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Although evidence supports an observational association between tea consumption and susceptibility to
head and neck cancer, the causal nature of this association remains unclear. We performed a two-sample
Mendelian randomization (MR) analysis to determine the causal effects of tea consumption on head and
neck cancer. We employed a fixed-effects inverse variance-weighted model for the MR analysis.
Genome-wide association study (GWAS) summary data for tea consumption were obtained from the UK
Biobank Consortium, and GWAS data for head and neck cancer were derived from two data sources and
were used as the outcomes. Our MR analysis revealed limited evidence for a causal relationship between
various types of tea intake and head and neck cancer. After adjustment for smoking and alcohol con-

Received 20th September 2023,
Accepted 4th January 2024

DOI: 10.1039/d3fo04017h sumption, there was no causal relationship between tea consumption and head and neck cancer. Further

Open Access Article. Published on 05 January 2024. Downloaded on 11/6/2025 5:26:54 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

rsc.li/ffood-function

Introduction

Head and neck cancer ranks as the sixth most common cancer
worldwide," with oral and oropharyngeal cancers being the
most prevalent subtypes. Established risk factors for these
cancers encompass tobacco and alcohol consumption,” human
papillomavirus (HPV) infection,? and oral sexual behaviors.*
Tea, one of the world’s most widely consumed beverages,
encompasses various types such as green, black, herbal, and
white tea. It contains a plethora of chemical compounds,
including catechins, tea polyphenols, caffeine, theanine,
amino acids, volatile oils, and minerals. Notably, catechins
and tea polyphenols, the most abundant compounds in tea,
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experimental studies are required to confirm its potential role in these malignancies.

exhibit diverse biological activities including antioxidant, anti-
inflammatory, and anticancer properties. A meta-analysis has
indicated an inverse association between tea consumption and
the risk of 11 cancers including biliary tract, breast, colorectal,
endometrial, and gastric cancers.’ Nevertheless, some studies
have yielded inconclusive results regarding tea’s impact on
cancer.® Given that tea consumption directly exposes the oral
cavity, oropharynx, and larynx to its compounds, its potential
role in protecting against tumors in these regions prompted
our investigation into whether tea consumption has a protec-
tive effect against head and neck cancer. Mendelian randomiz-
ation (MR) is a statistical method used to evaluate the causal
relationship between exposure and outcome using instrumen-
tal variables (genetic variants). This approach can be con-
sidered a natural analog of randomized controlled trials that is
devoid of confounding and reverse causality bias. In contrast
to the traditional gold-standard randomized controlled trials
for causal inference, patients are assigned according to their
genotype, avoiding reverse causality bias and influence of con-
founding factors such as ethical and socioeconomic factors.
Accordingly, we aimed to determine whether tea consumption
is causally related to head and neck cancer using a two-sample
MR analysis. We hypothesized that tea consumption may
increase or decrease susceptibility to head and neck cancer.
Our study aims to fill the current knowledge gap regarding the
protective effects of tea against head and neck cancer and
further validate previous research findings to provide a more
comprehensive understanding.
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Methods

Study design and data sources

The genome-wide association study (GWAS) summarized the tea
intake and head and neck cancer data, which were obtained
from the MRC IEU OpenGWAS data infrastructure.” The original
head and neck cancer data were obtained from the OncoArray
Oral Cavity and Oropharyngeal Cancer Consortium, and
FinnGen biobank®® (Fig. 1). Outcome details are presented in
Table 1. The original investigation was conducted after receiving
ethical approval for each study included in the MR analysis. The
exposure data were released from the UK Biobank. The UK
Biobank began in 2006 by recruiting approximately 500 000 par-
ticipants between the ages of 38 and 73. Participants completed
a series of questionnaires that provided detailed personal and
lifestyle information. In addition, participants provided biospeci-
mens, including blood, urine, and saliva, which were sub-
sequently sequenced for genome sequencing and genotyping
using the Illumina sequencing platform in the UK Biobank.
Details of tea consumption (UKB Data-Field: 1488) of the sub-
jects, both male and female, were asked: “How many cups of tea
do you drink each day? (Include black and green tea)”. The
sample size of tea intake was 447485. Units of measurement are
cups per day. Mean = 3.494, Std dev. = 2.84157. The rest of the
exposure information summary is given in ESI Table 1.}

Selection of instrumental variables

We extracted eight GWAS summary exposure datasets (Table 1).
Single-nucleotide polymorphisms (SNPs) with a significance

s
1. Preparation of GWAS summary data
1.1 Tea intake
1.2 Head and neck cancer(Oncoarray/FinnGen biobank)

-
2. Selection of instrumental variables
2.1 Select significant SNPs(P<5e-08/ P<5e-06)
2.2 Perform LD clumping

-

3. Data harmonization
3.1 Harmonization effect sizes and allele of SNPs on the exposure and outcome

(&

4. Remove horizontal pleiotropic SNPs
4.1 Using MR-PRESSO method for pleiotropic SNPs and removing them

5. MR analysis
5.1 Estimate the causal effect of each exposure on head and neck cancer
5.2 Multivariate MR Was used to adjust smoking and drinking status

6. Sensitivity analysis
6.1Using MR-egger and IVW test to value the heterogeneity
6.2 Using MR-PRESSO Global test and MR-egger to value the Pleiotropy

Fig.1 The whole workflow of MR analysis. GWAS, genome-wide
association study; SNPs, single nucleotide polymorphisms; LD, linkage
disequilibrium; IVW, inverse variance weighted.
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level within the locus-wide range (5 x 10~%) were selected as
instrumental variables, as used in a previous study. If effective
instrumental variables could not be extracted, the p value was
increased to 5 x 107%. One MR principle is that there should be
no linkage disequilibrium (LD) between the included instru-
mental variables, as a strong LD may result in biased outcomes.
In this study, clumping processing (R* < 0.001, clumping dis-
tance = 10 000 kb) was performed to evaluate the LD among the
SNPps.'°

Assumptions

This two-sample MR study relied on three critical assumptions
to minimize bias. First, the genetic instruments used were sig-
nificantly associated with exposure. Second, the instrumental
variables were independent of confounders that influenced
both the exposure and outcomes. Third, instrumental vari-
ables affected the outcomes solely through exposure, implying
no horizontal pleiotropy effect between the instrumental vari-
ables and outcomes.

Statistical methods

Various analytical methods, including inverse variance-weighted
(IvW),"* maximum likelihood,"* MR-Egger,"* weighted median,"*
weighted mode, and MR-PRESSO," were employed to infer
potential causality. The IVW results were considered robust in
the absence of horizontal pleiotropy. The maximum likelihood
method resembled the IVW method; however, it considered the
uncertainty of the SNP-exposure association and the overlap of
samples in the two-sample MR studies."® In MR-Egger’s assump-
tion, the presence of an intercept term was considered and used
to assess pleiotropy. If this intercept term was close to zero, the
MR-Egger regression model became similar to the IVW model.
However, if the intercept term was different from zero, horizontal
pleiotropy may have occurred among these instrumental vari-
ables (IVs). The weighted median can provide consistent esti-
mates of causal effects, even if <50% of the SNPs have pleiotropy.
When most instrumental variables did not meet the causal infer-
ence requirements of the MR method, the weighted model was
considered valid. The IVW method has been reported to be
slightly more robust than the other methods under certain con-
ditions. Therefore, the results were primarily based on the IVW
method and were supplemented by the other methods.

Furthermore, we conducted multivariate Mendelian ran-
domization (MVMR) to account for potential confounding
factors, employing Bonferroni’s adjustment (P = 0.05/3). We
performed an MVMR analysis using the mr_mvivw, mr_mveg-
ger, and mr_mvlasso functions in the R package
“MendelianRandomizaton”. To mitigate potential issues of
collinearity, we also carried out lasso regression as an
additional supplementary analysis.

Colocalization analysis

Colocalization analysis is frequently employed to ascertain
whether two phenotypes are influenced by an identical causal
variant within a designated genomic region, thereby providing
substantiating proof of a connection between these two pheno-
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types. We gathered the tea characteristics and their corres-
ponding SNPs that satisfied the genome-wide association study
threshold (for ukb-b-8553, SNPs could not be obtained under
this threshold, so it was adjusted to 5 x 1077) in preparation for
the subsequent colocalization analysis. The “ideal” MR analysis
we envision involves extracting instrumental variables after
meeting the threshold for a genome-wide association study.
Colocalization analysis serves as a supplementary analysis when
an insufficient number of effective SNPs were obtained in
genome-wide association studies. Due to ukb-b-3291, ukb-b-
5209, ukb-b-8553, ukb-b-11491, and ukb-b-17988 not yielding a
sufficient number of SNPs under the standard genome-wide
association study threshold (5 x 107%), only the Wald ratio
method could be used for MR. Therefore, we believe that sup-
plementary colocalization analysis can better reflect the presence
of causal effects. As for ukb-b-6066, ukb-b-4078, and ukb-b-
13344, MR using IVW and similar methods can be performed
under the genome-wide association study threshold (5 x 107°).
We considered their ability to assess causal effects strong
enough, eliminating the need for colocalization analysis as a
supplement. After careful consideration, we did not conduct
colocalization analysis for these three exposures.

Specifically, we employed SNP positions that meet the
threshold criteria and fall within a 500 kb (on the analysis of
the added milk to rooibos tea (id: ukb-b-11497) for the FinnGen
biobank source outcome, unable to extract the corresponding
SNPS, in the end will be expanded to 1000 kb) window both
upstream and downstream as potential SNPs for extraction in
terms of both exposure and outcome traits for the purpose of
conducting a colocalization analysis. This analysis encompasses
five distinct model assumptions, as follows: HO, where no sig-
nificant association is present between all SNP loci within a
genomic region and both the exposure and outcome; H1/H2,
indicating a significant association between either the exposure
or outcome and SNP loci within a genomic region; H3, denoting
a significant association between both the exposure and
outcome and SNP loci within a genomic region, driven by dis-
tinct causal variants; and H4, representing a significant associ-
ation between both the exposure and outcome and SNP loci
within a genomic region, driven by the same causal variant.
During the course of colocalization analysis, posterior probabil-
ities (PP.HO-PP.H4) were computed for each of these models,
and the sum of these posterior probabilities for the five models
equals 1. A higher posterior probability associated with a
specific model indicates a greater likelihood of that model
assumption being valid based on the data. We consider the
H4 model assumption as valid when PP.H4 > 0.80."”

Assessment of assumptions

We estimated the variance of each tea intake. The power of our
MR analyses was assessed using the online calculator mRnd
(https://shiny.cnsgenomic.com).

Sensitivity analyses

We tested for heterogeneity using the mr_heterogeneity function
in the R package “IwoSampleMR”; the mr_heterogeneity func-
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tion was performed using Cochran’s Q test in the IVW test and
MR-Egger regression. Horizontal pleiotropy was tested using the
mr_pleiotropy_test function in the R package “TwoSampleMR”,
which uses the MR Egger method. MR-Egger regression was
used to estimate the effect of pleiotropy, yielding a more robust
pleiotropy-corrected causal estimate under the assumptions of
no measurement error and instrument strength independent of
direct effects.'® If MR-Egger detected the presence of pleiotropy,
MR-PRESSO" was used to correct outliers. Leave-one-out ana-
lysis was used to ascertain whether a single SNP exerted causal
effects. We also assessed the instrument strength using the F
statistic,> calculated using the following formula:

:RZ(N—k—l)

F=—a—m

(1)
where R” represents the variance in exposure explained by the
selected SNPs, N is the sample size, and k represents the
number of instrumental variables. If F < 10, indicating a higher
likelihood of weak instrumental bias, the association between
the instrumental variables and exposure was considered weak.

R square for each SNP was calculated using the following
formula:*"*?

R =
(2 x EAF x (1 — EAF) x beta?)
(2 x EAF x (1 — EAF) x beta®) + (2 x EAF x (1 — EAF) x N x SE?)

(2)

In this context, EAF represents the frequency of the effect
allele, beta signifies the estimated genetic impact on exposure,
N stands for the sample size of the GWAS concerning the
association between the SNP and exposure, and SE represents
the standard error of the genetic effect.

We used the mr_mvivw and pleiotropy_mvmr functions in
the R package “Mendelian Randomization” to evaluate hetero-
geneity and pleiotropy in MVMR. In addition, our IVW method
used a random-effects model to exclude the interference of
heterogeneity on the results.

Software and pre-registration

Analysis was performed using R software (version 4.0.2; R
Foundation for Statistical Computing, Vienna, Austria) and R
packages  “TwoSampleMR”  (version  0.5.6),”>  and
“MRPRESSO”."® We adhered to the STROBE-MR guidelines for
strengthening the reporting of observational studies in epide-
miological studies using MR to report our results.>*

Results
Selection of instrumental variables

After removing palindromic SNPs, performing clumping, and
harmonizing the data, the SNPs associated with all outcomes
ranged from 1 to 74. The R* and F statistic values for the
exposures are summarized in Table S1.7 The F statistic values
for all exposures were >10, indicating no evidence of weak

This journal is © The Royal Society of Chemistry 2024
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instrumental bias and demonstrating that all SNPs had
sufficient validity.

Univariate MR analysis

We conducted a primary MR analysis (under genome-wide
association study threshold criteria 5 x 107%) to investigate the
causal effects of 8 tea intake-related exposures on 10 outcomes.
The results indicated that green tea intake had a causal effect
on the development of oral cancer in the OncoArray (European
population) (OR = 0.936, [range: 0.878-0.999], p = 0.046)
(Fig. 2-5 and Table S17).

Subsequently, we conducted a colocalization analysis of the
exposure (standard tea intake || id: ukb-b-3291; added milk to
standard tea || id: ukb-b-5209; decaffeinated tea || id: ukb-b-
8553; added milk to rooibos tea || id: ukb-b-11491; tea con-
sumed || id: ukb-b-17988) and the outcome, for which a valid
number of SNPs could not be extracted under the threshold
criteria for the initial genome-wide association study. The
SNPs used for colocalization analysis, as well as the number of
SNPs within the 500 kb upstream and downstream regions,
can be found in ESI Table S2.1 These were extracted according
to the threshold criteria for genome-wide association studies
(5 x 107%), except for decaffeinated tea (GWAS id: ukb-b-8553);
these SNPs could not be obtained at this threshold, so they
were adjusted to 5 x 1077, as described in the Methods section.

Tea ntake | d:ukb-b-5085.

8888838238 R

Fig. 2 Forest plot of causal association between tea consumption and
head and neck cancer in the primary analysis (5 x 1078). NSNP, number
of SNPs; OR, odds ratio; IVW, inverse variance weighted; Cl, confidence
interval.

This journal is © The Royal Society of Chemistry 2024
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The results showed that none of the PP.H4 values exceeded
0.80, providing no evidence to support the hypothesis that the
exposure and outcome are significantly associated with SNP
sites within genomic regions driven by the same pathogenic
variant (Table S27).

In our secondary MR analysis, we have adjusted the
threshold for instrumental variables to a more lenient cri-
terion (5 x 107°). The results indicate that added milk to
rooibos tea had causal effects on the occurrence of malignant
neoplasm of the lips, oral cavity and pharynx (with all cancers
excluded or not) (OR = 9.2968 x 107°, [range: 2.87597 x 107 °-
0.030], p = 0.005), and malignant neoplasm of the lips, oral
cavity and pharynx (with all cancers excluded) (OR = 8.86985 x
107°%, [range: 2.7518 x 107°-0.029], p = 0.005). None of the
remaining exposures demonstrated causal effects on head and
neck cancer (Table S17) (Fig. 6).

Multivariate MR analysis

In order to account for potential confounding factors, we con-
ducted multivariable MR analyses under different thresholds
for instrumental variable extraction (5 x 107%, 5 x 1077). For
three exposures (tea intake || id: ukb-b-6066; green tea intake
|| id: ukb-b-4078; herbal tea intake || id: ukb-b-13344) for
which a sufficient number of SNPs could be obtained in
genome-wide association studies, we performed multivariable
MR using instrumental variables extracted under the 5 x 1078
threshold. For the remaining five exposures for which instru-
mental variables could not be extracted under the 5 x 10~%
threshold, we initially used the 5 x 10~ threshold for instru-
mental variable extraction, with the aim of providing a more
comprehensive perspective by lowering the threshold criteria.
Smoking and drinking are high-risk factors of head and neck
tumors, and tea intake is associated with smoking and drink-
ing. Therefore, we searched for all phenotypes related to
smoking and drinking in the IEU open GWAS for the univari-
ate MR analysis. The results revealed that smoking initiation
and alcoholic drinks per week had causal effects on the
outcome of head and neck tumors from seven and nine
different data sources, respectively; consequently, these two
exposures were included in the multivariate MR analysis.

The multivariate MR analysis indicated that green tea
intake had a protective effect on oral cancer (from the North
American population of Oncoarray) (ORpyw = 0.955, [range:
0.910-0.999], prvw = 0.041) after lasso regression; the results
were still statistically significant. As for tea intake (id: ukb-b-
6066), it has a causal effect on malignant neoplasm of the
larynx and malignant neoplasm of the larynx (all cancers
excluded) (ORygr-ggger = 0.064, [range: 0.004-0.980], Pyvr-rgger =
0.048), (ORmp-ggger = 0.060, [range: 0.004-0.925], Pyr-pgger =
0.044). Adding milk to standard tea was a risk factor (FinnGen
Biobank) against both malignant neoplasm of the larynx and
malignant neoplasm of the larynx (all cancers excluded)
(ORjass0 = 11.533, [range: 1.449-91.768], p = 0.021) (ORjug50 =
12.254, [range: 1.544-97.273], p = 0.018). However, the causal
effect was pleiotropic, and the MR-Egger results showed that
the causal effect was not statistically significant. For added
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Fig. 3 Scatter plot showing the causal estimate for different MR of tea intake on head and neck cancer and the funnel plot from single SNP analyses
for tea intake on head and neck cancer. A-J: forest plot; K-T: funnel plot. A and K: oral cavity and pharyngeal cancer (European region); B and L:
oral cavity cancer (European region); C and M: oropharyngeal cancer (European region); D and N: oral cavity and pharyngeal cancer (North America
region); E and O: oral cavity cancer (North America region); F and P: oropharyngeal cancer (North America region); G and Q: malignant neoplasm of
the lips, oral cavity and pharynx; H and R: malignant neoplasm of the lips, oral cavity and pharynx (all cancers excluded); | and S: malignant neoplasm
of the larynx; J and T: malignant neoplasm of the larynx (all cancers excluded).

milk to rooibos tea, the lasso regression results showed that
added milk to rooibos tea had a causal effect on oral cavity
cancer (North American population of Oncoarray) (ORpss0 =
0.005, [range: 0.0001-0.323]); tea consumed || id: ukb-b-17988
also has causal effects on oral cavity and pharyngeal cancer
(European population of Oncoarray) (ORmg-pgger = 49.722,
[range: 1.750-1412.860], pmr-pgger = 0.022), malignant neo-
plasm of the larynx (ORmg-pgger = 0.00003, [range: 8.565 x
107°-0.114], Pmr-ggger = 0.013) and malignant neoplasm of the
larynx (all cancers excluded) (ORmg-ggger = 2.252 X 107°, [range:
6.389 x 107°-0.079], DmRrEgger = 0.010); however, lasso
regression does not support this result (Table S3t). However,
these results mentioned above did not pass the Bonferroni cor-
rection p-value level (0.05/3 = 0.017). In conclusion, the results
of MVMR showed limited evidence to confirm a causal effect
of tea consumption on head and neck cancer.

1710 | Food Funct,, 2024, 15, 1705-1716

Sensitivity analysis

No outliers were observed in the MR-Egger or IVW tests, except
for decaffeinated tea intake on oral cavity and pharyngeal
cancer (European population). After removing outliers from
MR-PRESSO, MR-PRESSO did not suggest a causal effect.
Horizontal pleiotropy between the instrumental variables and
outcomes was assessed using the MR-Egger regression. No evi-
dence of horizontal pleiotropy was found, except for added
milk to rooibos tea on oropharyngeal cancer (European popu-
lation). Due to the presence of multicollinearity, the results of
MR Egger showed a causal effect on p-values less than 0.05.
However, because a relatively lenient p-value threshold of 5 x
10~° was used when selecting instrumental variables, it could
not be definitively concluded that a causal effect necessarily
exists. Especially after undergoing multivariate MR for con-

This journal is © The Royal Society of Chemistry 2024
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Fig. 4 Scatter plot showing the causal estimate for different MR of green tea intake on head and neck cancer and the funnel plot from single SNP
analyses for green tea intake on head and neck cancer. A-J: forest plot; K-T: funnel plot. A and K: oral cavity and pharyngeal cancer (European
region); B and L: oral cavity cancer (European region); C and M: oropharyngeal cancer (European region); D and N: oral cavity and pharyngeal cancer
(North America region); E and O: oral cavity cancer (North America region); F and P: oropharyngeal cancer (North America region); G and Q: malig-
nant neoplasm of the lips, oral cavity and pharynx; H and R: malignant neoplasm of the lips, oral cavity and pharynx (all cancers excluded); | and S:
malignant neoplasm of the larynx; J and T: malignant neoplasm of the larynx (all cancers excluded).

founding factor correction, the effect was no longer statistically
significant (Table S4t). Additionally, the leave-one-out analysis
revealed no significant difference in the causal estimations of
tea intake in the three datasets of head and neck cancer,
suggesting that none of the identified causal associations were
driven by a single IV. Forest plots of causal effects using a
single SNP showed that none were significantly associated with
the outcomes (Fig. S1-S267).

Discussion

In the current study, we conducted MR analyses to assess the
causal association between tea intake and head and neck

This journal is © The Royal Society of Chemistry 2024

cancer. Utilizing large-scale pooled statistics from tea intake
and various head and neck cancer GWAS, the primary MR ana-
lysis revealed that green tea consumption served as a protective
factor against oral cancer (geographic region: Europe). In sec-
ondary MR analysis, adding milk to rooibos tea has a protec-
tive effect against malignant neoplasm of the lips, oral cavity,
and pharynx. However, after adjusting for smoking and drink-
ing habits and applying the Bonferroni correction, these
causal effects were seen to be no longer statistically significant.
Our evidence is insufficient to prove that tea intake has a pro-
tective effect against head and neck tumors.

Tea has some cancer-suppressing effects,”> though contro-
versy and uncertainty”® persist. Studies have demonstrated
that tea contains a variety of chemical compounds, such as

Food Funct, 2024,15,1705-1716 | 1711
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epigallocatechin gallate,>” caffeine, and amino acids, which

may exhibit antioxidant,”® anti-inflammatory, and antitumor
effects.”® Additionally, some tea components may regulate cell
proliferation and apoptosis, which may influence the occur-
rence and development of tumors.*’

Although some epidemiological studies have indicated that
long-term tea consumption may be associated with a reduced
risk of certain cancer types, such as gastric,*" liver,**° and
breast cancers,**® other studies have not confirmed the pro-
tective effect of tea against specific cancers. Moreover, due to
differences such as in the research methods, sources, and tea
processing, the cancer-suppressing effect of tea requires
further investigation. Consequently, tea cannot be concluded
to have a definitive cancer-suppressing effect and should not
be regarded as the primary method to prevent or treat cancer.

1712 | Food Funct, 2024,15, 17705-1716

Green tea has been widely reported to exhibit anticancer
effects.®® Our preliminary results revealed a causal relationship
between green tea intake and a reduced risk of oral cancer,
whereas those in other anatomical sites (such as the larynx
and oropharynx) were not verified. This is consistent with pre-
vious studies showing that tea intake has a protective effect on
oral cancer, but has not been observed to have the same effect
on oropharyngeal cancer.” However, this protective effect was
not observed after undergoing multivariate MR for confound-
ing factor correction; the effect was no longer statistically
significant.

In our multivariate MR with 5 x 107° as the standard to
extract instrumental variables, our findings also indicated that
adding milk to standard tea was a risk factor for malignant
neoplasm of the larynx (all cancers excluded). After adjusting

This journal is © The Royal Society of Chemistry 2024
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and head and neck cancer in the secondary analysis (5 x 1076). NSNP,
number of SNPs; OR, odds ratio; IVW, inverse variance weighted; Cl,
confidence interval.

for smoking and drinking habits and applying the Bonferroni
correction, this causal effect decreased, suggesting that the
effect may not be of practical significance.

We searched the PUBMED database for studies on the
association between adding milk to standard tea and tumors,
and no studies were found. However, a meta-analysis reported
that milk intake has a protective effect against oral and oro-
pharyngeal cancer.*® Additionally, milk-derived proteins (such
as lactoferrin, whey protein, and casein) have been reported to
inhibit tumor growth and regulate the expression of cancer-
related genes and tumor cytotoxicity.*"

Our study had several advantages. We analyzed all pub-
lished GWAS of phenotypes related to tea intake and head and
neck tumors from multiple anatomical sites using multiple
data sources. Studies have shown that tea consumption can
prevent oral cancer in nonsmokers and nondrinkers; however,
this effect may be masked in smokers or drinkers.*> Owing to
the strong correlation between smoking, drinking, and tea
intake, we also adjusted for the smoking and drinking status
to avoid potential confounding factors.** The F statistics of all
instrumental variables were greater than 10, indicating that
there were no weak tool variables. Our conclusion passed the
heterogeneity and pleiotropy tests, and we believed that this
causal conclusion was more solid.

Although tea has been widely reported for its anticancer
and antioxidant effects owing to polyphenols, it should be
noted that it needs to be brewed at high temperatures.
Although there is insufficient evidence to show that hot drinks
can cause head and neck cancer, long-term consumption of
hot drinks may damage the esophageal mucosa and increase

This journal is © The Royal Society of Chemistry 2024
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the risk of esophageal cancer.** As an anatomical continuation
of the oral cavity and oropharynx, we deemed that attaching
importance to the carcinogenic effect of tea as a hot drink,
which may mask the anti-cancer effect of substances such as
tea polyphenols, is reasonable. As a result, we concluded that
there is no causal relationship between tea intake and head
and neck cancer.

Our study presented several limitations. First, we could not
extract instrumental variables for some exposures under the 5
x 1078 criteria; thus, we relaxed the threshold to 5 x 107°.
Consequently, the causal effects may be slightly underesti-
mated. Additionally, the data sourced from the UK Biobank
may have some biases in the sample collection process. Some
studies suggest the presence of a “healthy volunteer” selection
bias in the UK Biobank data.*” Nevertheless, an effective
assessment of exposure-disease relationships can provide
broad generalizability and may not require participants to rep-
resent the entire population.

Conclusion

In conclusion, we comprehensively examined the potential
causal relationship between tea consumption and head and
neck cancer. The existing evidence does not support a causal
relationship between tea intake and head and neck cancer.
Our findings contribute new insights into the risk factors and
pathogenesis of head and neck cancer, warranting further veri-
fication through additional observational and experimental
studies.
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