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Abstract
Background  Breast cancer (BC) rates have been increasing in young women in the U.S. Alcohol is an established risk 
factor for breast cancer and has been consistently associated with hormone receptor positive cancers, the type of 
breast cancer that has been increasing the fastest in young women. Given these trends, we conducted an ecological 
study to examine whether alcohol consumption, and specifically binge drinking trends, were correlated with female 
breast cancer diagnosed under 40 years of age using breast cancer data from the Surveillance, Epidemiology, and End 
Results (SEER) Cancer Registry. We accounted for a latent period before cancer diagnosis by using exposure 10 years 
before the outcome (lag model); we also conducted a separate cumulative analysis of 10-year aggregate exposure.

Findings  Moderate (Incidence Rate Ratio (IRR) = 1.05, 95% Confidence Interval (CI) = 1.02–1.07) and heavy (IRR = 1.05, 
95% CI = 1.02–1.07)(≥ 1 and ≥ 2 drinks/day, respectively) alcohol consumption were each associated with Luminal 
A breast cancer but not the other molecular subtypes. Binge drinking was associated with an increased rate of 
early-onset Luminal A BC in both the 10-year lag model (IRR = 1.06, 95% CI = 1.02 to 1.11) and the cumulative model 
(IRR = 1.05, 95% CI = 1.02–1.07). Binge drinking was also associated with early-onset Luminal B BC in the cumulative 
model (IRR = 1.04, 95% CI = 1.01–1.07), but not associated with ERBB2-enriched or triple negative early-onset BC in 
either model.

Conclusion  These trends support the hypothesis that one reason for the increase in early-onset breast cancer is from 
increased alcohol intake including binge drinking.
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Background
Alcohol is an established risk factor for breast can-
cer (BC) and is recognized as such by the International 
Agency for Research on Cancer (IARC) as well as a risk 
factor for colorectal cancer, liver cancer, esophageal can-
cer, oral pharyngeal cancer and head and neck cancer [1, 
2]. Epidemiological data supporting the role of alcohol in 
carcinogenesis have existed for decades (see, e.g., a meta-
analysis for BC and alcohol intake in 1988) [3]. Organiza-
tions like the American Association of Clinical Oncology 
and the American Public Health Association have called 
for provider training [4], and labelling and other aware-
ness campaigns [5], particularly for common cancers like 
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breast and colorectal cancer where awareness of alcohol 
as a carcinogen is not as high by the general public as for 
the rarer alcohol-driven cancers (e.g., liver cancer [6]). 
In addition, to the role of alcohol in breast cancer risk, 
recently, IARC concluded that there is some, but limited, 
evidence to support that alcohol cessation and/or reduc-
tion decreases BC risk [2].

Early-onset BC has been increasing, including in 
young women under age 40 where the increase cannot 
be attributed to population-based BC screening [7, 8]. 
Just between 2004 and 2017, there was a 7% increase in 
invasive BC incidence in US women under the age of 40 
years. Binge drinking, defined by the National Institute 
on Alcohol Abuse and Alcoholism as 4 or more drinks on 
a single occasion for women and five or more for men, 
has also increased over this time [9]. Approximately two 
decades ago, men reported binge drinking over three 
times the rate of women overall and over five times the 
rate for 55 and older [10], but since then the rates have 
increased particularly in women such that in some age 
groups “parity” between the sexes has been achieved [11].

Given these trends, it is important to examine whether 
the recent increases in early-onset BC may be attributed 
to the increase in binge drinking. The challenge, however, 
is that most BC epidemiologic studies ask about regular 
drinking and drinks per week but have not specifically 
asked about binge drinking. Among the few studies that 
evaluated binge drinking [12–18], only three specifi-
cally examined associations by important strata relevant 
to current trends, namely by molecular subype and pre-
menopausal BC [16–18], with two of these finding a sig-
nificant association [16, 17]. The Sister Study [17] found 
that this association was specific to HR+ BC; consistent 
with the large literature on alcohol and breast cancer 
which supports more consistent increases for HR+ BC. 
Further, the Spanish study [16] showed that the associa-
tion between binge drinking and BC was specific to pre-
menopausal women rather than postmenopausal women. 
As most cohort studies are underpowered and case-con-
trol studies may face recall bias in reporting of alcohol 
behavior, we undertook an ecological study to exam-
ine the trends in binge drinking and breast cancer rates 
by molecular subtype over the last decade. Ecological 
trend analyses can provide important insights in testing 
hypotheses particularly for studies of early-onset can-
cers as most existing cohort studies are underpowered to 
examine cancer incidence in young adults [19–22].

Findings
Using data from the 17 registries of the Surveillance, Epi-
demiology, and End Results (SEER) Program, we com-
puted age-adjusted (standardized to the 2000 US standard 
population) BC incidence rates for molecular subtypes 
as defined by SEER’s breast subtype variable (Luminal 

A, Luminal B, ERBB2-enriched (also known as HER2 
or neu), and triple negative [23]) for 32 demographic 
subgroups (i.e., units for ecological analysis) defined by 
period, age, and race/ethnicity (2 periods [2010–2014 
and 2015–2019] × 4 age groups [20–24, 25–29, 30–34, 
35–39] × 4 race/ethnicity groups [Hispanic, non-Hispanic 
White, non-Hispanic Black, and Asian/Pacific Islander]). 
The study period (Year 2010–2019) was chosen because 
SEER BC data by subtypes were unavailable before 2010. 
For exposure variables, we used the Behavioral Risk Fac-
tor Surveillance System (BRFSS) data for women during 
2000–2019 [24]. We also conducted sensitivity analyses 
using data after 2006 alone when the same definition for 
binge drinking was used. The BRFSS had separate ques-
tions on daily use and binge drinking. We used negative 
binomial regression to estimate associations between 
each exposure and each BC subtype, adjusting for age and 
race/ethnicity. We accounted for a latent period before 
cancer diagnosis by using exposure 10 years before the 
outcome (i.e., 10-year lagged analysis); we also conducted 
a cumulative analysis, using the sum of exposure over 
the 10 years before the outcome. In addition, we applied 
centering methods as described previously to remove 
the associations of the exposure with the demographic 
variables [20], and standardized all exposures (mean = 0; 
SD = 1). For sensitivity and descriptive analyses, we also 
used BC incidence data from SEER 9 [25], and data for 
alcohol consumption, body weight, parity, and age of 
menarche from the National Health and Nutrition Exam-
ination Survey (NHANES) [26]. All analyses were con-
ducted using the R statistical language (version 4.2.1).

From 2010 to 2019, the incidence increased by 0.9% 
per year (95% confidence interval [CI] = 0.5–1.4%), 
and among those cases in the SEER17 registry, 51% 
were Luminal A, 17% were Luminal B, 7% were ERBB-
enriched, 18% were triple negative, and 7% were of an 
unknown subtype. These increases mapped to over-
all alcohol consumption (Fig.  1A) and binge drinking 
(Fig.  1B). The prevalence of binge drinking increased 
from 2004 to 2011 (slope = 0.008, 95% CI = 0.004 to 0.013), 
with trends stabilizing from 2011 to 2019 (slope = 0.001, 
95% CI = -0.003 to 0.004). The overall prevalence of 
binge drinking during 2000–2019 was 16.6%. As shown 
in Fig.  2, daily drinking was associated with Luminal A 
cancers in the cumulative model (incidence rate ratio 
[IRR] = 1.05, 95% CI = 1.02–1.07 and IRR = 1.05, 95% 
CI = 1.02–1.07, for ≥ 2 and ≥ 1 drinks per day, respec-
tively). The associations with daily drinking for the other 
molecular subtypes were not statistically significant. 
Binge drinking was associated with an increased rate of 
early-onset Luminal A BC in both the 10-year lag model 
(IRR = 1.06, 95% CI = 1.02 to 1.11) and the cumulative 
model (IRR = 1.05, 95% CI = 1.02–1.07). Binge drinking 
was also associated with early-onset Luminal B BC in the 
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cumulative model (IRR = 1.04, 95% CI = 1.01–1.07), but 
not associated with ERBB2-enriched or triple negative 
early-onset BC in either model. Results were consistent 
in sensitivity analyses (shorter time period but consistent 
definition for binge drinking over the entire period; Fig-
ure S1). Further, the results remained after adjusting for 
overweight and obesity (body mass index ≥ 25 kg/m2), as 
well as after further adjusting for parity and age of men-
arche (Figures S2-S3, respectively).

Conclusion
This study provides some of the first data supporting that 
binge drinking may be associated with early-onset BC 
incidence rates. Findings were most consistent for Lumi-
nal A BC, which accounted for about half of all cases 
in the analysis. Our findings suggest that the associa-
tion between binge drinking may be specific to HR+ BC, 
which is consistent with findings from the Sister Study 
[17]. This is also consistent with the hypothesis that 
mechanisms linking alcohol consumption to increased 
BC risk may be hormonally driven. Animal studies of 
binge drinking have also demonstrated specific biological 
effects from binge drinking including DNA damage [27]. 
Yet, given that there has been limited research to date 
on the relationship between binge drinking and BC risk, 
additional studies are needed to further examine whether 
the association is dependent on molecular subtype.

The increased breast cancer risk in women < 40 years 
is not due to increased screening as population-based 
screening is not recommended until after this age. Early-
onset BC is increasing across all racial and ethnic sub-
groups [8], but the highest mortality rates are still seen in 
Non-Hispanic Black and Hispanic women [8]. Although 

some have hypothesized that changes in lifestyle factors 
may play a role in these trends, it is important to note 
that unlike gastrointestinal cancers, early-onset BC has 
not been associated with childhood and adolescent obe-
sity [28]. Nor is it due to only one risk factor. For exam-
ple, we have shown in a systematic review that certain 
environmental chemicals are associated with early-onset 
BC [29]. We have also found that changes in parity can-
not account for the increase in early-onset cancers using 
registry data for over 8 decades from the state of Con-
necticut [19] as well as data from over 185 countries over 
the last three decades [30]; adjustments for parity in this 
study did not change any of the findings. Two epidemio-
logical cohort studies [16, 17] support that binge drink-
ing is associated with BC and that this association may 
be stronger in HR+ BC cancer and premenopausal BC, 
respectively. Using nationally representative data, we 
confirm their findings and specifically extend this work 
to suggest that the increase in binge drinking may be 
one reason for the increase in early-onset BC diagnosed 
before age 40 years.

The design of our study has notable strengths compared 
to traditional ecological designs [21]. By leveraging expo-
sure data up to 10 years before the outcome, the analysis 
allowed for a latent period before cancer diagnosis. We 
examined trends in various alcohol consumption habits 
and found the IRR estimates show a dose-response-like 
impact (i.e., greater IRRs for ≥ 2 than ≥ 1 drink/day and 
10-year cumulative than 10-year lag; Fig. 2). These com-
prehensive estimates lend further support to the strength 
of the estimated associations. Moreover, the demo-
graphic centering approach helped address potential 
age-related and other confounding, which are common 

Fig. 1  Trends of alcohol drinking and early-onset breast cancer (BC) incidence rates among 20-39-year-old women. All estimates were age-standardized 
to the US population in 2000. Panel A shows alcohol consumption estimates (blue dots) from the National Health and Nutrition Examination Survey 
(NHANES) and BC incidence (red dots) from SEER 9. Panel B shows binge drinking prevalence estimates (blue dots) from BRFSS, and BC incidence (red 
dots) from SEER 17. Regression models with break points were used to estimate annual percent changes (APCs) and 95% CIs (shown in red) for BC inci-
dence, and slopes and 95% CIs (shown in blue) for alcohol drinking estimates
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challenges in ecological studies [20]. We also were able 
to test two separate hypotheses about effects using 
lagged and cumulative models and found binge drinking 
was important under both models whereas daily drink-
ing was limited to the cumulative models. Despite these 
strengths, we were limited by the lack of molecular sub-
type data prior to 2010 as well as the lack of individual-
level data. Nevertheless, this study is an important first 
step towards understanding the role of binge drinking in 
the rise of early-onset BC.
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