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Meta-analysis of Coffee Consumption and Risk of Colorectal Cancer

Edward Giovannucci

Several studies have found that coffee consumption is related to a lower risk of colorectal cancer, but results
have not been consistent. Thus, a meta-analysis of the published articles was conducted to examine this
relation. Because of the various ways data were collected and analyzed, a "semiquantitative" approach that
compared the high versus the low category of intake for each study was used. The combined results from 12
case-control studies showed an inverse association between coffee consumption and risk of colorectal cancer
(pooled relative risk (estimated by odds ratio) for high vs. low category of coffee consumption (RR) = 0.72,
95% confidence interval (Cl) 0.61-0.84); the findings were similar in population-based and hospital-based
case-control studies. Five cohort studies did not support an association (pooled RR = 0.97, 95% Cl
0.73-1.29). The combined results of all studies were driven largely by the case-control studies, which
comprised 85 percent of the cases (RR = 0.76, 95% Cl 0.66-0.89). The lower risk of colorectal cancer among
substantial coffee drinkers was observed in studies from Asia, Northern and Southern Europe, and North
America. The results of this meta-analysis indicate a lower risk of colorectal cancer associated with substantial
consumption of coffee, but they are inconclusive because of inconsistencies between case-control and
prospective studies, the lack of control for important covariates in many of the studies, and the possibility that
individuals at high risk of colorectal cancer avoid coffee consumption. Several ongoing prospective cohort
studies, based on extensive dietary questionnaires, may provide important new data to evaluate this hypoth-
esis. Am J Epidemiol 1998;147:1043-52.
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Studies have often found a lower risk of large bowel
cancer associated with higher coffee consumption, al-
though this finding has not been universal (1). Cof-
fee's composition is quite complex, and varied con-
stituents have potential genotoxic, mutagenic, and
antimutagenic properties (2). In addition, coffee mod-
ulates various physiologic processes, such as large
bowel motility (3), that could alter colonic exposure to
potential fecal carcinogens. Given widespread con-
sumption of coffee and the high incidence of colorec-
tal cancer in developed countries, any relation between
these would have appreciable public health relevance.
Thus, the literature was reviewed and a meta-analysis
was conducted to estimate the magnitude of any asso-
ciation between coffee consumption and colorectal
cancer risk. The association was further examined by
anatomic site (total colorectal, colon, and rectum),
study design (cohort and hospital-based and popula-
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tion-based case-control studies), and geographic re-
gion or country of the study population.

MATERIALS AND METHODS

Literature review for meta-analysis

The MEDLINE and CANCERLIT databases were
searched through June 1997, and references in all
articles were cross-checked to obtain all pertinent pub-
lications on coffee consumption and risk of colorectal
cancer. As minimal criteria, the studies adjusted risk
estimates for age and sex and provided quantification
of risk including confidence intervals. If confidence
intervals were not provided, but numbers of cases and
controls in high versus low categories of coffee con-
sumption were, these data were used to estimate con-
fidence intervals. Twelve case-control studies meeting
these criteria were identified (table 1) (4-15), dividing
evenly into those using other hospital patients as con-
trols and those relying on random sampling of the
population at risk. Only five cohort studies met the
criteria for inclusion (table 2) (16-20). A description
of the results from identified studies not used in the
meta-analysis is given in Results.

For the meta-analysis, studies were classified as
cohort or prospective, in which individuals catego-
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TABLE 1. Summary of case-control studies of coffee consumption and colorectal cancer 8

cf

z
o

First author,
year of publication

e, 1974

Tuyns, 1988

Macquart-Moulln, 1986

Lee, 1989

Kato, 1990

Centonze, 1994

Baron, 1994

Benlto, 1990

Rosenberg, 1989

Bldoll, 1992

Slattery, 1990

LaVecchla, 1989

Years
of

study

Type
of

controls

Study population

Geographic
location

No. of
cases

Coffee
("high" vs. "low") •

Odds
ratiot

Adjusted
for

1967-1968 Hospital based

1978-1982 Population based

1979-1984 Hospital based

1985-1987 Hospital based

1986-1990 Population based

1987-1989 Population based

1986-1988 Population based

1984-1988 Population based

1978-1986 Hospital based

1986-1990 Hospital based

1979-1983 Population based

1983-1988 Hospital based

Norway

Belgium

France

China

Japan

Southern Italy

Sweden

Majorca, Spain

United States

Northeastern Italy

Utah (United States)

Northern Italy

1 6 2 £5 cups/day vs. <3 cups/day °-6 (0.39-0.93)t.§

453 (C) Top vs bottom quartile
365 (R)

399 Top vs. bottom quartile

2 0 3 "High" vs. "low"
132 (C)
71 (R)

2 2 1 Dally vs. less than daily

119 >2 cups/day vs. none

3 5 2 (c) >5 cups/day vs. <1 cup/day
217 (R)

2 8 6 "High" vs. "low"

717 (C) S5 cups/day vs. <1 cup/day
538 (R)

123 (C) "High" vs. "low"
125 (R)

112 (C)(f £2.5 cups/day (approximately)
119 (C)O vs. none

455 (C) £3 cups/day vs. none

0.62 (0.43-0.90)
0.68(0.45-1.02)

0.55 (0.32-0.94)

0.74(0.46-1.17)
0.69 (0.41-1.17) (C)
0.71 (0.36-1.38) (R)

0.47 (0.31-0.72) (C)
0.57 (0.35-0.93) (R)

0.38 (0.16-0.89)

0.48 (0.27-0.86) (C)
0.86 (0.43-1.73) (R)
0.60 (0.36-1.00)

0.78 (0.45-1.35)§

0.6 (0.4-0.8) (C)
1.2 (0.8-1.8) (R)

1.0(0.61-1.65)6 (C)
1.1 (0.69-1.75)§ (R)

2.2(1.20-4 .OO)cf
0.9(0.50-1.70)0

0.59 (0.43-0.80)§ (C)
0.66 (0.46-0.95)§ (R)

Age, sex

Age, sex, province

Age, calories, body weight

Age, sex, vegetables, meats,
cholecystectomy

Age, sex, region

Age, sex, smoking, various dietary
factors

Age, sex, smoking, fat, fiber,
body mass, exercise

Age, sex, body weight

Age, sex, region, cigarettes, alcohol,
education, religion, race

Age, sex, social status

Age

Age, sex, social class, education,
martial status, smoking, alcohol

* One cup = 237 ml.
t Note: odds ratios for total colorectal cancers unless specified for colon (C) or rectum (R).
t Numbers In parentheses, 95% confidence Interval.
§ Standard error calculated from data.
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TABLE 2. Summary of cohort studies of coffee consumption and colorectal cancer

First author,
year ol publication

Years
of

follow-up

Study population

Geographic
location

No. of
cases

Coffee
("high" vs. "low")'

Relative riskf
Adjusted

for

Wu, 1987 1982-1985 United States (retirement 5 8 t f
community 68 9

Klatsky, 1988 1978-1984 United States

Jacobson, 1986 1967-1978 Norway

Stensvold, 1994 1977-1990 Norway

Phillips, 1985 1960-1980 United States (Seventh-
day Adventists)

203
66

100
63

78
52
41
48

53
83
28
164

(C)
(R)

(C)
(R)

(C)cT
(C)9
(R)rf
(R)9

(O)cf
(C)9
(R)
(C and R)

£4 cups/day vs. <1 cup/day

Continuous variable (cups/day)

£7 cups/day vs. < 2 cups/day

Continuous variable (cups/day)

£2 cups/day vs. <1 cup/day (C)
£1 cup/day vs. <1 cup/day (R)

1.54(0.7-2.7)$cf
1.17(0.4-3.1)9

0.92 (0.80-1.06) (C)
0.84 (0.66-1.07) (R)

0.54 (0.22-1.30)§ (C)
1.07(0.41-2.78)§(R)

0.98 (0.81-1.19) (C)rf
0.96 (0.74-1.25) (C) 9
0.92 (0.71-1.20) (R)cf
0.86 (0.63-1.17) (R) 9

2.0 (1.1-3.6) (C)(f
1.5 (0.8-2.6) (C)9
1.4 (0.6-3.1) (R)
1.5 (1.6-2.2) (C and R)

Age

Age, sex, alcohol, smoking, race,
body mass, cholesterol,
education

Age, sex, residence, alcohol

Age, sex, region, county

Age, sex

• One cup = 237 ml.
t Note: relative risks for total colorectal cancers unless specified for colon (C) or rectum (R).
$ Numbers in parentheses, 95% confidence interval.
§ Standard error calculated from data.
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1046 Giovannucci

rized by coffee consumption level were followed for
cancer occurrence, and as case-control, in which colo-
rectal cancer cases and controls free from this malig-
nancy were identified, and information on coffee con-
sumption prior to diagnosis for cases was obtained and
compared with that over a similar time period for
controls. Case-control studies were further divided
into population based (where the comparison group
was identified from the catchment population from
which the cases arose) and hospital based (where the
comparison group was identified from among other
patients at institutions where cases were diagnosed).
Three studies examining coffee intake in relation to
incidence of colorectal adenomas (4, 21, 22), precur-
sors of cancer (23), were also identified.

sibly mis-specifying a dose-response relation, only the
high versus low categories of consumption from var-
ious studies were examined. This strategy, used by
others (25), allows for the inclusion of five of 12
case-control studies providing only categorical data
(e.g., relative risk for high vs. low tertiles of coffee
consumption). Of 13 studies of cancer and adenoma
that provided values for the upper and lower catego-
ries, the mean and median of the upper bound were
approximately 4 cups per day; usually, the cutoff for
the lower category was less than 1 cup per day or zero.
For two studies that presented relative risks only as a
continuous variable (increment risk on a per cup ba-
sis), the relative risk and confidence intervals for a
4-cup increment were calculated.

Data extraction and classification

Generally, coffee consumption was part of a broader
assessment, and the relation between coffee consump-
tion and colorectal cancer had not been a prior hypoth-
esis. Virtually all studies reported relative risks of
colorectal cancer by categories of coffee consumption.
For example, cancer incidence for each level of coffee
consumption of 1-2, 3-4, and &5 cups per day (1
cup = 237 ml) was compared relative to the incidence
among nondrinkers. Several studies reported a relative
risk for a unit increase in coffee consumption (18, 19).
If the risk of colorectal cancer was expressed in more
than one way, the estimate reflecting the greatest de-
gree of controlling for confounders was used.

A common approach to quantify risk in a meta-
analysis is to calculate from each study a coefficient
for relative risk based on coffee consumption as a
continuous variable, which would allow a unit change
in relative risk (on the natural logarithm scale) per
each cup of coffee. However, several major theoretical
and practical considerations prevented the use of this
methodology. This approach entails arbitrarily assign-
ing values to categories of coffee consumption, includ-
ing the upper open-ended category of consumption
(e.g., >5 cups/day). Even more problematic, five of
the 12 case-control studies reported data only for or-
dered categories (e.g., tertiles or quartiles) but did not
quantify consumption level. Beyond the assumptions
necessary to assign values, several of the largest stud-
ies (12, 14) did not display clear evidence of a mono-
tonic dose-response relation. Finally, preparation
methods of coffee as well as cup size vary substan-
tially across countries, and the caffeine content per cup
varies from 19 to 160 mg according to type of coffee,
cup size, and country (24).

Because of these limitations, a more conservative
"semiquantitative" approach was used. Instead of pos-

Statistical methods and analysis

To pool relative risks from several studies, the meta-
analytic method relies on a weighted average of the
log relative risks from the individual studies. Under
the rare disease assumption, odds ratios were used to
estimate relative risks in case-control studies. The
weight depends on the inverse of the variance of the
log relative risk, giving larger studies greater weight in
the summary measure (26). A random effects method
that does not assume homogeneity of relative risks
(i.e., uniformity of the association) across studies was
used (27). This method is conservative and produces a
relatively larger variance (and hence wider confidence
intervals) than methods that assume homogeneity of
risk. In this analysis, various sources of heterogeneity
are likely. For example, results are combined from
different countries, and there are international differ-
ences in typical volume of coffee consumed, coffee
type, or brewing method and the underlying risk of
colorectal cancer.

To convert confidence intervals from the different
studies into estimates of the variance of the log relative
risk, the interval was transformed to the log scale.
Under the assumption that the 95 percent confidence
interval had been constructed by adding and subtract-
ing 1.96 times the standard error of the log relative
risk, interval length (upper minus lower bound) is
divided by 3.92 to obtain an approximate standard
error, which was then squared to estimate the variance.
When only a relative risk and numbers of cases and
controls in the high and low coffee categories were
provided, the crude numbers were used to calculate a
standard error of the crude odds ratio. This standard
error was then used to approximate confidence inter-
vals for the reported adjusted odds ratio.

Am J Epidemiol Vol. 147, No. 11, 1998
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Coffee and Colorectal Cancer 1047

RESULTS

Overall results of meta-analysis

The results from the individual studies are shown in
tables 1 and 2. In all studies combined, substantial
coffee drinkers had a 24 percent lower risk of colo-
rectal cancer relative to infrequent drinkers or non-
drinkers (table 3). This inverse association was pri-
marily due to the 12 case-control studies, which
contributed 85 percent of total cases. The relative risk
(estimated by the odds ratio) was similar for popula-
tion-based and hospital-based studies. The five cohort
studies, which contributed many fewer cases, did not
show a relation. Because most cases were from case-
control studies, the relative risk from the total studies
(RR = 0.76) differed only slightly from that of the
case-control studies (RR = 0.72). Of all 10 countries
(United States, Norway, Belgium, Denmark, Sweden,
France, Italy, Spain, China, and Japan) that provided
some data, including studies not in the meta-analysis,
at least one study from each country found evidence of
a lower colorectal cancer risk with higher coffee con-
sumption (table 4). In three adenoma studies, a 43
percent reduction in risk was associated with higher
coffee consumption.

Case-control studies

As summarized in table 1, 10 of the 12 case-control
studies found a lower risk among substantial coffee
consumers. In nine of these, the relative risk associated
with higher coffee intake ranged between 0.4 and 0.7,
and most were in the range of 0.6. In seven case-
control studies that presented results separately for
colon and rectum, the relative risks were nearly iden-
tical for the colon (RR = 0.81) and rectum (RR =
0.80). The published studies did not present results
separately for the proximal and distal colon; thus,
although there is evidence (28) of differences in the
carcinogenesis of proximal and distal colon cancer,
differences regarding the role of coffee could not be
evaluated.

Seven reports from case-control studies could not be

TABLE 4. Relative risk (RR) or odds ratio (OR) and 95%
confidence interval of colorectal cancer for "high" versus
"low" coffee consumption from meta-analysis, by geographic
location of study*

No. of
studies

No. of
colorectal

cancer
RRorOR P

value

Northern Europe 5 1,921
Southern Europe 5 1,802
United States 3 1,650
Asia 2 424
Special populations 2 395

0.65 (0.53-O.79)t
0.71 (0.57-0.89)
0.87 (0.59-1.29)
0.57 (0.44-0.75)
1.45(0.93-2.26)

<0.001
0.003
0.49

<0.001
0.10

* Northern Europe includes Norway, Sweden, and Belgium; Southern
Europe includes Italy, France, and Spain; Asia includes Japan and China; and
special populations include Seventh-day Adventists and Latter-day Saints,
both In the United States.

t Numbers in parentheses, 95% confidence interval.

included in the meta-analysis, because results were not
quantified or because all sources of caffeine were
combined. A hospital-based case-control study of Ha-
waiian Japanese reported a relative risk of 0.72 for
coffee consumption "above average" compared with
"below average" (29). An abstract published in 1981
by Abu-Zeid et al. (30) reported among Canadians "a
low risk" for coffee drinkers, but the risks were not
quantified, and no confidence intervals were given.
Several case-control studies have reported "no associ-
ation" with coffee (31, 32), or a slight positive asso-
ciation (33), but without offering any quantification of
risk. One case-control study found no association with
caffeine but did not report findings specifically for
coffee (34). Finally, a case-control study found no
appreciable association with colorectal cancer, al-
though a slight inverse association (RR = 0.8) with
higher consumption of caffeine-containing beverages
was noted for rectal cancer among women (35); how-
ever, this study combined "tea, coffee, cola, etc." so
the specific effect of coffee could not be evaluated.

Cohort studies

The cohort or prospective studies were less support-
ive of an association than the case-control studies
(tables 2 and 3). Some of these studies were based on

TABLE 3. Relative risk (RR) or odds ratio (OR) and 95% confidence interval of colorectal cancer for
"high" versus "low" coffee consumption from meta-analysis, by study design

All colorectal cancer studies
Cohort studies
Case-control studies (total)
Case-control studies (population based)
Case-control studies (hospital based)
Adenoma studies

NO. Of
studies

17
5

12
6
6
3

No. of
cases

6,192
931

5,261
2,244
3,017

883

RR or OR

0.76 (0.66-0.89)*
0.97(0.73-1.29)
0.72 (0.61-0.84)
0.70 (0.53-0.92)
0.74 (0.61-0.90)
0.57 (0.44-0.72)

P
value

<0.001
0.83

<0.001
0.01
0.002

< 0.001
1 Numbers in parentheses, 95% confidence interval.
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1048 Giovannucci

a single measurement of coffee intake and had long
follow-up periods of 10 (20), 14 (18), and 21 (17)
years. A study of Seventh-day Adventists suggested a
positive association between coffee intake and colon
cancer risk (17). If this study was excluded from the
meta-analysis, the pooled relative risk is 0.84 (with 95
percent confidence interval (CI) 0.62-1.14) for pro-
spective studies.

Several studies reporting findings regarding coffee
and colorectal cancer risk were not included in the
meta-analysis because relative risk and standard error
were not provided. A 14-year follow-up study in Swe-
den found that coffee was the only food item associ-
ated with a lower risk of colon cancer, but no quanti-
fication of risk was reported (36). An 18-year
follow-up study of 5,249 men in Denmark found a
smaller proportion of coffee drinkers of >5 cups/day
among 51 men who developed colon cancer (31.4
percent) compared with the men who did not develop
this disease (40.1 percent) (21). No association was
seen based on 42 rectal cancer cases. The results were
not age adjusted. A prospective study based on a
single 24-hour recall and up to 18 years of follow-up
suggested an inverse trend with coffee consumption
and cancer of the rectum (n = 60; p, trend, = 0.13) but
no association with colon cancer {n = 108; p, trend, =
0.98) (37). It is unclear how well a single 24-hour
recall can characterize exposure for 18 years of
follow-up. Overall, results from prospective studies
unusable for the meta-analysis are consistent with an
inverse association with colorectal cancer, but they are
inconclusive.

Sex-specific analysis

Because sex-specific relative risks were presented in
only a small proportion of studies, a meta-analysis by
sex was not conducted. The limited data presented did
not suggest a strong sex difference. The largest study
(14) found a slightly stronger association among
women (RR = 0.5) than men (RR = 0.7). The third
largest study (10) found almost identical associations
in the colon (men, RR = 0.61; women, RR = 0.63),
but in the rectum, the association was evident only for
men (RR = 0.50 for males and RR = 0.92 for fe-
males). One study reported no significant interaction
by sex (7), and another reported that the association
was broadly similar in men and women (15). One
study found a slightly stronger inverse association in
women (18), but this report was based on small num-
bers. All other studies reported sex-adjusted but not
sex-specific associations. None reported any substan-
tial differences by sex.

Studies of adenomas

Colorectal adenomas are well-established precur-
sors of cancer (23). A study in Denmark comparing
coffee intake among individuals found to have adeno-
mas at colonoscopy relative to those who were free of
adenomas found a lower risk with increasing level of
coffee consumption (age, sex, fiber-adjusted RR =
0.3; 95 percent CI 0.1-0.5; for >8 relative to <3 cups
of coffee per day) (21). In Japanese male self-defense
officials undergoing screening sigmoidoscopy, an in-
verse association was found between coffee consump-
tion and risk of sigmoid adenoma (RR = 0.61, 95
percent CI 0.33-1.24; for >5 cups/day vs. 0 cups;
adjusting for smoking, alcohol, body mass index, rice,
meats, tea) (22). Another study in Japan comparing
individuals with adenomas with population-based con-
trols found an inverse association between coffee con-
sumption and proximal adenomas (age-, sex-, and
region-adjusted RR = 0.50, 95 percent CI 0.3-0.84),
distal adenomas (RR = 0.6, 95 percent CI 0.4-0.89),
and rectal adenomas (RR = 0.72, 95 percent CI 0.40-
1.30) for daily coffee drinkers compared with non-
drinkers (4). Overall, the three studies that have ex-
amined the relation between coffee consumption and
the risk of colorectal adenoma found that frequent
consumers had approximately half the risk of infre-
quent consumers (table 3).

DISCUSSION

The results from this meta-analysis indicate that a
lower risk of colorectal cancer is associated with
higher levels of coffee consumption. This inverse as-
sociation was remarkably consistent across numerous
studies and observed in at least one study in each of 10
different nations. This relation was largely limited to
case-control studies, and the evidence from prospec-
tive studies was inconclusive. Even though nonsignif-
icant results may be less likely to be published (pub-
lication bias), the likelihood that these findings are due
to chance alone is remote. In most studies, coffee was
not of prime interest but was one of multiple exposures
considered and reported. If coffee consumption is un-
related to colorectal cancer, one would expect, through
chance, as many studies to have a direct as to show an
inverse association. Because of limitations in reported
data, the relative risk could not be quantitated rigor-
ously on a per cup basis, but a "semiquantitative"
analysis suggests that individuals drinking approxi-
mately 4 or more cups of coffee per day had a 24
percent lower risk of colorectal cancer relative to those
who rarely or never drink coffee.

The nature of this inverse association is unclear. In
case-control studies, selection bias could occur if cof-
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Coffee and Colorectal Cancer 1049

fee consumption among the participating controls dif-
fers from that in the target population. Some consistent
selection bias related to study design accounting for
the lower risk of colorectal cancer appears unlikely,
because the relation existed in hospital-based and
population-based case-control studies, and any mech-
anism of selection bias is likely to be quite different
using these two sources of controls. Reporting bias,
such as underreporting by cases, is also a possibility,
but the similar associations in such a variety of settings
argue against this. Moreover, an association between
coffee consumption and lower risk of colorectal cancer
was not anticipated or hypothesized when the studies
were carried out. Additional prospective data would be
useful in excluding these biases.

The published studies, to varying degrees, con-
trolled for factors, such as diet, believed to be related
to colorectal cancer. Controlling for a variety of these
factors (tables 1 and 2) did not change the results
substantially in any study. The consistency of this
finding in 10 countries within Northern Europe,
Southern Europe, and Asia, as well as the United
States, to a lesser degree, argues against residual con-
founding because it is unlikely that the same con-
founding factors would be operative in these diverse
settings. Moreover, heavy coffee consumption tends to
be associated with smoking, alcohol, physical inactiv-
ity (18), and possibly higher fat and cholesterol intake
(38) that, if anything, enhance the risk of colon cancer.

Of note, the only two studies that provided evidence
of a positive association between coffee consumption
and the risk of colorectal cancer were from two special
populations based on religious denomination
(Seventh-day Adventists and Latter-day Saints) (5,
17). In these two studies, even less than 2 cups of
coffee per day were associated with an increased risk.
That the modest consumption of coffee (e.g., less than
2 cups per day) in these populations substantially
increases the risk of colorectal cancer is inconsistent
with the inverse association seen with much higher
levels in the other studies. Authors of both studies
suggest that coffee drinkers in these populations may
not adhere to the precepts or norms of these churches
(low intake of meats, avoidance of alcohol, and smok-
ing) and thus may differ from other church members in
a variety of ways. Thus, confounding probably ac-
counts for the positive associations in these religion-
based populations, for whom the connection between
coffee and "unhealthy" behaviors is probably much
stronger than in other populations.

Another possible explanation for the results is that
individuals at high risk for developing colorectal can-
cer, or who have symptoms from undiagnosed cancer
of the large bowel, avoid coffee consumption, though

some evidence is contrary. Rosenberg et al. (14) found
similar results whether coffee consumption of the prior
year or of 3 years previously was analyzed. In a study
of coffee consumption and digestive tract cancers (10),
higher coffee consumption was associated with a
lower rate of cancers of the large bowel, but not for
other digestive tract cancers, for which a similar bias
could occur. In addition, a prospective study with 14
years of follow-up after the assessment of coffee found
an inverse association (36). Finally, studies suggest an
inverse association between coffee consumption and
the risk of colorectal adenomas, which are largely
asymptomatic (39, 40).

Another possibility is that some constitutional risk
factors lead to both avoidance of coffee and to a higher
risk of colorectal cancer. For example, one survey
indicated that 17 of 65 (29 percent) patients with
irritable bowel syndrome, a complex disorder of large
bowel motility, reported that coffee aggravated their
symptoms (3). While the relation between bowel mo-
tility and colon cancer is not established, certain dis-
orders of colonic motility may theoretically predispose
to both cancer and to avoidance of coffee. On the other
hand, the influence of coffee on colonic function is to
increase rectosigmoid motility and the desire to defe-
cate (3); if anything, these characteristics may lower
cancer risk by reducing colorectal exposure to fecal
carcinogens.

Vineis (41) has hypothesized that the apparently
protective effect of coffee consumption is not causal,
but that slow yV-acetylators, who may be at lower risk
for colorectal cancer, drink more coffee than do fast
acetylators (41). Studies have found an excess of rapid
acetylators in patients with colon cancer (42, 43) or
adenoma (44), though two other studies did not sup-
port this (45, 46). Af-Acetyltransferase is crucial in the
metabolism of caffeine, and the neurologic effects of
caffeine metabolites could influence coffee consump-
tion, though this is not proven. The magnitude of any
association between acetylation rate and coffee con-
sumption would have to be quite strong to entirely
account for the results.

Studies have generally relied on a single estimate of
general coffee consumption. While coffee consump-
tion over the prior year assessed as cups per day is
reasonably well measured (e.g., correlation of 0.82
between a questionnaire and detailed diet records in
one study (38)), variances of container size and brew-
ing method, which could influence levels of poten-
tially relevant factors, will add to misclassification
(47). Another source of misclassification is the use of
a single measure to reflect long-term consumption,
which is most likely relevant.

While the possibility that bias or uncontrolled con-
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founding accounts for the generally lower risk of colo-
rectal cancer among substantial coffee consumers can-
not be excluded, at least three possible causal
mechanisms are worth discussing, although other
mechanisms are possible.

First, antimutagenic properties of coffee lower risk
of colorectal cancer. Coffee and caffeine are able to
inhibit the mutagenic effect of numerous factors in
various strains of microorganisms (2). The antimuta-
genic effects of coffee may be particularly relevant to
mutagenesis by heterocyclic amines, which are formed
during the cooking of meat (48) and possibly related to
colon carcinogenesis (49). Coffee contains at least two
possible antagonists of the mutagenic effects of het-
erocyclic amines, an insoluble hemicellulose fiber,
which can effectively adsorb mutagenic agents, and a
high-molecular-weight polyphenol, which is able to
destroy mutagenic agents in the alimentary tract when
the polyphenol is converted to quinone derivatives (50).

Another potential mechanism is based on the influ-
ence of coffee consumption on fecal levels of choles-
terol, bile acids, and their metabolites, which promote
colon carcinogenesis in some animal studies (51, 52).
Coffee consumption has been linked to increased se-
rum cholesterol levels in some studies, particularly in
Scandinavia (53-57). In the Northern European coun-
tries, coffee is usually prepared by boiling ground
coffee beans with water and decanting the fluid with-
out filtration. It is now known that serum cholesterol is
raised by cafestol and possibly also kahweol (58), both
lipid components of coffee beans, and that the lipid
component of coffee is removed by filtration (59). If
the mechanism, currently unknown, leading to higher
cholesterol levels involves a reduced excretion of bile
acids or neutral sterols, and if these compounds are
related to colorectal cancer, the lower risk of colorec-
tal cancer should be considerably stronger in countries
that use boiled coffee. While strong inverse associa-
tions were seen in Finland, Sweden, and Norway,
countries which use boiled coffee, similarly strong
reductions in risk were also observed in Italy, Bel-
gium, France, and Japan.

Finally, both regular and decaffeinated coffee in-
duce an increase in colonic motility limited to the
rectosigmoid region within 4 minutes of ingestion and
lasting for at least 30 minutes (3). Unfortunately, the
published studies did not allow for the examination of
cancer risk associated with coffee intake specifically
in the rectosigmoid region. This influence of coffee on
rectosigmoid responses appeared primarily in men and
women who claimed that coffee induced a desire to
defecate (53 percent of women and 19 percent of
men). The speed of the response indicated that coffee
may induce a "gastrocolonic response," possibly by

acting on receptors in the stomach or small bowel and
mediated by neural mechanisms or by gastrointestinal
hormones. Although unproven, colonic motility could
be related to colonic cancer risk by influencing the
exposure of the epithelia to colonic contents.

In summary, numerous studies have found a lower
risk of colorectal cancer associated with higher coffee
consumption. The data from case-control studies are
remarkably consistent, while those from cohort studies
are limited and inconclusive. A constant methodolog-
ical artifact is unlikely to account for the relative
consistency of the results in these diverse settings,
although additional prospective data from several on-
going cohort studies (60-63) based on extensive di-
etary questionnaires will be informative. Presently, the
most likely explanations of the lower risk of colorectal
cancer among substantial coffee consumers are that
unidentified high-risk individuals avoid coffee con-
sumption, or that the association is causal and possibly
related to enhanced colonic motility induced by coffee
or to antimutagenic components in coffee.
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