APPENDIX 6-A. Kim review (includes discussion of Bassin 2006)

Chris Neurath

Two case-control studies of fluoride and osteosarcoma
Review of Kim et al. (2011) study; comparisons to Bassin et al. (2006)

A study by Bassin et al. [2006] found a strong link between fluoride (F) exposure and
osteosarcoma. A more recent study by Kim et al. [2011] failed to find an effect. The two
studies were part of a single larger overall project, but used two different data sets and
methods. Only one other substantial case-control study of fluoride and osteosarcoma
exists [Gelberg 1995], so the Bassin and Kim studies deserve careful scrutiny. Issues of
confounding, selection bias, criteria for controls, and statistical power, may explain the
different outcomes.

Both papers analyzed data from case-control subject sets recruited from metropolitan
tertiary care hospital orthopedics departments, but at different time periods: 1989-1992
for Bassin, 1993-2000 for Kim. Kim used bone F as the measure of exposure, while
Bassin used lifetime history of F exposures from water, F toothpaste and F supplements
to estimate age-specific exposure. Bassin matched on age, gender, and distance from
hospital, while only a small percentage of Kim’s subjects were matched on any variables.
Six key differences in the studies may explain the different results.

Confounding by age.

Kim’s study had low statistical power.

Kim combined sexes, reducing specificity.

Kim used no exposure-timing information.

Selection bias due to controls’ diseases potentially being affected by fluoride.
Possible confounding by geographic location.
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1. Confounding by age. Kim’s controls had a much older age distribution than cases
(median age 41.3 versus 17.6), yet had similar bone fluoride levels. Kim reported a
moderately strong positive association between age and bone fluoride which is consistent
with other studies [Jackson 1958, Zipkin 1958, Eble 1992, Charen 1979]. Therefore,
daily average fluoride exposures must have been higher in Kim’s cases than controls,
roughly twice as high based on the commonly found linear age to bone fluoride
relationship. The cases were less than half as old yet during their shorter lifetimes they
accumulated as much bone fluoride as the older controls. The age distribution of cases is
seen to be much different from controls in Figure 1. Linear regression fitting is poor
while polynomial of degree 3 fitting is good.
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Figure 1. Age distribution of cases compared to controls. With comparison of fitted
regression functions: linear and polynomial of degree 3.
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For Kim to avoid strong bias from age confounding, proper age adjustment is required.
The relationship between age and osteosarcoma risk is far from linear. Figure 2 shows
that osteosarcoma in the general population has a very sharp peak incidence rate at age
15, then rapidly declines to a low level until a gradual rise begins around age 50. The
causes of osteosarcoma for older adults are believed to be different than for those under
age 25 [Troisi 2006, Savage 2011]. The shape of the curve for under-25 year olds is an
inverted-U-shape, with a very sharp peak. The sharpness of this peak is greater than for
any other type of cancer. Despite this dramatically non-linear relationship between age
and osteosarcoma risk, Kim apparently applied no transformations to the age variable in
her multivariable analyses, so that age was treated as having a linear relationship to
osteosarcoma risk. Age did not meet the linearity assumption for multivariable
regressions. Applying a linear relationship to model the sharp inverted-U-shape
relationship between age and osteosarcoma risk produces a flat regression line with a
zero correlation coefficient, as shown in Figure 2.
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Figure 2. Relationship between age and osteosarcoma rates in large US cancer registry.
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Therefore, Kim’s method of age adjustment likely failed to provide any adjustment,
allowing strong residual confounding of the relationship between bone fluoride and
osteosarcoma. A description of this situation when a variable has a U-shaped relationship
to the outcome, is described by Katz (2011):

“The simplest method of incorporating an interval-independent variable that
does not have a linear relationship with outcome is to transform it so that
it does fulfill the linearity assumption.”

“At times you may find that there is a U-shaped relationship between your
interval-independent variable and your outcome. For example, Figure 4.3

shows a U-shaped relationship between cholesterol level and all-cause mortality
in a sample of 1102 women.* Mortality is highest for women with the lowest
and the highest values of cholesterol. When the investigators treated cholesterol
as an interval variable, there was no significant relationship between
cholesterol level and mortality, because the two trends statistically cancel each
other out.” [Katz 2011; p. 80-81]

Just as Katz’s example showed no relationship when a variable did not have a linear
relationship to outcome, Kim’s method of controlling for age will produce no control of
age.

Since bone fluoride increases with age, and the controls were much older than cases, this
bias would be in the direction of reducing the odds ratio and potentially even causing

higher bone fluoride to appear protective for osteosarcoma.

With Kim’s much older controls having very similar bone fluoride levels as the younger
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cases, a proper interpretation of this study is that bone fluoride is a strong risk factor for
osteosarcoma. Thus, the Kim study corroborates the Bassin study, rather than refutes it
as many have concluded.

The size of the effect cannot be determined without re-analysis of Kim’s data with proper
age adjustment, but some perspective can be gained by comparing Kim’s fluoride
exposures to those in Bassin’s study, where large effects were found. Bassin’s cases had
only about 15% greater fluoride exposure at age 7 than matched controls, yet this was
enough for Bassin to find a large effect. Kim's cases are estimated to have had roughly
double the average annual exposure as the controls.

Kim also conducted analyses on age-matched cases and controls, but the numbers of
matched cases and controls were very small, and age matching does not provide any
control of confounding. In fact, it can exacerbate confounding, as described by Rothman
[1998, p.151].

2. Kim’s study had low statistical power. In the under 20 years old age group, Kim
had about 1/10™ the number of control subjects as Bassin, likely giving numbers too
small to detect effects. Bassin restricted her analyses to those under age 20 because
previous studies found associations between fluoride and osteosarcoma only in this age
group [Hoover 1991, Cohn 1992]. Kim acknowledged her sample size for age <20 was
too small to conduct analyses. Instead, Kim limited analyses to all ages combined and to
all ages <45.

3. Kim combined sexes, reducing specificity. In contrast, Bassin looked at genders
separately because previous evidence suggested a stronger association between fluoride
and osteosarcoma in males than females [NTP 1990, Hoover 1991, Cohn 1992]. Kim’s
combined genders would dilute any effect that might be greater in males. Kim did
include gender in her final regression models, but does not report whether the outcome
was affected by gender, nor did she report effect size by gender.

Kim also had a different male/female sex ratio for cases (1.1) compared to controls (2.4),
which raises concern for selection bias.

4. Kim used no exposure-timing information. Bassin estimated fluoride exposure
during each year of life from histories of residential drinking water, bottled water use,
and fluoride measurements of private well water. Bassin also adjusted for use of dental
fluoride supplements. Kim instead used bone fluoride to estimate total fluoride exposure.
Bone fluoride concentration reflects cumulative long-term exposure but is uninformative
regarding timing of exposure. The half-life of fluoride in bone is estimated at up to 20
years [NRC 2006]. Bassin found substantial differences in risk from exposures occurring
at different ages. Her work is unique in looking at exposures during specific age
windows; an approach which can detect elevated risk that could otherwise be obscured as
shown by the US EPA and others [EPA 2005a, EPA 2005b, Rothman 1981, Murdoch
1992].
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Osteosarcoma’s extremely sharp incidence rate peak around age 15 suggests exposure
during a narrow time window of vulnerability may be important [Bassin 2006, Troisi
2006]. Kim’s use of bone fluoride, which essentially averages long-term exposure, may
therefore underestimate risk.

Bassin looked at single-year exposure age windows and found exposure at ages 6-8 in
males produced the greatest risk of osteosarcoma, with diagnoses peaking about 8 years
later at ages 14-16. This suggests a latency period of roughly 8 years.

This implied latency period can be compared to that for a cohort of patients injected with
radium-224 as a medical treatment, who later developed bone cancers. This cohort had
an extremely elevated incidence of osteosarcoma, and the exposure timing was precisely
known from medical records because Ra-224 has a half-life of only 3.5 days. Most of the
bone sarcomas (76%) occurred in patients injected when they were under 21 years old,
with a mean age of exposure around 10 years old for this group. Amongst 56 bone cancer
cases, a peak wave of diagnoses occurred about 8 years after exposure. The

sharpness and height of this peak is almost as great as that found for osteosarcoma in the
general population. Neither dose nor age at injection seemed to affect this latency period
[Nekolla 2000, Chmelevsky 1988].

Due to the sharpness of the osteosarcoma incidence peak around age 15, Troisi [2006]
speculates initiation occurs during in-utero development. But the quantitative evidence
from the Ra-224 injected cohort suggests an initiating exposure occurs not during
pregnancy but in accord with Bassin’s findings of highest risk during ages 6-8. Recent
mathematical modeling of osteosarcoma age-incidence curves illustrates how
acceleration of tumor growth during the adolescent growth spurt can sharpen the peak,
even if the tumor initiations occurred over a broader time window [Valberg 2012].

Finally, Bassin’s method of estimating historical fluoride exposure is noteworthy for its
careful checking of information from multiple sources, rather than relying on a single
source of information. Other studies of fluoride exposure have often used a single source
of information, such as the CDC Fluoridation Census. Bassin found that errors,
ambiguities, and missing information in such sources could lead to considerable
misclassification [Bassin 2004].

5. Selection bias due to controls’ diseases potentially being affected by fluoride.
Kim’s controls were patients with non-osteosarcoma forms of bone cancer. While little
research has been conducted on the association between fluoride and these rarer types of
bone cancer, it is biologically plausible that fluoride—a bone-seeking element—could
increase the risk of other types of bone cancer besides osteosarcoma. [NTP 1990, Hoover
1991, Kim 2011]. To the extent fluoride might increase the risk of non-osteosarcoma
bone cancers, Kim’s use of such controls would obscure an association between fluoride
and osteosarcoma.
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A potential weakness of Bassin’s study, relative to Kim’s, is a possible opposite direction
selection bias due to Bassin’s use of non-cancer orthopedic patient controls. A recent
fluoride toxicology review [NRC 2006] found a number of effects on bone, joints, and
other systems. Most were detrimental to health so could produce selection bias of
orthopedic controls toward higher fluoride exposure, thus lowering Bassin’s ORs, not
spuriously inflating them. But for bone fractures, one study suggested an increased risk
for those drinking low fluoride water (<0.3 ppm) compared to those drinking 1 ppm [Li
20017.

Assuming water with 1 ppm fluoride does confer protection against fractures, compared
to lower fluoride exposures, we conducted a sensitivity analysis to see what degree of
protection and what proportion of controls with fractures would be required to bias
Bassin’s study sufficiently to produce a spurious OR = 5.5 if in fact the true OR = 1.0
[Rothman & Greenland 1998]. If fewer than 33% of controls were fracture patients, it
was impossible to create sufficient bias no matter how great the protective effect of
fluoride against fractures. More than 75% of controls would need to be fracture patients
and 1 ppm fluoride would need to have a strong protective effect against fractures (OR =
0.2) before it would be possible to bias the osteosarcoma OR enough to reach 5.5. These
conditions seem highly unlikely. [Details of the sensitivity analysis in Appendix 6-B.]

6. Possible confounding by geographic location. Kim’s statistical analysis did not
attempt to adjust for distance from hospital, yet she matched some of her subjects on
distance from the recruiting hospital. Distance from hospital is a potential confounder
because 100% of the 9 recruitment hospitals were located in fluoridated metropolitan
areas, whereas the proportion of the US population living outside urban areas who have
fluoridated water is roughly 50%. Kim had almost twice as many cases who had never
lived in an urban area (13.1%) compared to controls (7.8%), so her controls were more
likely to have lived in fluoridated areas. Since some subjects were matched by distance
from hospital, Kim's analyses should have controlled for distance to reduce bias.
Confounding from this selection bias may have produced a spuriously lower OR, since
the controls were not from the same underlying population of the controls, and they were
selected such that they were more likely to have lived in fluoridated areas.

Estimating the lowering of Bassin’s effects if her study had used Kim’s methods.

As a result of the aforementioned six weaknesses, Kim’s study had less ability than
Bassin’s to detect an association between fluoride and osteosarcoma. They may explain
why Kim found only a small positive effect that did not reach statistical significance (OR
= 1.3) while Bassin’s age-specific approach found a statistically significant effect with an
OR as large as 5.5 in the most sensitive group: males under age 20 who had been exposed
at age 7. No opposite-acting weaknesses, which could have caused Bassin’s study to
overestimate ORs, were identified.

To illustrate the magnitude of some of Kim’s weaknesses, we have estimated how three

APPENDIX 6. Kim review (includes discussion of Bassin 2006). CN 1/8/16 p. 60f9



of them, if applied to Bassin’s study, would have reduced Bassin’s effect size:

A. Bassin used age-specific exposures, while Kim looked at bone fluoride, which in
children essentially represents lifetime cumulative exposure because the half-life of F in
bone is estimated at 20 years [NRC 2006]. A rough estimate of the risk from cumulative
lifetime exposure for 15 year olds in Bassin can be obtained by averaging the exposure!
age-specific ORs shown in her Figure 2 [Zeiss 1992]. For males, this reduces the OR
from a maximum of 5.5 (for exposure at age 7) to 3.0 for lifetime exposure. Similarly,
average lifetime OR for females is 1.5.

B. Kim combined males and females, while Bassin analyzed them separately.
Combining the lifetime ORs for Bassin’s males and females estimated above, weighting
for number of each gender, gives an OR = 2.5.

C. Bassin restricted her study to under-20 year olds, while Kim included all ages. If we
assume that osteosarcomas in those >20 are not associated with F, as suggested by some
researchers [Mirabello 2009, 2011; Savage 2011, Douglass 2006, Hoover 1991, Bassin
2006, Gelberg 1995], the >20 age group in Kim can be assigned an OR =1.0. To
calculate an all-ages OR, combine this OR of 1.0 for >20 year olds with the OR of 2.5
calculated above for Bassin’s <20 year olds, weighting by the numbers of subjects in the
>20 and <20 age categories in Kim’s study, to get OR = 1.3.

Applying Kim’s methods to Bassin’s data yields the exact OR Kim found in her own
data. This exercise shows Kim’s combining of exposure periods, sexes, and ages could
explain her small effect size relative to Bassin’s.

Kim’s inadequate age adjustment may also have played a large role in producing biased
estimates that greatly underestimated the risk of osteosarcoma from fluoride.

In conclusion, the Kim study suffers limitations which could readily explain why it failed
to confirm Bassin’s findings. Indeed, careful examination of Kim’s published data
suggests it actually corroborates and strengthens Bassin’s findings.

Bassin [2006] foresaw most of the limitations affecting Kim’s study and called for:

“... studies with larger numbers of osteosarcoma patients, with incidence under age 20, that examine
age---specific and sex---specific associations are required to confirm or refute the findings of the current
study.”

Kim’s paper addressed none of these recommendations.

If the full data available to Kim, including residential histories for fluoride exposure,
were analyzed with more robust methods, it might confirm Bassin’s findings. To help
settle this issue, the Harvard/NCI project should share its data with independent
researchers. The project is now 20 years past its original intended completion date. It is
time to release this data for others to examine from fresh viewpoints.
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