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Abstract

Objective: The purpose of this research was to assess the local cost savings
resuiting from community water fluoridation, given current exposure levels to other
fluoride sources. Methods: Adopting a societal perspective and using a discount
rate of 4 percent, we compared the annual per person cost of fluoridation with the
cost of averted disease and productivity losses. The latter was the product of
annual dental caries increment in nonfluoridated communities, fluoridation effec-
tiveness, and the discounted lifetime cost of treating a carious tooth surface. We
obtained or imputed all parameters from published studies and national surveys.
We conducted one-way and three-way sensitivity analyses. Results: With base-
case assumptions, the annual per person cost savings resulting from fluoridation
ranged from $15.95 in very small communities to $18.62 in large communities.
Fluoridation was still cost saving for communities of any size if we allowed
increment, effectiveness, or the discount rate to take on their worst-case values,
individually. For simultaneous variation of variables, fluoridation was cost saving
for all but very small communities. There, fluoridation was cost saving if the
reduction in carious surfaces attributable to one year of fluoridation was at least
0.046. Conclusion: On the basis of the most current data available on the
effectiveness and cost of fluoridation, caries increment, and the cost and longevity
of dental restorations, we find that water fluoridation offers significant cost savings.
[J Public Health Dent 2001,61(2):78-86]
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The Centers for Disease Control and
Prevention recently identified water
fluoridation as one of 10 great public
health achievements in the 20th cen-
tury (1). Before 1980, communities
with fluoridated water supplies typi-
cally experienced 50 percent less tooth
decay than did nonfluoridated com-
munities (2). Because of the relatively
high caries before 1980, economic
evaluations of community water
fluoridation during this time typically
found that the cost of averted disease
attributable to fluoridation exceeded
the cost to implement and maintain
fluoridation (3-5). For example, Nies-
sen and Douglass reported a ratio of
costof averted disease to program cost
of 822 (5), while Davies reported a
ratio of 6.6 (3). In the 1980s, national
survey dataindicated a secular decline

in caries prevalence (2,6) largely attrib-
uted to the widespread use of fluoride
toothpaste, increased fluoridation of
community water systems, and the as-
sociated diffusion of fluoride to non-
fluoridated communities via the ex-
port of beverages and foods (2,7).
This led some to question whether
community water fluoridation was
still a worthwhile public health invest-
ment. For example, according to
White, “as recently as 1989, major
newspapers have reported articles
that call for reexamination of water
fluoridation programs, citing the de-
cline in dental caries as a reason to
reconsider fluoridation and proposing
that water fluoridation may no longer
be needed” (8). To date, no economic
evaluation of community water fluori-
dation has assessed the associated cost

of averted disease in the presence of
lower caries incidence. Therefore, the
purpose of this research is to deter-
mine if reduction in cost of restorative
care due to averted disease still ex-
ceeds the program costs of water
fluoridation, and, if not, to measure its
cost effectiveness. Our analysis was
conducted from a societal perspective,
which may be adapted to decisions at
the local level.

Methods

Form of Economic Evaluation. We
examined the per person net cost re-
sulting from one year of exposure to
water fluoridation, where (9)

Net Cost = Costwater Fluoridation —
CostDisease Averted and Productivity
Losses Averted

(Equation 1)

If net cost is negative, then water
fluoridation is cost saving. We con-
fined our analysis to two alterna-
tives—implementing or not imple-
menting fluoridation—because pre-
vious studies have found that it is the
least costly way to deliver fluoride
(10). We used the following formula to
calculate the Cost of Disease Averted and
Productivity Losses Averted:

Costsbisease Averted and Productivity
Losses Averted = (Caries Increment-
Nonfluoridated) * (Effectivenesswater
Fluoridation) * (Average Discounted
Lifetime Cost of Carious Surface)

(Equation 2)
where

Caries IncrementNonfluoridated =
annual increment of decayed,
missing, and filled surfaces
(DMFS) in persons not exposed to
fluoridated water,

Effectivenesswater Fluoridation =
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| (DMFSEluoridated —
DMPFSNonfluoridated) / DMFSNon-
fluoridated l .

The product of the first two terms on
the right-hand side of Equation 2
measures the number of carious surfaces
that can be attributed to foregoing one year
of water fluoridation exposure. A more
detailed explanation of the origination
of equations 1 and 2 is found in the
appendix at the end of this article.

In this analysis, we made the follow-
ing assumptions:

» The benefit from water fluorida-
tion is primarily topical and post-
eruptive (11). We limited our esti-
mates of cost savings to the permanent
dentition. Thus, we assumed that
benefits begin at age 6 years, the age at
which the first permanent teeth typi-
cally erupt. Additionally, we assumed
that benefits accrue only to age 65
years.

o The benefit of fluoride does not
accumulate and is constant over time.
That is, for an individual with many
years of exposure to fluoridated water,
the benefit from exposure in year 1
equals the benefit from exposure in
year 2 equals the benefit in year 3, and
so on (12).

o Alldecay is eventually treated. A
1997 American Dental Associa-
tion/Gallup survey reported that75.5
percent of adults had visited a dentist
within the last year (13).

¢ The adverse effects resulting
from water fluoridation exposure are
negligible (14).

* The discounted cost of treating
decay in the future is at least as high as
treating decay when it first occurs.

¢ Dental fees are equal to the cost
of the resources used to provide the
dental service.

¢ Among the many modes of fluo-
ride delivery (e.g., prescription sup-
plements, application at the dental of-
fice) water fluoridation is the least
costly (14). Because other modes of
fluoride delivery, other than fluoride
toothpaste, usually would not be re-
quired if community water systems
were fluoridated, our analysis was
confined to comparing water fluorida-
tion with no water fluoridation. Thus,
when measuring water fluoridation’s
effectiveness, we controlled for expo-
sure to fluoride from other sources,
where possible (with the exception of
toothpaste).

* A decayed tooth surface will al-

ways receive a one-surface restora-
tion, regardless of the number of times
the restoration is replaced or which
surface is affected.

o The social discount rate is 4 per-
cent. All costs were converted to 1995
dollars. We varied the social discount
rate from 0 percent to 8 percent in our
sensitivity analysis.

Obtaining Parameter Estimates.
Annual Caries Increment in Nonfluori-
dated Communities. We estimated an~
nual caries increments in the perma-
nent dentition for three age groups:
ages 6~17 years, ages 1844 years, and
ages 45-65 years. Data were obtained
from the following sources: studies
published from 1978 to 1988 and cited
in Garcia’s 1989 review of the litera-
ture (10); the National Survey of Oral
Health in US Schoolchildren (15) and
the National Survey of Oral Health in
Employed Adults and Seniors
(NSOH) (16); and both the First Na-
tional Health and Nutrition Examina-
tion Survey, 1971-74 (NHANESI) (17)
and the Third National Health and
Nutrition Examination Survey,
1989-94 (NHANES III) (18).

The published studies reviewed by
Garcia reported annual caries incre-
ments for controls in clinical and com-
munity trials. Among children aged
5-17 years who lived in nonfluori-
dated communities, annual incre-
ments ranged from 0.8 to 2.6 surfaces,
with a median of 1.4 surfaces. Caries
increments in adults, which were not
stratified by water fluoridation expo-
sure, ranged from 0.75 to 1.47 coronal
surfaces per year, with a median of
0.78 for adults aged 1844 years and
from 0.91 to 1.31 with a median of 0.93
for adults aged 45-65 years. Median
increments of root caries in adults
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equaled 0.05 surfaces for adults aged
18-44 years and 0.31 for adults aged
45-65 years (Table 1). Evidence tables
summarizing the studies may be ob-
tained from the authors.

We also imputed increments from
the National Survey of Oral Health in
US Schoolchildren, 1986—87 Public
Use Data File (15) and data reported in
the National Survey of Oral Health in
Employed Adults and Seniors,
1985-86 {16). The mean annual caries
increment for children of 0.77 was es-
timated by dividing the difference in
mean DMFS for 6-year-olds
(DMFS=0.14) and 17-year-olds
(DMFS=8.62) living in communities
without fluoridation by 11.

Caries increment in adults was cal-
culated with the following formula:

Increment = DFSAge Group 2 —
(Teethage Group 2 /
TeethAge Group 1) * DF‘SAge Group 1

(Equation 3)
where

DFSage group x = mean number of
decayed or filled surfaces in age
group X

Teethage group x = mean number of
teeth in the mouth in age group x

Equation 3 can be stated as incre-
ment equals the total number of de-
cayed and filled surfaces in time pe-
riod 2 less the expected number of de-
cayed and filled surfaces remaining
from time period 1. Because DFS fig-
ures for adults were not stratified by
community fluoridation status and
approximately 50 percent of the popu-
lation were receiving fluoridated
water (19), it was likely that national

TABLE1
Estimates of Annual Caries Increment (Tooth Surfaces) from Selected Studies,
by Age
Age (Years)

Source (Reference) 6-17 18-44 45-65  Average
Published studies (best case) (39,54) 1.4 0.83* 1.24* 1.16
National Survey of Oral Health 0.77 1,09t 043% 0.76

(base case) (15,16)
NHANES (worst case) (17,18) 0.49 0.49 0.00 0.33

*Includes root surfaces and coronal caries.

+Includes annual root caries incidence of 0.03 surfaces.
{Includes annual root caries incidence of 0.09 surfaces.
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estimates of DFS would underesti-
mate caries increment in unexposed
persons. To correct for this bias, we
used mean DFS figures from Region
VII (Pacific), the region with the lowest
percentage of the population receiving
fiuoridated water (20 percent). Im-

uted mean annual increments
equaled 1.09 surfaces for adults aged
18-44 years and 0.43 for adults aged
45-65 years.

Caries increments from NHANES
(I-111) were imputed with the same
basic methodology as the NSOH esti-
mates and calculated with the follow-
ing formula:

[ncrement = DFTy - (TEETHy2 /
TEETHu) * DFTy

. (Equation 4)
where

DFTix = number of decayed and
filled teeth in time period x

TEETH x = the number of teeth in
the mouth in time period x

With NHANES, however, we used
data on the same birth cohort over
time while with NSOH we used data
from different birth cohorts for the
same time period. Additionally,
NHANES data in earlier time periods
were reported at the tooth level rather
than the surface level. To obtain sur-
face level increments for the NIHANES
data, tooth level increments for each
cohort were multiplied by the ratio of
DFS to DFT from the NSOH data (16).
Finally, NHANES did not report find-
ings by fluoridation status or region of
the country.

We used Equation 4 to calculate in-
crements for children aged 8-17 years
between 1971 and 1974 and adults
aged 25-34 years between 1988 and
1991, This increment, 0.49 surfaces,
was generalized both to children and
to adults aged 18-45 years. For older
adults we compared adults aged 35-44
years between 1971 and 1974 with
adults aged 55-65 years between 1988
and 1991. For this group, increment
rounded to 0.0 surfaces.

Table 1 contains increment esti-
mates for each age group derived from
the three data sources. Because our
evaluation criterion is net cost or cost
savings, worst-case assumptions are
those that decrease cost savings
(NHANES) and best-case assump-
tions are those that increase cost sav-
ings (published studies).

Water Fluoridation Effectiveness. Esti-
mates of the effectiveness of water
fluoridation were obtained from the
published literature and imputed
from the National Survey of Oral
Health in US Schoolchildren, 1986-87
Public Use Data File (15). A review of
published studies that were con-
ducted from 1979 to 1989 among US
children reported a mean caries reduc-
tion of 26 percent from water fluorida-
tion (2). The few post-1980 studies
documenting the effectiveness of
water fluoridation in adult popula-
tions also produced effectiveness pa-
rameters close to 25 percent, For exam-
ple, Grembowski et al. found that
adults aged 30 years living in fluori-
dated communities in the Pacific
Northwest experienced 31 percent less
dental decay than did adults in non-
fluoridated communities (12). Eklund
et al. found that adulis who received
waler with a high fluoride concentra-
tion (3.5 ppm) experienced 20 percent
fewer carious surfaces than did adults
living in communities in which the
fluoride content was 0.7 ppm (21).

Effectiveness estimates obtained
from cross-sectional surveys vary
widely across geographic region (2).
For example, analysis of the National
Survey of Oral Health in US School-
children, which compared caries
prevalence in children with lifetime
exposure and with no exposure to
fluoridated water, found that water
fluoridation’s effectiveness ranged
from -5.6 percent in the Midwest to
60.6 percent in the Pacific region. The
national esimate of effectiveness, af-
ter controlling for exposure to other
sources of fluoride, was 25 percent
(22). The negative effectiveness value
in the Midwest may have been due to
small sample size because few chil-
dren living in this region actually re-
ceived nonfluoridated water (2). Us-
ing the NSOH data set we estimated
effectiveness from the age-adjusted
DMTFS for children aged 6-17 years
who were not exposed to fluoride
drops or tablets and who had lifetime
residence in communities either with
or without fluoridation. Base-case ef-
fectiveness (25%), worst-case effec-
tiveness (12%), and best-case effective-
ness (29%) were calculated, respec-
tively, from data for all children living
in the United States, children living
within the four regions with the lowest
effectiveness (DMFSrluoridated=2.73,
DMPFSNonfluoridated =3.11), and chil-
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dren living in the three regions with
the highest effectiveness (DMFSFiuori
dated=2.56, DMFSNonfluoridated= 3.60).

Number of Carious Surfaces Attribut-
able to Foregoing One Year of Water
Fluoridation Exposure. Estimates of the
number of carious surfaces attributable to
foregoing one year of water fluoridation
exposure (annual caries increment in
nonfluoridated communities * fluori-
dation effectiveness), ranged from
0.04, assuming low effectiveness and -
increment, to 0.34, assuming high ef-
fectiveness and increment, and
equaled 0.19 under base-case assump-
tions.

Average Discounted Lifetime Cost of a
Carious Surface. An amalgam restora-
tion requires maintenance over the life
of the tooth. To simplify the calcula-
tion of the discounted lifetime cost as-
sociated with a carious surface, we di-
vided the population into 10 age
groups (6-19, 20-24, 25-29, 30-34,
35-39, 40-44, 45-49, 50-54, 55-59, and
60-65). For each age group, we calcu-
lated the discounted expected lifetime
cost of applying and maintaining a
one-surface amalgam restoration for a
carious surface developed at the mid-
point of the age group. This calcula-
tion required estimates of the costs as-
sociated with treatment and lost pro-
ductivity, the expected life of an
amalgam, and the probability that a
previously restored tooth was present
at the midpoint of each age group.

An American Dental Association
Survey found that the average cost of
a one-surface amalgam restoration in
1995 was $54 (23). To calculate produc-
tivity losses, we assumed that the av-
erage loss in work time due to a re-
storative dental visit was one hour.
The average hourly total compensa-
tion per US worker in 1995 was $18.12
(24). We included this cost for all indi-
viduals, regardless of age or work
status. For individuals not earning an
income outside of the home, this value
reflected the opportunity cost of that
decision; for children, this value re-
flected the sacrifice in caregiver time
to take the child to the dentist. Hence,
the total cost to society resulting from
a decayed tooth surface was approxi-
mately $72.

We estimated the expected life of an
amalgam from five published studies
(25-29). The estimated median life for
an amalgam ranged from 9 to 14 years
and for our calculations, we assumed
the expected life of an amalgam to be
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12 years. The expected number of re-
placements for an amalgam restora-
tion in each age group was calculated
as follows:

(65-Midpoint of Age Group) / 12
(rounded down to whole number)

(Equation 5)

For example, an individual in age
group 6-19 years would expecttohave
an amalgam restoration replaced four
times in a lifetime [(65 —12.5) / 12].
The need toreplace anamalgamres-
toration every 12 years will exist only
if the tooth is not lost. Hence, for a
particular age group the probability
that an amalgam will need one re-
placement can be expressed as:

Pr (having a tooth at midpoint age
+ 12 years | tooth was present at
midpoint age)

(Equation 6a)

and the probability that an amalgam
restoration will need a second replace-
ment as:

Pr (having a tooth at midpoint age
+ 24 years | tooth was present at
midpoint age + 12 years)

(Equation 6b)

and so on. Conditional probabilities
were imputed from the mean number
of teeth present for each age group
reported in the National Oral Health
Survey of Employed Adults and Sen-
iors, 1985-86 (16).

The discounted lifetime cost of a
carious surface equals the sum of the
discounted cost of the first amalgam
restoration and the discounted costs
for each replacement multiplied by the
conditional probability the tooth is in
place. The costs associated with the
first amalgam restoration must alsobe
discounted because the benefits of
fluoride begin after one year of expo-
sure. For example, using a 4 percent
discount rate, the discounted lifetime
cost of a carious surface for decay that
developed when an individual was in
age group 6-19 years would be:

$72/1.04 + $72 % 1/1.04% + $72*
0.90/1.04% 4+ §72 * 0.86/1.04% +
$72* 0.79/1.04% = $159.61

Base-, worst-, and best-case average
discounted lifetime costs associated
with a carious surface for various age
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TABLE 2
Weighted per Person Discounted Lifetime Cost of Carious Surface Initially
Occurring at Various Ages

Discounted
Expected
Age Decay Lifetime Cost 1996 US
Detected of Decayed Population Weighted
(Years) Surface (USS$) (%) Cost ($)
0-5 84
6~19 159.61 20.4 32.56
20-24 146,95 6.8 9.99
25-29 144.86 7.2 10.43
30-34 128.24 8.3 10.64
35-39 127.76 8.5 10.86
4044 105.12 7.7 8.09
4549 105.55 6.6 6.97
50-54 106.42 5.2 5.53
55-59 69.23 4.2 291
6064 69.23 38 2.63
65+ 12.8
Total 100* 100.62*
*Rounded.
TABLE 3

Range of Estimates for Annual per Person Water Fluoridation Costs for
Communities of Various Sizes

Per Person Fluoridation Cost at 3 Discount Rates

Community Population 0% 4% 8%

<5,000 $2.94 $3.17 $3.44
5,000-9,999 $1.54 $1.64 $1.75
10,000-20,000 $.98 $1.06 $1.15
>20,000 $.46 $.50 $.54

groups were calculated with a 4 per-
cent, 8 percent, and 0 percent discount
rates, respectively. Tables with de-
tailed calculations may be obtained
from the authors,

Finally, we weighted the average
discounted lifetime cost of a carious
surface (in 1995 US dollars) for each
age group by the proportion of the
total US population in 1995 that were
represented by persons in that age
group (30). These values were
summed to obtain the average dis-
counted lifetime cost of a carious surface.
With a discount rate of 4 percent, this
value equaled $100.62 (Table 2) and
ranged from $75.57 using a discount
rate of 8 percent to $166.68 using a
discount rate of 0 percent.

Costs of Disease Averted and Produc-
tivity Losses Averted, for various combi-

nations of discount rate, increment,
and effectiveness assumptions,
ranged from $2.99 in the worst-case
scenario to $56.07 in the best-case sce-
nario, with a base-case value of $19.12.

Cost of Water Fluoridation. Cost data
for water fluoridation were obtained
from a published study that reported
the one-time fixed costs and annual
operating costs for 44 Florida commu-
nities that implemented community
water fluoridation in the 1980s (31). All
costs were reported in 1988 US dollars.
One-time fixed costs included equip-
ment, installation, testing equipment,
safety equipment, and consultant en-
gineering fees. All equipment was as-
sumed to have a useful life of 15 years
and no salvage value. Annual operat-
ing costs included chemicals, labor,
and maintenance. Chemical costs (all
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TABLE 4
Annual per Person Cost Savings (Negative Net Cost) from Water Fluoridation
Community Size Best Case Base Case Worst Case
<5,000 $31.04 $15.95 $0.85
5,000-9,999 $32.57 $17.48 $2.38
10,000-20,000 $33.15 $18.06 $2.96
>20,000 $33.71 $18.62 $3.52
FIGURE 1

One-way Sensitivity Analysis for Varying Incidence, Effectiveness, and Average
Discounted Lifetime Cost of Carious Surface
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but two of the systems used hydroflu-
osilicic acid) covered an increase in
fluoride from <0.3 ppm to 0.8 ppm. We
annuitized the one-time fixed costs
over 15 years using discount rates of 4
percent (base case), 0 percent (best
case), and 8 percent (worst case) (32).
All costs were converted to 1995 US
dollars with use of the CPI-U (33) (Ta-
ble 3).

Sensitivity Analysis. To test the
sensitivity of our results to estimated
parameter values, we varied the pa-
rameters one at a time and calculated
their break-even values. Additionally,
we conducted three-way sensitivity
analyses, allowing the discount rate,
effectiveness, and increment to vary
throughout their plausible ranges si-
multaneously.

Results

With a 4 percent discount rate and
with the number of carious surfaces at-

tributable to foregoing one year of water
fluoridation exposure taking on its best-,
worst- and base-case values, the net
cost of community water fluoridation
was negative (cost saving) under all
scenarios (Table 4).

In the one-way sensitivity analysis,
the per person Cost of Disease Averted
and Productivity Losses Averted (hereaf-
ter termed Costs Averted) was calcu-
lated as the increment, effectiveness,
and average discounted lifetime cost of a
carious surface (hereafter termed costs of
caries) were varied individually be-
tween their lower- and upper-bound
estimates (Figure 1). The slopes of the
resulting lines suggest that Costs
Averted was most sensitive to increases
in cost of caries above its baseline value
and to decreases in increment below
its baseline value. Holding all other
parameters constant and allowing ef-
fectiveness to vary from its worst- to
best-case value caused Costs Averted to
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range from $9.18 to $22.18. Allowing
only increment or cost of caries to vary
from their worst- to best-case values
produced Costs Averted estimates of
$8.30 to $29.18 and $14.74 to $31.67,
respectively. The horizontal line in
Figure 1 shows a per person flucrida-
tion costs of $3.44 (worst-case scenario
costs for a community of fewer than
5,000). Thus, when only one parameter
(increment, effectiveness, or cost of car-
ies) is varied between its upper- and
lower-bound values, water fluorida-
tion is cost saving for communities of
all sizes. '

We performed break-even analyses
both for communities with popula-
tions fewer than 5,000 and those with
populations greater than 20,000. Hold-
ing the discount rate constant at 4 per-
cent and increment constant at its
baseline (0.76), water fluoridation was
cost saving for all effectiveness levels
greater than 0.04 in the smallest com-
munities or 0.01 in the largest commu-
nities. Holding discount rate constant
at4 percent and effectiveness constant
atits baseline (0.25), water fluoridation
was costsaving for all increment levels
greater than 0.13 in the smallest com-
munities or 0.02 in the largest commu-
nities. Holding effectiveness and in-
crement constant at their baselines
(0.25 and 0.76, respectively), water
fluoridation was cost saving if the dis-
count rate was less than 49 percent for
the smallest and 202 percent for the
largest communities.

The per person annual cost of water
fluoridation was compared with Costs
Averted when the number of carious sur-

faces attributed to foregoing one year of
water fluoridation and the discount rate
vary (Figure 2). Only when we al-
lowed effectiveness, increment, and
the discount rate to take on their
worst-case values (the number of cari-
ous surfaces attributed to foregoing
one year of water fluoridation equaled
0.04 and the discount rate equaled 8
percent) was water fluoridation not
cost saving, and then only for commu-
nities with fewer than 5,000 people.
Water fluoridation was cost saving for
very small communities when the
number of carious surfaces attributed to
foregoing one year of water fluoridation
exceeded 0.046 surfaces.

Discussion

With use of the mosl current data
available on the effectiveness and
costs of water fluoridation, caries in-
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FIGURE 2
Comparing per Person Annual Costs of Fluoridation to Cost of Disease Averted
and Productivity Losses Averted for Various Discount Rates Under Base- and
Worst-case Scenarios
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crement, and the costs and longevity
of dental restorations, we found that
the reduction in costs of restorative
care due to averted disease exceeded
the cost of water fluoridation in com-
munities of any size. Our findings
were extremely robust to variations in
parameters. In this analysis, we al-
lowed the community size, the caries
increment in nonfluoridated commu-
nities, the effectiveness of fluoridation,
and the discount rate to vary. Even
with worst-case assumptions, water
fluoridation was still costsaving forall
communities with the exception of
those with populations fewer than
5,000. Cost-saving public health inter-
ventions are rare (34). For example, a
recent review of the cost effectiveness
of life-saving interventions found that
only 14 percent of 310 medical inter-
ventions were cost saving (35). Imple-
mentation of cost-saving interven-
tions actually increases the amount of
scarce resources available for other
productive uses.

It is important to note that even if
water fluoridation has a positive net
cost, it may still be desirable. For ex-
ample, using worst-case assumnptions,
we found that in communities with
populations fewer than 5,000 water
fluoridation cost $.42 to save 0.04 tooth
surfaces, or $10.50 per tooth surface
per year. This may still be an attractive
investment for a local decision maker
considering several potential public

health interventions, dependent upon
a community’s value of oral health,
level of aversion to restorative dental
care, and the value of competing pub-
lic health alternatives.

Obtaining good estimates of caries
increments in nonfluoridated commu-
nities was difficult. Since this was an
important variable in the analysis
(Costs Averted was most sensitive to
changes in caries increment at values
below baseline), we used three differ-
ent sources of data. Inferring current
caries increment from each of these
sources involved estimation bias. We
used cross-sectional data to impute
caries increment from the NSOH, but
given the secular decline in caries, this
would tend to overestimate current in-
crement due to the cohort effect (2,7).
Although Garcia cited figures ob-
tained from controlled clinical trials
that followed the same population
longitudinally, the samples used in
those studies were probably not repre-
sentative of the general population.
Those studies may have overesti-
mated increment because their esti-
mates often exceeded those from na-
tional cross-sectional surveys. How-
ever, it is also possible that
examinations conducted in clinical
settings, which often include radio-
graphs, were more rigorous than those
conducted in epidemiologic surveys
and hence identified decayed surfaces
earlier. Estimates based on the
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NHANES data probably underesti-
mated the increment in communities
without fluoridation. Because the
NHANES data do not differentiate ob-
servations by fluoridation status, the
study estimates are composite figures,
which include observations from
lower-increment (fluoridated) areas.
In addition, this downward bias may
be exacerbated because we followed
NHANES birth cohorts from 1971 to
1991, a period in which the percentage
of the US population receiving fluori-
dated water increased from 43 percent
to 56 percent (19,20). Because the
fluoridation status of some of the birth
cohort members changed over time,
increment captures not only new de-
cay, but also the benefit resulting from
increased access to water fluoridation
over the same time period. In addition,
it is likely that for older adults failure
to accurately adjust for tooth loss re-
sulted in an underestimation of the
actual change in decay. For example,
although the hypothetical lower
bound for incidence should be 0 in
adults aged 45-65 years, the imputed
increment was negative.

Because costs are difficult to iden-
tify and measure empirically, the po-
tential exists for bias in our cost fig-
ures. Costs that were not considered
but would result in an overstatement
of the cost savings of water fluorida-
tion included political costs associated
with the passage of a water fluorida-
tion referendum and overhead costs
such as electricity, insurance, and
shared space. Additionally, cost sav-
ings may be overestimated by an up-
ward bias in our estimates of cost of
caries; we assumed that the $54 fee for
a one-surface amalgam represented
the true cost of resources. Dental fees
would equal resource costs (resource
costs include the opportunity cost of
the dentist’s time) if dental markets are
competitive. If dental markets were
not competitive, fees would overesti-
mate the true resource costs. However,
when we decreased the cost of a one-
surface amalgam by 50 percent to $27
(cost of a caries=$47.23), Costs Averted
was $8.97 under base-case assump-
tions. This amount is well above the
per person cost to fluoridate a commu-
nity of any size for one year. If the
protective benefits from water fluori-
dation begin to accrue after more than
one year of exposure, then the cost
savings are overstated. For example,
in small communities if the expected
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life of a water fluoridation project was
15years and the benefits did not begin
until after five years of exposure, the
per person discounted cost savings
over the life of the project would be
$25.55 (under base-case assumptions).
This value would be $66.16 if benefits
accrued after only one year of expo-
sure. Finally, we assumed that the
costs of dental fluorosis attributable to
water fluoridation are negligible (14).
It is important to note that we as-
sumed no change in dentists’ behavior
in response to income reductions
spurred by decreased need for restora-
tive care. Since dental markets are
characterized by asymmetric informa-
tion (patients don’t have full informa-
tion and thus make their dental con-
sumption decisions based on their
dentists’ recommendations), provid-
ers may be able to induce demand for
other dental services. Also, dentists’
clinical decisions may vary due to dif-
ferences in knowledge and beliefs
about diagnostic criteria, disease proc-
esses, risk factors, and alternative
treatment options (37). Thus, dentists
may be predisposed to diagnose mar-
ginal lesions as carious in fluoridated
areas with small patient supplies (36).
To the extent that this is possible, den-
tists may provide more diagnostic,
preventive, or even restorative serv-
ices to maintain a steady stream of
income, or may reduce the recall inter-
val between dental visits. Such behav-
ior was reported by Grembowski, who
found that insured children with con-
tinuous fluoridation exposure re-
ceived more diagnostic, preventive,
and simple restorative services than
children with low fluoride exposure
(36). Thus, the potential cost savings
from reduced restorative care may be
partially offset by increased consump-
tion of diagnostic and preventive care.
Alternatively, other assumptions
made in this analysis may have biased
cost savings downward. For example,
we did not include the Costs of Disease
Averted and Productivity Losses Averted
for decay in the primary dentition or
for adults over age 65 years. Further-
more, we did notinclude productivity
losses due to dental discomfort in our
estimates of averted productivity
losses. Finally, we assumed that sim-
ple amalgam restorations would al-
ways be used to treat initial decay and
in subsequent replacements. These as-
sumptions ignore potentially costlier
treatment, including for example,

composite restorations, root canal
treatment, crowns, and bridges.

The magnitude of the cost savings
resulting from water fluoridation will
depend on the parameter values of the
population under consideration. To
measure the cost savings thathave ac-
crued from the introduction of water
fluoridation in the United States, high-
end estimates of effectiveness and in-
crement would be most appropriate,
because initial increment and effec-
tiveness rates are likely to be high
when no water is being fluoridated. A
local community that is evaluating a
proposed water fluoridation project
may require lower increment and ef-
fectiveness assumptions if it receives
diffused benefits of water fluoridation
from nearby communities (2,7,38). For
example, in midwestern US communi-
ties, low-end increment and effective-
ness parameters would be more appli-

cable, whereas in the Pacific USregion, -

high-end values of incidence and ef-
fectiveness would be more pertinent.
Relatively few economic evalu-
ations of community water fluorida-
tion programs have been conducted
within the last decade. Brown et al.
determined that a negative structural
shift in US dental expenditures had
occurred around 1979 (55). The
authors attributed the shift in part to
improved oral health resulting from
increased access to community water
fluoridation. Expenditures decreased
by 10 percent which in twn led to
savings of 39.1 billion dollars (1990
dollars) from 1979 to 1989, In 1989 the
Journal of Public Health Dentistry dedi-
cated a special issue to the proceedings
from a University of Michigan work-
shop on the cost effectiveness of caries
prevention in dental public health
(56). Many of the articles in that issue
provided estimates of parameters
used in our analysis. The issue did not,
however, feature a complete economic
evaluation that explicitly stated all as-
sumptions and findings, nor was a
sensitivity analysis performed. Our
analysis is unique in that it includes
both the productivity losses and the
costs of subsequent replacements in
measuring the costs associated with a
dental restoration. In addition, to our
knowledge, no other study has used
sensitivity analysis to determine the
robustness of water fluoridation cost
savings given the secular decline in
caries incidence and the increased dif-
fusion of water fluoridation’s benefits
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to communities without fluoridation,

Using knowledge of local increment
and effectiveness estimates, local offi-
cials may estimate potential cost sav-
ings from the information presented
here. Tables providing net cost esti-
mates for 756 combinations of effec-
tiveness, increment, and cost of caries
may be obtained from the authors,
One benefit of the per-year savings
approach is that it allows decision
makers to customize their calculations
for projects in which the Costs of
Averted Disease differ in each year or
for projects of varying duration. This
would allow consideration of various
scenarios, such as decreasing inci-
dence over time due to fluoridation in
nearby areas.
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Appendix

Equation1in textis the standard net
cost equation, as found in Haddix, p.
109 (9):

Net Cost = COStIntervenﬁon -

Costpisease Averted —
Costproductivity Losses Averted

In our Equation 1 we combined
Costpisease Averted and CostProductivity
Losses Averted Into a single term, which
we called CostsDiseaseAvertedandProduc-
tivity Losses Averted.

As per convention, Costspisease
Averted and Productivity Losses Averted = Cost
of Disease and Productivity Lossesnon
fluoridated — Cost of Disease and Produc-
tivity Lossesfluoridated- This is analo-
gous to Haddix et al., p. 123 (9).

Assuming that disease treatment
costs and productivity losses are con-
stant, the Costs of Disease and Produc-
tivity Lossesnonfluoridated= Caries In-
crementnonfluoridated * Average Dis-
counted Lifetime Cost of Carious
Surface.
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Likewise, Costs of Disease and Pro-
ductivity Lossesfluoridated= Caries In-
crementfuoridated * Average Dis-
counted Lifetime Cost of Carious Sur-
face. ‘

Thus, CostsDiseaseAvertedandProductiv-
ity Losses Averted reduces to:

(Caries Incrementnonfluoridated —
Caries Incrementguoridated) ¥ Aver-
age Discounted Lifetime Cost of a
Carious Surface.

This equation is multiplied by (Caries
Incrementnonfluoridated / Caries Incre-

mentnonfluoridated, a factor of 1, to yield:

(Caries Incrementnonfluoridated —
Caries Incrementguoridated) * (Car-
ies Incrementnonfluoridated / Caries
Incrementnonfluoridated) * (Average
Discounted Lifetime Cost of a
Carious Surface).

Regrouping terms, this equation may
be rewritten:

Caries Incrementnonfluoridated

[(Caries Incrementnonfluoridated =
Caries Incrementauoridated) / (Car-
ies Incrementnonfluoridated] * (Av-
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erage Discounted Lifetime Cost of
a Carious Surface).

The term in brackets is the absolute
value of the measure of effectiveness
in the studies from which we took our
data (2,3). Thus, the equation becomes

CostsDisease Averted and Praductivity
Losses Averted = (Caries Increment
Nonfluoridated) * (Effectivenesswater
Fluoridation) * (Average Discount-
ed Lifetime Cost of Carious Sur-
face),

which is Equation 2 in text.



