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Abstract

Objective: Separate meta-analyses based on case—control and cohort studies have

reported different results on the relationship between coffee consumption and

colorectal cancer risk. To clarify the effect of coffee intake on colorectal cancer

risk, we performed a meta-analysis based on both case—control and cohort studies.

Design: Review study.

Setting: We identified case—control and cohort studies related to coffee con-

sumption and colorectal cancer risk listed on MEDLINE, the Cochrane Controlled

Trials Register, EMBASE, Science Citation Index and PubMed (until May 2011).

Subjects: Research literature on the relationship between coffee consumption and

colorectal cancer risk.

Results: Twenty-five case—control (15522 cases) and sixteen cohort studies

(10443 cases) were included in the meta-analysis. Comparing the highest v. the

lowest/non category of coffee consumption, the combined results from case—control

studies showed a significant relationship with colorectal cancer (OR = 0-85, 95% CI

0-75, 0:97) and colon cancer (OR = 0-79, 95% CI 0-67, 0-95), but not rectal cancer

(OR=0-95, 95% CI 0-79, 1-15). For cohort studies, there was a slight suggestion of

an inverse association with colorectal cancer (relative ratio = 0-94; 95% CI 0-88,

1:01) and colon cancer (OR = 0-93, 95% CI 0-86, 1-01), rather than rectal cancer

(OR =098, 95% CI 0-88, 1-:09). In subgroup analyses using case—control studies,

significant inverse associations were found in females for colorectal cancer and in

Europe for colorectal and colon cancer, while the subgroup analyses of cohort

studies found that coffee drinks substantially decreased risk of colon cancer only in Keywords
Asian women. Colorectal cancer
Conclusions: Results from case—control studies suggest coffee consumption can Coffee
significantly decrease the risks of colorectal cancer and colon cancer, especially in Meta-analysis
Europe and for females. Observational studies

Colorectal cancer is the third most common cancer in Research on Cancer reviewed the data on coffee

men and the second most common in women worldwide,
with over 1-2 million new cancer cases and 608700
deaths occurring in 2008”. It is well known that obesity,
smoking and physical inactivity are important risk factors
for colorectal cancer. However, nutritional factors such as
alcohol, tea, coffee, etc. have also been considered to
play an important role in the development of colorectal
cancer®.

Coffee is a complex mixture of more than a thousand
chemicals, and these constituents have potential genotoxic
and mutagenic properties, antioxidant and antimutagenic
activities to affect colorectal cancer risk'®. Over the last four
decades, the relationship between coffee consumption and
colorectal cancer risk has been extensively examined™®.
In 1990, a Working Group of the International Agency for
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consumption and colorectal cancer risk and concluded
that in man ‘there is some evidence of an inverse relation
between coffee drinking and cancer of the large bowel?.
However, the relationship between coffee intake and
colorectal cancer risk appears inconsistent in case—control
studies and cohort studies. To clarify the relationship
between coffee consumption and colorectal cancer risk,
Giovannucci performed a meta-analysis in 1998 and
reported an overall OR/relative ratio (RR) for high v. low
coffee intake of 0-72 (95% CI 0-61, 0-84) and 0-97
(95% CI 0-73, 1-29) after combining the results of twelve
case—control studies and five cohort studies, respec-
tively™. A subsequent meta-analysis'® and a pooled ana-
lysis” for cohort studies showed no significant inverse
associations; however, another meta-analysis in 2011
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reported a statistically significant relationship between
coffee consumption and colorectal cancer (RR=0-89,
959% CI 080, 0-97)®. Moreover, the newest meta-analysis
of case—control studies by Galeone et al. found a sig-
nificantly positive effect when comparing the highest with
non/low coffee intake .

Although most of the data from case—control studies are
relatively consistent, they may be subject to recall bias with
respect to coffee consumption and selection bias with
respect to the control group. Additional prospective cohort
studies excluding those biases would be more useful to
see coffee—colorectal cancer associations. Since the meta-
analysis conducted in 1998 which included case—control
studies and cohort studies, no meta-analysis clarifying the
relationship of coffee consumption and colorectal cancer
risk using both types of studies has been reported. Plenty
of case—control and cohort studies on coffee consumption
and colorectal cancer have been published since then.
To identify the relationship of coffee consumption and
colorectal cancer risk systematically and comprehensively,
we performed a meta-analysis combining all available data
of both case—control studies and cohort studies.

Materials and methods

Search strategy

MEDLINE, the Cochrane Controlled Trials Register,
EMBASE, Science Citation Index and PubMed were used
to search for articles (in English, until May 2011) that
described case—control studies and/or cohort studies
investigating the relationship between coffee consumption
and risk of colorectal cancer. Titles, abstracts and subject
headings in the database were investigated, using the string
‘coffee or caffeine’ and ‘cancer or carcinoma or neoplasm
or tumor’ and ‘colon or rectum or colorectal’. We carried
out a broad search for all studies with the Boolean phrases
‘diet’ and (‘colon’ or ‘cancer’). We also examined all refer-
ences of related reviews and papers retrieved by the search.
Additionally, we tried to contact the experts to obtain
unpublished data. Unfortunately, we did not obtain any
response from them.

Inclusion criteria

In the meta-analysis, no studies were excluded for
weakness of design or data quality. No quality score was
assigned. Forty-nine studies including thirty-two case—
control studies and seventeen cohort studies were con-
sidered. Studies were selected for analysis if they met all
of the following criteria: (i) a quantitative estimate of the
relationship; and (ii) at least one of the 95% confidence
interval or the standard error or the distribution of cases
and controls in coffee consumption categories. If the
study sample was found to overlap with that in another
article or if two articles described aspects of the same
study, only the publication with the largest sample was
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used ' _1f a study provided several OR/RR, we extracted
the one reflecting the greatest degree of control for
potential confounders”'*” To assess a summary OR/RR
for colorectal cancer in both sexes, we used combined
estimates if provided. Otherwise, we included all estimates
according to sex and/or cancer site in the analysis as
if obtained from different studies1%:20:225:27:3038) "gome
studies reported estimates for caffeinated coffee, dec-
affeinated coffee and/or caffeine; we chose the first
one1H15:31,34362,360) por ase control studies, if both hos-
pital and population controls were used for comparison
separately, the result of the population control was chosen
for analysis®>*”. For cohort studies, when a study pro-
vided RR for both colorectal cancer and invasive colorectal
cancer, we used the former because it included more
cases?? . Larsson et al. presented pooled estimates from
two large cohorts, the Swedish Mammography Cohort
(SMC, 1987-2004) and the Cohort of Swedish Men (COSM,
1998-2004), and reported additional pooled estimates by
starting follow-up in 1998 for the SMC; we extracted the
latter pooled estimates (1998-2004 for both cohorts)?V. We
also included a study conducted on the same cohort (SMC)
because it was performed during a different period
(1987-2003)"7. Michels et al®® reported separate RR from
two large US cohorts in their study, the Nurses’ Health
Study (NHS)®* and the Health Professionals Follow-up
Study (HPFS)®®; we counted the report as two pro-
spective studies. Finally, our meta-analysis included

11,15,20,26,28-31,33-35,38-51 :
twenty-five case—control 11> 0.25-313335355D 4nd sixteen
) e A A A A7 S5 s
cohort studies17+19:21-25.27,32,36a,36b,37,52-55)

Data extraction

Two researchers (G.L. and W.Z.) extracted data inde-
pendently. A data collection form was designed and data
were entered into the form twice to reduce input errors.
The items in the form included: first author’s last name;
year of publication; country of origin; years of study/
follow-up period; number of cases/controls; age at base-
line; OR/RR and 95 % CI for the association between coffee
consumption and colorectal cancer incidence, considering
two exposure levels (highest v. lowest/non); type of con-
trols; and control of confounding factors. If OR and/or 95 %
CI were not reported, but numbers of cases and controls in
highest ». lowest/non categories of coffee consumption
were provided, these data were used to calculate crude OR
and unadjusted CI(28,31,3%55,39,40,42,46,48,49).

Statistical analysis

The generic inverse variance method was used to pool the
overall OR/RR with the STATA statistical software package
version 11-0 software (Stata Corporation, College Station,
TX, USA) for highest ». lowest/non category of coffee
intake and risk of colorectal cancer. To assess the hetero-
geneity, we conducted a test based on x* distribution and
quantified the inconsistency using the P statistic®®
(P<0-05 or P > 50% is considered significant®”).
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A random effect method that does not assume homo-
geneity of relative risks (i.e. uniformity of the association)
across studies was used as the method of combination
for all the analyses showing significant heterogeneity. To
examine the magnitude of the combined OR/RR in
each stratum and its respective test of heterogeneity, we
conducted subgroup analyses by the following variables,
one at a time: geographic region (America, Asia or Europe);
cancer site (colon or rectum); sex; type of controls
(population-based or hospital-based, only for case—control
studies); and follow-up period (using 10 years as a cut-off
according to the mean of follow-up time of the sixteen
cohort studies included in the meta-analysis; only for
cohort studies). If heterogeneity in one or more subgroup
analyses was observed, then meta-regression was con-
ducted to test variations in OR/RR across strata. In addition,
sensitivity analyses were performed by limiting the analysis
to studies that had adjusted for smoking, alcohol and
physical activity and to those providing ratios for dec-
affeinated coffee. The funnel plots with Begg’s rank
correlation and Egger regression tests were performed to
detect publication bias.

Results

Table 1 shows the characteristics of the twenty-five case—
control studies (15 522 cases) that were potentially eligible
for inclusion in the meta-analysis. Nine of these studies
were conducted in America, whereas six were in Asia and
ten in Europe. Fourteen of these studies were used for
colon cancer (9191 cases) and twelve were used for rectal
cancer (4996 cases). Of these studies, eleven and ten
provided OR for colorectal cancer in men and women,
respectively. Fourteen studies provided the OR using
population-based controls and eleven studies using hospi-
tal-based controls. We combined OR for colorectal cancer
by comparing the highest . the lowest/non category of
coffee consumption, and the summarized result showed a
significant relationship between coffee consumption and
colorectal cancer risk (OR = 0-85, 95% CI 0-75, 0-97; P for
heterogeneity < 0-001; F = 64 %; Fig. 1). The OR were 0-73
(95% CI 0-57, 0-93), 0-78 (95% CI 0-63, 0-97) and 0-82
(95% CI 0-73, 0-93) when combining ten studies conducted
in Europe, eleven studies using hospital-based controls and
ten studies performed in females for colorectal cancer,
respectively. These was no significant relationship between
coffee consumption and rectal cancer risk (overall OR =
095, 95% CI 0-79, 1-15; P for heterogeneity = 0-02;
F=53%); however, there were statistically significant
associations between coffee consumption and colon cancer
(overall OR = 079, 95% CI 0-67, 0-95; P for heterogeneity
<0-001; P =68%), especially in Europe (OR = 0-68; 95%
CI 0-57, 0-81; P for heterogeneity = 0-33; P =9%; Table 2).

The characteristics of the sixteen cohort studies including
953 669 participants and 10 443 cases for colorectal cancer

https://doi.org/10.1017/51368980012002601 Published online by Cambridge University Press

G Li et al.

are shown in Table 3. In the sixteen studies, we found
thirteen studies that offered information on colon cancer
(4838 cases) and thirteen studies on rectal cancer (2740
cases). Eight studies were performed in Europe and four
in Asia. Other studies were conducted in America. Nine of
the sixteen cohort studies reported data for men and
women separately. No significant differences were found
between highest ». lowest/non coffee consumption from
cohort studies, which was different to what was found from
case—control studies. However, there was a slight sugges-
tion of an inverse association between coffee consumption
and colorectal cancer (RR = 0-94, 95% CI 0-88, 1-01; P for
heterogeneity = 0-85; F=0%; Fig. 2) and colon cancer
(RR =093, 95% CI 0-80, 1-01; P for heterogeneity = 0-51;
F =0%), but not for rectal cancer (RR = 0-98, 95 % CI 0-88,
1-09; P for heterogeneity = 0-46; F = 09%). There was no
statistically significant heterogeneity in all the subgroup
analyses. No significant associations were found when
subgroup analyses were conducted by geographic regions.
Compared with men, women tended to show a lower risk
of colorectal cancer (RR=0-93, 95% CI 0-81, 1-05) and
colon cancer (RR =0-91, 95% CI 0-77, 1-07). For duration
of follow-up, we applied 10 years of follow-up as a cut-off
because the mean of follow-up time for all sixteen cohort
studies was roughly 10-5 years'®
seven studies whose follow-up periods were over and less

and there were nine and

than 10 years, respectively. Results of analyses in stratum of
follow-up period indicated that studies with shorter follow-
up time (<10 years) tended to show marginally inverse
relationships between coffee intake and the risks of color-
ectal (RR=0-92, 95% CI 0-85, 1:01) and colon caner
(RR =090, 95% CI 0-81, 1-:00; Table 2).

Table 4 demonstrates the relationship by sex between
coffee intake and coloroectal, colon and rectal cancer in
strata of geographic regions in case—control and cohort
studies. A significant association was found in Asian
females for colon cancer from three cohort studies
(OR=0-61, 95% CI 0-40, 0-93; P for heterogeneity = 0-23;
F=32%).

We performed the analyses of meta-regression to
clarify the heterogeneity in the subgroup analyses (i.e.
geographic regions, sex, types of control and cancer sites)
and to explore the influence factors of coffee consump-
tion on colorectal cancer risk using case—control studies.
Results from the meta-regression analyses confirmed that
geographic region was independently associated with the
positive association between coffee consumption and
colorectal cancer risk (P values = 0-02). Geographic region
was therefore proven to be a significant and independent
predictor for heterogeneity, strengthening the results of the
subgroup analyses.

When the analysis was limited to the studies that had
adjusted for potential confounders (i.e. smoking, alcohol
and physical activity), the summary OR for case—control
studies of colorectal and colon cancer decreased to 0-62
(95% CI 0-41, 0-93)11449 and 0-56 (95% CI 0-31,
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Table 1 Characteristics of case—control studies of coffee consumption and colorectal, colon and rectal cancer risk

@
o)
7
Type of Coffee (‘highest’ v. S
First author (year) Years of study Country No. of cases/controls control OR 95% ClI ‘lowest/non’) Adjustment factors g,
Higginson (1966)“") Not indicated USA 340 CRC (196 M, 144 F)/1020 Hospital CRC: 0-60 0-37, 0-97 ‘=3 cups/d’ v. ‘never or NR 5
CON (588 M, 432 F) irregularly’ 5
Bjelke (1974)4® 1967-1968 Norway 169 CC/442 CON Hospital For M, CC: 0-60  0-39, 0-93 ‘=5 cups/d’ v. ‘<3 cups/d’ Age, sex a
Macquart-Moulin 1979-1984 France 399 CRC (188 M, 211 F)/399 Hospital CRC: 0-55 0-32, 0-94 ‘top quartile’ v. ‘bottom Age, sex, energy, body 2
(1986)“9 CON (188 M, 211 F) quartile’ weight =~
Jarebinski 51989)‘39) 1984-1986 Yugoslavia 98 RC/98 CON Population RC: 0-8 0-3, 22 >3 cups/d’ v. ‘none’ NR e
Lee (1989)5? 1985-1987 Singapore 203 CRC (132 CC, 71 RC)/425 Hospital CRC: 0-72 0-46, 1-12 ‘high’ v. ‘low’ Age, sex, dialect, o
CON CC: 0-69 0-41, 1-17 occupation %
RC: 0-71 0-36, 1-38 =
Rosenberg (1989)®"  1978-1986 USA 717 CC (313 M, 404 F), 538 RC Hospital For CC, M: 0-7 0-4,1-2 ‘= 5 cups/d’ v. ‘1 cup/d  Age, sex, year of interview, &
(267 M, 271 F)/3883 CON For CC, F: 05 0-3,0-8 education, race, religion, =
For RC, M: 1-5 08, 2:7 residence, smoking, Q
For RC, F: 1-0 06, 1-7 alcohol 2
Benito (1990)“% 1984-1988 Spain 286 CRC (151 M, 135 F)/295 Population CRC: 0-78 0-45,1:35  ‘highest’ v. ‘lowest’ Age, sex, weight 10 years @
CON (158 M, 137 F) prior to interview
Kato (1990)©9 1986-1990 Japan 221 CRC (130 CC, 89 RC, Population CC: 0-43 0-25, 0-73 ‘daily’ v. ‘none’ Age, sex, region
2 CRC)/578 CON RC: 0-53 0-27, 1-03
Slattery (1990)©4 1979-1983 USA 231 CC (112 M, 119 F)/391 Population For CC, M: 22 1-2, 40 “=2.5 cups/d’ v. ‘none’ NR
CON (185 M, 206 F) For CC, F: 0-9 05,17
Hoshiyama (1993)®  1984-1990 Japan 181 CRC (79 CC, 102 RC)/653 Population CC: 05 0-2,1-0 ‘highest’ v. ‘lowest’ For CC: age, sex alcohol,
CON (343 M, 310 F) RC: 0-8 0-4,1-4 smoking status, salty
food, seaweed,
vegetables, meat;
for RC: age, sex
Olsen (1993)©@9 1986-1990 Denmark 49 CRC (21 M, 28 F)/362 CON Population CRC: 1-1 0-3, 3-6 ‘=8 cups/d’ v. ‘0-3 cups/d’ Age, sex, dietary fibre
(157 M, 205 F)
Baron (1994)“3) 1986-1988 Sweden 569 CRC (352 CC, 217 RC)/512 Population CRC: 0-60 0-36, 1-00 ‘= 6 cups/d’ v. ‘0—1 cup/d Age, sex, fat, fibre, BMI,
CON (236 M, 276 F) CC: 0-48 0-27, 0-86 exercise
RC: 0-86 0-43, 1-73
Centonze (1994)3% 1987-1989 Italy 119 CRC (66 M, 53 F)/119 CON Population CRC: 0-48 0-22, 1-02 > 2 cups/d’ v. ‘0 cup/d’ Age, sex, level of education,
(64 M, 55 F) smoking status, various
dietary factors
Shannon (1996)©¥ 1985—-1989 USA 424 CC (238 M, 186 F) 414 CON Population For CC, M: 1-21 0-70, 2-:08 >4 servings/d’ v. Age, total energy
(224 M, 190 F) For CC, F: 1-:04  0-55, 1-97 ‘0 serving/d’
Tavani (1997)9 1985—-1996 Italy 3530 CRC (2166 CC, 1364 RC)/ Hospital CC: 0-73 0-60, 0-89 ‘=4 cups/d’ v. ‘0 cup/d’ Age, region, education,
7057 CON (3984 M, 3109 F) RC: 1-00 0-78, 1-27 BMI, smoking, number
CRC: 0-82 0-69, 0-96 of meals, alcohol, meat,
vegetables, fruit, energy
Inoue (1998)“®) 1990-1995 Japan 628 CRC (362 CC, 266 RC)/ Hospital CC: 0-87 0-56, 1-35 ‘=3 cups/d’ v. ‘rarely’ Sex, year and season at
21128 CON (6307 M, 14821 F) RC: 0-46 0-26, 0-81 first hospital visit,
smoking, PA, alcohol,
tea, rice, fruit, meat
Munoz (1998)“" 1993-1997 Argentina 190 CRC (146 CC, 44 RC)/393 Hospital CRC: 0-9 0-7,1-3 ‘=1 cup/d’ v. ‘0 cup/d’ Age, sex, social class, BMI,
CON (192 M, 201 F) mate and tea
Boutron-Ruault 1985-1990 France 171 CRC (106 CC, 65 RC)/309 Population CRC: 1-9 11, 34 >220g coffee/d’ v. Age, sex, energy
(1999)“4® CON (159 M, 150 F) ‘0g coffee/d’
Levi (1999)“4 1992-1997 Switzerland 223 CRC (119 CC, 104 RC)/491 Hospital CRC: 0-44 0-26,0-74  “>21 servings/week’ v. Age, sex, education,

CON (211 M, 280 F)

‘<7-5 servings/week’

smoking, alcohol, BMI,
PA, meat, vegetables,
total energy

6v¢
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1-:02)149 respectively. In addition, the summary RR for
cohort studies of colon cancer declined to 0-88 (95 % CI
076, 1-02)?#?3#:3252 " After combining three case—
control studies™">*Y providing OR for decaffeinated
coffee, we found no relationship between colorectal
cancer and decaffeinated coffee consumption (OR = 0-97,
95% CI 0-86, 1-10; P for heterogeneity = 0-12; F = 45 %).

The potential for publication bias was examined by the
construction of a ‘funnel plot’ showing the relationship
between OR/RR and the standard error of logarithmic
OR/RR, the Begg’s rank correlation and Egger’s regression
tests. There was no evidence of publication bias in the
studies of coffee consumption and colorectal, colon or
rectal cancer in different geographic areas or sex. As
shown in Fig. 3, for the analysis of colorectal cancer in
cohort studies, the symmetric funnel plot suggested no
evidence of publication bias. Egger’s test and Begg’s test
yielded similar results to funnel plots: colorectal cancer
(Begg P=0-63; Eegger P=0-09), colon cancer (Begg
P=0-40; Eegger P=0-61), rectal cancer (Begg P= 0-54;
Eegger P=0-55) for case—control studies, and colorectal
cancer (Begg P=0-17; Eegger P=0-49), colon caner
(Begg P=0-57; Eegger P=0-84), rectal cancer (Begg
P=0-53; Eegger P=0-86) for cohort studies.

Discussion

In the present analysis, there were twenty-five case—
control studies and sixteen cohort studies that reported
the association between coffee consumption and colo-
rectal cancer risk. The combined results of case—control
studies indicated that the risk of colorectal and colon
cancer for the highest coffee drinkers was approximately
15% and 21 % lower than for the lowest/non drinkers,
respectively. Significant inverse associations were also
found in females for colorectal cancer and in Europe for
colorectal and colon cancer. However, the results of
cohort studies were inconclusive and coffee drinks were
found to be correlated with marginally lower risks of
colorectal and colon cancer. Substantially decreased risk
of colon cancer was found only in Asian women. These
results are similar to the other meta-analysis that pre-
sented a summary RR of colorectal cancer of 0-97 (95 % CI
0-73, 1-:29) for cohort studies and 072 (95 % CI 0-61, 0-84)
for case—control studies for high v. low categories of
coffee consumption®. The discrepancy between the
results of case—control studies and cohort studies may
partly be related to the different time exposures con-
sidered. Case—control studies tend to examine the effect
of coffee intake shortly before diagnosis, while many
cohort studies, especially those with very long follow-up
time, tend to examine more distant exposure. This is
supported by the subgroup analysis according to follow-up
period of the cohort studies conducted here, which indi-
cated that studies with shorter follow-up time (<10 years)
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0/0
Study ID OR (95 % Cl) Weight
Higginson CRC (1966) —.—IL 0-60 (0:37,0-97)  2:96
Bjelke CC,M (1974) —_— 0-60 (0-39, 0-93)  3-21
Macquart-Moulin CRC (1986) il 0-55 (0-32, 0-94)  2:69
Jarebinski RC (1989) .: 0-80 (0-30, 217) 127
Lee CRC (1989) ———t 0-72 (046, 1-12)  3-15
Rosenberg CC (1989) ) 0-60 (0-42, 0-85)  3-69
Rosenberg RC (1989) 1'-...._ 1-20 (0-80, 1-80)  3-36
Benito CRC (1990) R - 0-78 (0-45,1-35)  2:64
Kato CC (1990) ——— 0-43 (0-25,0-73)  2-70
Kato RC (1990) _._i. 0-53 (0-27,1-04) 215
Slattery CC,M (1990) || —— 2:20 (120, 4-02)  2-41
Slattery CC,F (1990) RN — 0-90 (0-49, 1-66)  2:37
Hoshiyama CC (1993) ——rt 050 (022, 1-12)  1-71
Hoshiyama RC (1993) —t— 0-80 (0-43, 1-50)  2-31
Olsen CRC (1993) : lo 1410 (0-32,3-81)  0-90
Baron CRC (1994) — 0-60 (0-36, 1-00)  2-82
Centonze CRC (1994) - ' 0-38 (0-16,0-90) 157
Shannon CC,M (1996) —l--.— 1-21(0-70,2:09)  2:66
Shannon CC,F (1996) — 1-04 (0-55,1-97)  2:27
Tavani CRC (1997) —— 0-90 (073, 1-11)  4-43
Inoue CC (1998) PR - 0-87 (0-56, 1-35) 318
Inoue RC (1998) S S— 0-46 (0-26,0-81)  2-56
Munoz CRC (1998) — 0-90 (0-66, 1-23)  3-90
Boutron-Ruault CRC (1999) : —_—— 1-90 (1-08, 3-:34) 2.57
Levi CRC (1999) —— | 0-44 (0-26,0-74)  2-76
Slattery CC (1999) — 0-88 (0-68, 1-13)  4-20
Woolcott CC (2002) — 0-70 (0-52, 0-94)  3-97
Woolcott RC (2002) —p 0-84 (062, 1-14)  3-92
Zhang CRC,M (2002) | - 3-80 (0:97, 14-92) 0-76
Zhang CRC,F (2002) 4 : 0-50 (0-14, 1-80)  0-86
Yeh CC,M (2003) || c—— 2:24 (119, 4-21)  2:29
Yeh CC,F (2003) i——.— 1-88 (0-86,4-10)  1-78
Yeh RC,M (2003) | —— 272 (1-57, 472)  2-64
Yeh RC,F (2003) — 103 (0-41,2:61)  1-41
Murtaugh RC,M (2004) —}-'p- 0-97 (072, 1-31)  3-92
Murtaugh RC,F (2004) — 0-95 (0-68, 1-33) 375
Wei CC (2004) 0-80 (0-62, 1-03) 4-20
Overall (l2 =63-5%, P =0-000) 0-85 (0-75, 0-97) 100-00
L1 L |
0-05 0-1 0-5 1 2 10

Fig. 1 Forest plot of case—control studies of the risk of colorectal cancer (CRC, colorectal cancer; CC, colon cancer; RC, rectal
cancer; M, males; F, females) for the highest v. the lowest/non coffee consumption. The size of the data markers (squares) for the
odds ratios corresponds to the weight of the study in the meta-analysis; the horizontal lines correspond to the 95 % confidence
intervals

are more likely to show an inverse association between
coffee intake and the risk of colorectal cancer (RR = 0-92,
95% CI 0-85, 1-01), colon cancer (RR = 0-90, 95% CI 0-81,
1-00) and rectal cancer (RR = 0-92, 95% CI 0-78, 1-08) than
those with longer follow-up time (>10 years).

The mechanism of the possible protection of coffee
against large bowel cancer is not well understood. It has
been interpreted in terms of the antioxidant, antimutagenic
and anticarcinogenic effects by coffee’s complicated com-
pounds. Coffee contains phenolic compounds (such as

https://doi.org/10.1017/51368980012002601 Published online by Cambridge University Press
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Table 2 Summary odds ratios/relative ratios and 95 % confidence intervals of colorectal, colon and rectal cancer for the highest v. the lowest/non coffee consumption in strata of geographic

area, sex and/or type of controls and/or follow-up period

Colorectal cancer

Colon cancer

Rectal cancer

No. of No. of No. of
comparisons/  No. of 2 comparisons/  No. of 12 comparisons/  No. of 2
studies cases OR/RR 95% ClI P (%)t studies cases OR/RR 95% ClI P (%)t studies cases OR/RR 95%CI P (%)t
Case—control studies
Overall effect 37/25 15522  0-85 0-75,0-97 <0-001 64 17/14 9191 079 0:67,0-95 <0-001 68 14/12 4996 0-95 0-79,1-15 0-02 53
Geographic area
America 14/9 7847 090 0-77,1-05 0-01 58 8/6 4970 0-88 0-70,1:-10 0-02 64 4/3 2347 1-00 0-85,1-18 0-34 8
Asia 13/6 2062 075 0-49,1-16 <0-001 80 6/5 1534 077 0-46,1-29 <0-001 79 6/5 905 0-77 0-45,1-33 0-002 77
Europe 10/10 5613 073 0-57,0-93 0-009 59 3/3 2687 0-68 0-57,0-81 0-33 9 4/4 1744 1-03 0-84,1-:25 0-40 0
Type of controls
Hospital 17/11 7768 0-78 0-63,0-97 <0-001 74 7/6 4273 0-80 0-60,1-08 0-004 71 6/5 2614 0-97 0-71,1-33 0-009 67
Population 20/14 7754  0-84 0-71,1-00 <0-001 60 10/8 4918 079 0-61,1-:01 0-002 69 8/7 2382 095 0-82,1-10 025 24
Sex
Males 13/11 7046 096 0-73,1-25 <0-001 78 9/9 4033 0-86 0-62, 1-18 <0-001 77 5/5 1754 1-13 0-69, 1-86 <0-001 80
Females 12/10 5530 0-82 0-73,0:93 0-11 35 8/8 3350 0-80 0-63,1-03 0-02 56 5/5 1234 0-87 0-71,1-08 0-74 0
Cohort studies
Overall effect 27/16 10443 094 0-88,1-01 085 0 16/13 4838 0-93 0-86, 1-01 0-51 0 16/13 2740 0-98 0-88,1-:09 0-46 0
Geographic area
America 6/4 1853 092 0-82,1-03 0-83 0 3/3 1380 0-93 0-81,1-:06 0-48 0 3/3 327 117 071,192 0-16 42
Asia 7/4 2794 093 0-82,1-05 0-18 33 6/4 1848 089 0-76,1-03 0-16 38 4/3 950 1-02 0-83,126 095 0
Europe 14/8 5796 096 0-88,1-06 0-94 0 7/6 1610 0-98 0-86, 1-11  0-71 0 97 1463 0-98 0-84,1-14 0-38 7
Sex
Males 11/9 3562 097 0-87,1-08 097 0 77 1543 099 0-85 1-14 0-81 0 717 1026 1-02 0-85 1-23 0-44 0
Females 10/9 3707 093 0-81,1-05 0-49 3 77 1935 091 0-77,1-07 0-21 29 717 939 1-02 0-83,1-:25 0-29 19
Follow-up periods
<10 years 12/7 2675 092 0-851-01 0-35 10 6/5 1582  0-90 0-81,1-00 0-30 17 4/4 774 0-92 0-78,1-08 0-54 0
=10 years 15/9 7771 0-96 0-88,1-05 0-98 0 10/8 3256 0-98 0-87,1-09 0-62 0 12/9 1969 1.03 0.90,1.19 0.40 5

RR, relative ratio.
*P value for heterogeneity.

+ is interpreted as the proportion of total variation across studies due to heterogeneity rather than chance.
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Table 3 Characteristics of cohort studies of coffee consumption and colorectal, colon and rectal cancer risk

Coffee (‘highest’ v.

First author (year)  Years of study* Country No. of subjects No. of cases RR 95% ClI ‘lowest/non’) Adjustment factors
Jacobsen 1967-1978 (11-5)  Norway 16555 (13664 M, 97 CC, 63 RC CC: 0-54 0-22, 1-30 ‘=2 cups/d’ v. ‘=7 cups/d’ Age, sex, alcohol for CC, residence
(1986)®2 2891 F) RC: 1-07 0-41, 279
Wu (1987)©%% 1981-1985 (4-5) USA 11644 146 CRC (58 M, For CRC, M: 1-54 06, 37 ‘4 cups/d’ v. “1cup/d’ Age
68 F) For CRC, F: 1:17 0-4, 3-1
Klatsky (1988)%  1978-1984 USA 106203 203 CC, 66 RC CC: 0-92 0-80, 1-06 Continuous variable (cups/d)  Age, sex, alcohol, smoking, BMI, race,
RC: 0-84 0-66, 1-07 education, serum cholesterol
Stensvold 1977-1990 (10-1)  Norway 42973 (21735 M, 130 CC, 79 RC For CC, M: 0-90 0-35, 2-39 Continuous variable (cups/d) Age, smoking, residence
(1994)©7 21238 F) For CC, F: 0-82 0-22, 3-05
For RC, M: 0-66 0-18, 2:49
For RC, F: 0-47 0-10, 2-19
Hartman (1998)("® 1985-1993 (8-0) Finland 27111 M smokers 106 CC, 79 RC CC: 0-84 0-50, 1-40 >6 cups/d’ v. ‘=4 cups/d’ Age, BMI, Ca, PA, intervention group for both
RC: 0-74 0-40, 1-36 CC and RC, serum cholesterol, tea for RC
Michels (2005)©%® 1980-1998 USA 87794 F 886 CRC (731 CC, CRC: 0-94 0-63, 1-40 For CRC and CC: ‘*>5 cups/ Age, BMI, height, alcohol, smoking, PA, family
155 RC) CC: 0-85 0-55, 1-32 d’ v. ‘never’; for RC: history of CRC, sigmoidoscopy, aspirin use,
RC: 1-80 0-94, 3-44 ‘=4 cups/d’ v. ‘never vitamin supplement, energy, red meat,
menopausal status, postmenopausal
hormone use
Michels (2005)©%” 1986-1998 USA 46099 M 552 CRC (446 CC, CRC: 1-09 0-55, 2:17 For CRC and CC: Age, BMI, height, alcohol, smoking, PA, family
106 RC) CC: 1-39 0-69, 2:78 >5 cups/d’ v. ‘never’; for history of CRC, sigmoidoscopy, aspirin use,
RC: 1-33 0-69, 2:56 RC: ‘=4 cups/d’ v. ‘never vitamin supplement, energy, red meat
Larsson (2006)@"  1998-2004 Sweden 81922 (45306 M, 723 CRC (469 CC, CRC: 1-06 0-74, 1-52 ‘=6 cups/d’ v. ‘<1 cup/d’ Age, BMI, smoking, PA, family history of CRC
36616 F) 256 RC) CC: 1-16 0-73, 1-85 and diabetes, aspirin use, multivitamin use,
RC: 0-92 0-51, 1-65 energy, red meat, fruits, vegetables, milk,
for women postmenopausal hormone use
Mucci (2006)'7) 1987-2003 Sweden 61467 F 741 CRC (504 CC, CRC: 1-0 0-7,1-3 ‘=4 cups/d’ v. ‘=1 cup/d Age at screening, BMI, education, alcohol,
237 RC) CC: 11 0-8, 1-5 energy, saturated fat, fibre
RC: 0-9 06, 14
Oba (2006)@ 1993-2000 Japan 30221 (13894 M, 213 CC (111 M, For CC, M: 0-81 0-46, 1-42 ‘=1 cup/d’ v. ‘<1 cup/ Age, BMI, height, alcohol, smoking, PA, black/
16327 F) 102 F) For CC, F: 0-43 0-22, 0-85 month’ green tea
Lee (2007)®@2 1990-2002 (10) Japan 96 162 (46 023 M, 1163 CRC (763 For CRC, M: 1-10 0-82, 1-47 ‘=3 cups/d’ v. ‘almost never’  Age, BMI, alcohol, smoking, PA, study area,
50139 F) CC, 400 RC) For CRC, F: 0-68 0-40, 1-15 family history of CRC, beef, pork, green
vegetables, black/green tea, Chinese tea
Naganuma 1990-2001 (11-0) Japan 38701 (18867 M, 457 CRC (281 CC, CRC: 0-95 0-65, 1-39 ‘=3 cups/d’ v. ‘never Age, sex, BMI, alcohol, smoking, walking time,
(2007)@® 19834 F) 180 RC) CC: 0-96 0-58, 1-59 family history, education, energy, fruits,
RC: 0-94 0-53, 1-66 vegetables, meat, tea; for F, menopausal
status, numbers of pregnancies and
deliveries, age at menarche, age at first
delivery
Bidel (2010)? 1972-2006 (18) Finland 60041 (29159 M, 538 CRC (304 CC, CRC: 1-03 0-58, 1-83 ‘=10 cups/d’ v. ‘0 cup/d’ Age, sex, study year, education, cigarette
30882 F) 234 RC) CC: 0-72 0-35, 1-47 smoking, alcohol consumption, leisure-time
RC: 0-99 0-71, 5-55 PA, history of diabetes, tea consumption,
BMI
Nilsson (2010)®9  1992—2007 (6) Sweden 64603 (32425 M, 321 CRC (174 M, CRC: 143 0-86, 2:38 ‘=4 cups/d’ v. ‘<1 cup/d Age, sex, BMI, smoking, education,
32178 F) 147 F) recreational PA
Peterson (2010)®® 1993-2005 (9-8)  Singapore 61321 591 CC, 370 RC CC: 0-90 0-73, 1-11 ‘=2 cups/d’ v. ‘<1 cup/d Age, sex, dialect group, year of recruitment,
RC: 1-06 0-81, 1-37 education, BMI, smoking, alcohol and tea,
PA, history of diabetes, family history of CRC
Simons (2010)®”  1986-1999 (13-3)  Holland 120852 (58279 M, 2899 CRC (1260 M, For CRC, M: 1-00 0-74, 1-36 >6 cups/d’ v. ‘=2 cups/d’ Age, family history of CRC, PA, smoking,
62573 F) 939 F)/ 3877 For CRC, F: 1-07 0-74, 1-55 educational, BMI, ethanol, meat, processed

CON

meat, folate, vitamin Bg, fibre, fluid

RR, relative ratio; M, males; F, females; CC, colon cancer; RC, rectal cancer; CRC, colorectal cancer; CON, control; PA, physical activity.
*Mean or median duration of follow-up in parentheses.
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Study ID RR(95% Cl)  Weight
Jacobsen CC (1986) ——————— 0-54 (0-22,1-31)  0-64
Jacobsen RC (1986) e 1-07 (0-41,2-79) 055

]
Wu CRC,M (1987) + 1-54 (062, 3-82)  0-61
Wu CRC,F (1987) s 117 (042, 3-26)  0-48
Klatsky CC (1988) - 0-92 (0-80, 1-06) 2555
Klatsky RC (1988) —— 0-84 (0-66, 1-07)  8-67
Stensvold CC,M (1994) + 0-90 (0-34, 2:35)  0-55
Stensvold CC,F (1994) - 0-82 (0-22, 3-05)  0-29
Stensvold RC,M (1994) o 0-66 (0-18, 2:45)  0-29
Stensvold RC,F (1994) . L 0-47 (0-10,2:20)  0-21

]
Hartman CC,M (1998) — 0-84 (0-50, 1-41)  1-91
Hartman RC,M (1998) —_— 0-74 (0-40,1-36)  1-35
Larsson CRC (2005) —it— 1-06 (0-74, 1-52)  3-91
Michels CRC,M (2005) i 1-09 (055, 217)  1:07
Michels CRC,F (2005) —dL— 0-94 (0-63, 1:40)  3-17
Mucci CRC,F (2006) — 1-00 (0-73, 1-36) 528
Oba CC,M (2006) | 0-81 (046, 1-42)  1-59
Oba CC,F (2006) —_— 0-43(0-22,0:85)  1-11

[} -
Lee CRC,M (2007) —— 1-10 (0-82, 1-47) 594
Lee CRC,F (2007) —u—i-|— 068 (040, 115)  1-81
Naganuma CRC (2007) ———- 0-95 (0-65, 1:39)  3-50
Bidel CRC (2010) .I 1-03 (0-58, 1-83)  1-53
Nilsson CRC (2010) _-:; 1-43 (0-86,2:38)  1:95
Peterson CC (2010) -i- 0-90 (0-73,1-11)  11-52
Peterson RC (2010) P 1-06 (082, 1-38)  7-33
Simons CRC,M (2010) o 1-00 (0-74, 1-36) 546

1
Simons CRC,F (2010) ——— 1-07 (0-74, 1-55)  3-70
Overall (12 = 0-0%, P = 0-848) 0-94 (0-88,1:01)  100-00

]

]

1 1 1 1 1 1 1
005 0-1 05 1 2 10 20

RR (95 % Cl)

Fig. 2 Forest plot of cohort studies of the risk of colorectal cancer (CRC, colorectal cancer; CC, colon cancer; RC, rectal cancer;
M, males; F, females) for the highest v. the lowest/non coffee consumption. The size of the data markers (squares) for the relative ratios
(RR) corresponds to the weight of the study in the meta-analysis; the horizontal lines correspond to the 95 % confidence intervals

chlorogenic, caffeic and cumaric acids), melanoidins and
diterpenes (such as cafestol and kahweol), which have been
confirmed to eliminate several carcinogens and reduce the
oxidant effect of polycyclic aromatic hydrocarbons®>®.
In addition, coffee intake might also decrease colon cancer
risk by reducing the risk of type 2 diabetes™ %, which is a
known risk factor for colorectal cancer®®?. Wu et al. found
lower concentrations of C-peptide, a marker of insulin
secretion, in women who drank more than four cups of
caffeinated or decaffeinated coffee daily compared with
non-drinkers®®.

A recent meta-analysis of cohort studies based on
twelve studies found no significant effect of coffee con-
sumption on colorectal cancer risk (RR=0-91; 95% CI
0-81, 1-02). However, there was a slight suggestion of an
inverse association between coffee consumption and

https://doi.org/10.1017/51368980012002601 Published online by Cambridge University Press

colon cancer in women (RR = 0-79; 95 % CI 0-60, 1-04)©@.
Our findings confirmed these previous results. We also
observed apparently stronger inverse relationships in
women from case—control studies and cohort studies in
colorectal cancer and colon cancer. Nevertheless, the
difference between sexes was not statistically significant,
which was similar to the results of other analyses”?.
When we performed geographic subgroup analysis com-
bining case—control studies, a significant inverse association
between coffee consumption and risk of colorectal cancer
could be observed in Europe but not in Asia or America.
The significant difference between geographic areas was
also confirmed by the results of meta-regression of region-
stratified analyses. In the Northern European countries,
coffee is usually prepared by boiling ground coffee beans
with water and decanting the fluid without filtration. It is
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Coffee intake and risk of colorectal cancer

Table 4 Sex-specific summary odds ratios/relative ratios and 95 % confidence intervals of colorectal, colon and rectal cancer for the
highest v. the lowest/non coffee consumption in strata of geographic area

Males Females
No. of No. of comparisons/
comparisons/studies  RR 95% CI P* 2 (%)t studies RR 95% Cl P* 2 (%)t
Case—control studies
Colorectal cancer
America 8/6 1-00 0-77,1-28 0-02 57 8/6 0-88 0-76,1-02 0-42 1
Asia 3/3 0-87 0-66, 1-15 <0-001 94 3/3 0-76 0-36, 1-61 0-05 67
Europe 2/2 0-72 0-58, 0-90 0-33 0 1 0-65 0-48, 0-88 - -
Colon cancer
America 5/5 0-95 0-63, 1-43 0-008 71 5/5 0-87 0-72,1-05 0-18 36
Asia 2/2 0-76 0-51,1-12 <0-001 95 2/2 0-92 0-24, 3-59 0-007 86
Europe 2/2 0-72 0-58, 0-90 0-33 0 1 0-65 0-48, 0-88 - -
Rectal cancer
America 3/3 0-82, 1-33 0-47 0 3/3 0-90 0-71,1-13 0-68 0
Asia 2/2 1-14 0-21,6-27 <0-001 95 2/2 0-74 0-42,1-30 0-38 0
Europe 0 - - - - 0 - - - -
Cohort studies
Colorectal cancer
America 2/2 123 071,214 0-56 0 2/2 0-97 0-66,1-40 0-71 0
Asia 3/3 1-00 0-80, 1-28 0-58 0 3/3 0-70 0-42,1-18 0-12 53
Europe 6/4 0-95 0-83, 1-08 0-95 0 5/4 0-97 0-83,1-13 0-88 0
Colon cancer
America 11 1-39 0-69, 2:78 - - 1 0-85 0-55, 1-32 - -
Asia 3/3 1-02 0-78,1-33 0-54 0 3/3 0-61 0-40,0-93 0-23 32
Europe 3/3 0-95 0-80, 1-14 0-73 0 3/3 1-00 0-82,1-22 0-61 0
Rectal cancer
America 1 1-33 0-69, 2-56 - - 1 1-80 0-94, 3-44 - -
Asia 2/2 0-98 0-65, 1-48 0-84 0 22 0-94 0-50,1-76 0-70 0
Europe 4/4 1-00 0-81,1-25 0-16 42 4/4 0-96 0-76,1-20 0-27 23
RR, relative ratio.
*P value for heterogeneity.
+/2 is interpreted as the proportion of total variation across studies due to heterogeneity rather than chance.
Or In the present meta-analysis, the significant positive
% 1 effect of coffee consumption was found in colon cancer
02t - but not in rectal cancer. This is because coffee has been
0fia ° reported to reduce the synthesis and secretion of bile acid
T 04l & . (a promoter of colon cancer) into the colon by down-
'Im 0 gig o regulating the expression of bile acid homeostatic
2 06k 3 genes®”; eliminate several carcinogens by the action of
@ cafestol and kahweol; and increase colonic motility limited
08 to the rectosigmoid region by both regular and dec-
e affeinated coffee, seen predominantly in women®®.
. : Several studies have reported that coffee consumption
1 '%,1 ' 0.2 0.;-) 1i0 é-O 5.(') 1 6.0 tends to be strongly associated with smoking, alcohol and
hysical inactivity, which may attenuate the association of
RR phy y y

Fig. 3 Funnel plot indicating publication bias in cohort studies
of the risk of colorectal cancer for the highest v. the lowest/non
coffee consumption (RR, relative ratio)

now known that cafestol and kahweol, both lipid compo-
nents of coffee beans, are removed by filtration®”. Cafestol
and kahweol can reduce the oxidant effect of polycyclic
aromatic hydrocarbons and several other carcinogens™.
In addition, the categories of the low and high drinkers
varied across the studies included in the present meta-
analysis, as coffee drinking is more frequent in Europe than
in America and even less common in Asia.

https://doi.org/10.1017/51368980012002601 Published online by Cambridge University Press

coffee with colorectal cancer™3*3” In the current

meta-analysis there were three case—control™#44® and
seven cohort studies?* 2?7325 providing risk estimates
adjusted for smoking status, alcohol intake and physical
activity. Our results from the analysis limited to studies
that had adjusted for all three potential confounders
showed a stronger inverse association between coffee
intake and colorectal and colon cancer in case—control
studies, and for colon cancer in cohort studies. This result
was similarly confirmed elsewhere®
included in the present analysis did not offer information
on coffee type, brewing method or serving size. There
were only three case—control''>3" studies presenting
OR for decaffeinated coffee. A significant relationship

. Most of the articles
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between decaffeinated coffee consumption and colo-
rectal cancer risk was not displayed after combining these
decaffeinated coffee data (OR = 0-97, 95% CI 0-86, 1-10),
which was different from that of regular coffee (OR = 0-86;
95% CI 0-75, 0:97) but not significantly (P=0-66). The
results indicated that there were not significant differences
between regular and decaffeinated coffees.

Observational studies included in the current meta-
analysis may have various sources of bias, such as selection
and report bias of case—control studies and confounding.
However, the consistency of results between types of con-
trols (population- and hospital-based), sex and cancer
sites argues against it. Although we only included studies
in English and could not take unpublished studies into
account, null results (thirty studies reporting negative
results, fifteen for case—control and fifteen for cohort
studies) have been published, thus limiting the scope
for publication bias in our meta-analysis. After forty of null
results appearing in the analysis were added randomly, the
pooled OR/RR changed little. This suggests that unpub-
lished studies, like published ones with non-significant
results, do not seem to influence the combined estimate of
this relationship over a large range.

Conclusions

The current systematic meta-analysis of case—control
studies and cohort studies provided quantitative evidence
of an inverse relationship between coffee drinking and
colorectal cancer risk. A strong inverse association was
suggested in women, in studies of colon rather than rectal
cancer, in studies performed in Europe, and in studies
with shorter follow-up time. Future studies need to better
account for long-term coffee drinking, carefully control
for potential confounders, account for potential sex- and
site-specific differences, and offer information on coffee
type, brewing method or serving size.
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