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Abstract

Background—Coffee contains many bioactive chemicals and associations with cancer have been 

reported in observational studies. In this Mendelian randomisation (MR) study we investigated the 

causal associations of coffee consumption with a broad range of cancers.

Materials and Methods—Twelve independent genetic variants proxied coffee consumption. 

Genetically-predicted risk of any cancer (59,647 cases) and 22 site-specific cancers was estimated 

in European-descent individuals in UK Biobank. Univariable and multivariable MR analyses were 

conducted.
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Results—Genetically-predicted coffee consumption was not associated with risk of any cancer in 

the main analysis (OR 1.05, 95% CI 0.98-1.14, p=0.183) but was associated with an increased 

risk of digestive system cancer (OR 1.28, 95% CI 1.09-1.51, p=0.003), driven by a strong 

association with oesophageal cancer (OR 2.79, 95% CI 1.73-4.50, p=2.5×10-5). This association 

was consistent after adjustment for genetically-predicted body mass index, smoking and alcohol 

consumption. There was no strong evidence supporting a causal relationship between genetically-

predicted coffee consumption and the majority of cancers studied. However, genetically-predicted 

coffee consumption was associated with increased risk of multiple myeloma (OR 2.25, 95% CI 

1.30-3.89, p=0.004) and reduced ovarian cancer risk (OR 0.63, 95% CI 0.43-0.93, p=0.020).

Conclusions—This MR study provides strong support for a causal association of coffee 

consumption with oesophageal cancer, but not for the majority of cancer types, and the underlying 

mechanisms require investigation.
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Introduction

Coffee is one of the most widely consumed beverages worldwide, with an estimated 165 

million 60 kg bags consumed per year (1). The potential public health impact of coffee 

drinking is therefore substantial, and effects on health have been suggested including on 

cardiovascular disease, type 2 diabetes, liver conditions, and all-cause mortality (2). Cancer 

risk is increasingly being found to be influenced by dietary factors and coffee contains over 

1000 bioactive compounds with antioxidant, anti-inflammatory and antifibrotic properties, 

with the potential to influence carcinogenesis. Many of such compounds have been reported 

to promote anticarcinogenic effects including kahweol (3), polyphenols (4) and caffeine (5).

Coffee consumption and cancer risk has been investigated in a number of epidemiologic 

studies. Although protective associations have been reported with multiple cancer types, 

including colorectal (6), prostate (7), liver (8) and endometrial (9) cancers, overall findings 

have been discordant in terms of all cancer risk and site-specific cancers (2,10). The 

oncological effects of coffee drinking therefore remain equivocal, as reflected in the 

latest report of the International Agency for Research on Cancer (IARC) in 2016 which 

evaluated coffee as unclassifiable as to its carcinogenicity in humans, although they 

concluded that drinking very hot beverages likely promotes oesophageal carcinogenesis 

through a temperature effect (11). The current evidence base is lacking due to difficulties 

with observational epidemiological studies which are influenced by reverse causality and 

confounding, which is particularly relevant to coffee drinking which may be associated with 

other lifestyle behaviours.

Mendelian randomisation (MR) is an epidemiological approach with the potential to 

avoid such biases. The technique assesses whether the genetically-predicted levels of 

a risk factor (such as coffee drinking) and a disease outcome (such as cancer) are 

associated. As Mendel’s law of independent assortment states that characteristics are 

inherited independently of each other, these associations are less susceptible to confounding. 
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Furthermore, as genetic variants are established from birth, the potential for reverse causality 

is diminished. Therefore, associations in the MR study are more likely to have a causal 

interpretation than those from conventional epidemiological analyses. Thus far, only a 

limited number of MR studies have assessed the association between coffee drinking and 

cancer with no association found with overall cancer (12), colorectal (13), breast (14), 

prostate (15) and ovarian (16) cancers. Such studies are informative, but, the majority have 

not adjusted for important factors associated genetically with coffee consumption, such 

as body mass index (BMI) and smoking habits. Furthermore, most studies only focused 

on individual cancers, and the causal association with many highly prevalent cancer types 

remains unstudied.

With this in mind, the primary aim of this study was to use an MR approach to investigate 

the associations of genetically-predicted coffee consumption and the risk of cancer overall, 

and of 22 site-specific cancers. We used data from UK Biobank and four large-scale 

genome-wide association studies consortia. In complementary analyses we adjusted the 

results for BMI, smoking initiation, and alcohol consumption, which are genetically 

associated with coffee consumption.

Materials and Methods

Study design

The present study was based on published genome-wide association studies (GWASs), 

and the UK Biobank study. We first investigated the associations of genetically proxied 

coffee consumption with any cancer and site-specific cancers in UK Biobank. Given genetic 

associations of coffee consumption with BMI and smoking behaviours, we further used 

multivariable MR design to systematically minimize the pleiotropy from these two traits. 

All included GWASs were approved by corresponding ethics committees and participants 

provided written informed consent. The present analyses were approved by the Swedish 

Ethical Review Authority.

SNP selection

Fifteen single nucleotide polymorphisms (SNPs) were identified to be associated with coffee 

consumption at the genome-wide significance level from a meta-analysis of GWASs on 

habitual coffee consumption (17). The meta-analysis included a discovery stage based on 

UK Biobank (n=85 852) and a replication stage including Nurses’ Health Study (n = 10 

675), Health Professionals Follow-up Study (n = 6618) and Women’s Genome Health 

Study (n = 22 691) (17). We estimated genetic association across 15 SNPs using European 

samples of 1000 genomes data as the reference panel (18). Twelve independent SNPs (r2 

<0.01 and clumping distance >10,000kb) were employed as genetic instruments for coffee 

consumption after removal of rs4719497, rs12699844 and rs117692895 due to correlation 

with other selected variants. Information on the SNPs used to proxy coffee consumption 

is provided in Table 1. Most SNPs were in gene regions that likely act directly on coffee 

drinking behaviour or affect drinking behaviour indirectly by altering the metabolism of 

caffeine and thus caffeine levels (19). One SNP (rs597045) is located near a locus linked 

to smell/taste perception of coffee (19). A previous investigation has shown that several 
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of these genetic variants are also associated with consumption of hot drinks other than 

coffee (20), meaning that the results of this investigation relate to hot drink consumption 

more generally and not coffee specifically. Table 1 also shows details for two SNPs used in 

analyses of genetically-predicted caffeine consumption.

Data source of cancer

Genetically-predicted risk of cancer at 22 sites, any cancer (one of the 22 sites combined), 

any digestive system cancer, and any non-digestive system cancer were estimated in the 

UK Biobank (21). This cohort study recruited around 500 000 adults, aged 37 to 73 

years, across the UK during 2006 to 2010. To reduce population stratification bias, we 

confined the study population to European-descent individuals. After exclusion of related 

individuals (third-degree relatives or closer), low call rate, and excess heterozygosity (3 or 

more standard deviations from the mean), 367,643 participants remained in the analyses 

and were followed up until March 31, 2017 or death. Findings for cancers with evidence of 

association with coffee consumption in UK Biobank (p<0.05) were tested for replication in 

the FinnGen consortium using the R5 release (n=218,792) (22).

Data sources of BMI, smoking initiation, and alcohol consumption

Analyses were adjusted for differences in genetically-predicted BMI, smoking initiation and 

alcohol consumption using multivariable MR. Summary-level data for BMI was available 

from a meta-analysis of GWASs for body fat distribution in 694,949 patients of European 

Ancestry, as described previously (23). Summary-level data for smoking initiation was 

available from GWAS of 1,232,091 individuals, as described previously (24). Summary-

level data for alcohol consumption was available from GWAS of 941,280 individuals, as 

described previously (24).

Statistical analysis

The inverse-variance weighted median method with random-effects was used in the main 

analyses. Two sensitivity analysis, including the weighted median and MR-Egger, were 

utilized to examine the consistency of results and detect and correct for directional 

pleiotropy. The effect sizes of the associations between genetically predicted coffee 

consumption and cancer risk were scaled to a 50% increase in coffee consumption. All 

analyses were two-sided and performed using the mrrobust package (25)in Stata/SE 15.0 

and MendelianRandomization (26)and TwoSampleMR (27) packages in R Software 3.6.0.

Results

Any Cancer

Of 367,561 European-descent participants, 59,647 had one of the 22 site-specific cancers 

included in the study, and formed the any cancer group. Genetically predicted coffee 

consumption was not associated with risk of any cancer in the main analysis (odds ratio 

[OR] 1.05, 95% confidence interval [CI] 0.98-1.14, p=0.183) or after adjustment for 

genetically predicted BMI (OR 1.06, 95% CI 0.97-1.16, p=0.193), smoking (OR 1.06, 95% 

CI 0.98-1.14, p=0.143), or alcohol consumption (OR 1.08, 95% CI 0.97-1.19, p=0.156).
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Digestive System Cancer

Genetically predicted coffee consumption was associated with an increased risk of digestive 

system cancer (OR 1.28, 95% CI 1.09-1.51, p=0.003). This finding remained similar in 

multivariable MR analysis with adjustment for genetically predicted BMI (OR 1.23, 95% CI 

1.02-1.49, p=0.031), smoking initiation (OR 1.27, 95% CI 1.08-1.50, p=0.004), and alcohol 

consumption (OR 1.34, 95% CI 1.07-1.68, p=0.010). Risk of digestive cancer was driven by 

a strong association with oesophageal cancer in UK Biobank (OR 2.79, 95% CI 1.73-4.50, 

p=2.5×10-5) which was consistent after adjustment for genetically predicted BMI (OR 

3.22, 95% CI 1.84-5.63, p=4.1×10-5), smoking (OR 2.77, 95% CI 1.71-4.88, p=3.3×10-5), 

and alcohol consumption (OR 2.98, 95% CI 1.56-5.70, p=0.001), and across sensitivity 

analyses (Supplemental table 2). In the FinnGen consortium, genetically predicted coffee 

consumption was also associated with a large magnitude estimate of increased oesophageal 

cancer risk (OR 2.01, 95% CI 0.57-7.05, p=0.278). This association did not reach statistical 

significance, likely due to the limited number of oesophageal cancers (n=232) and although 

it was similar after adjustment for smoking initiation, it was attenuated after adjustment 

for BMI. Scatter plots for mendelian randomization analysis of coffee consumption and 

risk of oesophageal cancer are shown in figure 7. Otherwise, there was suggestive evidence 

of an association between genetically predicted coffee consumption and risk of pancreatic 

cancer in the main analysis (OR 1.40, 95% CI 0.94-2.10, p=0.097) and after adjustment for 

genetically predicted BMI (OR 1.29, 95% CI 0.81-2.06, p=0.291), smoking (OR 1.37, 95% 

CI 0.92-2.05, p=0.126), and alcohol consumption (OR 1.52, 95% CI 0.88-2.62, p=0.133).

Non-Digestive System Cancer

There was no evidence for an association between genetically predicted coffee consumption 

and risk of non-digestive system cancer overall (OR 1.01, 95% CI 0.93-1.10, p=0.820). 

However, coffee consumption was associated with an increased risk of multiple myeloma in 

UK Biobank in the main analysis (OR 2.25, 95% CI 1.30-3.89, p=0.004), and the association 

remained after adjustment for genetically predicted BMI (OR 2.61, 95% CI 1.37-4.96, 

p=0.003),smoking (OR 2.25, 95% CI 1.29-3.90, p=0.004) and alcohol consumption (OR 

2.81, 95% CI 1.34-5.93, p=0.006). The positive association with multiple myeloma was 

not replicated in the FinnGen consortium. Genetically predicted coffee consumption was 

associated with a consistent reduction in risk of ovarian cancer in UK Biobank in the 

main analysis (OR 0.63, 95% CI 0.43-0.93, p=0.020) and after adjustment for genetically 

predicted BMI (OR 0.59, 95% CI 0.38-0.94, p=0.026), smoking (OR 0.62, 95% CI 

0.42-0.92, p=0.017) or alcohol consumption (OR 0.54, 95% CI 0.32-0.92, p=0.024). The 

inverse association with ovarian cancer was not replicated in the FinnGen consortium. There 

was suggestive evidence of an inverse association between genetically predicted coffee 

consumption and risk of leukaemia (OR 0.70, 95% CI 0.47-1.03, p=0.069) and prostate 

cancer (OR 0.85, 95% CI 0.72-1.01, p=0.070).

Stratified analyses of coffee type and temperature preference and risk of oesophageal 
cancer

Due to robust findings of increased oesophageal cancer risk with genetically predicted coffee 

consumption we conducted post-hoc stratified analyses to investigate possible heterogeneity 
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in associations depending on coffee drinking preferences (Supplemental table 3). Increased 

risk of oesophageal cancer was consistently associated with genetically predicted coffee 

consumption across individuals with preference for warm (OR 2.74, 95% CI 1.34-5.60, 

p=0.06), hot (OR 5.45, 95% CI 1.37-21.7, p=0.016) and very hot drinks (OR 4.09, 95% 

CI 0.68-24.7, p=0.125) although the latter did not reach statistical significance. Analyses 

stratified by self-reported coffee consumption demonstrated that increased oesophageal 

cancer risk was similar in individuals reporting 1-3 cups per day (OR 4.24, 95% CI 1.9-9.45, 

p<0.001) and in those reporting no coffee consumption (OR 4.23, 95% CI 1.21-14.9, 

p=0.024). Given the high prevalence of tea consumption in the UK, it is likely that many 

of those reporting no coffee consumption were tea drinkers. Analyses stratified by caffeine 

preference demonstrated enhanced risk of oesophageal cancer with genetically predicted 

coffee consumption amongst those with a preference for caffeinated drinks (OR 4.75, 95% 

CI 2.28-9.86, p<0.001) but not amongst drinkers of decaffeinated coffee (OR 1.01, 95% CI 

0.22-4.6, p=0.989).

Caffeine consumption

As caffeine is a major bioactive compound in coffee we performed MR analyses of 

genetically-predicted caffeine consumption using a genetic instrument consisting of 2 SNPs 

associated with caffeine consumption (Table 1). Similarly, to coffee, genetically-predicted 

caffeine consumption was positively associated with an increased risk of GI cancer (OR 

1.17, 95% CI 1.01-1.35, p=0.039), oesophageal cancer (OR 2.20, 95% CI 1.43-3.4, 

p=3.4×10-4) and multiple myeloma (OR 1.77, 95% CI 1.08-2.91, p=0.025 but inversely 

associated with risk of leukaemia (OR 0.67, 95% CI 0.47-0.96, p=0.030).

Discussion

Our main finding of a causal association of coffee drinking with risk of digestive 

system cancer has been previously suggested, although this has not been supported 

by previous observational studies (28). Furthermore, protective associations of coffee 

with multiple digestive system cancer types including colorectal, oesophageal, pancreatic 

and hepatocellular carcinomas have previously been reported observationally (29,30). As 

lifestyle behaviours are prone to reverse causality and confounding, the MR approach we 

used provides stronger evidence regarding causality. In line with this, Ong et al found 

a positive association between coffee intake and colorectal cancer risk in UK Biobank 

using an observational approach which was abolished when they used a stringent genetic 

instrument for coffee consumption (12). This is one of only two previous MR analyses of 

coffee consumption and digestive system cancer risk, with both focused on colorectal cancer 

specifically. Consistent with our findings, Cornish et al also found no genetic association of 

only 4 SNPs related to coffee consumption and risk of colorectal cancer in UK Biobank(13). 

Taken together, the present MR study and prior literature do not support a role of coffee 

in influencing carcinogenesis of colorectal cancer and a broader range of digestive system 

cancers.

Augmented risk of oesophageal cancer was the main determinant of the increased digestive 

system cancers with coffee drinking reported in the present study. We provide strong 
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evidence for a causal relationship which is large in magnitude (3-fold) and consistent 

across sensitivity analyses and in a replication study. Previous observational studies do 

not support this but were generally based on small sample sizes with only few cases. 

In a systematic review and meta-analysis of 11 studies assessing the association between 

coffee consumption and oesophageal cancer, five studies reported an effect size estimate 

(odds ratio or relative risk) above 1 and six studies an effect size estimate below 1, 

with an overall inverse association in East Asians but not in Euro-American populations 

(31). These divergent findings may relate to imprecise estimates, varying proportions of 

different histological subtypes of oesophageal cancer (OAC in Euro-America, squamous 

cell cancer in East Asia (32), or confounding by health behaviours. In an analysis among 

922,896 patients in the Cancer Prevention Study-II, which included over 1,300 deaths 

from oesophageal cancer, increased coffee consumption was associated with increased 

cancer mortality (33). Furthermore, a recent UK Biobank study demonstrated a dose-

response between number of cups of coffee and the squamous cell histological subtype 

of oesophageal cancer specifically, with an 8% increased risk reported per cup (28). A 

carcinogenic effect of coffee drinking in the oesophagus may therefore previously have been 

obscured by confounding or analysis of all subtypes together.

The potential mechanisms of coffee-induced oesophageal carcinogenesis include the 

detrimental effects of enhanced gastroesophageal reflux, which is known to occur with 

coffee intake and may promote inflammation. Caffeine is a key bioactive component of 

coffee and we provide weak evidence for it mediating the carcinogenic effects of coffee 

as individuals with a preference for caffeinated drinks had a higher risk than those with 

a preference for decaffeinated drinks. Although genetically-predicted caffeine consumption 

was found to be associated with GI cancer, oesophageal cancer and multiple myeloma to 

a similar extent as coffee, it is important to note that there was significant overlap in the 

genetic instruments for coffee and caffeine consumption, hence this should not be regarded 

as an independent analysis. The instrument for caffeine intake includes SNPs near genes 

with an established direct or indirect role in caffeine metabolism (i.e., CYP1A1 and AHR, 

the latter regulates the expression of CYP1A1) whereas the coffee consumption instrument 

includes a broader range of SNPs of which some are located in genes related to smell 

or taste perception of coffee or the rewarding response to caffeine (19). It should also 

be noted that genetically predicted higher caffeine intake is associated with lower plasma 

caffeine levels (34) Furthermore, anticarcinogenic effects of caffeine have previously been 

reported(5) and previous studies investigating caffeine intake and cancer have been null (35).

Interestingly, thermal injury to the oesophagus may also be an important oncogenesis 

driving factor. Consumption of very hot drinks, particularly mate, has been associated with 

an increased risk of oesophageal cancer (11). Furthermore, this phenomenon also applies to 

ingestion of hot foods (36,37), hot drinks can cause oesophagitis (38) which is a pre-cursor 

to cancer, and hot water has been found to promote carcinogenesis in rat and mouse models 

of oesophageal cancer (39)(40). It is therefore plausible that a carcinogenic effect of coffee 

relates to thermal injury broadly, rather than being specific to coffee or its constituents, as 

reflected in the IARC statement (11). We provide further evidence in support of the thermal 

injury hypothesis by demonstrating that oesophageal cancer risk is consistently augmented 

in all strata of hot beverage drinking. Although the precision was limited in the very hot 
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strata due to low power, it is also notable that the magnitude of the effect was largest 

for individuals in the two strata with preference for the warmest drinks. Lastly, we found 

genetically predicted coffee consumption to be associated with oesophageal cancer to a 

similar extent in non-drinkers of coffee compared to in coffee drinkers with a preference for 

caffeinated drinks. Although counter-intuitive, this can be reconciled with previous evidence 

in UK Biobank that genetic risk scores for coffee consumption were positively associated 

with consumption of a range of beverages, including both caffeinated and decaffeinated 

coffee and tea, most subtypes of coffee and standard tea consumption (20). The strata of 

non-coffee drinkers amongst those with a high genetically predicted coffee consumption 

therefore likely represents consumers of warm tea. This underscores that the effect is likely 

related at least in part to temperature, and echoes the need for further research into this 

as a putative mechanism. When stratifying analyses by caffeine preference, associations 

were weaker for those with preference for decaffeinated coffee. This may be a chance 

finding as confidence intervals were wide, or it may be that the harmful effect of hot drink 

consumption is lower for non-caffeinated drinks than for caffeinated drinks. Alternatively, 

smoking prevalence was lower for those who preferred non-caffeinated drinks; it may be that 

the thermal effect of hot drink consumption is stronger in individuals who smoke regularly 

due to the damage to the oesophagus from smoking.

Coffee consumption has previously been reported to have a protective effect on multiple 

non-digestive system cancers (9)(41)(42). However, the present study did not find a linear 

causal association with the majority of cancer types studied. This is consistent with the 

previous literature on MR analyses of individual cancers of the prostate (15), colorectum 

(13), ovary (16) and breast (14) and of eight cancer types in the UK BioBank (12). 

Meta-analysis with ovarian cancer consortium data revealed a weak negative association 

with ovarian cancer (43), for which we provide some support. Lastly, the only non-digestive 

system cancer for which we found a positive causal association with coffee consumption 

was multiple myeloma in UK Biobank; but this was not replicated in FinnGen. In contrast 

a prospective study of participants of the Västerbotten Intervention Project showed an 

inverse relationship between coffee consumption and incident myeloma (44). A nested 

control of American Cancer Society volunteers (45) and The Japanese Public Health Center-

based Prospective Study did not find an observational relationship with coffee consumption 

amongst the 138 cases of multiple myeloma included (46), but there are no previous MR 

analyses for the condition for comparison. Overall, the present study provides no evidence 

for either pro- or anticarcinogenic effects for the majority of cancer types, but further 

research is warranted building upon the associations we have found with multiple myeloma, 

oesophageal and ovarian cancers.

We present the most comprehensive assessment of the association of coffee consumption 

with a broad range of site-specific cancers based on the MR design, and the first for some 

cancers, including oesophageal cancer. Unlike previous MR analyses in the area, we account 

for pleiotropic effects of BMI and smoking, which are genetically correlated with coffee 

consumption, as well as alcohol consumption, which is not clearly genetically correlated 

with coffee consumption. Although MR studies minimize bias due to confounding, we 

cannot entirely rule out that other dietary factors known to be carcinogenic, such as 

red meat consumption, might be correlated with genetic predisposition to consume more 
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coffee. We limited our analyses to individuals of European-descent to minimise population-

structure biases but this impacts upon the generalisability of the results to other populations. 

Another important limitation is the use of UK Biobank for estimation of both exposure 

and outcome datasets, which resulted in slight participant overlap with the potential for 

weak instrument bias, although this is mitigated by a relatively high F-statistic. Furthermore, 

coffee consumption varies throughout the lifetime, but as genetic variants are fixed at 

conception and our MR analyses estimated lifelong coffee consumption, we were unable to 

assess the risk of coffee consumption at different stages of life in relation to cancer risk. 

Moreover, our findings for oesophageal cancer and multiple myeloma were directionally 

consistent in an independent sample with no overlap with the coffee GWAS meta-analysis. 

Reduced power from low case numbers for some cancer types resulted in low precision 

estimates. Lastly, we were unable to assess for possible U- or J-shaped associations between 

coffee consumption and cancer risk.

Conclusions

In conclusion, we provide evidence for coffee consumption being causally associated with 

risk of oesophageal cancer with some evidence this is related to a temperature effect. 

Otherwise, our results do not support a linear causal association with the majority of 

cancer types studied, other than limited evidence for harmful and protective associations 

with multiple myeloma and ovarian cancers respectively. As this field is acknowledged by 

expert international bodies to be understudied, it is imperative that further studies explore 

these relationships and the possible mechanisms of coffee consumption in oesophageal 

carcinogenesis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This research has been conducted using the UK Biobank Resource under Application number 29202.

Funding Sources

This study did not receive any specific funding. SCL reports grants from the Swedish Research Council for Health, 
Working Life and Welfare and the Swedish Research Council during the conduct of the study. PC reports support 
from a Clinical Research Training Grant from the British Heart Foundation. SK reports support from a Cancer 
Research UK programme grant, the Integrative Cancer Epidemiology Programme (C18281/A19169) and a Junior 
Research Fellowship from Homerton College, Cambridge. SB reports support from a Sir Henry Dale Fellowship 
jointly funded by the Wellcome Trust and the Royal Society (204623/Z/16/Z).

Data Availability statement

The data that support the findings of this study are available from the corresponding author, 

SL, upon reasonable request.

Carter et al. Page 9

Clin Nutr. Author manuscript; available in PMC 2022 October 07.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



References

1. Global coffee consumption, 2020/21. Statista; [Internet]. Available from: https://www.statista.com/
statistics/292595/global-coffee-consumption/ [cited 2021 Mar 20]

2. Poole R, Kennedy OJ, Roderick P, Fallowfield JA, Hayes PC, Parkes J. Coffee consumption and 
health: umbrella review of meta-analyses of multiple health outcomes. BMJ. 2017; Nov 22. 359 
j5024 cited 2021 Mar 20 [PubMed: 29167102] 

3. Park GH, Song HM, Jeong JB. The coffee diterpene kahweol suppresses the cell proliferation 
by inducing cyclin D1 proteasomal degradation via ERK1/2, JNK and GKS3β-dependent 
threonine-286 phosphorylation in human colorectal cancer cells. Food Chem Toxicol. 2016; Sep 
1. 95: 142–8. cited 2021 Mar 20 [PubMed: 27424123] 

4. Fukushima Y, Takahashi Y, Kishimoto Y, Taguchi C, Suzuki N, Yokoyama M, et al. Consumption 
of polyphenols in coffee and green tea alleviates skin photoaging in healthy Japanese women. Clin 
Cosmet Investig Dermatol. 2020; 13: 165–72. cited 2021 Mar 20 

5. Hashimoto T, He Z, Ma W-Y, Schmid PC, Bode AM, Yang CS, et al. Caffeine Inhibits Cell 
Proliferation by G 0 /G 1 Phase Arrest in JB6 Cells. CANCER RESEARCH. 2004; 64 

6. Li G, Ma D, Zhang Y, Zheng W, Wang P. Coffee consumption and risk of colorectal cancer: A 
meta-analysis of observational studies. Public Health Nutr. 2013; Feb; 16 (2) 346–57. cited 2021 
Mar 20 [PubMed: 22694939] 

7. Cao, S, Liu, L, Yin, X, Wang, Y, Liu, J, Lu, Z. Carcinogenesis. Vol. 35. Carcinogenesis; 2014. 
Coffee consumption and risk of prostate cancer: A meta-analysis of prospective cohort studies; 
256–61. [Internet] [cited 2021 Mar 20]

8. Bravi, F, Tavani, A, Bosetti, C, Boffetta, P, La Vecchia, C. European Journal of Cancer Prevention. 
Vol. 26. Lippincott Williams and Wilkins; 2017. Coffee and the risk of hepatocellular carcinoma 
and chronic liver disease: A systematic review and metaanalysis of prospective studies; 368–77. 
[Internet] [cited 2021 Mar 20]

9. Lafranconi, A, Micek, A, Galvano, F, Rossetti, S, Del Pup, L, Berretta, M. , et al. Nutrients. Vol. 9. 
MDPI AG; 2017. Coffee decreases the risk of endometrial cancer: A dose–response meta-analysis 
of prospective cohort studies. [Internet] [cited 2021 Mar 20]

10. Wang A, Wang S, Zhu C, Huang H, Wu L, Wan X, et al. Coffee and cancer risk: A meta-analysis 
of prospective observational studies. Sci Rep. 2016; Sep 26; 6 (1) 1–13. cited 2021 Mar 20 
[PubMed: 28442746] 

11. Loomis, D, Guyton, KZ, Grosse, Y, Lauby-Secretan, B, El Ghissassi, F, Bouvard, V. , et al. The 
Lancet Oncology. Vol. 17. Lancet Publishing Group; 2016. Carcinogenicity of drinking coffee, 
mate, and very hot beverages; 877–8. [Internet] Available from: http://monographs [cited 2021 
Mar 20]

12. Ong J-S, Law MH, An J, Han X, Gharahkhani P, Whiteman DC, et al. Association between coffee 
consumption and overall risk of being diagnosed with or dying from cancer among &gt;300 000 
UK Biobank participants in a large-scale Mendelian randomization study. Int J Epidemiol. 2019; 
Oct 1; 48 (5) 1447–56. cited 2021 Mar 20 [PubMed: 31412118] 

13. Cornish AJ, Law PJ, Timofeeva M, Palin K, Farrington SM, Palles C, et al. Modifiable pathways 
for colorectal cancer: a mendelian randomisation analysis. Lancet Gastroenterol Hepatol. 2020; 
Jan 1; 5 (1) 55–62. cited 2021 Mar 20 [PubMed: 31668584] 

14. Ellingjord-Dale M, Papadimitriou N, Katsoulis M, Yee C, Dimou N, Gill D, et al. Coffee 
consumption and risk of breast cancer: A Mendelian randomization study. Rota M. PLoS One. 
2021; Jan 19. 16 (1) e0236904 cited 2021 Mar 20 doi: 10.1371/journal.pone.0236904 [PubMed: 
33465101] 

15. Taylor AE, Martin RM, Geybels MS, Stanford JL, Shui I, Eeles R, et al. Investigating the possible 
causal role of coffee consumption with prostate cancer risk and progression using Mendelian 
randomization analysis. Int J Cancer. 2017; Jan 15; 140 (2) 322–8. cited 2021 Mar 20 [PubMed: 
27741566] 

16. Ong JS, Hwang LD, Cuellar-Partida G, Martin NG, Chenevix-Trench G, Quinn MCJ, et al. 
Assessment of moderate coffee consumption and risk of epithelial ovarian cancer: A Mendelian 

Carter et al. Page 10

Clin Nutr. Author manuscript; available in PMC 2022 October 07.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

https://www.statista.com/statistics/292595/global-coffee-consumption/
https://www.statista.com/statistics/292595/global-coffee-consumption/


randomization study. Int J Epidemiol. 2018; Apr 1; 47 (2) 450–9. cited 2021 Mar 20 [PubMed: 
29186515] 

17. Zhong VW, Kuang A, Danning RD, Kraft P, Van Dam RM, Chasman DI, et al. A genome-wide 
association study of bitter and sweet beverage consumption. Hum Mol Genet. 2019; Jul 15; 28 
(14) 2449–57. cited 2021 Mar 20 [PubMed: 31046077] 

18. Clarke, L, Zheng-Bradley, X, Smith, R, Kulesha, E, Xiao, C, Toneva, I. , et al. Nature Methods. 
Vol. 9. Nature Publishing Group; 2012. The 1000 Genomes Pproject: Data management and 
community access; 1–4. [Internet] [cited 2021 Mar 20]

19. Cornelis MC, Munafo MR. Mendelian Randomization Studies of Coffee and Caffeine 
Consumption. Nutrients. 2018; Oct 1. 10 (10) cited 2021 Sep 22 

20. Taylor AE, Smith GD, Munafò MR. Associations of coffee genetic risk scores with consumption of 
coffee, tea and other beverages in the UK Biobank. Addiction. 2018; 113 (1) 148. cited 2021 Sep 
22 [PubMed: 28793181] 

21. Sudlow C, Gallacher J, Allen N, Beral V, Burton P, Danesh J, et al. UK Biobank: An Open Access 
Resource for Identifying the Causes of a Wide Range of Complex Diseases of Middle and Old 
Age. PLoS Med. 2015; 12 (3) 1001779 cited 2021 Sep 23 

22. Documentation for data releases. FinnGen; [Internet]. Available from: https://www.finngen.fi/en/
documents [cited 2021 Mar 20]

23. Pulit SL, Stoneman C, Morris AP, Wood AR, Glastonbury CA, Tyrrell J, et al. Meta-Analysis 
of genome-wide association studies for body fat distribution in 694 649 individuals of European 
ancestry. Hum Mol Genet. 2019; Jan 1; 28 (1) 166–74. cited 2021 Mar 20 [PubMed: 30239722] 

24. Liu, M, Jiang, Y, Wedow, R, Li, Y, Brazel, DM, Chen, F. , et al. Nature Genetics. Vol. 51. Nature 
Publishing Group; 2019. Association studies of up to 1.2 million individuals yield new insights 
into the genetic etiology of tobacco and alcohol use; 237–44. [Internet] [cited 2021 Mar 20]

25. Spiller W, Davies NM, Palmer TM. Software application profile: Mrrobust - A tool for performing 
two-sample summary Mendelian randomization analyses. Int J Epidemiol. 2019; Jun 1; 48 (3) 
664–90. cited 2021 Mar 20 

26. Yavorska OO, Burgess S. MendelianRandomization: An R package for performing Mendelian 
randomization analyses using summarized data. Int J Epidemiol. 2017; Dec 1; 46 (6) 1734–9. cited 
2021 Mar 20 [PubMed: 28398548] 

27. Hemani G, Zheng J, Elsworth B, Wade KH, Haberland V, Baird D, et al. The MR-base platform 
supports systematic causal inference across the human phenome. Elife. 2018; May 30. 7 

28. Tran KT, Coleman HG, McMenamin ÚC, Cardwell CR. Coffee consumption by type and risk of 
digestive cancer: a large prospective cohort study. Br J Cancer. 2019; May 28; 120 (11) 1059–66. 
cited 2021 Mar 20 doi: 10.1038/s41416-019-0465-y [PubMed: 31040384] 

29. Yu X, Bao Z, Zou J, Dong J. Coffee consumption and risk of cancers: A meta-analysis of cohort 
studies. BMC Cancer. 2011; Mar 15. 11: 96. cited 2021 Mar 20 [PubMed: 21406107] 

30. Lukic M, Nilsson LM, Skeie G, Lindahl B, Braaten T. Coffee consumption and risk of rare cancers 
in Scandinavian countries. Eur J Epidemiol. 2018; Mar 1; 33 (3) 287–302. cited 2021 Mar 20 
[PubMed: 29476356] 

31. Zhang J, Zhou B, Hao C. Coffee consumption and risk of esophageal cancer incidence. Med 
(United States). 2018; Apr 1. 97 (17) cited 2021 Mar 20 [PubMed: 29703019] 

32. Thrift AP. Global burden and epidemiology of Barrett oesophagus and oesophageal cancer. Nat 
Rev Gastroenterol Hepatol. 2021; Feb 18; 18 (6) 432–43. cited 2021 Sep 22 [PubMed: 33603224] 

33. Gapstur SM, Anderson RL, Campbell PT, Jacobs EJ, Hartman TJ, Hildebrand JS, et al. 
Associations of coffee drinking and cancer mortality in the cancer prevention study-II. Cancer 
Epidemiol Biomarkers Prev. 2017; Oct 1; 26 (10) 1477–86. cited 2021 Mar 20 [PubMed: 
28751477] 

34. Cornelis MC, Kacprowski T, Menni C, Gustafsson S, Pivin E, Adamski J, et al. Genome-wide 
association study of caffeine metabolites provides new insights to caffeine metabolism and dietary 
caffeine-consumption behavior. Hum Mol Genet. 2016; Dec 15; 25 (24) 5472–82. cited 2022 Aug 
9 [PubMed: 27702941] 

Carter et al. Page 11

Clin Nutr. Author manuscript; available in PMC 2022 October 07.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

https://www.finngen.fi/en/documents
https://www.finngen.fi/en/documents


35. Hashibe M, Galeone C, Buys SS, Gren L, Boffetta P, Zhang Z-F, et al. Coffee, tea, caffeine intake, 
and the risk of cancer in the PLCO cohort. Br J Cancer. 2015; Aug 20; 113 (5) 809–16. cited 2021 
Oct 7 [PubMed: 26291054] 

36. Cheng KK, Lam TH, Cheng KK, Day NE, Day NE, Duffy SW, et al. Pickled vegetables in the 
aetiology of oesophageal cancer in Hong Kong Chinese. Lancet. 1992; May 30; 339 (8805) 1314–
8. cited 2021 Mar 20 [PubMed: 1349991] 

37. Hu J, Nyrén O, Wolk A, Bergström R, Yuen J, Adami H-O, et al. Risk factors for oesophageal 
cancer in northeast China. Int J Cancer. 1994; 57 (1) 38–46. cited 2021 Mar 20 [PubMed: 
8150539] 

38. Wahrendorf J, Liang QS, Muñoz N, Raedsch R, Chang-Claude J, Rei YG, et al. 
PRECURSOR LESIONS OF OESOPHAGEAL CANCER IN YOUNG PEOPLE IN A HIGH-
RISK POPULATION IN CHINA. Lancet. 1989; Nov 25; 334 (8674) 1239–41. 

39. Rapozo DCM, Blanco TCM, Reis BB, Gonzaga IM, Valverde P, Canetti C, et al. Recurrent acute 
thermal lesion induces esophageal hyperproliferative premalignant lesions in mice esophagus. Exp 
Mol Pathol. 2016; Apr 1; 100 (2) 325–31. cited 2021 Mar 20 [PubMed: 26899552] 

40. Li Z, Shimada Y, Sato F, Maeda M, Itami A, Kaganoi J, et al. Promotion effects of hot water on 
N-nitrosomethylbenzylamine-induced esophageal tumorigenesis in F344 rats. Oncol Rep. 2003; 
Mar 1; 10 (2) 421–6. cited 2021 Mar 20 [PubMed: 12579283] 

41. Bøhn, SK, Blomhoff, R, Paur, I. Molecular Nutrition and Food Research. Vol. 58. Wiley-VCH 
Verlag; 2014. 915–30. [Internet] [cited 2021 Mar 20]

42. Jiang, W, Wu, Y, Jiang, X. Gynecologic Oncology. Vol. 129. Gynecol Oncol; 2013. Coffee and 
caffeine intake and breast cancer risk: An updated dose-response meta-analysis of 37 published 
studies; 620–9. [Internet] [cited 2021 Mar 20]

43. Shafiei, F, Salari-Moghaddam, A, Milajerdi, A, Larijani, B, Esmaillzadeh, A. International Journal 
of Gynecological Cancer. Vol. 29. BMJ Publishing Group; 2019. Coffee and caffeine intake and 
risk of ovarian cancer: A systematic review and meta-analysis; 579–84. [Internet] Available from: 
https://ijgc.bmj.com/content/29/3/579 [cited 2021 Mar 20]

44. Nilsson LM, Johansson I, Lenner P, Lindahl B, Van Guelpen B. Consumption of filtered and boiled 
coffee and the risk of incident cancer: A prospective cohort study. Cancer Causes Control. 2010; 
Oct 30; 21 (10) 1533–44. cited 2022 Aug 9 [PubMed: 20512657] 

45. Boffetta P, Stellman SD, Garfinkel L. A case-control study of multiple myeloma nested in the 
american cancer society prospective study. Int J Cancer. 1989; Apr 15; 43 (4) 554–9. cited 2022 
Aug 9 [PubMed: 2703267] 

46. Ugai T, Matsuo K, Sawada N, Iwasaki M, Yamaji T, Shimazu T, et al. Coffee and green tea 
consumption and subsequent risk of malignant lymphoma and multiple myeloma in Japan: The 
Japan Public Health Center-based Prospective Study. Cancer Epidemiol Biomarkers Prev. 2017; 
Aug 1; 26 (8) 1352–6. cited 2021 Mar 20 [PubMed: 28765341] 

Carter et al. Page 12

Clin Nutr. Author manuscript; available in PMC 2022 October 07.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

https://ijgc.bmj.com/content/29/3/579


Fig 1. Associations of genetic predisposition to coffee consumption with site-specific cancers.
Odds ratios are per 50% increase in coffee consumption. Results are obtained from the 

inverse-variance weighted median method with random-effects model. The I2 statistic 

quantifies the amount of heterogeneity among estimates based on individual SNPs. UKBB, 

UK Biobank; CI, confidence interval; OR, odds ratio.
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Fig 2. Associations of genetic predisposition to coffee consumption with site-specific cancers with 
adjustment for BMI.
Odds ratios are per 50% increase in coffee consumption after adjustment for genetically 

predicted BMI. Results are obtained from the inverse-variance weighted median method 

with random-effects model. BMI, Body Mass Index; UKBB, UK Biobank; CI, confidence 

interval; OR, odds ratio.
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Fig 3. Associations of genetic predisposition to coffee consumption with site-specific cancers with 
adjustment for smoking initiation.
Odds ratios are per 50% increase in coffee consumption after adjustment for genetic 

predisposition to smoking initiation. Results are obtained from the inverse-variance 

weighted median method with random-effects model. based on individual SNPs. UKBB, 

UK Biobank; CI, confidence interval; OR, odds ratio.
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Fig 4. Associations of genetic predisposition to coffee consumption with site-specific cancers with 
adjustment for both BMI and smoking initiation.
Odds ratios are per 50% increase in coffee consumption after adjustment for genetic 

predisposition to BMI and smoking initiation. Results are obtained from the inverse-variance 

weighted median method with random-effects model. UKBB, UK Biobank; CI, confidence 

interval; OR, odds ratio.
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Fig 5. Associations of genetic predisposition to coffee consumption with site-specific cancers with 
adjustment for alcohol consumption.
Odds ratios are per 50% increase in coffee consumption after adjustment for genetic 

predisposition to alcohol consumption. Results are obtained from the inverse-variance 

weighted median method with random-effects model.. UKBB, UK Biobank; CI, confidence 

interval; OR, odds ratio.
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Fig 6. Associations of genetic predisposition to caffeine consumption with site-specific cancers.
Odds ratios are per 50% increase in caffeine consumption. Results are obtained from the 

inverse-variance weighted median method with fixed-effects model. UKBB, UK Biobank; 

CI, confidence interval; OR, odds ratio.
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Fig 7. Scatter plots for Mendelian randomization analysis of coffee consumption and risk of 
oesophageal cancer
(A) associations in UK BioBank (B) associations in FinnGen. Horizontal axis: SNPs’ 

association with coffee consumption. Vertical axis: SNPs’ association with oeseophageal 

cancer.
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