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Abstract

Moderate alcohol consumption has been linked to an approximate 30-50% increased risk in breast
cancer. Case-control and cohort studies have consistently observed this modest increase. We
highlight recent evidence from molecular epidemiologic studies and studies of intermediate
markers like mammographic density that provide additional evidence that this association is real
and not solely explained by factors/correlates of the exposure and outcome present in non-
randomized studies. We also review evidence from studies of higher risk women including
BRCAI1and BRCAZ mutation carriers. Given the incidence of heart disease is higher than breast
cancer and modest alcohol consumption is associated with reduced risk of heart disease, we
examine the latest evidence to evaluate if alcohol reduction should be targeted to women at high
risk for breast cancer. We also review the most recent evidence on the effect of alcohol use on
tumor recurrence and survival for those diagnosed with breast cancer.
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Introduction

Extensive epidemiologic data have linked alcohol consumption to risk of breast cancer
(reviewed in [1-5]). The overall estimated association is an approximate 30-50% increase in
breast cancer risk from 15-30 grams/day of alcohol consumption (about 1-2 drinks/day)
[6-8¢]. Given the level of alcohol consumption in the U.S. population, modifying this
behavior could have a large impact on breast cancer incidence [9].
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Despite variability in defining light, moderate and heavy alcohol intake, studies have found
a consistent modest association between higher alcohol intake and increased breast cancer
risk (reviewed in [1-3]. A meta-analysis of 53 studies reported that compared with women
who abstained from alcohol consumption, the relative risk of breast cancer increased by
32% (95% CI 1.19-1.45) for those with intake of 35-44 g/day (approximately 3-4 drinks per
day), and by 46% (95% CI 1.33-1.61) for =45 g/day of alcohol use (approximately more
than 4 drinks per day) [10]. Overall, the relative risk of breast cancer is increased by 7% for
each additional 10 grams of alcohol consumed per day [10]. More recently, a summary of
data for lighter drinking supported that even in women who drink <12.5 g/day (<1 drink/
day) there was a 5% increase in risk of breast cancer compared to non-drinkers (95% Cl
1.02-1.08) [1].

Cell culture, animal, and human studies reveal multiple plausible pathways by which alcohol
may play a role in breast cancer pathogenesis [5, 3]. The most commonly explored pathways
stem from both the carcinogenic role of ethanol metabolites as well as the role of alcohol in
altering estrogen levels [1-4]. Acetaldehyde (AA) is the primary ethanol metabolite
suggested to have a possible role in breast cancer pathogenesis. Eighty-percent of ethanol is
metabolized by alcohol dehydrogenase (ADH) to AA [11-14]. This mainly happens in the
liver where approximately 97% of ADH is localized; however, ADH is also expressed and
regulated in breast and other tissues [12-14, 11]. AA can bind proteins and DNA, interfering
with the anti-oxidative defense system and DNA synthesis and repair. Moreover, by
decreasing the availability of methyl donors, it can indirectly modify epigenetic histones and
DNA methylation creating genomic instability [2, 3, 15]. Higher intake of alcohol has also
been shown to increase circulating estrogen levels (reviewed in [1, 4, 2]). Estrogen is
thought to induce hormone-receptor mediated cell proliferation and cause genetic alterations
including aneuploidy [2, 4]. Ethanol has also been hypothesized to play a direct role in
breast cancer tumorigenesis by down-regulating the tumor suppressor gene BRCAI,
resulting in increased transcriptional activity of ERa, a key estrogen receptor, leading to
increased cell proliferation and greater opportunity for genetic damage [16].

Despite the strong biologic rationale, human data on alcohol and breast cancer risk are from
non-randomized studies, and since the magnitude of the overall association is relatively
modest at about 30-50% increase in breast cancer risk from moderate alcohol consumption
[6-8], it is critical to rule out the role of bias in explaining these results. Importantly, as
alcohol has been associated with breast cancer risk in both case-control and cohort studies
(reviewed in [3, 1]), it is less likely that selection bias or information bias are plausible
explanations for this association as these two biases operate differently in these study
designs. However, the observed results can still be explained by confounding of unmeasured
or poorly measured antecedents of alcohol consumption and breast cancer. For example, if
moderate alcohol drinkers were more likely to have higher caloric intake or less likely to
exercise, then the increased breast cancer risk may partially or even fully be explained by
these other factors. Although confounding cannot be ruled out through observational
epidemiologic studies, we can leverage information from molecular epidemiologic studies
and studies of intermediate markers to help exclude confounding as a likely explanation of
the observed findings. This is because it is less likely that potential confounders of the
alcohol and breast cancer association also map to different intermediate and genetic markers
associated with this pathway. Since we know that alcohol may increase breast cancer risk
through acetaldehyde as well as through altering endogenous hormone levels, we review the
latest epidemiologic evidence for 1) gene-environmental interactions with alcohol
metabolizing genes and breast cancer and 2) alcohol and mammographic breast density, the
strongest intermediate marker for breast cancer.
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Alcohol metabolizing genes and breast cancer

Ethanol is metabolized by ADH to AA and subsequently removed by aldehyde
dehydrogenase (ALDH) to acetate [17]. The genes that encode for ADH or ALDH are
polymorphic, and depending on the activity of the enzymes they encode, determine the rate
of ethanol metabolism and the concentration of intermediate metabolites including the
carcinogenic AA [17]. If the observed association between alcohol consumption and breast
cancer is attributable to an unmeasured or a poorly measured confounder, we would not
expect the strength of the alcohol and breast cancer association to change depending on the
genotype of the enzymes that regulate ethanol metabolism unless the confounder also
mapped to the genotype. Any modification of the association between alcohol intake and
breast cancer by the activity of enzymes therefore offers additional support that the
association is causal and not explained by confounding.

Since AA is thought to play a central role in alcohol-associated carcinogenesis and its levels
are primarily determined by the activity of genes encoding ADH, several studies have
evaluated the effect modification of the association between alcohol and breast cancer risk
by the genes encoding ADH isozymes [18-28]. There are several classes of human ADH
genes and it’s the class | ADH isozymes that are primarily involved in ethanol oxidation.
The genes that encode these enzyme types are ADH1A, ADH1B, and ADH1C (former
nomenclature ADH1, ADH, and ADH3, respectively). ADH1B polymorphisms are
primarily found among Asians and the genetic variant ADH1B*2 has almost 40 times more
enzymatic activity compared to the wild-type ADH1B*1 [29, 17]. Therefore, having
ADH1B*2 results in prolonged exposure to AA and is thought to increase breast cancer risk
[17]. Several studies have reported that the type of ADH1B allele present modifies the
association between alcohol and breast cancer [24, 26, 27]. However, AA is also responsible
for the side effects associated with alcohol consumption. Therefore, homozygous recessive
carriers of ADH1B*2 have such severe side effects from alcohol consumption that they are
often alcohol abstainers, making this genotype less commonly studied due to the small
numbers who consume alcohol [17].

In addition to ADH1B, ADH1C also effects enzymatic activity but to a lesser extent:
ADH1C*1 allele has almost 2.5 times more enzymatic activity compared to ADH1C*2.
Because polymorphisms in ADH1C gene are more common in Caucasians than
polymorphisms in ADH1B, they have been more frequently studied in U.S. populations [17,
29]. Individuals with the ADH1C*1/1, ADH1C*1/2, or ADH1C*2/2 genotypes are
considered fast, intermediate, or slow metabolizers of alcohol, respectively [17]. In a
population based study among 1,047 breast cancer cases and 1,101 controls, we observed
that ADH1C*1/1 carriers who consumed moderate levels of alcohol (15-30 grams/day) were
at almost twice the risk of having breast cancer compared to nondrinkers (OR 1.97, 95% CI
1.10-3.54) [21]. Another case-control study (N=315 cases and N=356 controls) also reported
increased breast cancer risk in ADH1C*1/1 carriers, especially among premenopausal
women with alcohol intake above the median (OR 3.6, 95% CI 1.5-8.8) [19]. With some
exceptions [18, 22-24], these findings [21, 19] and results from other studies showing
interaction of the ADH1C genotype with alcohol-breast cancer association [20, 25] give
additional support that this association is likely causal as it is less likely that unknown or
poorly measured confounders also differ by the ADH1C genotype.

Alcohol and breast density marker

In addition to the carcinogenic role of its metabolites, alcohol has been shown to alter
estrogen levels, which may lead to changes in breast density, affecting breast cancer risk
[30, 31]. An intermediate marker of breast cancer risk that has also been linked with many
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hormonal breast cancer risk factors is mammographic density, a measure of epithelial and
connective tissue in the breast. Higher density confers a 4-6 fold increase in breast cancer
risk (reviewed in [30, 31]). Moreover, alcohol use has been shown to modify the
mammographic density-breast cancer association in a dose-response way [32-34].
Associations between alcohol use and intermediate markers such as breast density provide
further evidence that alcohol is truly associated with breast cancer and that this association
cannot be explained by bias alone.

Epidemiologic studies have used different measures to assess mammographic density with
earlier studies using qualitative measures such as the Wolfe parenchymal patterns [35, 36],
and more recent studies using more quantitative methods that either use categories such as
the Breast Imaging Reporting and Data System (BI-RADS) [37] or use a continuous
measure ranging from 0-100% based on computer threshold programs [38, 39, 31].

Wolfe patterns classify breast density into four categories: predominately fat (N1), ductal
prominence in <25% of breast (P1), ductal prominence in >25% of breast (P2), and
extensive dysplasia (DY) [38, 39, 31]. There have been at least four studies that have
assessed breast density using Wolfe patterns [40-43], with one large European study
(N=1,668) reporting a 31% increase in higher density with higher consumption of alcohol
(Wolfe pattern P2/DY compared to N1/P1) [43]. Other studies that have used Wolfe patterns
have generally failed to find significant associations [40-42]. This may be because Wolfe
patterns generally reflect much larger changes in density than the more quantitative
measures.

Other recent studies that use more quantitative measures of density are reviewed in Table 1.
With a few exceptions [44-46], studies examining alcohol consumption and breast density
have generally found positive associations with at least six studies reporting a statistically
significant association [47-52], and another three reporting a positive trend that was not
statistically significant [53-55]. A large Spanish study (N=3,568) found a positive
association between alcohol consumption (>10 grams/day) and higher percent density
compared to non-drinkers among postmenopausal women (=10% density (ordinal scale) vs.
<10%: OR 1.26, 95% CI 1.03-1.53) [53]. The Minnesota Breast Cancer Family study also
reported in a series of studies, positive associations between alcohol consumption and higher
density [50, 51, 55]. In one of these studies (N=1,900), compared to never users, daily
drinkers had higher mean percent density among both pre- (43% vs. 32%, Pyeng 0.01) and
postmenopausal women (34% vs. 29%, Pieng 0.02) [50]. The longitudinal Fernald
Community Cohort (N=1,125) study measured density using BIRADS [47]. BI-RADS uses
the following four groups to categorize breast density from the least dense to the most dense:
almost entirely fat (1), scattered fibroglandular densities (1), heterogeneously dense (111),
and extremely dense (1V) [37]. In this study, the authors defined low density (BIRADS 1)
and high density (BI-RADS 1V) as sustained low or high densities throughout the cohort’s
follow-up. They found that among both pre- and postmenopausal women, ever users of
alcohol were at almost twice the risk of having high breast density (BIRADS density IV vs.
I: OR 2.0; 95% CI 1.4-2.8) compared to never users [47¢].

Although studies assessing density are generally among postmenopausal women when
mammography screening is more common; studies with predominantly premenopausal
populations have also found positive associations between alcohol use and higher density
[48, 47, 49, 50, 52, 43]. In particular, we conducted a study in a racially diverse (26% non-
Hispanic white, 34% non-Hispanic Black, 40% Hispanic) urban birth cohort where 91%
women were premenopausal and found higher percent density among those consuming >7
drinks/week compared to non-drinkers (12.3%, 95% CI 4.3-20.4) [52]. Similar results were
seen in the Multiethnic Cohort, which had a higher proportion of Japanese and Hawaiian
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women (>1 drink/day vs. <1 drink/month: mean density 46.1% and 44.5%, Pyeng 0.22) [54].
In addition to examining whether the alcohol-breast density association varies by
menopausal status, three studies have looked at interaction by hormone replacement therapy
(HRT) status [47, 54, 46] with two studies, the Fernald Community Cohort and the
Multiethnic Cohort, suggesting a stronger association among HRT users [47, 54]; similar to
the alcohol and breast cancer literature.

Fewer studies have fully addressed the question of timing and type of alcohol. In contrast to
the studies examining adult alcohol use, the three studies that looked at adolescent alcohol
use and adult breast density failed to report significant associations [52, 55, 53] (Table 1).
This may be because unlike assessing current or lifetime alcohol use, examining past alcohol
use is subject to recall bias, which would lead to underestimation of the strength of the true
association. In addition to the timing of alcohol, four studies have assessed the strength of
the alcohol-density association by the type of alcohol consumed [46, 51, 43, 52] (Table 1).
One study suggested that density is positively associated with white wine [51] and two
studies found an inverse association with red wine [51, 52]. However, in a large Norwegian
cohort of postmenopausal women (N=2,251), there was no effect of alcohol on percent
density overall (>90 g/week vs. 0 g/week: 18.2% and 18.3%, Pieng 0.91) or by alcohol types
(beer, red wine, white wine, or liquor) [46]. This may be because the Norwegian cohort
consumed an average of 6 g/day of alcohol (approximately half a serving/day) [46]; which is
lower than the studies that observed an effect [52, 43].

Although a number of studies reported a positive association between alcohol consumption
and density, not all were statistically significant. Reasons for this could be small sample size
[56, 41, 40, 45] or low levels of alcohol use [45, 46, 44]. Another important reason could be
the use of categorical rather than continuous measures to assess density. Other established
factors associated with breast cancer risk such as HRT or tamoxifen use show only modest
changes in breast density [30, 57]; therefore, finding significant associations between
alcohol use and density may require more sensitive measures of breast density.

In summary, studies examining alcohol consumption and breast density provide additional
evidence that the association between alcohol intake and breast cancer risk is causal. Unlike
assessing breast cancer as the outcome, studies examining breast density are less likely to
have differential information bias as women reporting alcohol use would most likely be
unaware of their breast density status. Studies of intermediate markers like density provide
further evidence that alcohol can affect breast cancer risk through hormonal pathways [31,
58]. Future work to confirm that reducing alcohol consumption reduces breast density and
risk accordingly over time, as is the case for HRT cessation [59], would be the most robust
way to confirm this hypothesis.

Considerations for clinical recommendations on alcohol consumption for
breast cancer prevention

Existing epidemiologic evidence, complemented further by studies of genetic and
intermediate markers, strongly suggests that alcohol use may increase breast cancer risk.
High alcohol consumption has also been associated with a number of other adverse health
conditions including liver diseases such as alcoholic hepatitis and cirrhosis, cardiovascular
diseases such as high blood pressure and cardiomyopathy, and other cancers such as that of
mouth, pharynx, larynx, esophagus, and colon [60]. Alcohol abuse also leads to violent
crimes, automobile accidents, psychiatric problems, and for a pregnant woman, increases the
risk of birth defects [60]. However, modest alcohol consumption has been consistently
associated with a decreased risk of coronary heart disease (CHD). In a recent meta-analysis,
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among women, current drinkers had a 29% reduced risk of CHD incidence and a 21%
reduced risk of CHD mortality compared to non-current drinkers [61].

Based on the overall evidence regarding health effects of alcohol use, the National Institute
on Alcohol Abuse and Alcoholism (NIAAA), the American Heart Association (AHA), and
the Health and Human Services (HHS) recommend that women should not consume >1
drink/day and >7 drinks/week [62-64]. Despite these guidelines, data from the National
Health and Nutrition Examination Survey (NHANES) demonstrate that approximately 8%
of women are heavy drinkers (>7 drinks/week) and this number has remained fairly stable
from 1999 to 2010 [65]. According to the 2009-2010 NHANES, 51% of US women are
current drinkers consuming more than 12 drinks in the past one year (Figure). Among
current drinkers, 41% are moderate drinkers (<7 drinks/week) and 10% are heavy drinkers
(>7 drinks/week). Prevalence of heavy drinking is higher among non-Hispanic white women
(12%) as compared to non-Hispanic Black (7%) or Hispanic women (4%). Among non-
Hispanic Black and Hispanic women, younger women (20-39 years) tend to drink more as
compared to older women (=60 years).

One of the goals of the Healthy People 2020 initiative is to reduce the average annual
alcohol consumption by 10% over a period of 10 years [66]. Meeting this goal will require
public health practitioners and clinicians to develop effective strategies to modify alcohol
behavior among those who drink more than one drink a day. The National Epidemiologic
Survey on Alcohol and Related Conditions (NESARC) reported that over a period of three
years, among women who were current drinkers at baseline, 11% reported abstaining from
alcohol during the 3 year study period [67]. Among women who were current drinkers who
did not exceed drinking limits at baseline, 20% reported exceeding drinking limits in the
past year [67]. These findings reflect that though the trends of alcohol use may appear
stable, women change their drinking habits over time.

What about women at higher-breast cancer risk

Assuming that effective strategies can be implemented to reduce heavy drinking to moderate
levels for the majority of women who are at average risk of breast cancer, the potential
cardiovascular benefit from modest intake may outweigh the increased risk of breast cancer
and other alcohol-related adverse health outcomes, given the high incidence of
cardiovascular disease. The prevention challenge in women at high risk of breast cancer is
that the cardioprotective benefits of alcohol among these women may be of less
consequence. The empirical evidence however, has not shown that women at high risk of
breast cancer who consume alcohol are at particularly higher risk due to their alcohol intake.
For example, in a study among 89,538 US women that defined breast cancer risk by age and
a set of other risk factors, compared to non-drinkers, alcohol consumption was associated
with an increased breast cancer risk in women who were at low (RR 2.5, 95% CI 1.5-4.2) as
well as high risk (RR 1.5, 95% CI 1.1-1.9) [68]. Additional studies have examined risk by
family history (broadly defined as ever/never for an affected mother or sister). These studies
also found that alcohol use was not associated with an increased risk in women with a
family history of breast cancer [8, 69]. Table 2 summarizes more recent studies of women at
higher risk of breast cancer from high risk family based registries and from women who are
BRCA1 or BRCA?2 mutation carriers. In the Minnesota Family study (132 high risk
families), compared to never drinkers, first-degree relatives who consumed alcohol daily had
a greater risk of developing breast cancer (RR 2.71, 95% CI 1.33-5.53), with no association
among second-degree relatives (RR 1.15, 95% CI 0.62-2.13) [70]. In contrast, using data
from 811 sibling-sets from families at high risk of breast cancer from the Breast Cancer
Family Registry, we did not observe an association for either moderate (<7 drinks/week) or
high (=7 drinks/week) alcohol intake (moderate OR 0.91, 95% CI 0.73-1.14; high OR 0.85,
95% CI 0.63-1.14 compared to non-drinkers) [22].
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More recent studies of high risk women have focused on women with BRCA1 or BRCAZ
mutations. With at least one exception [71], these studies also reported that alcohol
consumption was not associated with breast cancer risk [72-75, 71, 76] (Table 2). For
example, in a large case-control study conducted in primarily postmenopausal BRCA1 or
BRCAZ mutation carriers (N=1,925 sets), alcohol intake was not associated with BRCA-
related breast cancer [75¢]. The Genetic and Environmental Modifiers Study (GEMS)
examined the interaction risk ratio for BRCA mutation carriers and alcohol intake, which
measures the risk ratio of disease given exposure among carriers to the risk ratio of disease
given exposure among non-carriers. The study found that the effect of alcohol consumption
(drinkers versus non-drinkers) on BRCA1 mutation carriers was weaker than in non-BRCA
mutation carriers (IRR 0.65, 95% CI 0.48-0.90) [74].

The BRCA carrier studies till now have largely been retrospective and based on their
sampling, may be affected by survivor bias [75, 72]. The low prevalence of BRCA mutation
carriers could also limit the ability to detect modest associations between alcohol and carrier
status [71, 74, 73] or result in not examining BRCAL and BRCA?2 mutation carries status
independently [73]. Although the empirical evidence thus far does not suggest that high risk
women have an increased risk of breast cancer from alcohol consumption, prospective
confirmation of these findings across women at a higher continuum of risk, including BRCA
mutation carriers, is needed.

Alcohol consumption and breast cancer-related outcomes

With an increasing population of breast cancer survivors, there has been an emphasis on
examining the effect of alcohol on breast cancer recurrence and survival. Thus far, studies of
recurrence and mortality have shown mixed results (reviewed in [77-79]), although this may
be due to studies having few breast cancer specific mortality events and relatively low levels
of alcohol consumption, making it difficult to observe a dose-response effect [80, 81].
Moreover, many studies focused on pre-diagnostic alcohol exposure rather than post-
diagnostic use. The Collaborative Breast Cancer Study (N=22,890), a population based
study with a median follow-up time of 11.3 years, found that moderate alcohol intake before
breast cancer diagnosis was associated with lower overall breast cancer mortality (3-6
drinks/week vs. nondrinkers: HR 0.85, 95% CI 0.75-0.95), but there was no association with
alcohol intake after diagnosis [82¢]. Interestingly, in a prospective Danish cohort (N=1,052)
that found a modest association between higher alcohol consumption and recurrence (>2
units/day vs. <1 unit/day: HR 1.65, 95% CI 1.02-2.67), the average alcohol intake was
higher after breast cancer diagnosis as compared to pre-diagnosis use [83]. The After Breast
Cancer Pooling Project (N=9,329), the largest and the longest study to date to assess
recurrence and the effect of post-diagnostic alcohol consumption found that increasing
levels of alcohol consumption were not associated with either recurrence or overall survival.
However, in women who were postmenopausal and ER+ there was a marginal association
between higher levels of alcohol use and breast cancer recurrence (=6 g/day HR 1.19, 95%
Cl 0.99-1.45) [84¢]. These findings have also been seen in previous reports [85-87] and
provide further evidence in support of alcohol-induced breast carcinogenesis through
hormonal regulation.

Conclusion

Alcohol consumption is associated with a modest increase in breast cancer risk. This
association has been consistently found in case-control and cohort studies, reducing the
likelihood that it could be explained by selection or information biases. Effect modification
of this relationship by the ADH1C genotype, and the associations between alcohol use and
higher breast density, provide further evidence in support of a causal effect. Although the
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majority of the studies to date do not support increased breast cancer risk with higher
alcohol use in women at high risk of breast cancer, prospective studies are needed to rule out
biases. Although the literature is relatively scant, studies also do not suggest that alcohol
affects breast cancer recurrence or survival. Thus, until prospective data become available
for women across the spectrum of breast cancer risk, the best evidence suggests that higher
risk women are not at increased risk from moderate alcohol consumption. Given the
prevalence of drinking in U.S. women, many could benefit from staying within the drinking
guidelines of <1 drink a day for overall health, and consider stopping entirely to reduce
breast cancer risk.
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Figure. Prevalence (per centage) of alcohol consumption among US women, by Race and
Ethnicity (2009-2010)

Prevalence (percentage) of alcohol consumption among US women 20 years and older
stratified by race-ethnicity and age group (data from the National Health and Nutrition
Examination Survey, 2009-10). Definitions: Non-current drinkers, < 12 drinks in the past 12
months; Moderate drinkers, > 12 drinks but < 7 drinks/week in the past 12 months; heavy
drinkers, > 7 drinks/week in the past 12 months.
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