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Abstract
Purpose Previous observational studies have shown that alcohol and coffee were associated with colorectal cancer (CRC) 
risk, but the causal relationships have not been adequately explored. This study aimed to assess the potential causal asso-
ciations of alcohol and coffee with CRC risk using Mendelian randomization (MR) analyses in an East Asian population.
Methods Publicly available summary-level genome-wide association studies data on ever/never alcohol drinker (n = 165,084), 
alcohol consumption (n = 58,610), coffee consumption (n = 152,634), and CRC (7062 cases and 195,745 controls) were 
obtained from the BioBank Japan (BBJ). Single-nucleotide polymorphisms (SNPs) that were significantly related to the expo-
sures were identified as instrumental variables. Five, two, and six SNPs were used for ever/never alcohol drinkers, alcohol 
consumption, and coffee consumption, respectively. The inverse variance weighted method was used as the main MR method 
to calculate the odds ratios (ORs) and 95% confidence intervals (95% CIs) of CRC risk per one-unit change in exposures.
Results Genetically predicted ever/never alcohol drinkers (OR: 1.08; 95% CI 1.06, 1.11; P < 0.001) and alcohol consumption 
(OR: 1.39; 95% CI 1.21, 1.60; P < 0.001) were positively associated with CRC risk. Conversely, genetically predicted coffee 
consumption was inversely related to CRC risk, with an OR (95% CI) of 0.80 (0.64, 0.99) (P = 0.037).
Conclusion Genetically predicted alcohol use and consumption were risk factors for CRC while genetically predicted coffee 
consumption was a protective factor. Our findings highlight the effectiveness of keeping healthy dietary habits to prevent 
CRC. Further studies with more valid SNPs and CRC cases are needed. Validation of our findings is also recommended.
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Introduction

Colorectal cancer (CRC) ranked third for cancer incidence 
and second for cancer mortality worldwide in 2020 [1]. It is 
a multi-aetiological disease which involves many risk fac-
tors, such as old age, male sex, family history, smoking, 
alcohol, obesity, and unhealthy diet [2]. Therefore, identi-
fying its causative factors is critical for its prevention [2].

Previous observational studies have shown that alcohol 
and coffee were associated with CRC risk. For example, a 
meta-analysis of 61 studies reported that both moderate and 
heavy alcohol drinkers had higher CRC risk compared with 
non-drinkers or occasional drinkers [3]. A recent umbrella 
review suggested that coffee consumption was inversely 
associated with CRC risk [4]. However, observational stud-
ies could not be used to infer causal association due to the 
inevitably uncontrolled confounders and possible reverse 
causality [5–7]. Randomized controlled trial (RCT), though 
is the gold standard to infer causality, is infeasible and uneth-
ical when it comes to some dietary habits such as alcohol 
[5–7]. Thus far, it remains unclear whether alcohol and cof-
fee were causally associated with CRC risk.

Mendelian randomization (MR) is a study design for 
inferring causality [5–7]. It usually uses single-nucleotide 
polymorphisms (SNPs) as instrumental variables (IVs) to 
predict the causal effects of exposures on outcomes [5–7]. 
Since SNPs are naturally randomly assigned to individuals 
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at meiosis (like a natural RCT), MR may overcome the limi-
tations of observational studies and RCTs [5–7]. However, 
limited MR studies were performed to explore the associa-
tions of alcohol and coffee with CRC risk, and existing MR 
studies had inconsistent results. For example, Alex and col-
leagues selected three alcohol-related SNPs from a meta-
analysis and four coffee-related SNPs from the Coffee and 
Caffeine Genetics Consortium (CCGC). But they found that 
both alcohol and coffee consumption were not associated 
with CRC risk in European populations based on MR analy-
ses (26,397 CRC cases and 41,481 controls) [8]. In another 
MR study in European populations (46,155 CRC cases and 
270,342 controls), coffee consumption had different associa-
tions with CRC risk based on adoption of SNPs from differ-
ent sources [9]. More specifically, when the SNPs from the 
United Kingdom Biobank (UKB) were used, coffee was a 
risk factor for CRC; while data on SNPs extracted from the 
CCGC indicated that coffee consumption was not related to 
CRC risk.

In addition, since most related MR studies were con-
ducted in European populations, the findings could not be 
directly applied to East Asian populations due to the differ-
ent characteristics of alcohol consumption, coffee intake, 
and CRC between East Asian and European populations. For 
example, the alcohol per capita consumption (litres) of Cen-
tral Europe (11.64; 95% uncertainty intervals (UI): 10.59, 
12.68), Eastern Europe (11.55; 95% UI 9.64, 13.46), and 
Western Europe (11.13; 95% UI 10.46, 10.81) were all much 
higher than that of East Asia (7.14; 95% UI 5.34, 8.94) in 
2015 [10]. People in European regions also consumed more 
coffee than those in East Asian regions such as Japan, China, 
and India in 2017 [11]. Additionally, in 2020, for both males 
and females, the incidence of both colon cancer and rectal 
cancer were higher in Europe than in East Asia [1].

In this study, we aimed to investigate the potential causal 
associations of ever/never alcohol drinkers, alcohol con-
sumption, and coffee consumption with CRC risk using MR 
analyses in an East Asian population.

Methods

This MR study was performed and reported according to 
the strengthening the reporting of observational studies in 
epidemiology using Mendelian randomization (STROBE-
MR) guideline [6]. Ethical approval and written informed 
consents were obtained in previous studies [12, 13]. This 
study did not exceed the scope of the original ethics com-
mittee approval.

Data sources

Summary-level genome-wide association studies (GWAS) 
data on ever/never alcohol drinker (n = 165,084), alco-
hol consumption (n = 58,610), coffee consumption 
(n = 152,634), and CRC (7062 cases and 195,745 controls) 
were obtained from the BioBank Japan (BBJ) [12, 13]. 
The BBJ is the largest East Asian biobank, which consists 
of over 200,000 East Asian individuals aged 20–89 years 
old [12, 13]. Participants were recruited and followed up 
between 2003 and 2018 in 12 medical institutions in the 
BBJ. Written informed consents were obtained from all 
participants, and related studies were approved by the 
ethical committees of RIKEN Yokohama Institute and 
the Institute of Medical Science, the University of Tokyo 
[12, 13]. All GWAS data are publicly available at website 
(JENGER; http:// jenger. riken. jp/ en/) and the National Bio-
science Database Center Human Database (https:// human 
dbs. biosc ience dbc. jp/ en/) without access restriction [12, 
13].

For the exposures [12], in the BBJ, the information of 
alcohol and coffee were collected by a standardized ques-
tionnaire. For alcohol, the participants were first asked 
whether they had current or past alcohol drinking (yes or 
no). All alcohol drinkers were those who answered “yes”, 
and never drinkers were those who answered “no”. Next, 
for participants who drink alcohol currently, the informa-
tion of the type, volume (ml/day), and frequency (days/
week) of alcohol drinks were collected. The alcohol con-
sumption (g/week) was then calculated by multiplying the 
percentage of alcohol in the drinks by the volume and 
frequency. For coffee [12], a four-point scale (1 = almost 
every day, 2 = 3–4 days per week, 3 = 1–2 days per week, 
and 4 = rarely) was used to evaluate the consumption fre-
quency. SNPs with call rate <0.99, minor allele frequency 
(MAF) <0.005, or P-value of Hardy–Weinberg equilib-
rium (PHWE) <1.0 ×  10−6 were excluded during quality 
control of genotypes. GWAS were performed to identify 
SNPs associated with the three dietary habits using the fol-
lowing covariates: age,  age2, sex, and the status of diseases 
in the BBJ [12].

For the outcome, during the same period of the expo-
sures, 7062 CRC cases (4496 males and 2566 females, 
aged 67.0 ± 10.2 years old) and 195,745 controls (97,655 
males and 98,090 females, aged 61.6 ± 13.9 years old) 
were included in the BBJ [13]. Clinical data on CRC such 
as diagnosis, surgery, therapy, and tumor markers were 
provided by cooperating institutions. CRC was diagnosed 
by experienced physicians at each cooperating institution. 
Participants in the control group were recruited from other 
four Japanese population-based cohorts and the BBJ itself. 
Subjects with CRC and CRC-related cancers (esophageal 
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cancer, gastric cancer, biliary tract cancer, hepatocellular 
carcinoma, and pancreatic cancer) were excluded from the 
control group. The genotype quality control criteria for 
the outcome are the same as those for the exposures. Age, 
sex, and the top five principal components were included 
as covariates in the GWAS of CRC [13].

Instrumental variables selection

SNPs significantly (P-value <5 ×  10–8) associated with alco-
hol and coffee were selected as IVs [5–7]. SNPs with an 
effect allele frequency (EAF) ≤0.05 and palindromic SNPs 
(SNPs with A/T or C/G) with an EAF between 0.4 and 0.7 
were further excluded [5–7]. We subsequently clumped the 
SNPs in the window of 10,000 kilobases and set a threshold 
of linkage disequilibrium (LD)-r2 > 0.01 to remove SNPs in 
high LD [5–7]. Finally, five (rs1260326, rs1229984, rs3043, 
rs8187929, and rs671), two (rs1229984 and rs671), and six 
(rs6681426, rs1260326, rs4410790, rs671, rs58806801, and 
rs5760444) SNPs were identified as IVs forever/never alco-
hol drinkers, alcohol consumption, and coffee consumption, 
respectively (Table 1).

An IV should satisfy three basic MR assumptions: (1) 
the IV should be associated with the exposure (relevance 
assumption); (2) the IV should not be associated with con-
founders (independence assumption); and (3) the IV should 

affect the outcome only via the exposure (exclusion restric-
tion assumption) (Fig. 1) [5–7]. The first assumption was 
tested by calculating the explained variance (R2) and the 
F-statistics of IVs in this study [5–7]. The R2 was calculated 
by: �2 × 2 ×MAF × (1 −MAF)]∕Var(Y) , where β refers to 
the regression coefficient for one copy of the allele; MAF 
is the minor allele frequency; and Var(Y) indicates the vari-
ance of the exposure [14]. The F-statistic was calculated by: 
F =

n−k−1

k
×

R
2

1−R2
 , where n refers to the sample size of the 

exposure database; k is the number of IV; and R2 indicates 
the explained variance [15]. A F-statistic >10 was regarded 
as strong IVs [5–7]. The second and third assumptions can-
not be tested directly, but can be partially satisfied if hori-
zontal pleiotropy was not present [5–7]. Horizontal pleiot-
ropy indicated that an IV affects the outcome via another 
trait other than the one of interest [5–7]. A P-value of MR 
Egger intercept <0.05 suggested that MR Egger intercept 
was significantly different from zero, and implied that hori-
zontal pleiotropy is present [5–7].

Statistical analyses

The GWAS data on CRC were extracted according to the 
SNPs identified for the exposures. No SNP identified from 
the exposure dataset is absent in the outcome database. All 
GWAS data were then harmonized to ensure that the allele 

Table 1  Characteristics of SNPs significantly associated with alcohol and coffee

SNP Single-nucleotide polymorphism, CHR Chromosome, EA Effect allele, NEA Noneffect allele, EAF Effect allele frequency, R2 explained 
variance, GCKR Glucokinase regulator, ADH1B Alcohol dehydrogenase 1B (class I), beta polypeptide, ALDH1B1 Aldehyde dehydrogenase 
1 family member B1, ALDH1A1 Aldehyde dehydrogenase 1 family member A1, ALDH2 Aldehyde dehydrogenase 2 family member, MCL1 
MCL1 apoptosis regulator, BCL2 Family member, ENSA Endosulfine alpha, AGR3 Anterior gradient 3, protein disulphide isomerase family 
member, AHR Aryl hydrocarbon receptor, CYP1A2 Cytochrome P450 family 1 subfamily A member 2, CSK C-terminal Src kinase, ADORA2A-
AS1 ADORA2A antisense RNA 1 [Homo sapiens (human)]

Phenotypes and SNPs CHR Nearby gene EA/NEA Beta Se P-value EAF Sample size R2 F-statistics

Ever/Never alcohol drinkers 3.97% 6.827
rs1260326 2 GCKR C/T 0.011 0.0015 1.5 ×  10–13 0.52 165.084 0.02% 27
rs1229984 9 ADH1B C/T 0.038 0.0021 1.6 ×  10–72 0.30 165.084 0.08% 138
rs3043 12 ALDH1B1 C/G −0.015 0.0016 3.3 ×  10–19 0.70 165.084 0.02% 37
rs8187929 9 ALDH1A1 A/T 0.031 0.0041 4.6 ×  10–14 0.05 165.084 0.00% 5
rs671 2 ALDH2 A/G −1.815 0.0121  <1.0 ×  10−4740 0.17 165.084 3.85% 6.603
Alcohol consumption 1.11% 657
rs1229984 7 ADH1B C/T 0.070 0.0078 4.3 ×  10–19 0.30 58.610 0.06% 34
rs671 22 ALDH2 A/G −0.430 0.0092  <1.0 ×  10–450 0.17 58.610 1.05% 623
Coffee consumption 0.30% 451
rs6681426 15 MCL1, ENSA A/G −0.078 0.0118 1.1 ×  10–10 0.65 152.634 0.01% 20
rs1260326 1 GCKR C/T 0.096 0.0113 9.9 ×  10–17 0.52 152,634 0.02% 36
rs4410790 12 AGR3, AHR C/T 0.213 0.0119 8.1 ×  10–68 0.41 152.634 0.10% 155
rs671 12 ALDH2 A/G 0.354 0.0131 3.8 ×  10–153 0.17 152.634 0.14% 206
rs58806801 4 CYP1A2, CSK A/G −0.084 0.0137 2.4 ×  10–9 0.24 152.634 0.01% 14
rs5760444 12 ADORA2A-AS1 C/T −0.073 0.0114 3.7 ×  10–10 0.56 152.634 0.01% 20
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associated with higher levels of exposures was coded as the 
effect allele.

In the main MR analyses, the inverse variance weighted 
(IVW) method was used. The heterogeneity of SNPs in an 
IV was assessed by Cochran’s Q test. A P-value of hetero-
geneity <0.05 was considered as high heterogeneity and the 
random-effects (RE) IVW model was used, otherwise the 
fixed-effects (FE) IVW model was used. The odds ratios 
(ORs) and 95% confidence intervals (95% CIs) of CRC risk 
per one-unit change in exposures were calculated.

The following sensitivity analyses were conducted. First, 
to test the robustness of the associations, we performed 
MR analyses using three other MR methods (MR Egger, 
weighted median, and weighted mode) [7]. The MR Egger 
method could return unbiased results even if the exclusion 
restriction assumption is violated. In addition, the MR Egger 
intercept and corresponding P-value (P-value of pleiotropy) 
could be used to test the horizontal pleiotropy. A P-value of 
pleiotropy <0.05 was regarded as the presence of horizontal 
pleiotropy. The weighted median method takes the median 
effect of SNPs in an IV and allows up to 50% SNPs vio-
late the three MR assumptions. The weighted mode method 
clusters SNPs in an IV into several groups according to the 
SNP-exposure associations, and computes the MR estimates 
based on the group with the largest number of SNPs. There-
fore, the results will be unbiased if the SNPs in the largest 
group do not violate the three MR assumptions. Second, 
scatter plots were performed to visualize the association 
between SNP-exposure and SNP-outcome effects. Third, 
leave-one-out analyses were used to evaluate the effect of 
each SNP on CRC. The above sensitivity analyses were only 
performed for ever/never alcohol drinkers and coffee con-
sumption, because the number of SNPs used in alcohol con-
sumption were inadequate for the other three MR methods 
(SNPs number = 2).

Power calculations were conducted using an online tool 
(http:// cnsge nomics. com/ shiny/ mRnd/) [16, 17], assuming 
a type-I error rate of 0.05. The needed data (R2 and sample 
size and cases proportion of outcome) were obtained from 
the BBJ [12, 13]. The minimum/maximum ORs to reach a 
power of 80% were 1.18/0.83 for ever/never alcohol drink-
ers, 1.33/0.68 for alcohol consumption, and 1.63/0.40 for 

coffee consumption. In addition, to detect an OR of 0.90 or 
1.10, the statistical powers were 37% for ever/never alcohol 
drinkers, 14% for alcohol consumption, and 7% for coffee 
consumption (Table 2).

All MR analyses were performed using the TwoSam-
pleMR package (version 0.5.6) in R (version 4.1.0). The 
details on R codes were shown in Online Resource 1. 
A two-sided P-value <0.05 was considered statistically 
significant.

Results

The characteristics of SNPs used in this study are shown 
in Table 1. Briefly, the IVs could explain 3.97% variance 
for ever/never alcohol drinkers, 1.11% variance for alcohol 
consumption, and 0.30% variance for coffee consumption. 
The F-statistics of IVs were 6827 for ever/never alcohol 
drinkers, 6603 for alcohol consumption, and 451 for coffee 
consumption. For the main analyses (Table 3), compared 
with never alcohol drinkers, ever alcohol drinkers had higher 
CRC risk (IVW-FE OR 1.08; 95% CI 1.06, 1.11; P < 0.001). 
Alcohol consumption was also positively associated with 
CRC risk (IVW-FE OR 1.39; 95% CI 1.21, 1.60; P < 0.001; 
per standard deviation (SD) increase). Conversely, coffee 
consumption was inversely related to CRC risk (IVW-RE 
OR: 0.80; 95% CI 0.64, 0.99; P = 0.037; higher versus lower 
consumption frequency).

In sensitivity analyses, all results of ever/never alcohol 
drinkers and coffee consumption were robust when three 
other MR methods were used (Table 3, Online Resources 2 
and 3). The ORs (95% CIs) of MR Egger, weighted median, 
and weighted mode were 1.08 (1.04, 1.12), 1.08 (1.06, 1.11), 
and 1.08 (1.05, 1.10) for the association between ever/never 
alcohol drinkers and CRC risk. For coffee consumption, 
the ORs (95% CIs) of MR Egger, weighted median, and 
weighted mode were 0.58 (0.47, 0.71), 0.78 (0.69, 0.89), and 
0.67 (0.58, 0.76). In addition, no horizontal pleiotropy was 
found for the SNPs of ever/never alcohol drinkers (P-value 
of pleiotropy = 0.848) and coffee consumption (P-value of 
pleiotropy = 0.059) (Table 3). Furthermore, the leave-one-
out analyses showed that rs671 played the most significant 

Table 2  Power calculation for the associations of alcohol and coffee with colorectal cancer risk

R2 Explained variance, OR Odds ratio

Phenotypes R2 Sample size (cases/controls) Cases proportion Minimum/Maximum 
detectable ORs at 80% 
power

Power to detect an 
OR of 0.90 or 1.10

Ever/Never alcohol drinkers 3.97% 202,807 (7062/195,745) 3.48% 1.18/0.83 37%
Alcohol consumption 1.11% 202,807 (7062/195,745) 3.48% 1.33/0.68 14%
Coffee consumption 0.30% 202,807 (7062/195,745) 3.48% 1.63/0.40 7%

http://cnsgenomics.com/shiny/mRnd/
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role in the associations of ever/never alcohol drinkers and 
coffee consumption with CRC risk (Online Resources 4 
and 5).

Discussion

In this study, MR analyses were performed to investigate 
the potential causal associations of alcohol and coffee with 
CRC risk in an East Asian population. We found that ever 
alcohol drinkers (versus never drinkers) and higher alcohol 
consumption (versus lower) were associated with increased 
CRC risk. In contrast, higher coffee consumption (versus 
lower) was associated with reduced CRC risk.

Consistent with our study, alcohol is an established risk 
factor for CRC in most previous observational studies. A 
meta-analysis pooled 16 studies revealed that each 10 g 
increase of alcohol intake per day was associated with a 
7% increase in CRC risk (relative risk (RR): 1.07; 95% CI 
1.05, 1.09) [18]. Another meta-analysis of 27 cohort and 
34 case–control studies also suggested that compared to 

never or occasional drinkers, moderate (RR: 1.21; 95% CI 
1.13, 1.28) and heavy drinkers (RR: 1.52; 95% CI 1.27, 
1.81) had higher CRC risk [3]. However, a J-shape rela-
tionship was found in a meta-analysis, suggesting that 
CRC was inversely associated with light to moderate alco-
hol intake (≤2 drinks/day), but was positively related to 
heavy intake (≥3 drinks/day), whereas the inverse associa-
tion may be explained by potential residual confounding 
or chance [19]. To our knowledge, only one MR study 
reported that alcohol consumption was not related to 
CRC (OR: 1.60; 95% CI 0.85, 3.04; P = 0.15) in European 
populations [8]. While the relative low number of SNPs 
(three SNPs compared to six SNPs in our study) with a 
limited explained variance (0.20% compared to 3.97% in 
our study) may be the main drivers for the null association 
[8]. Details on the comparisons between SNPs used in the 
current MR study and previous MR studies were shown 
in Online Resource 6. The carcinogenicity of alcohol has 
been attributed to the production of acetaldehyde, which 
could disrupt deoxyribonucleic acid (DNA) replication 
and repair [20]. The reactive oxygen species generated 

Table 3  MR estimates for the associations of alcohol and coffee with colorectal cancer risk based on IVW, MR Egger, weighted median, and 
weighted mode

MR Mendelian randomization, IVW Inverse variance weighted, SNP Single-nucleotide polymorphism, OR Odds ratio, CI Confidence interval, 
FE Fixed effects, NA Not applicable, RE Random effects

Phenotypes and MR methods Number of 
SNPs

OR (95% CI) P-value P-value of 
heterogeneity

MR Egger intercept (95% CI) P-value of 
pleiotropy

Ever/Never alcohol drinkers 5
IVW-FE 1.08 (1.06, 1.11)  <0.001 0.186
MR Egger 1.08 (1.04, 1.12) 0.022 0.003 (−0.027, 0.034) 0.848
Weighted median 1.08 (1.06, 1.11)  <0.001
Weighted mode 1.08 (1.05, 1.10) 0.005
Alcohol consumption 2
IVW-FE 1.39 (1.21, 1.60)  <0.001 0.121 NA NA
Coffee consumption 6
IVW-RE 0.80 (0.64, 0.99) 0.037  <0.001
MR Egger 0.58 (0.47, 0.71) 0.006 0.069 (0.033, 0.104) 0.059
Weighted median 0.78 (0.69, 0.89)  <0.001
Weighted mode 0.67 (0.58, 0.76) 0.002

Fig. 1.  The directed acyclic 
graph of the current study and 
three Mendelian randomization 
assumptions. A1: Relevance 
assumption: the instrumental 
variable is associated with the 
exposure. A2: Independence 
assumption: the instrumental 
variable is not to be associated 
with confounders. A3: Exclu-
sion restriction assumption: the 
instrumental variable affects the 
outcome only via the exposure
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from alcohol may also play a carcinogenic role [19]. In 
addition, alcohol has been reported as a solvent that could 
promote the penetration of carcinogens into cells [21].

Coffee consumption was found to be inversely associated 
with CRC in this study, whilst previous observational studies 
presented mixed results. In line with our study, an umbrella 
review reported that coffee intake was inversely associ-
ated with CRC incidence (RR: 0.88; 95% CI 0.81, 0.96; the 
highest versus lowest intake) [4]. Nevertheless, the umbrella 
review failed to find a significant association between per 
1 cup/day coffee intake and CRC (RR: 0.99; 95% CI 0.98, 
1.01) [4]. A dose–response meta-analysis of cohort studies 
also showed that with the increase of the amount of coffee 
intake (from 1 cup/day to 6 cups/day), the CRC risk did 
not change significantly [22]. Similarly, some other meta-
analyses reported an absence of relationship between coffee 
consumption and CRC risk [16, 23].

Previous MR studies also had inconclusive results for the 
potential causal association between coffee intake and CRC 
risk. A MR study based on European populations (26,397 
CRC cases and 41,481 controls) identified four SNPs from 
the CCGC for coffee intake. But the MR analyses showed 
that coffee consumption (per SD increase) was not related 
to CRC risk (OR: 1.17; 95% CI 0.88, 1.55; P = 0.27) [8]. 
In another MR study conducted in European populations 
(46,155 CRC cases and 270,342 controls), Ong et al. [9] 
identified 36 SNPs from the UKB and six SNPs from the 
CCGC. However, different results were observed when 
the two sets of SNPs were used in MR analyses. One addi-
tional cup of coffee intake per day was associated with a 
43% increase in CRC risk (OR: 1.43; 95% CI 1.22, 1.67; 
P < 0.001) when SNPs were used from the UKB, while a 
null association was reported when SNPs were adopted from 
the CCGC (OR: 1.15; 95% CI 0.92, 1.46; P = 0.22).

There were several potential explanations for the com-
plicated relationship between coffee consumption and CRC 
risk. First, the inconclusive results may be partly explained 
by the carcinogenic and anticarcinogenic properties of cof-
fee. On one hand, several components in coffee (such as 
caffeine and acrylamide) may act as carcinogens and pro-
mote carcinogenesis [22]. On the other hand, some other 
components may play anticarcinogenic roles. For example, 
diterpenes cafestol and kahweol could reduce the formation 
of bile acids and some DNA adducts, which were important 
CRC promoters [22, 24, 25]. Polyphenols, such as flavonoids 
and chlorogenic acids, may also play antitumor roles due to 
their antioxidant and insulin resistance reduction abilities 
[26, 27]. Moreover, coffee could increase colonic motility 
and hence decrease intestinal transport time [28], thereby 
reducing the exposure of epithelial cells to potential car-
cinogens [3]. These results suggested that future MR studies 
may need to separately evaluate the relationships between 
caffeinated and decaffeinated coffee and CRC risk.

Second, the differences in the used SNPs between the cur-
rent MR study and the previous MR studies may play roles 
in the different results. In our study, six SNPs were identified 
for coffee consumption. While Alex et al. [8] selected four 
SNPs from the CCGC in their MR study, and Ong et al. [9] 
used 36 SNPs from the UKB and six SNPs from the CCGC. 
Details on these SNPs were shown in Online Resource 6. 
Briefly, all SNPs used in MR studies can explain only a lim-
ited variance in coffee intake (from 0.30 to 0.83%). Among 
the six SNPs used in our study, two SNPs (rs4410790 and 
rs1260326) overlapped with the two European MR stud-
ies [8, 9]. The overlap suggested that there may be shared 
biological effects of some SNPs on coffee consumption in 
different ethnicities. While the use of other different SNPs 
may be a contributor to the different results between our 
study and previous MR studies. Further internal and external 
validation are needed to confirm the association between 
genetically predicted coffee intake and CRC risk.

Three assumptions for an IV must be fulfilled for a MR 
study to be valid (relevance, independence, and exclusion 
restriction assumption) [5–7]. In this study, the first assump-
tion was met because the F-statistics of all IVs were >10. 
The associations between the used SNPs and exposures 
(alcohol and coffee) may have potential biological plausi-
bility. For alcohol, most selected SNPs are located in alde-
hyde dehydrogenase (ALDH) and alcohol dehydrogenase 
(ADH) genes, which are known alcohol-related genes in East 
Asian populations. For example, people who carry the A 
allele of rs671 (ALDH2 gene) may drink less alcohol than 
those who do not carry it, because the A allele can slow the 
acetaldehyde metabolism and then cause flush response [5]. 
For coffee, the used SNPs are located in genes that encode 
factors related to the metabolism and biological functions 
of coffee. For example, cytochrome P450 1A2 (CYP1A2) 
is an enzyme involved in caffeine metabolism [29]. Aryl 
hydrocarbon receptor (AHR) exerts as an upstream inducer 
for CYP1A2 transcription [29]. Caffeine is able to block the 
adenosine A2a receptor (ADORA2A) [12]. Cafestol could 
induce cell apoptosis by decreasing the level of MCL1 [30]. 
Thus, coffee consumption could be affected by the poly-
morphisms of these genes. For instance, people with the C 
allele of rs4410790 (AHR gene) could drink more coffee 
than those without [29]. In addition, two SNPs were used 
for both alcohol and coffee (rs1260326 and rs671). The for-
mer one is located in glucokinase regulator (GCKR) gene 
which is significantly associated with the level of plasma 
glucose and multiple metabolic traits [31]. Hence, variation 
in GCKR gene may influence the glucose sensing in the 
brain, thereby affecting the central pathways that respond to 
alcohol and coffee [31]. Similarly, since another SNP (rs671) 
is significantly related to alcohol and alcohol drinking could 
influence other drinking behaviors like coffee, the associa-
tion between the SNP and coffee may reflect a vertical effect 
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[10]. In addition, the second and third assumptions were 
partly tested by the MR Egger intercept test in the current 
study. We found no evidence of horizontal pleiotropy for 
the SNPs used for ever/never alcohol drinkers and coffee 
consumption. These sensitivity analyses suggested that the 
two assumptions were not violated.

This study explored the potential causal associations of 
alcohol and coffee with CRC risk using MR analyses in 
an East Asian population. However, there are some limita-
tions. First, for coffee consumption, the BBJ only collected 
the information of consumption frequency but not the 
actual consumption amount. In the BBJ, the participants 
were asked to clarify the consumption frequency based on 
a four-point scale (1 = almost every day, 2 = 3–4 days per 
week, 3 = 1–2 days per week, and 4 = rarely). Thus, the 
ORs only reflected the CRC risk change between higher 
versus lower consumption frequency, but not the actual 
amount of coffee intake. Further MR studies with more 
detailed coffee information in East Asian populations are 
needed. Second, since the participants of the exposures 
and outcome were derived from the same population in 
this study, MR estimates might be biased due to the sample 
overlap (known as weak instrument bias) [32]. This bias 
has been shown to inflate the Type 1 error rate and increase 
the false positive rate [32]. However, it was reported that 
for a categorical outcome involving both cases and con-
trols, if the SNP-exposure association was only measured 
in controls, unbiased estimates could be obtained even in a 
one-sample setting [32]. In this study, none of the partici-
pants in the exposure dataset had CRC, which reduced the 
probability of bias [12]. Third, low statistical powers were 
found for most associations, suggesting that the explained 
variances of used SNPs were low and the number of CRC 
cases were not enough. Fourth, we could not perform 
stratified analyses based on important covariates (such as 
age, sex, and anatomic sites) due to the use of summary-
level GWAS data. Last, since all GWAS data used in this 
study were based on East Asian populations, our findings 
should be interpreted with caution when generalizing to 
other ethnic populations.

Overall, this MR study found that CRC risk was posi-
tively associated with ever/never alcohol drinkers and 
alcohol consumption, but was inversely associated with 
coffee consumption. Our findings provided potential 
causal associations between the two beverages and CRC 
risk. People are encouraged to adopt healthy dietary habits 
to prevent CRC. Future MR studies with more valid SNPs, 
more detailed coffee information, and more CRC cases are 
needed. Internal and external validation are also recom-
mended to confirm the findings.
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