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Abstract

Background: Alcohol consumption is positively correlated with risk for breast cancer in observational

studies, but this association may be subject to reverse causation and confounding. h’he association

with epithelial ovarian cancer (EOC) is unclear.\

Aim: To evaluate the hypothesis that alcohol consumption is causally associated with the risk to

develop of breast cancer and EOC, and subtypes thereof.

Methods: We used observational data from Sweden, Denmark and the United Kingdom to estimate

the effect of alcohol consumption on EOC and BRCA risk, We performed a two-sample Mendelian

Randomization (MR) analysis combining SNP-cancer summary statistics, with alcohol genetic

instruments calibrated using data from UK Biobank. We first evaluated the MR association using a

single SNP known to strongly affect alcohol metabolism (rs1229984, ADH1B), followed by a multi-
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SNP approach. We performed stratified MR analysis on estrogen receptor (ER) status for breast Deloted: Resalts are presented o odds ratios (O, ]

cancer and performed additional analyses for high grade serous EOC (HGSOC).

Results: The observational HR for a standard drink/day was 1.06 (95% confidence interval; 1.04,1.08)

for breast cancer and 1.00 (0.92,1.08) for EOC. These observational estimates are consistent with

previous WCRF findings. ORs using genetically predicted alcohol consumption via rs1229984

genotype were 0.97 (0.88,1.06) for breast cancer and 0.84 (0.69,1.01) for EOC. In subtype analyses,

the odds ratio was 0.72 (0.58,0.90) for HGSOC, while stratifying breast cancer by ER status made no

meaningful difference for risk estimates. The multi-SNP MR analysis did not reveal a significant

influence of alcohol intake on any of the cancer types, including HGSOC [OR 0.91 (0.79,1.05)], [Deleted: The J
\\ [ Deleted: result was weaker ]
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factorsu [For overall EOC, observational and MR analyses find no association with alcohol

consumption, while for HGSOC, we found evidence for a protective effect of alcohol intake on \

reduced cancer risk in the single-SNP MR analvsis\. However, the multi SNP analysis did not reveal a
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Introduction

The World Cancer Research Fund (WCRF) concluded that alcohol intake contributes to the risk of

breast cancer, with an estimated risk of 9% per 10g/day consumption of ethanol, although there is
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inadequate evidence to evaluate the association with EOC [1,2]. It is, however, very difficult to
measure any effect of elevated alcohol consumption from observational data because of the possible
confounding issues: alcohol consumption is itself associated with many other lifestyle and socio-
economic factors, which are difficult to quantify, and which might be associated with increased risks
of breast cancer and EOC through causal pathways independent of alcohol consumption. Assessing
the association in case-control studies is particularly problematic as estimates may additionally be
biased by other mechanisms [3], including recall bias due to differences in the accuracy or
completeness of the subjective indications of alcohol consumption, selection bias [4,5] against heavy
users of alcohol due to the preferential participation of reasonable healthy individuals and reverse

causality. The [WCRF \estimates are based on data from population-based prospective cohort studies,

where exposure information is collected before the event of interest occurs, as these are less likely to
suffer from bias, but it is still impossible to rule out confounding. Also, such studies typically only
measure exposure variables once or a few times, precluding detailed individual modelling of
exposures over time [6]. In principle, double blinded randomized trials are the best way to evaluate

causality, but such a study would be unethical.

A Mendelian randomization (MR) study, using genetic variants associated with alcohol consumption

as an instrument, offers a way to test hypotheses of causality, since the genetic variants are less likely

to be associated with other known or unknown confounders, and they are not influenced by
(pre-)clinical stages of the diseases [7]. Conceptually, MR relies on the random assortment of genetic

”

variants during meiosis to mimic a “natural” randomized trial [8]. Typically, such a genetic instrument
only explains a fraction of the variance of the exposure variable, and therefore MR studies need very

large numbers of participants to address questions of causality. For alcohol consumption, previous MR

studies have used the rs1229984 variant (as this SNP is associated with high levels of acetaldehyde
and facial flushing [9]) as a genetic instrument to evaluate the link between alcohol intake and disease
outcomes [10-12]. As larger GWAS have identified more risk loci and GWAS of outcomes of interest
have increased in size, power has recently become adequate to support meaningful statistical

inference [13].

Using large population-based prospective cohort and Mendelian randomization studies, we tested the
hypotheses that elevated alcohol consumption is associated with risks of breast cancer and EOC, and

subtypes thereof.\
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Using data from large scale population based cohorts, we evaluated the observational association
between self-reported alcohol consumption and risk of breast and ovarian cancer via Cox-regression
analyses. Study-specific hazard ratio (HR) estimates were then combined via a fixed-effect meta-
analysis (separately for each cancer). For the genetic causality analyses, we performed a two-sample
MR to assess whether genetically predicted alcohol consumption is associated with breast/ovarian

cancer susceptibility using publicly available consortia data.

Description of observational cohort studies

Data from Copenhagen General Population Study (CGPS) and Copenhagen City Heart Study (CCHS)

The CGPS[14] and the CCHS[15] are two large prospective general population studies from Denmark.
For both of these studies, residents from Copenhagen were invited to complete a baseline
questionnaire and undergo a physical examination. The questionnaire includes number of alcoholic
drinks consumed daily used to derive standard drinks per week (1 standard drink ~ 12g ethanol). Blood
samples were also obtained. In total, 69,420 women participated, 60,205 from the CGPS (enrolled
between 2003 to 2015) and the remaining 9,215 from the CCHS (enrolled during four examinations
from 1976-78, 1981-83, 1991-94, and 2001-03). A total of 2,312 incident breast cancer and 327 EOC

were identified. Momen with events prior to examination were excluded from the particular analysis.[ Commented [ED9]: This is not clear to me, when exactly

is the examination? Is that the study baseline?

All participants gave written informed consent, and both CCHS and CGPS were approved by the Danish h
ethics committees (H-KF01-144/01 and KF100.2039/91). Full details on the observational HR analysis

in the CGPS and CCHS are provided in Supplementary Methods.

Data from the Karolinska Mammography Project for Risk Prediction of Breast Cancer (KARMA).

The KARMA study is a large Swedish breast cancer prospective cohort study comprising 70,877 women
who attend regular mammographic screening across four hospitals in Sweden [16]. The aim of the
project is to identify risk factors for breast cancer such as mammographic density, genetic and lifestyle
factors. Information on tumour characteristics, such as ER status, was identified through registers.
Self-reported alcohol intake (in grams) estimated via questionnaires was standardised into number of
standard drinks/week using a nominal conversion scale of 10g/standard drink. For our HR analysis,
we identified 985 incident breast cancer cases and 59,918 healthy controls with non-missing data on
confounders. We did not perform the analysis for EOC due to the limited number of cases (n=57). See

Supplementary Methods for a complete description.
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Data from the UK Biobank cohort

IThe UK Biobank (UKB) cohort consists of 502,000 middle-aged individuals recruited from across the
United Kingdom [17]. 487,910 individuals passed initial genetic quality control protocols. We identified [
215,830 women genetically similar to those of white-British ancestry through ancestral principal
component techniques [18]. The UKB records extensive (n>2,000) phenotypes including
anthropometric traits, disease status and lifestyle behaviours. Information about cancer diagnosis
among the UKB participants was obtained through data-linkage between self-report, hospital records
and cancer registries. Individual cancer types were defined based on ICD-10 definitions, as per
previous work [19]. After excluding women with a history of cancer (excluding non-melanoma skin
cancer) prior to enrolment, the cohort comprised 141,071 white British women. We further removed
participants diagnosed with both breast cancer and EOC. Hence, only 4,068 women were diagnosed
with breast cancer and 425 with EOC were retained for the analyses. Cox regression was used to obtain
hazard ratios for cancer risk per standard drinks/day increase in alcohol consumption. A complete
description of the observational HR analysis for alcohol and cancer in the UKB is provided in

Supplementary Methods.

Meta-analysis of observational findings

We then performed an observational meta-analysis of the association estimates combining the UKB
results with those obtained from the CCHS+CGPS and KARMA study for breast cancer and EOC. All
association estimates were scaled to reflect a one standard drink per day increase (an increase of
~10g/day of ethanol) to facilitate comparison with our MR findings. Estimates were combined under
a fixed-effect inverse variance weighted model using the rmeta R library. These results were then

compared against the existing WCRF findings on both cancers [1,2].

Mendelian Randomization analyses using genetic results
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In this two-sample MR study, we derived instrumental variables for alcohol consumption from the UK
Biobank cohort. We then evaluated whether these alcohol-associated instruments were associated
with breast/ovarian cancer risk using GWAS summary statistics obtained from the Breast Cancer
Association Consortium (BCAC) and the Ovarian Cancer Association Consortium (OCAC). A flowchart

illustrating the complete MR procedure is shown in Figure 1.
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(Figure 1 here)
Breast and ovarian cancer risk GWAS

The BCAC GWAS summary statistics [20], derived from a total of 122,977 cases and 105,974 controls

of  European ancestry, were obtained from a publicly available repository

(http://bcac.ccge.medschl.cam.ac.uk/bcacdata/oncoarray). Among these, 69,501 of the cases were

identified to have ER+ breast cancer, and 21,468 cases were ER- breast cancer cases. Participants in
the BCAC were recruited from various case-control and cohort studies around the world. BCAC
participants involved in the breast cancer GWAS were genotyped via one of these genotyping
platforms: (i) custom Illumina iSelect genotyping arrays, (i) OncoArray or (iii) the iCOGS array.
Genotypes were then imputed against the 1000 Genomes Project Phase Ill reference panels using

IMPUTE2 [21]. A full description of the genetic quality control procedures is given elsewhere [20].

The OCAC GWAS summary statistics [22], derived from a total of 22,406 cases and 40,941 controls of
European ancestries, were obtained from a publicly available repository
(http://ocac.ccge.medschl.cam.ac.uk/). The genotyping platforms used were broadly similar to those
used in the BCAC breast cancer GWAS. Top ancestral principal components were fitted as covariates
in both the breast cancer and EOC GWAS model to account for the presence of population
substructure. Prior to our main analyses, we excluded SNPs that were poorly imputed (INFO<0.6) or
had very low minor allele frequencies (MAF<0.01) for both GWAS datasets. It is important to note that
the SNP of largest effect on alcohol consumption (rs1229984) was directly genotyped in both of these

studies.

Deriving genetic instruments for alcohol consumption (UKB data)

The complete description of how estimated standard drinks per weeks was derived via self-reported
consumption of alcoholic beverages is provided in Supplementary Methods. We performed a GWAS
on standard alcoholic drinks per week to calibrate genetic instruments that are predictive of self-
reported alcohol consumption among white British women in the UKB. We used the software BOLT-
LMM [23], a Bayesian linear mixed model GWAS framework to explicitly model the genetic relatedness
within the sample. Genetic sex, age and 10 ancestral principal components were included as
covariates. We performed 2 separate GWAS: using i) the estimated alcohol quantity and ii) the
estimated alcohol quantity in females only. For each alcohol GWAS result, only SNPs that were

genome-wide significant and had MAF>0.01 were retained. SNPs were clumped based on LD (r2
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<0.01) and maximum distance of 1000 kb apart to ensure that selected instruments are strictly
independent. We identified 72 instruments (including SNP rs1229984) from the combined-sex
drinks/week GWAS (Supplementary Table 3). The combined-sex GWAS was used to robustly identify
alcohol associated SNPs but in our main MR analysis we adopted SNP effect sizes estimated among
females only. In order to ensure that our analyses were protected against weak instrument bias, we
only used 34 out of 72 SNPs that were successfully replicated in the female-only alcohol GWAS (p<le-

5 in females).

Two-sample Mendelian randomization analysis

GWAS summary statistics were used to obtain association estimates for genetic predictors of alcohol
on cancer outcomes (breast or ovarian cancer) from the respective consortia (BCAC and OCAC). We
extracted the SNP-cancer association estimates and minor allele frequency information for each of
the 34 alcohol-associated SNP instruments. In the single instrument rs1229984 MR analysis, we
combined the SNP-alcohol and SNP-outcome estimates using a Wald-type ratio estimator [24]. Whilst
in the multiple instrument MR analyses (34 SNPs), we fitted an inverse variance weighted (IVW) model
to obtain a combined estimate of the causal effect inferred via multiple SNPs [25]. For each test,
palindromic SNPs with strands that could not be inferred via allele frequency were excluded. We
further scaled our MR estimate to reflect a genetically predicted one drink/day increase in alcohol
consumption (by multiplying the predicted change in log(OR) of cancer for 1 standard drink/week by
7).

For the MR analysis on breast cancer, we performed stratified analyses based on estrogen receptor
(ER) status, whilst for EOC, we subsequently evaluated the association of alcohol with different
histotypes including the most common HGSOC histotype. All statistical analyses (including MR
sensitivity analyses) were performed in statistical package R using the TwoSampleMR library

implemented in the MR-Base platform [26].

Sensitivity analyses

We assessed evidence for a non-linear relationship between alcohol and breast cancer or EOC
outcomes by evaluating the dose-response relationship over strata of increasing alcohol intake in the
observational analyses. For the KARMA study (where ER status was available for breast cancer cases),
we performed stratified analyses to evaluate whether the alcohol-breast cancer association differed

by ER status and whether the alcohol-EOC association differed by histotype.
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For the genetically derived estimates, to ensure that our findings were not biased by violation of the
MR assumptions, we repeated our analyses using the following alternative MR models: MR Egger
regression [27], weighted median [28] and maximum likelihood model [29]. Deviations of the MR
Egger regression intercept from the null for each tested outcome were used to assess evidence of
directional pleiotropy. The multi-SNP MR analyses were then repeated using the MR-PRESSO
technique [30] which provides adjusted causal estimates after filtering out heterogeneous SNP-
outliers and reported alongside the main (IVW) MR results. Funnel plots and leave-one-out MR plots
were also provided to evaluate whether the causal estimates were driven by strong outliers. A detailed

description of the MR sensitivity analyses is provided in the Supplementary Methods.

Results

Observational association between_ alcohol consumption and cancer risk

Breast cancer. Alcohol consumption was associated with increased risk of breast cancer in the

CCHS+CGPS cohorts with a HR of 1.09 per standard drink/day (95% C.I. 1.05, 1.13), and the Swedish
KARMA study with HR 1.07 (0.97,1.19) while the HR in the UKB dataset was lower (HR 1.04 (1.01,
1.07)). Meta-analysing all these estimates yielded an HR of 1.06 (1.04,1.08) for risk of breast cancer

per one standard drink/day (Figure 2 upper panel)

Ovarian cancer. In the UK Biobank, higher alcohol consumption was associated with a
reduction in risk for cancers in the ovary with an age-adjusted HR of 0.92 (0.85,0.99). Using the
multivariable adjusted model (N=62,774, N=172 cases), the log(HR) was unchanged, albeit with wider
confidence intervals (adjusted HR 0.92 (0.83,1.03)) due to missing information on covariates. In
CCHS+CGPS, the estimated HR (HR=1.07 (0.96,1.20)) was in the opposite direction, but with 95% Cls
that overlapped the estimates from the other two studies. Combining both these estimates yielded
an meta-analysed HR of 1.00 (0.92,1.08) for the risk of EOC per one standard drink of 10 g alcohol per

day increase in alcohol consumption (Figure 2 lower panel).

(Figure 2 here)

MR analyses — exploring the causal influence of alcohol intake on cancer risk,

Validating the genetic instruments for alcohol consumption
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Rs1229984 was significantly associated with consumption of standard drinks/week (p-value=1e-128)

in women from UKB, as expected, and explained 0.23% of the variance. Including additional SNPs

associated with alcohol consumption increased the percentage of variance explained to 0.92%,

Although the higher proportion of variance explained should translate to narrower confidence

intervals on the causal ORs from MR, in practice this only occurred after we removed SNPs which

passed a heterogeneity test in MR-PRESSO (Figure 3).
Association of genetically predicted alcohol consumption with breast cancer and EOC

Single SNP approach — the effect of rs1229984. For each copy of the allele (T) of rs1229984, alcohol

consumption was associated with a decrease of 2.47 standard drinks/week in women. hhe MR
estimates per 7 units increase in genetically predicted weekly alcohol standard drinks (i.e. one
standard drink per day) gave odds ratios of 0.97 (0.88,1.06) for breast cancer and 0.84 (0.69,1.01) for
EOC (Figure 3).\ ER status did not modify the association of rs1229984 and breast cancer (Figure 3).

However, rs1229984 reduced the risk of HGSOC (OR of 0.72 (0.58,0.90) per genetically predicted 1

standard drink/day increase) indicating that alcohol intake has a protective effect on HGSOC.

v

(Figure 3 here)

Multiple SNP approach. For a one unit increase in multiple SNP genetically predicted daily alcohol
intake (using 34 variants), the odds ratio of breast cancer was 1.03(0.93,1.14) in standard IVW analysis,
with a tighter confidence interval when MR-PRESSO was used to discard heterogeneous SNPs (OR 1.00
[0.93,1.08], figure 3). For EOC, the point estimate was less than one, although with relatively wide
confidence intervals (OR 0.89 (0.73,1.08)). Stratification by ER status produced essentially unchanged
results for breast cancer. For the association between alcohol and HGSOC, the odds ratio was 0.85
(0.68,1.07), with again higher precision using MR-PRESSO (0.95 [0.85,1.06], Figure 3). Genetically
predicted alcohol intake was not associated with most EOC histotypes, although confidence intervals

were wide due to limited sample size (Supplementary Figure 1).

The comparison of our genetically derived estimate against our new observational findings and the

WCREF results for breast cancer and EOC risk is provided in Figure 4.

(Figure 4 here)

Sensitivity analyses
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The observational HR association between alcohol and breast cancer and EOC for different levels of
alcohol consumption indicated no strong evidence for a non-linear relationship (Supplementary Table

4-5). There was limited evidence that the alcohol-breast cancer association differed by ER status in

the KARMA study (Supplementary Table 6). Furthermore, the age-adjusted and fully-adjusted models
gave similar estimates suggesting minimal evidence for confounding on the factors that were

controlled for (Supplementary Table 7).
(Figure 5 here)

The MR scatter plots for both cancers using the original 34 alcohol SNP instruments are shown in
Figure 5. Estimates derived from alternative MR methods (after filtering heterogenous instruments)
are presented in Supplementary Table 8 and 9 showing that our findings were robust to weak violation
of MR assumption, with the MR-Egger intercepts showing no evidence for directional pleiotropy
(Supplementary Table 10). It is worth noting that median and mode-based MR estimates show
evidence of a protective association between alcohol and EOC though it can be driven by the strong
effect sizes captured via rs1229984. In our pleiotropy assessment, we did not observe evidence for an
association between our genetic instruments with potential confounders including age at menarche,
oral contraceptive use, smoking quantity, coffee consumption and psychiatric traits, except for BMl in
the UKB (See Supplementary Table 11 and 12). However, the magnitude of association between
rs1229984 and BMI is small that it is very unlikely to have substantially biased our estimates.
Moreover, our MR-PRESSO findings were statistically consistent with the IVW estimates for each trait.
The distribution of effect sizes around the null across multiple sensitivity MR analyses provide strong
support for an overall null or a very weak positive relationship between alcohol and breast cancer or

EOC.

Discussion

In this study, we evaluated the association between alcohol consumption and breast and ovarian
cancer using conventional observational prospective designs and MR approaches. Risk estimates for

breast cancer from the observational findings were slightly higher than those from MR, but with

overlapping confidence intervals. Wthough the confidence intervals are wider on the MR estimates, /

the MR design is likely to be robust to some of issues which can hamper interpretation of observational

studies, such as confounding. Taken together, for breast cancer it appears likely the krue effect of

alcohol is null or small ([up to OR 1.08 for the multi-SNP instrument or 1.06 for the single-SNP

instrumenﬁ). \For EOC, the effect appears null, or possibly protective for the HGSOC subtype.\
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Comparison with previous literature

Earlier molecular investigations found that alcohol may be implicated in the development of breast
cancer, especially ER+ breast cancer, as it modulates estrogen levels. This[negative influence of alcohol
is supported by a study investigating the link between alcohol intake and percentage of breast density
(PBD), postulating a potential relationship between alcohol intake and breast cancer susceptibility via
increased PBD [31]. Similarly, many observational findings have found that a higher level of alcohol
consumption is associated with an increased risk of breast cancers [32—35]. This was also supported
by a large meta-analysis of 27 cohort studies suggesting that even light drinking (<1 drink/day) is
associated with an increased risk of breast cancer in women [36]. In our study, we found suggestive
evidence from our observational study meta-analysis that increased alcohol consumption is
associated with susceptibility for breast cancers albeit the magnitude of association were slightly
lower than those reported by the WCRF [2]. ‘However, the direction of effect measured via IVW MR is
consistent although the confidence interval of the MR estimate overlapped the null, suggesting that

the true causal nature is consistent with either a small or no effect.\

The null association between alcohol and EOC was previously shown in the study by Kelemen et al.
[37] pooling together data from 12 case-control studies in OCAC [a nd in other pooled case-control
(PMI1D:22449732) and cohort (PMID:16495916) studies]. In contrast, Cook et al.\[38]\,showed that self-
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reported wine consumption was associated with a reduction in EOC risk. One possible explanation
for such association is that the relationship may have been driven by residual confounding with
other exposures correlated with socio-economic factors such as educational attainment [37,38]. In
our observational analyses, we did not find strong evidence to support a protective association
between alcohol and overall EOC, consistent with the WCRF findings [1]. However, MR analyses on
specific EOC subtype reveal suggestive evidence that alcohol might be associated with a reduced risk
of HGSOC, and this novel discovery would require future replication efforts to evaluate_the influence
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of alcohol on EOC subtypes separately.

Strength and limitations

Our large sample size combining data from various sources allow us to assess the role of alcohol
consumption on breast/ovarian cancer with reasonably good precision. The MR approach provides
additional evidence to triangulate evidence for causality. Our additional MR analysis using alcohol
consumption instruments calibrated only among European women helps protect against biased
inferences due to weak instruments [40]. While these SNPs combined explain only a small amount

(~0.92%) of variation in alcohol consumption among women (Supplementary Table 3), due to the large
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sample sizes from both OCAC and BCAC, the confidence intervals on our estimates are reasonably

precise [(three-fold and two-fold wider than those from BCAC and OCAC, respectively).

IThis study had some limitations. While genetically derived estimates are least likely to be affected by
confounding, the magnitude of association between these genetic instruments and estimated
standard drinks rely on the accuracy of self-reported data, which may contain self-report bias. In
recent years, investigators have used multi-instrument MR experiments due to availability of genetic
data on large cohorts. The multi-instrument approach is expected to reduce the confidence intervals
on the causal estimates (relative to the inclusion of just a single SNP), although in practice we only
found this to be the case when heterogeneous SNPs were discarded using MR-PRESSO (figure 3). In
our situation retaining the rs1229984-only estimate can be informative because rs1229984 by itself is
by far the strongest and most extensively studied instrument among the SNP set with well-studied
biological insights to justify its association with alcohol consumption. Our biological knowledge on

how the other SNPs relate to alcohol consumption js more limited although the MR-Egger intercept

on EOC did not show any evidence of directional pleiotropy affecting our MR findings for alcohol on

EOC (Supplementary Table 10).

While earlier studies have suggested a link between ADH genes (e.g., ADH1B) and cancer cell growth

[41,42], it is unclear whether these association were mainly driven by a change in alcohol

consumption. [Our pheWAS findings on rs1229984 \reveal no strong evidence that the ADHIB

instrument is associated with phenotypes linked with breast or ovarian cancer that are unlikely to be

possibility of rs1229984 being associated with other factors related to carcinogenesis unmeasured
confounders. We are unable to assess whether our MR causal inference remain consistent when we
conservatively excluded rs1229984 from the main analyses, as it resulted in wide confidence intervals
on the estimate (rs1229984 being the instrument that explains the highest amount of genetic

variance, Supplementary Table 3). \

One of the possible explanations for the discrepancies between the observational and MR estimates

in the present study might be attributable to bias in the observational study cohorts. Firstly, selection

bias might be present for the Copenhagen cohorts if participants are more healthy than non-

participants.\ Our reliance of self-reported consumption data for the observational analyses is
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vulnerable to recall error, and the definition of standard drinks might differ across regions,
contributing to higher heterogeneity in our exposures. These limitations, however, cannot explain the

significant results‘since such a selection would be expected to pull estimates towards the null\. Genetic

estimates are conceivably less affected by these biases, but they can be vulnerable to biases in the
presence of horizontal pleiotropy. We performed sensitivity analysis based on filtering out SNPs with
heterogenous causal effects to reduce the chances of horizontal pleiotropy biasing the estimate,
although in practice this made no meaningful changes to the results. Development of genetic
instruments based upon subjective information on a [stigmatised risk factor like alcohol, might
underestimate the strength of the alcohol genetics association, and thereby lead to an inflated
estimate from the instrumental variable analysis [43]. However, this potential limitation cannot
explain that the genetic risk estimate for breast was weaker than those estimated from observational
analyses. It is also unlikely that these differences arise due to the underlying model itself, given that

observational HRs and ORs are similar for low population prevalence outcomes (cancers).

The MR estimates for alcohol on breast cancer or EOC remain valid under the assumption that alcohol
consumption and log(OR) of these disease outcomes have a linear relationship. This is a strong
assumption, given previous speculation about a J-shaped relationship between alcohol and other
disease outcomes (e.g. cardiovascular diseases) where abstainers are at higher risk similar to those
drinking more than moderate amounts [44,45]. Despite our inability to perform MR-by-stratum
(evaluating effect of genetically predicted alcohol consumption on risk of disease at various drinking
category) due to insufficient sample size, our observational findings show little evidence that the
relationship between alcohol intake and these cancers is non-linear. Given that the rs1229984 variant
predicts both drinker status and quantity consumed, modelling the MR association within drinkers-
only might potentially induce collider bias [46]. Here we present genetic evidence that a subtle change
of alcohol consumption (~1 standard drink/day increase) may be associated with a modest decreased
risk of HGSOC, but extrapolating changes to larger quantities (e.g. >2 drinks/day) would potentially
violate the linearity assumption [47]. ‘Finally, our study could not evaluate evidence for an interaction

effect between alcohol polymorphisms and alcohol consumption on cancer risks.

|Taken together, the results from our observational and mendelian randomization suggest that for

breast cancer the effect of alcohol on risk is null or small (up to OR ~1.06-1.08, depending on SNP

instrument used). For EOC, the effect appears null, or possibly protective for the HGSOC subtype.
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Figures and Tables

White British Individuals with self-reported
alcohol data in the UK Biobank

Estimated standard drinks/week GWAS for (i)
both sex, (ii) females only

Identified 78 SNP instruments associated with
est, std drinks/week

Used 34 out of 78 SNPs that were replicated in
women only alcohol GWAS (p<le-5) for main MR
analyses

Perform two-sample Mendelian randomization

Extract SNP-cancer association

NP-alc ff i ir fi
SNP-alc effect sizes estimated from estimates from cancer GWASs

females only

(BCAC + OCAC)
Single instrument MR using Multi-instrument MR
rs1229984 using 34 SNPs

Figure 1. Schematic diagram illustrating the Mendelian randomization (MR) framework for the

main analysis.
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Met; y of for a unit in daily alcohol consumption
on risk of breast and ovarian cancers
Studies Cancers Cases; controls HR [95% C.1)
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Figure 2 Meta-analysis of the observational hazard ratio estimates for daily alcohol

consumption on breast and ovarian cancer. Estimates were adjusted for BMI, oral

contraceptive use, nulliparity, physical activity and education attainment. Please refer to

supplementary table 7 for the estimated HR adjusted for age only.
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Figure 3. Mendelian randomization estimates for the relationship between alcohol

consumption and risk of breast/ovarian cancers
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Comparison of obser and g for one

d drinkiday i in ption on risk of breast and ovarian cancers

Estimate
Studies Cancers Cases Model Measure N

(95% C.1)
Observational Breast 8314 HR 1 stddenkiday 1.06(1.04, 108) L]
WCRF CUP meta-analysis Breast 35221 RR 10g ethanclday 10%{1.07,112) (L3l
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Figure 4. Comparison of observational and genetic (MR) estimates for the association between
standard drink per day with breast and ovarian cancer risk. Observational HR estimates were
obtained via fixed effect meta-analysis of the studies used in the main analysis. The MR-PRESSO

outlier-adjusted estimates were reported here as the MR-analysis findings.
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Figure 5. Scatter plot and forest plot for the genetic association between alcohol drinks/week SNP
instruments and risk of breast and ovarian cancers. The slope of the fitted line in the scatter plots

reflect the MR causal estimates for each type of MR estimator. The forest plot shows the association
of a genetically predicted one standard drinks/week increase on log(OR) of the outcome (cancer) risk

inferred via each alcohol SNP instrument. The panel (A) refer to the plot for overall EOC; (B) refer to



the plot for the risk of overall breast. For both plots, the left-most point refer to the rs1229984 SNP

estimate.



