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IN 1960 a nutritional survey of Chile (1) was

conducted by the Interdepartmental Com¬
mittee on Nutrition for National Defense
(ICNND) in cooperation with the Chilean
Armed Forces, the National Health Service of
Chile, and the University of Chile (2,3). The
survey covered four major phases: (a) a study
of agricultural production, food technology,
and food distribution; (b) a dietary survey of
actual food intake in a sample of civilian house¬
holds and military messes; (c) biochemical
analysis of selected nutritional factors in food,
water, blood, and urine, as well as genetic blood
studies which included electrophoresis for ab¬
normal hemoglobin, genotyping, and red cell
enzymes; and (d) clinical examinations of
civilians and military personnel.
Data on oral disease were obtained as an inte¬

gral part of the clinical examinations. This
paper reports the findings for dental caries in
1,906 Chileans and related geographic and nu¬

tritional factors studied during the nutritional
survey. It also presents the hypothesis that
moderate fluoride levels in domestic water sup¬
plies (0.4-0.6 part per million) may be suffi¬
cient, under the conditions observed in Chile, to
give the same biological effects observed in
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northern communities of the United States
which consume waters containing 1.0 to 1.2 ppm
fluoride. Data on oral anomalies, periodontal
disease, and genetic factors have been pub¬
lished elsewhere (1,4).

Because of Chile's unique geographic config¬
uration, the survey offered the additional op¬
portunity to observe the effect of climatic differ¬
ences on a representative population sample of
Chileans. For this purpose, Chile was divided
into three regions, which corresponded roughly
to desert, mediterranean, and temperate forest
vegetation, and to climatic geographic divisions
of the country. The northern region included
provinces from Tarapaca to Coquimbo, the cen¬

tral from Aconcagua to Valdivia, and the south¬
ern from Osorno to Magallanes. Selected
cities within these provinces are shown in figure
1.
A number of previous studies of the preva¬

lence of dental caries in Chile were limited to
special population segments, such as school chil¬
dren (5), rural children of the central zone

(6), clerical workers (7), and a composite popu¬
lation (8). These studies are not directly com¬
parable with the present investigation because
of sample differences, and because methods other
than decayed, missing, and filled (DMF) rates
were used to record caries experience. However,
all studies agree that a small proportion of the
samples examined were caries free.
An early report by the Ministry of Health

(5) on caries experience in 12- to 14-year-old
children described a marked geographic effect
in caries experience. The caries experience
values were lowest in the northern provinces
and highest in the central and southern prov-
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inces. Average values of caries experience by
geographic region are shown in table 1. A
comparison of values for the northern part of
the country with the central and southern por¬
tions shows that the northern children had a

46 percent lower caries experience than the
central, and a 57 percent lower caries experience
than the southern children.
One of the very early national surveys of the

fluoride content of domestic waters was done in
Chile by Otte (9). This extensive study has
been followed by repeated surveys (10) which
give detailed information concerning the fluo¬
ride content of the domestic water supplies of
nearly all moderate-sized Chilean communities.
These reports indicate that the water supplies
of northern Chile contain larger amounts of
fluoride than the central and southern portions.
However, the values of fluoride in parts per
million range from 0.4 to 0.7 in the north and,
with the exception of a few small communities
not included in this study, from 0.05 to 0.4 in
the central and southern communities.

Methods

Sampling procedures. The original sample,
selected in cooperation with the Institute of
Economics of the University of Chile, consisted
of 5,351 civilians and 4,267 military personnel.
The civilian sample was a random selection

of families from the middle- and low-economic
groups, geographically distributed throughout
all Chile. The ratio of rural to urban
(22.6 :77.4) closely approximated that of the
general population (1). As entire households,
including maids, were sampled, and because of
the absence of some working fathers, the civilian
sex distribution is not representative of Chile.
The military sample, representative of en-

listed personnel of the army, air force, and navy,
including recruits and cadets, was drawn from
26 geographically distributed areas. The final
dental sample contained an excess of men be¬
cause of the military.
Every fifth person in the original sample re¬

ceived a detailed medical and dental examina¬
tion. A blood sample was obtained from every
third person receiving a dental examination.
The composition of the dental sample is shown
in table 2.

Figure 1. Selected cities within geographic re¬

gions of Chile, dental survey, 1960
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Dental examination. Two dentists made all
the observations in this study. During an

initial 3-day period, the work of both dentists
was calibrated. Each examined the same group
of patients until comparable observations were

recorded on each patient. In addition, spot
checks were made during the following 2
months to assure continued comparable observa¬
tions.
Examinations were made under natural light,

using portable dental chairs, small mouth mir-
rors, and explorers. Each dentist called his
findings in a numerical code to a recorder, who
wrote these findings on a McBee dental card.
Kecorders' entries were checked daily. Caries
experience was recorded in the usual manner,
using the DMF-def index. Frank loss of tooth
substance was required before a lesion was des¬
ignated as carious. A tooth with a filling and
a separate caries lesion was counted only once,
as a filled tooth. Each permanent molar was

examined for signs of attrition and scored in
the manner of McCombie (11). The periodon¬
tal index (PI) of Eussell (12) was used to score

periodontal disease. In addition, findings were
recorded for gingival recession, calculus, debris,
hypoplasias of enamel, fluorosis, arch shape,
occlusion (Angle's classification), and oral
anomalies. Findings of fluorosis were scored
according to Dean's scale (13).
Laboratory examinations and nutritional

data. Blood and urine samples were collected
daily in the field. The blood samples for ge¬
netic and nutrition studies were taken from
each patient in 10 cc. vacutainer tubes with
EDTA anticoagulant. The blood samples and
freshly voided urine samples were placed in an

ice container and flown daily to the labora-

Table 1. Average values of caries experience in
Chilean school children aged 12-14 years, by
geographic region, 1945

Table 2. Number of persons receiving dental
examinations, by sex and military status,
Chile, 1960

Source: Chilean Ministry of Health (see reference 5).
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tories in Santiago. Nearly all samples were

analyzed within 48 hours after collection. All
procedures were done at the University of Chile
in Santiago, with the exception of genotyping.
An aliquot of blood was iced and sent by air
courier to the National Institutes of Health in
Bethesda, Maryland, where blood group de¬
terminations were made. All samples were

typed within 1 week after collection.
Water samples from 11 of the 17 cities studied

were analyzed for fluoride content at the Pub¬
lic Health Service laboratory, Bethesda,
Maryland.
One-day food consumption records for 277

Chilean families were obtained in 16 locations
throughout Chile by three nutritionists from
the National Health Service. Composite food
aliquots from 18 families were obtained for nu¬

tritional chemical analysis.
Dental Caries

Total population. The mean number of
DMF and def teeth per person by age and
component for the total Chilean sample is shown
in table 3 and figure 2. The DMF curve ap¬
pears to be a composite of two curves broken
at the 30- to 35-year age interval. It is of in¬
terest to note that this break is evident in both
the military and civilians and in the male and
female data (figs. 3 and 4).

Table 4 gives the mean number of DMF teeth
of Chileans by age, sex, and military status,
compared with Baltimore, Maryland, civilians,
1954 (llt). These crude data indicate that
Chilean and Baltimore females have about the
same mean DMF rates in each age category,
but the DMF rates for Chilean males are some¬

what lower than the DMF rates for Baltimore
males (figs. 3 and 5).
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Military. Analysis of the mean number of
DMF teeth per person by age shows that there
were no significant differences between those in
the army, navy, or air force. However, dur¬
ing the study it was noted that the caries ex¬

perience of men at different military stations
throughout the country varied considerably.
When the military personnel were compared
on the basis of their area of origin, a marked
geographic difference was noted in caries ex¬

perience (fig. 6). These data (table 5) indi¬
cate that there were statistically significantly
lower DMF rates in the northern military than
in the southern and central military up to the
age of 35 years. Possibly the sample size and
the loss of teeth from periodontal disease oblit-
erates the caries effect beyond this age. The
periodontal disease data indicate that the PI
score for each age group in Chile was much
higher than for corresponding age- and sex-

specific intervals for North American white
persons examined in Baltimore in 1954 (1).

Civilians. The mean number of DMF and
def teeth per person by age and sex in the
civilian sample, shown in table 6 and figure 4,
indicates that for most age intervals statisti¬
cally significant sex differences exist. How¬
ever, 38.8 percent of the females were from the
northern four provinces where very mild fluoro¬
sis was present, while only 32.8 percent of the
males were from this region. No correction

was made in figure 4 for this excess of northern
females with low DMF rates. If this excess

of northern females is excluded, the sex differ¬
ences are greater than indicated by the graph.
The male civilian sample was too small to
analyze for regional differences. The apparent
difference between the DMF rates of Chilean
males and Baltimore males disappears when
the northern males living in a fluoride area are

eliminated from the sample. The female sam¬

ple shows statistically significantly lower DMF
rates for the northern females than for the
central and southern females up to the age of
40 years (table 7).

Fluorosis

Among the various factors to be considered
when comparing the crude Chilean data with
the Baltimore data is that 29.9 percent of per¬
sons in the Chilean sample were from the four
northern provinces where fluorosis was preva¬
lent (table 8), while fluorosis in the Baltimore
sample was negligible.
The community dental fluorosis index is a

better indicator of total fluoride exposure than
the prevalence of fluorosis. Ideally, children
from 12 to 14 years of age should be examined.
Children younger than 12 years of age will have
some unerupted teeth, while in persons older
than 14 years of age, the surface characteris-
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ties of fluorosis become increasingy obliterated
by attrition with advancing age. Table 9 com¬

pares the fluorosis index for 12- to 14-year-old
children by region. Only one case was seen

which we classified as moderate, and none was

severe. The higher community fluorosis index
of the northern portion of the country is ac-

companied by a mean DMF rate which is 59.1
percent lower than the DMF rates of the cen¬

tral and southern children.
The results of the analysis of water samples

for fluoride and those previously reported for
Chilean domestic waters are given in table 10.
These values show that the fluoride content is
highest in the northern communities. How¬

ever, the values reported here are lower than
those usually accepted in the United States as

necessary to give a maximum biological effect,
as measured by the community fluorosis index
and low DMF rates.

Nutritional Findings
The nutritional findings summarized here

were compiled from the reports of the Agricul¬
ture and Food Supply Survey, the Military
Dietary Survey, and the Dietary Survey of
Chilean Families (1). These studies com¬

prised some of the special investigations of the
ICNND survey of Chile in 1960, and they were

Figure 2. Mean number DMF teeth per person in total Chilean sample, by age group
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Table 4. Comparison of dental survey findings in Chile, 1960, and Baltimore, Maryland, 1954

Table 5. Mean number DMF teeth per person in Chilean military services, by age group and
area of origin

1 Not significant.

Table 6. Mean number DMF and def teeth per person in Chilean civilian sample, by age and sex
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carried out concurrently with the dental exami¬
nation by other team members.
Sugar and sugar-product consumption per

person per day varied from 37 gm. in the south

Figure 3. Mean number DMF teeth in Chilean
civilian and military males, 1960, and Balti¬
more, Maryland, white males, 1954, by age
group
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Figure 4. Mean number DMF teeth per person
in total Chilean civilian sample, by sex and
age group

to 47 gm. in the central region to 61 gm. in the
north, with La Serena reporting the highest
consumption, 82 gm. This constituted about
4.3 percent of the total Chilean civilian diet.
Ten military messes were surveyed in a like
manner. Sugar comprised about 50 gm. per
man per day, or about 2.7 percent of the total
diet by weight.

Figure 5. Mean number DMF teeth per person
in females, Chile, 1960, and Baltimore, Mary¬
land, 1954, by age group
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Figure 6. Mean number DMF teeth per person
in Chilean military sample, by age group and
area of origin
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Table 7. Mean number DMF teeth per person in Chilean females, by age and geographic location

1 Not significant.

Special studies of infants less than 3 years of
age indicated that infants are nursed by the
mother for an average of about 6 months.
After that, they are weaned onto cow's milk
(depending on location), evaporated milk or

special Nestle's milk products (infrequent), or

powdered milk, provided by the National Milk
Program, which is the most commonly used
form of milk.

Studies on milk production and milk proc¬
essing show an unequal distribution of fresh
milk in the three geographic regions of Chile.
Nearly all milk consumed in the northern prov¬
inces is in the form of dried milk that must be
reconstituted with domestic water. A greater
proportion of fresh milk is consumed in the
central and southern portions of the country.
However, the National Milk Program distrib-
utes powdered milk throughout Chile on the
basis of 2 kg. per month (providing 20 liters of

Table 8. Prevalence of dental fluorosis in
Chilean civilian and military samples, by area
of origin

milk per month) to babies under 2 years old,
children over 2 years until school age, if rec¬

ommended by the social welfare worker, preg¬
nant women, nursing mothers, and tuberculosis
patients.
Household checks indicate that in many cases

the milk issued for babies is distributed to other
children in the family. For Chile as a whole,
milk consumption in all forms is much too low
for optimal child development. Other bever¬
ages such as wine, beer, cocoa, and mate con¬

tribute a minute fraction of the total daily fluid
intake for children through 10 years of age.
Soft drinks are consumed, but represent less
than half that consumed by U.S. children.

Blood Studies

Blood types were determined for 617 persons
who had dental examinations (table 11). There
were no significant differences in blood group
distributions for sex, age, geographic location,
or military status. When blood type was com¬

pared for persons with low, medium, or high
caries experience, there were no significant dif¬
ferences from the expected distribution.

Discussion

The essential problem presented by these data
relates to significant geographic differences in
caries experience. These differences have been
shown to exist in various subportions of the
data, such as for children, females, and the mili¬
tary. Furthermore, we have some indication
that the regional caries experience differences
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noted in this study reflect essentially the same

pattern described in the Chilean Ministry of
Health Study of 1945 (5). The higher numeri-
cal caries experience values in the Ministry of
Health study compared with this study are

partially ascribable to different scoring and ex¬

amining methods. The dietary study of re¬

gional differences in sugar intake correlated
with the regional DMF rates in a direction
opposite to that expected if sugar could account
for higher rates in the central and southern
regions. A strong correlation exists between
the community fluorosis index, the DMF rates,
and fluoride in the domestic waters on a regional
basis. However, the fluoride content of the
domestic waters of northern Chilean cities
varies from 0.4 to 0.6 ppm, with 0.5 ppm as the
weighted regional average for the population in
this study. These levels appear to be insuflicient
to provide the sole source of fluoride to account
for the biological effects observed, if U.S. stand¬
ards are accepted. Before drawing such a con¬

clusion, we must consider that northern Chile
differs from northern United States in at least
two major factors, temperature and milk con¬

sumption, that influence total daily water in¬
take, and hence the total daily amount of fluo¬
ride ingested.

Initial studies on the relationship between the
fluoride content of domestic water, the preva¬
lence and severity of fluorosis (13,15), and the
prevalence of dental caries (16) were con¬

ducted in communities largely in the northern
portions of the United States with mean annual
temperatures of approximately 50° F. Here it
was found that water supplies must contain
from 1.0 to 1.2 ppm fluoride to give a com¬

munity fluorosis index up to 0.4 and to give the
maximum protection against dental caries; that
is, 60 percent fewer DMF teeth than communi¬
ties with no fluoride.

Table 10. Fluoride content of Chilean water
samples, 1960, and values previously reported
by Chilean Ministry of Health

1 Value for tapwater; raw water, 0.36.

A number of studies (17-23) have reported
fluorosis and low dental caries rates in popula¬
tions consuming water with low fluoride concen¬
trations. This phenomenon has been observed
in such widespread geographic locations as

Ethiopia, Thailand, Peru, Formosa, and Chile.
In some of these studies, regions or communi¬
ties have been observed where the amount and
severity of fluorosis and the low caries rates
were of a magnitude expected in a northern
U.S. population consuming water with 1.0-
1.2 ppm fluoride. However, these communities
were ingesting waters with much lower amounts
of fluoride, that is, 0.35-0.70 ppm.
Even before fluoridation became a public

health measure, Arnold (24) postulated that
climate should influence water intake and, there¬
fore, total fluoride ingestion. Galagan and co-

workers (25-28) have made a series of extensive

Table 9. Mean number of DMF teeth and fluorosis index, Chilean children aged 12-14 years,
by region
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studies on water consumption in populations
living under different climatic conditions and
consuming water with different concentrations
of fluoride. The distribution of types of fluid
consumed in two of the communities studied
is shown in table 12. These investigations
showed that temperature was the most impor¬
tant element of climatic environment affecting
water consumption.
Galagan and Vermillion (28) have proposed

the following formula to allow for the effect
of temperature on the optimum fluoride levels
in domestic waters of the United States:

Table 12. Percentage distribution of ounces of
each kind of fluid consumed, Antioch and
Brentwood, Calif.1

ppm=-0^34E
E=- 0.038+0.006277,

where E is the estimated water consumption in
ounces per pound of body weight and T is the
mean maximum temperature in degrees Fahren-
heit.
Application of this formula to various com¬

munities in the United States gives estimates
very close to observed conditions. However,
this formula was derived from a study of U.S.
children, who consume about 44 percent of their
daily fluid intake as milk (table 12). Milk
contains negligible amounts of fluoride (29).
Assuming that children drink the same amount
of fluid per pound of body weight in all popu¬
lations, Galagan and Vermillion's formula
should be corrected when it is applied to popu¬
lations such as that of northern Chile, where

1 During 1,539 child-days in Antioch and 681 in
Brentwood.

2 61,810 ounces.
8 27,044 ounces.

Note: Table reproduced with permission of the
authors (see reference 27).

fresh milk comprises only a minute amount of
the total fluid intake. The U.S. values in parts
per million fluoride would be about 44 percent
too high for communities where fresh milk is
not used. If these assumptions are correct, we
propose that a more generally applicable for¬
mula would be:

ppm=
0.34
E

E (-0.Q38+ 0.006277) W
0.56

where W is the proportion of domestic water in
the total daily fluid intake of the average child
through 10 years of age in the average commu¬
nity studied. Essentially, W should include

Table 11. Blood type distributions in persons with low, medium, and high DMF experience

* Not considered in x2 calculation.
Note: x2=1.45; P=<0.95.
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corrections for any fluoride-containing fluid.
However, it is proposed that, for practical pur¬
poses, in most populations it can be estimated by
subtracting the proportion of milk (M) from
the total fluid intake:

W=l-M.

Table 13 shows the mean maximum annual
temperature of various Chilean communities
averaged over the number of years they have
been recorded (30^1). The estimated optimum
parts per million fluoride in the drinking
water, using the temperature and milk correc¬

tion formula are shown in table 13. Tempera¬
ture and milk corrections have been calculated
for the northern towns only, because we have
evidence that fresh milk constitutes only a neg¬
ligible portion of the total fluid intake of chil¬
dren of this region. If the proposed formula
is essentially correct, the amounts of fluoride
present in the drinking waters of northern
Chile appear adequate to account for the bio¬
logical effects observed (table 13). Other
dietary sources of fluoride probably contribute
to the individual variations seen; however,
these data strongly suggest that waterborne
fluoride is the major significant source of the
observed effects.
While these data have been considered for

the northern region of Chile as a whole, varia¬
tions exist fromtown to town which would make
future local studies desirable. Time did not
permit detailed studies of the water supplies
and water histories of each community. How¬
ever, the relatively low fluoride content of 0.26

ppm found in Antofagasta in 1960 may not rep¬

resent the amount of fluoride that was in the
water supply 6 to 15 years earlier. The fluo¬
rosis index seen in the children of Antofagasta
in 1960 leads us to suspect that the water supply
has been changed from a higher to a lower
fluoride-containing source. We are informed
that all water used in Antofagasta comes by
pipeline from a source in the Andes Mountains.
An abandoned pipe paralleled the one in use in
1960.
The water supply of La Serena includes a

number of well sources. We suspect that these
sources vary in the amount of fluoride and
would contribute variations in the total domes¬
tic waterborne fluorides, depending on pumping
variations.
When both temperature and milk consump¬

tion differences are taken into account for many
previously reported studies where low fluoride
values, by U.S. standards, are present in domes¬
tic waters, the observed concentrations of water¬
borne fluoride are sufficient to account for the
biological effects reported. One possible major
source of error that could be encountered if
this corrected formula is applied to previously
reported studies is the community fluorosis in¬
dex. In some studies the index has been under¬
estimated by using populations other than chil¬
dren aged 12 to 14 years. We also recognize
the tendency by inexperienced investigators to
include many nonfluoride hypocalcifications
and hypoplasias of enamel, resulting in an over-

scoring of the index. Even after considering
the corrections suggested here, there are several
studies which give some evidence for a non-

water source of fluoride. Perhaps the Tristan

Table 13. Calculated optimum domestic water fluoride levels corrected for mean maximum
temperature and milk consumption for cities in northern Chile
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da Cunha (22) and the Pescadores (20) studies
are the best examples.
Whatever the sources of the fluorosis and low

caries rates in northern Chile, conditions here
closely approach the optimum expected from
fluoride in domestic waters. Waters of central
and southern Chile are deficient in fluoride.

Summary

A dental survey of 1,906 Chileans (1,000 civil-
ians and 906 military personnel) geographically
distributed throughout Chile revealed signifi-
cant regional (north, central, and south) differ-
ences in caries experience. There was an un-
expected negative correlation between regional
decayed, missing, and filled rates and regional
sugar consumption, but an expected strong neg-
ative correlation with fluoride in domestic
waters. Persons from northern Chile exhibited
low DMF rates and mild fluorosis, characteris-
tic of communities of northern United States
consuming water with from 1.0 to 1.2 ppm
fluoride. Water analysis indicates that these
waters contain from 0.4 to 0.6 ppm fluoride.
It is postulated that this amount of fluoride is
sufficient, under conditions prevailing in north-
ern Chile, to account for the biological effects
seen because of higher ingestion of water per
child per day, compared with northern United
States. Assuming that Chilean and North
American children drink the same amount of
fluid per pound of body weight under similar
conditions, at least two factors, temperature and
milk, could account for higher water consump-
tion. Because milk is deficient in fluoride and
because optimum fluoride levels in the United
States have been calculated in populations (0
to 10 years of age) consuming about 44 percent
of their fluid intake as milk, it is postulated that
the requirement for fluoride in parts per million
in domestic waters in populations not consum-
ing milk is lower. A tentative milk correction
factor applied to Galagan and Vermillion's
(28) temperature correction formula is pro-
posed:

optimum fluoride in ppm= 04

E (-0.038+0.0062T) W
0.56

where E is the estimated water consumption in
ounces per pound of body weight and W is the
average proportion of domestic water in the
total daily fluid intake of children 0 to 10 yeaxs
of age in the community under study.
A major assumption is inherent in this pro-

posed revision of the temperature formula-
that Chilean and North American children of
comparable ages under identical conditions
would have the same requirements for total
fluid per pound of body weight. Future studies
should be designed to test the variables affecting
water consumption in populations such as
northern Chile.
Comparison of ABO blood groups and per-

sons with low, medium, and high caries ex-
perience did not show any significant deviations
from the expected distribution (P<.95).
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Study of Environment and Cancer
An extensive study of environmental factors and the variations in

cancer mortality rates in 20 election districts in Washington County,
Md., found no specific environment-cancer correlations, according to
the National Cancer Institute, Public Health Service.
The soil, rocks, water, air, and vegetation in the districts were ana-

lyzed, and mortality records for all types of cancer for the past 30
years, as well as new data on cancer morbidity, were collected. Con-
trary to previous impressions, the variation in mortality rates from one
district to another was attributable to chance and could not be cor-
related with specific environmental conditions.
In other studies of possible environment-cancer relationships, the

National Cancer Institute is investigating the clustering of cases in
families or geographic areas.
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