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Abstract
Diet is reported to be associated with hepatocellular carcinoma (HCC), but 
whether there is a causal relationship remains unclear. This study aimed to 
explore the potential causal associations between dietary habits and HCC 
risk using Mendelian randomization in an East Asian population. From the 
BioBank Japan, we obtained summary- level genome- wide association stud-
ies data for the following six dietary habits: ever/never drinker (n = 165,084), 
alcohol consumption (n = 58,610), coffee consumption (n = 152,634), tea con-
sumption (n = 152,653), milk consumption (n = 152,965), and yoghurt con-
sumption (n = 152,097). We also obtained data on HCC (1866 cases and 
195,745 controls). Single- nucleotide polymorphisms (SNPs) that were asso-
ciated with exposures (p < 5 × 10−8) were selected as instrumental variables 
(IVs). Five, two, and six SNPs were identified for ever/never drinkers, alcohol 
consumption, and coffee consumption. One SNP was used for consumption 
of tea, milk, and yoghurt. The odds ratios (ORs) and 95% confidence inter-
vals (CIs) were calculated by inverse variance weighted (for an IV with more 
than one SNP) or Wald ratio (for an IV with one SNP). Ever/never drinkers 
(OR, 1.11; 95% CI, 1.05– 1.18; p < 0.001) and alcohol consumption (OR, 1.57; 
95% CI, 1.32– 1.86; p < 0.001) were positively associated with HCC risk. 
Conversely, coffee consumption was inversely related to HCC risk (OR, 0.69; 
95% CI, 0.53– 0.90; p = 0.007). Similar inverse associations were observed 
for consumption of tea, milk, and yoghurt, with ORs (95% CIs) of 0.11 (0.05– 
0.26), 0.18 (0.09– 0.34), and 0.18 (0.09– 0.34), respectively (all p < 0.001). 
Conclusion: There are potential causal associations between six dietary hab-
its and HCC risk. Our findings inform clinical practice by providing evidence 
on the impact of dietary habits on HCC.
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INTRODUCTION

Liver cancer is the sixth most common cause of can-
cer and ranks third for cancer mortality globally.[1] In 
some Asian countries, such as Mongolia, Thailand, 
and Cambodia, liver cancer is the most commonly 
diagnosed cancer and the leading cause of cancer 
death.[1] Owing to its poor prognosis at the time of 
diagnosis, liver cancer could impose a heavy global 
burden of disease.[2] Hepatocellular carcinoma (HCC) 
is the most common subtype of liver cancer, compris-
ing 75%– 85% of cases.[1] It is a multifactorial disease 
involving many potential etiological factors,[3] implying 
the importance of risk factor identification to inform its 
prevention.[2]

Over the past decades, many epidemiological 
studies have shown that dietary habits are associ-
ated with liver cancer risk. A meta- analysis of 16 
cohort studies found that compared with nondrink-
ers, heavy alcohol drinkers (three or more drinks 
per day) had a 16% increased risk of liver cancer.[4] 
Another meta- analysis of 26 studies showed that an 
additional intake of two cups of coffee per day was 
associated with a 35% lower HCC risk.[5] Green tea 
consumption was inversely related to liver cancer risk 
in a meta- analysis of nine cohort articles.[6] A meta- 
analysis of 15 studies also reported an inverse asso-
ciation between yogurt intake and liver cancer risk.[7] 
Nevertheless, observational studies can be biased 
by confounders and reverse causality when it comes 
to causal inferences.[8] The randomized controlled 
trial (RCT) also has its own limitations with respect 
to ethical concerns, time of observation, as well as 
resources and cost.[9] Therefore, whether there are 
causal associations between dietary habits and HCC 
risk is unclear.

Mendelian randomization (MR) was introduced as 
a study design to infer causality.[8] Most MR studies 
use genetic variants significantly associated with expo-
sures as instrumental variables (IVs) to assess the as-
sociations between genetic- predicted exposures and 
outcomes.[8] Owing to the fact that genetic variants are 
randomly inherited from parents to offspring at concep-
tion, they are less likely to be influenced by potential 
confounders and reverse causality.[8] A study design 
based on MR allows investigation of many exposures 
that cannot be studied RCTs.[9] However, to our knowl-
edge, no MR studies have been conducted to explore 
the potential causal relationships between dietary hab-
its and HCC risk.

The purpose of this study was to explore the potential 
causal associations between six dietary habits (ever/
never drinkers, alcohol consumption, coffee consump-
tion, tea consumption, milk consumption, and yoghurt 
consumption) and HCC risk based on MR analyses in 
an East Asian population.

MATERIALS AND METHODS

This MR study was reported according to the 
Strengthening the Reporting of Observational Studies in 
Epidemiology Using MR (STROBE- MR) guidelines.[10]

Data sources and IV selection

This study was based on data from the BioBank Japan 
(BBJ). From 2003 to 2018, over 200,000 East Asian 
participants aged 20– 89 years were recruited and fol-
lowed up in 12 medical institutions consisting of 66 
hospitals in the BBJ.[11,12] Informed consents were col-
lected from all subjects, and studies related to the BBJ 
were approved by the ethical committees of RIKEN 
Yokohama Institute and the Institute of Medical Science, 
University of Tokyo.[11,12] All data for this study are at 
summary level and are publicly available at JENGER 
(http://jenger.riken.jp/en/) and the National Bioscience 
Database Center Human Database (https://human dbs.
biosc ience dbc.jp/en/) without access restriction.[11,12]

For the exposure variables,[11] genome- wide asso-
ciation studies (GWAS) were conducted from data in 
the BBJ to assess single- nucleotide polymorphisms 
(SNPs) associated with ever/never alcohol drinker 
(n = 165,084), alcohol consumption (n = 58,610), cof-
fee consumption (n = 152,634), tea consumption 
(n = 152,653), milk consumption (n = 152,965), and yo-
ghurt consumption (n = 152,097). The data for the expo-
sures were obtained by a standardized questionnaire. 
For coffee, tea (green tea and other traditional tea), 
milk, and yoghurt, participants were required to iden-
tify 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). For alcohol drinking, 
participants were asked to provide the details of alcohol 
type, volume (milliliters), and frequency (per week). Two 
alcohol- related phenotypes were then included, which 
were ever (current or former) versus never drinker and 
alcohol consumption (per week). The latter was calcu-
lated by multiplying the percentage of alcohol by the 
volume and frequency. Age2, sex, and status of dis-
eases were included as the covariates in the GWAS 
of exposures. In this study, SNPs significantly related 
to the exposures were selected (p < 5 × 10−8) as IVs. 
SNPs with minor allele frequencies ≤0.05, SNPs in high 
linkage disequilibrium (LD) (LD r2 > 0.01 within 10,000 
kilobases), and palindromic SNPs (SNPs with A/T or 
C/G) with effect allele frequencies between 0.4 and 
0.7 were excluded.[10,11,13] Associated phenotypes of all 
used SNPs were checked in Ensembl (Homo sapiens 
as phenotype) (http://grch37.ensem bl.org/Homo_sapie 
ns/Info/Index) (Table S1).[14]

For the outcome measure, 1866 HCC cases in the 
BBJ[12] (1384 men and 482 women, aged 68.0 ± 8.4 
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years) and 195,745 controls (97,655 men and 98,090 
women, aged 61.6 ± 13.9 years) were recruited. For the 
case group, clinical data related to the diagnosis, sur-
gery, chemotherapy, radiotherapy, and tumor markers 
of HCC were collected through reviewing the medical 
records of cooperating institutions. HCC was diag-
nosed by physicians at each cooperating institution. 
For the control group, participants were recruited from 
four other Japanese population- based prospective co-
horts and the BBJ (participants without HCC). Those 
with esophageal cancer, gastric cancer, colorectal can-
cer, biliary tract cancer, and pancreatic cancer were 
further excluded from the control group. GWAS were 
conducted to identify HCC- related SNPs with age, sex, 
and the top five principal components as covariates.

Statistical analysis

We extracted HCC data from the BBJ based on the 
IVs established for each dietary habit. No SNPs were 
absent in the outcome data set. We harmonized the 
GWAS data of exposures and outcomes to ensure the 
effect allele was related to higher levels of exposures.

MR analyses were performed using various MR meth-
ods. For consumption of tea, milk, and yoghurt, the Wald 
ratio (WR) was used because these IVs contain only a 
single SNP. For ever/never drinkers and coffee consump-
tion (number of SNPs greater than two), inverse variance 
weighted (IVW) (fixed effects [FE] or random effects [RE]), 
MR Egger, weighted median, and weighted mode were 
applied. Scatter plots were further conducted to visualize 
the results. Leave- one- out plots were built to assess the 
association between each SNP in an IV and HCC risk. 
For alcohol consumption, only IVW was used due to the 
limited SNPs (n = 2). Cochran’s Q test was used to as-
sess SNPs heterogeneity. p < 0.05 was regarded as high 
heterogeneity, and the RE IVW was used. The odds ra-
tios (ORs) and 95% confidence intervals (CIs) of HCC risk 
for one- unit change in exposures were computed.

For an MR study to be valid, an IV should satisfy the 
following three assumptions: (1) the relevance assump-
tion that the IV is associated with the exposure; (2) the 

independence assumption that the IV is not associated 
with confounders; and (3) the exclusion restriction as-
sumption that the IV affects the outcome only through 
its effect on exposure.[15] In this study, the first assump-
tion was tested by calculating the proportion of explained 
variance (R2) and the F statistics of IVs.[15– 17] F > 10 was 
considered to be a strong IV.[17] The second and third 
assumptions are difficult to prove directly but can be par-
tially met if horizontal pleiotropy (an IV influences the out-
come through another exposure other than the one under 
investigation) is absent.[15] Horizontal pleiotropy could be 
tested by whether the MR- Egger intercept is significantly 
different from 0.[15] p > 0.05 for the MR- Egger intercept 
(p value of pleiotropy) provides no evidence that horizon-
tal pleiotropy is present.[15] The MR- Egger intercept test 
was only conducted for two exposures (ever/never drink-
ers and coffee consumption) because the SNPs used in 
the other four exposures were inadequate for the MR- 
Egger method (two or fewer SNPs).

For the power calculation, the minimum detectable 
ORs at 80% power and the power to detect an OR of 
0.90 or 1.10 were assessed through an online tool with a 
type- 1 error rate of 0.05 (http://cnsge nomics.com/shiny/ 
mRnd/).[18,19] The R2 of IVs, sample size of outcome, 
and case proportion were needed for the power cal-
culation. The minimum detectable ORs at 80% power 
were 1.33 for ever/never drinkers, 1.62 for alcohol con-
sumption, 2.19 for coffee consumption, 6.79 for tea and 
milk consumption, and 5.36 for yoghurt consumption. 
The power to detect an OR of 0.90 or 1.10 were 14% for 
ever/never drinkers, 7% for alcohol consumption, 6% 
for coffee consumption, and 5% for consumption of tea, 
milk, and yoghurt (Table 1).

All analyses were conducted using the 
TwoSampleMR package (version 0.5.6) in R (version 
4.1.0). A two- sided p < 0.05 was regarded as statisti-
cally significant.

RESULTS

Nine SNPs related to six dietary habits were extracted 
from the BBJ. Among them, five (rs1260326, rs1229984, 

TA B L E  1  Power calculation for each association between six dietary habits and hepatocellular carcinoma risk

Phenotypes VE per IV Cases proportion
Minimum detectable OR at 
80% power

Power to detect an OR 
of 0.90 or 1.10

Ever/never drinkers 3.97% 0.94% 1.33 14%

Alcohol consumption 1.11% 0.94% 1.62 7%

Coffee consumption 0.30% 0.94% 2.19 6%

Tea consumption 0.01% 0.94% 6.79 5%

Milk consumption 0.01% 0.94% 6.79 5%

Yoghurt consumption 0.02% 0.94% 5.36 5%

Note: Based on two- sided α = 0.05. The sample size for all phenotypes was n = 197,611 (1866 cases and 195,745 controls).
Abbreviations: OR, odds ratio; VE per IV, variation explained per instrumental variable.

http://cnsgenomics.com/shiny/mRnd/
http://cnsgenomics.com/shiny/mRnd/
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rs3043, rs8187929, rs671), two (rs1229984, rs671), 
and six (rs6681426, rs1260326, rs4410790, rs671, 
rs58806801, rs5760444) SNPs were selected as IVs 
for ever/never drinkers, alcohol consumption, and cof-
fee consumption, respectively. One SNP (rs671) was 
used for consumption of tea, milk, and yoghurt. The 
R2 of IVs ranged from 0.01% (tea and milk consump-
tion) to 3.97% (ever/never drinkers). The F statistics of 
IVs were 6827 for ever/never drinkers, 657 for alcohol 
consumption, 451 for coffee consumption, 22 for tea 
and milk consumption, and 26 for yoghurt consumption 
(Table S2).

People who had ever consumed alcohol had a 
higher HCC risk compared to never drinkers (RE IVW: 
OR 1.11; 95% CI, 1.05– 1.18; p < 0.001). The positive 
association was robust when MR Egger (OR, 1.13; 95% 
CI, 1.05– 1.21; p = 0.049), weighted median (OR, 1.11; 
95% CI, 1.07– 1.16; p < 0.001), and weighted mode (OR, 
1.12; 95% CI, 1.06, 1.18; p = 0.015) were used (Table 2; 
Figure S1). Similarly, alcohol consumption was pos-
itively associated with HCC risk (FE IVW: OR, 1.57; 
95% CI, 1.32– 1.86; p < 0.001) (Table 2). On the con-
trary, coffee consumption was inversely related to HCC 
risk based on RE IVW (OR, 0.69; 95% CI, 0.53– 0.90; 
p = 0.007), MR Egger (OR, 0.57; 95% CI, 0.35– 0.92; 
p = 0.082), weighted median (OR, 0.71; 95% CI, 0.57– 
0.88; p = 0.002), and weighted mode (OR, 0.62; 95% 
CI, 0.49– 0.77; p = 0.009) (Table 2; Figure S2). High 
consumption of tea, milk, and yoghurt were also in-
versely associated with HCC risk, with WR ORs (95% 
CIs) of 0.11 (0.05– 0.26), 0.18 (0.09– 0.34), and 0.18 
(0.09– 0.34), respectively (all p < 0.001) (Table 2). 
Leave- one- out analyses indicated that rs671 was the 
most important SNP for the associations of ever/never 

drinkers and coffee consumption with HCC risk (Figures 
S3 and S4). Furthermore, in an MR- Egger intercept 
test, no horizontal pleiotropy was found for SNPs used 
in ever/never drinkers or coffee consumption (p of plei-
otropy = 0.575 and 0.391, respectively) (Table 2).

DISCUSSION

In the present study, we conducted MR analyses to 
explore the potential causal associations between six 
dietary habits and HCC risk in an East Asian popula-
tion. Ever/never drinkers and alcohol consumption 
were positively associated with HCC risk. In contrast, 
the consumption of coffee, tea, milk, and yoghurt were 
inversely associated with HCC risk.

Consistent with previous observational studies, our 
study suggested that alcohol- related phenotypes (ever/
never drinkers and alcohol consumption) were positively 
associated with HCC risk. A meta- analysis of 16 co-
hort studies showed that heavy drinkers (three or more 
drinks per day) had higher liver cancer risk than non-
drinkers (relative risk [RR], 1.16; 95% CI, 1.01– 1.34).[4] 
Another meta- analysis of 11 case- control studies also 
indicated that alcohol consumption was positively as-
sociated with liver cancer risk (OR, 1.83; 95% CI, 1.39– 
2.40; higher versus lower intake).[20] A similar positive 
relationship between alcohol and HCC risk in Chinese 
populations was reported in a meta- analysis of 18 case- 
control studies (3812 HCC cases and 10,927 controls) 
(OR, 1.56; 95% CI, 1.16– 2.09; ever drinkers versus 
never drinkers).[21] There are several mechanisms that 
could explain the positive association between alcohol 
drinking and HCC/liver cancer risk. First, acetaldehyde, 

TA B L E  2  MR estimates of associations between six dietary habits and hepatocellular carcinoma risk

Phenotypes
Number of 
SNPs MR methods OR (95% CI) p value

p of 
heterogeneity

p of 
pleiotropy

Ever/never drinkers 5 0.088 0.575

RE IVW 1.11 (1.05, 1.18) <0.001

MR Egger 1.13 (1.05, 1.21) 0.049

Weighted median 1.11 (1.07, 1.16) <0.001

Weighted mode 1.12 (1.06, 1.18) 0.015

Alcohol consumption 2 FE IVW 1.57 (1.32, 1.86) <0.001 0.750 NA

Coffee consumption 6 0.016 0.391

RE IVW 0.69 (0.53, 0.90) 0.007

MR Egger 0.57 (0.35, 0.92) 0.082

Weighted median 0.71 (0.57, 0.88) 0.002

Weighted mode 0.62 (0.49, 0.77) 0.009

Tea consumption 1 WR 0.11 (0.05, 0.26) <0.001 NA NA

Milk consumption 1 WR 0.18 (0.09, 0.34) <0.001 NA NA

Yoghurt consumption 1 WR 0.18 (0.09, 0.34) <0.001 NA NA

Abbreviations: CI, confidence interval; FE, fixed effects; IVW, inverse variance weighted; MR, Mendelian randomization; NA, not applicable; OR, odds ratio; 
RE, random effects; SNP, single- nucleotide polymorphism; WR, Wald ratio.
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which is the first metabolic product of alcohol, could 
induce oxidative stress. It could generate DNA ad-
ducts, modify genes related to alcohol- metabolizing 
enzymes, and hence promote liver carcinogenesis.[22] 
Second, long- term and heavy alcohol intake could lead 
to alcoholic cirrhosis, which may progress to HCC/liver 
cancer.[20] Third, alcohol may act as a solvent, which 
could promote the penetration of other carcinogens into 
cells.[23] In addition, alcohol drinking itself could impair 
hepatic detoxification and body immunity.[20]

Coffee consumption was a protective factor for HCC 
in this MR study; this is in line with previous observa-
tional studies. A meta- analysis of 18 cohort studies 
and eight case- control studies showed that an extra 
two cups of coffee per day was associated with a 35% 
reduced HCC risk (RR, 0.65; 95% CI, 0.59– 0.72).[5] 
An umbrella review also revealed an inverse associ-
ation between coffee consumption and liver cancer 
risk (RR, 0.48; 95% CI, 0.40– 0.58).[24] Similar results 
were reported in some other meta- analyses.[25– 27] 
Several biological mechanisms were reported for the 
protective association between coffee intake and HCC/
liver cancer. First, some bioactive compounds in cof-
fee (such as chlorogenic acids and polyphenols) may 
exert an anticarcinogenic effect due to their antioxidant 
and anti- inflammatory properties.[28,29] Second, coffee 
compounds, like chlorogenic acid, could also inhibit 
the production of hyperplastic liver cell foci[30] and pre-
neoplastic liver lesions,[31] hence suppressing growth 
of liver tumor.[30] In addition, cafestol and kahweol in 
coffee may be able to improve metabolism and excre-
tion of carcinogens by promoting the activity of phase 
2 liver enzymes.[32,33] Furthermore, caffeine in coffee 
could inhibit the activity and replication of hepatitis 
virus, thereby preventing the development of liver can-
cer.[34] Moreover, coffee may be able to reduce insulin 
resistance and decrease the risk of type 2 diabetes, 
which are important risk factors for liver cancer.[35,36]

Tea consumption was inversely associated with HCC 
risk in this study, which is in agreement with previous 
observational studies. A recent umbrella review and 
meta- analysis showed that higher intake of green tea 
(versus lower intake) was related to a reduced liver can-
cer risk (RR, 0.87; 95% CI, 0.78– 0.98; p = 0.026).[37] 
Another meta- analysis of nine prospective cohort stud-
ies (465,274 participants with 3694 liver cancer cases) 
also indicated a significant inverse association be-
tween green tea consumption and liver cancer risk in 
Asian populations (RR, 0.88; 95% CI, 0.81– 0.97; the 
highest versus lowest intake).[6] One potential mech-
anism for the inverse association between tea intake 
and HCC is related to tea polyphenols. It was reported 
that some polyphenols (such as epigallocatechin gal-
late [EGCG], epigallocatechin, epicatechin gallate, and 
epicatechin) could inhibit tumor cell growth by scaveng-
ing reactive oxygen species,[38] promoting tumor cell 
apoptosis,[39] as well as suppressing angiogenesis,[40] 

DNA methylation,[41] and related enzymes.[42] Several 
studies have also reported significantly lower tumor in-
cidence and recurrence rates in animals treated with 
EGCG than in controls.[43,44]

Inverse associations between consumption of dairy 
products (milk and yoghurt) and HCC risk were ob-
served in this study, while previous epidemiological 
studies had mixed results. Compatible with our study 
findings, a meta- analysis of seven cohort studies and 
eight case- control studies found yogurt intake was in-
versely associated with liver cancer risk (RR, 0.50; 
95% CI, 0.27– 0.91; highest versus lowest intake).[7] 
The dose– response analysis also showed that a 40 
g/day increment of yogurt intake was associated with 
a 5.4% decreased risk of liver cancer (p = 0.002).[7] 
Nevertheless, in the same study, consumption of milk 
(RR, 1.17; 95% CI, 0.87– 1.57), total dairy products 
(RR, 1.08; 95% CI, 0.78– 1.51), and cheese and curd 
(RR, 1.16; 95% CI, 0.83– 1.52) were not related to liver 
cancer risk (highest versus lowest intake).[7] Another 
meta- analysis of four related studies (472 HCC cases 
and 954,592 controls) also indicated an absence of as-
sociation between fermented dairy products (yogurt or 
cheese) and HCC risk (RR, 0.75; 95% CI, 0.37– 1.54; 
intake versus no intake).[45] Several mechanisms might 
explain the possible protective associations between 
dairy products and HCC risk. First, dairy foods contain 
many beneficial components that could reduce cancer 
risk. For example, calcium was suggested to bind toxic 
secondary bile acids and free fatty acids, hence inhib-
iting their carcinogenic effect. Lactoferrin has an antitu-
mor property due to its ability to reduce DNA damage, 
which could enhance immune function and suppress 
inflammation.[46] Second, dairy products, especially 
yogurt, are associated with several cancer- related gut 
microbiota. For instance, Streptococcus thermophilus 
and Lactobacillus delbrueckii subsp. bulgaricus are two 
lactic acid bacteria that are involved in the production 
of yogurt from milk, and they have been shown to be 
effective in preventing carcinogenesis and stimulating 
the immune system.[47] However, the protective as-
sociations of milk and yogurt intake with HCC risk in 
this MR study have not been significantly presented in 
previous observational studies.[7,45] This discrepancy 
could be explained in part by the inherent limitations of 
observational studies, namely the presence of poten-
tial uncontrolled confounders that could mask the true 
association, while the MR design of this study might 
overcome this limitation.[7]

Assumptions of relevance, independence, and ex-
clusion restriction should be fulfilled for an MR study to 
be valid.[15] In the present study, the relevance assump-
tion was met because all IVs had an F statistic greater 
than 10. There was potential biological plausibility for 
the associations between the used genetic variants and 
the six dietary habits. In the case of alcohol drinking, 
the family member of aldehyde dehydrogenase (ALDH) 
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and alcohol dehydrogenase (ADH) are known alcohol- 
related genes in East Asian populations, especially for 
the ALDH2 gene (rs671). The minor A allele of rs671 
could slow acetaldehyde metabolism, thereby leading 
to the flush response and other adverse effects. As a 
result, people without the A allele may have a greater 
capacity for alcohol drinking than those with the A al-
lele.[15] For coffee, many factors are involved in its 
metabolism and biological functions. For example, cy-
tochrome P450 1A2 (CYP1A2) is an important enzyme 
for caffeine metabolism, and aryl hydrocarbon receptor 
(AHR) is an upstream inducer for CYP1A2 transcrip-
tion.[48] Cafestol may induce cell apoptosis through 
lowering the myeloid cell leukemia 1 level,[49] and caf-
feine is an antagonist for adenosine A2a receptor.[11] 
Therefore, the polymorphisms in the encoded genes of 
these factors may influence coffee consumption. For 
instance, people who carried the C allele of rs4410790 
(AHR gene) had higher coffee consumption than those 
who did not carry it.[48] Moreover, the associations be-
tween rs671 and consumption of tea, milk, and yoghurt 
may be mediated by alcohol drinking because rs671 
has a stronger effect on alcohol- related phenotypes 
than other dietary habits and these dietary habits could 
be influenced by alcohol drinking.[11]

For the independence and exclusion restriction as-
sumptions, a common SNP (rs671) was used as IVs for 
each dietary habit, suggesting that the six dietary habits 
may have pleiotropic effects (i.e., the SNP could affect 
the outcome through multiple pathways[15]). However, 
the pleiotropic effects can be classified into horizontal 
pleiotropy (the SNP affects the outcome through an-
other phenotype other than the one under investiga-
tion) and vertical pleiotropy (the SNP first affects the 
phenotype of interest, which could then influence other 
phenotypes, ultimately affecting the outcome).[15] The 
presence of horizontal pleiotropy indicates the violation 
of independence and exclusion restriction assump-
tions. The vertical pleiotropy, however, is not only ac-
ceptable in MR but is also essential to MR as it shows 
that an exposure affects a downstream outcome.[15] In 
this study, the pleiotropic effects were more likely to be 
vertical pleiotropy instead of horizontal pleiotropy as 
the effects of rs671 on ever/never drinkers and alcohol 
consumption were the strongest among the six dietary 
habits and alcohol drinking itself could affect other di-
etary habits.[11] Furthermore, in the sensitivity analyses, 
the p values of the MR- Egger intercept (p values of plei-
otropy) were used to test horizontal pleiotropy for SNPs 
used in ever/never drinkers and coffee consumption. 
The results showed that all values of pleiotropy were 
p > 0.05, suggesting that horizontal pleiotropy was not 
presented.

Although this study evaluated the potential causal 
associations between dietary habits and HCC risk in 
an East Asian population, several limitations should 
be mentioned. First, the robustness of the results of 

several exposures (consumption of alcohol, tea, milk, 
and yoghurt) could not be tested by using different MR 
methods because these exposures had a small num-
ber of SNPs. Second, owing to the low number of HCC 
cases in the outcome data set and the low explained 
variations in exposures for IVs, the statistical power for 
each association between the six dietary habits and 
HCC risk was low. Third, the summary- level data im-
posed restrictions on performing subgroup analyses 
based on important covariates (such as age, sex, and 
comorbid conditions). Fourth, the consumption of cof-
fee, tea, milk, and yoghurt was obtained by a question-
naire that only included the consumption frequency but 
not the actual consumption amount. Therefore, the ORs 
did not reflect the alteration of HCC risk for changes in 
the actual intake of these dietary habits; instead, they 
only indicated the change in HCC risk for higher versus 
lower consumption frequency. Fifth, in a two- sample 
MR study, bias caused by the winner’s curse will occur 
when data on the exposures and outcome are derived 
from the same population.[10] Nevertheless, for a binary 
outcome involving cases and controls, unbiased results 
can be obtained even in a one- sample setting if the as-
sociations between SNPs and exposures are assessed 
only in the controls.[50] In this study, all participants in 
the exposure database had absence of HCC.(11) Last, 
the results of this study should be interpreted with cau-
tion when generalizing to other ethnic populations due 
to the use of East Asian GWAS data.

In conclusion, the present MR study showed that, in 
this East Asian population, ever drinkers (versus never 
drinkers) and higher alcohol consumption are asso-
ciated with higher HCC risk. On the contrary, higher 
consumption of coffee, tea, milk, and yoghurt are asso-
ciated with lower HCC risk. These findings highlight the 
importance of maintaining healthy diet habits in HCC 
prevention. Further MR analyses with more and stron-
ger SNPs and larger HCC cases are needed. External 
validation of our finding in other ethnic populations 
based on larger HCC data sets is also necessary.
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