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Abstract
A significant number of studies suggest that coffee con-
sumption reduces cancer risk. This beneficial effect is usually 
ascribed to the presence of polyphenolic antioxidants and 
anti-inflammatory agents, including caffeine, cafestol, kah-
weol, and chlorogenic acids. To summarize recent literature 
on this subject, we performed a bibliographic search in 
PubMed and Embase over the period January 2005 to De-
cember 2020 to identify cohort studies and meta-analysis 
(with data collection ensuring quality of selected reports) 
that could provide quantitative data on the relationship be-
tween coffee consumption and common cancers. The total-
ity of eligible scientific articles supports the evidence that 
coffee intake is inversely associated with risk of hepatocel-
lular cancer and, to a slight extent, risk of breast cancer 
among postmenopausal women. As to the association with 
other organs, including the esophagus, pancreas, colorec-

tum, kidneys, bladder, ovaries, and prostate, the results are 
less clear as reports reveal conflicting results or statistically 
nonsignificant data. Therefore, this overview does not pro-
vide broad-based conclusions. Important uncertainties in-
clude general study design, inhomogeneous patient sam-
pling, different statistical analysis (deliberate), misreporting 
of socioeconomic status, education, coffee-brewing meth-
ods, consumption of caffeinated or decaffeinated coffee, 
smoking habits, and alcohol intake. Clearly, more epidemio-
logic research needs to be conducted before solid science-
based recommendations can be made with regard to coffee 
consumption. © 2021 The Author(s).

Published by S. Karger AG, Basel

Introduction

Differences in dietary patterns across the world sug-
gest that several nutritional compounds may improve hu-
man health. A significant number of investigations sug-
gest that coffee consumption diminishes cancer risk. This 
phenomenon has attracted the interest of health profes-
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sionals more so as coffee consumption has dramatically 
increased over the past few decades due to increased pros-
perity and commercial interest [1]. Indeed in 2011, it was 
estimated that 500 billion of cups of coffee were being 
consumed annually [2]. It is commonly regarded that ox-
idative stress and inflammation are the basis of many dis-
abling processes, including carcinogenesis. In this con-
text, the beneficial effects of coffee have been mainly at-
tributed to the abundant presence of polyphenolic 
antioxidants and anti-inflammatory agents, including 
caffeine, cafestol, kahweol, and chlorogenic acids [3], 
which are part of more than thousand (mostly unidenti-
fied) different chemicals in brewed coffee [4], and various 
articles have dealt with the beneficial features of these 
polyphenolic molecules [5–7]. Despite these beneficial 
characteristics, cafestol and kahweol appear to increase 
cardiovascular risk, presumably as these molecules raise 
the concentration of serum lipids [8]. In boiled, unfiltered 
coffee, these diterpenes have been found to be responsible 
for this increase [2].

This narrative review concentrates on the topic of can-
cer risk in relation to coffee consumption. For this, we 
present key eligible organ-specific articles and epidemio-
logic data, dating from January 2005 to December 2020, 
in the clinical context of solid malignancies including 
cancer of the breast, liver, esophagus, stomach, pancreas, 
colorectum, kidney, bladder, prostate, and ovaries. Data 
were extracted using the keywords coffee consumption, 
cancer risk, and analysis. The literature search in the elec-
tronic databases PubMed and Embase resulted in 463 
bibliographic studies. Of these, 105 articles were selected 
on the appraisal of titles, abstracts, and their features re-
garding coffee consumption in the light of cancer risk and 
specific statistical analysis. First, however, we will de-
scribe the relevant biomedical properties of the men-
tioned bioactive compounds that have been put forth to 
link coffee intake with cancer risk.

Important Compounds in Coffee in Relation to 
Cancer Risk

Caffeine
Caffeine, a competitive antagonist of the neurotrans-

mitter adenosine on the adenosine receptor subtypes 
A1, A2A, and A2B, belongs chemically to the group of 
xanthenes. Generally, this antagonism stimulates phys-
ical and cognitive abilities [9]. After ingestion, caffeine 
is for the greater part absorbed by the small intestine 
and distributed over all tissues, including the brain. Its 

metabolism occurs mainly in the liver through P 450 
isoform CYP 1A2 into 3 metabolites: paraxanthines (in-
creasing lipolysis), theobromine (dilating the vascular 
system and increasing diuresis), and theophylline (re-
laxing bronchial muscles) [10]. Caffeine inhibits tumor 
necrosis factor-α, leukotriene synthesis, and other in-
flammation mediators such as interleukin-6, interleu-
kin-8, and prostaglandin E2, reducing inflammatory 
processes [1, 11, 12]. Caffeine, together with other poly-
phenols, has been shown to possess a distinct antioxi-
dant response element activating potential, mitigating 
oxidative stress [13–15].

Cafestol and Kahweol
The structurally related molecules cafestol and kah-

weol are natural diterpenes in coffee. Various studies 
have confirmed that both compounds act as anti-inflam-
matory and antiangiogenic agents [16, 17]. Whereas in-
flammatory angiogenesis is a critical hallmark of the ex-
pansion of malignant cells in the tumor environment, 
these beneficial profiles of these naturally occurring cof-
fee ingredients are the subject of ongoing investigations 
[18]. Indeed, experimental and human studies have 
shown that cafestol and kahweol are potential agents for 
arresting tumor growth by blocking or diminishing neo-
angiogenesis [19, 20].

Chlorogenic Acids
Chlorogenic acids (acids between caffeine and quinic 

acids) represent a major component of plant polyphe-
nols. Among the phenolic compounds in coffee, chloro-
genic acids are present in the highest concentrations 
ranging up to 98% [21]. In spite of this high level, the 
native compounds are found in low concentrations in 
the blood due to extensive metabolic transformations 
[22]. In general, the anticancer capacity of these acids is 
attributed to the quenching of free radicals and singlet 
oxygen, inhibiting the formation of carcinogens. Other 
health effects are linked to stimulating the proliferation 
and activation of T cells, NK cells, and macrophages, 
which delay and possibly inhibit the growth of cancer 
cells [23, 24].

Clinical Aspects of Coffee Consumption and Cancer 
Risk
To obtain an adequate picture of the cancer risks, we 

gave preference to the most informative and essential ar-
ticles, often consisting of cohort studies and meta-analy-
sis, rather than summing up all available data retrieved 
from the literature.
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Breast Cancer
We found 6 eligible studies that assessed the risk of 

breast cancer. A study by Hirvonen et al. [25] in 4,396 
women found no association between consumption of 
coffee and risk for breast cancer. Also, a large study con-
ducted on 67,703 women with a median follow-up of 11 
years and a median intake of 2.2 cups/day showed no re-
lationship between coffee intake and breast cancer risk 
[26]. By contrast, a cohort study of 85,987 participants 
during the years 1980–2002 found a significant inverse 
association of caffeine intake with breast cancers among 
postmenopausal women for those who consumed 4 or 
more cups/day relative to those who drank less than 1 
cup/month (RR 0.88; 95% confidence interval (CI) 0.79–
0.97). A significant trend was established for increasing 
amounts of caffeine intake (p = 0.03) [27]. Likewise, the 
European Prospective Investigation into Nutrition and 
Cancer (EPIC) study, in which 335,060 women partici-
pated during 1992–1994 and followed up until 2010, 
found an association between coffee intake and lower 
postmenopausal breast cancer risk (adjusted HR = 0.90; 
95% CI 0.82–0.98) [28]. Also the Spanish SUN project 
found a slight indication of an inverse association be-
tween coffee consumption of more than 1 cup caffeinated 
coffee per day and breast cancer risk in a prospective co-
hort during 115,802 person-years of follow-up in 10,812 
middle-aged women (HR 0.44; 95% CI 0.21–0.92) [29]. 
This relationship was not found for women who used de-
caffeinated coffee [30]. By contrast, a recent follow-up 
study among more than 57,000 postmenopausal women 
study over 16 years did not support an association be-
tween coffee consumption and invasive breast cancer, 
comparing consumption of 2 or more cups per day with 
1 cup per month [31]. Overall, recent epidemiologic stud-
ies involving large numbers of participants provide only 
limited evidence that coffee intake is beneficially associ-
ated with breast cancer risk.

Hepatocellular Cancer
In 2007, Tanaka et al. [32] published an investigation 

for which 209 incident hepatocellular cancer (HCC) cas-
es and 1,308 community controls were recruited. This 
questionnaire-based study revealed a decreasing risk with 
increasing amounts of coffee consumption: adjusted odds 
ratio (OR) for 3 or more cups/day compared to no use 
0.10 (95% CI 0.04–0.24) and p for trend <0.001 for occa-
sional use, 1–2 cups/day, and 3 or more cups/day. This 
study formed the overture to other investigations involv-
ing Asian subjects, namely, a case-control study by Leung 
et al. [33] and cohort studies by Inoue [34] and Johnson 

et al. [35] which confirmed the beneficial effect of coffee. 
Also an Italian case-based study by Montella et al. [36] 
supported this evidence. An outstanding study by Hu et 
al. [37] included 60,323 Finnish participants; during a 
median follow-up period of 19.3 years, 128 participants 
were diagnosed with incident primary liver cancer. On 
the basis of their data, the authors reported that for indi-
viduals who drank 8 or more cups/day (n = 9,775), the 
adjusted hazard ratio was 0.32 (95% CI 0.16–0.62) and  
p for trend = 0.003 (0–1, 2–3, 4–5, 6–7, 8, or more cups/
day).

Three meta-analyses [38–40] and 1 pooling study [41] 
are in line with the abovementioned outcomes, all show-
ing that coffee intake was inversely related to the risk of 
liver cancer. The latter, most striking investigation by the 
Liver Cancer Pooling Project, dealt with information ob-
tained from a consortium of 9 US-based cohorts. The data 
from 1,212,837 individuals (HCC incidence = 860) dem-
onstrated that higher coffee consumption was associated 
with lower HCC risk (HR >3 cups/day vs. nondrinkers 
0.73 (95% CI 0.53–0.99) and p for trend <0.0001. The as-
sociation was stronger for caffeinated coffee (>3 cups/day 
vs. nondrinkers RR 0.71 (95% CI 0.50–1.01) than for de-
caffeinated coffee (>3 cups/day vs. nondrinkers RR 0.92 
(95% CI 0.55–1.54). The abovementioned outcomes have 
been confirmed in a most recent analysis of 20 case-con-
trol or prospective studies [42]. Although significant het-
erogeneity between studies was observed, the relative risk 
amounted to 0.69 (95% CI 0.56–0.85; p < 0.001) as to in-
crements of 1 cup of coffee drinking per day demonstrat-
ing a decrease of cancer risk with higher doses of coffee 
consumption. Overall, available epidemiologic evidence 
supports the claim that coffee intake reduces the inci-
dence of primary hepatocellular cancer and that there is 
a significant dose response between coffee consumption 
and liver cancer risk.

Esophageal Cancer
Four important epidemiologic studies on the subject 

have been published over the past 10 years. In a study by 
Naganuma et al. from 2008, an inverse association of 
esophageal cancer with coffee consumption was found 
[43] for more than 1 cup/day compared to no coffee use 
(HR 0.51; 95% CI 0.33–0.77). However, this inverse rela-
tionship has not been supported by later prospective co-
hort studies, including the ones by Tverdal et al. [44]  
(n = 389,624; average follow-up 14.4 years) and Zamora-
Ros et al. [45] (n = 442,143; average follow-up 11.1 years). 
The latter study comprised participants from 9 countries 
of the EPIC study. During their period of study, 339 par-
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ticipants developed esophageal cancer, but no clear as-
sociation was found, although a dose-related decline was 
suggested in men comparing the extreme tertiles (HR 
0.46; 95% CI 0.23–0.93; p for trend 0.02). This latter find-
ing is not in contrast with a meta-analysis performed by 
Zhang et al. [46]. These researchers identified 11 studies 
fulfilling their inclusion criteria with participants from 
East Asia, Europe, and America. The selected studies 
contained 208 cohort studies and 2,420 case-control 
studies, and subjects were stratified into heavy coffee 
drinkers and light or no coffee drinkers. The combined 
OR for heavy coffee drinkers was 0.93 (95% CI 0.73–
1.12) compared to the light or no coffee drinkers. Al-
though no association whatsoever was found between 
those 2 groups, an interesting geographical difference 
was detected; an inverse association between coffee con-
sumption and esophageal cancer was found in East Asian 
subjects (OR = 0.64; 95% CI 0.44–0.83) but not in the 
participants from Europe and America (OR = 1.05; 95% 
CI 0.81–1.29). Thus, until this latter finding is confirmed, 
it is safe to conclude that there is no compelling support 
for a beneficial effect of coffee consumption on the risk 
for esophageal cancer.

Stomach Cancer
A large questionnaire-based study comprising 96,024 

individuals by Hashibe et al. [47] from 1992 to 2001 fo-
cused on specific cancers, including gastric cancer. Dur-
ing this period of follow-up, 136 stomach cancers were 
detected. The relative risk per cup adjusted for race, edu-
cation, and smoking and drinking habits amounted to 
1.04 (95% CI 0.95–1.15) and a p for trend of 0.9095. On 
the other hand, a recent meta-analysis, involving 22 ar-
ticles of prospective cohort or case-control design, by Xie 
et al. [48] reporting on 7,631 cases of stomach cancer and 
1,019,693 controls, indicated that an increase in coffee 
consumption was associated with a decrease in stomach 
cancer. For example, pooled data for 3–4 cups/day versus 
nondrinkers revealed an RR of 0.88 (95% CI 0.76–1.03) 
(p for trend not indicated). This study is in contrast with 
4 other recent articles reporting on meta-analysis of pro-
spective studies. One study [49] demonstrated an in-
creased risk in US studies (RR 1.36; 95% CI 1.06–1.74). Li 
et al. [50] comparing the highest with the lowest coffee 
consumption found the same statistical numbers, viz. RR 
of 1.36 (95% CI 1.06–1.75) for participants in the USA. 
These researchers pooled data of 13 prospective studies 
(n = 1,372,811) and found a 25% higher risk of gastric 
cancer in follow-up groups of 10 years or less (RR 1.25; 
95% CI 1.01–1.55). Likewise, Zeng et al. [51] detected in 

a subgroup analysis an elevated risk in the US population 
(RR 1.36; 95% CI 1.06–1.75) for high coffee consumption 
(6.5 or more cups/day). Similar outcomes were obtained 
by other researchers [52–54]. To add to this confusion, a 
recent British prospective cohort study over 7.5-year fol-
low-up and 471.779 participants by Tran et al. [55] did 
not find a reduced risk of gastric cancer for an intake up 
to 5 cups/day (HR 1.03; 95% CI 0.97–1.09, p trend 0.30).
Thus, there is no clarity on the possible reduction of the 
risk of stomach cancer. However, an increase for the risk 
of stomach cancer has been noticed, and this increase is 
especially evident in the US population.

Pancreatic Cancer
In 2015, Guertin et al. [56] published a large question-

naire-based prospective study estimating the risk of pan-
creatic cancer with coffee intake. They observed 1,541 
first incident pancreatic cancers among 457,366 US adults 
with no missing data, occurring over approximately 4.2 
million person-years of follow-up. After adjustment for 
smoking habits and additional covariates, they found no 
statistically significant relationship between coffee intake 
and person years for men (n = 275,328; p = 0.55) and 
women (n = 18,038; p = 0.53) for daily coffee doses rang-
ing from 1 cup to 6 or more, both caffeinated and decaf-
feinated. These results are consistent with large studies by 
Bhoo-Pathy et al. [57] (n = 477,312; mean follow-up 11.6 
years) and Bidel et al. [58] (n = 60,041; mean follow-up 18 
years). Likewise, a meta-analysis based on 37 case-control 
and 17 cohort studies for a total of 10,594 pancreatic can-
cer cases or deaths found no significant association [59]. 
This analysis included 5,643 cases in North America, 
1,886 cases in northern Europe, 1,932 cases in South 
America, 210 cases in eastern Europe, and 850 cases in 
Asia. Adjusted for smoking habits, the pooled RRs for the 
highest versus lowest category of coffee intake were 1.10 
(95% CI 0.92–1.31) for case-control studies, 1.04 (95% CI 
0.80–1.36) for cohort studies, and 1.08 (95% CI 0.94–
1.25) for all studies. Most recently, a meta-analysis in-
cluding 15 cohort studies also found no significant asso-
ciation between coffee intake and the risk of pancreatic 
cancer (RR 1.02; 95% CI 0.87–1.18) [60]. Intriguingly, a 
Swedish cohort study in twins dating from 2002, com-
prising 12,204 female and 9,680 male patients and 34 
years of follow-up showed a protective effect of coffee 
consumption, most pronounced for 7 or more cups/day 
(RR 0.39 95% CI 0.17–0.89) [61]. However, on the basis 
of recent large studies, it is strongly suggested that there 
is no significant relationship between coffee consump-
tion and pancreatic cancer risk.
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Colorectal Cancer
In 2012, the results of the NIH-AARP Diet and Health 

Study in 2 areas in the USA (Atlanta, GA and Detroit, MI) 
were published [62]; this investigation included 489,706 
individuals of which 6,730 developed colorectal cancer 
over a median of 10.7 years of follow-up. This large pro-
spective cohort study revealed that coffee intake was in-
versely associated with colon cancer. Hazard ratios for 
caffeinated coffee less than 1 cup/week were 0.97 (95% CI 
0.86–1.10), 1 cup/day 0.99 (95% CI 0.84–1.11), 2–3 cups/
day 1.01 (95% CI 0.92–1.10), 4–5 cups/day 0.91 (95% CI 
0.80–1.00), and 6 or more cups/day 0.83 (95% CI 0.70–
0.99), and the p for trend was 0.008. Similarly, the use of 
decaffeinated coffee showed a p for trend <0.001, and 
comparing the highest to the lowest consumption, the HR 
was 0.73 (95% CI 0.50–0.73). These beneficial results are 
in contrast with the outcomes of the aforementioned 
Prostate, Lung, Colorectal and Ovarian (PLCO) trial in 
which the multivariate adjusted RR for 9,268 participants 
and 116 cancer cases was 1.08 (95% CI 0.79–1.48), and  
p for trend equal to 0.229 was found for individuals drink-
ing 4 or more cups/day [63]. This finding is in accordance 
with the data from the Women’s Health Initiative Obser-
vational Study (n = 83,778; follow-up 12.9 years) in which 
the analysis showed an HR of 1.14 (95% CI 0.93–1.38) 
comparing nondrinkers to high coffee drinkers, pointing 
to an increased incidence risk [64]. The increased inci-
dence risk with higher coffee consumption (4 or more 
cups/day) was previously found in a Japanese relatively 
long-lasting cohort study comprising 58,221 persons and 
a follow-up of 11 years. During this period, 687 partici-
pants developed colon cancer, and the HR for men was 
1.57 (95% CI 0.57–2.55; p for trend 0.04) but was not sig-
nificant for women [65]. A recent population-based case-
control study [66] found that increasing coffee consump-
tion was associated with lower odds of developing colorec-
tal cancer (p for trend 0.001), and comparing the lowest 
(<1 cup/day) versus the highest dose (>2.5 cups/day), the 
OR was 0.46 (95% CI 0.39–0.54).

A meta-analysis published in 2009 [67] including 
646,848 participants in 12 cohort studies showed no sig-
nificant effect of coffee on colorectal cancer risk, compar-
ing the high versus low consumption categories (RR 0.91; 
95% CI 0.81–1.02). A 2011 meta-analysis of 40 indepen-
dent cohorts revealed a summary RR of 0.89 (95% CI 
0.97) for high coffee drinkers (6 or more cups/day) versus 
non/lowest drinkers (1 cup/day). By pooling the study-
specific slopes, the summary RR for colorectal cancer risk 
with 1 cup/day increment was 0.97 (0.96–0.98) [68]. On 
the other hand, a 2010 study [69] found no significant 

correlation by analyzing the pooled data of 13 prospective 
studies: for consumers of 6–8 cups/day versus noncon-
sumers, an RR of 1.07 (95% CI 0.89–1.30) was found. Li 
et al. [70] published a meta-analysis of 16 cohort studies 
in 2013 and demonstrated a slight overall inverse associa-
tion with this disease (RR 0.94; 95% CI 0.88–1.01), which 
was more prominent in a subgroup of women. The most 
recent meta-analysis of 21 cohort studies [71] found a 
summary RR of 0.96 (95% CI 0.91–1.02; p for trend 0.175) 
evaluating the association between the highest versus 
lowest coffee intake.

Thus, the results of cohort studies mentioned are am-
biguous with regard to beneficial effects of coffee con-
sumption which was recently confirmed by Micek et al. 
[72]. An item of caution may well be the very recent find-
ing that a cohort of more than 100,000 men and women, 
aged 47–96 years, consuming 2 or more cups per day of 
caffeinated coffee may increase rectal cancer risk (HR 
1.37, 95% CI: 0.99–1.89, p trend 0.04) [73].

Kidney Cancer
The relationship between coffee consumption and re-

nal cancer has been analyzed in a case-control study in 
Italy [74]. A total of 767 individuals with incident renal 
cell carcinoma and 1,534 hospital-based controls were in-
cluded in the study. The researchers compared drinkers 
of 4 or more cups/day with drinkers of 1 or fewer cups/
day and found an OR of 1.02 (95% CI 0.73–1.43). Further 
analysis of a subgroup of never-smokers revealed an OR 
of 0.74 (95% CI 0.41–1.3) with no trend in risk with dose. 
Lee et al. [75] performed a pooled analysis of 13 prospec-
tive studies in 530,469 women and 244, 483 men. The au-
thors found a multivariate relative risk for 3 or more cups/
day versus less than 1 cup/day of 0.84 (95% CI 0.67–1.05, 
P for trend 0.02), which made them cautiously conclude 
that coffee intake does not increase renal cancer risk. This 
risk has also been studied in the PLCO cohort [47], in 
which 318 kidney cancers were detected among 96,024 
individuals from 10 centers across the USA during a fol-
low-up of 10 years. Adjusted for smoking habits, age, gen-
der, race, and education, the RR for 1–1.9 cups/day was 
0.99 (95% CI 0.70–1.69), for 2 or more cups/day, 0.84 
(95% CI 0.65–1.09), and for 4 or more cups/day, 0.43 
(95% CI 0.20–0.93), whereas an overall dose response was 
not observed (p for trend 0.1015). A Canadian study in 8 
provinces comprising 1,138 renal cancer cases and 5,039 
population controls analyzed data obtained between 1994 
and 1997. For the highest versus lowest quartiles, the OR 
was 1.33 (95% CI 1.07–1.66), indicating that higher coffee 
consumption was associated with renal cancer cases [76]. 
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On the other hand, more recently, Huang et al. [77] found 
insignificant associations in both highest versus none or 
lowest coffee consumption in pooled data from 13 co-
horts. Taken together, on the basis of recent studies com-
prising large numbers of participants, it can be cautiously 
concluded that coffee consumption is not associated with 
renal cell cancer risk.

Bladder Cancer
From the baseline information of the EPIC cohorts 

from France, the Netherlands, Germany, Sweden, and 
Denmark, the habitual coffee consumption of 233,236 
participants was registered at recruitment. During the 
follow-up of 9.3 years, 491 individuals suffered from first 
primary urothelial cancer (more than 90% of bladder can-
cers arise from the endothelium) [78]. Analysis of spe-
cific types of beverages revealed no association between 
coffee intake and risk of endothelial cancer: comparing 
highest versus lowest intake in high-risk cancers revealed 
a hazard ratio of 1.07 (95% CI 0.71–1.61) and in low-risk 
cancers 1.08 (95% CI 0.76–1.53) with p for trend 0.84 and 
0.69, respectively. Two meta-analyses of prospective co-
hort studies were published during our period of study. 
In 2011, a publication by Yu et al. [79] pooled the data of 
9 cohorts and noted that coffee drinking was associated 
with a reduced risk of bladder cancer. The RR for low to 
moderate (2–3 cups/day) coffee drinkers was 0.79 (95% 
CI 0.67–0.91). The pooled data demonstrated a greater 
effect for men than for women. Another meta-analysis 
was published in 2012 by Zhou et al. [80] in which they 
showed the results of the pooling of 5 cohort studies with 
700 disease cases and 229,099 participants. Smoking-ad-
justed RRs were 1.09 (95% CI 0.89–1.34) for 1 cup/day, 
1.13 (95% CI 0.82–1.55) for 2 cups/day, 1.09 (95% CI 
0.77–1.56) for 3 cups/day, and 1.01 (95% CI 0.69–1.48) 
for 4 cups/day (p for trend not provided). Thus, the co-
hort-based data mentioned above do not support clear 
evidence for a link between coffee intake and risk of blad-
der cancer.

Prostate Cancer
The abovementioned PLCO trial [47] was a large-scale 

study that also enabled the determination of the incidence 
of prostate cancer. In a cohort of 46,667 men, 3,037 pros-
tate cancers were observed. With regard to coffee intake 
in this subcohort, the researchers found the following: for 
men drinking less than 1 cup/day, the RRs adjusted for 
age, race, and education appeared to be 0.99 (95% CI 
0.97–1.01), for 1–1.9 cups/day 1.02 (95% CI 0.91–1.15), 
and for 2 or more cups/day 1.02 (95% CI 0.94–1.10). The 

p for trend was 0.7020. Discacciati et al. [81] performed a 
dose-response meta-analysis for nonaggressive and fatal 
prostate cancer. For the last category, they found a sig-
nificant but weak outcome showing a 12% reduced mor-
tality risk for every 3 cups/day increase of coffee con-
sumption (RR 0.88; 95% CI 0.81–0.97). Another meta-
analysis [82] showed no significant association between 
coffee intake and prostate cancer risk using data of 4 co-
hort studies (RR 1.06; 95% CI 0.83–1.35). A recently pub-
lished meta-analysis based on 105 prospective observa-
tional studies by Wang et al. [71] showed an inverse rela-
tionship on prostate cancer for the highest versus the 
lowest coffee intake (RR 0.89; 95% CI 0.84–0.93; p for 
trend 0.003). The summary relative risk for increment of 
2 cups was 0.97 (95% CI 0.96–0.98) for prostate cancer. 
Another meta-analysis by Liu et al. [83] included 13 co-
hort studies with 34,105 cases of prostate cancer and 
539,577 participants. Subgroup analysis of cancer grades 
revealed summary RRs for different coffee intake levels as 
follows: for nonadvanced cancer 0.89 (95% CI 0.83–0.96), 
for advanced 0.82 (95% CI 0.61–1.10), and for fatal dis-
ease 0.76 (95% CI 0.55–1.06). The authors suggest that 
coffee consumption may be associated with a reduced risk 
of prostate cancer (RR 0.91; 95% CI 0.85–95).

A study published in 2017 used an original approach. 
Taylor et al. [84] used 2 genetic variants in 2 loci robustly 
associated with caffeine intake as proxies for coffee con-
sumption. A Mendelian randomization analysis in pros-
tate cancer cases and controls, all of European genotype 
ancestry, were selected from the PRACTICAL consortium 
(practical.ccge.medschl.cam.ac.uk). During an average 
follow-up of 7.1 years, 1,754 death cases occurred in 14,010 
men who contributed to this prostate cancer-specific anal-
ysis. Logistic regression was used to investigate associa-
tions of coffee-related single-nucleotide polymorphisms 
with prostate cancer-specific mortality. The hazard ratio 
with prostate cancer mortality was 1.03 (95% CI 0.98–
1.08), suggesting that there is no clear evidence for an as-
sociation between these coffee-linked polymorphisms 
and prostate cancer risk. Taken together, inconsistent in-
formation has been published on the link between coffee 
intake and prostate cancer risk for various tumor grades.

Ovarian Cancer
The Netherlands Cohort Study on Diet and Cancer ob-

served 280 cases of first primary ovarian cancer in a subco-
hort of 2,083 postmenopausal women (55–69 years of age) 
during 13.3 years of follow-up over the period 1986–2000. 
The outcomes of this study were published by Steevens et al. 
[85] in 2007. The multivariable coffee increment, adjusted 
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for age, oral contraceptives, parity, and cigarette smoking, of 
1 cup/day was 1.04 (95% CI 0.97–1.12). Analyzing the rate 
ratio over 0–0.9, 1–2.9, 3–4.9, and 5 or more cups/day pro-
vided a p for trend of 0.35. In the same article, the authors 
reported on a meta-analysis of 4 prospective cohort studies 
and found an OR of 1.18 (95% CI 0.97–1.14) for highest ver-
sus lowest coffee consumption. In a prospective Canadian 
cohort study (= 48,776) by Silvera et al. [86], 264 ovarian 
cancer patients were observed during a mean follow-up of 
16.4 years. The evaluation of the highest versus no coffee 
consumption provided a hazard ratio of 1.62 (95% CI 0.95–
2.75; p for trend 0.06). This outcome is in agreement with a 
prospective cohort study by Lueth et al. [87], who deter-
mined this relationship in 29,060 women followed for ovar-
ian cancer from 1986 to 2004. In a multivariate model, they 
observed an increased risk in women who drank 5 or more 
cups/day of caffeinated coffee compared to women who 
drank no coffee (HR 1.81; 95% CI 1.10–2.95), which was in-
terpreted as an approximately twofold higher risk than non-
consumers of coffee, although no dose-response was statisti-
cally significant (P for trend 0.15). The EPIC prospective 
cohort study included 330,849 women, allowing the evalua-
tion of coffee consumption and ovarian cancer risk [88]. 
During a median follow-up of 11.7 years, 1,244 women de-
veloped ovarian cancer. There was no significant association 
between coffee consumption and the risk of this malignancy 
when the top quintiles with no coffee intake were compared 
(HR 1.05; 95% CI 0.75–1.46), which was confirmed by the 
results of an updated meta-analysis performed by these re-
searchers. Likewise, the recently published, well-document-
ed meta-analysis by Wang et al. [71] of 9 prospective cohort 
studies indicated a summary RR of 1.04 (95% CI 0.90–1.20), 
which compared the highest versus lowest coffee intake and 
suggested no significant association, although regional dif-
ferences between studies in the USA, Europe, and Canada 
were observed. The foregoing studies demonstrate inconsis-
tent results for the association between coffee intake and 
ovarian cancer risk, although a recent meta-analysis suggests 
no significant association [89].

Discussion

There is certainly evidence from experimental studies 
that coffee is able to counteract carcinogenesis. Investiga-
tions on potential modifiers for all-cause mortality in al-
most 4 million subjects have revealed that the lowest rela-
tive risk is present for cancer mortality for those who 
drink 2 cups per day (RR = 0.96; 95% CI 0.94–0.99, p < 
0.0001) [90]. However, the significant amount of the lit-

erature on human studies on the relationship of coffee 
consumption with cancer risk suggests that coffee con-
sumption may help reduce only hepatocellular cancer 
risk and possibly breast cancer risk [91, 92]. Nevertheless, 
a recent huge cohort study from the UK Biobank (46,155 
cases and 270,342 controls) demonstrated that the rela-
tionship between coffee intake and individual cancer 
risks was consistent with a null effect [93]. Indeed, there 
are no conclusive results in case of esophageal, pancre-
atic, prostate, ovarian, colorectal, prostate, kidney, and 
bladder cancer. It should be noted however that although 
the coffee ingredient caffeine has been linked to unhealthy 
effects like increased serum lipid concentration, insulin 
resistance, and hypertension [94, 95], other coffee con-
stituents are a major source of antioxidants. Studies using 
human cell lines have demonstrated an inhibitory effect 
of especially chlorogenic acids on various carcinogenic 
processes, including hepatocellular carcinogenesis [96]. 
Also, other proliferative processes have been shown to be 
inhibited by chlorogenic acids, which is reviewed and ex-
plained by Ludwig et al. [97] and Bohn et al. [98]. Poten-
tial mechanisms for these chemoprotective actions in-
clude the inhibition of oxidative stress, regulation of 
DNA repair, and apoptosis as well as inhibition of inflam-
mation, neoangiogenesis, and proliferation.

A major point in the discussion on the pros and cons 
of coffee intake is whether the antioxidants and possible 
bioactive metabolites reach sufficient tissue concentra-
tion to be effective. Indeed, Clifford [99], in an eloquent 
article, states that only some 5% of dietary antioxidants 
are absorbed in the duodenum and of this, only some 5% 
reach the plasma unchanged. More than 95% of the anti-
oxidant intake is fermented by the gut flora. Thus, the 
total concentration of bioactive compounds in plasma is 
very small, and this may explain the failure of epidemio-
logic studies to detect a favorable effect of dietary anti-
oxidant intake, including coffee consumption. The effect 
of coffee is also notably influenced by the variations in 
caffeine and chlorogenic acids. Studies by Ludwig et al. 
[100] and Severini et al. [101] have emphasized that the 
caffeine and chlorogenic acid content in espresso coffee 
may vary. Roasting and coffee-making procedures differ 
in various coffee shops and countries. For instance, 
espresso coffee prepared in Italy contained 54–150 mg 
caffeine/serving, in Spain 82–139 mg/serving, and in 
Scotland 66–276 mg/serving. The content of chlorogenic 
acid varied from 20 to 81 mg/serving, from 92 to 188 mg/
serving, and from 6 to 157 mg/serving, respectively. Gen-
erally, epidemiologic studies have not taken these local 
and geographical differences into account. It is evident 
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that these values have an effect on the plasma concentra-
tion and – most likely – the outcomes of human studies.

Besides this limitation, long-lasting questionnaire-
based epidemiologic studies may suffer from other limita-
tions, such as the fact that among the participants, noncan-
cer mortality occurs as well. Also, self-reported coffee in-
take at recruitment may change for health reasons during 
the period of study. Other potential uncertainties that ex-
plain heterogeneity between studies include inhomoge-
neous patient sampling, different statistical analysis (delib-
erate), misreporting of socioeconomic status, education, 
coffee-brewing methods, cup size, temperature of coffee 
when drinking, caffeinated or decaffeinated coffee, smok-
ing habits, and alcohol intake. Many of these often immea-
surable factors, which may even change over lifetime be-
fore census, cause inconsistent outcomes among studies. 
Dietary antioxidant intake, sporting habits, and other life-
style aspects may also influence outcomes on the associa-
tion between coffee consumption and cancer risk [102]. 
Such methodological details in quoted investigations may 
explain the reported contradictions. As for future clinical 
population studies, efforts have been undertaken to devel-
op guidelines in order to standardize health intervention 
studies [103]. Here, it is also important to mention that 
various types of cancer are difficult to detect at an early 
stage and that molecular approaches, especially those tech-
niques that indicate genetic and epigenetic changes, may 
help the eye of the doctor [104]. Of special interest is the 
identification of oncometabolites which are associated 
with tumorigenesis [105]. These developments represent a 
future for “personalized cancer prevention” and may 
change epidemiologic results as mentioned in this article.

Conclusion

All in all, our analysis of recent literature reveals that 
among coffee drinkers, there is a small reduction in the 
risk of hepatocellular cancer and possibly breast cancer. 

These effects are generally present at a moderate coffee 
intake of 2 cups/day. As to the risk of stomach and rectal 
cancer, recent studies indicate an elevated risk linked to 
coffee intake of 6.5 or more cups/day, especially evident 
in the US population. Although we found that coffee 
drinking does indeed contribute to the ingestion of anti-
oxidant and anti-inflammatory bioactive compounds, a 
large part of the epidemiologic research demonstrates 
contrasting findings. This is obvious in case of esopha-
geal, pancreatic, prostate, ovarian, colorectal, prostate, 
kidney, and bladder cancer. A large part of population 
studies suffers from factors which may even change over 
lifetime before census. Potential uncertainties arise from 
the self-reporting of socioeconomic status, education, 
sporting habits, quantity of coffee consumption, smoking 
habits, and alcohol intake. In addition, heterogeneity 
among studies includes inhomogeneous patient sam-
pling (notably different lifestyle aspects) and different 
statistical analysis. These methodological and often un-
traceable factors may explain the reported contradictions.
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