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Abstract
Purpose The purpose of this study was to examine the
association between fluoride levels in public drinking water
and childhood and adolescent osteosarcoma in Texas; to
date, studies examining this relationship have been equivocal. Using areas with high and low naturally occurring
fluoride, as well as areas with optimal fluoridation, we
examined a wide range of fluoride levels in public drinking
water.
Methods This was a population-based case–control study,
with both cases and controls obtained from the Texas
Cancer Registry. Eligible cases were Texas children and
adolescents \20 years old diagnosed with osteosarcoma
between 1996 and 2006. Controls were sampled from
children and adolescents diagnosed with either central
nervous system (CNS) tumors or leukemia during the same
time frame. Using geocoded patient addresses at the time
of diagnosis, we estimated patients’ drinking water fluoride
exposure levels based on the fluoride levels of their residence’s public water system (PWS). Unconditional logistic
regression models were used to assess the association
between osteosarcoma and public drinking water fluoride
level, adjusting for several demographic risk factors.
Results Three hundred and eight osteosarcoma cases, 598
leukemia controls, and 604 CNS tumor controls met
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selection criteria and were assigned a corresponding PWS
fluoride level. PWS fluoride level was not associated with
osteosarcoma, either in a univariable analysis or after
adjusting for age, sex, race, and poverty index. Stratified
analyses by sex were conducted; no association between
PWS fluoride level and osteosarcoma was observed among
either males or females.
Conclusions No relationship was found between fluoride
levels in public drinking water and childhood/adolescent
osteosarcoma in Texas.
Keywords Childhood osteosarcoma  Fluoridation 
Cancer epidemiology  Public drinking water

Introduction
Osteosarcoma is a rare malignant bone tumor which affects
primarily the long bones, the incidence of which peaks
around puberty [1]. Ionizing radiation is the only environmental risk factor consistently shown to be associated
with osteosarcoma [2]. However, it is biologically plausible that exposure to fluoride could be associated with
osteosarcoma, since fluoride is deposited in bone and is
known to increase cell division [3, 4].
Drinking water is the most significant source of fluoride
exposure in the USA [3], due in large part to fluoridation of
public water systems (PWSs). Community water fluoridation is considered to be an effective public health strategy
for preventing tooth decay [5]; however, some opponents
have suggested a relationship between fluoridation and
adverse health outcomes, including osteosarcoma. Several
studies have examined the association between exposure to
fluoride in drinking water and osteosarcoma, and results
have been inconsistent. A majority of these studies did not
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find an association between exposure to low levels of fluoride (such as the amount added to fluoridated public water
systems) and increased risk of osteosarcoma [6–10].
However, two ecologic studies [11, 12] and one case–
control study [13] found associations between fluoridated
drinking water and osteosarcoma in male children.
The purpose of this study was to examine the association
between fluoride levels in public drinking water and
osteosarcoma among children and adolescents 0–19 years
of age (childhood osteosarcoma) in Texas. Because Texas
contains both areas with high and low naturally occurring
fluoride, as well as areas that optimally fluoridate [14], it is
an ideal location to examine a wide range of fluoride levels
in public drinking water systems.

Methods
Study design and selection criteria
This was a population-based case–control study. Eligible
cases included Texas children and adolescents (0–19 years
of age) reported to the Texas Cancer Registry (TCR) who
were diagnosed with primary malignant osteosarcoma
(International Classification of Childhood Cancer (ICCC)
group VIIIa) between 1 January 1996 and 31 December
2006, and who had sufficient residence address information
for geocoding. This study was approved by the Texas
Department of State Health Services (DSHS) Institutional
Review Board (IRB#1).
Referents were sampled from Texas children and
adolescents (0–19 years old) reported to the TCR who
were diagnosed with either central nervous system (CNS)
tumors (ICCC Group III) or leukemias (ICCC groups I a
and b) during the same time frame. These cancers were
selected as referents/controls because an association
between fluoride exposure and either of these cancers
does not seem to be biologically plausible, and no literature could be found linking fluoride exposure with either
cancer. Referents were sampled at a 4:1 control/case ratio;
two childhood CNS tumor controls and two childhood
leukemia controls were randomly selected for each
childhood osteosarcoma case. Density (or risk-set) sampling was used to select referents from the TCR, which
involved selecting controls that were at risk of being
diagnosed with osteosarcoma for at least as long as a
corresponding case [15]. For example, if a case patient
was diagnosed at age 9, density-sampled referents for this
case were randomly selected from all potential referent
patients diagnosed at age 9 or later.
For both cases and referents, the tumor of interest (osteosarcoma for cases, CNS tumors or leukemias for referents) had to be either the first or only incident of cancer in
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order for the child or adolescent to be included in the study.
Children or adolescents with these tumors occurring as
second or later tumors were excluded from the study, as
were children and adolescents with multiple primary
tumors.
Study data
Geocoded address information at the time of diagnosis for
both osteosarcoma cases and CNS tumor and leukemia
referents were mapped onto certificates of convenience and
necessity (CCN) water service area boundary shapefiles,
which helped to determine the PWS servicing each residence. Additional information on PWS locations were
obtained from the Texas Commission on Environmental
Quality (TCEQ) Water Utility Database (WUD). Average
and highest fluoride levels for each PWS during some or all
of the time frame of interest (1996–2006), depending upon
availability, were then determined using data from CDC’s
Water Fluoridation Reporting System (WFRS). Because
many PWSs had multiple fluoride values associated with
them over the time period of interest, average fluoride
values were calculated for each PWS. The highest fluoride
value for each PWS was also obtained.
Each patient’s fluoride exposure level was estimated
based on the fluoride level of their residence’s PWS. Cases
and referents who resided in an area outside the boundaries
of any PWS (e.g., on well water) were excluded from
analysis. For public water systems that fluoridated (added
fluoride to the drinking water) during the time period of
interest, cases or selected referents diagnosed less than
5 years after fluoridation started at their residence were
excluded from analysis, in order to fulfill the criterion of
temporality.
Statistical methods
Demographic characteristics of the two different cancer
referent groups (childhood CNS tumor patients and childhood leukemia patients) were first compared, to determine
whether any significant demographic differences existed
between these two control groups. The T tests were used
for continuous variables, and Chi-square tests were utilized
for categorical variables. Demographic characteristics of
childhood osteosarcoma cases were also evaluated.
The exposure variable of interest in our analysis was
patients’ average PWS drinking water fluoride level. The
highest PWS fluoride value for each residence was also
examined as a secondary exposure variable. Average and
highest PWS fluoride levels were examined as categorical
variables, with the following categories: low or sub-optimal fluoridation (0.0–0.6 ppm); optimal fluoridation
(0.7–1.2 ppm, determined by CDC’s fluoridation
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recommendations during the time period of cancer diagnosis in this study); and above-optimal fluoridation
(C1.3 ppm).
The proportion of cases and referents within each fluoride level category (sub-optimal, optimal, above optimal)
was first compared, using a Chi-square test, for both
average and highest fluoride levels. The relationship
between the source of fluoride in public drinking water
(natural fluoridation vs. artificial fluoridation with fluorosilicic acid) and osteosarcoma was also assessed using a
Chi-square test. Next, unconditional logistic regression
analyses were conducted to determine the association
between average PWS fluoride level and diagnosis of
childhood osteosarcoma. Both crude and adjusted analyses
were performed, and odds ratios (ORs) and corresponding
95% CIs were calculated. In the adjusted logistic regression models, covariates included age as a continuous
variable, and sex, race/ethnicity (White, Black, Hispanic,
and Other), and percent of census tract below poverty index
(\5, 5–9.9, 10–19.9, and C20 %) as categorical variables.
Because of previously reported sex differences in the
association between fluoride and osteosarcoma [11, 13], we
also conducted adjusted logistic regression analyses stratified by sex.

Results
The TCR contained 397 childhood and adolescent primary
malignant osteosarcoma patient records over the study time
frame. Records for 345 of these cases (87 %) were
geocodable. We then selected four times as many
geocodable referent cancer patient records (1,380 records;
690 from childhood brain cancer patients and 690 from
childhood leukemia patients). Out of a total of 1,725
geocodable case and control records, 1,663 (96.4 %) were
able to be assigned to a corresponding PWS with a known
fluoride level. An additional 153 patients were excluded
because the date of cancer diagnosis occurred either before
or less than 5 years after their corresponding PWS’s fluoridation start date. Therefore, a total of 1,510 individuals
were included in analyses; these included 308 childhood
and adolescent osteosarcoma cases, 604 childhood CNS
tumor referents, and 598 childhood leukemia referents.
Characteristics of the childhood CNS tumor and childhood leukemia referents are displayed in Table 1. There
were significant differences in age, race, sex, and poverty
index between the two referent groups. Because of these
differences, crude and adjusted regression analyses were
first conducted comparing osteosarcoma cases to each
referent group separately. However, the relationship
between fluoride levels and osteosarcoma did not differ
based on the referent group used; therefore, analyses

presented are for both referent groups combined. Demographic characteristics of the childhood osteosarcoma cases
in the analysis are also shown in Table 1 and are compared
with characteristics of all cancer referents (childhood CNS
tumor and childhood leukemia referents combined).
Average fluoride levels for PWSs analyzed ranged from
0.1 to 5.5 ppm. A Chi-square test showed no significant
differences between the proportion of cases and the proportion of referents within each of the fluoride level categories, when either using average PWS fluoride levels or
highest PWS fluoride levels as the exposure of interest
(V2 = 1.05, p = 0.59 and X2 = 0.73, p = 0.69, respectively). We also found no significant difference in the odds
of childhood osteosarcoma due to fluoride source
(V2 = 1.64, p = 0.20) (Table 2).
In crude logistic regression analyses, PWS fluoride level
was not associated with osteosarcoma, regardless of the
measure used (average or highest fluoride level). Controlling for age, sex, race, and poverty did not change these
results (overall p value for average PWS fluoride
level =0.60). Crude and adjusted odds ratios (ORs) of
childhood osteosarcoma for optimal and above-optimal
average PWS fluoride level categories, compared to the
referent low/sub-optimal average fluoride level category,
are shown in Table 3.
Stratified analyses by gender indicated no statistically
significant association between average fluoride levels in
public drinking water and osteosarcoma among either
males or females (Table 4). A slight increase in odds of
childhood osteosarcoma was observed at above-optimal
PWS fluoride levels of 1.3 ppm or greater (compared to
low/sub-optimal fluoride levels) among boys, but this
association was not statistically significant. Among girls, a
nonsignificant decrease in odds of osteosarcoma was
associated with optimal and above-optimal fluoride levels
(compared to the odds of osteosarcoma at sub-optimal
fluoride levels) (Table 4).

Discussion
No evidence of an association between PWS fluoride levels
and childhood osteosarcoma was observed in this study.
Overall, odds of childhood osteosarcoma did not increase
with increased PWS fluoride levels. Our finding of no
association between fluoride levels in public drinking water
and childhood osteosarcoma is consistent with a preponderance of case–control and ecologic studies on this topic
[6–10, 16, 17].
Although results shown focus on logistic regression
models with average PWS fluoride level (as a categorical
variable) as the exposure variable of interest, models were
also constructed using each PWS’s highest fluoride level
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Table 1 Demographic characteristics of childhood CNS tumor referents, childhood leukemia referents, and childhood osteosarcoma cases
Childhood CNS tumor
referents (n = 604)

Childhood leukemia
referents* (n = 598)

Childhood osteosarcoma
cases (n = 308)

p valuea (osteosarcoma cases
vs. combined referents)

Mean age (years)

13.9

14.4

13.5

0.05

Sex (% male)

52.3

59.0

57.8

0.50

Race (%)

0.25

White

54.8

38.8

41.9

Black

12.6

10.5

15.3

Hispanic

28.2

47.8

39.0

4.5

2.8

3.9

\5 %

22.3

18.9

22.3

5–9.9 %

22.9

17.7

23.1

10–19.9 %

25.6

28.9

25.6

C20 %

29.2

34.5

29.1

Other/missing
Poverty index (%)b

0.62

* Statistically significant differences (a = 0.05) were seen between CNS tumor referents and leukemia referents for all demographic characteristics shown: mean age: p = 0.01; sex: p = 0.02; race: p \ 0.0001; poverty index: p = 0.02
a

p values shown are the result of either a t test (for mean age) or a Chi-square test (for sex, race, and poverty index) comparing values between
childhood osteosarcoma cases and a combined referent group (childhood CNS tumor referents and childhood leukemia referents together)

b

Poverty index reflects percent poverty based on census tract

Table 2 Proportion of cases and referents within each fluoride level category (crude analysis) for average fluoride levels and highest fluoride
levels seen within each public water system (PWS) and by fluoride source, with corresponding Chi-square test statistics and p values
Osteosarcoma cases % (n)

CNS tumor and leukemia
referents % (n)

Average PWS fluoride level

1.05 (p = 0.59)

Low/sub-optimal

70.1 (n = 216)

67.2 (n = 808)

Optimal
Above optimal

22.7 (n = 70)
7.2 (n = 22)

25.5 (n = 306)
7.3 (n = 88)

40.9 (n = 126)

39.3 (n = 472)

Highest PWS fluoride level
Low/sub-optimal

V2 value (p value)

0.73 (p = 0.69)

Optimal

36.4 (n = 112)

39.0 (n = 469)

Above optimal

22.7 (n = 70)

21.7 (n = 261)

Fluorosilicic acid

49.4 (n = 115)

54.1 (n = 471)

Natural

50.6 (n = 118)

45.9 (n = 400)

Fluoride sourcea (cases = 233, referents = 871)

1.64 (p = 0.20)

a

Information on fluoride source was missing for 406 individuals (75 cases and 331 referents). Percentages shown are for the remaining 1,105
individuals (233 cases and 871 referents) with valid fluoride source information

(as a categorical variable) as well as continuous variables
for average and highest fluoride levels as exposure variables. No significant association between PWS fluoride
level and osteosarcoma was found for any of these models.
In addition, given that PWS fluoride concentration was a
group-level measure (not able to be measured at the individual level), we assessed the degree of spatial autocorrelation in our regression results by calculating Moran’s I for
Chi-square residuals. No significant spatial autocorrelation
was observed (Z = -0.94, p = 0.35).
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Our study found no significant association between PWS
fluoride levels and odds of osteosarcoma among either boys
or girls. One previous case–control study [13] reported a
significant association between their high-exposure fluoride
category in drinking water ([99 % of target fluoride content) and childhood osteosarcoma among boys 6–8 years of
age, with a peak at 7 years of age (adjusted OR = 5.46;
95% CI = 1.50–19.90). Adjusted ORs for the high-exposure category among boys of different ages in Bassin et al.
ranged from approximately 1.7–5.5. No significant
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Table 3 Crude and adjusted odds ratios (ORs) for osteosarcoma for optimal and above-optimal average fluoride level categories, compared to
the referent category (low/sub-optimal fluoride level), and corresponding 95% confidence intervals (CIs), and p values
Average PWS fluoride level

OR

95% CI

p value
0.59a

Crude estimates
Low/sub-optimal (0–0.6 ppm)

1.00 (referent)

–

Optimal (0.7–1.2 ppm)

0.86

(0.63, 1.16)

–
0.31

Above optimal (C1.3 ppm)

0.94

(0.57, 1.53)

0.79

Adjusted estimatesb

0.60a

Low/sub-optimal (0–0.6 ppm)

1.00 (referent)

–

–

Optimal (0.7–1.2 ppm)
Above optimal (C1.3 ppm)

0.85
0.96

(0.62, 1.16)
(0.58, 1.58)

0.31
0.88

a

p value for the average fluoride level variable as a whole (type 3 analysis result, which is used to test significance of the overall categorical
variable)

b

Adjusted for age, sex, race/ethnicity, and percent of census tract below poverty index

Table 4 Adjusted odds ratios
(ORs) and corresponding
95% CIs for childhood
osteosarcoma, stratified by sex

Average PWS fluoride level

ORa

95% CI

p value
0.71b

Boys (cases = 178, controls = 669)
Low/sub-optimal (0–0.6 ppm)

1.00 (referent)

–

–

Optimal (0.7–1.2 ppm)

1.03

(0.68, 1.55)

0.89

Above optimal (C1.3 ppm)

1.31

(0.70, 2.46)

0.41
0.16b

Girls (cases = 130, controls = 533)
Low/sub-optimal (0–0.6 ppm)

1.00 (referent)

–

–

Optimal (0.7–1.2 ppm)

0.68

(0.42, 1.09)

0.11

Above optimal (C1.3 ppm)

0.58

(0.25, 1.36)

0.21

ORs shown for optimal and above-optimal average fluoride level categories are compared to the referent
category (low/sub-optimal fluoride level)
a

Odds ratios adjusted for age, sex, race/ethnicity, and percent of census tract below poverty index

b

p value for the average fluoride level variable as a whole (type 3 analysis result, which is used to test
significance of the overall categorical variable)

association was observed among girls, although adjusted
ORs for the high-exposure fluoride category at different
ages appeared to range from 1.0 to 2.5 [13]. Effect sizes
observed for both boys and girls in our study were lower
than the effect sizes reported in Bassin et al. Our highest
PWS fluoride exposure category (above-optimal PWS fluoride levels) was associated with a protective effect among
girls (OR = 0.58, 95% CI = 0.25–1.36), compared to suboptimal drinking water fluoride levels, although this result
was not statistically significant. The overall adjusted OR
for our study’s highest PWS fluoride exposure category
among boys was 1.31 (95% CI = 0.70–2.46). We also
conducted logistic regression analyses among older boys
stratified by age category (6–8, 9–12, 13–15, and 16?);
adjusted ORs for the above-optimal PWS fluoride level
category for these age groups ranged from 0.5 to 1.6, with
an OR of 1.2 observed among boys 6–8 years of age (data
not shown). The effect sizes observed in our analysis were
much lower than those reported among boys of comparable
ages in Bassin et al. [13]. In addition, the findings of the

Bassin et al. study were based on preliminary results, and
an analysis of bone fluoride concentrations (rather than
drinking water fluoride) for a second set of patients from
the same source yielded no significant association between
bone fluoride levels and risk of osteosarcoma [18, 19].
Hoover et al. [12] analyzed SEER incidence data and
found that childhood osteosarcomas appeared to be more
prominent in fluoridated areas than in non-fluoridated
areas; however, the increases in osteosarcoma observed in
fluoridated areas were not related to the timing of fluoridation and were thus not thought to be due to fluoridation
of public drinking water [12].
This study included a larger number of childhood
osteosarcoma cases (n = 308) than any other case–control
study of childhood osteosarcoma and fluoride in drinking
water to date. Our inclusion of four times as many controls
(1,202 individuals) resulted in a large sample size for this
analysis, which helped increase precision of results and
increased our power to detect potential differences in
incidence of childhood osteosarcoma among the different
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fluoride level categories. Also, the dataset included a wide
range of fluoride levels in study participants’ public
drinking water, including naturally occurring levels above
the optimal fluoride level. Because of this, our study was
able to examine optimal and above-optimal PWS fluoride
level categories separately, which has not previously been
analyzed in other case–control studies of drinking water
fluoride levels and osteosarcoma [9, 10, 13].
Limitations of this study include the assumption that
fluoride levels of the public water systems serving the
individuals’ residences were indicative of fluoride levels in
the water regularly consumed prior to being diagnosed with
cancer. Since this study was a secondary data analysis, it
was unknown how long each child had lived at their residence before being diagnosed with osteosarcoma or either
of the referent cancers. We also did not have information
on whether the children/adolescents in the analysis primarily drank tap water or bottled water.
This study used cancer referents, which had the potential
to introduce bias; specifically, the exposures of the referent
group(s) might not be representative of the general population. We attempted to detect/account for potential biases by
examining two different cancer types as referents (childhood
CNS tumors and childhood leukemias). The relationship
between PWS fluoride levels and osteosarcoma was the same
for both of the referent groups used.
In conclusion, this study found no association between
fluoride levels in public water systems and risk of childhood osteosarcoma in Texas. This is consistent with findings from a majority of studies on this topic. Our results
add to the body of evidence indicating that optimally fluoridated drinking water does not increase the risk of
osteosarcoma in children.
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