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A B S T R A C T

Introduction: It has been suggested that fluoride in drinking water may increase the risk of osteosarcoma

in children and adolescents, although the evidence is inconclusive. We investigated the association

between community water fluoridation (CWF) and osteosarcoma in childhood and adolescence in the

continental U.S.

Methods: We used the cumulative osteosarcoma incidence rate data from the CDC Wonder database for

1999–2006, categorized by age group, sex and states. States were categorized as low (�30%) or high

(�85%) according to the percentage of the population receiving CWF between 1992 and 2006.

Confidence intervals for the incidence rates were calculated using the Gamma distribution and the

incidence rates were compared between groups using Poisson regression models.

Results: We found no sex-specific statistical differences in the national incidence rates in the younger

groups (5–9, 10–14), although 15–19 males were at higher risk to osteosarcoma than females in the

same age group (p < 0.001). Sex and age group specific incidence rates were similar in both CWF state

categories. The higher incidence rates among 15–19 year old males vs females was not associated with

the state fluoridation status. We also compared sex and age specific osteosarcoma incidence rates

cumulated from 1973 to 2007 from the SEER 9 Cancer Registries for single age groups from 5 to 19. There

were no statistical differences between sexes for 5–14 year old children although incidence rates for

single age groups for 15–19 year old males were significantly higher than for females.

Conclusion: Our ecological analysis suggests that the water fluoridation status in the continental U.S. has

no influence on osteosarcoma incidence rates during childhood and adolescence.

� 2011 Elsevier Ltd. All rights reserved.
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1. Introduction

Osteosarcoma, a rare primary malignant bone tumour, is the
sixth leading cancer in children under age 15 [1]. It is slightly more
common in males, with an annual incidence rate in the United
States of 5.4 cases per million for males under 20 years of age and
4.0 per million for females of the same age group [2]. The aetiology
of osteosarcoma is largely unknown although it has been
suggested that fluoride intake may be linked to an increased
incidence of osteosarcoma in children and adolescents.

The epidemiological evidence on the relationship between
fluoride exposure and osteosarcoma has been reviewed extensively
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by various scientific organizations [3–8]. Overall, animal and
human studies are inconclusive and contradictory, showing a
positive association in some (more cancers), negative in others
(less cancers) while others showed no association [5]. Several
studies have examined bone cancer incidence rates and time trends
in fluoridated and non-fluoridated water in various geographical
areas [9–15]. In general, these studies highlight the scarcity of
information regarding the relationship between fluoride and
osteosarcoma during childhood and adolescence, and some did
not differentiate between other types of bone cancers and
osteosarcoma [11,14,15].

A more recent population-based study has compared age-
specific incidence rates of osteosarcoma between the Republic of
Ireland, where approximately 70% of the population receives
fluoridated water, and Northern Ireland, where water fluoridation
is not implemented, to establish if differences in incidence
between the two regions could be related to their different
drinking water fluoridation policies. No significant differences
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were observed in incidence rates between fluoridated and non-
fluoridated regions [16]. However, this study did not provide any
statistical analysis for specific age groups under 25 years.

Interest in the potential carcinogenicity of fluoride has
resurfaced following the findings of a case–control study which
explored the association between fluoride exposure in drinking
water and osteosarcoma diagnosed before the age of 20 years [17].
This study reported that males with osteosarcoma were signifi-
cantly more likely to have been exposed to fluoride in drinking
water compared to matched controls, demonstrating a peak in the
odds ratios from 6 to 8 years of age. The association was not
apparent among females [17]. The authors of the paper as well as
other researchers cautioned that the study’s many methodological
deficits limit the conclusions that can be drawn from it [7,18]. More
recently, results of a second set of cases recruited from the same
source have been published [19]. No significant difference in bone
fluoride content between incident osteosarcoma cases and non-
osteosarcoma bone tumour controls was found in this case–control
study, albeit without specificity to those less than 20 years of age.

An important source of dietary fluoride in U.S. children comes
from drinking water [20]. According to the U.S. Environmental
Protection Agency analysis, the relative source contribution values
for drinking water range from 40% to 60% among 1 to 14 year olds
[20]. The percentage of the U.S. population which received
fluoridated water from public water systems whether artificially
adjusted by the community at levels of 0.7–1.2 mg/L, or naturally
occurring at 0.7 mg/L or higher, increased from 48.8% in 1975 to
61.5% in 2006 [21]. Levels of 0.7–1.2 mg/L are considered optimal
for dental benefits, depending on the average maximum daily air
temperature of the area [22]. Of the population receiving
fluoridated water, in 1992, 93% received water with artificially
adjusted fluoride levels, the rest had naturally fluoridated water at
varying concentrations [7]. Approximately 4.7% of those receiving
fluoridated water were served by naturally fluoridated water at
concentrations lower or equal to 1.2 mg/L, 1% had natural
concentrations between 1.3 and 1.9 mg/L and another 1% had
between 2.0 and 3.9 mg/L [7]. Barely 0.14% had natural concentra-
tions equal to or exceeding 4.0 mg/L [7]. In addition to the
aforementioned populations that receive fluoridated water from
public systems, an estimated 14% of the U.S. population obtained
their domestic water from private wells in 2005 [23]. Little
information is available on the fluoride content of private wells but
the variability is expected to be high and dependant on the region
of the U.S. [7]. Other important contributors to total daily dietary
fluoride intakes are commercial beverages prepared with water
from fluoridated water systems, which are available in both
fluoridated and non-fluoridated areas, and foods, to varying
degrees [23]. Toothpaste ingestion also contributes to total fluoride
intake, especially in children under 4 years old who do not have the
ability to spit it out properly [24].

Conducting observational epidemiologic studies (with a cohort
or case–control design) to test the hypothesis of an association
between fluoride in drinking water and osteosarcoma implies
major challenges, such as very few cases and the correspondingly
wide confidence intervals of the relative risk estimates, difficulty in
characterizing biologic doses because of the ubiquitous presence of
fluoride, assessment of exposure, and obtaining bone samples to
assess exposure. Therefore, ecological studies like the present one
can add useful information to the existing body of knowledge.

While more well-designed observational studies with adequate
exposure assessment will eventually be developed, the availability
of administrative data permits us to realize this ecological study.
The intention of this paper is to explore the hypotheses: that the
percentage of the population on public water systems receiving
fluoridated water correlates with sex, age and state-specific rates
of osteosarcoma incidence in continental U.S. children and
adolescents; that young males are more at risk to osteosarcoma
than females.

2. Materials and methods

Population-based cumulative incidence data of osteosarcoma
was obtained for 1999–2006 from the U.S. Cancer Statistics
available through the Centers for Disease Control and Prevention
(CDC) Wonder public health information system [25]. This on-line
programme provides incidence data for the vast majority of the
U.S. population with the exception of the District of Columbia,
1999–2006; Maryland 2000–2001, 2004–2005; Mississippi 1999–
2002; South Dakota 1999–2000; Tennessee 1999–2003; Virginia
1999–2002; and Wisconsin 1999–2006. Sex-specific data were
obtained for three age groups: 5–9, 10–14, and 15–19 year olds.
Data for 0–4 year old children were unavailable, being very low
and suppressed from the CDC Wonder database for confidentiality
reasons. We expressly excluded Hawaii data from our analysis
because of potential bias from environmental, geological, and
hereditary factors particular to this state.

We first identified osteosarcoma incidence rates occurring in
the continental U.S. between 1999 and 2006, categorized by age
group and sex. The osteosarcoma incidence rate is the number of
new osteosarcoma cancers occurring in a specified population
during a year, usually expressed as the number of cancers per
100,000 population at risk. In a second step, we dichotomized the
states according to the percentage of the population receiving
community water fluoridation (CWF): states in which 30% or less
of the population received fluoridated water between 1992 and
2006 consistently (low CWF states) and those in which 85% or
more of the population met the same criteria (high CWF states).
These cut-off points provided the greatest spread between the two
categories while maximizing the available populational data. The
age and sex specific incidence of osteosarcoma was recorded in
each CFW category. Data regarding estimated percentage of the
population served by community water systems who received
naturally occurring or adjusted fluoridated water by state in 1992,
2000, 2002, 2004, 2005 and 2006 were obtained from the National
Oral Health Surveillance System, developed with the collaboration
of the CDC and the Association of State and Territorial Dental
Directors [26,27]. Montana was included among the four states in
which 30% or less of the population received fluoridated water
between 1992 and 2006 (California, New Jersey, Oregon and
Montana) because the fluoride level remained under 30% from
1992 to 2005 but briefly increased from 29.4% to 31.3% between
2005 and 2006. The states corresponding to each of the CWF
categories are indicated under Table 1.

Confidence intervals for the US Cancer Statistics’ incidence rates
were calculated using the Gamma distribution method. The
incidence rates were then compared between groups using Poisson
regression models taking into account age, sex and community
water fluoridation status, as the case may be. All data analyses
were performed using SAS statistical software. All 5% or lower p-
values are considered to be statistically significant.

As a complementary analysis, we also compared sex and age
specific incidence rates for ages 5–19 extracted from the
surveillance, epidemiology and end results (SEER) public-access
database of the National Cancer Institute [28] to test the
hypothesis that young males are more at risk to osteosarcoma
than females. Unlike the nationwide CDC Wonder database, SEER 9
Registries Database represents only about 9.5% of the U.S.
population, but provides data compiled from cases diagnosed
from 1973 through 2007 as compared with 1999 through 2006 for
CDC Wonder [29]. SEER*Stat software (version 6.6.2) was used to
calculate the sex-specific incidence rates for each single age
category [30]. Osteosarcoma cases were selected according to the



Table 1
Child and adolescent incidence of osteosarcoma in the continental United States and by state community water fluoridation (CWF) status,a cases diagnosed from 1999 to

2006, CDC Wonder database.

Sex Age Rate/106 (95% C.I.) p-Valueb Risk ratio (95% C.I.)

Overall incidence in the continental United States

Females 5–9 3.0 (2.6–3.4) Ref.

Males 5–9 2.9 (2.5–3.3) 0.59 (NS) 0.95 (0.79–1.14)

Females 10–14 8.5 (7.8–9.2) Ref.

Males 10–14 7.8 (7.2–8.5) 0.16 (NS) 0.92 (0.82–1.03)

Females 15–19 6.2 (5.6–6.8) Ref.

Males 15–19 11.2 (10.5–12.0) <0.001 1.81(1.62–2.03)

States with low CWF status (<30% population receive fluoridated water)c

Females 5–9 2.9 (2.1–4.0) Ref.

Males 5–9 3.1 (2.2–4.1) 0.33 (NS) 1.05 (0.69–1.60)

Females 10–14 9.9 (8.3–11.7) Ref.

Males 10–14 8.2 (6.8–9.8) 0.13 (NS) 0.83 (0.65–1.06)

Females 15–19 5.9 (4.6–7.3) Ref.

Males 15–19 11.5 (9.8–13.4) <0.001 1.95 (1.49–2.56)

States with high CWF status (>85% population receive fluoridated water)d

Females 5–9 3.1 (2.4–4.0) Ref.

Males 5–9 3.0 (2.3–3.9) 0.93 (NS) 0.99 (0.69–1.40)

Females 10–14 8.4 (7.2–9.7) Ref.

Males 10–14 7.8 (6.7–9.1) 0.50 (NS) 0.93 (0.75–1.15)

Females 15–19 6.3 (5.3–7.5) Ref.

Males 15–19 11.6 (10.2–13.1) <0.001 1.83 (1.48–2.26)

a State community water fluoridation (CWF) status from 1992–2006, National Oral Health Surveillance System, CDC.
b p-Value for the comparison between sexes from Poisson regression within the same age group and in the same geographic category.
c California, Oregon, New Jersey, and Montana.
d Connecticut, Georgia, Illinois, Indiana, Iowa, Kentucky, Michigan, Minnesota, North Dakota, Ohio, Rhode Island, South Carolina, South Dakota, and Tennessee.

Table 2
Comparison between states with high (>85%) and low (<30%) community water

fluoridation (CWF) status,a CDC Wonder database.

Sex Age CWF status p-Valueb Risk ratio (95% C.I.)

High Low

Females 5–9 3.1 2.9 0.81 (NS) 1.05 (0.71–1.56)

Males 5–9 3.0 3.1 0.95 (NS) 0.99 (0.67–1.45)

Females 10–14 8.4 9.9 0.15 (NS) 0.85 (0.68–1.06)

Males 10–14 7.8 8.2 0.70 (NS) 0.96 (0.76–1.21)

Females 15–19 6.3 5.9 0.60 (NS) 1.08 (0.82–1.43)

Males 15–19 11.6 11.5 0.93 (NS) 1.01 (0.83–1.23)

a State community water fluoridation (CWF) status from 1992 to 2006, National

Oral Health Surveillance System, CDC.
b p-Value for the comparison between the two State CWF categories from Poisson

regression within the same age group and the same sex.
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International Classification of Disease for Oncology (ICD-O-3) [31].
Seven of the nine SEER 9 registries were included in our analyses:
Atlanta, Connecticut, Detroit, Iowa, New Mexico, San Francisco-
Oakland, and Seattle-Puget Sound. The Seattle-Puget Sound and
Atlanta registries contributed data beginning in 1974 and 1975,
respectively. For regions represented in these SEER 9 registries,
major cities started receiving fluoridated water during the 1960–
1970’s period [32] although precise quantitative measurement of
fluoride in drinking water of all counties and municipalities
included in these registries is beyond the scope of this study. The
Hawaii and Utah registries were excluded from our analysis
because these two states had the lowest fluoridation status in the
United States with the exception of Nevada, which is not
represented in the SEER 9 registries. In Hawaii, the percentage
of the population having access to water fluoridation has been
consistently low over the past 40 years, reaching approximately
16% at its highest level around 1985, dropping to 8% by 2006
[21,26,33,34]. In Utah, only 3% or less of citizens have been serviced
by community water systems with optimal levels of fluoride, until
Utah started to add fluoride in drinking water in 2002 and this
percentage reached 54.3% in 2006 [21,26,33].

3. Results

Table 1 shows the 1999–2006 osteosarcoma incidence rates
between sexes by age group in the continental United States. The
results indicate that there are no statistical differences (p > 0.05)
between 5–9 year old males and females (2.9 cases/million vs 3.0
cases/million, respectively) as well as among 10–14 year olds (7.8
cases/million (males) vs 8.5 cases/million (females)). By contrast,
the incidence rate of osteosarcoma among 15–19 year olds is
statistically (p < 0.0001) higher in males than in females (11.2
cases/million vs 6.2 cases/million, respectively), which is reflected
by a risk ratio of 1.81, 95% C.I. 1.62–2.03.

Also shown in Table 1 are the incidence rates according to the
state community water fluoridation status (<30% vs >85% of the
state population receiving water fluoridation). Comparisons of sex-
specific incidence rates among 5–9 and 10–14 year olds in either
state CWF category do not reveal any statistical difference,
although once again 15–19 year old males had a significantly
higher osteosarcoma incidence rate than females in both high and
low CWF state categories. In Table 2, incidence rates between CWF
state categories do not reveal any statistical difference for all age
groups of the same sex, including 15–19 year olds.

As demonstrated in Table 3 and Fig. 1, the 1973–2007
osteosarcoma incidence rates do not show any statistically
significant difference between sexes from ages 5 to 14. From
age 15 to 19, rates among males are statistically higher than for
females. By contrast, higher incidence rates can be observed among
11 to 13 year old females, although these are not statistically
different from males of the same age range.

4. Discussion

From data extracted from the CDC Wonder database, our results
show relatively similar osteosarcoma incidence rates between
males and females in the 5–9 and 10–14 year old groups in the
continental United States. Likewise, we found similar incidence
rates between males and females in the 5–9 and 10–14 year old
groups in either high CWF or low CWF states. In fact, female
incidence rates were slightly higher in both groups but
not significantly. Statistically higher incidence rates found among



Table 3
Child and adolescent incidence of osteosarcoma in the continental United States by individual age, cases diagnosed from 1973 to 2007, SEER 9 Database.

Age (year) Male Female p-Value Risk ratio (95% C.I.)

Rate/106 Count Rate/106 Count

5 1.14 6 0.79 4 0.58 (NS) 1.44 (0.41–5.09)

6 1.13 6 0.60 3 0.36 (NS) 1.91 (0.48–7.63)

7 1.89 10 1.97 10 0.92 (NS) 0.96 (0.40–2.30)

8 2.11 11 3.20 16 0.29 (NS) 0.66 (0.31–1.42)

9 4.60 25 4.63 24 0.98 (NS) 0.99 (0.57–1.74)

10 5.98 33 4.38 23 0.25 (NS) 1.37 (0.80–2.33)

11 4.21 23 5.55 29 0.32 (NS) 0.76 (0.44–1.31)

12 7.49 41 8.39 44 0.60 (NS) 0.89 (0.58–1.37)

13 9.07 50 9.47 50 0.83 (NS) 0.96 (0.65–1.42)

14 10.25 57 8.83 47 0.45 (NS) 1.16 (0.79–1.71)

15 12.44 70 8.56 46 0.05 1.45 (1.00–2.11)

16 12.22 69 7.78 42 0.02 1.57 (1.07–2.31)

17 9.37 53 4.97 27 0.007 1.88 (1.19–3.00)

18 8.84 48 3.66 19 0.001 2.42 (1.42–4.11)

19 5.83 32 3.20 17 0.046 1.82 (1.01–3.28)

Hawaii and Utah registries were excluded.
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15–19 year old males were not associated with the state
fluoridation status. Comparing incidence rates between high
CWF and low CWF states of children of the same sex and of all
age groups also yielded markedly similar results, with non-
statistically significant differences. We performed a sensitivity
analysis by using various cut-off points to dichotomize state
according to CWF status (e.g.: 25% vs 75%) but in all cases, the
results we obtained were similar (unpublished data).

Similarly, our analysis from SEER 9 data shows similar
incidence rates between males and females between 5 and 14
years of age. We observed no evidence of ‘‘peaking’’ in male
incidence rates or risk ratio between ages 5 and 8 as was reported
in Bassin’s 2006 study [17]. By contrast, incidence rates among 15–
19 year old males were higher than for females, but as was
discussed before, this cannot be attributed to CWF status.

One area of concern is whether unequal fluoride intakes
between males and females could act as a possible confounder. It
could be argued that a lower intake of water by males could act to
decrease their osteosarcoma incidence rate if there is indeed a
causal relationship between the concentration of fluoride in water
and osteosarcoma. However, two nationwide studies have shown
that males generally had higher mean water intakes than females
during childhood and adolescence [35,36]. This difference was
statistically significant for all age groups after adjusting for factors
such as race, region, season, body weight, urban residence and age
[35]. Other published data show that girls in age groups ranging
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Fig. 1. Age and sex osteosarcoma age-specific incidence rates, cases diagnosed from

1973 to 2007, SEER 9 registry*. *Utah and Hawaii registries were excluded.
from 0 to 11 had consistently lower mean fluoride intake from all
sources than boys when expressed in either mg/day or mg/kg/day
[37]. These data are of significance to the interpretation of our
results, which do not support the hypothesis that males in any
childhood/adolescent age group are at higher risk of osteosarcoma
from fluoride in drinking water despite their apparently greater
water intake.

We also estimated the potential contribution from systems
delivering tap water with naturally occurring levels of fluoride from
1992 CDC data on population sizes receiving naturally fluoridated
water by state [38] and corresponding 1990 U.S. Census population
estimates by state [39]. Approximately 1.6% of the population in low
CFW states received naturally fluoridated water with fluoride levels
0.7–4.0 mg/L as compared to 2.7% of the population in high CFW
states. According to our calculations, percentages of the population
receiving naturally fluoridated water were higher in high CWF
states in all concentration ranges reported (�1.2 mg/L, 1.3–1.9 mg/L,
2.0–3.9 mg/L, �4.0 mg/L). Assuming that these percentages have
remained relatively stable from 1992 to 2006, natural fluoride levels
from public water systems would be an unlikely source of bias in the
examination of the association between fluoride and osteosarcoma
between CWF state categories (Table 2) because exposure is more
predominant in the (exposed) high CWF category, at all reported
concentration ranges. Also, since water consumption according to
sex would most likely be unaffected by access to water systems
distributing naturally occurring or adjusted fluoride levels, we
would also not expect our results to be affected when comparing
incidence rates between males and females of different age
groups within the same CWF category, between state categories
(Tables 1 and 2), or in continental U.S. (Table 3).

There are some typical limitations to our ecological study.
Firstly, problems inherent with the ‘‘ecological fallacy’’ are well
known. Such studies are based on aggregate population data rather
than individual data and lack the ability to control for the effects of
confounding factors at the individual level while such factors could
explain the observed results. For instance, we did not include the
contribution of private wells and bottled water, and their
individual fluoride concentrations in our analyses. Also, population
estimates of fluoride in drinking water do not reflect actual total
consumption by subjects. For example, the use of some home
water purifiers can lower fluoride intake. Also, beverages produced
in fluoridated and non-fluoridated areas use local tapwater and are
distributed throughout the country. Our study did not take into
account their contribution to fluoride intake. Nevertheless, despite
the limitations of ecological studies, they can provide useful
explanatory information when the outcome of interest is rare and
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that routinely collected data are available from a very broad
database.

5. Conclusions

We compared age and sex-adjusted osteosarcoma incidence
data among youth aged 5–19 years on a nationwide basis and
according to the state water fluoridation level. The results of our
study provide no evidence that young males are at greater risk than
females of the same age group to osteosarcoma from fluoride in
drinking water. While causality cannot be inferred from this
ecological analysis, our findings are consistent with the hypothesis
that community water fluoridation has no influence on the
development of osteosarcoma for either sex or age group during
childhood and adolescence.
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