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Summary.—Evidence is presented of a significant statistical association between
beer drinking and colorectal cancer, particularly rectal cancer. This finding is
based on correlations between consumption and cancer mortality and between
changes in consumption and changes in cancer mortality for 47 states in the United
States of America. Also various secular trends, an urban-rural gradient, socio-
economic gradients and sex ratios in the United States are shown to be generally
consistent with a relationship between beer consumption and colorectal cancer,
particularly rectal cancer. The limitations on drawing sound aetiological inferences
from such data are acknowledged. In particular, several other variables are shown
to be associated with both beer drinking and colorectal cancer. Also, a discussion
of previous epidemiological studies is given, and it appears there is only a limited
amount of direct evidence in humans to support the statistical demographic rela-

tionships.

‘PrEVIOUs epidemiological studies of
bowel cancer (colonic and rectal cancer)
have revealed several possible risk factors
including obesity (Wynder and Shige-
matsu, 1967), constipation (Pernu, 1960;
Higginson, 1966; Wynder and Shige-
matsu, 1967; Haenzel et al., 1973), use
of laxatives (Boyd and Doll, 1954;
Higginson, 1966; Wynder and Shige-
matsu, 1967), beer drinking (Wynder
and Shigematsu, 1967; Stocks, 1957;
Bjelke, 1974b), meat consumption (Haens-
zel et al., 1973; Bjelke, 1974a; Phillips,
1975), low fibre consumption (Modan et
al., 1975), and other dietary factors
(Wynder et al., 1969; Bjelke 1971, 1973;
Haenzel et al., 1973), as well as race
(Wynder et al., 1969; Haenszel et al.,
1973) and geography (Wynder et al.,
1969; Bjelke, 1971, 1973; Haenszel et
al., 1973). This entire subject has been
exhaustively reviewed elsewhere by Bjelke
(1974¢), with additional contributions by
Gori (1975) and Enstrom (1975¢). How-
ever, none of the above factors has yet
been shown to have a consistent or
predominant relationship with colorectal

cancer. As a result, the aetiology of the
disease is still unclear.

Recently, rather striking statistical
correlations have been observed, both
within the United States and throughout
the world, between beer consumption
and rectal cancer and, to almost the
same extent, cancer of the colon (Breslow
and Enstrom, 1974). This paper will
expand these initial findings by presenting
a detailed analysis of additional demo-
graphical associations which exist between
colorectal cancer and beer drinking, as
well as other variables. The significance
of these relationships with regard to
the aetiology of the disease will be
discussed, and comparisons will be made
with the evidence from previous epi-
demiological studies.

MATERIALS AND METHODS

The materials for this analysis consist
of beer consumption data and cancer
morbidity and mortality rates. Per capita
beer consumption is based on taxed sales
(Breslow and Enstrom, 1974; U.S. Brewers
Association, 1972) and U.S. Department
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of Agriculture household food consumption
surveys conducted on a small sample of
the non-institutionalized U.S. population
over the past 40 years (Agricultural Research
Service, 1956, 1966). The U.S. cancer inci-
dence data have been collected by the
National Cancer Institute in a 1947 survey
of 10 cities and a 1969-71 survey of 9 metro-
politan areas, covering samples of about
4 and 109, of the U.S. population respectively
(Dorn and Cutler, 1959; Cutler and Young,
1975; Cutler, 1973; Cutler and Davesa,
1973). The regions covered in the two
surveys are only partially the same, and
neither survey attempted to be a repre-
sentative sample of the total population
(Dorn and Cutler, 1959), but these surveys
are the best available. Annual mortality
data for the entire United States have been
collected by the National Center for Health
Statistics and analysed by the National
Cancer Institute (Cutler and Davesa, 1973;
Lilienfeld, Levis and Kessler, 1972; Burbank,
1971; Mason and McKay, 1974; Klebba,
Maurer and Glass, 1974; Kitagawa and
Hauser, 1973 ; Guralnick, 1963).

The poor definition of the colon-rectum
junction makes separate analysis of colonic
and rectal cancer somewhat unreliable, with
nearly 10%, of all bowel tumours in an
area of uncertainty about the junction
(Berg and Howell, 1974; Cutler and Davesa,
1973). Consequently, data will be presented
for colonic and rectal cancer both separately
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and combined. Results are restricted almost
entirely to whites, because of insufficient
data on non-whites.

RESULTS

Simple correlations

Using techniques described elsewhere
(Breslow and Enstrom, 1974), simple
correlation coefficients have been cal-
culated for 1950-67 average age-adjusted
cancer mortality rates for whites (Bur-
bank, 1971) vs 1960 per capita consump-
tion of beer for 47 states of the United
States (U.S. Brewers Association, 1972).
The 1950-67 cancer data are virtually
identical to corresponding 1950-69 data,
which are also available (Mason and
McKay, 1974). Alaska and Hawaii have
been excluded because of insufficient
data before 1960, and Nevada and the
District of Columbia have been excluded
because of heavy alcohol consumption
by transient non-residents in these areas.
All the other 47 states have been in-
cluded, whereas only 41 states were
used in a previous analysis (Breslow and
Enstrom, 1974). The results are sum-
marized in Table I for selected correla-
tions. The strongest correlation among
those tested is between beer consumption

TABLE I.—Simple Static Correlations between per capita Beer Consumption and Site-

specific, Age-adjusted Cancer Mortality

and Ratios by Sex, and Simple Dynamic

Correlations between Changes in the Same Factors for 47 States in the United States

of America (Whites Only)

(Average 1950—-67 cancer rates)

United States correlations*

1945 to 1960

Average annual beer Change in beer

1960 Beer consumption consumption 1941-60 consumption
[ Al Al
Static Sex ratio Static Sex ratio Dynamic
mortality mortality mortality mortality mortality
ICD No. —
Site (7th revision) M F M/F M F M/F M F
Oesophagus  (150) 0-66 —0-01 0-68 0-74 0-04 0-74 0-45 —0-27
Stomach (1561) 0-70 0-63 0-22 0-69 0-61 0-24 0-32 0-05
Colon (153) 0-76 0-73 0-56 0-84 0-80 0-65 0-33 0-34
Rectum (154) 0-81 0-75 0-77 0-87 0-80 0-82 0-71 0-63
Colorectal (153-154) 0-79 0-75 0-73 0-86 0-81 0-81 0-60 0-52
Lung (162—-163) 0-23 0-22 0-06 0-29 0-27 0-13 0-17 —0-23
Breast (170) 0-81 0-87 0-36
Prostate (177) 0-22 0-19 0-09

* Coefficients above 0:38 have P < 0:01; coefficients above 0-47 have P < 0-001.
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and rectal cancer, where r = 0-81 com-
pared with r = 0-78 using 41 states.

In order to make the correlations
somewhat more plausible aetiologically,
cumulative beer consumption over the
20-year period from 1941 to 1960 has
been determined, and converted to an
average annual rate of consumption.
The correlation coefficient between the
average and the 1960 consumption is
quite high (r = 0-97) and thus the use
of 1960 data alone is a fairly good ap-
proximation. To demonstrate the effect
of the average data, new cancer cor-
relations have been calculated for the
1950-67 mortality rates: they are present-
ed in Table I. In almost all cases the
correlations are greater than the values
from the 1960 consumption data. The
maximum correlation coefficient is again
obtained for male rectal cancer mortality
(r = 0-87): a scattergram showing this

relationship is given in Fig. 1. However,
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Fi1e. 1.—Scattergram showing relationship

' betwean 1941-60 average annual per capita

beer consumption and the 1950-67 average

annual age-adjusted mortality for white

male rectal cancer in 47 states of the
United States.

migration of much of the population
within the United States weakens the
comparison, on a geographical Dbasis,
of past exposure with subsequent mor-
tality. In any case, the cancer correla-
tions are relatively insensitive to period
chosen for average consumption.
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Secular change correlations

Simple correlations have been cal-
culated for average annual change in per
capita beer consumption over the period
1945 to 1960 (U.S. Brewers Association,
1972) vs average annual change in cancer
mortality rates during the period 1950-67
(Burbank, 1971): they are presented in
Table 1. The strongest correlation is
obtained for rectal cancer (r = 0-71); a
scattergram showing this relationship is
given in Fig. 2. The choice of dates for
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Fic. 2.—Scattergram showing relationship
between 1945-t0-1960 average annual
change in per capita beer consumption and
1950-t0-1967 average annual change in age-
adjusted white male rectal cancer mortality
rate.

the change in beer consumption is some-
what arbitrary, but constrained by the
uncertainties in earlier data, caused by
the prohibition of legal alcoholic beverage
sales from 1920 to 1933 (Alcohol and
Health, 1971). Actually, the secular
change correlations are relatively insensi-
tive to the period chosen for change
in beer consumption. U.S. beer con-
sumption and colorectal cancer mortality
rates have remained roughly constant
between 1940 and 1970. Their trends
are summarized in detail in Fig. 3. These
data are consistent with the secular
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Fia. 3.—Secular trends in U.S.A. beer consumption and colorectal cancer rates.

change correlations for the United States
shown in Table I. There is no allowance
for a latent period between beer con-
sumption and cancer, but the available
data do not permit such analysis.

Socio-economic gradients

The major household food and alcohol
consumption surveys of the U.S. have
not revealed a substantial socio-economic
gradient in per capita beer consumption,
except for persons of low-income, who
appear to have a significantly lower
consumption (Agricultural Research Ser-
vice, 1956, 1966). A summary of beer
consumption data from the 1965
survey is given in Fig. 4, and data from
surveys back to 1935 show the same
trends (Agricultural Research Service,
1956, 1966).

Morbidity data from 10 U.S. areas
in 1947 show no significant socio-economic
gradient in incidence of colonic or rectal
cancer for whites or non-whites, when
grouped by income class (Dorn and
Cutler, 1959). The 1960 U.S. mortality
data for adult whites (at least 25 years
old) show a slight negative socio-economic
gradient for colorectal cancer when
grouped by educational level (Lilienfeld
et al., 1972; Kitagawa and Hauser, 1973).

46

The 1950 U.S. mortality data for middle-
aged whites (aged 20-64 years) show a
slight positive gradient for colonic cancer
and a slight negative gradient for rectal
cancer, and no gradient for colorectal
cancer from low to high occupation
level, excluding agricultural workers (Gur-
alnick, 1963). These socio-economic gra-
dients are summarized in Fig. 4. The
socio-economic data are not extensive,
and within certain areas of the country
there may be variation which is not
seen above. Also the reliability of the
consumption and cancer data may vary
as a function of socio-economic level.
Clearly, more data on beer consumption
and colorectal cancer rates as a function
of socio-economic status are needed.

Urban—rural differences

The colorectal cancer rates show a
noticeable urban-rural difference, which
is also present in beer consumption.
The ratio of 1959-61 age-adjusted death
rates for urban to rural counties in the
United States is 1:4 for all colorectal
cancer (Lilienfeld et al., 1972). The
colonic cancer ratio is 1-:3 for whites
and 1-5 for non-whites, and for rectal
cancer the ratio is 1:4 for whites and
1-7 for non-whites. The 1955 and 1965
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F1c. 4—U.S.A. beer consumption and colorectal cancer rates as a function of
socio-economic status.

food consumption surveys show that the
urban to rural ratio of per capita beer
consumption in the U.S. is 1-7 (Agri-
cultural Research Service, 1956, 1966).

Sex ratios

Throughout the United States, the
sex ratio of the colorectal cancer mortality
rates varies as a function of beer con-
sumption. In fact, there is a strong
correlation between the ratio of white
male to white female 1950-67 intestinal
cancer rates (Burbank, 1971) and 1960 per
capita beer consumption (U.S. Brewers
Association, 1972) in 47 states. The
correlations are even stronger when 1941-
60 average cumulative beer consumption
data are used, as shown in Table I. The
maximum correlation coefficient is ob-
tained for rectal cancer (r = 0-82) and
a scattergram showing this is given in
Fig. 5. These sex ratio correlations are
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all statistically significant (P <C 0-001) and
they are consistent with heavier beer con-
sumption by men than women as shown
in surveys of the United States (Alcohol
and Health, 1971). Forinstance, forrectal
cancer in the areas with very little beer
consumption, the ratio becomes essentially
1, but in high beer-consumption regions, the
ratio approaches 2. This relationship is
only suggestive, because precise figures
on beer consumption by sex throughout
the country are not available.

Confounding variables

In order to ascertain whether the
observed correlations between beer con-
sumption and colorectal cancer are un-
usually high, it is necessary to examine
the effects of several confounding vari-
ables, related to both beer drinking and
colorectal cancer. Correlations of each
confounding variable with the indepen-
dent variable (beer drinking) and with
the dependent variables (colonic and
rectal cancer) have been determined.
Expanding on an earlier analysis (Breslow
and Enstrom, 1974), which looked at the
confounding variables of 1960 urbaniza-
tion, and 1960 per capita consumption of
cigarettes, wine and liquor, the following
new variables have been analysed (Rauni-
kar, Purcell and Elrod, 1973; Bureau
of the Census, 1973): 1960 per capita
consumption of total absolute alcohol
(ethanol); 1965 per capita consumption
of beef, “fat’, and fluid milk; 1960
population density, median per capita
income, median years of education, mean
latitude, and mean longitude. The total
alcohol consumption is obtained by com-
bining the alcohol content from the
three beverage types, assuming that
liquor is 509, alcohol, wine is 129%,, and
beer is 3-5%,. “Fat’ is defined as the
fat content in beef, pork, poultry, fish,
eggs, milk, butter, margarine, and cheese;
these foods contain about 809, of the
animal fat and 609, of the total fat in
the American diet (Raunikar et al.,
1973). All these correlations are sum-
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marized in Table II and several of them
are quite high (r ~ 0-7), although only
the total alcohol correlation is as high
as the correlation between beer consump-
tion and colorectal cancer (r ~ 0-8).
Note that the beef and “ fat ”’ consump-
tion correlations are low (r ~0-3) in
contrast to the high (r ~ 0-8) international
correlations (Howell, 1974; Armstrong
and Doll, 1975). This discrepancy has
been discussed (Enstrom, 1975a). Table
II indicates the degree to which con-
founding variables make it very difficult
to establish any unique cause-and-effect
relationship. Also, other variables, such
as obesity, constipation, low fibre con-
sumption, and laxative use, have been
implicated in some colorectal cancer
studies, but the state data necessary
for correlations are not available for these
quantities.

Probably most confusing is the fact
that, despite the correlations, the variables
in Table IT have not stood out in previous
epidemiological studies and are not con-
sistent with respect to one or more of
the demographic variables. For instance,
the high correlation for median per
capita income is contrary to the data in
Fig. 4, which shows no socio-economic
gradient in colorectal cancer rates. Also,
total alcohol consumption is strongly
correlated with colorectal cancer, but
it has a very large socio-economic gradient
which is inconsistent with the colorectal
cancer data. In summary, several forms
of available demographic data, as seen
in Table I and the figures, are generally
consistent with a relationship between
colorectal cancer and beer drinking, and
less consistent with a relationship between
colorectal cancer and several other vari-
ables. Whether beer drinking or any
of these other variables play a substantial
causative role in the aetiology of colo-
rectal cancer remains to be determined.

DISCUSSION

Review of previous studies
The relationship of beer drinking to
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TaBLE II.—Simple Correlations of Several Confounding Variables with the Independent
Variable (1941-60 Average per capita Beer Consumption) and the Dependent Variables
(1950-67 Age-adjusted Colonic and Rectal Cancer Mortality) for 48 States, excluding

Alaska, Hawait, and the District of Columbia (Whites Only).

Also, Nevada has been

Excluded from the Correlations with Alcohol and Tobacco Consumption and Mississippi
has been Excluded for Wine, Liquor, and Total Absolute Alcohol Consumption

Independent
variable

Confounding variable

1941-60 Average
annual per capita - \ , N

Dependent variables

1950-67 Average annual
mortality rates

r )
Colonic cancer Rectal cancer Number
A A of states

— A}
Year Quantity beer consumption M F M F correlated
Alcohol and tobacco
(annual per capita consumption)
1941-60 Beer 1-00 0-84 0-80 0-87 0-80 47
1960 Beer 0-97 0-76 0-73 0-81 0-75 47
1960 Wine 0-52 0-45 0-37 0-51 0-52 46
1960 Liquor 0-63 0-65 0-61 0-71 0-64 46
1960 Total absolute alcohol 0-84 0-77 0-73 0-83 0-77 46
1960 Cigarettes 0-49 0-54 0-57 0-58 0-56 47
Food
(annual per capita consumption)
1965 Beef 0-59 0-28 0-23 0-35 0-30 48
1965 “Fat” 0-54 0-36 0-33 0-37 0-29 48
1965 Fluid milk 0-66 0-58 0-61 0-64 0-61 48
Demographic variables
1960 % Urban 0-61 0-57 0-43 0-54 0-47 48
1960 Population density 0-50 0-72 0-64 0-67 0-63 48
1960 Median per capita income 0-79 0-66 0-60 0-68 0-62 48
1960 Median years of education 0-43 0-23 0-20 0-29 0-26 48
1960 Mean latitude of population 0-54 0-42 0-46 0-53 0-49 48
1960 Mean longitude of population 0-19 0-25 0-21 0-25 0-24 48

intestinal cancer has not been intensively
studied in previous investigations. Ex-
periments on animals are inconclusive
because they have used ethanol solutions,
and have not observed tumorigenicity
in the intestinal tract (Ketcham, Wexler
and Mantel, 1963; Kuratsune et al., 1971),
with the exception of one early study in
which colorectal cancer was produced by
direct application of a 509, alcohol
solution (Krebs, 1928a, b). Some epi-
demiological studies of humans suggest a
relationship, although the literature is
not consistent. Wynder and Shigematsu
(1967) showed a significantly higher pro-
portion of beer drinkers in 314 male
colonic and rectal cancer patients than
in one control group (P < 0-05 for colon
and P << 0-01 for rectum): there were
no significant differences using another
control group. Stocks (1957) showed
that among 166 British male intestinal
cancer cases there was a significant

association of beer drinking with in-
testinal cancer (P < 0-01). In a recent
prospective study of 12,000 middle-aged
Norwegian men, Bjelke showed a dose—
response relationship for the risk of
colorectal cancer and reported frequency
of use of beer and liquor, with beer
showing the steepest gradient (Bjelke,
1974b). However, more observation is
needed to confirm these initial results.
His earlier retrospective study of 278
colorectal cancer cases and 1394 controls
from Norwegian hospitals showed no
differences in beer consumption (Bjelke,
1971, 1973), but his study of 373 cases
and 1657 controls from Minnesota hospi-
tals did show that the cases were heavier
consumers of beer (P < 0-05) (Bjelke,
1973).

A study of 1722 male alcoholics in
Norway (Sundby, 1967) showed 7 rectal
cancer deaths compared with 2-4 expected,
a relative risk of 2-9 (P < 0-05): mortality
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from colonic cancer was close to expecta-
tion. Other studies of alcoholics in Cana-
da, Finland, France, and the United
States have been either negative or
inconclusive with regard to increased
risk of colorectal cancer (Alcohol and
Health, 1974), generally because of the
small number of cases involved. How-
ever, all these studies show a greatly
increased risk among alcoholics for all
cancers combined. Also, the amount of
beer drinking by alcoholics is largely
unknown; alcoholism is usually associated
with heavy wine or liquor consumption.
Three case-control studies of intestinal
cancer, one in Kansas (Higginson, 1966),
another in Finland (Pernu, 1960), and
the above-mentioned one in Norway
(Bjelke, 1971, 1973) showed no significant
relationship with beer drinking. How-
ever, it should be noted that these three
studies were conducted in areas known
to be low in beer consumption (Breslow
and Enstrom, 1974) and also that the
results, except for those in Norway,
were not analysed for colonic and rectal
cancer separately. Thus, if heavy beer
drinking is related to colonic or rectal
cancer, it would not be brought out in
these studies, if heavy beer drinking
were relatively rare in these areas. In
summary, available results have not
revealed a significant relative risk asso-
ciated with beer drinking, but several
studies have suggested some relationship.
In general, there has not yet been a
detailed attempt to measure the specific
effect of beer drinking on colorectal
cancer.

Indirect support for the relationship
comes from the fact that U.S. agricultural
workers (farmers and farm workers) con-
sume only about half as much beer as
the general population (Alcohol and
Health, 1971) and have a standard
mortality ratio which is 759, for colonic
cancer and 609, for rectal cancer (Gural-
nick, 1963). Also, Mormons (Enstrom,
1975b) and Seventh-Day Adventists (Phil-
lips, 1975), two religious groups con-
suming much less beer than the general
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population, appear to have colonic and
rectal cancer mortality rates about two-
thirds of the general mortality rates. These
results are consistent with the geographical
correlations, but, of course, there may be
other factors in the life-styles of these
groups which contribute to their low
intestinal cancer rates. For instance,
Adventists have a relatively low intake
of meat and fat (Phillips, 1975), but
Mormons and farmers appear to have
fairly normal American diets (Enstrom,
1975a).

Errors and limitations

Sources of error in the basic data are
well known, and are discussed in the
source documents, as well as in an
earlier paper (Breslow and Enstrom,
1974). The consumption data are based
on tax-paid sales and this may not
always be an accurate measure of true
consumption. Many additional problems
complicate the interpretation of correla-
tion studies: it is therefore not surprising
that results are often inconsistent. Diffi-
culties arise particularly from the use
of populations as sampling units, the
long latent period for most human cancer,
and the common presence of multiple
aetiological agents (Breslow and Enstrom,
1974). TFor colorectal cancer, other en-
vironmental factors are suspected of
being aetiologically significant: diet, obe-
sity, laxative use, urbanization and other
factors mentioned earlier. Adjustment
for such variables in correlation studies
is hampered by problems in obtaining
comparable data, by the high degree of
confounding, and by the few units avail-
able for analysis.

It is important not to overinterpret
the data and lend more credence to the
methodology than is warranted (Yeru-
shalmy, 1966). The high correlations of
several confounding variables with both
beer drinking and colorectal cancer make
the isolation of a single causal factor
very difficult and suggest a multifactorial
aetiology. In studies of the aetiology
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of human cancer, correlation results must
await confirmation and explanation by
direct observation of individual humans.

Probably the most important con-
clusion that can be drawn from this
correlation analysis is that, in spite of
what must be considered strong statistical
associations of demographic data, epi-
demiological studies of colorectal cancer
have to date shown only a small and
inconsistent aetiological effect of beer
drinking. This same problem applies to
other correlations involving colorectal
cancer, such as those with meat, beef,
and fat. In order properly to evaluate
the role of beer drinking, it is important
that additional, well-designed studies be
carried out. Ideally, this means con-
ducting prospective studies of cohorts
which have substantially different beer-
drinking habits but are similar in all
other respects. However, until there
are results which show a stronger causal
relationship, it seems that correlations
and trends involving gross population
data may be a rather poor indication
of actual aetiology in chronic diseases
such as colorectal cancer.
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