stakeholders were found to absorb the second-largest financial impact from CWF cessation
and were projected to pay $54.2 million by the end of 20 years. Federal stakeholders were
found to absorb the least financial impact from CWF cessation and would pay a total of $2.3
million by the end of 20 years (compared with the decision to continue CWF) (Table 22).

Similar to the CWF introduction analysis, the largest proportion of the direct cost were
medical costs (100% in the cessation strategy, 99.4% in the continuation strategy). The
CWF cessation strategy was associated with larger medical costs compared with the CWF
continuation strategy as the strategies were associated with different caries burden. Medical
costs increased from $40.9 million annually in the first year to $60.9 million in the 20th year
under the CWF cessation strategy, while they increased from $40.5 million in the first year to
$49.5 million in the 20th year under the CWF continuation strategy (Table 23). As noted,
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these findings were driven by the differences in projected caries burden between the two
strategies.

In the CWF cessation strategy, the expected incidence of caries within a large urban
municipality rose from ~133,000 in the first year to ~197,000 in the 20th year, while they
rose from ~133,000 in the first year to ~162,000 in the 20th year in the CWF continuation
strategy (Table 24). The analysis predicts that the incidence of permanent teeth caries
would jump in the seventh year in the CWF cessation strategy. This observation was due to
the fact that the analysis assumed caries incidence would not change for municipal
residents with previous exposure to CWF (i.e., identical incidence rate between those with
previous exposure and current exposure to CWF). As such, the difference in caries between
a municipality that continues CWF and one that ceases CWF is mainly driven by those
newly entering into a municipal’s population (e.g., birth). At year seven of the analysis, the
first cohort of newborns would be six years old with emerging permanent teeth and, if born in
municipalities that have ceased CWF, they would be at an increased risk of DMFTs
compared with their counterparts born in municipalities that have continued CWF.

The growth in caries burden over time was also due to the expected growth in population.
CWF cessation was found to increase more caries over time compared with CWF
continuation, from 671 caries in the first year to ~34,800 caries in the 20th year. By the end
of 20 years, CWF cessation was found to have generated more than ~303,700 additional
caries than CWF continuation (Table 24). Therefore, net medical costs associated with CWF
cessation rose from ~$409,000 in the first year to $11.4 million in the 20th year, and
accumulated to a total of $108.9 million over 20 years (Table 23). Although small compared
with the total medical costs, averted CWF costs from CWF cessation were large enough to
offset the increased medical cost associated with caries treatment for a municipality, as
previously discussed (i.e., $1.2 million saved in the first year due to the foregone costs of
CWEF facility retrofitting, followed by consistent annual savings from foregone CWF operation
and maintenance [~$210,300 in the second year, rising to ~$260,900 in the last year])
(Table 22).

Costs associated with productivity loss constituted most of the indirect costs incurred in the
analysis (99%), while transportation costs retained a small proportion (1%). Productivity loss
associated with dental care was larger in the CWF cessation strategy (i.e., increasing from
$3.0 million annually in the first year to $4.4 million in the 20th year) compared with the CWF
continuation strategy (i.e., increasing from $3.0 million in the first year to $3.6 million in the
20th year). Overall, the annual costs associated with increased productivity loss from CWF
cessation rose from ~$15,000 in the first year to ~$782,400 in the 20th year, accumulating to
$6.8 million over 20 years. Transportation costs were also larger in the CWF cessation
strategy but decreased from ~$46,600 annually in the first year to ~$27,900 in the 20th year
under the CWF cessation strategy, while decreasing from ~$46,400 annually in the first year
to ~$22,900 in the 20th year for the CWF continuation strategy. Overall, the difference in
transportation costs between CWF cessation and CWF introduction was $234 in the first
year and $4,930 in the 20th year, accumulating to ~$58,500 over 20 years (Table 23).
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Table 20: Estimated Annual Costs Associated With Each Strategy, by Year and Stakeholder (Large Urban Community Water Fluoridation Cessation)

Estimated Annual Costs (2018 Canadian Dollars)

CADTH

Total

2A: Cease CWF | 43,958,154 | 44,912,367 | 45,925,130 | 46,958,784 | 48,018,533 | 48,880,531 | 50,251,189 | 51,287,380 | 52,197,564 | 53,304,286 | 54,666,269 | 56,030,138 | 57,207,325 | 58,334,688 | 59,462,085 | 60,581,672 | 61,727,152 | 62,917,244 | 64,128,562 | 65,358,381
2B: Keep CWF | 44,750,263 | 44,240,749 | 44,783,255 | 45,330,885 | 45,888,467 | 46,442,316 | 46,952,084 | 47,533,965 | 48,053,427 | 48,574,229 | 49,117,223 | 49,628,966 | 50,157,522 | 50,652,892 | 51,141,275 | 51,617,937 | 52,081,785 | 52,541,833 | 53,006,565 | 53,476,201
Budget impact —792,109 671,617 | 1,141,876 | 1,627,900 | 2,130,066 | 2,438,215 | 3,299,105 | 3,753,416 | 4,144,137 | 4,730,057 | 5,549,046 | 6,401,172 | 7,049,803 | 7,681,796 | 8,320,810 | 8,963,735 | 9,645,367 | 10,375,411 | 11,121,997 | 11,882,180
Federal

2A: Cease CWF 488,874 502,169 516,294 530,889 545,964 556,705 571,935 583,452 593,477 605,446 620,104 634,757 647,397 659,498 671,606 683,647 695,997 708,865 722,013 735,414
2B: Keep CWF 447,428 452,251 457,416 462,527 467,620 472,661 477,754 483,694 489,054 494,513 500,228 505,623 511,209 516,444 521,600 526,621 531,487 536,287 541,106 545,945
Budget impact 41,446 49,918 58,878 68,362 78,344 84,044 94,181 99,758 104,423 110,932 119,877 129,134 136,188 143,054 150,006 157,026 164,510 172,579 180,907 189,469
Provincial and Territorial

2A: Cease CWF | 16,118,914 | 16,624,710 | 17,162,285 | 17,720,515 | 18,299,281 | 18,686,327 | 19,193,297 | 19,579,258 | 19,914,291 | 20,307,436 | 20,785,298 | 21,262,472 | 21,669,269 | 22,056,459 | 22,443,641 | 22,828,763 | 23,224,165 | 23,637,137 | 24,060,305 | 24,493,011
2B: Keep CWF | 15,858,374 | 16,058,834 | 16,280,836 | 16,513,041 | 16,755,082 | 16,997,673 | 17,192,767 | 17,407,272 | 17,595,418 | 17,778,762 | 17,968,584 | 18,146,967 | 18,330,318 | 18,500,731 | 18,668,761 | 18,833,183 | 18,994,213 | 19,155,492 | 19,320,226 | 19,488,652
Budget impact 260,540 565,876 881,449 | 1,207,474 | 1,544,199 | 1,688,654 | 2,000,529 | 2,171,986 | 2,318,873 | 2,528,673 | 2,816,715 | 3,115505| 3,338,951 | 3,555,728 | 3,774,879 | 3,995,580 | 4,229,952 | 4,481,645 | 4,740,079 | 5,004,359
Municipal

2A: Cease CWF 1,012 1,028 1,045 1,062 1,079 1,096 1,128 1,151 1,172 1,198 1,230 1,263 1,291 1,318 1,345 1,372 1,399 1,427 1,456 1,485
2B: Keep CWF 1,217,615 211,273 213,932 216,667 219,491 222,357 225,225 228,096 230,963 233,825 236,681 239,528 242,367 245,196 248,018 250,834 253,648 256,463 259,282 262,110
Budget impact -1,216,603 —210,245 -212,887 —215,605 -218,411 —221,260 —224,097 —226,945 —229,791 —232,627 —235,451 —238,266 —241,076 —243,878 —246,673 —249,462 —252,249 —255,035 —257,826 —260,624
Private and Individual

2A: Cease CWF | 27,349,354 | 27,784,459 | 28,245,506 | 28,706,319 | 29,172,209 | 29,636,402 | 30,484,830 | 31,123,519 | 31,688,624 | 32,390,206 | 33,259,636 | 34,131,646 | 34,889,368 | 35,617,413 | 36,345,493 | 37,067,891 | 37,805,591 | 38,569,814 | 39,344,788 | 40,128,471
2B: Keep CWF | 27,226,846 | 27,518,391 | 27,831,071 | 28,138,650 | 28,446,274 | 28,749,626 | 29,056,337 | 29,414,902 | 29,737,992 | 30,067,128 | 30,411,730 | 30,736,848 | 31,073,628 | 31,390,521 | 31,702,895 | 32,007,298 | 32,302,437 | 32,593,592 | 32,885,951 | 33,179,494
Budget impact 122,508 266,068 414,435 567,669 725,935 886,776 | 1,428,492 | 1,708,617 | 1,950,632 | 2,323,079 | 2,847,906 | 3,394,798 | 3,815,739 | 4,226,892 | 4,642,598 | 5,060,592 | 5,503,154 | 5,976,222 | 6,458,837 | 6,948,977
CWF = Community water fluoridation.

Note: Negative values denotes overall financial savings.
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Table 21:

CADTH

Estimated Annual Costs Associated With Each Strategy, by Year and Cost Category (Large Urban Community Water Fluoridation Cessation)

Estimated Annual Costs (2018 Canadian Dollars)

Direct Cost

2A: Cease CWF | 40,911,328 | 41,815,922 | 42,775,757 | 43,758,092 | 44,764,949 | 45,575,091 | 46,851,491 | 47,816,057 | 48,662,720 | 49,690,970 | 50,956,065 | 52,222,754 | 53,317,297 | 54,366,045 | 55,414,931 | 56,456,728 | 57,522,843 | 58,630,630 | 59,758,433 | 60,903,720
2B: Keep CWF 41,718,660 | 41,177,357 | 41,685,356 | 42,200,650 | 42,724,951 | 43,246,924 | 43,724,222 | 44,267,571 | 44,752,430 | 45,237,964 | 45,743,947 | 46,220,778 | 46,713,099 | 47,174,860 | 47,630,161 | 48,074,642 | 48,507,353 | 48,936,638 | 49,370,426 | 49,808,916
Budget impact —-807,332 638,564 | 1,090,401 | 1,557,441 | 2,039,998 | 2,328,167 | 3,127,269 | 3,548,486| 3,910,290| 4,453,006 | 5,212,118 | 6,001,976 | 6,604,198 | 7,191,185| 7,784,771| 8,382,086 | 9,015490| 9,693,991 | 10,388,008 | 11,094,804
Medical Costs

2A: Cease CWF | 40,911,328 | 41,815,922 | 42,775,757 | 43,758,092 | 44,764,949 | 45,575,091 | 46,851,491 | 47,816,057 | 48,662,720 | 49,690,970 | 50,956,065 | 52,222,754 | 53,317,297 | 54,366,045 | 55,414,931 | 56,456,728 | 57,522,843 | 58,630,630 | 59,758,433 | 60,903,720
2B: Keep CWF | 40,502,052 | 40,967,103 | 41,472,454 | 41,985,024 | 42,506,513 | 43,025,632 | 43,500,072 | 44,040,563 | 44,522,568 | 45,005,251 | 45,508,392 | 45,982,387 | 46,471,883 | 46,930,826 | 47,383,317 | 47,824,993 | 48,254,902 | 48,681,382 | 49,112,361 | 49,548,035
Budget impact 409,275 848,819 | 1,303,303 | 1,773,067 | 2,258,436 | 2,549,459 | 3,351,419| 3,775493| 4,140,153 | 4,685,718 | 5,447,673 | 6,240,366 | 6,845414| 7,435219| 8,031,615| 8,631,735| 9,267,941 | 9,949,247 | 10,646,072 | 11,355,685
CWF Costs

2A: Cease CWF 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2B: Keep CWF 1,216,608 210,255 212,902 215,626 218,438 221,293 224,150 227,007 229,863 232,712 235,556 238,391 241,216 244,034 246,844 249,649 252,452 255,256 258,064 260,881
Budget impact -1,216,608 —210,255 —212,902 —215,626 —-218,438 —221,293 —224,150 —227,007 —229,863 —232,712 —235,556 —238,391 —241,216 —244,034 —246,844 —249,649 —252,452 —255,256 —258,064 —260,881
Indirect Costs

2A: Cease CWF | 3,046,827 | 3,096,445 | 3,149,373 | 3,200,693 | 3,253,584 | 3,305,440 | 3,399,698 | 3,471,324| 3,534,843| 3,613,316| 3,710,204| 3,807,384 | 3,890,028 | 3,968,643 | 4,047,154 | 4,124,944 | 4,204,309 | 4,286,615| 4,370,129 | 4,454,662
2B: Keep CWF 3,031,603 | 3,063,392 | 3,097,898 | 3,130,235| 3,163,515| 3,195,392 | 3,227,862 | 3,266,394 | 3,300,997 | 3,336,265| 3,373,275| 3,408,188 | 3,444,423 | 3,478,032| 3,511,114 3,543,295| 3,574,431| 3,605195| 3,636,140| 3,667,286
Budget impact 15,224 33,053 51,475 70,458 90,069 110,048 171,836 204,930 233,846 277,051 336,928 399,196 445,605 490,611 536,040 581,649 629,877 681,419 733,989 787,376
Transportation

2A: Cease CWF 46,591 46,288 46,423 44,716 44,104 42,374 41,335 40,320 39,131 38,052 37,135 36,182 35,099 33,988 32,898 31,823 30,768 29,778 28,809 27,879
2B: Keep CWF 46,356 45,791 45,660 43,726 42,875 40,955 39,239 37,933 36,536 35,129 33,757 32,384 31,074 29,783 28,537 27,333 26,156 25,041 23,968 22,949
Budget impact 234 497 764 991 1,229 1,418 2,096 2,387 2,595 2,923 3,377 3,798 4,025 4,206 4,361 4,491 4,613 4,736 4,841 4,930
Productivity Loss

2A: Cease CWF| 3,000,236 | 3,050,156 | 3,102,950 | 3,155,977 | 3,209,480 | 3,263,066 | 3,358,363 | 3,431,004| 3,495,712| 3,575,264 | 3,673,069 | 3,771,202| 3,854,929 | 3,934,655| 4,014,256| 4,093,121 | 4,173,541 | 4,256,837 | 4,341,320 | 4,426,782
2B: Keep CWF 2,985,247 | 3,017,601 | 3,052,239| 3,086,509| 3,120,640| 3,154,437 | 3,188,623 | 3,228,461 | 3,264,461 | 3,301,136| 3,339,518| 3,375,804 | 3,413,349 | 3,448,250 | 3,482,577 | 3,515963| 3,548,276| 3,580,154 | 3,612,172| 3,644,336
Budget impact 14,989 32,556 50,711 69,468 88,840 108,630 169,740 202,543 231,251 274,128 333,551 395,398 441,580 486,405 531,679 577,158 625,265 676,683 729,148 782,446
CWF = Community water fluoridation.

Note: Negative values denotes overall financial savings.
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CADTH

Table 22: Estimated Cumulative Costs Associated With Each Strategy, by Year and Stakeholder (Large Urban Community Water Fluoridation Cessation)

Estimated Cumulative Costs (2018 Canadian Dollars)

Total

2A: Cease CWF| 43,958,154 | 88,870,521 (134,795,651 | 181,754,436 | 229,772,969 | 278,653,500 | 328,904,689 | 380,192,069 | 432,389,632 | 485,693,918 | 540,360,187 | 596,390,325 | 653,597,650 | 711,932,338 | 771,394,423 | 831,976,095 | 893,703,247 | 956,620,491 | 1,020,749,054 | 1,086,107,435
2B: Keep CWF | 44,750,263| 88,991,013 133,774,267 179,105,152 | 224,993,619 | 271,435,935 | 318,388,019 | 365,921,984 | 413,975,410 | 462,549,639 | 511,666,862 | 561,295,828 | 611,453,350 | 662,106,242 | 713,247,517 | 764,865,454 | 816,947,239 | 869,489,072 | 922,495,638| 975,971,839
Budget impact —792,109 -120,492| 1,021,384 2,649,284| 4,779,350 7,217,564| 10,516,670 | 14,270,085| 18,414,222 | 23,144,279| 28,693,325| 35,094,497 | 42,144,300| 49,826,096 | 58,146,906 | 67,110,641| 76,756,008 87,131,419 98,253,416 | 110,135,596
Federal

2A: Cease CWF 488,874 991,043| 1,507,337 2,038,226| 2,584,190| 3,140,895| 3,712,830| 4,296,282| 4,889,759| 5,495,204 6,115309| 6,750,066 7,397,463| 8,056,962| 8,728,568 9,412,215| 10,108,211 | 10,817,077 11,539,090 12,274,504
2B: Keep CWF 447,428 899,679 1,357,095 1,819,622 2,287,241 2,759,902 3,237,656 3,721,350 4,210,403 4,704,917 5,205,144 5,710,768 6,221,977 6,738,421 7,260,021 7,786,643 8,318,130 8,854,416 9,395,522 9,941,468
Budget impact 41,446 91,364 150,242 218,605 296,949 380,993 475,174 574,932 679,355 790,288 910,164 | 1,039,298| 1,175,486| 1,318,541| 1,468,546| 1,625,572| 1,790,082| 1,962,660 2,143,567 2,333,036
Provincial and Territorial

2A: Cease CWF| 16,118,914 | 32,743,625| 49,905,910| 67,626,424 | 85,925,705 |104,612,033 | 123,805,329 | 143,384,587 | 163,298,878 | 183,606,314 | 204,391,612 | 225,654,084 | 247,323,353 | 269,379,812 | 291,823,453 | 314,652,216 | 337,876,380 | 361,513,517 | 385,573,823| 410,066,834
2B: Keep CWF | 15,858,374 | 31,917,208 | 48,198,044 | 64,711,085| 81,466,168 | 98,463,841 |115,656,608 | 133,063,881 | 150,659,298 | 168,438,060 | 186,406,644 | 204,553,611 | 222,883,928 | 241,384,660 | 260,053,421 | 278,886,604 | 297,880,817 | 317,036,309 | 336,356,535 | 355,845,187
Budget impact 260,540 826,417| 1,707,865| 2,915,339| 4,459,538| 6,148,192| 8,148,721| 10,320,707 | 12,639,580| 15,168,253 | 17,984,968 | 21,100,473 | 24,439,425| 27,995,152| 31,770,032 | 35,765,612| 39,995,564 | 44,477,209 49,217,288 54,221,647
Municipal

2A: Cease CWF 1,012 2,040 3,085 4,147 5,226 6,322 7,450 8,601 9,774 10,972 12,202 13,465 14,756 16,073 17,418 18,790 20,189 21,616 23,073 24,558
2B: Keep CWF 1,217,615 1,428,888 1,642,820| 1,859,487| 2,078,978| 2,301,335| 2,526,560| 2,754,656| 2,985,619| 3,219,445| 3,456,126 3,695,655| 3,938,021| 4,183,217| 4,431,235| 4,682,069| 4,935717| 5,192,180 5,451,462 5,713,572
Budgetimpact | -1,216,603| -1,426,849| -1,639,735| -1,855,341| -2,073,752| -2,295,012| -2,519,110| -2,746,055| —2,975,846 | 3,208,473 | 3,443,924 | -3,682,190| -3,923,266 | —4,167,144| -4,413,817 | —4,663,280| —4,915,528| -5,170,564| -5,428,390 -5,689,014
Private and Individual

2A: Cease CWF| 27,349,354 | 55,133,814 | 83,379,320|112,085,638 | 141,257,847 | 170,894,250 | 201,379,080 | 232,502,598 | 264,191,222 | 296,581,428 | 329,841,064 | 363,972,710 | 398,862,078 | 434,479,491 | 470,824,984 | 507,892,875 | 545,698,466 | 584,268,281 | 623,613,068 | 663,741,539
2B: Keep CWF | 27,226,846 | 54,745,237 | 82,576,308|110,714,958 | 139,161,232 | 167,910,858 | 196,967,195 | 226,382,097 | 256,120,090 | 286,187,217 | 316,598,947 | 347,335,795 | 378,409,423 | 409,799,944 | 441,502,840 | 473,510,138 | 505,812,575 | 538,406,167 | 571,292,118 | 604,471,612
Budget impact 122,508 388,576 803,012| 1,370,680| 2,096,615| 2,983,392| 4,411,884 6,120,501 8,071,132 10,394,211 13,242,117 | 16,636,915| 20,452,655 | 24,679,546 | 29,322,144 | 34,382,737 | 39,885,891 | 45,862,113 52,320,950 59,269,927
CWF = Community water fluoridation.

Note: Negative values denotes overall financial savings.
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CADTH

Table 23: Estimated Cumulative Costs Associated With Each Strategy, by Year and Cost Category (Large Urban Community Water Fluoridation Cessation)

Estimated Cumulative Costs (2018 Canadian Dollars)

Direct Cost
2A: Cease CWF | 40,911,328 | 82,727,249 | 125,503,007 | 169,261,098 | 214,026,047 | 259,601,138 | 306,452,629 | 354,268,686 | 402,931,406 | 452,622,376 | 503,578,441 | 555,801,195 | 609,118,491 | 663,484,536 | 718,899,468 | 775,356,196 | 832,879,039 | 891,509,668 | 951,268,102 | 1,012,171,822

2B: Keep CWF | 41,718,660 | 82,896,018 | 124,581,374 | 166,782,024 | 209,506,975 | 252,753,900 | 296,478,122 | 340,745,693 | 385,498,123 | 430,736,087 | 476,480,034 | 522,700,812 | 569,413,911 | 616,588,770 | 664,218,931 | 712,293,573 | 760,800,926 | 809,737,565 | 859,107,990 | 908,916,906
Budget impact -807,332 168,768 921,633 2,479,074 4,519,072 6,847,239 9,974,508 | 13,522,993 | 17,433,284 | 21,886,289 | 27,098,407 | 33,100,383 | 39,704,581 | 46,895,766 | 54,680,537 | 63,062,623 | 72,078,112 | 81,772,104 | 92,160,112 | 103,254,916

Medical Costs
2A: Cease CWF | 40,911,328 | 82,727,249 | 125,503,007 | 169,261,098 | 214,026,047 | 259,601,138 | 306,452,629 | 354,268,686 | 402,931,406 | 452,622,376 | 503,578,441 | 555,801,195 | 609,118,491 | 663,484,536 | 718,899,468 | 775,356,196 | 832,879,039 | 891,509,668 | 951,268,102 | 1,012,171,822

2B: Keep CWF | 40,502,052 | 81,469,155 | 122,941,609 | 164,926,633 | 207,433,147 | 250,458,779 | 293,958,851 | 337,999,414 | 382,521,982 | 427,527,233 | 473,035,625 | 519,018,012 | 565,489,895 | 612,420,721 | 659,804,037 | 707,629,030 | 755,883,932 | 804,565,315 | 853,677,676 | 903,225,710

Budget impact 409,275 | 1,258,095 2,561,398 4,334,465 6,592,900 9,142,360 | 12,493,779 | 16,269,272 | 20,409,424 | 25,095,143 | 30,542,816 | 36,783,182 | 43,628,597 | 51,063,815| 59,095,430 | 67,727,165| 76,995,107 | 86,944,354 | 97,590,426 | 108,946,111
CWF Costs
2A: Cease CWF 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2B: Keep CWF 1,216,608 | 1,426,863 1,639,765 1,855,391 2,073,829 2,295,121 2,519,271 2,746,278 2,976,141 3,208,853 3,444,409 3,682,800 3,924,016 4,168,049 4,414,894 | 4,664,543 4,916,994 5,172,250 5,430,315 5,691,196
Budget impact -1,216,608 | -1,426,863 | -1,639,765| -1,855,391| -2,073,829 | -2,295,121| -2,519,271| -2,746,278 | -2,976,141 | -3,208,853 | -3,444,409 | -3,682,800 | -3,924,016 | —4,168,049 | —-4,414,894| -4,664,543 | -4,916,994 | -5,172,250 | -5,430,315 -5,691,196

Indirect Costs
2A: Cease CWF | 3,046,827 | 6,143,272 9,292,645 | 12,493,338 | 15,746,921 | 19,052,361 | 22,452,059 | 25,923,383 | 29,458,226 | 33,071,542 | 36,781,746 | 40,589,130 | 44,479,158 | 48,447,801 | 52,494,955 | 56,619,899 | 60,824,208 | 65,110,823 | 69,480,952 73,935,614

2B: Keep CWF 3,031,603 | 6,094,995 9,192,894 | 12,323,128 | 15,486,643 | 18,682,036 | 21,909,897 | 25,176,291 | 28,477,288 | 31,813,552 | 35,186,828 | 38,595,016 | 42,039,439 | 45517,472| 49,028,586 | 52,571,881 | 56,146,313 | 59,751,508 | 63,387,647 67,054,933

Budget impact 15,224 48,277 99,751 170,209 260,278 370,326 542,162 747,092 980,938 | 1,257,990 | 1,594,918 | 1,994,114 | 2,439,719| 2,930,330| 3,466,369 | 4,048,018 | 4,677,895| 5,359,315| 6,093,304 6,880,681
Transportation

2A: Cease CWF 46,591 92,879 139,302 184,019 228,123 270,496 311,831 352,151 391,282 429,334 466,468 502,651 537,750 571,738 604,636 636,459 667,227 697,005 725,814 753,693
2B: Keep CWF 46,356 92,147 137,807 181,533 224,408 265,363 304,602 342,535 379,071 414,200 447,957 480,341 511,415 541,198 569,735 597,068 623,223 648,265 672,232 695,181
Budget impact 234 732 1,495 2,486 3,715 5,133 7,229 9,616 12,211 15,134 18,511 22,310 26,335 30,540 34,901 39,392 44,004 48,741 53,582 58,512

Productivity Loss
2A: Cease CWF | 3,000,236 | 6,050,393 9,153,342 | 12,309,319 | 15,518,799 | 18,781,865| 22,140,228 | 25,571,232 | 29,066,944 | 32,642,208 | 36,315,277 | 40,086,479 | 43,941,408 | 47,876,063 | 51,890,319 | 55,983,440 | 60,156,981 | 64,413,817 | 68,755,138 73,181,920

2B: Keep CWF 2,985,247 | 6,002,848 | 9,055,087 | 12,141,595 | 15,262,235 | 18,416,672 | 21,605,295 | 24,833,756 | 28,098,217 | 31,399,353 | 34,738,871 | 38,114,675 | 41,528,024 | 44,976,274 | 48,458,851 | 51,974,814 | 55,523,089 | 59,103,243 | 62,715,415 66,359,751
Budget impact 14,989 47,545 98,256 167,723 256,563 365,193 534,933 737,476 968,728 1,242,856 1,576,407 | 1,971,804 | 2,413,384 | 2,899,789 3,431,468 | 4,008,626 | 4,633,891| 5,310,574| 6,039,723 6,822,169

CWF = Community water fluoridation.
Note: Negative values denotes overall financial savings.
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Table 24: Estimated Annual Number of Caries Associated With Each Strategy, by Year and Caries Type (Large Urban Community Water Fluoridation Cessation)

Estimated Annual Caries

Caries

2A: Cease CWF 133,352 135,577 137,929 140,293 142,678 145,062 149,298 152,527 155,402 158,937 163,283 167,644 171,364 174,907 178,444 181,948 185,522 189,223 192,978 196,776
2B: Keep CWF 132,681 134,120 135,661 137,185 138,703 140,207 141,727 143,498 145,097 146,727 148,433 150,045 151,714 153,264 154,790 156,273 157,709 159,126 160,549 161,978
Difference 671 1,457 2,269 3,108 3,975 4,855 7,571 9,029 10,305 12,210 14,851 17,599 19,651 21,643 23,654 25,675 27,813 30,097 32,429 34,797
dmft

2A: Cease CWF 14,293 15,331 16,411 17,516 18,641 19,786 20,951 22,152 23,362 24,588 25,835 27,098 27,615 27,841 28,021 28,158 28,257 28,359 28,470 28,596
2B: Keep CWF 13,622 13,874 14,142 14,408 14,667 14,930 15,202 15,499 15,795 16,096 16,408 16,727 17,046 17,186 17,297 17,382 17,443 17,505 17,574 17,652
Difference 671 1,457 2,269 3,108 3,975 4,855 5,748 6,653 7,568 8,492 9,427 10,371 10,569 10,655 10,724 10,777 10,814 10,853 10,896 10,944
DMFT

2A: Cease CWF 119,059 120,246 121,519 122,777 124,037 125,277 128,347 130,375 132,040 134,349 137,448 140,546 143,750 147,066 150,423 153,790 157,265 160,864 164,507 168,179
2B: Keep CWF 119,059 120,246 121,519 122,777 124,037 125,277 126,524 127,999 129,303 130,632 132,025 133,318 134,668 136,078 137,493 138,892 140,267 141,620 142,975 144,326
Difference 0 0 0 0 0 0 1,823 2,377 2,737 3,718 5,424 7,228 9,082 10,987 12,930 14,899 16,998 19,244 21,533 23,853

CWF = Community water fluoridation; dmft = decayed, missing, and filled deciduous teeth; DMFT = decayed, missing, and filled permanent teeth.
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Sensitivity Analyses

Overall findings of the base case were robust across the majority of sensitivity analysis
tested. Sensitivity analyses conducted include medium urban municipality, small urban
municipality, low population growth, high population growth, low CWF efficacy scenarios,
and higher CWF implementation costs. Detailed findings can be found in Appendix 4.

Municipal Scenarios

Scenario analyses for medium urban and small urban municipalities were consistent with the
base-case findings. Compared with not implementing CWF, CWF introduction was found to
generate net savings annually from the first year (medium urban: average of $34.03 per
capita per year, Table 28; small urban: average of $34.49 per capita per year, Table 30).

When compared with CWF continuation, CWF cessation in both medium urban and small
communities was found to be less costly in the first year but more expensive thereafter,
ultimately exhausting the initial savings from foregone facility retrofit and maintenance costs
by the third year. Ceasing CWF resulted in net costs over the remainder of the time horizon
(medium urban: average of $6.29 per capita per year, Table 29; small urban: average of
$6.36 per capita per year, Table 31).

Population Growth Scenarios

Findings from low and high population growth scenario analyses were consistent with the
base-case findings, and exhibited a trend where a higher population growth rate was
associated with similar, albeit larger, benefits associated with CWF. In a large urban
municipality, the BIA suggested that overall net savings from CWF introduction compared
with CWF non-implementation would be relatively similar between a low growth and high
growth scenario (low growth: average of $33.69 per capita per year,

Table 32; high growth: average of $34.39 per capita per year, Table 34).

Similar findings to the base case were also observed for the CWF cessation BIA. In the
same hypothetical large urban municipality, the BIA suggests that overall net costs from
CWEF cessation compared with CWF continuation would be relatively similar between a low
growth and high growth scenario (low growth: average of $5.83 per capita per year, Table
33; high growth: average of $6.92 per capita per year,

Table 35).

Given that the findings from municipal scenario analyses were consistent with base-case
findings, the above results for population growth scenarios would be also expected to be
consistent across other types of municipalities.

Low Caries Prevention Efficacy Scenario

Findings were generally consistent with the base-case findings when CWF was assumed to
prevent caries only in deciduous dentition of children younger than six years old. Although
CWEF introduction was found to be cost saving compared with CWF non-implementation, a
shift in the time to break-even occurred. CWF took more time to generate savings from
caries prevention. Instead of being immediately cost savings (compared with CWF non-
implementation) from the first year onward, as observed in the base case, CWF introduction
was estimated to be more expensive ($5.7 million) in the first year, followed by annual net
savings of approximately $2.0 million in the second year, and a gradual increase to $2.6
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million by the 20th year (Table 36). This allowed the initial net cost to be recouped by the
fourth year of CWF. Overall, CWF introduction generated $40.4 million in net savings
compared with CWF non-implementation over twenty years, approximately $2.59 per capita
per year. Although the magnitude of net savings were smaller under this scenario compared
with the base case (i.e., compared with $525 million), this scenario reflects a conservative
estimate as it assumed the impact of CWF was limited to deciduous dentition in children
younger than six years of age, which represents approximately 6.5% of the initial population.

Findings for CWF cessation were also consistent with the base-case findings, and the timing
of achieving budget neutrality did not shift as was observed for the analysis on CWF
introduction. CWF cessation was found to produce $792,109 of net savings in the first year
when compared with CWF continuation, although this eroded by the third year due to costs
associated with increased caries treatments (Table 37). The cost difference was smaller
given that the health outcome effects of fluoride were reduced and, overall CWF cessation
generated a $43.5 million net cost over twenty years (if averaged, approximately $2.81 per
capita per year). As the analysis assumed that those whose teeth have been exposed to
CWEF retain caries-preventing properties, even after CWF cessation, the budget impact of
CWF cessation may be higher if cessation of CWF would lead to increased caries incidence
in those who had been previously exposed to CWF.

High Community Water Fluoridation Cost Scenario

The findings from a scenario analysis that incorporated the highest CWF implementation
costs reported in the literature were still consistent with the base-case finding. CWF
implementation — its introduction or continuation — was found to be cost saving.

The consistency in the findings in both scenario analyses may reflect, in part, the per capita
costing approach used in the BIA. Both CWF costs and averted caries treatment costs were
dependent on the population size within a municipality. Therefore, the magnitude to which
averted caries treatment costs was greater than CWF costs would determine how quickly
the savings from averted caries treatment would accumulate. If the accumulated savings
were larger than the costs of CWF construction (in the CWF introduction BIA) or retrofitting
(in the CWF cessation BIA), CWF would be a cost-saving strategy beginning in the first year.
If the savings accumulated more slowly, then the break-even point would shift further into
the future. The CWF cessation BIA demonstrates a version of this case in which the
additional cost of caries treatment from ceasing water fluoridation in the first year — the
foregone savings that would have been associated with CWF continuation — was not larger
than the savings from ceasing a CWF program (i.e., avoided spending on CWF retrofit,
operation, and maintenance). The difference between savings and costs in this case was
large enough to shift the break-even point to the twelfth year, when the cumulative additional
cost of increased caries treatments from CWF cessation matched the savings of foregone
CWEF costs (Table 39).

Amalgam Dental Restoration Scenario

The findings from a scenario analysis that assumed non-bonded amalgam dental
restorations instead of bonded composite resin restorations were still consistent with the
base-case finding. Both CWF introduction and continuation were found to be cost saving,
although the savings were reduced compared with the base-case analyses. The reduction in
savings is reflective of the reduced cost of caries treatment in the scenario (Table 40).
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Threshold Analyses
Rural Municipality

In the BIA, the cost savings of CWF introduction were driven by the reduction in caries
incidences that further reduce total treatment costs, productivity loss, and transportation
costs. CWF was cost saving only if the CWF implementation cost, including construction,
operation, and maintenance costs were lower than the savings from averted caries.
Unfortunately, up-to-date cost information regarding CWF implementation in rural
municipalities was not available at the time of this study. As such, a threshold analysis was
conducted under a rural setting to determine the point whereby total CWF implementation
costs (with respect to construction, operation, and maintenance) would equal the savings
associated with fluoridation versus non-fluoridation. (i.e., savings associated with averted
incidence of caries between fluoridated and non-fluoridated municipalities). The analysis
assumed the same per capita CWF costs as those in urban municipalities and that the rural
municipality would be equipped with a water treatment infrastructure that provides water for
all the municipal residents to consume. In this regard, the analysis is not generalizable to
remote communities. The analysis found that in a modelled rural municipality of 423 people,
CWEF introduction would be considered cost saving if the total implementation cost of CWF
was below $355,898 over a 20-year time horizon, or approximately $39.53 per capita per
year. If CWF implementation costs were more expensive, the introduction of CWF would be
more costly than keeping with the current status quo of not adjusting the fluoride levels in a
rural community’s water supply. Note that these findings are from a broader societal
perspective and do not account for the fact that CWF introduction is always considered a
costly strategy from a municipal perspective as the full CWF costs would be assumed to be
borne by the municipality.

Conversely, for CWF cessation, a threshold analysis was conducted to determine the point
whereby savings from foregone CWF continuation costs would equal the costs associated
with increased caries treatment due to CWF cessation. The analysis found that in a
hypothetical rural municipality of 423 people, the decision to cease existing CWF program
would cost $68,702 over a 20-year time horizon, or $7.49 per capita per year. Therefore, if
the savings from foregone CWF continuation were less than $68,702, the decision to cease
CWF would always be more costly than keeping with the current status quo of adjusting
fluoride levels in the community water supply. As noted previously, the municipality is
assumed to bear the full cost of CWF, so from a municipality’s perspective, the decision to
cease CWF would always be cost saving.

Given the uncertainty regarding whether the water treatment infrastructure necessary for
CWEF exists in rural municipalities, the results of the rural municipality threshold analyses
could also be interpreted for other fluoridation mechanisms that use wells and a hauled-in
water supply and do not rely on a network of water pipes. If it can be assumed that these
mechanisms could be similarly efficacious as CWF, then their introduction could also be cost
saving for the mechanisms that cost up to the reported $355,898 over 20 years to
implement. Similarly, if ceasing such a CWF mechanism would save the municipality less
than $68,702 over 20 years, then ceasing CWF would be more costly than continuing CWF.

Declining Municipal Population

CADTH TECHNOLOGY REVIEW Community Water Fluoridation Programs: A Health Technology Assessment — Budget Impact Analysis 50



CADTH

As the base-case BIAs reflect a municipality with an expected population growth in the next
20 years, a threshold analysis was conducted to explore whether the base-case findings
were sensitive to a population decline.

For CWF introduction, the analysis attempted to determine the rate of annual population
decline at which the total CWF introduction costs would equal the cost savings associated
with averted caries due to fluoridation. The threshold analysis for CWF introduction found
that even at a 100% annual population decline rate, whereby a municipal population drops
from 675,429 in the first year to zero in the second year, CWF introduction still generated
net savings compared with CWF non-implementation. This finding reflects the fact that the
benefit of CWF introduction from averted caries treatment is larger than the cost of CWF
construction, operation, and maintenance in the first year.

Conversely, the threshold analysis for CWF cessation attempted to determine a rate of
annual population decline at which the total foregone CWF continuation costs (i.e., savings)
would equal the total costs of additional caries due to increased caries incidence from CWF
cessation. The analysis found that CWF cessation was no longer more costly compared with
CWF continuation if a municipality’s population declines more than 56.33% annually, a rate
at which a municipality of 675,429 people would be effectively reduced to zero by 2036.

As noted, these findings were expected given that CWF costs were calculated based on a
per capita costing approach. Specifically, the costs of construction or retrofitting were
variable and were dependent on the number of individuals within a municipality. Different
results may be obtained if a different approach was taken to estimate CWF implementation
costs; however, given challenges in obtaining real-world estimates of CWF implementation
costs for different sizes of municipalities, caution is required in interpreting the findings from
this sensitivity analysis.

Community Water Fluoridation Cost Subsidization

The base-case BIAs assumed that municipalities bear the full cost of CWF programs, which
contributed to the finding that CWF implementation, whether its introduction or continuation,
is always costly from a municipality's perspective. However, in some jurisdictions, a model of
CWEF financing exists in which the provincial government subsidizes the CWF costs that
would be incurred by municipalities.63 A threshold analysis of municipal subsidization rate by
provincial or territorial governments was thus conducted to determine the specific
subsidization rate at which the municipal budget impact would be neutral. The threshold
analysis for CWF introduction found that CWF costs would need to be subsidized by more
than 99.90% before introducing water fluoridation to community water supplies is cost
saving for the municipality.

Similarly, the threshold analysis for CWF cessation found that the costs of CWF continuation
would need to be subsidized by more than 99.96% before CWF continuation would be cost
saving for a large urban municipality.

The finding that the costs of CWF implementation would necessarily have to be fully
subsidized before either CWF introduction or continuation is a cost-saving strategy for
municipalities may be due to the fact that a relatively small proportion of savings are
generated by municipalities from CWF. As noted, the primary savings from CWF in the BIAs
were from averted caries incidences and their associated treatment costs. Since the
proportion of caries treatment funded by municipal budgets is very small (0.0037%), any
associated savings from CWF would be correspondingly small from a municipal perspective,
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rendering any form of CWF implementation, whether its introduction or continuation, a
costlier strategy.

Of note, even with this level of municipal subsidization by provincial and territorial
stakeholders, CWF introduction was still cost saving compared with CWF non-
implementation, and CWF cessation was still more costly than CWF continuation from a
provincial and territorial perspective. As the base-case findings were not sensitive to
different municipality scenarios, these findings may also extend to municipalities that are
smaller than the large urban municipality modelled for this threshold analysis.

Summary of Findings

The BIAs found that, in communities that have not already implemented CWF, CWF
introduction was cost saving compared with not implementing CWF under a broad societal
perspective, with the costs associated with CWF introduction recovered within the first year
of full implementation. For a large urban municipality, the budget impact of CWF introduction
compared with CWF non-implementation was found to generate net savings of more than
$525 million over twenty years. In communities that are currently deciding whether to
continue CWF, CWF cessation was found to be more costly under a societal perspective
compared with CWF continuation, even if this requires retrofitting existing CWF facilities.
Specifically, any cost savings from CWF cessation were found to be exhausted by the third
year as medical, productivity loss, and transportation costs associated with increased caries
incidence accumulated. For a large urban municipality, CWF cessation would cost more
than $110 million than continuing the status quo of fluoridating municipal waters. As the
analysis assumed that there are no costs associated with decommissioning fluoride upon
ceasing water fluoridation, if such costs exist, the total cost of CWF cessation would be
expected to be higher; increasing the budgetary impact of CWF cessation.

The analysis was conducted at the municipal level and reflects an average population.
Subpopulations (e.g., by socio-economic status or oral hygiene status) were not separately
modelled given the lack of subgroup data regarding the epidemiology of caries and the
effects of fluoride on subpopulations. However, if subpopulations exist in which CWF is
expected to have a larger absolute effect on caries reduction or in which treatment is
delayed, resulting in the need for more costly downstream care, the overall budgetary
savings may be larger with introduction or continuation of fluoridation.

In both decision problems, the savings related to CWF arose from reduced medical,
productivity loss, and transportation costs associated with reduced caries incidence. Overall,
implementing CWF resulted in cost savings for federal, provincial, territorial, and private
stakeholders but at the expenses of municipalities. Municipalities were found to absorb the
largest burden from implementing or continuing CWF but also benefit the least financially
given that, for the most part, they cover the smallest proportion of individuals for dental care.
Private insurance and individuals would benefit the most as CWF would reduce caries
incidence and thereby reduce medical and patient’s costs (i.e., productivity loss and
transportation costs) associated with the treatment of caries. Provincial and territorial
governments would experience the next largest financial benefit, followed by the federal
government. The magnitude of potential cost savings from CWF was dependent on the
proportion of the population in which dental care would be covered by each stakeholder.
Threshold analyses found that if provincial and territorial governments were to fully subsidize
CWEF introduction costs (i.e., for construction, operation, and maintenance) or CWF
continuation costs (i.e., for retrofitting, operation, and maintenance), the decision to
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introduce or continue CWF would be cost saving for all stakeholders in the analysis,
including municipalities.

Sensitivity analyses were conducted to address a number of uncertainties in the analyses.
The findings of the BIA were robust and applicable to a range of urban municipality sizes
and population growth projections, and were particularly salient in the results of the
threshold analyses on the minimum annual population decline rate for budget neutrality. It
found that CWF introduction would always produce savings compared with not fluoridating
community water, regardless of changes in the rate of decline in a municipality’s population.
CWEF cessation would be less costly compared with CWF continuation only if a municipality’s
population declined at a rate of at least 56.33% per year.

The findings were more sensitive to uncertainties regarding the efficacy of CWF exposure in
reducing caries incidence, the cost of CWF, and CWF in rural settings. If CWF was assumed
to only prevent caries in the deciduous dentition of children younger than six, fewer people
would be impacted by CWF. Therefore, it would take a longer time for the implementation of
CWF to manifest as cost savings (i.e., from immediate savings to four years for Question 4,
unchanged for Question 5). Over a 20-year time horizon, net savings from CWF introduction
compared with CWF non-implementation would be reduced to $40.4 million, and the net
cost of CWF cessation compared with CWF continuation was estimated to reduce to $43.5
million. Higher CWF implementation costs were found not to shift the break-even point for
CWEF introduction, although its counterpart for CWF cessation (the budget-neutral point) was
shifted from three years to 12 years.

For a rural municipality of initially 423 people, CWF introduction would remain a cost-saving
option if the total cost of CWF implementation over 20 years was lower than $355,898
($39.53 per capita per year), and CWF cessation would remain more expensive if the total
cost of CWF continuation over 20 years was less than $68,702 ($7.49 per capita per year). It
is important to recognize that the analysis from a rural municipality had greater uncertainty
given the lack of data specific to such a setting, and extensive sensitivity and threshold
analyses were therefore conducted. For instance, the base-case analysis is predicated on
the assumption that an existing water treatment infrastructure exist. Of note, the
implementation review®’ noted that some rural municipalities may not have access to such
infrastructure and may be reliant on private wells or hauled-in water supply. Although the
budget impact from such a setting was not explicitly considered, the findings from threshold
analysis may be extrapolated. If introducing any form of CWF to a rural municipality costs
more than $355,898 over 20 years, the overall societal budget impact would be positive (i.e.,
more costly to introduce CWF than to not implement CWF); otherwise, CWF would be cost
saving. Similarly, ceasing any form of CWF would be cost saving if the cost of continuing
CWEF in a rural municipality is more than $68,702 over 20 years.

Although further primary research within a Canadian context on the health outcomes and
financial impact of CWF introduction and cessation in deciduous and permanent dentition
across various municipality sizes may help further reduce uncertainties in this report, the
finding that CWF implementation was cost saving compared with not fluoridating community
water was generally robust across different municipal, population growth, and health
outcome efficacy scenarios.

CADTH TECHNOLOGY REVIEW Community Water Fluoridation Programs: A Health Technology Assessment — Budget Impact Analysis 53



CADTH

Conclusion

This report describes the budget impact of two different municipalities: one without existing
CWEF practices and one with existing CWF practices given different decision problems faced
by these municipalities. As noted, separate reports on the assessment of effectiveness and
safety,”® implementation issues,’ environmental impact,”® and ethical considerations®® for
CWEF are available as part of the full HTA review on this topic.

In conclusion, the BIAs provide a Canadian context and support the findings in existing
international literature that the savings from averted caries treatment generally outweigh the
costs of implementing CWF. In a Canadian municipality that currently does not have CWF,
CWEF introduction was found to be cheaper than continuing without CWF under a societal
perspective, with savings introduced within the early years of implementation. In a
municipality that currently has CWF, CWF cessation was found to be more costly compared
with continuing CWF, even if this would necessitate renovating existing facilities. These
findings are applicable to urban municipalities and may be extended to rural municipalities,
but with greater uncertainty given the approach by which the costs of CWF implementation
were calculated. Of note, the current analysis was unable to address the potential budget
impact in remote communities. In all sensitivity analyses conducted, the findings remained
consistent as, despite the initial increased construction costs associated with CWF, savings
would be achieved through the lowering of caries incidence in the municipality’s population.
However, the distribution of costs and benefits associated with CWF across different
stakeholders were uneven as costs are borne by municipalities, with benefits transferred to
other stakeholders. A threshold analysis suggests that there may be value in other
stakeholders (e.g., provincial or federal governments) to fully subsidize the implementation
of CWF to better align the interest of all stakeholders.
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Appendix 1: Analytical Framework

Policy Question: Should community water fluoridation be encouraged and maintained in Canada?

Community water Effectiveness in
fluoridation programs reventing dental
« Children prog P g
e Adults

Qs4-5

Economic

(both ongoing caries in deciduous considerations

effectiveness and effect and permanent
of cessation) dentition

Qs6-7

Contextual Factors
e Implementation
considerations

Environment
Environmental
impact of CWF

Harms
Adverse health
effects related to
CWF

| Qs9-11 Ethical, legal, social, and cultural considerations |

|

Qs1-2: Effectiveness, Q3: Safety, Qs4-5: Economic analysis, Qs6-7: Contextual factors related to CWF programs,
Q8: Environmental assessment; Qs9-11: Ethical, legal, and social considerations

Research Questions ‘ Methods

Q1. What is the effectiveness of community water fluoridation compared with non- Update of two published systematic
fluoridated drinking water in the prevention of dental caries in children and adults? reviews

Q2. What are the effects of community water fluoridation cessation compared with
continued community water fluoridation, the period before cessation of water
fluoridation, or non-fluoridated communities on dental caries in children and adults?

Q3. What are the negative effects of community water fluoridation (at a given fluoride
level) compared with non-fluoridated drinking water (fluoride level < 0.4 parts per
million) or fluoridation at different levels on human health outcomes?

Q4. What is the budget impact of introducing water fluoridation in a Canadian
municipality without an existing community water fluoridation program from a societal
perspective?

(

J

Budget impact analyses

Q5. What is the budget impact of ceasing water fluoridation in a Canadian municipality
that presently has a community water fluoridation program from a societal perspective?

Q6. What are the main challenges, considerations, and enablers to implementing or
maintaining community water fluoridation programs in Canada?

Q7. What are the main challenges, considerations and enablers to the cessation of
community water fluoridation programs in Canada?

Consultations with targeted experts and
stakeholders

Narrative summary of the published and
grey literature

Survey on implementation issues related
to community water fluoridation
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Research Questions ‘ Methods

Q8. What are the potential environmental (toxicological) risks associated with Narrative summary of the published and
community water fluoridation? grey literature

Qualitative risk assessment

Q9. What are the major ethical issues raised by the implementation of community water | Review of the bioethics literature and
fluoridation? analysis of ethical issues raised by reports
Q10. What are the broader legal, social, and cultural considerations to consider for answering Qs1-8

implementation and cessation?

Q11. What are the major ethical issues raised by the cessation of community water
fluoridation?
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Appendix 2: Characteristics of the Community
Water Fluoridation Economic Studies ldentified
From Economic Literature Review

Table 25: Characteristics of Community Water Fluoridation Economic Studies
Country, Community Dentition, Comparison Approach Findings
Perspective Population Age Group
Size
Griffin, 2001 USA, Societal < 5,000 to > Permanent Water fluoridation Annual per Lifetime (up Water
(Productivity 20,000 teeth — vs. no fluoridation person cost of | to 65 years; fluoridation
losses ages 6 years fluoridation CWF offers
considered) to 65 years compared with | equipment significant
old cost of averted | costs up to cost savings
disease and 15 years)
productivity
losses
Wright, 2001 | New Zealand, 1,000 to Permanent Water fluoridation Net cost of 30 years, Fluoridation
Societal (“non- 300,000 surfaces — vs. no fluoridation fluoridating the | CWF was cost
monetized ages 4 years water supply equipment saving for
benefits, such to 45 years compared with | replaced communities
as ... improved old the averted halfway with more
social dental costs; through than 1,000
interactions, cost per newly people.
are decayed tooth Break-even
represented by surface in a point occurs
the proxy of permanent fora
averted tooth population
decayed between 800
surfaces”) people and
900 people
Tchouaket, Canada, Unreported, Deciduous Water fluoridation Cost of the Annual Drinking
2013 Societal based on 13 teeth — vs. no fluoridation water results water
(transportation average ages 5 years fluoridation reported for fluoridation
costs and Quebec to 8 years program year 2010 program
productivity municipalities old compared with produced
losses Permanent benefits of the substantial
considered) teeth — water savings
ages 11 fluoridation
years to 44 program,
years old including
averted
transportation
costs and
productivity
losses;
benefit-cost
ratio
Fyfe, 2015 New Zealand, < 5,000 to > Deciduous Water fluoridation Average Annual Net negative
Societal 50,000 and vs. no fluoridation annual per results per capita
(productivity permanent capita net cost | reported in cost of CWF
losses teeth — of CWF per 2011 to 2012 | (i.e., savings)
considered) ages 2 years dmft/DMFT financial year | per
to 17 years averted; dmft/DMFT
old accounts for averted was
productivity generally
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First Country, Community Dentition, Comparison Approach Findings
Author, Perspective Population Age Group
Year Size
loss reported
O’Connell, USA, Societal 1,000 to > Deciduous Water fluoridation Annual costs Annual Program
2016 (productivity 100,000 and vs. no fluoridation compared with | results savings are
losses permanent annual savings | reported for likely to
considered) teeth — 2013 exceed costs
ages 1 year
to 65 years
old

CWF = Community water fluoridation; dmft = decayed, missing, and filled deciduous teeth; DMFT = decayed, missing, and filled permanent teeth; vs. = versus.
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Appendix 3: Initial Municipal Population
Demographic Profiles

Table 26: Initial Population Composition (Base Case)

Male | Female

Age Count % Count %
0 153,390 0.54% 146,730 0.51%
1 154,470 0.54% 146,915 0.51%
2 156,375 0.55% 149,400 0.52%
3 160,320 0.56% 151,220 0.53%
4 161,695 0.57% 153,795 0.54%
5 162,570 0.57% 154,645 0.54%
6 166,870 0.58% 158,625 0.56%
7 168,675 0.59% 160,135 0.56%
8 168,850 0.59% 161,040 0.56%
9 164,490 0.58% 156,315 0.55%
10 160,565 0.56% 152,850 0.54%
11 158,760 0.56% 150,885 0.53%
12 159,350 0.56% 152,090 0.53%
13 156,820 0.55% 149,050 0.52%
14 157,915 0.55% 150,240 0.53%
15 160,845 0.56% 152,380 0.53%
16 166,130 0.58% 157,675 0.55%
17 165,855 0.58% 158,065 0.55%
18 171,595 0.60% 165,220 0.58%
19 181,585 0.64% 172,930 0.61%
20 188,900 0.66% 182,530 0.64%
21 193,525 0.68% 185,415 0.65%
22 192,850 0.68% 186,085 0.65%
23 195,600 0.69% 189,715 0.66%
24 198,180 0.69% 194,040 0.68%
25 201,930 0.71% 197,780 0.69%
26 201,210 0.71% 199,465 0.70%
27 194,265 0.68% 194,025 0.68%
28 188,695 0.66% 192,200 0.67%
29 190,975 0.67% 194,135 0.68%
30 195,535 0.69% 198,935 0.70%
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Male Female
Age Count % Count %
31 194,690 0.68% 200,035 0.70%
32 194,400 0.68% 200,360 0.70%
33 193,150 0.68% 200,515 0.70%
34 191,745 0.67% 200,805 0.70%
35 192,095 0.67% 200,550 0.70%
36 189,230 0.66% 199,195 0.70%
37 184,140 0.65% 195,795 0.69%
38 182,525 0.64% 192,300 0.67%
39 182,430 0.64% 193,460 0.68%
40 183,655 0.64% 193,755 0.68%
41 183,720 0.64% 193,690 0.68%
42 179,665 0.63% 190,295 0.67%
43 181,490 0.64% 190,195 0.67%
44 185,270 0.65% 193,410 0.68%
45 192,960 0.68% 201,445 0.71%
46 191,740 0.67% 200,065 0.70%
47 188,665 0.66% 198,750 0.70%
48 187,440 0.66% 196,405 0.69%
49 189,310 0.66% 198,180 0.69%
50 201,400 0.71% 207,905 0.73%
51 212,485 0.74% 220,670 0.77%
52 217,730 0.76% 224,990 0.79%
53 217,440 0.76% 225,075 0.79%
54 209,885 0.74% 218,360 0.77%
55 210,865 0.74% 220,500 0.77%
56 205,815 0.72% 215,710 0.76%
57 200,030 0.70% 210,045 0.74%
58 197,225 0.69% 206,615 0.72%
59 190,185 0.67% 201,510 0.71%
60 183,590 0.64% 194,835 0.68%
61 179,520 0.63% 192,405 0.67%
62 169,340 0.59% 184,070 0.65%
63 161,490 0.57% 175,315 0.61%
64 154,855 0.54% 167,925 0.59%
65 150,880 0.53% 164,405 0.58%
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Male Female
Age Count % Count %
66 145,705 0.51% 160,150 0.56%
67 141,315 0.50% 156,740 0.55%
68 140,820 0.49% 156,625 0.55%
69 138,835 0.49% 154,540 0.54%
70 113,935 0.40% 128,185 0.45%
71 107,205 0.38% 120,905 0.42%
72 103,490 0.36% 117,480 0.41%
73 97,630 0.34% 111,610 0.39%
74 88,030 0.31% 103,210 0.36%
75 82,750 0.29% 99,075 0.35%
76 76,235 0.27% 92,240 0.32%
7 71,875 0.25% 88,160 0.31%
78 67,280 0.24% 83,400 0.29%
79 62,260 0.22% 78,415 0.27%
80 59,760 0.21% 76,455 0.27%
81 54,640 0.19% 72,120 0.25%
82 50,630 0.18% 67,915 0.24%
83 48,130 0.17% 66,005 0.23%
84 43,955 0.15% 62,435 0.22%
85 39,640 0.14% 59,455 0.21%
86 34,665 0.12% 53,620 0.19%
87 29,105 0.10% 48,140 0.17%
88 25,120 0.09% 44,240 0.16%
89 20,785 0.07% 39,140 0.14%
90 17,300 0.06% 34,920 0.12%
91 13,400 0.05% 29,880 0.10%
92 10,580 0.04% 25,395 0.09%
93 8,010 0.03% 20,900 0.07%
94 6,205 0.02% 17,130 0.06%
95 4,435 0.02% 12,885 0.05%
96 2,905 0.01% 9,365 0.03%
97 1,700 0.01% 6,010 0.02%
98 1,115 0.00% 4,310 0.02%
99 690 0.00% 2,970 0.01%
100+ 1,010 0.00% 5,750 0.02%
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‘ Male | Female
Age Count % Count %
0 35,325 0.54% 33,540 0.51%
1 36,215 0.55% 34,590 0.53%
2 37,410 0.57% 35,355 0.54%
3 38,010 0.58% 36,140 0.55%
4 38,495 0.59% 36,640 0.56%
5 39,500 0.60% 36,965 0.56%
6 41,020 0.62% 38,670 0.59%
7 40,715 0.62% 38,765 0.59%
8 40,565 0.62% 38,775 0.59%
9 39,555 0.60% 37,585 0.57%
10 38,560 0.59% 36,520 0.56%
11 37,950 0.58% 35,645 0.54%
12 38,555 0.59% 36,715 0.56%
13 37,605 0.57% 35,935 0.55%
14 37,860 0.58% 35,835 0.54%
15 38,410 0.58% 36,330 0.55%
16 39,565 0.60% 37,605 0.57%
17 39,010 0.59% 36,520 0.56%
18 38,220 0.58% 35,505 0.54%
19 37,340 0.57% 33,540 0.51%
20 36,440 0.55% 33,180 0.50%
21 35,520 0.54% 31,920 0.49%
22 34,625 0.53% 30,810 0.47%
23 34,175 0.52% 31,190 0.47%
24 34,025 0.52% 31,625 0.48%
25 33,880 0.52% 32,170 0.49%
26 33,890 0.52% 32,880 0.50%
27 32,880 0.50% 31,910 0.49%
28 32,565 0.50% 32,350 0.49%
29 33,150 0.50% 33,375 0.51%
30 34,775 0.53% 34,750 0.53%
31 35,395 0.54% 34,915 0.53%
32 35,530 0.54% 36,050 0.55%
33 35,360 0.54% 36,410 0.55%
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Male Female
Age Count % Count %
34 36,125 0.55% 36,900 0.56%
35 37,395 0.57% 37,795 0.57%
36 37,635 0.57% 37,245 0.57%
37 37,020 0.56% 36,985 0.56%
38 36,800 0.56% 36,995 0.56%
39 37,155 0.56% 37,195 0.57%
40 37,325 0.57% 37,545 0.57%
41 37,500 0.57% 37,600 0.57%
42 37,145 0.56% 36,865 0.56%
43 37,865 0.58% 37,520 0.57%
44 38,720 0.59% 38,610 0.59%
45 40,470 0.62% 40,445 0.61%
46 40,705 0.62% 40,840 0.62%
47 40,750 0.62% 40,110 0.61%
48 41,075 0.62% 41,360 0.63%
49 42,945 0.65% 43,040 0.65%
50 46,290 0.70% 46,795 0.71%
51 51,045 0.78% 51,605 0.78%
52 52,840 0.80% 53,390 0.81%
53 54,060 0.82% 54,525 0.83%
54 54,295 0.83% 54,655 0.83%
55 56,135 0.85% 56,145 0.85%
56 56,020 0.85% 56,180 0.85%
57 55,320 0.84% 56,125 0.85%
58 56,655 0.86% 56,000 0.85%
59 55,700 0.85% 55,355 0.84%
60 55,270 0.84% 54,335 0.83%
61 55,200 0.84% 54,045 0.82%
62 53,695 0.82% 52,590 0.80%
63 51,470 0.78% 50,240 0.76%
64 49,910 0.76% 48,890 0.74%
65 48,880 0.74% 46,865 0.71%
66 47,670 0.72% 45,760 0.70%
67 47,130 0.72% 45,170 0.69%
68 46,295 0.70% 44,500 0.68%
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Male Female
Age Count % Count %
69 44,865 0.68% 43,695 0.66%
70 37,865 0.58% 36,425 0.55%
71 35,295 0.54% 33,675 0.51%
72 33,850 0.51% 32,635 0.50%
73 31,830 0.48% 30,515 0.46%
74 28,415 0.43% 27,655 0.42%
75 25,855 0.39% 26,150 0.40%
76 23,335 0.35% 23,100 0.35%
77 21,870 0.33% 21,995 0.33%
78 19,875 0.30% 20,560 0.31%
79 17,875 0.27% 18,885 0.29%
80 16,800 0.26% 18,300 0.28%
81 14,745 0.22% 16,710 0.25%
82 13,245 0.20% 15,520 0.24%
83 12,420 0.19% 14,880 0.23%
84 11,305 0.17% 14,170 0.22%
85 9,780 0.15% 12,575 0.19%
86 8,345 0.13% 11,755 0.18%
87 7,000 0.11% 10,200 0.16%
88 6,150 0.09% 9,760 0.15%
89 4,965 0.08% 8,135 0.12%
90 3,965 0.06% 7,120 0.11%
91 3,255 0.05% 6,355 0.10%
92 2,490 0.04% 5,210 0.08%
93 1,950 0.03% 4,290 0.07%
94 1,305 0.02% 3,585 0.05%
95 970 0.01% 2,725 0.04%
96 485 0.01% 2,100 0.03%
97 465 0.01% 1,350 0.02%
98 340 0.01% 1,105 0.02%
99 175 0.00% 650 0.01%
100+ 285 0.00% 1,115 0.02%
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Appendix 4: Sensitivity Analysis Results

Table 28: Estimated Annual and Cumulative Costs Associated With Each Strategy, by Year and Stakeholder (Medium Urban Community Water Fluoridation
Introduction)

Estimated Costs (2018 Canadian Dollars)

CADTH

Total Annual

1A: CWF 4,249,805 3,646,185 3,682,863 3,718,996 3,754,314 3,788,465 3,821,260 3,856,095 3,888,795 3,921,702 3,954,844 3,984,205 4,014,331 4,043,746 4,072,560 4,100,630 4,127,790 4,154,160 4,180,389 4,206,659
1B: No CWF 5,617,900 5,663,032 5,714,580 5,765,797 5,814,445 5,861,807 5,907,316 5,957,923 6,003,339 6,047,592 6,092,313 6,133,839 6,175,854 6,215,822 6,254,582 6,291,948 6,328,903 6,365,141 6,399,888 6,432,652
Budget impact| -1,368,095| -2,016,847| -2,031,717| -2,046,801| -2,060,130| -2,073,342| -2,086,056| -2,101,828| -2,114,545| -2,125,890| -2,137,468| -2,149,634| -2,161,523| -2,172,075| -2,182,022| -2,191,318| -2,201,113| -2,210,981| -2,219,499| -2,225,993
Total Cumulative

1A: CWF 4,249,805 7,895,990 | 11,578,853| 15,297,849| 19,052,164 22,840,629 26,661,889| 30,517,983 | 34,406,778| 38,328,480| 42,283,324 46,267,529| 50,281,860| 54,325,607 | 58,398,167| 62,498,798 | 66,626,587 | 70,780,747 | 74,961,136| 79,167,795
1B: No CWF 5,617,900 | 11,280,932| 16,995513| 22,761,310| 28,575,754| 34,437,561| 40,344,877 | 46,302,800 52,306,140| 58,353,732| 64,446,045| 70,579,884| 76,755,738 | 82,971,559| 89,226,142| 95,518,090 | 101,846,993 | 108,212,134 | 114,612,022 | 121,044,674
Budget impact| -1,368,095| -3,384,942| -5416,659| -7,463,460| -9,523,591| -11,596,932| 13,682,989 | —15,784,817 | —-17,899,362 | —-20,025,252 | —22,162,721 | -24,312,355| 26,473,878 | —28,645,953 | 30,827,975 | -33,019,292 | 35,220,406 | —37,431,386 | —39,650,886 | 41,876,879

CWF = community water fluoridation.

Note: Negative values denote overall financial savings.

Table 29: Estimated Annual and Cumulative Costs Associated With Each Strategy, by Year and Stakeholder (Medium Urban Community Water Fluoridation

Cessation

)

Estimated Costs (2018 Canadian Dollars)

Total Annual

2A: Cease CWF 3,630,069 3,698,279 3,769,835 3,841,531 3,913,089 3,967,357 4,067,206 4,131,243 4,191,248 4,267,483 4,361,311 4,452,781 4,527,769 4,601,698 4,675,463 4,748,917 4,824,668 4,903,146 4,982,353 5,062,414
2B: Keep CWF 3,695,482 3,646,185 3,682,863 3,718,996 3,754,314 3,788,465 3,821,260 3,856,095 3,888,795 3,921,702 3,954,844 3,984,205 4,014,331 4,043,746 4,072,560 4,100,630 4,127,790 4,154,160 4,180,389 4,206,659
Budget impact -65,412 52,094 86,972 122,535 158,775 178,892 245,946 275,148 302,454 345,781 406,466 468,576 513,438 557,951 602,903 648,286 696,878 748,986 801,964 855,756
Total Cumulative

2A: Cease CWF 3,630,069 7,328,349 | 11,098,184 | 14,939,715| 18,852,804| 22,820,161| 26,887,367 | 31,018,610| 35,209,859 | 39,477,342| 43,838,652 48,291,433| 52,819,202| 57,420,900| 62,096,363 | 66,845279| 71,669,947| 76,573,094 81,555447| 86,617,861
2B: Keep CWF 3,695,482 7,341,667 | 11,024,530 14,743,526| 18,497,841| 22,286,306| 26,107,566 | 29,963,660| 33,852,455| 37,774,157| 41,729,001| 45713206 49,727,537| 53,771,284| 57,843,844 | 61,944,475| 66,072,264| 70,226,424| 74,406,813| 78,613,472
Budget impact —-65,412 -13,318 73,654 196,188 354,963 533,856 779,801 1,054,950 1,357,404 1,703,185 2,109,651 2,578,227 3,091,665 3,649,616 4,252,519 4,900,805 5,597,683 6,346,669 7,148,633 8,004,389
CWF = community water fluoridation.

Note: Negative values denotes overall financial savings.
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Table 30: Estimated Annual and Cumulative Costs Associated With Each Strategy, by Year and Stakeholder (Small Urban Community Water Fluoridation
Introduction)

Estimated Costs (2018 Canadian Dollars)

Total Annual

1A: CWF 374,228 321,699 324,931 328,103 331,209 334,206 337,087 340,150 343,024 345,918 348,832 351,413 354,061 356,647 359,181 361,649 364,037 366,355 368,661 370,970
1B: No CWF 495,694 499,667 504,208 508,703 512,980 517,134 521,129 525,578 529,569 533,458 537,388 541,037 544,730 548,243 551,649 554,933 558,181 561,366 564,419 567,298
Budget impact -121,466 -177,968 -179,278 -180,600 -181,771 -182,927 -184,042 -185,428 -186,545 -187,540 -188,556 -189,625 -190,669 -191,595 -192,469 -193,284 -194,144 -195,011 -195,758 -196,327
Total Cumulative

1A: CWF 374,228 695,927 1,020,857 1,348,960 1,680,170 2,014,376 2,351,463 2,691,613 3,034,637 3,380,555 3,729,387 4,080,799 4,434,861 4,791,508 5,150,689 5,512,338 5,876,374 6,242,729 6,611,390 6,982,361
1B: No CWF 495,694 995,361 1,499,570 2,008,273 2,521,253 3,038,386 3,559,516 4,085,093 4,614,662 5,148,120 5,685,508 6,226,546 6,771,276 7,319,519 7,871,169 8,426,102 8,984,283 9,545,648 | 10,110,068 | 10,677,365
Budget impact -121,466 —299,434 -478,712 -659,312 -841,083| -1,024,010| -1,208,052| -1,393,480| -1,580,025| -1,767,565| -1,956,122| -2,145,746| -2,336,416| -2,528,011| -2,720,480| -2,913,764| -3,107,908| -3,302,919| -3,498,677| -3,695,004

CWF = community water fluoridation.
Note: Negative values denote overall financial savings.

Table 31: Estimated Annual and Cumulative Costs Associated With Each Strategy, by Year and Stakeholder (Small Urban Community Water Fluoridation
Cessation)

Estimated Costs (2018 Canadian Dollars)

Total Annual

2A: Cease CWF 320,283 326,278 332,570 338,862 345,148 349,920 358,719 364,360 369,646 376,364 384,634 392,697 399,303 405,816 412,315 418,786 425,460 432,374 439,353 446,406
2B: Keep CWF 325,958 321,699 324,931 328,103 331,209 334,206 337,087 340,150 343,024 345,918 348,832 351,413 354,061 356,647 359,181 361,649 364,037 366,355 368,661 370,970
Budget impact -5,675 4,580 7,640 10,759 13,939 15,714 21,632 24,211 26,621 30,446 35,802 41,284 45,242 49,169 53,134 57,137 61,423 66,019 70,692 75,436
Total Cumulative

2A: Cease CWF 320,283 646,562 979,132 1,317,994 1,663,142 2,013,063 2,371,782 2,736,143 3,105,789 3,482,152 3,866,786 4,259,483 4,658,787 5,064,603 5,476,918 5,895,704 6,321,164 6,753,538 7,192,891 7,639,297
2B: Keep CWF 325,958 647,657 972,588 1,300,691 1,631,900 1,966,107 2,303,193 2,643,343 2,986,368 3,332,285 3,681,117 4,032,529 4,386,591 4,743,238 5,102,419 5,464,068 5,828,105 6,194,460 6,563,120 6,934,091
Budget impact -5,675 -1,095 6,544 17,304 31,242 46,956 68,589 92,799 119,421 149,867 185,670 226,954 272,196 321,365 374,499 431,636 493,059 559,079 629,771 705,206
CWF = community water fluoridation.

Note: Negative values denotes overall financial savings.
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Table 32: Estimated Annual and Cumulative Costs Associated With Each Strategy, by Year and Stakeholder (Low Population Growth Community Water
Fluoridation Introduction)

Estimated Costs (2018 Canadian Dollars)

Total Annual

1A: CWF 51,462,812 | 44,074,725| 44,420,260| 44,750,234 | 45,047,098 | 45,311,521 | 45,574,031 45,830,065| 46,079,883| 46,330,744| 46,570,762| 46,754,471 | 46,941,195| 47,132,444 47,314,994 47,488,528 47,651,005 47,800,012 47,942,483 48,081,681
1B: No CWF | 68,029,697 | 68,446,292 68,906,027 | 69,347,786| 69,718,329| 70,041,223 70,365,784| 70,686,765 70,987,860| 71,272,930 71,537,028| 71,742,012| 71,942,384| 72,138,850| 72,318,939| 72,483,520 72,644,691 72,791,872 72,914,057 73,007,650
Budget impact | -16,566,885 | -24,371,567 | —24,485,767 | —24,597,552 | 24,671,231 | -24,729,702| —-24,791,754| -24,856,700| —24,907,976| -24,942,186 | —24,966,266 | —24,987,541| -25,001,189| -25,006,406| -25,003,945| -24,994,992| -24,993,686| -24,991,859| -24,971,574 24,925,969
Total Cumulative

1A: CWF 51,462,812 | 95,537,537 139,957,797 | 184,708,031 | 229,755,128 | 275,066,650 | 320,640,680 | 366,470,746 | 412,550,629 | 458,881,372 505,452,134 | 552,206,605 | 599,147,800 | 646,280,245| 693,595,239 | 741,083,767 | 788,734,772 836,534,784 | 884,477,268 932,558,949
1B: No CWF | 68,029,697 | 136,475,989 | 205,382,016 | 274,729,802 | 344,448,131 | 414,489,354 | 484,855,139 | 555,541,904 | 626,529,763 | 697,802,693 | 769,339,721| 841,081,733 | 913,024,117 | 985,162,967 | 1,057,481,907 | 1,129,965,427 | 1,202,610,118 | 1,275,401,990 | 1,348,316,047 1,421,323,696
Budget impact | -16,566,885 | -40,938,452 | -65,424,219 | -90,021,772 | -114,693,003 | 139,422,705 | -164,214,458 | -189,071,158 | 213,979,134 | -238,921,321 | -263,887,587 | -288,875,128 | 313,876,317 | 338,882,723 | —363,886,668 | —388,881,660 | 413,875,346 | —438,867,206 | —463,838,779 —488,764,748

CWF = community water fluoridation.
Note: Negative values denote overall financial savings.

Table 33: Estimated Annual and Cumulative Costs Associated With Each Strategy, by Year and Stakeholder (Low Population Growth Community Water
Fluoridation Cessation)

Estimated Costs (2018 Canadian Dollars)

Total Annual
2A: Cease CWF| 43,958,154 | 44,679,976| 45,416,473| 46,139,730| 46,831,211| 47,292,725| 48,325,122| 48,862,253 | 49,393,382| 50,115,549 | 51,019,068 51,871,105 52,515,252| 53,165,533 | 53,810,011| 54,449,959| 55,116,087 | 55,806,315| 56,495,515 57,187,467

2B: Keep CWF 44,750,263 | 44,074,725| 44,420,260 | 44,750,234| 45,047,098 | 45,311,521| 45574,031| 45,830,065| 46,079,883| 46,330,744| 46,570,762 46,754,471| 46,941,195| 47,132,444 | 47,314,994 | 47,488,528 | 47,651,005 47,800,012 47,942,483 48,081,681
Budget impact —792,109 605,251 996,213 1,389,496 1,784,113 1,981,204 2,751,091 3,032,187 3,313,499 3,784,806 4,448,306 5,116,634 5,574,057 6,033,089 6,495,016 6,961,431 7,465,082 8,006,303 8,553,032 9,105,787

Total Cumulative
2A: Cease CWF| 43,958,154 | 88,638,131 | 134,054,603 | 180,194,333 | 227,025,544 | 274,318,270 | 322,643,391 | 371,505,644 | 420,899,026 | 471,014,575 | 522,033,643 | 573,904,748 | 626,419,999 | 679,585,532 | 733,395,543 | 787,845,503 | 842,961,590 | 898,767,906 | 955,263,421 | 1,012,450,889

2B: Keep CWF 44,750,263 | 88,824,988 | 133,245,248 | 177,995,482 | 223,042,580 | 268,354,101 | 313,928,131 | 359,758,197 | 405,838,080 | 452,168,824 | 498,739,586 | 545,494,056 | 592,435,251 | 639,567,696 | 686,882,690 | 734,371,218 | 782,022,223 | 829,822,236 | 877,764,719 | 925,846,400
Budget impact 792,109 -186,858 809,355 2,198,851 3,982,965 5,964,169 8,715,260 | 11,747,447| 15,060,946| 18,845,751| 23,294,057| 28,410,691| 33,984,748 40,017,837 | 46,512,853 | 53,474,284 | 60,939,367 | 68,945,670 77,498,702 86,604,489

CWF = community water fluoridation.
Note: Negative values denotes overall financial savings.
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Table 34: Estimated Annual and Cumulative Costs Associated With Each Strategy, by Year and Stakeholder (High Population Growth Community Water
Fluoridation Introduction)

Estimated Costs (2018 Canadian Dollars)

Total Annual

1A: CWF 51,462,812 | 44,260,965 | 44,824,695 | 45,394,601 | 45,975,598| 46,553,932| 47,089,467 | 47,698,087 | 48,245506| 48,795514| 49,368,905 49,911,559| 50,472,229| 51,001,114 51,524,261 52,036,919 52,538,062| 53,036,580| 53,540,893 54,051,149
1B: No CWF | 68,029,697 | 68,753,287 | 69,573,374 | 70,409,663 | 71,249,996 | 72,094,573 | 72,873,539| 73,817,269 74,622,877| 75414,499| 76,253,027| 77,083,102 77,935051| 78,726,229| 79,505,575| 80,264,456| 81,016,450| 81,771,121| 82,520,134 83,253,188
Budget impact | -16,566,885 | —24,492,323 | -24,748,679 | -25,015,063 | -25,274,397 | -25,540,641 | -25,784,071| —-26,119,182| -26,377,371 | -26,618,986 | —26,884,122 | -27,171,543 | -27,462,822| -27,725,115| -27,981,314| -28,227,537 | -28,478,388| -28,734,541| -28,979,242 —-29,202,039
Total Cumulative

1A: CWF 51,462,812 | 95,723,777 140,548,472 185,943,073 | 231,918,671 | 278,472,603 | 325,562,070| 373,260,157 | 421,505,664 | 470,301,177 | 519,670,083 | 569,581,641 | 620,053,871 671,054,985| 722,579,245| 774,616,164| 827,154,226| 880,190,806 | 933,731,699 987,782,848
1B: No CWF | 68,029,697 | 136,782,985 | 206,356,359 | 276,766,023 | 348,016,018 | 420,110,592 | 492,984,130| 566,801,399 | 641,424,276| 716,838,776 | 793,091,803 | 870,174,905| 948,109,956 | 1,026,836,186 | 1,106,341,761 | 1,186,606,217 | 1,267,622,667 | 1,349,393,788 | 1,431,913,922 1,515,167,110
Budget impact | -16,566,885 | -41,059,208 | -65,807,887 | -90,822,950 | —116,097,348 | 141,637,989 | 167,422,060 | 193,541,242 | 219,918,612 | -246,537,598 | -273,421,720 | -300,593,264 | 328,056,086 | —355,781,201 | —383,762,516 | —411,990,053 | —440,468,440 | 469,202,981 | -498,182,223 527,384,262

CWF = community water fluoridation.
Note: Negative values denote overall financial savings.

Table 35: Estimated Annual and Cumulative Costs Associated With Each Strategy, by Year and Stakeholder (High Population Growth Community Water
Fluoridation Cessation)

Estimated Costs (2018 Canadian Dollars)

Total Annual
2A: Cease CWF| 43,958,154 | 44,932,906 45,967,701| 47,024,935| 48,109,927 | 48,998,241 | 50,398,600 51,464,594 | 52,406,298 | 53,547,022| 54,945,700 56,347,575| 57,563,693 | 58,732,050 59,902,311| 61,066,602| 62,258,891| 63,497,850 64,759,932 66,042,411

2B: Keep CWF 44,750,263 | 44,260,965| 44,824,695| 45,394,601| 45,975,598 | 46,553,932 47,089,467 | 47,698,087 | 48,245,506| 48,795,514| 49,368,905| 49,911,559 50,472,229| 51,001,114 51,524,261 | 52,036,919 52,538,062 | 53,036,580 53,540,893 54,051,149
Budget impact -792,109 671,941 1,143,006 1,630,335 2,134,329 2,444,309 3,309,133 3,766,507 4,160,792 4,751,509 5,576,795 6,436,016 7,091,463 7,730,937 8,378,051 9,029,682 9,720,829 | 10,461,270 11,219,039 11,991,261

Total Cumulative
2A: Cease CWF| 43,958,154 | 88,891,060 134,858,761 | 181,883,696 | 229,993,624 | 278,991,865 | 329,390,465 | 380,855,059 | 433,261,357 | 486,808,379 | 541,754,079 | 598,101,654 | 655,665,347 | 714,397,397 | 774,299,708 | 835,366,310 | 897,625,201 | 961,123,051 | 1,025,882,983 | 1,091,925,394

2B: Keep CWF 44,750,263 | 89,011,228 | 133,835,923 | 179,230,524 | 225,206,122 | 271,760,054 | 318,849,521 | 366,547,609 | 414,793,115 | 463,588,628 | 512,957,534 | 562,869,092 | 613,341,322 | 664,342,436 | 715,866,696 | 767,903,616 | 820,441,677 | 873,478,257 | 927,019,150 | 981,070,300
Budget impact 792,109 -120,168 1,022,838 2,653,172 4,787,502 7,231,810| 10,540,943 | 14,307,450 | 18,468,242 | 23,219,750 | 28,796,546 35,232,562| 42,324,025| 50,054,962| 58,433,012| 67,462,695| 77,183,524 | 87,644,794 98,863,833 | 110,855,094

CWF = community water fluoridation.
Note: Negative values denote overall financial savings.
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Table 36: Estimated Annual and Cumulative Costs Associated With Each Strategy, by Year and Stakeholder (Low Community Water Fluoridation Efficacy
Community Water Fluoridation Introduction)

Estimated Costs (2018 Canadian Dollars)

Total Annual

1A: CWF 64,988,199 | 57,849,658 | 58,499,949 | 59,152,918 | 59,802,812| 60,450,638 | 61,058,246| 61,815,676| 62,469,979| 63,121,596 | 63,813,260| 64,488,202 65,183,011| 65,827,277 | 66,460,488 67,075,079 67,678,133 68,278,535 68,874,183 69,458,722

1B: No CWF 59,235,964 | 59,874,589 | 60,592,629 | 61,327,117| 62,072,657 | 62,819,999 | 63,497,484 | 64,288,031| 64,965,287 | 65,629,561 66,327,562| 67,006,803 67,704,376| 68,350,664 | 68,986,148 69,604,050 70,212,513 70,821,282 71,428,965 72,029,574

Budget impact 5,752,235| -2,024,932| -2,092,680| -2,174,199| -2,269,845| -2,369,362| -2,439,237| -2,472,355| -2,495,308| -2,507,965| -2,514,302| -2,518,602| -2,521,365| -2,523,387| -2,525,660 -2,528,971 —-2,534,380 —-2,542,747 —-2,554,782 -2,570,852

Total Cumulative

1A: CWF 64,988,199 | 122,837,857 | 181,337,806 | 240,490,724 | 300,293,536 | 360,744,173 | 421,802,420 | 483,618,096 | 546,088,075 | 609,209,671 | 673,022,931 | 737,511,133 | 802,694,144 | 868,521,421 | 934,981,909 | 1,002,056,988 | 1,069,735,121 | 1,138,013,656 | 1,206,887,839 | 1,276,346,562

1B: No CWF 59,235,964 | 119,110,553 | 179,703,182 | 241,030,299 | 303,102,956 | 365,922,955 | 429,420,439 | 493,708,469 | 558,673,757 | 624,303,317 | 690,630,879 | 757,637,683 | 825,342,059 | 893,692,723 | 962,678,871 |1,032,282,921 | 1,102,495,434 |1,173,316,716 | 1,244,745,681 | 1,316,775,256

Budget impact 5,752,235 3,727,304 1,634,623 -539,575| -2,809,420| -5,178,782| -7,618,019| -10,090,374 | -12,585,682 | 15,093,646 | -17,607,948 | 20,126,550 | —22,647,914 | 25,171,302 | -27,696,962 | -30,225,933| -32,760,313| -35,303,060| -37,857,842| -40,428,694

CWF = community water fluoridation.
Note: Negative values denote overall financial savings.

Table 37: Estimated Annual and Cumulative Costs Associated With Each Strategy, by Year and Stakeholder (Low Community Water Fluoridation Efficacy
Community Water Fluoridation Cessation)

Estimated Costs (2018 Canadian Dollars)

Total Annual

2A: Cease CWF| 57,483,541 | 58,521,275| 59,641,825| 60,780,818 61,932,878| 62,888,852 63,567,481 | 64,358,894 | 65,036,726 | 65,701,282| 66,399,503| 67,078,914 | 67,776,618 | 68,423,023 | 69,058,638 69,676,703 70,285,392 70,894,473 71,502,568 72,103,700

2B: Keep CWF 58,275,650 | 57,849,658 | 58,499,949 | 59,152,918| 59,802,812| 60,450,638 61,058,246 | 61,815,676| 62,469,979 | 63,121,596 | 63,813,260| 64,488,202| 65,183,011| 65,827,277| 66,460,488 67,075,079 67,678,133 68,278,535 68,874,183 69,458,722

Budget impact —792,109 671,617 1,141,876 1,627,900 2,130,066 2,438,215 2,509,235 2,543,218 2,566,747 2,579,685 2,586,243 2,590,712 2,593,606 2,595,746 2,598,150 2,601,624 2,607,259 2,615,938 2,628,385 2,644,977

Total Cumulative

2A: Cease CWF| 57,483,541 116,004,816 | 175,646,641 | 236,427,459 | 298,360,337 | 361,249,189 | 424,816,670 | 489,175,565 | 554,212,291 | 619,913,572 | 686,313,075 | 753,391,990 | 821,168,607 | 889,591,631 | 958,650,268 | 1,028,326,971 | 1,098,612,363 | 1,169,506,836 | 1,241,009,404 | 1,313,113,103

2B: Keep CWF 58,275,650 | 116,125,308 | 174,625,257 | 233,778,175 | 293,580,987 | 354,031,624 | 415,089,871 | 476,905,547 | 539,375,526 | 602,497,122 | 666,310,382 | 730,798,584 | 795,981,595 | 861,808,872 | 928,269,360 | 995,344,439 |1,063,022,572|1,131,301,107 | 1,200,175,290 | 1,269,634,013

Budget impact —-792,109 -120,492| 1,021,384 | 2,649,284| 4,779,350 7,217,564| 9,726,800 12,270,018 | 14,836,765| 17,416,450| 20,002,693 | 22,593,406| 25,187,012| 27,782,758 | 30,380,908 | 32,982,532| 35,589,791 38,205,728 40,834,113 | 43,479,091

CWF = community water fluoridation.
Note: Negative values denote overall financial savings.

CADTH TECHNOLOGY REVIEW Community Water Fluoridation Programs: A Health Technology Assessment — Budget Impact Analysis 74



CADTH

Table 38: Estimated Annual and Cumulative Costs Associated With Each Strategy, by Year and Stakeholder (High Community Water Fluoridation Cost Community
Water Fluoridation Introduction)

Estimated Costs (2018 Canadian Dollars)

Total Annual

1A: CWF 61,650,777| 45,555,311| 46,114,365| 46,679,027| 47,254,190\ 47,825,888 48,353,519| 48,953,267| 49,490,579| 50,029,199| 50,589,970 51,119,438 51,665,661 52,178,645 52,684,601 53,178,799 53,660,170 54,137,750 54,620,043 55,107,288
1B: No CWF 68,029,697 68,722,625| 69,510,744 70,313,719| 71,119,277| 71,927,720 72,668,817 73,573,500 74,338,425| 75,087,750, 75,882,411 76,667,759| 77,473,424 78,216,518 78,946,164 79,653,743 80,352,713 81,052,735 81,745,535 82,420,850
Budget impact| -6,378,921| -23,167,314| -23,396,379| -23,634,693| —23,865,087| —24,101,832| -24,315,298| —24,620,233| -24,847,846| —25,058,551| —25,292,441| -25,548,321| -25,807,763| -26,037,873| -26,261,564| -26,474,944| -26,692,543| -26,914,985| -27,125492| -27,313,562
Total Cumulative

1A: CWF 61,650,777| 107,206,087| 153,320,453| 199,999,479 247,253,669| 295,079,557| 343,433,076 392,386,343| 441,876,922| 491,906,122| 542,496,092| 593,615,530| 645,281,190| 697,459,836| 750,144,436| 803,323,235| 856,983,405| 911,121,156| 965,741,198(1,020,848,487
1B: No CWF 68,029,697| 136,752,322| 206,263,067| 276,576,786 347,696,063| 419,623,783| 492,292,600| 565,866,100| 640,204,525| 715,292,275| 791,174,686| 867,842,445| 945,315,868|1,023,532,387|1,102,478,551(1,182,132,294 |1,262,485,007 | 1,343,537,742|1,425,283,277 |1,507,704,128
Budget impact| —6,378,921| —-29,546,235| -52,942,614| -76,577,307|-100,442,394 (-124,544,226|-148,859,524|-173,479,756 |-198,327,603 |-223,386,153|-248,678,594 |-274,226,915 -300,034,678 | 326,072,551 | -352,334,115 | —378,809,059 | -405,501,602| —432,416,587 | —459,542,079 | —486,855,641

CWF = community water fluoridation.
Note: Negative values denote overall financial savings.

Table 39: Estimated Annual and Cumulative Costs Associated With Each Strategy, by Year and Stakeholder (High Community Water Fluoridation Cost Community
Water Fluoridation Cessation)

Estimated Costs (2018 Canadian Dollars)

Total Annual

2A: Cease CWF| 43,958,154 | 44,912,367 | 45,925,130| 46,958,784 | 48,018,533 48,880,531| 50,251,189 | 51,287,380| 52,197,564 | 53,304,286| 54,666,269| 56,030,138| 57,207,325| 58,334,688| 59,462,085| 60,581,672| 61,727,152| 62,917,244 64,128,562 65,358,381
2B: Keep CWF 61,650,777 | 45,555,311| 46,114,365| 46,679,027 47,254,190| 47,825,888| 48,353,519 48,953,267 | 49,490,579| 50,029,199 | 50,589,970 51,119,438| 51,665,661| 52,178,645 52,684,601| 53,178,799| 53,660,170 54,137,750 54,620,043 55,107,288
Budget impact | -17,692,622 —-642,944 -189,235 279,758 764,343 1,054,643 1,897,670 2,334,113 2,706,984 3,275,086 4,076,299 4,910,700 5,541,664 6,156,043 6,777,484 7,402,874 8,066,981 8,779,494 9,508,520 10,251,093
Total Cumulative

2A: Cease CWF| 43,958,154 | 88,870,521 134,795,651 | 181,754,436 | 229,772,969 | 278,653,500 | 328,904,689 | 380,192,069 | 432,389,632 | 485,693,918 | 540,360,187 | 596,390,325 | 653,597,650 | 711,932,338 | 771,394,423 | 831,976,095 | 893,703,247 | 956,620,491 | 1,020,749,054 | 1,086,107,435
2B: Keep CWF 61,650,777 | 107,206,087 | 153,320,453 | 199,999,479 | 247,253,669 | 295,079,557 | 343,433,076 | 392,386,343 | 441,876,922 | 491,906,122 | 542,496,092 | 593,615,530 | 645,281,190 | 697,459,836 | 750,144,436 | 803,323,235 | 856,983,405 | 911,121,156 | 965,741,198 | 1,020,848,487
Budget impact | -17,692,622 | —18,335,566 | —18,524,801 | —18,245,044 | —17,480,701 | —16,426,058 | —14,528,388 | —12,194,274 | -9,487,290| -6,212,204| -2,135,905 2,774,795 8,316,459 | 14,472,502| 21,249,987 | 28,652,860| 36,719,842| 45,499,335 55,007,855 65,258,949
CWF = community water fluoridation.

Note: Negative values denote overall financial savings.
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Table 40: Estimated Annual and Cumulative Costs Associated With Each Strategy, by Year and Stakeholder (Amalgam Dental Restoration Community Water
Fluoridation Introduction)

Estimated Costs (2018 Canadian Dollars)

Total Annual
1A: CWF 46,279,987| 39,001,716| 39,484,037 39,972,111| 40,470,368 40,965,471| 41,415,862 41,928,564| 42,385,516| 42,842,642| 43,318,999| 43,767,743| 44,231,117| 44,665,911 45,094,714 45,513,433 45,921,199 46,325,919 46,735,074 47,148,878
1B: No CWF | 59,938,903| 60,554,485| 61,255,694| 61,971,972| 62,692,840 63,416,435 64,071,167 64,867,877 65,540,363| 66,197,538 66,894,106/ 67,582,195| 68,287,915| 68,939,606 69,579,724 70,200,805| 70,814,804| 71,430,192| 72,039,770| 72,634,560
Budget - - - —| =22,222,471| —22,450,964| —-22,655,305| —22,939,312| -23,154,847| —23,354,897| —23,575,107| —23,814,452 - - —| —24,687,372| -24,893,606| -25,104,274| -25,304,696| -25,485,683
impact 13,658,916| 21,552,769| 21,771,657| 21,999,861 24,056,798| 24,273,695| 24,485,010
Total Cumulative
1A: CWF 46,279,987| 85,281,703 124,765,74| 164,737,85| 205,208,219 246,173,690| 287,589,552| 329,518,116| 371,903,632| 414,746,274 458,065,273| 501,833,016 546,064,13| 590,730,04| 635,824,75| 681,338,190 727,259,389| 773,585,308| 820,320,382| 867,469,260
0 1 3 3 7
1B: No CWF | 59,938,903| 120,493,38| 181,749,08| 243,721,05| 306,413,893| 369,830,329 433,901,496| 498,769,373| 564,309,736| 630,507,274| 697,401,380 764,983,575| 833,271,49| 902,211,09| 971,790,82| 1,041,991,62| 1,112,806,42| 1,184,236,62| 1,256,276,39| 1,328,910,95
8 2 4 0 6 0 5 9 2 2 2
Budget - - - - - - - - - - - - - - —|-360,653,435| -385,547,040| —410,651,314| —435,956,010| —461,441,692
impact 13,658,916| 35,211,685| 56,983,342| 78,983,203| 101,205,674| 123,656,639| 146,311,944| 169,251,256| 192,406,104| 215,761,000| 239,336,107 | 263,150,559 287,207,35| 311,481,05| 335,966,06
7 2 3

CWEF = community water fluoridation.
Note: Negative values denote overall financial savings.

Table 41: Estimated Annual and Cumulative Costs Associated With Each Strategy, by Year and Stakeholder (Amalgam Dental Restoration Community Water
Fluoridation Cessation)

Estimated Costs (2018 Canadian Dollars)

Total Annual
2A: Cease CWF | 38,749,074| 39,616,309 | 40,537,088 | 41,478,332| 42,444,823| 43,213,602 | 44,418,739| 45,328,730| 46,126,490 47,095,042 | 48,287,183 | 49,480,642| 50,512,490 51,501,486| 52,490,735| 53,473,455| 54,479,371| 55,524,905| 56,589,598| 57,671,089

2B: Keep CWF | 39,567,438| 39,001,716| 39,484,037 | 39,972,111| 40,470,368 | 40,965,471| 41,415,862| 41,928,564 | 42,385516| 42,842,642 | 43,318,999 43,767,743 | 44,231,117| 44,665,911| 45,094,714| 45,513,433| 45,921,199 | 46,325,919| 46,735,074| 47,148,878
Budget impact 818,364 614,593 | 1,053,051| 1,506,221| 1,974,455| 2,248,131| 3,002,877| 3,400,166| 3,740,974| 4,252,401| 4,968,185| 5,712,899 6,281,373| 6,835575| 7,396,022| 7,960,022 8,558,172| 9,198,986| 9,854,524 10,522,211

Total Cumulative
2A: Cease CWF | 38,749,074| 78,365,383 118,902,471 | 160,380,802 | 202,825,625 | 246,039,227 | 290,457,966 | 335,786,696 | 381,913,186 | 429,008,228 | 477,295,412 | 526,776,054 | 577,288,544 | 628,790,030 | 681,280,765 | 734,754,220 | 789,233,592 | 844,758,496 | 901,348,094 | 959,019,183

2B: Keep CWF | 39,567,438| 78,569,154 118,053,191 | 158,025,302 | 198,495,670 | 239,461,141 | 280,877,003 | 322,805,567 | 365,191,083 | 408,033,725 | 451,352,724 | 495,120,467 | 539,351,584 | 584,017,495 | 629,112,208 | 674,625,641 | 720,546,840 | 766,872,759 | 813,607,833 | 860,756,711

Budget impact 818,364 -203,771 849,280 2,355,500| 4,329,955| 6,578,086| 9,580,963| 12,981,129 16,722,103 20,974,503 | 25,942,688| 31,655,587 | 37,936,960| 44,772,535| 52,168,557 | 60,128,579| 68,686,752| 77,885,738| 87,740,261 98,262,472

CWF = community water fluoridation.
Note: Negative values denote overall financial savings.
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Table 42: Comparison of Per Capita, Per Year Budget Impact Across Analyses

Analytic Setting

Budget Impact Per Capita, Per Year

CWEF Introduction BIA

CWEF Cessation BIA

Large urban municipality (base case) -$34.46 $6.93
Medium urban municipality —$34.03 $6.29
Small urban municipality —$34.49 $6.36

Rural municipality (threshold analysis)

< $0 if CWF cost is
< $39.53 per capita, per year

> $0 if CWF cost is
< $7.49 per capita, per year

High population growth scenario -$34.39 $6.92
Low population growth scenario -$33.69 $5.83
Low CWF efficacy scenario -$2.59 $2.81
High CWF cost scenario -$31.88 $3.86
Amalgam dental restoration scenario -$30.28 $6.19

BIA = budget impact analysis; CWF = community water fluoridation.
Note: Negative budget impact indicates cost savings.

Table 43: Comparison of 20-Year Savings per Dollar Invested in Community Water

Fluoridation Across Analyses

Analytic Setting

20-Year Savings per Dollar Invested® in CWF

CWEF Introduction

CWEF Continuation

Large urban municipality (base case) $43.33 $20.35
Medium urban municipality $42.22 $18.34
Small urban municipality $42.76 $18.54
Rural municipality (threshold analysis) > $1 if CWF cost is > $1 if CWF cost is
< $355,898 over 20 years < $68,702 over 20 years
High population growth scenario $43.41 $20.37
Low population growth scenario $41.12 $16.83
Low CWF efficacy scenario $4.26 $8.64
High CWF cost scenario $10.63 $2.29
Amalgam dental restoration scenario $38.20 $18.27

CWF = community water fluoridation.
Note: Negative value indicates cost savings.
2 Discounting have not been applied to these costs.
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