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Alcohol consumption by adult women is consistently associated with risk of breast 
cancer. Several questions regarding alcohol and breast cancer need to be addressed. 
Menarche to first pregnancy represents a window of time when breast tissue is 
particularly susceptible to carcinogens. Youth alcohol consumption is common in the 
USA, largely in the form of binge drinking and heavy drinking. Whether alcohol intake 
acts early in the process of breast tumorigenesis is unclear. This review aims to focus 
on the influences of timing and patterns of alcohol consumption and the effect of 
alcohol on intermediate risk markers. We also review possible mechanisms underlying 
the alcohol-breast cancer association.
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Alcohol is considered by the International 
Agency for Research on Cancer to be causally 
related to breast cancer risk [1], with a 7–10% 
increase in risk for each 10 g (∼1 drink) alco-
hol consumed daily by adult women [2–4]. 
This association is observed in both pre-
menopausal and postmenopausal women. 
Compared with other organs, breast appears 
to be more susceptible to carcinogenic effects 
of alcohol. The risk of breast cancer is signifi-
cantly increased by 4–15% for light alcohol 
consumption (≤1 drink/day or ≤12.5 g/day) 
[2,5,6] which does not significantly increase 
cancer risk in other organs of women [7]. This 
raises a clinical and public health concern 
because nearly half of women of child-bear-
ing age drink alcohol and 15% of drinkers at 
this age have four or more drinks at a time [8]. 
Approximately 4–10% of breast cancers in 
the USA are attributable to alcohol consump-
tion [2,5,6], accounting for 9000–23,000 new 
invasive breast cancer cases each year. There-
fore, better understanding of how alcohol 
consumption increases breast cancer risk is 
crucial for developing breast cancer preven-
tion strategies. As previous meta-analyses 
and systemic reviews comprehensively 

summarized the association between adult 
alcohol consumption and breast cancer risk 
[3,5,9,10], here we reviewed the recent epide-
miologic evidence, with special emphasis on 
timing and patterns of alcohol consumption 
and the effect of alcohol on intermediate 
markers. In addition, we discussed up-to-
date mechanisms that have been proposed to 
explain the association and provide guidance 
for clinicians on preventive messages.

Epidemiology
Importance of early-life exposures to 
breast cancer development
It is increasingly recognized that early-life 
exposures can affect a woman’s lifetime risk 
of breast cancer [11–14]. Late onset of men-
struation, early pregnancy and early onset 
of menopause are each associated with 
decreased risk for breast cancer. Breast cancer 
risk accumulates across a woman’s life course; 
however, the most rapid accumulation occurs 
from menarche to first pregnancy [15–18]. Both 
human and animal model data have demon-
strated that environmental exposures during 
adolescence and early adulthood are more 
important in breast cancer development than 
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exposures later in life [6,12,14,19–22]. There may be a criti-
cal period of increased biologic vulnerability between 
menarche, when breast tissue undergoes rapid prolif-
eration, until the completion of the first pregnancy, 
when multiple biologic changes in the breast occur 
and make epithelial cells resistant to becoming trans-
formed into cancer cells [22–26]. This is well exempli-
fied by the observed higher risk of breast cancer among 
female survivors from the atomic bomb explosions in 
Hiroshima and Nagasaki who were less than 20 years 
old at the time of bombing [12]. Experimental animal 
models do also support a critical role of early life expo-
sures on breast cancer development. Compared with 
rats that have undergone full-term pregnancy, young 
virgin rats with undifferentiated mammary glands are 
more likely to develop breast tumors when exposed to 
chemical carcinogens [27].

Alcohol consumption during adolescence 
& early adulthood & risk of breast cancer
Given the increased susceptibility of nulliparous 
breast tissue to neoplastic transformation, alcohol, a 
breast carcinogen, consumed in adolescent and early 
adult years may be relevant to breast cancer develop-
ment. Several epidemiologic studies have evaluated 
alcohol consumption across the life course in rela-
tion to breast cancer risk. The majority of these stud-
ies reported that recent drinking, but not drinking 
in early adult life, was significantly associated with 
breast cancer risk [28–33]. However, case–control stud-
ies showed a significant increase in breast cancer risk 
associated with early age at which women started to 
drink (<25  years) [34] and with alcohol consumption 
before age 30 years [35,36]. Alcohol consumption before 
age 30 years was dose dependently associated with pre-
menopausal breast cancer risk, with a 34% increase in 
risk for every 13 g/day (∼1 drink/day) of intake, but not 
with postmenopausal breast cancer risk [32]. In a pro-
spective analysis of more than 105,000 predominantly 
postmenopausal women in the Nurses’ Health Study 
(NHS), Chen et  al. [2] compared alcohol consumed 
before and after age 40 with regard to breast cancer 
risk and reported statistically significant associations 
of similar magnitude (relative risk [RR]: 1.07–1.08 
per 10 g/day consumption) for drinking in age ranges. 
However, these studies did not distinguish between 
drinking before first pregnancy and drinking after 
first pregnancy, but evaluated alcohol consumption at 
specific chronological age ranges.

Animal studies have demonstrated that dietary 
exposure to ethanol during puberty stimulates mor-
phologic changes in mouse mammary glands, includ-
ing increases in ductal branching (targets for malig-
nant transformation) and epithelial proliferation and 

density [37,38]. However, ethanol exposure of parous 
mice at the beginning of natural postlactational invo-
lution has no effect on mammary gland structure 
and did not influence the regression of the lactating 
mammary gland to a resting state [39].

We recently refined the risk assessment approach 
to specifically address how alcohol intake between 
menarche and first pregnancy influences subsequent 
breast cancer risk among women in the Nurses’ Health 
Study II (NHS II), a separate large cohort of US female 
nurses born from 1946 to 1964 [6]. Parous women ages 
24–44 years with no prior history of breast cancer in 
1989 (n = 91,005) were included in the analysis. Dur-
ing up to 20  years of follow-up, 1609 women were 
diagnosed with breast cancer. Compared with women 
who abstained from alcohol before first pregnancy, the 
risk of breast cancer was significantly increased by 34% 
(RR: 1.34; 95% CI: 1.00–1.80) for those with intake of 
≥15 g per day (∼1.5 drinks/day). Alcohol intake before 
first pregnancy was dose dependently associated with 
breast cancer risk, with the relative risk of 1.11 (95% 
CI: 1.00–1.23; p = 0.05) for each additional 10 g/day 
intake. In our study, alcohol consumed after first preg-
nancy was moderately, but nonsignificantly, associated 
with breast cancer risk, with the relative risk of 1.09 
(95% CI: 0.96–1.23) for every 10 g/day consumption. 
The observed association with alcohol consumption 
before first pregnancy was independent of drinking 
after first pregnancy. Moreover, the increase in risk of 
breast cancer for alcohol intake before first pregnancy 
was stronger when the time interval between menarche 
and first pregnancy was longer. For every 10  g/day 
alcohol consumed before first pregnancy, the risk of 
breast cancer was increased by 14% among women 
with an interval of 10–14 years between menarche and 
first pregnancy and by 25% among women with an 
interval of 15 or more years.

These epidemiologic results, along with animal 
data, suggest that alcohol exposure before first preg-
nancy can lead to morphologic changes in the breast, 
which may predispose to breast cancer development. In 
addition, a longer exposure to alcohol during this sus-
ceptible period may confer excessive breast cancer risk. 
Early-life alcohol consumption appears to contribute 
to both pre- and post-menopausal breast cancer.

Alcohol intake & intermediate markers of 
breast cancer risk
Proliferative benign breast disease (BBD) and mam-
mographic density are well-confirmed intermedi-
ate end points of breast cancer risk that are generally 
evaluated in epidemiologic studies of the breast can-
cer etiology. A recent analysis of women participating 
in the breast cancer surveillance consortium showed 
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that proliferative BBD and high breast density inde-
pendently predict the risk of subsequent breast cancer 
[40]. As expected, women with both atypical hyperpla-
sia and high breast density were at the greatest risk of 
breast cancer, with the relative risk of 5.34 (95% CI: 
3.52–8.09). While alcohol consumption is consistently 
associated with increased risk of breast cancer, studies 
examining the associations of alcohol intake with pro-
liferative BBD and mammographic density reported 
inconsistent results.

Benign breast disease
BBD encompasses a highly heterogeneous group of 
lesions that differ in their histopathologic features and 
clinical prognosis. Based on the criteria of Dupont 
and Page [41], BBD is generally divided into nonpro-
liferative lesions, proliferative lesions without atypia 
and atypical hyperplasias. The presence of prolifera-
tive benign lesions influences subsequent breast cancer 
risk; the risk is increased by 30–90% among women 
with proliferative BBD and no atypia, and by four-
fold to fivefold among those with atypical hyperplasia 
[42–45]. Women with proliferative BBD have higher risk 
of breast cancer in the same breast as well as in the 
contralateral breast.

Few epidemiologic studies have assessed the associa-
tion between alcohol consumption and risk for BBD. 
Two case–control studies of risk factors for BBD did 
not find an association between alcohol consumption 
in the year preceding diagnosis and BBD risk [46,47], 
which is consistent with a prospective analysis of post-
menopausal women participating in the Women’s 
Health Initiative (WHI) randomized clinical trials 
[48]. One potential explanation for the lack of associa-
tion is that these studies did not focus on an etiologi-
cally relevant exposure period. We recently examined 
the contributions of alcohol consumption before and 
after first pregnancy to risk of proliferative BBD [6]. 
We limited the analysis to cases confirmed by central-
ized pathologic review and diagnosed among parous 
women in the NHS  II cohort. Compared with non-
drinkers before first pregnancy, the risk for proliferative 
BBD was increased by 26% for those with daily intake 
of 5.0–14.9 g (∼0.5–1.5 drinks) before first pregnancy 
and by 39% for those with daily intake of ≥15 g before 
first pregnancy. Overall, the risk for proliferative BBD 
was increased by 16% (95% CI: 2–32%) for each 
additional 10 g of alcohol consumed daily before first 
pregnancy. The increase in risk for proliferative BBD 
was more pronounced among women with a longer 
time interval between menarche and first pregnancy, 
although the difference was not statistically signifi-
cant. In contrast, alcohol consumption after first preg-
nancy was not related to risk of proliferative BBD. The 

increased risk of proliferative BBD was also observed 
among women in the NHS  II who reported moder-
ate alcohol consumption between ages 18 and 22 years 
(RR: 1.15; 95% CI: 1.03–1.28 for each additional 
10  g/day intake) [49]. Among daughters of women 
in the NHS  II, daily intake of one drink of alcohol 
between ages 16 and 22  years was associated with a 
50% (95% CI: 19–90%) increased risk of biopsy con-
firmed BBD [50]. Taken together, these results suggest 
that alcohol consumption during adolescence and early 
adulthood may have a greater adverse effect on risk of 
proliferative BBD as compared with alcohol intake in 
late adult years.

Mammographic density
Mammographic density is defined as the proportion 
of radiologically dense fibroglandular tissue in the 
breast. Mammographic density, assessed by either a 
qualitative approach or a quantitative measure of the 
radiodense area of the breast, is consistently associated 
with increased risk of breast cancer [51]. A meta-analysis 
of 14,000 cases and 226,000 noncases revealed that 
women with more than 75% mammographic density 
have almost five-times the risk of breast cancer com-
pared with women with less than 5% mammographic 
density [52].

The relationship between alcohol consumption and 
mammographic density is inconsistent. Some stud-
ies observed a weak, but significant, positive trend 
of increasing mammographic density with increased 
adult alcohol consumption in both pre- and post-
menopausal women [53–57]. But, there was no sig-
nificant association between alcohol consumption 
and mammographic density in other studies [58–63]. 
In general, a positive association was reported in the 
studies where the overall alcohol consumption level 
was higher, such as more than 15% of participants 
consuming more than 10 g of alcohol per day. Women 
in the Minnesota Breast Cancer Family cohort, com-
prising breast cancer patients’ first- and second-degree 
female relatives and spouse of male relatives, were 
asked about their age at initiation of alcohol intake 
and alcohol consumption before age 18 during the 
follow-up [59]. Women who reported ever drinking 
alcohol before age 18 had a higher mammographic 
density than women who never drank during ado-
lescence. However, this difference was nullified by 
adjustment for breast cancer risk factors. There was a 
suggestive trend toward higher mammographic den-
sity for women who reported heavier and frequent 
drinking before age 18 and those who drank regularly 
in adolescence and continued throughout adulthood. 
In a New York birth cohort (born 1959–1963), alcohol 
consumption was asked separately for each decade of 
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life (prior to age 21, 21–29, 30–39 and 40 or older) 
and mammograms were obtained during the follow-
up of female participants ages of 38–42 [64]. In that 
study, recent alcohol intake was more strongly asso-
ciated with mammographic density than average life-
time alcohol intake. Compared with nondrinkers, 
those who reported seven or more drinks per week in 
the past year had 12.3% (95% CI: 4.3–20.4%) higher 
density. Mammographic density was inversely associ-
ated with alcohol consumption before age 21 but posi-
tively associated with alcohol consumption in other 
periods of life.

Drinking patterns & breast cancer risk
Alcohol consumption is common in adolescents and 
young adults in the USA, although the minimum legal 
drinking age is 21 years. More than one of four peo-
ple aged 12–20 reported alcohol use during the past 
30 days [65]. Nearly 70% of youth alcohol consump-
tion is in the form of binge drinking [66], defined as 
consuming four or more alcoholic drinks on one occa-
sion. Having multiple drinks in the same sitting results 
in higher alcohol levels in blood than having a single 
drink at one time, which can trigger different meta-
bolic pathways [9]. Hence, women who report seven 
drinks on the weekend but no alcohol consumption on 
the weekdays may have higher risk of breast cancer as 
compared with those who consistently have one drink 
every day. Breast cancer risk is generally assessed in 
epidemiologic studies for an average amount of alco-
hol intake in a specified time/age period, which does 
not account for the effect of a large amount of alcohol 
consumed at any one time.

We identified three epidemiologic studies examin-
ing the relationship between binge drinking and breast 
cancer risk. Binge drinking is related to increased risk 
of breast cancer in two prospective studies among 
nurses. In the Danish Nurse Cohort study, binge 
drinking was evaluated on the last weekday and on 
weekends [67]. Women reporting binge drinking on 
weekends had a relative risk of 1.49 for 10–15 drinks 
and a relative risk of 2.51 for 16–21 drinks as compared 
with women reporting 1–3 drinks, while a lower risk 
was observed for a small number of women who drank 
more. Regarding binge drinking on the last weekday, 
the highest relative risk of 1.55 was observed for four 
to five drinks compared with intake of one drink. In 
the NHS, breast cancer risk was increased by 21% in 
adult binge drinkers compared with nondrinkers, after 
controlling for cumulative alcohol consumption [2]. A 
case–control study reported a nonsignificant increase 
in the risk for binge drinking with an odds ratio of 
1.50, which was restricted to women who consumed 
91 g/week (∼7 drinks/week) or more of alcohol [68].

Type of alcoholic beverage & breast cancer
The influence of alcohol on breast cancer development 
might vary across types of alcohol. Red wine is thought 
to have a protective effect on cancer development and 
cardiovascular systems due to polyphenolic compounds 
from grape skin. Antioxidant, anti-inflammatory and 
anticancer functions of polyphenols in red wine occur 
through various molecular and biochemical processes. 
The compounds resveratrol, quercetin and catechin are 
three polyphenolic compounds, accounting for 70% of 
the red wine polyphenols [69]. They are structurally 
similar to estrogen and act as both antagonists and 
agonists on estrogen receptor (ER) [70–72]. Data from 
in  vitro studies and a small randomized clinical trial 
suggest that resveratrol suppresses estrogen production 
from androgens by controlling the activity of aroma-
tases [73,74]. Exposures to resveratrol in breast cancer 
cells inhibit DNA methyltransferases, the enzymes 
catalyzing DNA methylation and prevent epigenetic 
silencing of the BRCA1 tumor suppressor protein [75].

Beer is a complex mixture of bioactive compounds. 
The most-studied constituents of beer are phenolic 
compounds, which are derived from malt (70–80%) 
and hop (20–30%). Some hop-derived compounds, 
such as xanthohumol and hop bitter acids, are consid-
ered as potential cancer chemopreventive agents that 
are able to interfere with the initiation, promotion and 
progression of carcinogenesis [76]. They have impacts 
on signaling pathways that control carcinogen metab-
olism, inflammatory reaction, angiogenesis and inva-
sion, and induce apoptosis and cell differentiation [77]. 
Similar to resveratrol, xanthohumol has mixed estro-
genic/antiestrogenic properties and inhibits aromatase 
activities in vitro [76]. However, these compounds are 
present in beer at very low levels and their absorption 
in the body is limited.

Relatively few epidemiologic studies evaluated the 
associations of types of alcohol with breast cancer and 
its intermediate risk markers. Although ethanol con-
tents vary across different types of alcoholic bever-
ages, similar breast cancer risk is reported for all types 
of alcoholic beverages [2,78,79]. Few studies examined 
types of alcohol in relation to intermediate breast can-
cer risk markers. In premenopausal women from the 
New York Women’s Birth cohort, mammographic 
density was inversely associated with red wine con-
sumption during adolescence and early adulthood and 
positively associated with beer and white wine intake 
in early adult years [64]. A significant positive associa-
tion between recent white wine intake and mammo-
graphic density was also observed among postmeno-
pausal women [64], which was consistent with data 
from the Minnesota breast cancer family cohort show-
ing a positive association for white wine and an inverse 
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association for red wine in postmenopausal women 
[60]. A study among Mediterranean women reported a 
positive association between increasing levels of wine 
intake and mammographic density; it did not examine 
the associations by types of wine [80]. However, there 
was no association between adult alcohol intake and 
risk of proliferative BBD by types of beverages in post-
menopausal women [48]. Overall, the epidemiologic 
evidence supports alcohol content – not type of bev-
erage  –  that drives breast cancer risk. Available data 
regarding mammographic density by types of alcohol 
are limited.

Possible mechanisms
Despite a consistent association between alcohol 
consumption and breast cancer risk, the underlying 
mechanisms remain unclear. The most commonly 
investigated pathways include the effect of alcohol on 
circulating estrogen levels and ER in mammary epithe-
lial cells and the carcinogenic role of ethanol metabo-
lites. Recent in vivo and in vitro studies suggest other 
mechanisms through which alcohol may play a role 
in breast tumorigenesis, such as the effect of alcohol 
on epithelial–mesenchymal transition (EMT), epithe-
lium–stroma interaction and epigenetic regulation of 
gene expression in the breast.

Estrogen & ER
Prolonged exposure to estrogens has been related to the 
elevated incidence of breast cancer in humans. Epide-
miologic studies in postmenopausal women receiving 
hormonal therapy (HT) have revealed that high levels 
of estrogen in blood are associated with elevated risk 
of subsequent breast cancer [81,82]. Mammary adeno-
carcinomas were induced in rats continuously exposed 
to supraphysiological doses of estrogens, while fibro-
adenomas were found in rats dosed with low estrogen 
levels over long periods of time [83,84]. The proliferative 
effect of estrogens on breast epithelial cells is consid-
ered to be mediated by its nuclear receptor, ER-α [85]. 
However, estrogen may induce breast cancer through a 
genotoxic, ER-α-independent pathway [86–89].

In premenopausal adult women, alcohol intake 
has been associated with higher circulating lev-
els of estradiol and estrone [90–92]. A controlled diet 
study reported that consumption of 30  g ethanol 
(∼2.5 drinks) per day for three menstrual cycles was 
associated with a 28% increase in plasma estradiol and 
a 21% increase in plasma estrone among women ages 
21–40 years [93]. The alcohol-related increase in plasma 
estradiol was restricted to women using oral contracep-
tives in another controlled diet study [94]. In addition, 
a shorter menstrual cycle was reported by premeno-
pausal women with moderate alcohol consumption as 

compared with nondrinkers, suggesting an increased 
exposure to endogenous estrogens [95]. For adolescent 
girls, the impact of alcohol consumption on sex hor-
mone levels remains unclear. Martin et al. [96] reported 
that alcohol use was positively related to blood estradiol 
and testosterone levels among girls in high schools. In 
contrast, Block et al. [97] reported that moderate alco-
hol consumption lowered estrogen levels in adolescent 
girls ages 12–18 years.

A recent meta-analysis of eight prospective studies 
among postmenopausal women showed that alcohol 
intake is positively associated with all the sex hormones, 
with the strongest association for dehydroepiandros-
terone sulfate (DHEAS), but inversely associated with 
sex hormone-binding globulin [98]. DHEAS is an 
androgen and can be metabolized to estrogen in the 
breast by aromatase. In a randomized trial including 
51 postmenopausal women without HT, serum estrone 
sulfate and DHEAS were increased by 8 and 5% in 
women consuming 15 g of alcohol per day, respectively 
[99]. There is an even more pronounced effect of mod-
erate alcohol intake on blood estradiol levels in post-
menopausal women who were taking HT. Compared 
with nondrinkers using estrogen, postmenopausal 
women who consumed 15.6 g of alcohol per week and 
took 1 mg of estradiol daily had a 3.3-fold increase in 
serum estradiol levels [100]. Alcohol may increase cir-
culating sex hormone levels through an increase in the 
hepatic redox state and inhibition of the activity of sul-
fotransferase and 2-hydroxylase, resulting in a decrease 
in steroid degradation [94,101]. Another explanation 
is the increased aromatase activity following chronic 
alcohol consumption, which leads to an enhanced 
conversion of testosterone to estrogens [102,103].

The elevated levels of intracellular estrogens result-
ing from alcohol intake may act through the ER to 
promote breast tumor growth. Ethanol stimulates 
proliferation of ER+ but not ER- breast cancer cells, 
causing a 10- to 15-fold increase in transcriptional 
activity of ER [104,105]. Ethanol increases ER-α expres-
sion through the JNK1 pathway [106]. Several epide-
miologic studies have shown that alcohol was more 
strongly associated with hormone-receptor-positive 
breast tumors than with other types of breast cancer 
[10], consistent with an underlying hormonal basis for 
the association between alcohol intake and breast can-
cer. The risks for ER+/PR+ and ER+/PR- breast cancer 
increased by 8% (95% CI: 2–15%) and 12% (95% 
CI: 0–25%), respectively, per drink consumed per day 
among postmenopausal women [107], which is compa-
rable to the 12% (95% CI: 8–15%) increase in risk 
of ER+ tumors per 10  g/day of alcohol consumption 
reported in a meta-analysis of four prospective studies 
and 16 case–control studies [10]. In the NHS cohort, 
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alcohol consumption appeared to be more strongly 
associated with risk of ER+/PR+, ER+/PR- than with 
risk of ER-/PR-, but the difference was not significant 
[2]. Among parous women in the NHS II, we found that 
alcohol consumption before first pregnancy tended to 
be more strongly related to risks of ER+/PR+ tumors 
(RR: 1.18; 95% CI: 1.03–1.34; p

heterogeneity
 = 0.06) com-

pared with the risks for ER+/PR- tumors (RR: 0.86; 
95% CI: 0.60–1.22) and ER-/PR- tumors (RR: 0.84; 
95% CI: 0.60–1.16) [6]. Together, these results support 
the hypothesis that alcohol may enhance breast tissue’s 
sensitivity to estrogens and predominantly increase the 
risk of breast cancer expressing the hormone receptors.

Alcohol metabolism
The ethanol-induced increase in sex hormones is 
thought to promote proliferation of already initiated 
mammary epithelial cells but not cause neoplastic 
transformation of normal epithelial cells [108]. Another 
possibility is related to carcinogenic products of alcohol 
metabolism. In the human body, alcohol is converted 
to acetaldehyde primarily by alcohol dehydrogenase 
and further to acetate by acetaldehyde dehydrogenase 
and xanthine oxidoreductase [5,109]. Acetaldehyde rap-
idly binds to DNA and proteins and produces DNA 
adducts, which results in DNA point mutations, DNA 
crosslinks and chromosomal aberrations [110–112]. In 
addition, acetaldehyde inhibits the repair of oxidative 
DNA damages induced by alkylating agents [113].

Although liver is a primary site where acetalde-
hyde and free radicals are produced in the process of 
alcohol metabolism, normal human breast tissue has 
the capacity to metabolize ethanol at low concentra-
tions and alcohol dehydrogenase is expressed in the 
human breast epithelial cells [9,114]. In rats, acetalde-
hyde accumulates in mammary tissue for prolonged 
periods of time after a single oral dose of ethanol and 
finally reaches a level considerably higher than in blood 
[115,116]. This is primarily due to increasing production 
of acetaldehyde in mammary tissue, the limited abil-
ity to detoxify acetaldehyde in mammary tissue and 
acetaldehyde produced elsewhere and delivered to 
mammary tissue via blood [108].

In addition to acetaldehyde, reactive oxygen spe-
cies (ROS) are derived from alcohol metabolism and 
have been implicated in alcohol-associated breast car-
cinogenesis. Similar to acetaldehyde, ROS can dam-
age DNA by causing mutation and strand breaks 
[109]. ROS are involved in both the initiation and 
progression of cancer [117]. Xanthine oxidoreductase 
and aldehyde oxidase, two enzymes involved in acet-
aldehyde metabolism, can generate ROS and are also 
present in mammary tissue [109]. Thus, exposure to 
alcohol may increase oxidative DNA damage in breast 

tissue. This hypothesis is supported by a recent in vitro 
study in which alcohol-derived salsolinol significantly 
enhanced 8-oxo-dG formation, an indicator of oxida-
tive damage, in normal mammary epithelial cells [118]. 
Elevated levels of 8-oxo-dG adducts in DNA play a 
fundamental role in breast cancer [119].

Other mechanisms
The EMT is essential for the normal development and 
also emerging as an important mechanism for cancer 
progression [120]. During the EMT, epithelial cells lose 
their polarity and tight cell–cell adhesion, and gain 
migratory and invasive properties to become mesen-
chymal cells. The EMT phenotype is characterized by 
upregulation of matrix metalloprotease (MMP) and 
vimentin but downregulation of E-cadherin. Forsyth 
et al. [121] reported that alcohol triggers EMT in breast 
cancer cells through EGFR–Snail signaling. The etha-
nol concentrations used in this study were equivalent 
to those that could be generated by moderate alcohol 
intake in humans.

Carcinogenic effects of ethanol may not only target 
breast epithelial cells. Ethanol may also affect stromal 
cells and interfere with the tumor–stroma interac-
tion. MMPs enhance tumor invasion and metastasis 
by degrading the extracellular matrix and promot-
ing cell migration [122]. High levels of MMP-2 and 
MMP-9 expression in tumor tissue have been corre-
lated with enhanced metastasis and poor prognosis 
in breast cancer patients [123–125]. In most cases, these 
two MMPs are not produced by malignant epithelial 
cells, but by surrounding tumor stroma, particularly 
stromal fibroblasts [126,127]. Ethanol activates MMP-2 
production by fibroblasts in a dose-dependent manner 
and culture medium collected from ethanol-exposed 
fibroblasts significantly alters the invasive behavior of 
breast cancer cells and mammary epithelial cells [128]. 
In addition, a recent in  vitro study showed that eth-
anol promotes the adhesion of breast cancer cells to 
fibronectin, an important component of the extracel-
lular matrix through suppression of the Nm23 meta-
static suppressor gene and subsequent enhancement of 
fibronectin receptor ITGA5 expression [129]. Ethanol 
stimulates migration and invasion of breast cancer cells 
[129], particularly those overexpressing HER2 [130]. 
Breast tumors overexpressing HER2 account for about 
20–30% of breast cancer cases and generally have poor 
prognosis [131–135].

Emerging evidence suggests the impact of alcohol on 
epigenetic regulation of gene expression [136]. Epigen-
etic dysregulation is a key mechanism for tumor initia-
tion and progression. Abnormal DNA methylation is 
the best understood epigenetic cause of disease. Global 
hypomethylation can result in chromosome instability, 
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and region-specific hypermethylation has been linked 
with the silencing of tumor suppressor genes. Chronic 
alcohol intake has been linked to lower leukocyte 
DNA global methylation in humans [137]. In a study of 
the methylation profiles of breast tumors, Christensen 
et al. [138] showed a trend toward decreased methyla-
tion with increasing alcohol intake, and a trend toward 
increased methylation with increasing dietary folate. 
There were no individual CpG loci showing statisti-
cally significant alcohol-related changes in methyla-
tion in that study. However, other studies reported that 
alcohol consumption was related to altered methylation 
patterns for several genes, including hypermethylation 
of ER-α [139] and tumor suppressor gene E-cadherin 
and hypomethylation of p16 [140].

Several mechanisms may mediate the effect of alco-
hol on DNA methylation, including reduced folate 
bioavailability and inhibition of key enzymes in one-
carbon metabolism that leads to reduced production of 
the major methyl donor S-adenosylmethionine [5,136]. 
In addition, alcohol and acetaldehyde affect methyla-
tion patterns by suppression of activity and expression 
of enzymes involved in DNA methylation. Alcohol 
can adversely affect folate metabolism by inhibiting 
the intestinal absorption, reducing the hepatic stor-
age and increasing the renal excretion [141]. Folate, as 
a methyl donor in one-carbon metabolism, is essential 
for DNA synthesis and methylation. Several prospec-
tive studies showed that the adverse effect of alcohol 
consumption on breast cancer risk was restricted to 
women with low folate intake, and a protective effect 
of high folate intake (generally ≥600 μg/day) on breast 
cancer risk was observed primarily among women 
with high alcohol consumption [142–146]. However, our 
previous work showed that folate intake during ado-
lescence did not reduce the risk of proliferative BBD 
associated with alcohol intake during adolescence and 
early adulthood among women in the NHS  II [49]. 
This null finding could be due to the average level of 
folate intake (310 μg/day) in our sample that was too 
low to detect a modifying effect of folate on the risk for 
alcohol-associated proliferative BBD.

Conclusion & clinical implications
Moderate alcohol consumption is consistently asso-
ciated with increased risk of breast cancer, particu-
larly hormone receptor-positive subtypes. Given the 
increased susceptibility of breast tissue to tumorigene-
sis between menarche and first pregnancy and the high 
prevalence of alcohol use in adolescent girls and young 
women, understanding how alcohol intake before first 
pregnancy influences breast cancer development is 
important for breast cancer prevention. Women should 
understand the accumulation of risk across the life 

course and the lifelong increase in risk of breast can-
cer from moderate and heavy consumptions in early 
adult years. We have reported that the risks of breast 
cancer and proliferative BBD are increased by 11 and 
16% for one drink/day alcohol intake before first preg-
nancy when breast tissue is likely at its most vulnerable 
stage. This translates into 4% of breast cancer cases 
and 11% of proliferative BBD cases attributable to 
alcohol consumed before first pregnancy, the estimates 
controlled for alcohol consumed after first pregnancy. 
Breast cancer prevention efforts should not only target 
midlife and older women, but also include adolescent 
girls and young women. Healthcare providers should 
be aware of the adverse effect of youth drinking on 
a woman’s lifelong risk of breast cancer and provide 
behavioral counsels to their patients.

The US Preventive Services Task Force recommends 
that clinicians screen adults aged 18 years or older for 
alcohol misuse and provide persons engaged in risky 
or hazardous drinking with brief behavioral counsel-
ing interventions [147]. This general recommendation, 
such as the WHO recommending limited intake, 
misses the critical importance of adolescent and early 
adult alcohol intake among women. The available evi-
dence is insufficient to assess screening and behavioral 
counseling interventions in primary care settings to 
reduce alcohol misuse in adolescents. However, greater 
attention by primary care physicians and other health 
professionals to identifying and preventing underage 
drinking remains a priority, as adolescents today will 
experience breast cancer over the coming 50 years.

Alcohol may be involved in breast tumor initiation 
and promotion through increasing sex hormone lev-
els, enhancing breast epithelial cell responsiveness to 
sex hormones, producing genotoxic metabolite acet-
aldehyde and oxidative stress. Recent in  vitro studies 
suggest that alcohol stimulates migration and inva-
sion of breast cancer cells through interfering with the 
epithelium–stroma interaction and enhancing EMT. 
Aberrant patterns of DNA methylation also could 
be part of the pathogenic mechanisms that lead to 
alcohol-induced cancer development.

Despite a dose-dependent association between alco-
hol and breast cancer risk, it remains unclear about a 
threshold level of alcohol consumption above which 
the increased risk of breast cancer becomes clinically 
significant. Moderate alcohol consumption appears 
to reduce the risk of developing or dying from heart 
disease, the leading cause of death in the USA. This 
cardiovascular benefit is observed primarily in middle-
aged and older people. There is paucity of data regard-
ing the association between alcohol intake and cardio-
vascular health in young adults. A pooled analysis of 
eight prospective studies including more than 190,000 
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women showed a lower risk of coronary heart disease 
for low-to-moderate alcohol intake in young women 
(age <50  years) [148]. The beneficial effect in young 
women might be negligible due to their low absolute 
risk for coronary heart disease. Healthcare providers 
should discuss with their patients about drinking hab-
its as well as weighing the risk and benefit of low-to-
moderate alcohol intake. The 2010 US Dietary Guide-
lines for Americans recommends that adult women 
who consume alcohol should limit their exposure to 

no more than one drink per day. Given a small, but 
significant, association between light and moder-
ate alcohol intake and breast cancer risk, the recom-
mended amount of alcohol may be inappropriate for 
some women in terms of potential breast cancer risk. 
Improved understanding of breast cancer risk accumu-
lation and provider guidance on risk of breast cancer 
can lead to reductions in alcohol intake during the 
critical period of breast cancer risk accumulation and 
lower lifelong risk for breast cancer.

Executive summary

Background 
•	 Alcohol is classified as a breast carcinogen by the International Agency for Research on Cancer.
•	 This review focuses on timing and patterns of alcohol consumption, the effect of alcohol on intermediate 

breast cancer risk markers and possible mechanisms.
Timing of alcohol consumption & breast cancer
•	 Exposures between menarche and first pregnancy, a stage when breast tissue is most susceptible to neoplastic 

transformation, can affect a woman’s lifetime risk of breast cancer.
•	 Dietary exposure to ethanol during puberty – but not ethanol exposures after lactation – induces morphologic 

changes in mouse mammary glands that predispose to breast cancer development.
•	 Alcohol consumption before first pregnancy is dose dependently associated with a significant increase in risk 

of breast cancer, which is independent of alcohol consumption after first pregnancy.
•	 A prolonged alcohol consumption before first pregnancy confers excess risk of breast cancer.
Alcohol intake & intermediate markers of breast cancer risk
•	 Alcohol consumption during adolescence and early adulthood may have a greater adverse effect on risk of 

proliferative benign breast disease as compared with alcohol drinking in late adult years.
•	 There is no clear pattern of relationship between alcohol consumption and mammographic density.
Drinking patterns & breast cancer risk
•	 Most young drinkers binge drink.
•	 Few studies evaluated binge drinking in relation to breast cancer, with increased risk observed in prospective 

studies.
Type of alcoholic beverage & breast cancer
•	 Some constituents of red wine and beer have an anticancer property and are considered as potential 

chemopreventive agents
•	 Epidemiologic evidence suggests that alcohol content, rather than types of alcohol, is associated with risk for 

breast cancer.
Possible mechanisms
•	 Alcohol intake increases circulating levels of estrogens in both premenopausal and postmenopausal women, 

which might occur through reduced steroid degradation and increased aromatase activity.
•	 Alcohol influences breast cancer development potentially through ER-dependent pathways as alcohol 

substantially enhances transcriptional activity of ER and is more strongly associated with hormone receptor 
positive breast tumors.

•	 Carcinogenic products of alcohol may play a critical role in breast carcinogenesis as key alcohol metabolism 
enzymes are present in normal human breast tissue.

•	 New biologic mechanisms include the promotion of epithelial–mesenchymal transition, the activation of 
matrix metalloproteases leading to extracellular matrix degradation and cellular migration, the enhancement 
of breast cancer cells adhering to fibronectin and epigenetic regulation of gene expression possibly through 
interfering with folate metabolism.

Conclusion & clinical implications
•	 Alcohol intake in adolescent and early adult years increases risks of breast cancer and proliferative benign 

breast disease, suggesting that breast cancer prevention efforts should begin early in life.
•	 Given the high prevalence of youth alcohol consumption, healthcare providers should educate girls and young 

women about the lifelong risk of breast cancer from alcohol consumption across the life course.
•	 Future studies will need to evaluate drinking patterns across the life course in relation to breast cancer risk, 

identify what components of lifestyles could modify the adverse effect of alcohol and characterize the 
biologic changes stimulated by alcohol in breast tissue.
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Future perspective
It is estimated that 10.8 million young people in the 
USA between the ages of 12 and 20 years (28.2% of 
this age group) are current drinkers, of which nearly 
7.2 million (18.8%) are binge drinkers, and 2.3 mil-
lion (6.0%) are heavy drinkers. Hence, future studies 
are needed to examine drinking patterns over the life-
time in relation to breast cancer risk. In addition, little 
is known about what components of lifestyles could 
modify the adverse effect of alcohol consumption on 
breast cancer development.

A better understanding of the biologic changes 
stimulated by alcohol leading to cancer in breast tissue 
would help develop novel markers that could be used 
in cancer prevention by allowing us to identify a sub-
group of the most susceptible women and providing 

therapy targets. In particular, identification of the 
molecular processes linking alcohol to breast cancer 
would provide guidance on safe levels of alcohol drink-
ing and could provide the basis for women’s informed 
decisions regarding frequency and volume of alcohol 
consumption.
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