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Nine dietary habits and risk of colorectal 2
cancer: a Mendelian randomization study

Mengyang He'", Luyao Huan?', Xuan Wang', Yingyi Fan®* and Jinchang Huang®"

Abstract

Background Epidemiological studies have provided evidence that there is an association between diet and
colorectal cancer. However, the causal relationship between dietary habits and colorectal cancer remains unknown.

Methods The UK Biobank provided summary-level genome-wide association study data for nine dietary habits,
including alcohol consumption (n=>549,703), instant coffee consumption (n=250,308), fruit consumption
(n=210,947), meat consumption (n=210,947), full cream milk consumption (n=41,306), sweets consumption
(n=25,521), tea consumption (n=501,494), vegetable consumption (n=210,947), and yogurt/ice cream consumption
(n=210,947). Additionally, data on colorectal cancer were collected, consisting of 5,567 cases and 372,016 controls.
The MR analysis employed inverse variance weighted, weighted median, MR-Egger regression, and MR multivariate
residuals tests.

Results In the predominantly European population, a positive association was observed between vegetables
(OR=1.014, 95% Cl=1.000-1.029, p=0.048) and an increased risk of colorectal cancer. The results for vegetable did
not survive correction for multiple comparisons. However, no strong evidence was found for other dietary factors,
such as alcohol (OR=1.012,95% CI=0.974-1.051, p=0.556), fruit (OR=1.007, 95% CI=0.986-1.029, p=0.512), meat
(OR=1.000, 95% C1=0.987-1.026, p=0.968), full cream milk (OR=1.019, 95% CI=0.979-1.061, p=0.357), sweets
(OR=0.998, 95% ClI=0.991-1.004, p=0.524), and tea (OR=1.002, 95% CI=0.994-1.009, p=0.672), with regards to
colorectal cancer risk in the European population.

Conclusions Our study highlights the need for a more nuanced approach to dietary recommendations for CRC
prevention, with greater emphasis adherence to the Mediterranean dietary pattern.
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Introduction

Colorectal cancer (CRC) is a prevalent malignant tumor
globally, ranking third in frequency and second in mor-
tality after lung cancer. In 2020, more than 1.9 million
new cases and 935,000 deaths were reported [1], and if
the current trend persists, the burden of CRC will surge
by 60% to over 2.2 million cases and 1.1 million deaths
annually by 2030 [2]. Although lifestyle factors and meta-
bolic conditions like smoking, physical inactivity, seden-
tary behavior, and diabetes mellitus have been linked to
an increased incidence and mortality of CRC, the exact
cause of the disease remains unclear [3—8]. Consequently,
CRC is a multifactorial condition involving many poten-
tial etiological factors, emphasizing the need for identify-
ing risk factors to aid in its prevention.

Over the past few decades, numerous epidemiological
studies have established a correlation between specific
dietary patterns and the risk of colorectal cancer (CRC).
According to the Global Burden of Disease study (GBD)
2019, dietary factors are considered to be one of the most
critical factors impacting the prognosis of CRC. Dietary
compounds have the potential to influence CRC in vari-
ous ways [9, 10]. For example, a meta-analysis of 13 pro-
spective cohort studies conducted by Zhong et al. [11]
in 2020 revealed that compliance with a Mediterranean
diet was associated with a 10% reduction in CRC inci-
dence. Similarly, Bradbury et al. (2019) [12] found that
individuals who consumed an average of 76 g of red and
processed meats daily had a 20% higher risk of CRC than
those who consumed only 21 g daily. While some studies
have reported positive results for a vegetarian diet in pre-
venting and treating CRC [13, 14], others have produced
conflicting results [15-17]. Therefore, it remains unclear
whether there are any causal associations between
dietary habits and CRC risk.

Mendelian randomization (MR) is a genetically
informed methodology that utilizes single-nucleotide
polymorphisms (SNPs) as instrumental variables (IVs)
for risk factors of interest. This approach provides a valid
way to assess causality free from confounding or reverse
causality bias [18]. Unlike randomized controlled trials
(RCTs) [19], MR allows investigation of many exposures
that cannot be studied using RCTs. However, to date, no
MR studies have explored the potential causal relation-
ships between dietary habits and colorectal cancer (CRC)
risk.

The aim of this study is to examine the potential causal
associations between nine dietary habits (vegetable
consumers, alcohol consumption, instant coffee con-
sumption, tea consumption, milk consumption, yoghurt
consumption, meat consumption, fruit consumption, and
sweets consumption) and CRC risk using MR analyses.
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Methods

Genetic variants associated with 9 dietary habits

This MR study is reported according to the reporting
guidelines for enhancing observational epidemiological
studies using MR (STROBE-MR). The data for this study
were obtained from UK Biobank (https://www.nealelab.
is/uk-biobank) and are publicly available without access
restrictions. To increase the number of single nucleo-
tide polymorphisms (SNPs) related to dietary habits, a
more relaxed threshold (p<5x107°) was used, and the
chain imbalance was set to LD (r?<0.001) to ensure study
robustness. An F-statistic for SNPs greater than the con-
ventional value of 10 was used to assess the potential of
the tool to predict instrumental variable [20].

The exposure instrumental variable was assessed using
nine genome-wide association studies (GWAS) based
on UK Biobank data, which examined the association
between SNPs and vegetable consumption (n=210,947),
vegetables (female), vegetables (male) consumption, fruit
consumption (n=210,947), beef intake consumption
(n=69,687), tea consumption (n=501,494), meat con-
sumption (n=210,947), sweets consumption (n=25,521),
decaffeinated coffee consumption (n=88,784), ground
coffee consumption (n=115,952), instant coffee con-
sumption (n=250,308), other type of coffee consump-
tion (n=8,754), full cream milk consumption (n=41,603),
skimmed milk consumption (n=119,480), semi-skimmed
milk consumption (n=382,990), soya milk consumption
(n=22,717), other type of milk consumption (n=9,933)
and yogurt/ice cream consumption (n=210,947).

To provide a more detailed analysis of the types of alco-
hol consumption, we included ten phenotypes related to
alcohol consumption, including alcohol (female), alcohol
(male), alcohol intake frequency (n=501,494), alcohol
drinker status (current) (n=549,703), alcohol drinker sta-
tus (previous) (n=21,317), alcohol drinker status (never)
(n=25,396), red wine consumption (n=60,887), rose
wine consumption (n=11,404), white wine consumption
(n=48,877), and fortified wine consumption (n=7,585).
Using a touch-screen tablet, the participants filled in the
prepared relevant questionnaire, from which the instru-
mental variables were obtained. This resource may be
accessed at: https://biobank.ndph.ox.ac.uk/showcase/
ukb/docs/TouchscreenQuestionsMainFinal.pdf.

GWAS summary data for CRC

UK Biobank Cohort Study’s GWAS vyielded overall can-
cer risk data for 5,567 cases and 372,016 controls [21].
Briefly, cancer cases were categorized according to
ICD-9 (http://www.icd9data.com/2007/Volumel/default.
htm) and ICD-10 (https://icd.who.int/browsel0/2016/
en), with data completed through September 2019, and
controls were defined as individuals without any cancer
code (ICD10 or ICD2) and without a self-reported cancer
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diagnosis. More information on estimation and quality
control measures can be found in other topics [22]. We
retrieved the data from the IEU OPEN GWAS PROJ-
ECT and extracted the single nucleotide polymorphisms
(SNPs) associated with various dietary habits, along with
their effect sizes and standard errors. Any SNPs with
intermediate allele frequency were removed from the
analysis. Detailed information on the SNPs associated
with each dietary habit and their association with CRC
can be found in Supplementary Table 1.

Statistical analyses

After obtaining GWAS summary data for different
dietary habits and CRC from UK Biobank, we employed
various MR methods to determine MR estimates for the
different dietary habits in CRC, including inverse vari-
ance weighted (IVW), weighted median, and MR-Egger.
Since these methods have different underlying assump-
tions regarding horizontal pleiotropy, using multiple
methods helped increase the robustness of our results.
Our main result was based on an inverse variance-
weighted meta-analysis of Wald ratios for individual
SNPs, assuming that the instrument could only influence
the results through exposure of interest and not through
any alternative pathway [23].

To complement our IVW estimates, we also used MR-
Egger and weighted median methods. While these meth-
ods are less efficient and have wider confidence intervals,
they can provide more robust estimates across a wider
range of scenarios. Sensitivity analysis played a crucial
role in our MR study, allowing us to detect potential
pleiotropy. We used a heterogeneity marker (Cochran
Q-derived p<0.05) from the IVW method to indi-
cate potential horizontal pleiotropy, while the intercept
obtained from MR-Egger regression indicated directional
pleiotropy (p<0.05 was considered evidence of direc-
tional pleiotropy) [24]. We also used the Bonferroni mul-
tiple correction method.

To assess whether MR estimates were driven or biased
by individual SNPs, we performed leave-one-out analy-
sis. All analyses were performed using Two-Sample MR
in R (version 4.2.2) The study frame chart is presented in
Fig. 1.

Results

Causal effect from 9 dietary habits to CRC

Using an IVW random effects model with 12 SNPs asso-
ciated with vegetable consumers, we found a poten-
tially causal effect of vegetable consumers on CRC risk
that was significant (OR=1.014, 95% CI=1.000-1.029,
p=0.048) (Fig. 2A). Meanwhile, similar risk estimates
were obtained using the weighted median (WM) method
(OR=1.019, 95% CI=1.000-1.038, p=0.045) (Table 1).
The results for vegetable did not survive correction
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for multiple comparisons (The corrected p-value was
0.0028).

The p-value of Cochran Q test for MR-Egger was
6.13E-01 and for IVW was 6.39E-01. That is, there was no
heterogeneity in the causal association between vegeta-
bles and CRC. Figure 3A shows the MR regression slope
and individual causal estimates for each of the 12 SNPs.
In addition, there was no evidence of significant intercep-
tion (intercept=1.95E-04, SE=2.41E-04, P=4.38E-01),
indicating that no directional pleiotropy was observed. In
addition, the funnel plot was symmetrical, suggesting no
pleiotropy (Fig. 3B). In the leave-one-out sensitivity anal-
ysis, no single SNP strongly violated the overall effect of
vegetables on CRC (Fig. 3C).

We found no potential causal association between
vegetables (female) (OR=1.003, 95% CI=0.981-1.026,
p=0.788), vegetables (male) (OR=1.006, 95% CI=0.995—
1.017, p=0.320), fruit (OR=1.007, 95% CI=0.986—1.029,
p=0.512), red beef intake (OR=1.002, 95% CI=0.992—
1.013, p=0.692), tea (OR=1.002, 95% CI=0.994—1.009,
p=0.672), meat (OR=1.000, 95% CI=0.987-1.013,
p=0.968), sweets (OR=0.998, 95% CI=0.991-1.004,
p=0.524) (Fig. 2A) on CRC risk. And there was no het-
erogeneity in the causal relationship between these expo-
sure dietary factors and CRC risk (Table 1). The results
of MR regression analysis, funnel plots and leave-one-
out sensitivity analysis can be found in Supplementary
Figs. 1-7.

We also found no potential causal effect on CRC risk
for alcohol drinker status (current) (OR=1.012, 95%
CI=0.974-1.051, p=0.556), alcohol drinker status
(never) (OR=1.01., 95% CI=0.957-1.067, p=0.715), alco-
hol drinker status (previous) (OR=1.001, 95% CI=0.935—
1.072, p=0.971), alcohol (female) (OR=1.004, 95%
CI=0.998-1.011, p=0.184), alcohol (male) (OR=1.001,
95% CI=0.993-1.008, p=0.870), alcohol intake frequency
(OR=0.999, 95% CI=0.997-1.001, p=0.154), white wine
(OR=1.001, 95% CI=0.997-1.005, p=0.708), fortified
wine (OR=0.997, 95% CI=0.981-1.014, p=0.764), and
red wine (OR=1.000, 95% CI=0.997-1.002, p=0.893)
(Fig. 2B). And there was no heterogeneity in the causal
relationship between these exposure dietary factors and
CRC risk (Table 1). The results of MR regression analysis,
funnel plots, and leave-one-out sensitivity analysis can be
found in Supplementary Figs. 8-16.

Our findings suggest no potential causal link between
coffee (Fig. 2C) and milk (Fig. 2D) and CRC. And there
was no heterogeneity and pleiotropy in the causal rela-
tionship between these exposure factors and CRC
(Table 1). The results of MR regression analysis, funnel
plots and leave-one-out sensitivity analysis can be found
in Supplementary Figs. 17-25.

Due to the large directional pleiotropy (P <0.05) for the
two instrumental variables of rose wine yogurt/ice cream,
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Fig. 1 Study flame chart of the Mendelian randomization study revealing the causal relationship between dietary habits and colorectal cancer

we deemed it of little significance to further analyze the
causal association with CRC.

Causal effects of different dietary habits on potential CRC
risk factors

Our study aimed to investigate whether the association
between 9 genetically determined dietary habits and CRC

is influenced by pleiotropic pathways related to CRC. To
achieve this, we employed the IVW approach to analyze
the association between these dietary habits and vari-
ous CRC risk factors, including family history of diges-
tive organ malignancies, history of tobacco, diabetes, and
inflammatory bowel disease. Our analysis revealed no
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for dietary habits of coffee and colorectal cancer. (D) Odds ratio plot for dietary habits of milk and colorectal cancer

causal effect of the nine dietary habits on these potential
risk factors for CRC, as presented in Table 2.

Discussion

We employed a multi-sample MR approach to compre-
hensively evaluate the potential causal effect of various
dietary habits on the incidence of CRC. According to our
findings, no conclusive evidence supports a causal rela-
tionship between the genetic prediction of certain food
habits, such as tea and coffee, and CRC risk. We did
observe a causal effect of the genetic prediction of veg-
etables on CRC risk. However, the results for vegetable
did not survive correction for multiple comparisons.

It is widely accepted that dietary fiber have chemother-
apeutic potential for treating cancer through direct action
in the gastrointestinal tract, such as by reducing trans-
port time and contact of carcinogens with the colonic
mucosa, increasing carcinogen binding, and production
of short-chain fatty acids [25]. However, previous cohort
studies and meta-analyses have shown no significant
association between vegetable consumers and reduced
risk of CRC [14, 15]. Interestingly, the large cohort study
of the European Prospective Investigation into Cancer
and Nutrition (EPIC-Oxford) showed a higher incidence
of CRC in vegetarians than in meat-eaters [26].

A long-term cohort study by Gilsing et al. showed
that vegetarians did not have a significantly lower risk
of colorectal cancer compared to 6-7 days/week meat
consumers [14]. Interestingly, our findings also suggest a
positive causal link between vegetables and CRC. There-
fore, we disagree that eliminating animal protein sources
from the diet is beneficial to human health [15]. It is rec-
ommended following the Mediterranean dietary pattern
for CRC prevention, which involves a high intake of olive
oil and plant foods (fruits, vegetables, legumes, nuts, and
whole grains), moderate consumption of fish, poultry,
dairy products, and alcohol, and a low intake of red meat,
processed foods, and confectionery [27, 28].

The causal relationship between dietary habits, particu-
larly alcohol consumption, and CRC has attracted grow-
ing attention. A MR analysis conducted on a Japanese
population suggests a potential causal link between alco-
hol consumption and CRC risk in Asians [29]. Another
MR analysis examining alcohol consumption and CRC
risk found that genetically predicted alcohol use and con-
sumption is a risk factor for CRC, while genetically pre-
dicted coffee consumption is protective [30].However,
these studies on alcohol consumption were conducted
on Asian populations. Interestingly, epidemiological evi-
dence suggests that increased alcohol consumption is not
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significantly associated with CRC risk in the UK Dietary
Cohort Consortium [31]. A cohort study by Song-Yi Park
et al. [32] indicates that not all alcohol is associated with
CRC and that the relationship between alcohol and CRC
varies by race/ethnicity. Another MR study [33] involving
participants from the UK Biobank and the International
Genetic Alliance found no evidence to support a causal
association between alcohol consumption and site-spe-
cific cancers (lung, breast, ovarian, and prostate).

Thus, we believe that the causal association between
alcohol consumption and other dietary habits and the
risk of CRC in European populations requires further
investigation. To address this issue, we conducted a
MR estimation using patterns of consumption of dif-
ferent genders and 10 alcohol subtypes in predominant
European populations. The results revealed no causal
association between alcohol consumption and CRC in
predominant European populations.

In general, alcohol consumption is believed to poten-
tially increase cancer risk through the production of its

oxidative metabolite acetaldehyde, which is a known
human carcinogen [34]. However, there may be other
mechanisms through which alcohol consumption can
reduce cancer risk, such as increased insulin sensitivity
through increased lipocalin levels [35]. In particular, red
wine contains flavonoids and polyphenolic compounds.
Furthermore, it has been demonstrated that these com-
pounds have chemotherapeutic potential for treating
cancer and inflammation [36, 37]. Moderate alcohol con-
sumption has been empirically shown to reduce inflam-
matory markers and C-peptides [38—40], and a basic
study on alcohol rat models found that moderate alcohol
consumption does not increase biological risk factors
for CRC development and may even provide beneficial
effects by reducing inflammation and decreasing DNA
damage [41]. Interestingly, a large meta-analysis showed
a protective association for light/moderate alcohol con-
sumption at proximal colon, distal colon, and rectal can-
cer sites [42]. However, the results of the current MR
study are consistent with previous MR studies in which
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Table 2 Mendelian randomization estimates of the associations from dietary habits on common risk factors of colorectal cancer
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no evidence supported an association between alcohol
consumption and overall or site-specific cancer risk [33].
Nevertheless, further larger MR studies are required to
confirm the genetically predicted association between
high-dose, frequent alcohol consumption and CRC.

While high consumption of fruits has been suggested
to reduce the risk of colon cancer, our study does not
support this claim. This conclusion aligns with a 10-year
follow-up cohort study conducted in the European pop-
ulation, which also found that fruit consumption alone
did not provide protection against CRC [43]. Similarly, a
cohort study of Asian populations found that fruit intake
was not associated with CRC morbidity and mortality in
either sex [44, 45].

A recent MR analysis study demonstrated that pro-
cessed meat intake increases the risk of CRC, whereas
no causal association was found between red and white
meat intake and CRC [46]. In contrast, our study did not
establish any causal association between meat consump-
tion and CRC, including red meat. The ratio of red meat
to white meat in the meat instrumental variable in this
study could not be determined. Therefore, this conclu-
sion needs to be further confirmed in the future.

Tea is one of the most commonly consumed beverages
worldwide, and drinking tea has been hypothesized to
reduce the risk of CRC. Antioxidants, such as polyphe-
nols, in tea protect colon epithelial cells from oxidative
DNA damage caused by free radicals [47, 48]. However,
we are skeptical about the conclusion. most cohort stud-
ies and Meta-analyses do not support the conclusion that
tea consumption reduces CRC risk [49-54]. Second, our
MR analysis similarly found no evidence for a negative
causal association between tea consumption (both black
and green tea) and CRC. Our explanation for this finding
is that, first, tea has been reported to have mutagenic and
genotoxic compounds, such as tannins and caffeine [55,
56], which may increase the risk of colon cancer. Second,
the brewing method and type of tea may also affect the
amount of tea polyphenols [57], which cannot be fully
captured using tea addition alone.

Our analysis also indicates no causal link between cof-
fee and CRC. Complex compounds in coffee with oppos-
ing effects may account for the observed results. Coffee
consumption may increase colonic peristalsis, reducing
the exposure of colonic epithelial cells to potential carcin-
ogens [47]. It may also reduce the synthesis and secretion
of bile acids, which are potential colon carcinogens [58].
In contrast, caffeine in high concentrations has genotoxic
and mutagenic properties, which may increase the risk of
colon cancer [47]. In addition, caffeine has been shown to
decrease insulin sensitivity, which may increase the risk
of CRC [59, 60].

Given the marginal association between vegetable con-
sumption and CRC, gender-specific subgroup analyses
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were conducted. However, the gender subgroup analy-
sis did not support this conclusion. Based on this, we
believe that future validation will require additional
quantitative data. Existing studies provide evidence of
a dose-response relationship between different dietary
habits and CRC. For example, the meta-analysis by Wu
et al. [61]showed a non-linear dose-response relation-
ship between only citrus intake and CRC risk, with the
risk being minimized when intake reached 120 g/d
(OR=0.85) and no significant dose-response relationship
was observed with continued increases in intake. Chen et
al. [62]showed that the linear curve of red and processed
meat and colorectal cancer approached its plateau at high
intakes of up to about 100 g/day. Ken Horisaki et al. [63]
found that the higher the coffee consumption, the higher
the value of the relative risk of CRC, although there was
no statistically significant.

Based on the current relevant literature, the relation-
ship between different dietary habits and CRC is likelier
to exhibit a non-linear relationship, which may only exist
at a certain dose interval. The lack of consideration of the
dose-response relationship in the MR analysis may be
one of the reasons of our negative results. In the mean-
time, this conclusion needs to be further verified with
MR analysis, in the future, with the existence of data on
relevant dose SNPs.

The use of MR in our study allowed us to minimize the
effects of confounding bias and reverse causation. The
random assignment of SNPs at conception adds strength
to our findings, making them more compelling than
those of observational studies. Our results emphasize the
importance of establishing causal relationships between
dietary habits and CRC in order to inform public health
policies for early prevention and timely intervention.

CRC arises through three major pathways, including
the adenoma-carcinoma sequence, the serrated path-
way, and the inflammatory pathway. It is an etiologically
heterogeneous disease based on the anatomical location
of the tumor or the overall molecular subtype alteration
[64]. Genetic factors have an etiologic role in predispos-
ing individuals to CRC. However, the majority of CRC is
disseminated and is primarily attributable to a range of
modifiable environmental risk factors (e.g., obesity, phys-
ical inactivity, and smoking). This confounding may have
contributed to the negative causal association between
dietary factors and CRC based on the patients with CRC
included in our study.

However, our study has several limitations. First, the
genetic information in this study’s data was insufficient
to determine whether CRC is a germline or somatic
mutation. The confounding effect of the two mutations
may compromise the results. Second, our study data
lacked specific data on the high and low doses and fre-
quency of dietary habits, which may have affected the
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results. Thirdly, the source population of our data is pre-
dominantly European, and further research is needed to
determine the generalizability of our findings to other
populations. Fourthly, MR analysis has its own limita-
tions, such as statistical power. In MR studies, statistical
power is determined by the frequency of genetic vari-
ables used, the magnitude of the effect of the variables on
risk factors, and the study sample size.

Conclusions

Our findings suggest that there is no causal associa-
tion between genetically predicted alcohol, meat, milk,
sweets, tea and fruit consumption and CRC. However,
we did observe a positive causal association between veg-
etable and CRC. The identification of causal relationships
between dietary habits and CRC is crucial for designing
effective preventive strategies. Our study highlights the
need for a more nuanced approach to dietary recommen-
dations for CRC prevention, with greater emphasis on
adherence to the Mediterranean dietary pattern.
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