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ABSTRACT

Findings on the risk of bone fractures associated with long-term fluoride exposure from drinking water have
been contradictory. The purpose of this study was to determine the prevalence of bone fracture, including hip
fracture, in six Chinese populations with water fluoride concentrations ranging from 0.25 to 7.97 parts per
million (ppm). A total of 8266 male and female subjects=50 years of age were enrolled. Parameters evaluated
included fluoride exposure, prevalence of bone fractures, demographics, medical history, physical activity,
cigarette smoking, and alcohol consumption. The results confirmed that drinking water was the only major
source of fluoride exposure in the study populations. A U-shaped pattern was detected for the relationship
between the prevalence of bone fracture and water fluoride level. The prevalence of overall bone fracture was
lowest in the population of 1.00—1.06 ppm fluoride in drinking water, which was significantly lowerg < 0.05)
than that of the groups exposed to water fluoride levels=4.32 and=0.34 ppm. The prevalence of hip fractures
was highest in the group with the highest water fluoride (4.32—7.97 ppm). The value is significantly higher than
the population with 1.00-1.06 ppm water fluoride, which had the lowest prevalence rate. It is concluded that
long-term fluoride exposure from drinking water containing =4.32 ppm increases the risk of overall fractures
as well as hip fractures. Water fluoride levels at 1.00-1.06 ppm decrease the risk of overall fractures relative
to negligible fluoride in water; however, there does not appear to be similar protective benefits for the risk of
hip fractures. (J Bone Miner Res 2001;16:932—-939)
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INTRODUCTION living in communities with a natural fluoride content of 1
part per million (ppm) or more in drinking water had about
LUORIDE IS Ubiquitous in our environment, and it is theb0% fewer dental caries than those with water containing
Fmostelectronegative and reactive of all eleméhtsis- 0.1-0.3 ppm fluorid&® Subsequently, several indepen-
torically, the association between fluoride and prevention dently conducted studies in the 1940s confirmed the cario-
dental caries was first recognized in the 1930s in studies static efficacy of fluoridé!~" Based on these findings, it
chronic endemic dental fluorosis. It was noted that peopleas suggested that drinking water be fluoridated to an

Center for Dental Research, Loma Linda University School of Dentistry, Loma Linda, California, USA.

2Department of Microbiology and Molecular Genetics, Loma Linda University School of Medicine, Loma Linda, California, USA.
SInstitute of Environmental Health and Engineering, Chinese Academy of Preventive Medicine, Beijing, China.

“Department of Medicine, Indiana University School of Medicine, Indianapolis, Indiana, USA.

SPosthumously.

932



FLUORIDE IN WATER AND BONE FRACTURES 933

“optimal” level, which ranges from 0.7 to 1.2 ppm in the TaBLE 1. DEMOGRAPHIC DATA OF Six CHINESE
United States depending on the ambient air temperature in POPULATIONS RESIDING IN COMMUNITIES OF VARYING
the ared®® The fluoridation of drinking water supplies has FLUORIDE CONCENTRATION IN DRINKING WATER

proceeded at a steady rate since its introduction in the late o
1940s. Currently, a significant portion of the U.S. popu;(_group Water F (ppm) N Age (year)  Male (%)

tion is exposed to drinking water that has been fluoridated 1 0.25-0.34 1363 62.6 9.3 41.8
artificially or naturally. In 1992, the U.S. population sup- 2 0.58-0.73 1407 62.209.1 47.0
plied with drinking water of 0.7—1.2 ppm fluoride was 62%, 3 1.00-1.06 1370 625 9.0 43.7
and the target was to reach 75% by the year 280 he 4 1.45-2.19 1574 636 8.8 445
rest of the U.S. population has at least some fluoride expo-5 2.62-3.56 1051 64.69.0 43.3
sure through the use of toothpaste, mouthrinse, pediatrict 4.32-7.97 1501 61384 52.4

supplements, and various dental materials. Water fluorida-,
tion also has been practiced in most other developed coun-
tries, and many people in developing countries are exposed
to drinking water with natural fluoridé®
Although its cariostatic benefits have been well documentddniversity Institutional Review Board (IRB). In addition, an
the safety of fluoridated drinking water has been controversitB was established at the collaborating institution in
since its introductio*? So far extensive research has invesChina, the Institute of Environmental Health and Engineer-
tigated the most potentially negative side effects. Other thary, Chinese Academy of Preventive Medicine, and the
fluorosis in populations of long-term, excessive fluoride intak&ingle Project Assurance was approved by the Office for
studies have uncovered little evidence to suggest any import@mbtection from Research Risks, National Institutes of
health problems associated with the consumption of drinkirtdealth, Bethesda, MD. An informed consent letter was
water containing approximately 1 ppm fluoride. However, therovided to and signed by all participants before the initia-
question of effects of fluoride exposure from drinking water otion of the project at each study site.
fracture risk remains unresolved. Generally, it is accepted thaiSix groups of subjects=50 years of age were recruited
excessive fluoride exposure conveys an increased risk for beaadomly from communities of water fluoride concentra-
fractures™® Less is understood regarding fracture risk at loweions ranging from 0.25 to 7.97 ppm (Table 1). A minimum
exposuré'® Available information in the literature is limited of 25 years of continuous residence in the study communi-
and often contradictory. Reported results varied from an ities and a lifelong exposure to the specified fluoride level in
creased risk®®to no effect!®2?to a decreased ri€?? drinking water was required for each participant. The resi-
of fractures associated with exposure to fluoridated water. dency of each subject was determined by the following
The question of whether the exposure to fluoride in drinkiniree measures: (1) objective assessment by checking the
water for cariostatic purposes increases the risk of fracturesHamily Registry Book, an official document issued by the
both scientifically and politically important. With a significantgovernment; (2) a subject survey questionnaire; and (3)
portion of the population exposed to fluoride, even smationfirmation by village officials who were familiar with the
increases in the risk will yield large increases in the number siibject.
fractures, which will have a significant impact on public health. For each study site, samples of drinking water were
On the other hand, unlike most potential risk factors thabllected and analyzed for fluoride using the direct method
depend on an individual's personal choices, fluoride exposwkéith a combination fluoride-specific electrode (no. 96-909-
from drinking water is determined largely by public healtt®0; Orion Research, Inc., Boston, MA, USA)). Eight addi-
policy. Clearly, it is imperative that any potential risks assoctional elements in drinking water also were analyzed, in-
ated with such exposure be well understood. cluding calcium, aluminum, selenium, lead, cadmium, iron,
The purpose of this study was to determine the prevalenzic, and arsenic. A modified International Organization for
of bone fractures in Chinese populations residing in rur&tandardization 1ISO meth68 was used to determine the
communities of various fluoride concentrations in drinkindluoride content in ambient air. Surveys also were conducted
water. Fluoride exposure in most populations in rural Chirta ensure no other potential sources of fluoride exposure
is limited to drinking water and diet, and there is virtually nde.g., pollution, dentifrice, etc.) in the study populations.
fluoride exposure from other sources such as fluoride sup-Data collected from each subject included medical history
plements and fluoride-containing dentifrice, mouthrinse, @nd demographic information, bone fractures, physical ac-
infant formula. Most Chinese still reside in the communityivity as determined using the Chinese stand&tdiea
in which they were born, and mobility in the countryside iglrinking, cigarette smoking, and alcohol consumption. For
practically nonexistent. Consequently, determination of treubjects reporting bone fractures, additional information
history of fluoride exposure in individuals is relatively easyssociated with each fracture was collected. The subjects
and reliable. were questioned for the site (22 sites using an illustrative
drawing of the human body), age, and frequency of each
fracture as well as circumstances associated with the frac-
MATERIALS AND METHODS ture, including cause (eight categories), location (six cate-
gories), ground condition, and fall or without fall. If the
Before the conduct of the study, protocols and pertinefriacture received medical attention, efforts were made to
documents were submitted to and approved by the Indiaobtain the original records and X-ray film. For those without

Mean = SD.
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medical records, an X-ray of the bone with the reported 2
fracture was taken to verify the self-reported bone fracture. 20 1413
In addition, each subject reporting fracture was questioned
for the information on falls within the last year, if any, and 16 {
the family history of hip fractures (parents, grandparents,

and siblings). Although the information on the number of 21 oo 788
fractures per person was collected, the analysis defingd, |
subjects as to whether they had the fracture or not and did 337
not use the count of multiple fractures in the same subject. 4 162
In addition, a 3-day dietary survey and analysis for di- I_(Zil 0 ’—L‘

etary intake of calcium, protein, and fluoride were con- °
ducted in a randomly selected 10% of subjects to ensure that
all study populations had adequate nutrition and to deter-
mine fluoride exposure from diet. The dietary fluoride anaIG._l. _To‘tal daily flgoriQe int_ake in relatioh to fluoride concentra-
brewed tea samples were analyzed using a modified mett{98 in drinking water in six Chinese populations.

of Taves®?”2® and calcium and protein were determined

using Chinese National Standard proceduf&.

For each class of fractures, the bivariate relationship waside concentrations in drinking water. None of the study
first examined between the fracture rate and several densobjects used fluoride-containing toothpaste or mouth-
graphic and lifestyle variables including gender, currentashes, and the use of packaged beverages and canned food
cigarette smoking status, consumption of alcohol, physicalas minimal. Surveys and analysis of meals found no
activity level on the job, age, and body mass index (BMIunusual sources of fluoride. Tea drinking was reported by
Comparisons were made usig§ tests for categorical vari 13.5% of subjects. The analysis of the brewed tea samples
ables and-tests for continuous variables. Dose-dependeshowed that their fluoride concentration was largely deter-
analyses were performed using a multiple logistic regrestined by the fluoride concentration of water used. The
sion model, which was used to compare fracture rates acrdis®ride content in ambient air was negligibled ug/m°)
fluoride levels, while adjusting for demographic and lifein all populations. The calculated average total daily fluo-
style variables, which were significant in the bivariate anatide intake was proportional to the water fluoride concen-
ysis. Adjusted odds ratios (ORs) were calculated based wation (Fig. 1).
the coefficients in the multiple logistic regression models. The initial analysis of bone fracture data included overall,

spinal, and hip fractures since the age 20 years. There were

531 subjects reporting fractures; so, the prevalence of over-
RESULTS all bone fracture in the entire study population was 6.42%.

Among these 531 subjects, 526 were confirmed fractures by

The demographic data collected from the six study pop&ray; so, the reliability of the reported fracture was 99.1%.
ulations are summarized in Table 1. A total of 8266 mal€he mean ages of subjects with fracture were 63.4, 64.2,
and female Chinese subjects participated in the study. T68.5, 66.1, 64.6, and 62.1 years for groups 1-6 (Table 1),
age distribution was comparable among the groups. Thespectively. Statistical analysis of the data showed that
gender composition also was similar except for the group ohly group 4 (1.45-2.19 ppm fluoride) and group 6 (4.32—
the highest fluoride concentration (4.32—7.97 ppm) in drink=.97 ppm fluoride) differed significantly, indicating that
ing water, which had more male participants than the othsubjects of fractures were slightly younger in the population
five groups. The residency of all the subjects was verifiablef the highest fluoride in drinking water. However, the
and the majority of the subjects had been living in the sanedfect was not dose dependent.
community since they were born. For subjects who changedThe prevalence of overall bone fracture for each fluoride
residency, mainly because of marriage, water fluoridevel is presented in Table 2. Bivariate analysis of the data
within the specified range was verified for the previoushowed that age, gender, alcohol consumption, and the level
community in which they resided. Surveys indicated thaif physical activity were significant factors for the risk of
the environment, culture, ethnic background, social struoverall bone fractures. Subjects with fractures were signif-
ture, and economic conditions of these populations had ricantly older ¢ < 0.01) than those without fractures. More
changed significantly during the past several decades. Thearales suffered fractures compared with femafes:(0.01),
were no ethnic differences among the six study populatiorend subjects who consumed alcohol had more fractures
The level of physical activities was found similar among thép < 0.01) than nondrinkers (Table 3). Gender and alcohol
six populations, and over 90% of the participants in eaatonsumption were highly correlated, with 46.9% of males
population were either farmers or housewives. The estieported drinking alcohol and only 4.3% of females reported
mated nutrition levels were adequate for all six populatiordrinking alcohol. The level of physical activity also had a
as determined by the dietary survey and laboratory analysignificant effect § = 0.05); it appeared that either exces-
of daily intake of protein, calcium, and calories, which wasively strenuous activity or the lack of activity increased the
performed in 10% of the subjects. risk of fractures. No significant effect of cigarette smoking

The analysis of water samples collected from water sufp = 0.15) or BMI (p = 0.80) on overall fracture rates was
plies for the study populations confirmed the specified fldetected. For the results of water calcium, aluminum, sele-

0.25-0.34 0.58-0.73 1.00-1.06 1.45-2.19 2.62-3.56 4.32-7.97
Fluoride in Water (ppm)
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TABLE 2. BEFFeCT oF FLUORIDE EXPOSURE FROMDRINKING WATER ON PREVALENCE OF OVERALL FRACTURE SINCE THE AGE
OF 20 YEARS IN Six CHINESE POPULATIONS

Water F (ppm) n (surveyed) n (fracture) Prevalence (%) OR p Valu¢
0.25-0.34 1363 101 7.41 1.50 0.01
0.58-0.73 1407 90 6.40 1.25 0.17
1.00-1.06 1370 70 511 1.00 —
1.45-2.19 1574 95 6.04 1.17 0.33
2.62-3.56 1051 64 6.09 1.18 0.35
4.32-7.97 1501 111 7.40 1.47 0.01

aValues relative to the 1.00- to 1.06-ppm fluoride group, adjusted for age and gender using multiple logistic regression.

TaBLE 3. BIVARIATE ASSOCIATIONS OFOVERALL BONE FRACTURE RISkS SINCE THE AGE OF
20 YEARS WITH CATEGORICAL FACTORS

Variable Category Subjects Fracture (%) p Value

Gender Male 3771 7.48

Female 4495 5.54 <0.01
Cigarette smoking Yes 3100 6.94

No 5166 6.12 0.15
Alcohol consumption Yes 1960 8.52

No 6299 5.76 <0.01
Physical activity Very little 652 7.98

Light 2532 5.53

Moderate 4157 6.54

Heavy 912 7.13

Extremely strenuous 11 18.18 0.05

nium, lead, cadmium, iron, zinc, and arsenic, the data anal-1
yses were adjusted for each of these elements by includiag,| 741
them individually in the logistic regression model for overs
all fractures. Only calciumpg(= 0.044) and irong§ = 0.032)
showed a significant relationship with fracture but neith
one (nor any of the other elements) altered the resu
concerning the six fluoride groups.

Table 2 also presents the ORs apdralues from the
multiple logistic regression model adjusted for age and 4
gender. Alcohol consumption was not included in the model
because it was highly correlated with gender. Physical ac- 3 " i " " '

P . . . e 0.25-0.34 0.58-0.73 1.00-1.06 1.45-2.19 2.62-3.56 4.32-7.97

tivity was not included because it was no longer significant Fluoride in Water (ppm)

when the small number of people with strenuous activity

was combined with the heavy activity group. Both thé&lG. 2. Prevalence of overall fractures and fluoride concentration in
populations with the lowest (0.25-0.34 ppm) and the higﬁtrinking water in six Chinese populations since the age of 20 years.
est (4.32—7.97 ppm) fluoride in drinking water showed a

significantly higher prevalence of overall fracturgs €

0.01) than those residing in areas where the fluoride in watgle logistic regression model. Among the 8266 subjects
was 1.00-1.06 ppm. The prevalence of overall fracturesirveyed, 56 suffered hip fractures, resulting in a prevalence
was lowest in subjects with 1.00—1.06 ppm of fluoride if 0.68%. Bivariate analysis of the data showed that sub-
water; however, it was not significantly different from thgects with hip fractures were significantly older (mean age,
values for the groups in which water contained 0.58—0.738.5 years vs. 62.7 years) and thinner (mean BMI, 21.2 vs.
ppm, 1.45-2.19 ppm, and 2.62-3.56 ppm of fluoride. 182.6) than those without fracturep < 0.01 for both).
general, the trend of the fracture prevalence in relation to ti#owever, no significant effects were detected for gender,
water fluoride concentration approximates a U-shaped patgarette smoking, alcohol consumption, and the level of
tern (Fig. 2). physical activity. After adjusting for age and BMI, the risk

Table 4 presents the prevalence of hip fractures since agfehip fracture was significantly higher in the highest fluo-
20 years in the six populations and the results of the muide group (4.32—7.97) than the population with 1.00-1.06

* p<0.05 as compared to the group of 1.00-1.06 7.40*

8 6.40

[y
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TABLE 4. BEFFeCT OF FLUORIDE EXPOSURE FROMDRINKING WATER ON PREVALENCE OF HIP FRACTURES IN SiXx CHINESE
PopruLATIONS SINCE THE AGE OF 20 YEARS

Water F (ppm) n (surveyed) n (fracture) Prevalence (%) OR p Valu¢
0.25-0.34 1363 5 0.37 0.99 0.99
0.58-0.73 1407 6 0.43 1.12 0.85
1.00-1.06 1370 5 0.37 1.00 —
1.45-2.19 1574 14 0.89 2.13 0.15
2.62-3.56 1051 8 0.76 1.73 0.34
4.32-7.97 1501 18 1.20 3.26 0.02

@Values relative to the 1.00- to 1.06-ppm fluoride group, adjusted for age and BMI using multiple logistic regression.

4 There were only 79 subjects who suffered fractures as a
* p<0.05 as compared to the group of 1.00-1.06 ppm F result of a fall from less than standing height since the age
of 50 years, and the prevalence was small in all of the
populations. Therefore, no further analyses were performed.

w
s

1.20*

DISCUSSION

Prevalence of Hip Fractures (%)
[N}

N
'

Each year in the United States there are approximately 1.5
0 T " T - " million fractures associated with osteoporosis. The annual
025034 058073 Fl:t:r)izggi':?/\/ate:fs;i;g 26238 432797 number of hip fractures is estimated to be around 250,000,
P with the vast majority occurring in women over the age of
FIG. 3. Prevalence of hip fractures and fluoride concentration i60 years. Although osteoporotic fractures generally are
drinking water in six Chinese populations since the age of 20 yearsyjewed as affecting primarily developed nations, the rapidly
increasing population of elderly people in developing, par-
ticularly Asian, countries dictates that the problem of os-
) ) teoporotic fractures will soon place major burdens on health
ppm of water fluoride, which had the lowest prevalence. I8¢ systems in other parts of the world. Recently published
general, the hip fracture prevalence was stable up to 1.08,.qctions suggest that by the year 2020, Asian countries
ppm of fluoride and then appeared to rise, although it did nFHay bear the majority of the world’s hip fracture burd@h.
attain statistical significance until the water fluoride concenp China, the rates of hip fracture are low but have been
tration reached 4.32—7.97 ppm (Fig. 3). _ predicted to rise rapidl? The identification of prevent
Only 49 subjects in the entire study population reportegh|e factors that increase risk for fractures is clearly an
spinal fractures. None of the de_mographic factors exam_in_ﬁﬁportam issue. Because of the increasing use of water
appeared to be related to spinal fracture. In the logistigoridation for the prevention of dental caries in general
regression analysis, none of the fluoride groups differgghpylations, it is imperative to understand the potential
significantly from the group that had 1.00-1.06 ppm dfnpact of fluoride levels used on the risk of bone fractures.
fluoride in drinking water. A major factor that may have caused controversial find-
The data were further analyzed for overall bone fracturgsgs on water fluoridation and bone fracture is the difficulty
since the age of 50 years, and the results are summarizeghinocating study populations with definable fluoride expo-
Table 5. In the bivariate analyses, age remained a riskre. Average water consumption from an “optimally” flu-
factor; subjects with fractures were significantly older thagridated water supply (approximately 1 ppm) would result
subjects without fractures. The level of physical activityn an adult exposure of approximately 1-4 mg of fluoride
also was significant(= 0.03) in relation to fractures (Table daily, of which 60—70% would come from beverad&s.
6). However, no significant effects were detected for gendeqowever, for the United States and other developed coun-
cigarette smoking, alcohol consumption, and BMI. Thergies as well as many developing countries, the use of
were 311 people with fractures, and the overall prevalengi@oride in various delivery systems other than water fluo-
was 3.76%. The relationship between water fluoride levabation, such as toothpaste, mouthrinse, supplements, etc.,
and overall fractures showed a similar trend to the overalas become increasingly extensive since the 197Ds.
fractures since the age of 20 years (Table 2); however, offus, it is erroneous to use the community water fluoride
the group with the highest level of fluoride in the watetevel as the sole indicator for long-term fluoride exposure.
(4.32-7.97 ppm) had a significantly higher risk for fracture§;he relatively high mobility of the population in the United
after adjusting for age, than the group that had 1.00—1.@ates further increases the difficulty in accurately estimat-
ppm of fluoride in the water. The pattern is similar to overalhg the history of individual fluoride exposure. Conse-
fractures since the age of 20 years but less pronouncedquently, a reliable and accurate estimation of long-term
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TABLE 5. BFFECT OF FLUORIDE EXPOSURE FROMDRINKING WATER ON PREVALENCE OF OVERALL FRACTURES IN SIX
CHINESE PoPULATIONS SINCE THE AGE OF 50 YEARS

Water F (ppm) n (surveyed) n (fracture) Prevalence (%) OR p Valu¢
0.25-0.34 1363 59 4.33 1.33 0.16
0.58-0.73 1407 45 3.20 0.97 0.87
1.00-1.06 1370 45 3.28 1.00 —
1.45-2.19 1574 52 3.30 0.96 0.85
2.62-3.56 1051 38 3.62 1.04 0.87
4.32-7.97 1501 72 4.80 1.59 0.02

@Values relative to the 1.00- to 1.06-ppm fluoride group, adjusted for age using multiple logistic regression.

TABLE 6. BIVARIATE ASSOCIATION OF OVERALL BONE FRACTURE RiIsks SINCE THE AGE OF
50 YEARS WITH CATEGORICAL FACTORS

Variable Category Subjects Fracture (%) p Value

Gender Male 3771 3.61

Female 4495 3.89 0.52
Cigarette smoking Yes 3100 3.29

No 5166 4.05 0.08
Alcohol consumption Yes 1960 3.98

No 6299 3.70 0.59
Physical activity Very little 652 5.21

Light 2532 3.71

Moderate 4157 3.58

Heavy 912 3.51

Extremely strenuous 11 18.18 0.03

fluoride exposure in such populations has become extremslyre and the risk of fracture is not linear. The prevalence of
difficult, if not impossible. overall bone fractures is the lowest for populations living in
In contrast to the U.S. population, residents of rural Chirereas of approximately 1 ppm of fluoride (Table 2), indi-
rarely change residences, and most have been using théng that the fluoride concentrations used for cariostatic
same water supply throughout their life. Because of ifsurposes also may be beneficial in reducing the risk of
unique environmental and cultural conditions, such as vioverall bone fractures. The data appear to suggest that there
tually no residential mobility and a relatively consistentmay be a “beneficial window” of fluoride intake for bone
lifestyle, rural China has been considered a perfect “livingealth, because an increased risk of overall bone fractures
laboratory” for studying the relationship between variousas detected in both the populations with deficient and
factors and diseasé&®) The survey results of our study sitesexcessive fluoride in drinking water. This finding is in
and data from individual subjects show that fluoride exp@greement with the results reported by a study in Germany,
sure in rural Chinese communities is still limited to watewhich found that 1 ppm of fluoride in drinking water did not
and diet. influence peak bone density but may reduce the incidence of
The potential association between fluoride exposure andteoporotic hip fractures in older individu&f€ A recent
fractures derives from the incorporation of ingested fluoridgtudy in osteoporosis patients also suggested that low fluo-
into the bone crystal. Fluoride can replace hydroxyl group&le doses resulting in a moderate increase in bone mineral
in the hydroxyapatite crystal with uncertain effects on thdensity (BMD) may be advantageous in terms of fracture-
strength of such bone. Studies reported an increase in baaducing potenc{®® Further investigations are warranted to
density in populations with fluoridated wat¥r*® and in confirm our findings and to define the possible beneficial
individuals receiving therapeutic fluoride doses for the treatvindow of fluoride exposure observed in the present study.
ment of osteoporosi§®3” However, the decrease in frac As compared with the results on overall bone fractures,
ture risk that might be expected to accompany such #me data show a somewhat different pattern for hip fractures
increase in bone mass may not occur. Moreover, there mayrelation to the water fluoride levels. The U-shaped effect
be an increase in fracture risk at nonspine sit¥sThe of water fluoride levels observed in overall fractures (Fig. 2)
results of the present study indicate that long-term comsas not observed in the hip fracture data. Instead, the
sumption of water with excessive fluoride significantly inprevalence of hip fractures was stable until the water con-
creases the risk of overall bone fractures as well as hgentration reached 1.45-2.19 ppm (Fig. 3). The OR was
fractures. However, the association between fluoride expd-13 for the population with 1.45-2.19 ppm in water com-
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pared with the group of about 1 ppm (Table 4), although thgosure showed that the six study populations did not have
increased risk was not statistically significant. Differenbther sources of fluoride exposure, other than fluoride in
ORs for fractures of different locations also were observattinking water (Fig. 1).
by Feskanich et af®*® who found an OR of 0.8 for hip  Fluoride is a bone-seeking element, and there has been
fractures and 1.6 for forearm fractures in women with aeircumstantial evidence that fractures associated with fluo-
similar toenail fluoride level. However, it may not be apride exposure may be related to bone fluoride corffént®
propriate to conclude that the risk of hip fracture is mor&his study was an epidemiological investigation and the
sensitive to the water fluoride concentration as comparetjective was to determine the prevalence of bone fractures
with overall fractures, because the number of hip fracturé@s Chinese populations residing in rural communities of
in the present study is relatively small. In addition, fracturegarious fluoride concentrations in drinking water. It was
are influenced by a number of other factors, such as the adetermined unfeasible to collect bone samples from the
gender, alcohol consumption, and physical activity, as co@hinese elderly subjects for bone fluoride analysis; so that
firmed in the present study. However, our results on hipone fluoride content of the study populations was not
fractures support previous findings that fluoride around rheasured. Because the data have shown that the fluoride
ppm in drinking water does not increase the risk of hipxposure of the study populations is limited to drinking
fracture(1®-2439) water, the findings on the effect of long-term exposure to
It is important to recognize potential confounding factorfluoride in drinking water on the risk of bone fractures are
and the inherent limitations associated with ecological studrell founded. However, bone fluoride content would pro-
ies. The populations used in the present study had a defuide useful evidence in evaluating the risk of fractures
able history of fluoride exposure, which minimizes thassociated with water fluoridation, particularly in popula-
potential error for the most important variable in the studyions with uncertain history and source of fluoride exposure.
However, the total number of people with fractures was stifuture studies need to consider the inclusion of the bone
relatively small, and it is impossible to sort out all potentiafluoride measurement, including feasible appropriate ap-
confounding factors individually. Attempts were made t@roaches for the sample collection.
address this issue statistically by adjusting for factors re-Based on the data collected from this investigation, it is
lated to fracture but it is not possible to measure or adjusbncluded that long-term fluoride exposure from drinking
for all possible differences among the populations. It hasater containing 4.32 ppm or more increases the risk of
been estimated that appropriately designed cohort studieterall fracture as well as hip fracture. Water fluoride levels
resolve the problem of bone fracture and water fluoridef 1.00-1.06 ppm decrease the risk of overall fractures
concentration would require a sample size of more thaelative to negligible fluoride in water; however, there does
400,000 subject$? not appear to be a similar protective benefit for the risk of
The bone fracture prevalence in this study was detdnip fractures. Because of the limitations of ecological stud-
mined based on self-reported fractures, which would tendis, future research on the long-term effects of consuming
be traumatic fractures, and osteoporotic fractures may feoridated drinking water on bone fractures needs to deter-
underreported. The low number of spinal fractures in thisine individuals’ bone fluoride, bone mass, and bone
study appears to support such an assumption. Although sistfength in relation to bone fractures in populations with
a possibility was recognized, it was determined not feasibtkefined fluoride exposure.
to have an X-ray examination of the spine (or whole body)
for each of the 8266 subjects. On the other hand, severe
accidents (such as those caused by motor vehicles) were
rare because all study participants were rural residents with ACKNOWLEDGMENTS
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