
[CANCER RESEARCH 39, 3628-3637 September 1979]
0008-5472/79/0039-0000$02.00
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ABSTRACT

Internationally, breast cancer mortality is correlated with
intestinal lactase sufficiency and dairy product consumption
beyond childhood. Within the United States, age-adjusted
breast cancer mortality is positively associated with consump
tion of milk, butter, and total milk fat in regional analyses, and
it is associated with milk demand in state-based analyses.
Breast cancer mortality is also positively associated with de
mand for total calories, protein, fat, beef, and table fats (butter
and margarine), and it is negatively associated with egg de
mand. Only the associations with milk and egg demand, how
ever, survive when the Southern states are eliminated from the
analyses on when either age of first marriage or income is
controlled. The associations with milk and egg demand persist
despite multiple controls for other dietary and demographic
variables, although the association with milk demand loses
statistical significance in some second- and third-order partial
correlations. The inverse correlation with egg demand is strong
but in the opposite direction from what might have been ex
pected from previous studies. The correlation between milk
demand and breast cancer mortality, although weaker, is con
sistent with results from previous studies, and it suggests a
possible special role for dairy products in the etiology of breast
cancer

INTRODUCTION

Previous epidemiological and laboratory studies have sought
to identify elements of diet which may contribute to the initiation
or promotion of breast cancer. The consumption of fat (1, 10,
15, 54), animal protein (18, 27, 32, 54), and sugar (1, 18, 26,
27), as well as total caloric intake (1, 10, 54), are among those
dietary factors implicated by these studies. This paper explores
the relationship between breast cancer mortality and the con
sumption of milk and other foods in the United States.

Our attention was first drawn to the possible relationship
between milk consumption and breast cancer by the observa
tion that, internationally, an inverse relationship exists between
the prevalence of lactase deficiency and mortality from breast
cancer. Lactase, the intestinal enzyme responsible for the
digestion of the milk sugar lactose, is present in all mammals
at birth; after weaning, however, lactase production usually
declines so that the adult mammal is incapable of digesting
lactose (43). Most human populations follow this same pattern,
exhibiting low levels of intestinal lactase activity and of milk
consumption after childhood (4, 43, 56). Exceptions to this
pattern include populations of northwestern European stock
(including the United States, Australia, and Canada) and scat
tered groups in other parts of the world, many of which have
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an ancient history of dairying (4, 43, 56). In these populations,
the consumption of dairy products is often quite high (4, 6, 43,
56) as are breast cancer death rates (1, 10, 53, 54). Thus,
internationally at least, lactase sufficiency and presumably
dairy product consumption after childhood are positively as
sociated with breast cancer mortality. Chart 1 illustrates this
relationship. The prevalence of adult lactase sufficiency and
mortality from breast cancer are both high in the northwestern
European countries and in whites from the United States; in
Asia, Africa, and Mexico, on the other hand, lactase production
is rare after childhood, and breast cancer mortality is only a
fraction of that of the northwestern Europeans. In blacks from
the United States and Mexican Americans, the prevalence of
adult lactase sufficiency has risen only modestly beyond that
of the Bantu and of Mexicans; because the persistence of
intestinal lactase is believed to be largely genetically deter
mined (43, 55), this small increase is probably largely due to
intermarriage. Nonetheless, with exposure to the dairying cul
tune in the United States, these groups might be expected to
have partially adopted the milk-drinking behavior of the domi
nant society (3, 24, 38, 65), and their death rates from breast
cancer have shown striking increases.

These comparisons have suggested the possibility that milk
consumption may contribute in some way to the initiation on
development of breast cancer. Such an international associa
tion, however, might be confounded by other interpopulation
differences, among them differences in other dietary patterns,
levels of affluence, reproductive patterns, genetic predisposi
tion, and social and cultural patterns. In order to measure and
at least partially control for the effects of these other variables,
we have examined the relationship between milk consumption
and breast cancer mortality within a single country, the United
States.

MATERIALS AND METHODS

Data on weekly per capita consumption of various food items
were collected by individual interview in the 1965â€”i966
Household Food Consumption Survey (60, 61). This survey
provided information on food consumption in each of the 4
regions of the United States (excluding Alaska and Hawaii),
South, West, North Central region, and Northeast (Chart 2).
Because comparable consumption data were not available on
a state-by-state basis, per capita food demand estimates for
the 48 contiguous states and the District of Columbia were
used for the more detailed, state-based analyses (49). The
relationship between milk consumption and breast cancer mon
tality was therefore examined using 2 distinct sets of food data,
per capita food consumption data for the 4 regions of the
country and per capita food demand data for the individual
states and Washington, D. C.

Age-adjusted breast cancer death rates among women were
obtained for each state and the District of Columbia from the
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Vital and Health Statistics division of the USPHS for the period
from 1969 to 1971 (63). In order to develop estimates of the
breast cancer mortality in each of the 4 regions, the age
adjusted breast cancer death rate for each state was weighted
by the state population; within each region, these weighted

rates were then summed; finally, this sum was divided by the
population of the entire region.

Analysisby Regionof the Relationshipbetween per Capita
Food Consumption and Breast Cancer Mortality. Regional
trends in food consumption were examined for all dairy prod
ucts for which data were available and for certain other classes
of food that were of particular interest. Because only 4 data
points were available, no statistical tests were performed; in
stead, regional trends in the consumption of each food were
examined for correspondence with regional breast cancer mor
tality trends (lowest in the South, rising through the West and
North Central regions to a high in the Northeast).

Analysis by State of the Relationship between per Capita
Food Demand and Breast Cancer Mortality. Pen capita de
mand estimates for the 48 states and the District of Columbia
were developed by Raunikar et a!. (49) for a number of foods
through the use of data on geographical and demographic
variations in food consumption from the 1965â€”1966 Household
Food Consumption Survey (60, 61) and from an intensive 5-
year study of consumer behavior in Atlanta. Using these data,
we developed estimates of fat intake by multiplying the demand
for each food, expressed as a percentage of the national
average, by the average daily fat intake in the United States
obtained from that food (61) and then summing these food-fat
products. The foods used in these calculations represent about
85% of the animal fat and 70% of the total fat in the American
diet (61). Similar estimates were computed for protein intake,
caloric intake, and meat intake for each state and Washington,
D. C. Protein intake represents approximately 70% of the total
protein in the diet of those in the United States, and meat intake
accounts for about 85% of the meat in the diet (61). Caloric
intake, however, represents only about 45% of the total caloric
content of the American diet (61).
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Chart 1. Mortality from breast cancer among women by percentage of the
population with intestinal lactase activity in adulthood. National mortality esti
mates were obtained from Rets. 35, 52, 53, and 63. Estimates of the prevalence
of adult lactase sufficiency were taken from Refs. 4, 6, 24, 43, and 66.

Chart 2. Four regions of the United States for which per capita food consumption data were collected in the 1965-1 966 Household Food Consumption Survey
(60).
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The following socioeconomic and demographic data for each
state and the District of Columbia were obtained from the 1970
United States Census (58, 59): mean age of first marriage (as
a rough predictor of age at first pregnancy) for women who
were 30 to 49 years old in 1970; mean number of children even
born to women who were 35 to 44 years old in 1970; median
income in 1969 for a family of 4; percentage of the state
population residing in urban areas in 1970; percentage of the
population who were nonwhite in 1970; 1970 population den
sity per square mile; and percentage of women ages 16 years
or over who were employed in 1969. Percentage of the popu
lation who were Jewish (20) was included in some analyses
because of the 2-fold risk of breast cancer among Jewish
women compared with non-Jewish Caucasians (14). State mor
tality data were obtained as described above.

Pearson product-moment correlations were computed be
tween age-adjusted breast cancer mortality and each of the
food demand and demographic variables; the significance of
each correlation was tested by comparing the quantity

INâ€”2\1
r

with Student's t distribution with N â€”2 d.f., using a 2-tailed
test of significance. Partial correlations were computed for
those foods found to have significant 0-order correlations with
breast cancer; the significance of these correlations was tested
by comparing the quantity

I DF
r@@ r2)

with Student's t, using a one-tailed test of significance.

RESULTS

Relationship between Regional Food Consumption and Re
glonal Breast Cancer Mortality

Regional age-adjusted annual breast cancer death rates per
100,000 women were lowest in the South and rose though the
West and North Central regions to a high in the Northeast
(Chart 3). Per capita consumption of selected food items is
shown for each of these regions in order of ascending breast
cancer mortality (Charts 4 to 10).

The consumption of the 4 major classes of dairy products,
milk, cream and ice cream, cheese, and butter, is presented in
Chart 4. Milk consumption, which accounts for the bulk of dairy
product consumption, rose modestly but consistently from the
South through the Northeast following the same general trend
as did breast cancer mortality. Cream and ice cream, however,
showed no such trend. Cheese consumption like breast cancer
mortality showed a strong South-non-South gradient, but when
the South was excluded cheese consumption declined as
breast cancer mortality rose. The greatest percentage of in
crease was found in butter consumption which was almost 3
times as high in the Northeast as in the South; this trend
suggested that milk fat could be a critical variable in the
observed relationship between milk consumption and breast
cancer mortality. When all 4 classes of dairy products were
combined, a positive association was indeed seen between
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Chart 3. Age-adjusted annual mortality from breast cancer pen 100,000
women by region, 1969 to 1971 . 5, South; W, West; NC, North Central region;
NE, Northeast.

Milk*3.4

3.2
U)
â€˜a
C

0
a-

@ 2.6

d' 2.4

@2.2

0 1.6
.@. .4

0 1.2

a)a- 1.0

>â€˜ 08

Cream,
IceCream

3630 CANCERRESEARCHVOL. 39

Region

â€¢s
NC
NE

* Consumption in Quarts

@: Cheese Milk Fat

jf@@Ã§@ufler1@ffl

Chart 4. Weekly per capita consumption (in pounds) of dairy products and
total milk fat in the United States by region from the 1965â€”1966 Household Food
Consumption Survey (60). 5, South; W, West; NC, North Central region; NE,
Northeast.

total milk fat consumption and breast cancer mortality.
Total fat consumption, however,. showed a slightly negative

trend overall (Chart 5). When animal and vegetable fats were
examined separately, no trend was seen in animal fat con
sumption; vegetable fat consumption actually declined as
breast cancer mortality rose. When individual vegetable fats
were examined, margarine and vegetable shortening both
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showed similarly negative trends (Chart 6). These results sug- 5,0 Re ion
gested that the trends observed in the consumption of milk,@@ 8 Meat
butter, and total milk fat were not simply part of an overall@ â€˜ ,@â€”,@
positive trend in fat consumption.@ 4.6@@ NC

Neither total protein nor animal protein consumption showed@@ @: NE
consistent regional trends (Chart 7) although a generally posi- â€˜â€”42
tive South-non-South gradient could be observed due to the c'.â€•2 0 @: Beef
particularly low consumption of protein in the South; outside@ â€˜ TotalProtein
the South, however, protein consumption fell as breast cancer E I .8 f::
mortality increased. Total meat consumption showed a gener-@ I .6@@
ally positive trend, although it actually peaked in the North@ I 4 @: :: *
Central region rather than in the Northeast where breast cancer@ â€˜@ AnimalProtein @â€˜:@
mortality is highest. Beef consumption displayed a pattern @. 1.2@ ::@
similar to that of protein; pork consumption showed no con-@ I .0 @:@ :@@
slstent trend@ 08

Egg consumptIon (Chart 8) showed a strong negative trend a-
dropping steadily as breast cancer mortality rose@ 06

The consumption of complex carbohydrates (estimated by@ 04
total carbohydrates minus carbohydrates from sugar sweets@@ 2
and non-bread bakery products) declined consistently from the@@@@ :::
South to the Northeast (Chart 9), although the largest drop .

. Chart 7. Weekly per capita consumption (in pounds) of protein and meat in
occurred from the South to the West. Unlike the other complex theUnitedStatesbyregion,fromthe1965-1966HouseholdFoodConsumption
carbohydrates, bread showed a trend parallel to that of breast Survey(60).5. South;W,West:NC,NorthCentralregion:NE,Northeast.
cancer mortality. The consumption of sugar and sweets, on the
other hand, showed no clear geographical pattern. Alcohol
consumption, although it did not rise consistently from the Region
South to the Northeast, was over twice as high in the Northeast â€¢S
as in the South (Chart 10). Finally, total caloric intake (Chart @j @c
11) showed no strong regional trends.@@ NE
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@ 0 6 â€¢:.j :: tL_. Chart8. Weeklypencaeitaconsumptionof eggs(indozens)in theUnited

>â€˜@ States by region from the 1 965- 1 966 Household Food Consumption Survey

:@ 0 4@@ (60) S SouthW WestNC NorthCentralregionNE Northeast
@O2@ __

In summary then, only milk, butter, total milk fat, and bread
by regiontromthe percapitaconsumption(inpounds)offatintheUnitedStates consumption increased consistently with regional breast can

South: W, West; NC. North Central region: NE, Northeast. cer mortality; less consistent increases were seen in the con
sumption of meat and alcohol. The consumption of vegetable

Region@ S fats, eggs, and total complex carbohydrates declined consist

a@ 1@ @â€˜c ently as mortality increased; less consistent declines appeared

I c@.0@ NE intotaldietaryfat.Neithertotalprotein,noranimalprotein,nor
C.) â€¢@0.8 caloric intake displayed geographical trends in relation to

c@@ 0.6 O@,SaIod Vegetable breast cancer mortality.
>, ;@ 0.4 Dressing Morgorne Shoriening

:@ @â€˜02 L: j@â€•@ Relationship between State Food Demand and State Breast
@ C@ Â°@ @iL@ Lt@ Cancer Mortality

Chart 6. Weekly pen capita consumption (in pounds) of individual vegetable Zero-order Correlations, 48 States and District of Colum
fats in the United States by neg@onfrom the 1965â€”1966 Household Food .
Consumption Survey (60). S. South: W, West: NC, North Central region: NE, bla. Analyses of food demand estimates for the 48 contiguous
Northeast. states and the District of Columbia (Table 1 ) confirmed the
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32 non-Southernstates

rprpMilk0.506<0.0010.4890.005Table

fats(primarily0.3700.009â€”0.0050.764butter
andmargarine)Beef0.2820.050â€”0.4200.017Cheese0.2380.100â€”0.564<0.001Frozen

desserts0.2130.071â€”0.1160.526Poultry0.0600.3420.586<0.001Porkâ€”0.0540.3570.2350.196Fishâ€”0.0800.2920.633<0.001Eggsâ€”0.608<0.001â€”0.676<0.001Meatintake0.1940.1810.2100.248Fat

intake0.3730.008â€”0.1590.385Protein
intake0.4380.0020.0440.810Caloric

intake0.450<0.0010.0790.667

S. P. Gaskil! et a!.
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Chart 9. Weekly per capita consumption (in pounds) of carbohydrates and

grain products in the United States by region from the 1965â€”1966 Household
Food Consumption Survey (60). 5, South; W, West; NC, North Central region;
NE, Northeast.

Chart 11. Weekly per capita total caloric intake (in kcal) in the United States
by region from the 1965-1 966 Household Food Consumption Survey (60). 5,
South; W, West: NC. North Central region: NE, Northeast.

Correlation of age-adjusted breast cancer mortality with demand for selected
foods

Age-adjusted annual breast cancer mortality pen 100,000 women by state for
1969 to 1971 (63) was correlated with estimated per capita demand for selected
food items by state for 1965 (49). Data for the 48 contiguous states and the
District of Columbia were used in the original analysis. Because a strong South!
non-South gradient was evident for several foods, data for the 32 non-Southern
states were also analyzed separately.

48 contiguous states
and District of colum

bia

Table 1Region

NC
NE

Chart 10. Weekly per capita consumption (in pounds) of alcohol in the United
States by region from the 1965- 1966 Household Food Consumption Survey
(60). 5, South; W, West; NC, North Central region; NE, Northeast.

With regard to the other dietary components of interest, fat
intake, caloric intake, protein intake, and the demand for table
fats (butter and margarine) and beef were all found to be
positively correlated with breast cancer mortality. For all items
except table fats, a hybrid category, these results were unex
pected since no positive trends had been seen for these.
variables in the regional data. Neither meat intake nor demand
for poultry, pork, or fish showed any significant correlation with
breast cancer mortality.
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positive association previously seen between milk consumption
and breast cancer mortality (r = 0.506; p < 0.001 ). This
correlation implies that approximately 25% of the interstate
variance in breast cancer mortality could be accounted for by
variation in milk demand; the correlation is highly significant
because of the number of data points on which it was based.
Of the other dairy products, neither cheese nor frozen desserts
were significantly associated with breast cancer mortality at
the 5% level; these results were not surprising since neither
cheese nor cream and ice cream showed a consistent relation
ship with breast cancer mortality in the regional food consump
tion data. Unfortunately, no estimates were available for the
demand for butter; when the demand estimates were devel
oped, data for butter were pooled with data for margarine,
which had been negatively correlated with breast cancer mor
tality in the regional data, to provide estimates of demand for
table fats. Demand estimates were similarly unavailable for
several other dietary components of interest, alcohol, vegetable
fats, complex carbohydrates, and bread. For each of these
classes of foods, no further analyses could be performed.
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ControlvariableAge

of firstmar
Variable to be correlatedniageMedianIncomeFood

demandMilk0.322@O3t@,95Table

fats0.2230.256Beef

Eggs0.037 â€”0.356â€”0.195@@0,5@2bFat

intake0.1620.058Protein
intake0. 1390.050Caloric

intake0.2250.169Demographic

Age of firstmarriage0.743kMedian
income0.149%
Jewish0.0690.413c%urbanâ€”0.214â€”0.204%

of women employedâ€”0. 1660.006Population
densityâ€”0.2250.240Number

of children0.1 14â€˜-0.070

Correlation of age-adjusted breast cancer mortality with selecteddemographicvariablesAge-adjusted

annual breast cancer mortality per 100,000 women by statefor1
969 to 1971 (63) was correlatedwithselecteddemographicvariablesfromthe1
970 UnItedStates Census(58, 59). Data for the 48 contiguousstatesandtheDistrict

of Columbiawere usedin the originalanalysis.Becausea strongSouth!non-South
gradient was evident, data for the 32 non-Southern states werealsoanalyzed

separately.48

contIguousstates
and Districtof Colum- 32 non-Southern

bia Satesr

p rpAge

of firstmarriage 0.859 <0.001 0.830<0.001Median
Income 0.653 <0.001 0.51 20.003%

JewIsh 0.631 <0.001 0.628<0.001%
urban 0.370 0.004 0.1680.357%ofwomenemployed

0.309 0.015 0.0680.713Population
density 0.255 0.039 0.697<0.001%

nonwhite â€”0.074 0.308 0.1900.296Mean
no. of children â€”0.384 0.003 â€”0.537 0.002

Breast Cancer Mortality an@ Diet in the United States

Egg demand, on the other hand, was again found to have a
strong negative correlation with breast cancer mortality (r =
â€”0.608;p < 0.001) consistent with the striking relationship
seen in the 4-region food consumption data. In summary then,
0-order correlations with breast cancer mortality were negative
for egg demand and positive for the demand for milk, table fats,
and beef and for the intake of calories, protein, and fat.

Data from the 1970 census on the reproductive histories of
adult women were consistent with previous epidemiological
findings (Table 2) that breast cancer mortality in the state was
positively correlated with the mean age of first marriage of
women in the state (r = 0.859; p < 0.001 ) and negatively
correlated with the mean number of children born to them.
Significant positive correlations were also found with the follow
ing socioeconomic variables: median family income; percent
age of the population residing in urban areas; population den
sity; percentage of the population who were Jewish; and per
centage of women who were employed. No relationship was
found between breast cancer mortality and the percentage of
the population who were nonwhite.

Zero-Order Correlations, 32 Non-Southern States. Re
gional data had revealed that the Southern states were often
outliers from the rest in their consumption of such foods as
beef, cheese, and protein. For this reason, data for the 32 non
Southern states were analyzed separately (Tables 1 and 2).
With the Southern states eliminated, only 2 foods continued to
show significant correlations in the same direction originally
observed: milk (r = 0.489; p < 0.01 ) and eggs (r = 0.676; p
< 0.001 ). Of the demographic variables, 5 remained signifi

cantly correlated with mortality from breast cancer when the
Southern states were excluded; these were mean age of first
marriage, median income, percentage of the population that is
Jewish, population density, and number of children born.

First-Order Partial Correlations, 48 States and District of
Columbia.Wheneitherageoffirstmarriageormedianincome
was controlled (Table 3), only 2 of the foods originally come
lated with breast cancer mortality maintained significant con
relations: milk, which continued to show a positive correlation;
and eggs, which continued to show a negative correlation.
None of the demographic variables originally correlated with
breast cancer mortality showed significant positive correlations

Table 3
Partial correlation coefficients for breast cancer mortality and food demand and

demographic variables
First-order partial correlations were computed between breast cancer mortality

and thosefooddemandand demographicvariableswithwhichIt was previously
found to be significantly correlated. Control variables were age of first marriage
for women aged 30 to 49 years in 1970 and median income for a family of 4 In
1969 (58. 59). Correlations are based on data for the 48 contIguous states and
the Districtof Columbia.One-tailedtestsof significancewere used.

aP<005

cp<@

once age of first marriage was controlled. When median income
was controlled, only age of first marriage and percentage
Jewish continued to show a positive association with breast
cancer mortality.

In further analyses (not shown), milk demand, egg demand,
age of first marriage, and median income maintained significant
correlations with breast cancer mortality despite controls for
each of the other variables in Table 3.

Higher-Order Partial Correlations, 48 States and District
ofColumbia.Finally,second-andthird-ordercorrelationswere
calculated controlling for all possible combinations of either 2
or 3 of the following variables: age of first marriage; median
income; percentage urban; population density; percentage
Jewish; and intake of protein, meat, fat, and calories. In each
of the 120 partial correlations thus calculated (not shown), milk
demand remained positively correlated with breast cancer mom
tality; in all but 15 cases, these correlations were statistically
significant (p < 0.05). Fourteen of the 15 exceptions involved
combinations including protein, fat, and/or caloric intake. Be
cause each of these variables is highly correlated with milk
demand (r = 0.81 1, 0.859, and 0.71 7, respectively), we ex
amined their first-order partial correlations with breast cancer
mortality controlling for milk demand; none was significant
[protein (r = 0.125; p = 0.451), fat (r = â€”0.075),calories (r
= 0.034)]. In the 1 5th case, however, the third-order conrela

tion between milk demand and breast cancer mortality, al
though it remained positive, was reduced to statistical insignif
icance (r = 0.194; p = 0.098) by stimultaneously controlling
age of first marriage, median family income, and percentage
urban population. The negative correlation observed between
egg demand and breast cancer mortality remained statistically
significant throughout the entire battery of partial correlations.

Table2
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Correlation of breast cancer mortality, milk demand, and egg demandwithmortality
from cancers of othersitesZero-order

correlations between age-adjusted breast cancer mortality,milkdemand,
and egg demand and age-adjusted mortality from cancer of othersites(63)

were computed for the 48 contiguous states and the District ofColumbia.Zero-order

correlationwithBreast

can
Site of cancer cer Milk demand EggdemandOvaries

0.591a 0.615aâ€”0.223Rectum
0.857a 0.571aâ€”0.600@Colon
0.8808 0509a@0553@Breast

0506a
Testes â€”0.064 0,393bo.ooiDigestive

organs 0.830a 0.290c
intestines 0.252c 0,252câ€”0.280All

sites 0.677a0.002Uterus
0.4658 â€”0.085â€”0.274Respiratory

organs 0.283c 0.012
Prostate 0.037 0484@â€”0.057Cervix

â€”0.713k 0.181

S. P. GaskiI et a!.

Table 4 been associated with the consumption of milk, butter, cheese,
and other dairy products. The consumption of non-milk dairy
products, particularly butter and cheese, has also been asso
ciated with increased breast cancer risk in a case-control study
(48) and a prospective incidence study (34).

Our analyses provide some support for these associations
and suggest that the positive association between milk con
sumption and breast cancer mortality (a) may be related to milk
fat and (b) may be independent of other dietary and demo
graphic variables. Milk demand remained positively associated
with breast cancer mortality when any of a large number of
dietary and demographic variables was controlled. Only in a
few cases, when milk demand was simultaneously controlled
for certain combinations of these variables, did the strength
and significance of its association with breast cancer mortality
weaken appreciably. This is not surprising, however, since
these variables are themselves closely associated with milk
demand. Nonetheless, these results could be interpreted as an
indication that milk consumption is no more than a marker for
a high-risk lifestyle (e.g. , late first pregnancy, high income,
living in a city, or eating a diet high in protein, fat, or calories).
The perseverance, however, of a positive relationship, despite
multiple controls for these highly intercorrelated variables, sug
gests that the association between milk consumption and
breast cancer mortality may be of fundamental biological sig
nificance.

Relationship between Breast Cancer Mortality and the Con
sumption of Other Foods

Previous studies have found a strong correlation between fat
intake and the development of mammary tumors in rats (10â€”
12), and international comparisons (10, 12, 18, 26, 27, 39,
54) have suggested that this association exists in women as
well. Within a single country, however, the association between
fat intake and breast cancer incidence and mortality has not
been well established (34, 57). Data from case-control (13, 44,
48) and prospective incidence (34) studies have been sugges
tive but inconclusive. They typically have implicated selected
high-fat foods including dairy products, as a rule, but have not
made a strong case for an association between breast cancer
and total fat intake. In our own analyses of state-based data,
we initially found a positive correlation between fat intake and
breast cancer mortality in contrast to our negative regional
analyses. This correlation disappeared, however, both when
the Southern states were eliminated from the analysis and
when either age of first marriage or median income was con
trolled. These results suggest that, at least within the United
States, these latter 2 variables may be of more fundamental
importance than dietary fat in the development of breast can
cer.

The consumption of protein, particularly animal protein, has
been associated with breast cancer mortality in international
studies (1, 10, 18, 27, 32, 54), although animal studies have
not provided strong support for this association (10). Within a
single country (Japan), meat consumption has been associated
with increased risk of breast cancer in 2 prospective incidence
studies (34), and pork consumption has been associated with
increased breast cancer mortality in a 12-district study (57).
Unfortunately, other key variables such as reproductive history,
economic status, and degree of westernization typically were

a@< ooo@,
b@<

cp<0.05.

Relationship between Milk and Egg
fromCancerof OtherSites

Demandand Mortality

Examination of the relationship between milk and egg de
mand and mortality from cancer of other sites (Table 4) re
vealed significant positive correlations between milk demand
and mortality from cancer of the ovaries, rectum, colon, and
testes and significant negative correlations between milk de
mand and cancer of the cervix, prostate, and respiratory or
gans. In the case of egg demand, no significant positive asso
ciations were found with cancer of any site. Significant negative
correlations were found between egg demand and cancer of
the rectum, colon, and stomach and cancer of all sites.

DISCUSSION

Hems (27) has suggested that individual risk of breast cancer
may depend upon 2 factors: diet, which varies markedly among
nations and is primarily responsible for the international varia
tion observed in breast cancer mortality; and reproductive
history, which, given the dietary practices of a specific popu
lation, modulates individual risk of breast cancer within that
population. The preeminence of the effect of age of first mar
niage in our data for the United States and the failure to find
associations between breast cancer mortality and such varia
bles as dietary fat intake or total caloric intake are consistent
with Hems' explanation. The variation in diet from one state to
another within the United States may be inadequate for one to
detect significant differences in a specific dietary component,
particularly in one that is difficult to measure with accuracy or
for which only incomplete data are available. If this is the case,
however, then it seems noteworthy that, despite these prob
lems, the consumption of both milk and eggs showed significant
correlations with breast cancer mortality.

Relationship between Breast Cancer Mortality and the Con
sumption of Dairy Products

In international studies (1, 54), breast cancer mortality has
previously been associated with the consumption of milk, and
in studies conducted within a single country (34, 57), it has
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trols for key dietary and demographic variables, suggest that
such an explanation may be inadequate and that this associa
tion deserves further careful study.

Possible Biological Mechanisms

Dairy Product-Breast Cancer Association

If a biological link does indeed exist between the consump
tion of individual dairy products or milk fat itself and the
development of breast cancer, possible explanations might
include the following.

1. Increased Total Fat Intake. Of the nutrients previously
associated with increased risk of breast cancer, total fat intake
has probably received the widest attention. Possible mecha
nisms for this relationship include an increased production of
carcinogenic estrogens and other carcinogens within the intes
tine (see Paragraph 2), an increase in the total amount of body
fat with consequently increased peripheral production of estro
gen (15, 16), lowered age of menarche (22, 36) which has
been associated with an increased risk of breast cancer (16,
23), and changes in plasma hormone profiles in a direction
favorable to the development of breast cancer (5, 12, 32, 33)
either through one of the above mechanisms or independently.
This explanation of the dairy product-breast cancer association
is weakened, however, by the failure of intranational studies
(including ours) to find a strong association between total fat
intake and breast cancer risk in women.

2. ModIfication of the Composition of the Intestinal Flora.
It has been shown that certain anaerobic intestinal bacteria can
produce both estrogens and carcinogens from metabolic deny
atives of cholesterol, bile acids, and other steroids (17, 29â€”31,
67). It has also been shown that diet can modify the concen
tration of some strains of these bacteria within the intestine
(21 , 50, 51). It is possible that milk consumption, either by
increasing the concentration of substrate (cholesterol deniva
tives, bile acids, and steroids) or by modifying the floral envi
ronment, may contribute to the production of carcinogenic
estrogens and other carcinogens within the intestine.

Ingestion of Some Hormonal Factor in Milk. Rodent and
perhaps human breast tissue is influenced by a variety of
hormones including estrogen , progesterone, glucocorticoids,
insulin, pnolactin, thyroid hormone, and possibly others includ
ing a whole array of recently identified serum polypeptide
growth factors (47). Plant estrogens have also been found to
be biologically active in human breast cancer cells in vitro and
to markedly enhance tumor cell proliferation (42). Many of
these factors are known to be secreted into bovine milk. In
addition, a mitogenic factor capable of stimulating DNA synthe
sis and cell division in vitro has recently been isolated from
human milk (37). The concentration of these substances in
bovine milk and their potential effect on tumorigenesis in hu
mans remain to be defined. Whether they enter the bloodstream
of the human milk drinker in any significant quantities is not
known.

Ingestionof an OncogenicVirusIn MilkWhichIs Trophic
to the HumanBreast.Muninemilkcontainsanoncogenicvirus
(mouse mammary tumor virus) which is responsible for breast
cancer in mice (40), and morphologically similar particles have
been identified in human milk (40), although the biological
significance of these latter particles is unknown. It is conceiv

not controlled in these studies, so that their results, although
suggestive, remain inconclusive. In our data for the United
States, pork demand showed no relationship with breast cancer
mortality. Only weak positive associations were observed be
tween breast cancer mortality and the consumption of protein,
meat, and beef, and these were obliterated either when age of
first marriage or median income was controlled or when the
Southern states were excluded from the analyses.

Like fat intake, total caloric intake has been correlated with
the incidence of both spontaneous and induced mammary
tumors in rats and mice (10, 19, 45) and has shown a positive
correlation with breast cancer mortality in international studies
(1 , 54). Within a single human population, however, only a
weak association has been found between the 2 (34, 44). We
found no correlation between total caloric intake and breast
cancer mortality in our regional analyses and only a weak
association, which did not survive detailed examination, in our
state-based data.

Internationally, intake of highly refined carbohydrates, partic
ulanly sugar, has been positively associated with breast cancer
mortality (1 , 8, 18, 26, 27). Within a single nation, bread
consumption more frequently has been associated with breast
cancer incidence and mortality than has sugar consumption
(34, 48). Similarly, in our own regional food consumption
analyses, bread was the only nondairy food to show a regional
consumption pattern comparable to that of breast cancer mom
tality. The consumption of sugar and sweets showed no such
pattern. The consumption of total complex carbohydrates,
bread notwithstanding, has been negatively correlated with
breast cancer mortality in both international and intranational
studies (34, 55) and in our regional data as well. Alcohol
consumption, on the other hand, has been positively associated
with breast cancer mortality within the United States in previous
studies (7, 65) and in our regional data. Previously reported
correlations between each of these foods and breast cancer
typically lacked appropriate controls for confounding variables.
Because no state demand data were available for these foods,
such potentially confounding variables could not be controlled
in our analyses for these foods either.

The finding of a strong inverse association between egg
consumption and breast cancer mortality was both unexpected
and intriguing. Previous international studies had found a pos
itive correlation between egg consumption and breast cancer
mortality (1, 54), and a prospective incidence study in Japan
had shown a striking association between egg use and risk of
breast cancer (34). In a study of 12 districts of Japan, however,
egg consumption was found to be negatively associated with
breast cancer mortality (57), and our own analyses have re
vealed a strong inverse correlation between egg consumption
and breast cancer mortality within the United States. Because
previous studies failed to control for either income or repro
ductive history in their reported analyses, their results may
have been confounded. Indeed, one possible explanation for
the dramatic negative correlation between egg consumption
and breast cancer mortality found in our data might be that egg
consumption in this country happens to be a particularly sen
sitive marker for the low-risk lifestyle. According to this inter
pnetation, the woman who consumes eggs heavily would tend
to be of relatively low income with an early first pregnancy, low
consumption of dairy products, and so on. The strength and
persistence of this association, however, despite multiple con
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able that bovine milk might contain an oncogenic virus nespon
sible for human breast cancer. Milk from cows with bovine
leukemia is known to contain an oncogenic virus which is
infectious for several species (2, 9). If bovine milk does contain
such a virus, its trophism to the breast might be expressed only
towards the sexually mature organ. Such a phenomenon would
be analogous to the tnophism of the mumps virus to the mature
testis only and would be compatible with evidence suggesting
that the period from menarche to first pregnancy is a period of
heightened susceptibility to the causative agent of breast can
cer(14, 41).

IncreasedExposureto ContaminantsFoundin Milk. Sev
enal hormonal substances have been used as growth promo
tants for cattle. These include diethylstilbestnol, melengestrol
acetate, and zeranol, a derivative of the potent phytoestrogen
zearalenone (46). Antimicrobial agents are also commonly
administered to food animals (28, 64), and pesticides and
industrial contaminants, including heavy metals, may inadver
tently make their way into animal feed (46, 68). A number of
these substances have been detected in animal tissues and
bovine milk (28, 46, 68). It is possible that regular consumption
of milk or milk products by providing chronic exposure to low
doses of these substances may increase breast cancer risk.

Egg-Breast Cancer Association

Because cholesterol derivatives may serve as substrate for
the production of estrogens and carcinogens within the intes
tine, it might have been expected that egg consumption would
be positively rather than negatively correlated with breast can
cer mortality. The possibility remains, of course, that the neg
ative correlation observed in our data is entirely spurious,
seriously confounded by other dietary and demographic van
ables. If, however, egg consumption does impart some protec
tion against breast cancer, one possible mechanism for this
effect, which is consistent with our data, is that egg consump
tion modifies the fecal flora environment in a direction unfavor
able to the production of carcinogens. If this were true, one
would expect to see a negative correlation between egg de
mand and cancer of the intestines, colon, and rectum, as well
as cancer of certain target organs (e.g. , the breast and uterus
in the case of carcinogenic estrogens), and possibly cancer of
all sites. We found exactly these results. Egg demand was
significantly negatively correlated with cancer of the intestines,
colon, rectum, breast, uterus, and all sites combined. In addi
tion, egg consumption was negatively correlated with gastric
cancer which has been postulated to be associated with the
colonization of the stomach by nitnosamine- or other carcino
gen-producing bacteria (17). These various findings could the
oretically be related by the presence of some bacteriostatic
substance in eggs. Several antibacterial proteins have, in fact,
been isolated from egg white [e.g. , lysozyme, conalbumin, and
avidin (25)], and it is possible that one of these proteins or
some other component of eggs may inhibit the growth of
carcinogen-producing bacteria within both the stomach and
the gut.

Hopefully, ongoing case-control studies will provide further
data with which to evaluate the observed associations between
breast cancer mortality and the consumption of milk and eggs.
Because the years between menarche and first pregnancy
appear to comprise a critical period in the development of

breast cancer (14, 40, 41), it may be important to examine
food consumption patterns during these years. Data on calcium
intake from the Health and Nutrition Examination Survey of
1971 â€”1974 (62) would suggest that a major decline in milk
consumption occurs between ages 11 and 22 so that even in
a population in which most individuals consume milk during
childhood, there may be considerable variation in milk-drinking
behavior during adolescence and young adulthood, a period of
major theoretical interest. Data on the consumption of eggs
and dairy products during these years and on breast cancer
status later in life would help to clarify the significance of the
associations reported in this paper.
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