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Cancer mortality by site and fluoridation of water
supplies
CLAIR CHILVERS
From the Division of Epidemiology, Institute of Cancer Research, Sutton, Surrey, UK

SUMMARY Site-specific cancer mortality data for 20 United States cities have been abstracted
from United States Government publications to explore further the hypothesis that fluoridation of
water supplies causes cancer. Changes in mortality (standardised for age, sex, and ethnic group)
between 1958-62 and 1968-72 in 10 fluoridated and 10 non-fluoridated United States cities have
been examined. Of the seven sites (or groups of sites) examined, for only one is there a statistically
significant difference between the fluoridated and non-fluoridated cities with respect to average
change in mortality. This difference, for cancers of the genital organs, favours the fluoridated cities.
These data do not provide evidence of a positive association between fluoridation of water supplies
and cancer of any of the sites considered.

The controversy over whether or not fluoridation of
water supplies poses a risk of cancer has generally
revolved around consideration of all cancer sites
taken together1-3 (C Chilvers, unpublished
observations). If fluoride were a potent carcinogen as
suggested by Yiamouyiannis and Burk" it would
scarcely be expected to affect all sites of cancer since
carcinogens generally act at one or several but not all
sites.

Several other studies of site-specific cancer
mortality or incidence in relation to the fluoride
content of drinking water have been carried out";
some evidence for a positive association between
fluoridation and stomach cancer has been reported.

In the United States time-trends in mortality from
all cancers in 10 cities with artificially fluoridated
water supplies and 10 cities with unfluoridated water
supplies have been extensively studied1-3 (C Chilvers,
unpublished observations). Limited site-specific
mortality data for these cities are also available from
1953 onwards. The purpose of this paper is to analyse
the site-specific data over the period 1960-70 for the
20 cities studied previously in order to examine
further the hypothesis of an association between
cancer mortality and fluoridation of water supplies.
The results will then be discussed in the light of those
reported earlier and referred to above.

Materials and methods

Mortality data were obtained for 20 United States
cities and six groups of cancer sites (tables 1 and 2).10

Table 1 The 20 cities and their population (thousands)

Fluoridated Non-fluoridated

Chicago (3550) Los Angeles (2479)
Philadelphia (2003) Boston (697)
Baltimore (939) New Orleans (628)
aeveland (876) Seattle (557)
Washington (764) Cincinnati (503)
Milwaukee (741) Atlanta (487)
St Louis (750) Kansas City (476)
San Francisco (740) Columbus (471)
Pittsburgh (604) Newark (405)
Buffalo (533) Portland (373)

Table 2 Malignant neoplasms
ICD No
(8th Revision) Site

150-159 Digestive organs and peritoneum
160-163 Respiratory system
174 Breast
180-187 Genital organs
188, 189 Urnary organs
204-207 Leukaemia
Remainder of 150-209 Other malignant neoplasms

The 20 cities are those originally chosen for study by
Yiamouyiannis and Burk'; characteristics of the
cities are described elsewhere (C Chilvers,
unpublished observations). No intercensal
population estimates are available for United States
cities and the uncertainty attached to the use of
linearly interpolated populations for calculating
expected deaths is discussed by Chilvers
(unpublished observations). Thus although numbers
of cancer deaths in broad site groupings are available
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from 1953 onwards, only deaths for pericensal
years-that is, for the years around the 1960 and
1970 censuses-could be used. Total numbers of
deaths from cancer by site for each year from 1958 to
1962 and from 1968 to 1972 were obtained from
appropriate volumes of Vital Statistics of the United
States"; five years' deaths were aggregated because
of relatively small numbers of site-specific deaths in
some cities. Data were not available separately for
men and women. The 1958-62 deaths were related
to the census populations of the cities in 1960 and the
1968-72 deaths to the census populations in
1970.12 13 For each city standardised mortality ratios
(SMRs) were calculated for each five-year period.
Standardisation was carried out simultaneously for
age (age groups 0-1, 1-4, 5-14 ... 75-84, 85 and
over), sex and ethnic group (white and non-white).
The age, sex, and ethnic group specific rates used for
the indirect standardisation were those for the total
United States in 1960.14 An alternative set of rates,
those for the United States in 1970, were also used.'5
The SMRs calculated for Boston in the earlier period
were for the years 1959-62 because no mortality data
were available for Boston in 1958. The change in
SMR in each city between 1958-62 and 1968-72 was

Clair Chilvers

calculated and the average difference in the
fluoridated cities compared with that in the
non-fluoridated cities using a 2-sample t test. Where
heterogeneity of variances could be shown (using an
F test at significance level a = 0.05) Welch's test was
used."6

Results

Unweighted average SMRs in each five-year
pericensal period by fluoridation status and site are

shown in table 3. The standard deviation given is
calculated from the differences in mortality between
1958-62 and 1968-72 in each city. Individual SMRs
and numbers of deaths by site in each city are shown
in the appendix. The average SMR for cancers of the
digestive tract declined in both groups of cities
between 1958-62 and 1968-72 but rather more in
the fluoridated than in the non-fluoridated cities.
This decline in mortality from digestive tract
cancers was apparent for each of the 20 cities. In
contrast, SMRs for cancers of the respiratory system
increased in all the cities, with an average increase of
nearly 50% in both the fluoridated and
non-fluoridated cities. Breast cancer mortality

Table 3 Cancer mortality by site in 20 US cities

Average SMRs Standard: US 1960

Period
Fluoridaton Mean Standard

Site status 19S8-62 1968-72 difference deviation t p

Digestive organs F 125-31 106-72 -18-59 7-51 -1-54 >0-1
and peritoneum NF 109-92 96 05 -13-87 6-15

F-NF 15-39 10-67 - 4-72

Respiratory F 135-71 199-17 63-46 3-39 -0-17 >0-1
system NF 130-89 195-53 64-64 8-04

F-NF 4-82 3-64 - 1-18

Breast F 119-90 120-89 0-99 7.28 -0-26 >0-1
NF 112-56 114-67 2-11 11-65

F-NF 7-34 6-22 - 1-12

Genital organs F 109-27 92-97 -16-30 3-76 -4-05 <0-001
NF 106-62 97-25 - 9-37 3 90

F-NF 2-65 -4-28 - 6-93

Urinary organs F 125-51 118-79 - 6.72 8.45 -0-18 >0-1
NF 114-82 109-20 - 5-62 16-71

F-NF 10-69 9-59 - 1.10

Leukaemia and F 104-56 102-01 - 2-55 7-83 0-48 >0.1
aleukaemia NF 108-01 103-07 - 4-94 13-67

F-NF -3-45 -1 -06 2-39

Other malignant F 115-64 136-40 20-76 5-89 1.83 0-05<p<0-1
neoplasms NF 115-74 130-94 15-20 7-59

F-NF -0-10 5-46 5-56

AU malignant F 121-31 124-03 2-72 3-20 -0-83 >0-1
neoplasms NF 113-87 118-43 4-56 6-21

F-NF 7.44 5-60 -1-84

'2-sample t statistic, 18 df (digestive, respiratory, breast, genital, leukaemia, other, all) or Welch's test statistic (urinary).
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Cancer mortality by site and fluoridation of water supplies

increased in six ofthe fluoridated cities and declined in
the remaining four; an identical pattern is observed in
the non-fluoridated cities. Average breast cancer
SMRs changed to a negligible extent between
1958-62 and 1968-72. Mortality from cancers of the
genital organs declined in all 20 cities, the average
decline being larger in the fluoridated than in the
non-fluoridated cities (p<0001). The cities were
more variable in their mortality from urinary tract
cancers; there was an upward trend in mortality in
three of the 10 fluoridated cities and in four of the 10
non-fluoridated cities. In particular, the SMR in
Cincinnati increased from 121 to 141 and in Portland
from 99 to 119 over the 10-year period; neither of
these cities had fluoridated their water supplies
during the period under study. Average SMRs
declined to a similar extent in the two groups of cities.
There was an upwards trend in mortality from
leukaemia in three fluoridated and four
non-fluoridated cities; the average change in SMRs
in the fluoridated and non-fluoridated cities was
similar. Mortality from "other" malignant neoplasms
increased slightly more in the fluoridated than in the
non-fluoridated cities (0.05 <p<0 1); in none of the

20 cities was there a decrease in the SMR between
1958-62 and 1968-72. Similar results were obtained
when 1970 standard rates were used (table 4).

Discussion

Time-trends in all-cancer mortality in fluoridated and
non-fluoridated cities have been extensively studied,
but it may be argued that any adverse effect of
fluoridation is more likely to be identified by
examining specific sites of cancer.

Median induction periods for solid tumours
(bronchus, breast, bladder, etc) are generally
estimated at about 15 years,17-19 while that for
leukaemia has been found to be between 4-6 and 7-2
years.17 Fluoridation of water supplies in the 10
fluoridated cities listed in table 1 was started between
1952 and 1956. Allowing a suitable lag period it is
exceedingly unlikely that if any effect of fluoridation
existed it would have manifested itself by 1958-62.
Such an effect, however, might well have become
apparent 10 years later. The comparison of mortality
ratios in 1968-72 with those in 1958-62 in the
fluoridated cities would then be expected to give

Table 4 Cancer mortality by site in 20 US cities

Average SMRs Standard: US 1970

Period
Fluoridation Mean Standard

Site status 1958-62 1968-72 difference deviation t* p

Digestive organs F 144-79 122-91 -21-88 8-57 -1-60 >0-1
and peritoneum NF 127-22 111-01 -16-21 7-22

F-NF 17-57 11-90 - 5 67

Respiratory F 87-90 127-43 39-53 7-17 -0-32 >0-1
system NF 84-71 125-61 40-90 11-59

F-NF 3-19 1-82 - 137

Breast F 116-67 118-63 1-96 7-20 -0-22 >0-1
NF 109-68 112-58 2-90 11-32

F-NF 6-99 6-05 - 0-94

Genital organs F 124-88 105-51 -19-37 4-44 -4-22 <0-001
NF 121-51 110-53 -10-98 4-47

F-NF 3-37 - 5 02 - 8-39

Urinary organs F 123-68 116-81 - 6-87 8-31 -0-22 >0-1
NF 113-07 107-49 - 5-58 16 34

F-NF 10-61 9-32 - 1-29

Leukaemia and F 105-92 99-93 - 5-99 7-49 0-29 >0-1
aleukaemia NF 109-54 102-07 - 747 14-10

F-NF - 3-62 -2-14 1-48

Other malignant F 99-85 116-48 16-63 4-77 1-61 >0-1
neoplasms NF 100-29 112-81 12-52 6-51

F-NF -0-44 3-67 4-11

All malignant F 115 96 118-72 2.76 6-06 0-64 >0 5
neoplasms NF 106-87 113-89 7-02 8-97

F-NF 9-09 4-83 - 4-26

'2-sample t statistic, 18 df (digestive, respiratory, breast, genital, other, all) or Welch's test statistic (urinary, leukaemia).
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some indication of an effect of fluoridation by
comparison with the change in mortality in the
non-fluoridated cities over the same period.
The validity of results obtained from mortality data

depends on the accuracy with which cause of death is
recorded on death certificates. The groups of cancer
sites examined here are broad and misclassification
of site as reported on the death certificate is unlikely.
Nevertheless, the use of broad groups of cancers has
the disadvantage that an increase in a numerically
minor site within a broad grouping might pass
unnoticed. It might also be argued that a sudden
increase in a relatively rare type or site of cancer is
most likely to be noticed and reported by a

pathologist in a local area. So far as I am aware no
such reports have been linked to fluoridation of water
supplies.

In studying the changes in SMR over the 10-year
period in individual cities (appendix) one is struck by
the consistency of the changes in these cities; the
upward trends in respiratory (mainly carcinomas of
the bronchus from cigarette smoking) and other
cancers and the downward trends in gastrointestinal
tract and genital cancers in all 20 cities. The changes
in breast cancer mortality are variable in direction in
individual cities but are small in magnitude, and it is
only for urinary tract cancers and leukaemia that
substantial differences in direction of trends between
cities are evident.

Since stomach cancer is the only site that has been
found in previous studies to have any association with
fluoridation it is relevant to examine the evidence

Clair Chilvers

from earlier studies in relation to the results for
digestive tract cancers presented here. The relatively
larger decline in digestive tract cancer in the
fluoridated cities contrasts with the opposite finding
of Yiamouyiannis and Burk.' Their regression line
analysis using data for 1952-69 was based on annual
average crude death rates and used linearly
interpolated populations. From the limited
intercensal population data available for United
States cities it is known that linearly interpolated
populations may well be unreliable due to the extent
of internal migration within the United States (C
Chilvers, unpublished observations). Of more
importance, failure to adjust for the differing age,
sex, and ethnic group structures of the cities both at
any given point in time and over time makes results
based on crude death rates uninterpretable.
A major component of digestive tract cancer

mortality is that from stomach cancer. Mortality from
gastric cancer in relation to fluoridation has been
extensively studied, but conflicting results have been
obtained. Hoover et al,5 in their analysis of data from
the counties previously studied by Burk,4 found a

statistically significant association between both male
and female stomach cancer mortality in United States
counties and fluoridation after allowing for differing
distributions of demographic and other risk factors.
These two positive findings were from a group of 16
site-sex groups examined. On further correcting for
the presence of high-risk ethnic groups the
association remained only for men. This study used
aggregated mortality data for the years 1950-69 and

APPENDIX

Appendix: SMRs and numbers of deaths in each city. Standard: US 1960

Digestve organs and peritoneum Respiratory system Breast

Period 1958-62 1968-72 1958-62 1968-72 1958-62 1968-72

Fluoridated cities:
Chicago 133 (12981) 111 (10944) 129 (5722) 177 (7109) 123 (3222) 122 (3138)
Philadelphia 131 (7620) 105 (6514) 140 (3504) 198 (4836) 119 (1869) 117 (1895)
Baltimore 118 (2899) 106 (2831) 154 (1639) 243 (2570) 124 (825) 109 (759)
aeveland 132 (3 148) 111 (2487) 144 (1497) 210 (1845) 118 (715) 113 (640)
Washington DC 119 (2 490) 113 (2 370) 137 (1177) 201 (1600) 120 (699) 123 (668)
Milwaukee 127 (2455) 99 (2078) 103 (898) 158 (1335) 127 (665) 131 (727)
St Louis 120 (2 965) 97 (2 238) 142 (1411) 217 (1811) 110 (716) 111 (658)
San Francisco 113 (2896) 104 (2746) 128 (1434) 188 (1936) 114 (749) 120 (788)
Pittsburgh 133 (2449) 109 (2018) 142 (1124) 204 (1471) 122 (583) 130 (620)
Buffalo 127 (2061) 111 (1768) 139 (985) 197 (1204) 122 (524) 133 (549)

Non-fluoridated cites:
LosAngeles 98 (6796) 87 (6869) 117 (3429) 156 (4933) 116 (2217) 111 (2375)
Boston 125 (2 210)- 109 (2 249) 132 (966)' 190 (1444) 104 (496)- 129 (708)
New Orleans 111 (1 757) 96 (1640) 159 (1070) 240 (1605) 103 (454) 120 (547)
Seattle 102 (1 805) 88 (1 643) 118 (879) 178 (1283) 114 (514) 107 (516)
Cincinnati 119 (1 855) 114 (1 724) 145 (908) 236 (1303) 124 (511) 131 (516)
Atlanta 95 (1 098) 89 (1 130) 129 (618) 197 (961) 119 (399) 120 (419)
Kansas City 97 (1 433) 80 (1 262) 123 (744) 187 (1105) 101 (397) 104 (434)
Columbus 115 (1 297) 100 (1 254) 130 (613) 211 (1045) 117 (360) 109 (382)
Newark 140 (1484) 113 (1020) 144 (687) 178 (657) 122 (341) 109 (259)
Portland 98 (1 315) 85 (I 239) 111 (616) 182 (990) 105 (361) 106 (394)

11959-62 only (no data for 1958).
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Cancer mortality by site and fluoridation of water supplies

did not examine time trends. In the same paper a study
of cancer mortality in Texas counties supplied with
water containing differing levels of naturally
occurring fluoride failed to find any gradient in
stomach cancer mortality for women. Male stomach
cancer mortality, however, was higher in counties
supplied with water containing 1*3 ppm fluoride or

more than in counties supplied with water containing
less than 1*3 ppm fluoride. After allowance had been
made for differing demographic risk factors,
mortality from stomach cancer showed no

association with fluoride levels. Their third study, of
time trends in United States counties in relation to
fluoridation of water supplies, likewise failed to find
any effect for gastric cancer but any real effect could
have been diluted by the inclusion among control
counties of those containing high levels of naturally
occurring fluoride and by the inclusion among

fluoridated counties of some with up to one-third of
their population drinking non-fluoridated water.
Erickson6 compared mortality in 1969-71 in 22
United States cities without fluoridated water with 24
cities with fluoridated water. After allowing for
differences in socioeconomic factors, mortality from
digestive tract neoplasms was similar in the two
groups of cities.
The relationship between fluoride and gastric

cancer mortality has also been investigated in
England and Wales. Heasman and Martin7 matched
18 local authority areas with high levels of naturally
occurring fluoride in their water supplies with control
areas. In areas in the south of England there was no

evidence of any difference in age and sex-adjusted
mortality from stomach cancer, whereas in northern
areas there was evidence of an excess of gastric
cancer in the high fluoride areas. Heasman and
Martin pointed out, however, that two of the three
high fluoride areas share a water supply containing
2 ppm fluoride and have widely differing SMRs (117
and 200) and that their combined SMR (131) is lower
than that in the third high fluoride area (SMR 152),
which is supplied by water containing only 0-7 ppm
fluoride. They also point out that many other
northern county boroughs have gastric cancer rates at
least as high as the three with high fluoride levels yet
have less than 0-2 ppm fluoride in their water and,
finally, that in England and Wales the highest
mortality rates from gastric cancer are found in
Wales, which is supplied with water containing
negligible amounts of fluoride.

Cook-Mozaffari et al8 examined trends in cancer

mortality in Birmingham (fluoridated 1964) and six
other English cities with populations nearest in size to
Birmingham. Age-adjusted mortality rates for three
time periods-1959-63, 1969-73, 1974-8-were
calculated for men and women separately. The
stomach was one of 12 cancer sites studied; there was
no evidence of an increased risk in Birmingham
compared with the control cities.
Cancer of the stomach was among the sites

examined by Kinlen9 in his study of cancer incidence
in local authority areas of England and Wales with
differing levels of naturally occurring fluoride in their
water supplies. The areas were matched for

Genital organs Urinary organs Leukaemia and aleukaemia Other malignant neoplasms

1958-62 1968-72 1958-62 1968-72 1958-62 1968-72 1958-62 1968-72

112 (4762) 96 (4196) 123 (1654) 117 (1546) 103 (1304) 97 (1157) 98 (5099) 122 (6070)
106 (2722) 86 (2367) 120 (939) 115 (937) 109 (796) 103 (745) 115 (3453) 136 (4128)
116 (1280) 96 (1172) 142 (464) 114 (394) 105 (327) 94 (286) 129 (1664) 160 (2086)
119 (1242) 99 (1007) 126 (410) 117 (344) 108 (330) 100 (263) 122 (1502) 140 (1528)
104 (1043) 93 (974) 123 (327) 109 (280) 99 (235) 104 (225) 115 (1216) 141 (1415)
105 (839) 92 (805) 123 (339) 120 (350) 95 (259) 92 (252) 102 (1067) 123 (1313)
116 (1252) 101 (1040) 132 (435) 130 (387) 100 (293) 115 (289) 117 (1423) 140 (1497)
96 (1025) 86 (965) 109 (388) 107 (377) 108 (337) 108 (323) 122 (1580) 133 (1683)
109 (862) 90 (716) 119 (299) 118 (292) 112 (262) 110 (238) 130 (1222) 152 (1365)
110 (746) 93 (624) 138 (314) 140 (301) 106 (224) 97 (185) 106 (891) 117 (906)

95 (2811) 88 (3001) 108 (1028) 106 (1115) 97 (890) 102 (1014) 108 (3931) 119 (4829)
95 (697)- 88 (764) 110 (270)- 111 (309) 100 (228)' 87 (221) 135 (1218)' 145 (1463)

101 (746) 94 (750) 125 (258) 112 (244) 108 (214) 105 (204) 135 (1115) 152 (1273)
103 (749) 87 (668) 110 (273) 98 (250) 118 (269) 100 (226) 112 (1006) 120 (1095)
130 (875) 124 (820) 121 (256) 140 (278) 99 (192) 111 (196) 107 (836) 130 (941)
118 (649) 103 (627) 105 (157) 89 (142) 128 (187) 108 (159) 115 (703) 139 (886)
100 (638) 90 (611) 106 (212) 109 (228) 106 (196) 113 (216) 116 (863) 130 (1002)
115 (566) 103 (568) 123 (190) 97 (162) 99 (155) 113 (194) 101 (610) 123 (818)
107 (507) 103 (448) 140 (203) 112 (133) 101 (137) 79 (87) 123 (686) 124 (572)
103 (561) 94 (555) 99 (187) 119 (240) 124 (210) 113 (199) 106 (706) 127 (887)
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urban/rural status. There was no evidence of a higher
incidence of stomach cancer in areas with higher
levels of naturally occurring fluoride than in the
control areas. Kinlen also compared the incidence of
cancers of the same sites in fluoridated areas with
incidence in nearby unfluoridated areas, but found
no evidence of excess of cancer in the fluoridated
areas. Neither study considered time trends, and for
Birmingham and Solihull an insufficient period had
elapsed between fluoridation (introduced in 1964)
and the years of study (1965-68) to allow for the
latent period.

Conclusion

The site-specific data for the 20 United States cities
examined here do not provide any evidence that
fluoridation of water supplies is associated with an
increase in cancer mortality.

This work was supported by the Cancer Research
Campaign and by a grant from the Department of
Health and Social Security.

I thank Miss Hazel Fox and Mrs Sue Skeet for
technical and secretarial help.
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