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Since 1945, communities have added
fluoride to public diking water supplies
in order to prevent tooth decay.1 It was
hypothesized that this added fluoride
would strengthen bone as welU,2 yet most
ecologic studies failed to detect a protec-
tive effect for fractures.-7 In contrast,
Bernstein et al. found a decreased preva-
lence of vertebral fractures in areas with
high natural concentrations of fluoride,
and Simonen et al. found a lower inci-
dence of hip fractures in a Finnish city
with an artificially fluoridated water sup-
ply than in one with low fluoride levels.8,9
Other investigators, however, were un-
able to duplicate the protective affect in
the same area.10°11 More recently, how-
ever, ecologic studies have suggested an
increased risk of hip fracture associated
with fluoridation.12-16 The increased risk
of fracture may occur immediately after
fluoridation,17 and the only study to date
that has examined fracture incidence rates
within a community did find a slight in-
crease in the risk of hip fracture after flu-
oridation of the public water supply as
comparedwith before fluoridation (5.8 per
1000 vs 5.4 per 1000, respectively).4 Be-
cause that study was based on only 251
cases, however, it may have lacked the
power to detect differences in fracture
rates.

In order to address the question ofan
immediate effect of fluoridation on com-
munity fracture risk more directly and
completely, we used data from the Roch-

ester Epidemiology Project to determine
the incidence of hip fracture among men
andwomen aged 50 years and older for the
10years priorto and the 10years following
the fluoridation of the public water supply
in Rochester, Minn.

Methods
The data used in this study have been

descnibed previously in detail.18"19 Briefly,
epidemiologic studies are possible in
Rochester because ofthe close correspon-
dence between the few medical care pro-
viders and a well-defined catchment pop-
ulation. Furthermore, each provider
maintains unit medical records that can be
identified and retrieved for review. Mayo
Clinic maintains a master index of all di-
agnoses and surgical procedures recorded
among its patients, and the Rochester Ep-
idemiology Project supports a similar in-
dex for other medical care providers serv-
ing the community.20 This system makes
possible the identification and confirma-
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FIGURE 1-Age- and sex-adjusted annua hincidene (per 100000 person-years) of hip
fracture: Rochester, Mim, 1950 through 1969.

tion of all diagnoses of proximal femur
fracture among Rochester residents,
whether made in emergency rooms, hos-
pitals, outpatient clinics, or nursing homes
or at autopsy.

This close correspondence between
the community and its medical care pro-
viders is mirrored in Rochester's water
supply. The city's water is supplied by 23
wells scattered throughout Rochester,
each drawing from a contiguous ground-
water source. The city began the fluorida-
tion of its public water supply in April of
1960. Since that time, optimum levels of

fluoride have been maintained at 1.1
ppm,21 providing a nearly ubiquitous ex-
posure among community residents.

For this study, we identified all inci-
dent hip fractures occurring from 1950
through 1969 amongpersons agedS0years
and older to determine the risk of fracture
for the 10 years before and the 10 years
after the fluoridation of Rochester's water
supply. Year-, age-, and sex-specific inci-
dence rateswere calculated as the number
offractures divided by the person-years at
risk.22 Incidence rates were age and sex
adjusted to the 1990US White population.

Poisson regression models were con-
structed to evaluate the independent ef-
fects of age, secular trend, and fluorida-
tion simultaneously. In addition, a model
was constructed to test the interaction be-
tween secular trend and fluoridation.

Resmt
During the 20-year study period,

Rochester residents experienced 751 inci-
dent hip fractures, 268 amongmen and 383
among women. From 1950 through 1959,
the age- and sex-adjusted incidence of hip
fracture was 484 per 100 000 person-years
(95% CI = 370, 597); the rate was 450 per
100 000 person-years (95% CI = 362,537)
for 1960 through 1969. Amongwomen, the
incidence of hip fracture before 1960 (728
per 100 000 person-years; 95% CI = 628,
828) was higher than afterward (631 per
100 000 person-years; 95% CI = 559,
703). Among men, however, this inci-
dence rate was slightly lower before 1960
(172 per 100 000 person-years; 95%
CI = 118, 226) than afterward (219 per
100 000 person-years; 95% CI = 168,
269). Rates by year (Figure 1) show a
strong secular trend that increases over
time. There is, however, an offset in the
secular increases in fracture rates associ-
ated with the time of fluoridation. Poisson
regression models (Table 1) demonstrate a
strong effect attributable to fluoride (rela-
tive risk = 0.63; 95% CI = 0.46, 0.86), as
well as significant year and age effects.
The interactionbetweenyearly effects and
fluoridation was not significant (data not
shown). After adjusting for the other fac-
tors, the relative risk associated with flu-
oridation was 0.60 (95% CI = 0.42, 0.85)
among women and 0.78 (95% CI = 0.37,
1.66) among men.

Discussion
These data demonstrate no increase

in the risk of hip fracture associated with
fluoridation of the public water supply in
Rochester, Minn. This finding contrasts
sharply with several recent ecologic stud-
ies that have all suggested a slight increase
in risk of hip fracture associated with wa-
ter fluoridation. Fluoridation in these stud-
ies has been measured in several ways,
including the percentage of the population
served with fluoridated water,12 fluoride
concentrations in public water supplies,15
and presence or absence of fluoride expo-
sure.14,16 Only two studies have related
fracture incidence temporally with fluori-
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dation. One, involving a design similar to
that of the present study, could not dem-
onstrate any association between fluori-
dation and hip fracture,4 whereas the
other suggested that the risk of hip frac-
ture maybe initially increased and decline
toward unity thereafter.16 In the latter
study, however, the more recently fluori-
dated counties were not foliowed over
time; thus, one cannot distinguish geo-
graphic from temporal factors. The pre-
sent study demonstrates no such immedi-
ate effect of the fluoridation of the public
water supply, suggesting that the previous
results may have been due to confounding
by some other factor related to geography
rather than time. The apparent negative
association between the onset of fluorida-
tion and hip fracture is difficult to inter-
pret. There are no data available to sug-
gest that fluoride, even at pharmacologic
doses, has a beneficial effect at the hip.23 24

Furthermore, the data suggest that the de-
crease in fracture rates started before the
introduction of fluoride to the Rochester
water supply, raising the possibility that
the decrement in risk may not be due to a
causal association.

There are, nonetheless, some limita-
tions ofour data. While case ascertainment
is believed to be complete,19 the sample
size was small and resulted in wide confi-
dence intervals about the point estimates,
especially among men. Second, the data
were derivedfrom a small midwestem city,
and the results may not be generlizable to
other areas. Hip fracture incidence rates
from Rochester are, however, comparable
to those for the United States generally.25
Third, this analysis is ecological, but, as in
the studyby Goggin et al.,4 one needs tobe
concerned only about potential confound-
ers that are temporaly associated with flu-
oridation. Thus, this study provides a
somewhat stronger test of the association
between fluoridation and hip fracture than
do the ecologic studies comparing diverse
communities.12-14,16

In summaiy, these data suggest that
there is no positive association between
water fluoridation and hip fracture risk.
Given the disparate results of this and

other ecologic studies, it is apparent that
future studies of the association of water
fluoridation and hip fracture will need to
be conducted at the individual level. Such
work is clearly required before public
health policy decisions can be made. El
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