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3. Timeline: 1-2 years 
 
4. Rationale:  
Breast cancer is one of the most common cancers and the second leading cause of cancer death 
among women in the United States [1], and it’s a complex disease resulting from a combination 
of genetic, environmental, and reproductive factors [2-4].  
Studies have shown that women with a positive family history have a higher lifetime risk of breast 
cancer, in part, indicating an inherited risk of breast cancer [5-6]. The heritability of breast cancer 
is estimated to be about thirty percent from twins’ studies [7-8]. High penetrance genes (e.g., 
BRCA1, BRCA2, PALB2, ATM, and CHEK2) contribute to a relatively high lifetime risk of breast 
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cancer [9]. However, these variants are rare and account for only a small proportion of breast 
cancer [10]. A recent approach to discovering low penetrance genes of breast cancer risk is to use 
genome-wide association studies (GWAS). Although each of the validated single nucleotide 
polymorphism (SNP) individually contributes only to a small risk, they are common in the general 
population and thus their overall contribution to breast cancer is estimated to be greater than known 
high penetrate genes [11-12]. In 2015, the first polygenic risk score (PRS) assessing the joint 
contribution of 77 common SNPs on breast cancer risk was developed [13]. In the study, women 
in the highest 1% of the PRS had a three times higher risk of breast cancer compared with women 
in the middle quintile. In 2019, an updated PRS of 313 SNPs was developed [11]. The results 
showed that women in the highest 1% of the PRS have a 4.04 times higher risk of breast cancer, 
compared to those in the middle quintile. This study suggested that the PRS is a discriminatory 
and calibrated method for predicting breast cancer risk. 
Besides genetic factors and reproductive factors, various well-established environmental factors 
are associated with breast cancer risk [2-3], including alcohol consumption. Alcohol is a known 
human carcinogen that is associated with an elevated risk of several types of cancer [14]. 
Systematic reviews have found a positive association between alcohol drinking and breast cancer 
risk [15-16]. For every 10 g of ethanol consumed daily, the relative risk of breast cancer increases 
by approximately 10%. Potential mechanisms include the differences in people's ability to 
metabolize acetaldehyde and the impact of alcohol on estrogen levels, enzymatic activities, and 
oxidative stress [15,17-19]. 
However, the interaction between alcohol consumption and genetic factors on breast cancer 
development is poorly understood. To our knowledge, only four studies have attempted to assess 
the interaction between PRS and alcohol on breast cancer risk. A population-based, nested case-
control study in Korea found a quantitative interaction between alcohol intake and a 4-SNP 
estrogen-related PRS on breast cancer risk [20]. The association between high PRS and breast 
cancer risk was more robust in women with moderate alcohol consumption than those with no or 
mild alcohol consumption. A nested case-control study among White women included in 8 
prospective cohorts from the Breast and Prostate Cancer Cohort Consortium in the U.S. found no 
interaction between alcohol consumption and a 24-SNP PRS on breast cancer risk [21]. Another 
analysis that included participants of European ancestry in 20 case-control studies from the Breast 
Cancer Association Consortium (BCAC), both prospective and retrospective, found a significant 
sub-multiplicative interaction between a 77-SNP PRS and alcohol consumption on breast cancer 
risk (ORinteraction= 0.90 (0.82–0.98), P-value: 0.016) [22]. However, a further study using data 
from women of European ancestry from 46 studies included in BCAC showed no statistically 
significant interaction between a 313-SNP PRS and alcohol intake [23]. Additional support for the 
hypothesis that lifestyle factors may interact with PRS on breast cancer risk comes from a British 
study of women in the UK Biobank [2]. The study found an additive but not multiplicative 
interaction between overall environmental factors, as measured by the Healthy Lifestyle Index, 
and the genetic factors, as measured by a 304-SNP PRS, on breast cancer risk. However, another 
similar study examining overall lifestyle factors and a 305-SNP PRS in women in the UK Biobank 
found no significant interaction between the lifestyle index and genetic risk groups for breast 
cancer risk, though with limited study power [24]. The overall environmental factors in these latter 
two studies included alcohol, but they did not separately evaluate the alcohol-PRS association.  
Given the inconsistent findings described above and the importance of determining whether the 
genetic risk of breast cancer can be modified, more research is needed to evaluate this interaction. 
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Therefore, in our study in ARIC, we will evaluate whether alcohol consumption modifies the 
association between the genetic risk of breast cancer as measured by the most up to date PRS (313 
SNPs). Since alcohol affects the risk of cancer in multiple ways through a variety of pathways, we 
will assess genetic risk across the whole genome using the 313-SNP PRS, rather than restricting 
to SNPs in alcohol metabolism genes. We hypothesize that there’s a multiplicative interaction 
between alcohol consumption and PRS for breast cancer risk. If our hypothesis is supported, this 
gene-environment interaction could better inform the implementation of lifestyle interventions to 
reduce breast cancer risk in high genetic risk subgroups. 
 
5. Main Hypothesis/Study Questions: 
Our study question is whether alcohol consumption modifies the genetic risk of breast cancer. We 
will first confirm that each of the characteristics, the 313-SNP PRS and alcohol consumption, are 
associated with breast cancer in ARIC, and then analyze our study question. 
We hypothesize that there is a multiplicative interaction between alcohol consumption and 313-
SNP PRS for breast cancer risk. That is, women with a higher PRS and high alcohol consumption 
will have a higher breast cancer risk than the expected value of the risk for women who have a 
high alcohol consumption but low genetic risk multiplied by the risk for women who have a high 
genetic risk but low alcohol consumption. 
The previous four studies on this hypothesis have conflicting results. The Korean study supports 
our hypothesis of multiplicative interaction between alcohol drinking and PRS on breast cancer 
risk, but the other three studies of participants of European ancestry do not. One of these three 
studies found a sub-multiplicative interaction, and the remaining two did not find a statistically 
significant interaction. This inconsistency may be due to differences in the PRS they used and the 
differences in the study populations. The Korean study used an estrogen-related polygenic risk 
score, whereas the other studies used polygenic risk scores assessing genome-wide genetic risk, 
and only one study used the most up to date PRS, (4/24/77 vs 313). Besides, the ability to 
metabolize alcohol differs between populations of different ancestry [24], and these PRSs do not 
include those alcohol metabolic genes. Therefore, further studies with diverse populations, long-
term prospective follow-up, the most updated PRS, along with detailed information on potential 
established and suspected confounders, are needed.    
However, whether our finding suggests a multiplicative (RR11>RR01*RR10) or sub-
multiplicative (RR11<RR01*RR10) interaction between PRS and alcohol consumption on breast 
cancer risk, both imply public health action. Since women with high PRS and high alcohol 
consumption have a higher breast cancer risk than women with only one of the two, this would 
convey an important message that women with high PRS should avoid excessive alcohol 
consumption. 
 
6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 
interest with specific reference to the time of their collection, summary of data analysis, 
and any anticipated methodologic limitations or challenges if present). 

6.1 Study design:  
Prospective cohort study 

 
6.2 Inclusion/exclusion:  
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Women enrolled in ARIC from 1987-2015, at risk for 1st primary breast cancer, with genetic 
information and genetic consent, with consent to use their data other than cardiovascular 
outcomes 

 
6.3 Variables:  

Outcome variable: first postmenopausal primary incident breast cancer 
Main variables: alcohol intake (g) per day (Visit 2), 313-SNP polygenic risk score 
Covariates (For all the covariates we will use data from Visit 2 for all participants):  
age at recruitment, race, education, age at menarche, age at menopause, parity, age at first live 
birth/pregnancy, hormone replacement therapy use, oral contraceptives use, history of 
mammograms, family history of cancer, BMI, height, physical activity (meet the guidelines or 
not), smoking in pack years, energy intake (Calorie), total folic acid intake 

 
6.4 Statistical data analysis plan 

6.4.1    Evaluate the baseline characteristic of participants (Visit 2). 
Table 1a. Baseline characteristics by PRS (median as a cut point) 
          1b. Baseline characteristics by alcohol consumption (never vs. ever) 
          1c. Joint table of PRS and alcohol consumption under null hypothesis 

 
6.4.2 Pre-analysis assumption check (Cox proportional hazards regression, adjusting for the 

same covariates as the main analysis)  
1) Check whether the quintiles of the 313-SNP PRS are associated with breast cancer risk in 

the study population. If so, we will check whether the association between PRS and breast 
cancer is linear on the natural logarithm scale using the Likelihood Ratio test comparing 
continuous model and spline model. 

2) Check whether alcohol consumption (grams of ethanol) is associated with breast cancer 
risk in the study population. If so, we will check whether the association between alcohol 
consumption and breast cancer is linear on the natural logarithm scale using the 
Likelihood Ratio test comparing continuous model and spline model. 
 

6.4.3 Main analysis 
1) Prevalent cancers at Visit 1 and breast cancer cases up to Visit 2 will be excluded. We will 

use Cox proportional hazards regression to estimate hazard ratios and 95% confidence 
intervals, adjusting for the covariates under 6.3, which are known or purported 
confounders for the association between alcohol drinking and breast cancer. Follow-up 
time will be estimated from Visit 2 until December 31st, 2015. To test for multiplicative 
interaction, we will include an interaction term (e.g., alcohol*PRS both continuous; or 
current alcohol drinker (vs not) *PRS (divided at the median) in the regression models and 
test its coefficient using the Likelihood Ratio test. Alcohol intake will be pre-categorized 
as No", "Low to moderate" (>0 to 1/day), and "High" (>1/day), based on conventional 
guidelines that recommend women limit their intake to 1 drink or less per day [29]. For 
breast cancer, no threshold has been identified (https://www.wcrf.org/wp-
content/uploads/2021/02/Alcoholic-Drinks.pdf), thus we will use “No” as the reference 
group.  We also will divide ethanol intake in grams/day (0 and tertiles) based on the 
distribution in the analytic cohort. 
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Table 2 Main result - Stratified table  

 Alcohol intake  

No Low to moderate  High  

Low-PRS 1 (ref)   

Medium-PRS 1 (ref)   

High-PRS 1 (ref)   

Table 3 Main result - Joint table 

 Alcohol intake  

No  Low to moderate High  

Low-PRS 1 (ref)   

Medium-PRS    

High-PRS    
 

2) Check proportional hazards assumption by Schoenfeld residuals. 
3) If there is no multiplicative interaction, we will look at the additive scale by estimating 

relative excess risk due to interaction (RERI) 
 

6.4.4 Further stratify analysis for other EMMs 
1) Stratify by race  
2) Stratify by history of mammograms 
3) Stratify by family history of cancer 

 
6.5 Minimal detectable size of the interaction 

1) Total population: In ARIC Visit 2, there were 13162 participants, of which approximately 
55% were female. Approximately 82.15% of them had genetic information, yielding a total 
study population estimate of 5883. 

2) Total cases: There were 568 cases of primary breast cancer during the follow-up period, 
and assuming that the proportion of them with genetic information was the same as the 
total cohort, this means we will have roughly 462 cases.  

3) Probability at baseline: We estimated that at 30 years of follow-up, the baseline incidence 
of participants aged 60 years or older was about 7.5% [26]. 

4) Alcohol drinking prevalence: Classifying former drinkers into non-drinker category, the 
prevalence of alcohol drinking among the ARIC female population was 52.96% [27]. 

5) Polygenic risk score was dichotomized by median. 
6) The minimal detectable size of the interaction is estimated to be 1.88, using a two-sided 

test with an alpha level of 0.05 and 0.8 power [28]. While the size of this interaction is not 
small, if such an interaction of this size was observed, this would imply that alcohol is a 
meaningful target for breast cancer intervention in women with high PRS. 

 
6.6 Limitations： 
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1) The sample size of our study is not large enough to detect the interaction between multiple 
categories of PRS and alcohol. It is unclear whether the interaction with the PRS would 
differ by former vs current drinking status. 

2) The PRS was developed in European ancestry women and may be less relevant to African 
ancestry women. 

3) We do not have complete information on all cases of breast cancer receptors (ER, PR, 
HER2/NEU. 

4) There is insufficient power to detect effect measure modifiers of the interaction term 
between alcohol consumption and PRS. 

5) It is possible that only excessive alcohol consumption, i.e., binge drinking, has a more 
pronounced effect on breast cancer risk, but we will not be able to assess this due to limited 
study power. 

6) We will only analyze the total amount of alcohol consumption, without separating the 
effects of different types of alcohol because the hypothesis is about ethanol. 

7) Our study population is restricted to postmenopausal women. Therefore, our findings may 
not be generalizable to premenopausal women. 

8) Our study population consists mainly of women of European ancestry and women of 
African ancestry. Therefore, the study results may not be generalizable to women of other 
ancestries. 
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10.2 All GWAS studies in ARIC cohort 
 
11.a. Is this manuscript proposal associated with any ARIC ancillary studies or use any 
ancillary study data? __x__ Yes    ____ No 
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_x_  A. primarily the result of an ancillary study (list number* 2011.07 Enhancing 
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approval, the manuscript proposal will expire. 
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has access to the published results of NIH funded research.  It is your responsibility to upload 
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