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Abstract

Purpose Coffee drinking has been linked to many positive health effects, including reduced risk of some cancers. The present
study aimed to provide an overview of the collective evidence on the association between coffee consumption and risk of
colorectal cancer (CRC) through an umbrella review of the published systematic reviews.

Methods This PRISMA-compliant systematic review of systematic reviews assessed the association between coffee drinking
and the risk of CRC. An umbrella review approach was followed in a qualitative narrative manner. The quality of included
reviews was assessed by the AMSTAR 2 checklist. The main outcome was the association between coffee drinking and CRC
and colon and rectal cancer separately.

Results Fourteen systematic reviews were included in this umbrella review. Coffee drinking was associated with a significant
reduction in the risk of CRC according to five reviews (11-24%), colon cancer according to two reviews (9-21%), and rectal
cancer according to one review (25%). One review reported a significant risk reduction of CRC by 7% with drinking six or
more cups of coffee per day and another review reported a significant risk reduction of 8% with five cups per day reaching
12% with six cups per day. Decaffeinated coffee was associated with a significant risk reduction according to three reviews.
Conclusion The evidence supporting caffeinated coffee as associated with a reduced risk of CRC is inconsistent. Dose-
dependent relation analysis suggests that the protective effect of coffee drinking against CRC is evident with the consumption
of five or more cups per day.
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Introduction association between coffee consumption and reduced risk of

several chronic diseases, including cardiovascular, hepatic,

Coffee is second only to water as the most consumed bever-
age worldwide [1]. It contains a complex mixture of chemical
compounds such as caffeine, methylxanthines, and polyphe-
nols, among others. These compounds have diverse effects
on the human body and their health benefits have been rigor-
ously investigated and supported by multiple experimental
studies [2]. Some epidemiological investigations suggest an
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and gastrointestinal diseases, and diabetes. Interestingly and
in contrast with the common beliefs, recent meta-analyses
concluded that a lower risk of cardiovascular disease was
associated with moderate coffee consumption (3-5 cups/
day) [3] and that heavy coffee consumption (> 6 cups/day)
was not associated with a higher risk of cardiovascular com-
plications [4].

Oxidative stress and inflammation are commonly
regarded as the basis of many pathological processes, such
as carcinogenesis. As a result of the well-known antioxi-
dant and anti-inflammatory effects of caffeine and other
chemical compounds found in coffee, the anticancer effects
of coffee have been studied for decades [5, 6]. A recent
umbrella review identified robust evidence for a dose-
dependent inverse association between endometrial and
liver cancers and coffee consumption [7]. In contradiction,
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other studies reported an increased risk of bladder cancer
associated with higher coffee consumption [8, 9].

Multiple studies have investigated the association
between coffee consumption and the risk of colorectal
cancer (CRC). The results of the NIH-AARP Diet and
Health Study indicated an inverse correlation between
coffee consumption and CRC risk [10]. Another popula-
tion-based study found that increased coffee consumption
was associated with lower odds of developing CRC [11].
Nonetheless, a recent systematic review of prospective
studies found a significant degree of heterogeneity in the
correlation between coffee consumption and CRC [12].
A hospital-based case—control study identified an inverse
association between the risk of CRC and coffee consump-
tion in a Korean population, with a possible attenuating
effect of coffee additives such as cream and sugar [13].
The present study aimed to provide an overview of the
collective evidence on the association between coffee con-
sumption and the risk of CRC through an umbrella review
of the published systematic reviews on this subject.

Methods
Review registration and ethics approval

The protocol of the present review was registered in the
prospective register of systematic reviews (PROSPERO;
registration number CRD42022333779). As a result of the
nature of this study, ethics approval was deemed exempt
on the basis of our institutional review board guidelines.

Search strategy

A qualitative umbrella review of systematic reviews
assessing the association between coffee drinking and the
risk of CRC was performed in adherence to the PRISMA
2020 guidelines [14] and in line with the reporting guide-
line of the umbrella review approach [15]. PubMed and
Scopus were searched from their inception through May
2022 by two independent authors (S.E., S.B.) for system-
atic reviews that reported the association between coffee
drinking and CRC risk.

The following keywords were utilized in the search:
“coffee” OR “caffeine” AND “colorectal cancer” OR
“colorectal carcinoma” OR “colon cancer” OR “rectal
cancer” AND “association” OR “relation” OR “link”. On
searching PubMed, the “related articles” function was acti-
vated to search for other potentially relevant studies. The
bibliography section of the articles retrieved was manually
screened.
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Selection criteria

We included systematic reviews with or without concurrent
meta-analysis with an available English full text that fulfilled
the following PICO criteria:

P (population): General population, including patients
who developed CRC

— I (intervention): Regular coffee drinking

— C (comparator): No coffee drinking

— O (outcome): Risk of colorectal cancer overall and colon
and rectal cancer separately

We excluded non-systematic narrative reviews, scop-
ing reviews, original articles, case reports, editorials, and
experimental studies. We also excluded articles that did not
entail sufficient information about the primary outcome of
this review and articles whose full text we could not obtain.

Data collection

The following data were extracted from the selected studies
into an Excel spreadsheet:

Authors, design, country of the review

Number and type of studies and type of cohorts included
Inclusion criteria

Risk reduction of CRC, colon cancer, and rectal cancer
associated with coffee drinking, expressed as relative risk
or odds ratio with 95% CI

e Dose-dependent relation between coffee drinking and
CRC risk

Quality assessment

Two authors (S.E., Z.G.) independently assessed the quality
of the systematic reviews included in this umbrella review.
The critical appraisal of the quality of the systematic reviews
was performed using the AMSTAR 2 tool which consists
of 16 questions and the overall confidence in the results of
the review is rated as high, moderate, low, and critically
low [16].

Results
Characteristics of the studies
The initial literature search returned 533 articles; after exclu-

sion of the studies that did not meet the inclusion criteria, 14
systematic reviews [12, 17-29] were included in the present
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umbrella review (Fig. 1). The reviews were published
between 1998 and 2020; the majority of the studies were
based in Asian countries (n=38), three were based in the
USA, and another three in Europe. The number of studies
included in the reviews ranged from 2 to 59 and the number
of participants ranged from 4846 to 3,402,167. Four studies
exclusively included Asian patients. Eight reviews included
prospective cohort studies only, five included cohort and
case—control studies and one by Galeone et al. [26] included
case—control studies only. Ten reviews were of critically
low quality and four of low quality (Table 1). The inclusion
criteria of each review are summarized in Supplementary
Table 1.

Relative risk of colon, rectal, and colorectal cancer

Five of 11 reviews that assessed the relative risk of CRC in
coffee drinkers versus non-drinkers reported a significant
risk reduction associated with coffee drinking. In the reviews
by Akter et al. [22] and Li et al. [23], the subgroup analy-
sis of case—control studies only revealed a significant risk
reduction whereas the analysis of cohort studies only did

not reveal the same. The significant risk reduction varied
across the reviews from 11% to 24% with a median of 17%.

Two of 11 reviews that assessed the relative risk of colon
cancer in coffee drinkers versus non-drinkers found a signifi-
cant risk reduction associated with coffee drinking, ranging
from 9% to 21%. Only one of nine reviews that assessed the
relative risk of rectal cancer in coffee drinkers versus non-
drinkers reported a significant risk reduction of 25% when
case—control studies were separately analyzed (Table 2,
Fig. 2).

Dose-dependent relation

Five reviews reported the risk reduction of CRC associated
with drinking coffee in a dose-dependent manner. While a
subgroup analysis of cohort studies only did not reveal a
significant association in the review by Horisaki et al. [19],
analysis of case—control studies alone revealed a significant
risk reduction with all coffee doses, from one to six cups
per day.
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Table 1 Characteristics of the reviews included

References Design Country Number Number of Type of cohort Type of studies Quality

of stud-  participants

ies
Bae [17] Meta-epidemiological study Korea 2 NR Asian Prospective cohort Critically low
Micek et al. [18] Dose-response meta-analysis Poland 17 3,402,167  General Prospective cohort Critically low
Sartini et al. [12] Meta-analysis Italy 26 3,308,028  General Prospective cohort Low
Horisaki et al. [19] Dose-response meta-analysis Japan 26 NR Asian Cohort and case—control Critically low
Kashino et al. [20] Dose-response meta-analysis Japan 8 320,322 Asian Prospective cohort Critically low
Gan et al. [21] Dose-response meta-analysis China 19 2,046,575  General Prospective cohort Critically low
Akter et al. [22] Meta-analysis Japan 14 NR Asian Cohort and case—control Critically low
Lieta[23] Meta-analysis China 41 25,965 General Cohort and case—control Low
Yu et al. [25] Meta-analysis China 59 2,179,126  General Prospective cohort Critically low
Tian et al. [24] Dose-response meta-analysis China 24 NR General Cohort and case—control Critically low
Galeone et al. [26] Meta-analysis Italy 24 4846 General Case—control Low
Zhangetal. [27]  Meta-analysis USA 13 73,1441 General Prospective cohort Critically low
Je et al. [28] Meta-analysis USA 12 646,848 General Prospective cohort Low
Giovannucci [29]  Meta-analysis USA 17 6192 General Cohort and case—control Critically low

NR not reported

Table 2 Relative risk of colon, rectal, and colorectal cancer with drinking coffee

Study Relative risk for colon cancer

Relative risk for rectal cancer

Relative risk of colorectal cancer

Bae [17] Men 0.9 (0.79-1.03; 2=0)

Women 0.64 (0.36-1.15; >=65.9%)

Micek et al. [18] 1.01 (0.88-1.17; P=53.2%)
Sartini et al. [12] 0.91 (0.83-0.998)

Horisaki et al. [19] NR

Kashino et al. [20] Men 0.96 (0.85-1.09; >=0)

Women 0.93 (0.81-1.06; > =0)

Gan et al. [21] 0.92 (0.83-1.02; *=29.9%)

Akter et al. [22] Cohort 0.98 (0.70-1.36; > =55.5%)

Case control 0.83 (0.59-1.15;

P=61.2%)
Liet al. [23] Cohort 0.93 (0.86-1.01; >=0)
Case control 0.79 (0.67-0.95; P= 68%)
Yu et al. [25] NR
Tian et al. [24] Cohort 1.01 (0.94-1.08)

Case control 1.04 (0.96-1.11)
Galeone et al. [26]  0.93 (0.81-1.07; P=81.7%)
Zhang et al. [27] 1.07 (0.89-1.30)
Je et al. [28] 0.9 (0.78-1.04; I*=2%)
Giovannucci [29] NR

NR

0.98 (0.85-1.13; =0)

1.00 (0.89-1.11)

NR

Men 1.05 (0.93-1.2; =0)
Women 0.98 (0.83-1.17; >=0)

1.06 (0.95-1.19; P=13%)

Cohort 0.99 (0.72-1.37; P=0.0%)
Case control 0.75 (0.59-0.94;

P=43.4%)

Cohort 0.98 (0.88-1.09; >=0)
Case control 0.95 (0.79-1.15; I*=53%)

NR

Cohort 1.04 (0.93-1.16)
Case control 1.09 (1.00-1.20)

0.98 (0.85-1.13; P=71.2%)

NR

0.98 (0.80-1.20; I*=0)

NR

NR

1.01 (0.91-1.11; *=32.7%)

0.96 (0.88-1.03)
NR

P=51.6%)

0.89 (0.80-0.97)

Cohort 1.02 (0.97-1.07)
Case control 1.04 (0.99-1.00)

0.83 (0.73-0.95; >=80%)

NR
0.91 (0.81-1.02; >=0)
0.76 (0.66-0.89)

Men 0.99 (0.90-1.09; >=0)
Women 0.92 (0.81-1.05; >=0)

0.98 (0.90-1.06; >*=41.4%)

Cohort 0.95 (0.77-1.17; P =28.1%)
Case—control 0.78 (0.65-0.95;

Cohort 0.94 (0.88-1.01; >=0)
Case control 0.85 (0.75-0.97; I> =64%)

NR not reported

Gan et al. [21] reported a significant risk reduction of 7%
with drinking six or more cups of coffee per day, whereas
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Tian et al. [24] reported a significant risk reduction of 8%
with five cups per day and reaching 12% with six cups per
day (Table 3, Fig. 3).
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Fig.2 Number of reviews that reported significant or non-significant association between coffee drinking and colorectal cancer risk

Table 3 Dose-dependent risk reduction of colorectal cancer

Study 1 cup/day 2 cups/day

3 cups/day

4 cups/day 5 cups/day 6 cups/day

Micek et al. [18]

Horisaki et al. [19],
(cohort)

Horisaki et al. [19],
(case—control)

Kashino et al. [20] - _

1.02 (1.00-1.05) 1.04 (0.99-1.09) 1.04 (0.97-1.10)
0.98 (0.92-1.04) 0.97 (0.96-1.08) 0.98 (0.86-1.12)

0.92 (0.87-0.97) 0.86 (0.77-0.95) 0.82 (0.72-0.93)

Men 0.91 (0.82-1.01)

1.02 (0.94-1.10) 1.00 (0.90-1.10) 0.98 (0.86-1.11)
1.04 (0.89-1.22) 1.13 (0.87-1.4) 1.22 (0.84-1.78)

0.81 (0.71-0.92) 0.81 (0.71-0.93) 0.81 (0.69-0.96)

Women 0.91 (0.77-1.06)

Gan et al. [21]
Tian et al. [24]

1.00 (0.99-1.02) 1.00 (0.97-1.04) 1.00 (0.96-1.04)
1.02 (0.97-1.07) 1.01 (0.95-1.07) 0.98 (0.93-1.06)

0.98 (0.94-1.03) 0.96 (0.91-1.00) 0.93 (0.89-0.99)
0.95 (0.90-1.00) 0.92 (0.86-0.97) 0.88 (0.82-0.96)

NR not reported

Subgroup analyses

Decaffeinated coffee was associated with a significant risk
reduction ranging from 11% to 15%, according to three
reviews (Micek et al. [18], Sartini et al. [12], Gan et al. [21]).
Studies published before the year 2000 reported a significant
risk reduction of 11%. Two studies (Sartini et al. [12] and
Galeone et al. [26]) reported a significant risk reduction in the
North American cohorts (17% and 24%) and two (Galeone
et al. [26] and Giovannucci [29]) reported a significant reduc-
tion in Asian cohorts (39% and 35%) (Table 4).

Discussion

The present umbrella review summarized the findings of 14
systematic reviews in which the association between cof-
fee drinking and the risk of CRC was assessed. While five
reviews reported a significant reduction in CRC risk associ-
ated with regular coffee drinking, six reviews did not find
a significant association. On the assessment of the risk of
colon cancer separately, only two reviews reported a signifi-
cant risk reduction of colon cancer with coffee drinking. In
order to understand the implications of these results, some
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Fig.3 Summary of dose-dependent relation analysis of the association between coffee drinking and colorectal cancer risk in the included studies

Table 4 Subgroup analyses of risk reduction associated with drinking
coffee

Study Subgroup analysis

Micek et al. [18]
Sartini et al. [12]

Decaffeinated coffee 0.85 (0.72-0.99)

Decaffeinated coffee 0.88 (0.78-0.97)
USA only 0.83 (0.72-0.95)
Men vs women, no significance

Before the year 2000 0.89 (0.80-0.99)
Decaffeinated coffee 0.89 (0.80-0.99)

Women less than men for CRC 0.93
(0.81-1.05) and colon cancer 0.91
(0.77-1.07)

North American 0.76 (0.65-0.89)
Northern European 0.66 (0.41-1.10)
South European 0.72 (0.50-1.05)
Asian 0.61 (0.50-0.74)

USA 0.93 (0.71-1.22)
Europe 0.91 (0.76-1.10)
Japan 0.83 (0.62-1.10)

Cohort studies 0.97 (0.73-1.29)
Case control studies 0.72 (0.61-0.84)
USA 0.87 (0.59-1.29)

North Europe 0.65 (0.53-0.79)

Asia 0.65 (0.53-0.79)

Gan et al. [21]

Li et al. [23]

Galeone et al. [26]

Je et al. [28]

Giovannucci [29]

factors that may affect the association between coffee drink-
ing and CRC should be emphasized.

The first factor that may impact this association is the
study design. Four of the reviews that reported a significant
association between coffee drinking and CRC risk included
case—control studies only in the analysis. Meanwhile, the
systematic reviews that included only prospective cohort
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studies did not report a significant association. This observa-
tion can be explained by the difference in the nature of both
study designs. Cohort studies divide the cohort according
to the exposure (coffee drinking) and then follow-up each
group to detect the outcome (CRC). In contrast, a case—con-
trol study begins with the outcome of interest and then deter-
mines the proportion of individuals that developed the out-
come according to the exposure. While the cohort design
is more robust in assessing a causal relationship between
the exposure and outcome, it is usually more challenging
and requires long follow-up as the disease of interest may
occur after a long time of exposure. Conversely, case—con-
trol studies are simpler, less costly, and do not require long-
term follow-up, yet are more liable to bias and less reli-
able in showing a causal relationship compared to cohort
studies [30, 31]. These factors may explain why reviews of
case—control studies were able to find a significant reduc-
tion of CRC risk with coffee drinking whereas reviews of
cohort studies failed to do so, probably because they would
have needed much longer follow-up to detect the incidence
of CRC in each group.

The second factor is the patient cohort studied. Four
reviews included Asian patient cohorts only, and three of
them did not report a significant risk reduction of CRC
with coffee drinking. However, the two reviews by Gale-
one et al. [26] and Giovannucci [29], which included a
global cohort of patients, found a significant association
between coffee drinking and CRC risk on subgroup analy-
sis of Asian patients only. Akter et al. [22] proposed that
Asian people may have a different association between
coffee consumption and CRC than Westerners since Asian
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people have different body fat distribution and insulin
secretion capacity, and thus the impact of coffee drinking
on glucose metabolism might be different [32, 33]. None-
theless, the same authors concluded in their review that
there is insufficient evidence to support the effect of coffee
drinking on CRC risk in the Japanese population. Further-
more, Sartini et al. [12] and Galeone et al. [26] reported a
significant reduction of CRC risk associated with regular
coffee drinking in the North American cohorts whereas Je
et al. [28] and Giovannucci et al. [29] did not find a similar
significant association in the US cohorts. These disparate
findings reflect an inconsistent effect of ethnicity and race
on the association between coffee drinking and CRC and
warrant further investigation to verify if the patients’ back-
ground has a true impact on this association.

The third factor that may affect the association between
coffee drinking and CRC risk is the type of coffee. Three
systematic reviews reported that the consumption of decaf-
feinated coffee is associated with a significant reduction of
CRC risk, ranging between 11% and 15%. Sartini and col-
leagues [12] found that the type of coffee has an important
impact as drinking decaffeinated coffee was significantly
associated with a reduced risk of CRC, whereas caffein-
ated coffee had no significant impact. Gan et al. [21] tried
to explain the inverse association between CRC risk and
decaffeinated but not with caffeinated coffee consumption.
They elaborated that this difference might be attributa-
ble to residual confounders related to different lifestyles
between decaffeinated and caffeinated coffee consumers.
A specific confounder is that decaffeinated coffee drinkers
tend to consume less alcohol and red meat and eat more
vegetables and fruits [10].

The frequency of coffee consumption is another factor
that might impact its association with CRC risk. Two sys-
tematic reviews found that a significant reduction of CRC
risk would be associated with drinking not less than five
cups of coffee per day. Only one analysis of case—control
studies by Horisaki et al. [19] found significant association
between coffee drinking and CRC risk regardless of the
number of cups consumed per day. Gan et al. [21] reported
a non-linear association between coffee consumption and
colorectal and colon cancer risk. This association might
be attributed to a complex biological mechanism. Coffee
contains a mixture of compounds, some of which, such
as aromatic hydrocarbons and heterocyclic amines, have
mutagenic and potential carcinogenic properties whereas
other compounds, such as phenolic acids, cafestol, and
kahweol, have strong antioxidant and anticarcinogenic
properties [34-36]. Thus, heavy consumption of more
than five cups of coffee per day may render the beneficial
effects greater than the negative ones and would strengthen
the inverse association between higher coffee consumption
and CRC.

Gan et al. [21] had an interesting observation that the
inverse association between coffee consumption and CRC
risk was significant in the studies published before the year
2000, but not afterwards. They tried to explain this observa-
tion by the change in the coffee brewing methods over time,
with the filter method becoming more popular than the unfil-
tered one. In the earlier studies, boiled unfiltered coffee was
more commonly consumed [36] and this type of coffee has
a higher concentration of cafestol and kahweol, which may
lower CRC risk by reducing bile acid synthesis and secretion
and inhibiting the activity of CYP1A2 and NAT?2 [37-39].

The present review has a number of limitations that
include the small number and low quality of the systematic
reviews included. No quantitative analysis of the effect esti-
mates of the association between coffee drinking and CRC
was made because of the heterogeneity of the studies and
overlap of the primary studies included in the systematic
reviews. The dose-dependent relation was analyzed on the
basis of the number of cups of coffee; however, the size
of the cup may vary among different countries and a more
accurate analysis would use the amount of coffee consumed
in milliliters. The lack of information on coffee brewing
methods and preparation is another important limitation.

Conclusion

There is inconsistent evidence supporting that regular coffee
drinking can reduce the risk of CRC. Decaffeinated coffee
may provide more a protective effect than caffeinated coffee.
Dose-dependent relation analysis suggests that the protective
effect of coffee drinking against CRC is more evident with
consumption of five or more cups per day.
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