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Abstract

Background: Statistics Canada’s population health surveys may be an
important source of up-to-date evidence on fluoridation and population oral
health. The objective of this study was to examine the validity of a geographic
measure of fluoridation from a national survey (based on site of data collec-
tion), by comparing it with estimates of fluoride level from urine samples.

Methods: The data source is the environmental urine subsample (n=2563) from
Cycle 2 (2009-2011) of the Canadian Health Measures Survey. Mean compar-
ison and multivariable linear regression were used to examine whether urinary
fluoride levels differed between respondents classified as “fluoridated” versus
“non-fluoridated” based on data collection site.

Results: Respondents who attended data collection sites classified as fluori-
dated had significantly higher mean urinary fluoride levels than those who
attended sites classified as non-fluoridated. This effect was robust to adjustment
for covariates and was somewhat stronger among an “exposed” subpop-
ulation (defined based on tap water consumption and residential history)
compared with a non-exposed subpopulation. No apparent added value was
associated with using a more precise geographic indicator based on home
postal code.

Conclusions: Fluoridation status based on data collection site seems crude,

but is actually reasonably accurate compared with fluoride level in urine, in

the context of a large national Canadian survey of urban and rural residents.
Although findings are of limited use for individual-level risk assessment, they
may be of interest fo dental public health researchers and to those engaged in
public health surveillance, because they inform efficient and readily available
options for monitoring fluoridation status in populations.

with contributing to significant improvements in population oral health,

although the quality of many studies is modest.! Increasingly, the impact
of fluoridation is difficult fo assess because of the changing epidemiology of
oral disease and the increasing availability of other sources of fluoride, such as
toothpaste.??

It is important that evidence of the effect of fluoridation on population oral
health be kept current, and population health surveys can be an important
source of such information. An example is Statistics Canada’s Canadian Health

S ince its inifiation in 1945, community water fluoridation has been credited
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Measures Survey (CHMS), which in 2007-2009 (Cycle 1)
collected clinical oral health data from a population-based
national sample.*

In 2012, we published a study® on fluoridation and oral
health using data from that survey and observed a signifi-
cant association between fluoridation exposure and lower
decayed, extracted/missing (due to caries) or filled teeth,
either deciduous or permanent (deft/DMFT), adjusting for
behavioural and sociodemographic variables. We also
observed that the effect of fluoridation was strongest
among income and education groups with the poorest oral
health.

In that study, our measure of fluoridation exposure was
crude: "yes"” or "no” based on location of data collection
(survey respondents attended one of 15 data collection
sites). Classification was based on information from various
Intfernet sources about the current and historical fluoridation
status of the location. Although crude, this was the only
option available for that survey at the time, and it had some
face validity: the main effects of fluoridation were stronger
among those who reported usually drinking tfap water and
having lived in their current home for at least 2 years, which
would be expected if we were capturing frue fluoridation
exposure status to at least some extent.® (Note: Although

2 years is limited, it was chosen to represent a balance
between identifying those who had some history in their
current location and retaining as much data as possible; a
longer period would result in a smaller sample size and, thus,
reduced statistical power.)

Cycle 2 of the CHMS (2009-2011) provides an opporfunity

to examine the validity of the exposure variable used in

our 2012 paper. Specifically, Cycle 2 includes estimates of
fluoride presence in urine samples for a random subsample
of respondents, aged 3-79 years. Although fluoride in urine is
from all sources, not only tap water,¢ the sensitivity of urinary
fluoride to variations in community water fluoridation under
stable conditions (at least 1 year) has been demonstrated. ’

The objective of this study was to examine the validity of

the geographic measure of fluoridation in the CHMS (based
on data collection site), by examining its association with
fluoride estimates from urine samples. A secondary objective
was to use home postal codes to identify respondents’
community of residence and to assess whether fluoridation
status assigned based on that more precise geographic
location is more closely associated with urinary fluoride
estimates than fluoridation status based on CHMS data
collection site.

Findings will inform options for monitoring fluoridation status
in populations, which is of relevance to dental public health
researchers, as well as options for policy and practice for
those involved in public health surveillance.

Methods

Data Source

The data source is Cycle 2 (2009-2011) of Stafistics
Canada’s CHMS.2 Cycle 2 was a cross-sectional, nationally
representative survey that included a clinical examination
administered in a mobile clinic, as well as a household
interview. The target population was people aged 3-79
years, living in all provinces and territories; sample exclusions
(Aboriginal settlements in the provinces, full-time Canadian
Forces members, the institutionalized population and people
in certain remote regions) represented less than 4% of the
target population.? This study focuses on the environmental
urine subsample (n=2563).

Multistage sampling was used, in the following manner.2

The sampling frame from the Labour Force Survey was used
to create 257 geographic areas, each containing at least
10 000 people. These sites were stratified into 5 regions (British
Columbia [including Whitehorse], Prairies [including Yellow-
knife], Ontario, Quebec and Atflantic provinces). Within
each region, sites were sorted by census metropolitan area
status and population size, and 18 sites were systematically
selected (Note: these are different sites than those used in
CHMS Cycle 1). This process ensured inclusion of both census
metropolitan areas and non-census metropolitan areas, and
both larger and smaller populations. Within each site, strafi-
fied sampling by age group was performed, using the 2006
census as a sampling frame. The mobile clinic (where data
collection took place) was set up at a designated location
within each of the 18 sites. Maximum fravel distance from

a site was set at 50 km for urban areas and 100 km for rurall
areas.t

The household response rate was 75.9%; of those partici-
pants, 920.5% provided questionnaire data, and, of those,
81.7% reported to the mobile clinic. Of the mobile clinic
sample (n=6393), 2623 people were randomly selected for
the environmental urine subsample; of these, 2563 (97.7%)
provided a valid spot urine sample.®

Urine was collected using a 120-mL specimen container
with an aliquot volume of 1.0-mL (3-5 year olds) or 1.8-mL
(6-79 year olds). Analysis was carried out at the Centre

de toxicology du Québec of I'Institut national de santé
publique du Québec (accredited under ISO 17025) using
standardized operating procedures.’ Fluoride was analyzed
using an Orion pH meter with fluoride ion selective electrode
(Orion Research Inc.).'° The limit of detection, 20 ug/L,

was estimated based on the United States Environmental
Protection Agency protocol (EPA 40 CFR 136).7

Analysis

First, the fluoridation status of each data collection site was
assigned based on publicly available information from such
sources as municipal websites, water quality reports, media
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items and websites of anti-luoridation groups. Corroboration
across multiple sources was sought. Although it was more
difficult to find information for some sites than for others, it
was possible to discern fluoridation status with reasonable
certainty for all sites. The assessment based on publicly
available sources was confirmed through correspondence
with the Office of the Chief Dental Officer, Public Health
Agency of Canada, and there were no instances of contra-
dictory information. Individual survey respondents were
classified as fluoridated or non-fluoridated based on this
site-level information. Fluoridated was defined according fo
current national guidelines,” which, in practice, correspond
to arange of 0.5-0.8 mg/L. Non-fluoridated means no
fluoride is added to the water supply, and natural fluoride
levels are below 0.5 mg/L.

Second, mean urinary fluoride concentration for fluoridat-
ed and non-fluoridated groups was compared, both as
crude weight per volume of urine (ug fluoride/L urine) and
adjusted for urinary creatinine (e.g., ug fluoride/g creati-
nine). Urinary creatinine is commonly used for adjustment
of spot urine samples because ifs 24-h production and
excretion rates are relatively constant,” and can thus help
adjust for the effects of urinary dilufion, some differences in
renal function, and lean body mass.’

Third, ordinary least squares (OLS) regression was used to
measure the relation between urinary fluoride level (umol/L
and ug fluoride/g creatinine) and fluoridation status (yes/
no) based on data collection site and the covariates age,
sex, highest level of household education, home ownership,
language spoken af home, presence of a chronic health
condition and water consumption. (Note: water consump-
tion is based on respondents’ reports of the number of times
per day they drink water. Based on that information we
created three approximately equal sized groups [tertiles]

to roughly represent higher, medium, and lower water
consumption). It is especially important to fake age info
account, because the ratio of intake to excretion of fluoride
varies with age.’

If an association between fluoridation status and fluoride
estimates from urine is detected, it is important to consider
whether the association reflects fluoridated drinking water
versus something else that is systematically influencing
urinary fluoride estimates in regions classified as fluoridat-
ed. To do that, an exposure variable was created using
household interview data to identify those who reported
that they usually drink tap water (versus bottled or other
water); do not do anything fo treat their drinking water; and
have lived in their current home for at least 2 years. (Note:
2 years is a limited and somewhat arbitrary cutoff point,
selected to achieve a balance between some residential
exposure and retaining an adequate sample size. Ideally
one would use lifetime exposure, if available). If there fruly
is an association between fluoridation status and fluoride

estimates from urine, that association should be stronger
among the subset of people identified by this new variable.
Urinary fluoride was regressed on fluoridation status based
on data collection site (yes/no), new exposure variable
(yes/no) and the interaction of these 2 variables, unadjusted
and adjusted for covariates.

Finally, home postal codes and Statistics Canada’s Postal
Code Conversion File (corresponding to 2011 census
geography) were used to identify the communities of
residence represented in the survey. For each province
included in the CHMS, the list of communities was sent to
that province's representative on the Federal/Provincial/
Territorial Dental Working Group, with a request for informa-
tion on fluoridation status in 2009-2011. Information received
was used fo reclassify (if necessary) each respondent as
fluoridated or non-fluoridated, and the implications of
reclassification based on this more precise geography were
explored.

All analyses incorporated the sampling weight provided for
the environmental urine subsample, which accounts for the
complex sampling procedure. The variance estimates were
computed using the conservative booftstrapping procedure.
Stata software (StataCorp, College Station, Texas) was used.

Results

Analyses are based on 2393 participants for whom
complete data on study varibles was available (93% of the
full environmental urine subsample). Of the 18 data collec-
tion sites, 9 were determined to have fluoridated water and
9 did not (Table 1). Table 2 shows descriptive stafistics for the
study sample.

Simple mean comparison of urinary fluoride levels
revealed a statistically significant difference between
respondents classified as fluoridated (mean = 40.8 umol/L,
standard error [SE] 2.46 umol/L, 95% confidence interval
[CI] 35.5-46.1 umol/L) versus non-fluoridated (mean =

24.7 ymol/L, SE 1.20 ymol/L, 95% Cl 22.1-27.3 umol/L) based
on data collection site (p < 0.05).

Table 3 shows the association between urinary fluoride level
(umol/L) and fluoridation status based on data collection
site (yes/no) from regression analyses, unadjusted (middle
column) and fully adjusted (right hand column). A positive
effect of fluoridation remains statistically significant in the
adjusted model.

For both mean comparisons, and the regression analyses,
the effects described above were robust for creatinine-ad-
justed fluoride and log-transformed values of crude and
creatinine-adjusted fluoride levels.

The OLS regression that incorporated the exposure variable
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(usually drink fap water, do noft treat their water, have lived
in their current home for 2 or more years) showed a stafisti-
cally significant interaction between exposure and fluorida-
tion status: coefficient from fully adjusted model = 13.1, SE
(bootstrapped) 2.9, 95% Cl 6.7-19.4 (p < 0.01). Stratifying by
exposure, the association between fluoridation status and
urinary fluoride was statistically significant in both exposed
(fully adjusted model coefficient = 24.0, SE 4.1, 95% CI
15.3-32.8, p < 0.01) and non-exposed groups (fully adjusted
model coefficient = 11.1, SE 3.1, 95% CIl 4.3-17.8, p < 0.05).
The magnitude of the effect is larger in the exposed group,
although the 95% Cls overlap.

Based on home postal code, survey respondents repre-
senfed 216 communities. Information about fluoridation
status was obtained for 62 (29%) of these. Of these, only 5
communities (all rural) would be classified differently based
on the more precise geographic information. Because of
the very small number of communities for which reclassifica-
tion would make any difference, the initial intention to re-run
urinary fluoride comparisons based on reclassifications was
deemed unecessary.

Discussion

Findings suggest that fluoridation status based on data
collection site, which seems quite crude, is reasonably
accurate when compared with fluoride from urine, in the
context of alarge national Canadian population-based
survey of both urban and rural residents. This statement is
based on the statistically significant differences in mean
urinary fluoride level between survey respondents classified
as fluoridated versus non-fluoridated based on data collec-
tion site, which was robust to adjustment for covariates and
was somewhat stronger among exposed (based on tap
water consumption and residential history) versus non-ex-
posed subpopulations.

In addition to supporting the findings of our earlier paper,®
where we used a site-based measure of exposure, these
results are important in ferms of options for monitoring
fluoridation status at the population level. Specifically,
population-based research on fluoridation exposure can be
undertaken even in the absence of biomarker data, which is
expensive and logistically complex to collect, as long as one
has a general idea of each individual’s area of residence.

A secondary objective of this study was to assess the added
value of using more precise geographic information (home
postal code) to classify fluoridation status. A noteworthy
finding (although somewhat unexpected) was that it was
not at all easy to obtain information on fluoridation status for
communities in Canada. Of the 7 provinces represented in
the survey, only 4 were able to provide some information,

Table 2 Descriptive stafistics (weighted) for those included in the
study sample (n=2393)

Variable Mean (SD) or %

Fluoride in urine sample, umol/L 33.6 (25.3)
F.Iuoridcn‘ior) status based on data collection 55.4%

site (% fluoridated)

Age, years 38.4 (20.0)
Sex, % female 50.1%
Household education

High school graduation* 21.7%
College or vocational certificate or diplomat | 37.2%
University bachelor’s degreet 29.4%
University degree beyond bachelor’s 1.7%
degree§

Home owngrship (% participants living in a 22 5%
home that is owned v. rented)

Language spoken at home

English 66.1%
French 20.5%
Other 13.4%

1 or more chronic conditions (% yes) 58.1%
Times per day drink water (tertile)¥ 32.2%

*Graduated from high school (secondary school); may have had some
post-secondary education but no completed credentials.

tTrade certificate or diploma from a vocational school or apprenticeship
fraining; non-university. certificate or diploma from a community college,
CEGEP, school of nursing, etc.

fBachelor's degree from a university or a completed university certificate
below bachelor’s level.

§University degree or certificate above bachelor's degree (e.g., master’s
degree, PhD, professional degree above a bachelor's degree).

¥ Respondents reported the number of times per day that they drink water.
We divided this variable info three approximately equal sized groups (fertiles).

either specific information about the communities or a link
to aresource (e.g., http://gis4.natr.gov.ns.ca/website/
nsgroundwater/viewer.htm). Conversations with provincial
representatives revealed that, in some cases, this reflects
limitations on data-sharing across ministries or agencies,
such that databases that could link public water systems to
postal codes may be incomplete, inaccessible or simply not
exist.

Based on the subset of communities for which fluoridation
status was available, it appears to make little difference
whether data collection site (crude) or geographic
community of residence (more precise) is used fo assign
fluoridation status: only 5 communities (of 62), all rural, would
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Table 3 Results of ordinary least squares regression (n=2393), with urinary fluoride (umol/L) regressed on fluoridation status (based on data
collection site) and covariables, unadjusted effects and effects from fully adjusted model.

Predictor variable

Constant

Unadjusted effect

Coefficient (bootstrap standard error), 95% confidence interval

Adjusted effect

28.0

Fluoridation (yes v. no)*

16.1 (2.8), 10.0 to 22.21

13.8 (3.3), 6.7 t0 20.81

Age (contfinuous)

0.04 (0.03), -0.02 to 0.10

0.13 (0.04), 0.04 to 0.22t

Sex (female v. male)

-4.3(1.9), -8.4 to -0.15%

-3.1(2.1),-7.6t0 1.4

Household education
(ref.: High school graduation§)

College or vocational cerfificate or diplomaf

0.63 (2.9), -5.7t0 7.0

-1.5(2.7), 7.3 0 4.3

University bachelor’s degree**

-1.5(2.9), -7.8 t0 4.7

-2.6 (2.6), -8.1 f0 3.0

University degree beyond bachelor’stt

11.0 (6.3), =2.7 to 24.7

6.7 (5.9), 6.2 10 19.6

Home ownership (live in a home that is owned v. rented)

-3.8 (1.4), -7.2 to —0.38%

-6.0 (1.7), =9.8 to -2.2t

Language spoken at home (ref.: English)

French

-13.9 (2.2), -18.6 to =9.2t

-5.7 (2.5), -11.2 fo -0.25}

Other

0.66 (5.2), -10.6 to 11.9

0.15(3.9), -8.2t0 8.5

Chronic condition (yes v. no)

~1.6 (2.8), -7.7 to 4.5

-2.7 (2.8), -8.8 10 3.3

Top tertile of fimes/day drink water v. bottom 2 tertiles*

-0.92 (3.1), -7.7t0 5.9

-2.2(28), -8.210 3.9

*A statistically significant effect of fluoridation (based on site of data collection) is also observed with creatinine-adjusted level of fluoride in urine, and log-trans-
formed values of crude fluoride level and creatinine-adjusted fluoride level, used as outcome variables.

tp <0.01.
Ip <0.05.

§Graduated from high school (secondary school); may have had some post-secondary education but no completed credentials.

f[Trade certificate or diploma from a vocational school or apprenticeship fraining; non-university. certificate or diploma from a community college, CEGEP,

school of nursing, etc.

**Bachelor’s degree from a university or a completed university certificate below bachelor’s level.

ttUniversity degree or certificate above bachelor’s degree (e.g., master’s degree, PhD, professional degree above a bachelor’'s degree).
¥ Respondents reported the number of times per day that they drink water. We divided this variable into three approximately equal sized groups (tertiles).

have been classified differently. Based on the difficulty of
securing fluoridation information at the community level,
this is good news. However, because of these difficulfies,
information was only obtained for fewer than a third of
communities (62 of 216), and the discrepancy may have
been larger if it were based on all communities.

Even if more precise geographic information has little
added value for population-based fluoridation research,
there may still be a reason to work foward a system where
fluoridation information is readily available at a small area
level in Canada. Such a resource would allow dental profes-
sionals to know and inform patients about local fluoride
levels and to assist with tfreatment planning. Furthermore, it
could permit members of the public to easily find reliable
information about the fluoride content of their tap water,
including how it fits info Health Canada safety guidelines.”
There are excellent existing systems from which we could
learn, such as the Water Fluoridation Reporfing System in

the United States'' and the database of fluoridated local
council areas in New South Wales, Australia.'?

An important study limitation is the use of spot urine samples,
which are vulnerable to fluctuations.t The creatfinine-ad-
justed estimates help offset this limitation fo some extent.
Another limitafion is the absence of information on the use
of supplemental fluoride or fluoride toothpaste and, thus, the
role of these important potential confounders is unknown.
Finally, findings are of limited ufility for individual-level
risk-factor analysis, such as fluoride intake and fluorosis risk.
Strengths of the study include the use of a large, nationally
representative sample, high-quality data and rigorous
analysis.

In conclusion, these findings may be useful to dental public
health researchers and those engaged in public health
surveillance, because they inform efficient and reasonably
accurate options for monitoring fluoridation status in populao-
fions.
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