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Abstract

Objectives: Advancing community water fluoridation (CWF) coverage is a national health
objective. The Centers for Disease Control and Prevention began adjusting state-reported data to
calculate CWF coverage in 2012, and then modified methods in 2016. We evaluate improvements
attributable to data adjustment and implications for interpreting trends.

Methods: To assess adjustment, we compared the percentage deviation of state-reported data and
data adjusted by both methods to the standard estimated by the U.S. Geological Survey. To assess
effects on estimated CWF trends, we compared statistics calculated with data adjusted by each
method.

Results: The 2016 method outperformed on all points of evaluation. The CWF national objective
measure (percentage of community water system population receiving fluoridated water) was
negligibly affected by method. Percentage of US population receiving fluoridated water was lower
with the 2016 method versus the 2012.

Conclusions: Adjustment of state-reported data improved overall quality of CWF coverage
measures and had minimal impact on key measures.
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INTRODUCTION

Untreated tooth decay, the most prevalent disease in the world [1], can lead to problems
in eating, learning, and socializing [2]. Community water fluoridation (CWF; controlled
adjustment of fluoride in a public water supply) helps prevent tooth decay [3] and was
recognized as one of 10 great public health achievements of the 20th century [4].
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The percentage of the population on community water systems (CWS) receiving fluoridated
water has been used to set national health goals since 1990 [5] and is tracked by the National
Oral Health Surveillance System [6]. During 1999-2000 Centers for Disease Control (CDC)
introduced the Water Fluoridation Reporting System (WFRS), the principal tool now used to
help states track fluoridation and provide data for surveillance [7]. Each year, state drinking

water programs input data for each CWS regarding the population served and water fluoride
content. CDC uses this information to generate biennial reports of national CWF coverage

[8].

The state-reported number of people served by a CWS is typically estimated based on an
assumed number of people served per connection and is subject to under- or overestimation.
In 2012, CDC began adjusting the reported CWS populations downward if the sum of

the state’s total CWS population exceeded the total state population estimated by the

U.S. Census Bureau (USCB). This approach was limited in that it (1) assumed that all
reporting errors were overestimates, and (2) adjusted the overestimates down to the full

state population, only lessening the overestimation. With the 2016 data release, CDC began
additionally incorporating the U.S. Geological Survey’s (USGS) most recent estimated
percentage of the state population on CWS to enable both upward and downward adjustment
of reported CWS populations. The USGS estimates are released every 5 years and are
thought to be more accurate than the state-reported values as they are derived with data from
multiple sources, including state reports, the US Environmental Protection Agency’s Safe
Drinking Water Information System database, USCB, and public water suppliers on service
connections [9].

This report (1) briefly describes the methods used to adjust state reported CWS populations
beginning in 2012 and how they changed in 2016, (2) assesses how reported CWS
populations adjusted by each methodology deviate from USGS estimates, and (3) examines
how reported fluoridation statistics vary between the two adjustment methods, which has
implications for the comparability of statistics reported between 2012 and 2015 and those
reported from 2016 and beyond.

METHODS

The first adjustment method introduced with the release of 2012 fluoridation statistics used
data from the USCB, published annually [10]. If a state’s total reported CWS population
exceeded the USCB state population estimate, it was replaced with this lower number

(i.e., adjusted downward); otherwise, it was not adjusted. The individual reported CWS
populations within the state were then proportionately reduced using a multiplier. Finally,
the adjusted populations for each fluoridated CWS were summed to obtain the state CWF
population.

The new method, introduced with the release of 2016 fluoridation statistics, adjusts reported
CWS populations using data from both USCB and USGS [9]. Each state’s total adjusted
CWS population is calculated by multiplying the USCB state population estimate by
USGS’s most recent estimated percentage of the state population on CWS. Each individual
reported CWS population within the state is then proportionately adjusted using a multiplier.
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Finally, the adjusted populations for each fluoridated CWS are summed to obtain the state
CWEF population. Details on each method are published on CDC’s Estimating Community
Water System Populations webpage [8].

Comparing methodologies

Performance—We used WFRS reported CWS population data from 2015, for all 50

states and Washington, D.C., and adjusted by each methodology. We evaluated 3 estimates
of 2015 CWS populations: (1) WFRS state-reported populations, (2) adjusted populations
using the 2012 method, and (3) adjusted populations using the 2016 method. We calculated
percentage deviations from the later published USGS 2015 CWS population estimates as the
benchmark. To evaluate how closely each estimate aligns with the benchmark, we compared
(1) the range of percentage deviations, (2) the mean and median of the absolute percentage
deviations, and (3) the number of estimates that fall within 1%, 5%, and 10%.

Differences in CWF coverage attributable to methodology—We used WFRS
reported CWS population data from 2012 and 2014 as these were the two reports that
utilized the 2012 methodology. We used the 2016 methodology to calculate all CWF
coverage measures included in biennially released reports. We then compared the percentage
change in measures between the 2012 and the 2016 methodologies.

RESULTS

Performance

Table 1 provides the three sets of numbers evaluated and the USGS 2015 estimates as
benchmark. The 2016 method produced the narrowest deviation range from benchmark
estimates (—15.0%, 16.2%), followed by the 2012 method (-17.3%, 23.9%). State-reported
populations had the widest range in percentage deviation (-=17.3%, 31.0%). All other
indicators resulted in the same order of performance (2016 method, 2012 method, State-
reported). The 2016 method performed best; with a 2.8% mean absolute deviation and a
1.0% median absolute deviation from benchmark estimates. Twenty-six out of 51 adjusted
estimates fell within 1% of benchmark. Forty-two of 51 fell within 5%, and 46 of 51 fell
within 10% of benchmark.

Differences in CWF coverage

Table 2 provides all measures of CWF coverage included in biennially released reports in
2012 and 2014, calculated using CWS population data adjusted by both methodologies.
The most notable difference is that the estimated CWS population is now lower, where
previously this number was overestimated. By extension, the estimated U.S. population and
percentage of U.S. population on fluoridated water are now lower.

The percentage of the total CWS population that is receiving fluoridated water, however,

is only negligibly affected. This is because both the numerator, number of people served

by fluoridated CWS, and the denominator, total number of people on CWS, are multiplied
by the same unique multiplier. By extension, estimated percentage of CWS population
receiving fluoridated water should be quite similar for all years of reporting. However, there
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still will be some minimal deviation since unique adjustment is applied at the state level
and aggregated to reach the national estimate. For example, the percentage difference in
this measure between the 2012 and 2016 adjustment methods was —0.1% for 2012 data and
-0.03% for 2014 data. Numbers of systems and system types are not affected.

State level comparisons are similar. The estimated number of people on CWS changes. By
extension, the estimated number of people on fluoridated CWS changes. But the percentage
of the state CWS population receiving fluoridated water is not affected.

DISCUSSION

The newer CWS population adjustment method introduced in 2016 adjusts each state’s
reported CWS population to be more in line with other published, quality estimations. It
outperforms both directly reported CWS populations and the previous 2012 adjustment
method when benchmarked against later USGS published CWS population estimates.

This study sheds light on changes in CWF coverage measures resulting from changes

in population adjustment methodologies, rather than actual changes in coverage. The
estimated U.S. populations both on CWS and on fluoridated CWS are lower under the

new methodology, in turn lowering the estimated percentages of the overall population
receiving fluoridated water. However, analysis here shows these updated methods likely
more accurately reflect true population proportions and that the historic numbers were likely
overestimates. Most notably, the percentage of the US CWS population receiving fluoridated
water (a Healthy People 2020 national health objective) is only negligibly affected by
adjustment methodologies and thus it is reasonable to compare these values from 1990 to
present. Similarly, at the state level, this key CWF measure is not affected.

A limitation in this study is the use of USGS estimates of CWS populations as a benchmark.
This is not an actual value, but a proxy that is derived using data from multiple trusted
sources, and thus thought to be the most accurate available.

Adjustment of reported CWS populations is intended to overcome innate inaccuracies and
improve the overall quality and accuracy of CWF coverage measures. A change in the
adjustment method brings a trade-off in comparability of some CWF measures over time.
But these changes are shown to improve accuracy of CWF measures, while the key measure
used to set and track national health objectives is shown to be virtually unaffected by
adjustment, thus remaining comparable over time.
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