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a Université Libre de Bruxelles (ULB), Hôpital Universitaire de Bruxelles (H.U.B), Institut Jules Bordet, Bruxelles, Belgium
b Department of Internal Medicine and Medical Specialties (DIMI), School of Medicine, University of Genova, Genova, Italy
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A B S T R A C T

Background: While alcohol consumption appears to influence the incidence of breast cancer (BC), its association 
with prognosis after a BC diagnosis remains less established. This meta-analysis aimed to explore the association 
between alcohol consumption on both BC incidence and outcomes.
Methods: A systematic literature search was conducted up to May 1st, 2025 (CRD42025593784). Retrospective 
and prospective studies reporting BC incidence, recurrences, and survival outcomes in women with history of 
alcohol consumption were included. Analyses according to alcohol intake levels (light, intermediate, heavy 
consumption) were performed. Main outcomes were BC incidence, BC recurrences, BC-specific survival (BCSS), 
and overall survival (OS). Pooled relative risk (RR) and hazard ratio (HR) with 95% confidence interval (CI) were 
calculated.
Results: Out of 5208 screened records, 37 studies including 2,565,920 women were included.
Among 17 studies reporting on BC incidence, any alcohol consumption was associated with an increased BC 
incidence (RR 1.17, 95%CI 1.09–1.26; p < 0.001). BC incidence increased proportionally with higher levels of 
alcohol consumption: light RR 1.13 (95%CI 1.05–1.23; p = 0.002), intermediate RR 1.28 (95%CI 1.18–1.39; p <
0.001), and heavy consumption RR 1.52 (95%CI 1.38–1.67; p < 0.001).
Among 20 studies assessing BC outcomes, no associations were found between alcohol consumption and BC 
recurrences (RR 1.02, 95%CI 0.93–1.11) nor BCSS (HR 0.93, 95%CI 0.87–1.00), while light and intermediate 
alcohol consumption were associated with slightly improved OS: HR 0.85 (95%CI 0.78–0.92; p < 0.001) and HR 
0.84 (95%CI 0.75–0.94; p = 0.002), respectively.
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Conclusions: Among over 2.5 million women, alcohol consumption was associated with a dose-dependent 
increased risk of BC, while alcohol consumption did not appear to worsen prognosis in patients with prior BC 
diagnosis.

1. Introduction

Breast cancer (BC) is the most frequently diagnosed cancer among 
women globally and it represents a major cause of cancer-related deaths 
[1]. While some risk factors such as sex, age, the presence of pathogenic 
variants and family history [2,3] are not modifiable, others such as 
lifestyle habits (i.e., obesity, tobacco, and alcohol consumption) have 
been identified as modifiable risk factors potentially influencing both BC 
incidence and prognosis [4,5].

Alcohol intake is a well-established, modifiable risk factor for cancer 
[6], and its consumption is the third leading preventable cause of cancer 
in the United States, after tobacco and obesity [5]. Since the late 1980s, 
alcohol consumption has been linked to an increased risk of at least ten 
different types of cancers including BC [7]. Biologically, ethanol can 
induce cancer development through several mechanisms, including its 
conversion into acetaldehyde (a toxic metabolite that can damage DNA), 
oxidative stress, and increase in levels of multiple hormones, like oes
trogens [8,9]. Recent evaluations have reaffirmed the link between 
alcohol and BC incidence, estimating that women that consume two 
alcoholic drinks per day have 10-20% higher risk of developing BC 
compared to non-drinkers [9]. Consistently, since 1988, the Interna
tional Agency for Research on Cancer (IARC) classifies alcohol as a 
Group 1 carcinogen (intended as a carcinogen as there are sufficient 
evidences of carcinogenicity in humans), alongside tobacco and asbestos 
[9,10].

While the association between alcohol consumption and BC inci
dence is based on growing evidence, the impact of alcohol intake on BC 
prognosis, including recurrences and survival outcomes, remains less 
clear. Retrospective studies have yielded conflicting results [11], with 
some reporting no association between alcohol intake and risk of 
recurrence [12], whereas others suggest that it may negatively affect 
disease-free survival (DFS) and/or overall survival (OS) [13]. We con
ducted a systematic review and meta-analysis to comprehensively 
evaluate the association between alcohol intake and incidence and 
prognosis of BC in women worldwide.

2. Materials and methods

2.1. Search strategy and selection criteria

The present systematic review and meta-analysis was conducted 
according to the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines [14] and is registered in the 
PROSPERO database (registration n. CRD42025593784).

A comprehensive literature search was performed up to May 1st, 
2025, using PubMed/MEDLINE, Embase, and the Cochrane libraries. 
The following terms were used: (“breast neoplasms" [MeSH Terms] OR 
“breast cancer" [Title/Abstract]) AND (alcohol OR “alcohol consump
tion” OR “ethanol” OR “drinking” OR “alcohol use”) AND (risk OR 
incidence OR recurrence OR prognosis OR outcome OR mortality OR 
survival). Only articles published in English were included.

Eligible studies included retrospective, prospective case-control and 
cohort studies, as well as clinical trials reporting: I) BC incidence in 
women with a history of alcohol consumption prior to BC diagnosis, 
compared to non-consumers; II) BC recurrences in patients with a his
tory of BC and alcohol consumption, compared to non-consumers; III) 
survival outcomes (i.e. BC-specific survival (BCSS) and OS) in patients 
with a history of BC and alcohol consumption, compared to non- 
consumers.

The primary outcomes of interest were BC incidence, BC recurrences, 

BCSS, and OS according to history of alcohol intake.
Studies were excluded if they: I) did not report data for at least one 

outcome of interest; II) did not allow extraction or estimation of relative 
risk (RR), odds ratio (OR), or hazard ratio (HR) with 95% confidence 
intervals (CI); III) were case reports or case series with fewer than 10 
patients; IV) were ongoing trials without available results at the time of 
the search. To better standardize techniques for both BC diagnosis and 
treatment, studies published before year 2000 were excluded.

The studies retrieved were categorized into two cohorts: cohort 1 
included studies reporting on the association between alcohol con
sumption and BC incidence, cohort 2 included studies reporting on the 
association between alcohol consumption on BC prognosis in terms of 
both recurrences and/or survival outcomes. In case a study reported 
only the data on incidence of contralateral BC in patients with previous 
history of BC, this study would have been included in cohort 2, 
considering this as a BC event.

Two reviewers (PC and CBLG) independently screened titles and 
abstracts. Other two authors (GG and RG) independently participated in 
the review of the collected papers and in the data extraction. Final 
discrepancies were resolved through discussion with another reviewer 
(LA). For each eligible study, the following data were extracted: first 
author, year of publication, study design and methodology, length of 
follow-up, number of women included, quantity of alcohol intake, type 
of alcoholic beverage evaluated in the study, BC incidence and survival 
outcomes (in terms of recurrences, BCSS, and OS).

To assess whether alcohol intake could influence the type of diag
nosed BC subtype, subgroup analyses were conducted according to 
hormone receptor status (hormone receptor-positive vs hormone 
receptor-negative disease), menopausal status at diagnosis, and ac
cording to the amount of alcohol consumption (categorized as no, light, 
intermediate, or heavy alcohol intake, when available). For this analysis, 
varying study cut-offs for alcohol consumption were harmonized into 
standardized categories: light (≤10 g/day or lowest reported), heavy 
(>20 g/day or highest reported), and intermediate (values between 
these thresholds). These classifications were defined in accordance with 
international guidelines and widely adopted epidemiological standards 
[15]. The specific definitions for these categories, according to each 
included study, are provided in Supplementary Table 1. The risk of bias 
for all included retrospective and prospective observational studies was 
assessed using the Newcastle-Ottawa Scale (NOS), which evaluates se
lection, comparability, and outcome domains, assigning a maximum of 9 
points. Studies were classified as having low, moderate, or high risk of 
bias accordingly [16].

2.2. Study objectives

Main objectives of the present analysis were to evaluate the inci
dence of BC in women with a history of alcohol consumption compared 
to those without history of alcohol consumption (cohort 1), and to assess 
the risk of BC recurrences and prognosis in patients with a history of 
alcohol consumption, compared to those without history of alcohol 
consumption (cohort 2).

Secondary objectives were to assess the association between the 
amount of alcohol consumption (i.e., light, intermediate, or heavy 
consumption) on BC incidence and on survival outcomes, to assess the 
association between alcohol consumption and the incidence of BC ac
cording to BC subtype (hormone receptor-positive vs. hormone receptor- 
negative diseases) and according to menopausal status at diagnosis 
(premenopausal vs. postmenopausal). All outcomes were evaluated 
using the longest follow-up data available in each study.
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2.3. Statistical methods

Meta-analyses were performed by pooling RR, OR, and HR with their 
corresponding 95% CI, using random-effects models. Between-study 
heterogeneity was assessed using the Q statistic and quantified with 
the I2 statistic. Forest plots were generated to display individual study 
results and overall pooled estimates. Subgroup analyses were conducted 
for all endpoints based on the amount of alcohol intake (no, light, in
termediate, or heavy consumption) and, for BC incidence, according to 
hormone receptor status and menopausal status. Publication bias was 
assessed using Egger's test where appropriate. A two-sided P-value of 
<0.05 was considered statistically significant. All statistical analyses 
were performed using Stata, software version 16.1 (StataCorp LLC, 
College Station, TX, USA).

3. Results

Out of 5208 screened articles, after removing duplicates and 
applying the main inclusion and exclusion criteria, 59 full-text articles 
were assessed for eligibility. After excluding 22 full-text articles for not 
meeting the pre-specified criteria, 37 studies including 2,565,920 
women were finally included in the present meta-analysis (Fig. 1). Of the 
37 included studies, 30 were cohort studies and 7 were case-control 
studies. Among them, 17 studies[17–33] reported data on BC inci
dence in relation to alcohol consumption (cohort 1), while 20 studies 
[13,34–52] reported data on BC outcomes (cohort 2). The main char
acteristics of the included studies in cohort 1 and cohort 2 are summa
rized in Table 1 and in Table 2, respectively.

3.1. Association between alcohol consumption and BC incidence (cohort 
1)

The 17 studies evaluated in cohort 1 included overall 2,450,932 
women, of whom 53,465 had a history of alcohol consumption and a 
subsequent diagnosis of BC, while 17,969 were diagnosed with BC in the 
context of absence of alcohol consumption [17–33]. The mean/median 
follow-up time of the studies ranged from 5 to 28 years.

Alcohol consumption was associated with a statistically significant 
increased risk of BC incidence compared to no alcohol consumption (RR 
1.17, 95% CI 1.09–1.26; p < 0.001) (Fig. 2). Significant heterogeneity 
was observed across the included studies (I2 = 92%, p < 0.001), but 
there was no evidence of publication bias (Egger's test p = 0.392) 
(Supplementary Table 2). The risk of BC incidence increased propor
tionally according to the levels of alcohol consumption: light alcohol 
consumption versus no consumption: RR 1.13 (95% CI 1.05–1.23; p =
0.002) (Fig. 3A), intermediate alcohol consumption versus no con
sumption: RR 1.28 (95% CI 1.18–1.39; p < 0.001) (Fig. 3B), and heavy 
alcohol consumption versus no consumption: RR 1.52 (95% CI 
1.38–1.67; p < 0.001) (Fig. 3C).

Among the 9 studies (n = 921,326 women) reporting on the inci
dence of BC according to hormone receptor status, alcohol consumption 
appeared to be associated with an increased risk of hormone receptor- 
positive BC (RR 1.15, 95% CI 1.11–1.20; p < 0.001), while no signifi
cant association was found between alcohol consumption and the inci
dence of hormone receptor-negative diseases (RR 1.09, 95% CI 
0.95–1.26; p = 0.212) (Supplementary Fig. 1A–B). Detailed sensitivity 
analyses are reported in Supplementary Tables 3–7.

Fig. 1. PRISMA flow diagram of study selection process.
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3.2. Association between alcohol consumption and BC outcomes (cohort 
2)

The 20 studies of cohort 2 included 114,988 patients with a previous 
history of BC diagnosis, of whom 13,872 had a history of alcohol con
sumption and a subsequent BC event (i.e., one event among recurrences 
and/or BCSS and/or OS) after BC diagnosis, while 6797 had a BC event 
after BC diagnosis without reporting history of alcohol consumption [13,
34–52]. The mean/median follow-up time of the studies ranged from 5 
years up to 19 years.

Among the 9 studies (n = 30,033 patients) reporting on BC re
currences, 17,403 patients had prior BC diagnosis and a history of 
alcohol consumption, while 12,630 patients had prior BC diagnosis 
without reporting any alcohol consumption. No significant association 
was found between alcohol consumption and BC recurrences (RR 1.02, 
95% CI 0.93–1.11; p = 0.699; I2 = 42%, p = 0.087) (Supplementary 
Fig. 2). No evidence of publication bias was detected (Egger's test p =
0.860).

When analysing the different amounts of alcohol intake and BC 

recurrences, no significant associations were observed: light alcohol 
consumption versus no consumption RR 1.02 (95% CI 0.94–1.10; p =
0.635), intermediate alcohol consumption versus no consumption: RR 
1.02 (95% CI 0.88–1.19; p = 0.770), heavy alcohol consumption versus 
no consumption: RR 1.12 (95% CI 0.99–1.26; p = 0.065). Forest plots 
and sensitivity analyses are reported in the Supplementary Figures 2, 
3A-C, and Supplementary Tables 8–11.

Only 2 studies (n = 2,743) reported data regarding the risk of 
recurrence according to menopausal status, and no statistically signifi
cant differences were observed in the risk of recurrence between con
sumers and non-consumers among postmenopausal (RR 1.00, 95% CI 
0.84–1.19) nor premenopausal (RR 0.86, 95% CI 0.73-1.01) patients 
(Supplementary Fig. 4A–B).

Among 13 studies (n = 61,099 patients) reporting on BCSS, no sig
nificant association was found between alcohol consumption and BCSS 
(HR 0.93, 95% CI 0.87–1.00; p = 0.050; I2 = 27%, p = 0.173) 
(Supplementary Fig. 5). No publication bias was detected (Egger's test p 
= 0.062). Subgroup analyses according to the amount of alcohol intake 
showed concordant results, without differences between light (HR 0.93; 

Table 1 
Main characteristics of the studies assessing breast cancer incidence according to alcohol consumption included in the meta-analysis (Cohort 1).

First Author 
(Year of 
publication)

Years Country Study 
design

Type of 
alcoholic 
drink

Patients 
included in 
the study

Alcohol 
consumption 
among patients 
with BC

Timing of alcohol 
consumption 
assessment

Mean/ 
median 
follow-up 
time

Outcomes 
evaluated

Risk of bias 
assessment

Yes No

Rohan T.E. 
et al. (2000)

1980- 
1993

USA Cohort NR 56,837 1032 304 Before diagnosis 8/13 years Incidence High

Feigelson H.S. 
et al. (2003)

1992- 
1998

USA Cohort NR 66,561 705 598 Before diagnosis 5 years Incidence Moderate

Mattisson I. 
et al. (2004)

1991- 
2001

Sweden Cohort Beer 11,726 307 22 Before diagnosis 10 years Incidence Low
Wine
Spirits

Suzuki R. et al. 
(2005)

1987- 
1997

Sweden Cohort NR 51,847 970 314 Before diagnosis 8.3 years Incidence Low

Zhang S.M. 
et al. (2007)

1992- 
2004

USA Cohort NR 38,454 968 516 Before diagnosis 12 years Incidence Moderate

Lew J.Q. et al. 
(2009)

1995- 
2003

USA Cohort NR 184,418 3968 1493 Before and after 
diagnosis

7 years Incidence Moderate

Allen N.E. et al. 
(2009)

1996- 
2001

UK Cohort Wine (30%) 1,280,290 21,971 6409 Before diagnosis 7.2 years Incidence Moderate
Beer/others 
(70%)

Li C.I. et al. 
(2010)

1993- 
2005

USA Cohort Beer 87,724 2180 764 Before diagnosis 7/12 years Incidence Low
Wine
Liquor

Chen W.Y. 
et al. (2011)

1980- 
2008

USA Cohort NR 75,430 6021 1669 Before diagnosis 28 years Incidence Moderate

Kawai M. et al. 
(2011)

1990- 
2003

Japan Cohort NR 17,889 62 171 Before and after 
diagnosis

13 years Incidence Moderate

Park S.Y. et al. 
(2014)

1993- 
1996

USA Cohort Beer 85,935 1543 2343 Before diagnosis 12.4 years Incidence Moderate
Wine
Liquor

Shin A. et al. 
(2015)

1991- 
2009

Norway Cohort NR 45,233 1109 276 Before diagnosis 18 years Incidence Moderate

Chhim A.S. 
et al. (2015)

1994- 
1995

France Cohort Wine (81%) 3771 122 36 Before and after 
diagnosis

12.1 years Incidence High
Beer and 
cider (9%)
Spirits 
(10%)

Romieu I. et al. 
(2015)

1992- 
1998

France Cohort Wine 334,850 9950 1626 Before diagnosis 11 years Incidence Moderate
Beer
Spirits
Liquors

Nitta J. et al. 
(2016)

1990- 
2009

Japan Cohort NR 38,610 29 131 Before diagnosis 19 years Incidence High

Kim H.J. et al. 
(2016)

1991- 
2011

USA Cohort Wine 93,835 2060 806 Before diagnosis 20 years Incidence Moderate
Beer
Liquor

Zeinomar N. 
et al. (2019)

1992 - 
2011

USA Cohort Beer 17,435 468 492 Before and after 
diagnosis

10.4 years Incidence Moderate
Wine
Liquor

Abbreviations: BC, breast cancer; NR, not reported.
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Table 2 
Main characteristics of the studies assessing breast cancer prognosis according to alcohol consumption included in the meta-analysis (Cohort 2).

First Author 
(ear of 
publication)

Years Country Study 
design

Types of 
alcoholic 
drink

Patients 
included in 
the study

Alcohol 
consumption 
among 
patients with 
BC outcomes

Timing of alcohol 
consumption

Mean/ 
median 
follow-up 
time

Outcomes 
evaluated

Risk of bias 
assessment

Yes No

Jain M.G. et al. 
(2000)

1980- 
1993

Canada Cohort Wine 48,942 174 49 Before diagnosis 10.3 years Survival 
Outcomes

Moderate
Beer
Liquor

Li C.I. et al. 
(2003)

1992- 
2001

USA Case- 
Control

NR 1256 46 31 Not specified 9/18 years Recurrences Low

Reding K.W. 
et al. (2008)

1983- 
2008

USA Cohort Wine 1284 1036 243 Before diagnosis 19 years Survival 
Outcomes

Moderate
Beer
Liquor

Knight J.A. 
et al. (2009)

1985- 
2001

USA Case- 
Control

Wine 2102 431 275 Before diagnosis 15 years Recurrences Moderate
Cocktails 
Mixed
Spirits

Li C.I. et al. 
(2009)

1990- 
2007

USA Case- 
control

NR 854 142 712 Before diagnosis NR Recurrences Low

Hellman S.S. 
et al. (2010)

1943- 
2003

Denmark Cohort NR 528 355 173 Before (60%) and 
after (40%) 
diagnosis

7.8 years Survival 
Outcomes

High

Flatt S.W. 
et al. (2010)

1991- 
2000

USA Case- 
control

Wine (47%) 3088 305 213 After diagnosis 7.3 years Recurrences 
Survival 
Outcomes

Moderate
Beer (23%)
Spirits 
(30%)

Kwan M.L. 
et al. (2010)

1997- 
2000

USA Cohort Wine (88%) 1897 156 137 After diagnosis 10 years Recurrences 
Survival 
Outcomes

Low
Beer (35%)
Spirits 
(42%)

Harris H.R. 
et al. (2010)

1987- 
2008

Sweden Cohort NR 3146 503 357 Before diagnosis 
(≈90%)

NR Survival 
Outcomes

Low

Vrieling A. 
et al. (2012)

2001- 
2005

Germany Cohort Wine (97%) 2135 173 50 Before diagnosis 5 years Survival 
Outcomes

Moderate
Beer (66%)
Spirits/ 
Liquor 
(57%)

Kwan M.L. 
et al. (2013)

1993- 
2006

USA Case- 
control

Wine 1487 863 624 After diagnosis 10.3 years Recurrence 
Survival 
Outcomes

High
Beer
Liquor

Holm M. et al. 
(2013)

1993- 
1997

Denmark Cohort NR 1052 107 3 Before diagnosis 6.3 years Recurrences 
Survival 
Outcomes

Moderate

Newcomb P.A. 
et al. (2013)

1998- 
2001

USA Cohort Beer 22,890 5929 1851 Before (≈80%) 
and after 
diagnosis (≈20%)

11.2 years Survival 
Outcomes

Low
Wine
Spirits

Weaver A.M. 
et al. (2013)

1996- 
2001

USA Case- 
control

Wine 1097 912 185 Before and after 
diagnosis

7.2 years Survival 
Outcomes

High
Beer
Liquors
Wine

Nechuta S. 
et al. (2015)

1995- 
2006

USA/ 
China

Cohort NR 6596 634 529 After diagnosis 10.5/13.6 
years

Recurrences 
Survival 
Outcomes

Low

Din N. et al. 
(2016)

1984- 
1988

USA Case- 
control

Beer 939 518 421 Before diagnosis 11 years Survival 
Outcomes

Moderate
Wine
Other

Lowry S.J. 
et al. (2016)

NR USA Cohort NR 7835 883 135 Before and after 
diagnosis

7.9 years Survival 
Outcomes

Low

Ma H. et al. 
(2019)

1994- 
1998

USA Cohort Beer 4523 586 489 Before diagnosis 8.6 years Survival 
Outcomes

Low
Wine
Liquor

Minami Y. 
et al. (2019)

1997- 
2013

Japan Cohort Sake 1420 48 206 Before diagnosis 8.6 years Survival 
Outcomes

Low
Spirits
Beer
Wine

Zeinomar N. 
et al. (2023)

2005- 
2019

USA Cohort Wine 1917 71 114 Before diagnosis 6.7 years Survival 
Outcomes

Moderate
Beer
Liquor

Abbreviations: BC, breast cancer; NR, not reported.
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95% CI 0.85–1.01; p = 0.083), intermediate (HR 0.91; 95% CI 
0.81–1.03; p = 0.129), and heavy (HR 1.05; 95% CI 0.87–1.27; p =
0.621) alcohol consumption compared to no alcohol consumption 
(Supplementary Fig. 6 A-C and Supplementary Tables 12–15). No dif
ferences were observed in BCSS according to menopausal status 
(Supplementary Fig. 7A and B).

Among the 16 studies (n = 117,397 patients) reporting on prognosis 
in terms of OS, alcohol consumption was associated with slightly 
improved OS (HR 0.83, 95% CI 0.76–0.91; p < 0.001) (Fig. 4). Analysing 
OS results according to the amount of alcohol consumption, light (HR 
0.85, 95% CI 0.78–0.92; p < 0.001) (Fig. 5A) and intermediate (HR 0.84, 
95% CI 0.75–0.94; p = 0.002) (Fig. 5B) alcohol consumption were 
associated with improved OS compared to no consumption, while no 
differences in OS were observed between heavy alcohol consumption 
(HR 0.93, 95% CI 0.85–1.03; p = 0.20; I2 = 65%, p = 0.166) compared 
to no consumption (Fig. 5C). Detailed sensitivity analyses are presented 
in Supplementary Tables 16–19.

4. Discussion

The association between alcohol consumption and risk of BC has 
been explored in the last decades. However, inconsistencies persist, 
particularly regarding its impact on incidence according to hormone 
receptor status and on prognosis after BC diagnosis, as well as regarding 
the range in terms of intake amount, and prognosis after BC diagnosis. 
To further explore these inconsistencies, we conducted this meta- 
analysis that included 37 studies and over 2.5 million women.

Focusing on BC incidence, our meta-analysis confirmed previous 
findings by demonstrating that alcohol consumption is associated with 
an increased risk of developing BC [53]. Among 2,450,932 women 
included in the studies, those who had a previous history of alcohol 
consumption exhibited a 17% higher risk of BC incidence compared to 
non-consumers (RR 1.17; 95% CI 1.09–1.26). This finding may be 
explained by several biological mechanisms. First, alcohol is 

metabolized into acetaldehyde, a toxic and reactive compound capable 
of forming DNA adducts and inducing mutations that impair normal 
cellular repair mechanisms [54]. Second, alcohol consumption gener
ates reactive oxygen species (ROS), leading to oxidative stress and 
further DNA damage [55]. Third, alcohol interferes with the absorption 
and metabolism of essential nutrients such as folate, an important factor 
for DNA synthesis and repair; folate deficiency has been independently 
associated with increased cancer risk [56]. Finally, alcohol intake ele
vates circulating estrogen levels [57,58], which is particularly relevant 
for the development of hormone receptor-positive BC [59]. Elevated 
estrogen promotes cellular proliferation and inhibits apoptosis, both 
processes facilitating carcinogenesis [60]. Collectively, these mecha
nisms underscore the biological plausibility of the association between 
alcohol intake and heightened BC risk [61]. Building on these biological 
mechanisms, emerging evidence suggests that alcohol consumption does 
not uniformly increase the risk of all BC subtypes. For example, a 
stronger association was observed particularly with hormone 
receptor-positive BC [62]. Several epidemiological studies demon
strated that alcohol-related BC risk is more pronounced among hormone 
receptor-positive subtypes, while the association with estrogen 
receptor-negative subtypes, such as triple-negative BC, appears to be 
weaker [63]. Our subgroup analysis supported this distinction, showing 
a significant association between alcohol consumption and increased 
risk of hormone receptor-positive BC (RR 1.15; 95% CI 1.11–1.20), 
while no significant association was found for hormone 
receptor-negative disease (RR 1.09; 95% CI 0.95–1.26). These findings 
reinforce the hypothesis that alcohol exerts its carcinogenic effects at 
least partially through hormonal pathways and emphasize the 
complexity of the impact of alcohol in BC development across different 
BC subtypes.

Given the biological bases, a dose-dependent carcinogenic effect of 
alcohol appears plausible. Our dose-response analysis confirmed this 
relationship, demonstrating a proportional increase in BC risk with 
higher levels of alcohol consumption: from a 13% relative risk increase 

Fig. 2. Forest plot showing the association between alcohol consumption and breast cancer incidence in the overall population 
Abbreviations: RR, relative risk; CI, confidence interval.
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Fig. 3. Forest plots showing the association between breast cancer incidence according to A) light B) intermediate or C) heavy alcohol consumption versus no alcohol 
consumption.
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in light alcohol consumers (RR 1.13), to a 28% increase among inter
mediate consumers (RR 1.28), and up to more than 50% higher risk 
among heavy consumers (RR 1.52). These findings are consistent with 
those reported in the literature. Bagnardi and colleagues described a 
progressive increase in BC risk, with risk ratios ranging from 1.04 (95% 
CI 1.01–1.07) among light consumers up to 1.61 (95% CI 1.33–1.94) 
among heavy consumers [53]. Similarly, Sun and colleagues reported a 
10.5% rise in BC risk for each additional 10 g per day of alcohol con
sumption [64]. Despite the consistent association, it is important to 
recognize that the categorization of alcohol consumption into light, 
moderate (intermediate), and heavy consumption is not fully stan
dardized and varies across epidemiological studies and clinical guide
lines. Generally, light drinking is defined as consuming up to 10–12 g of 
pure alcohol per day (approximately equivalent to one standard drink), 
moderate intake ranges from 12 to 24 g per day, and heavy drinking 
exceeds 24–30 g daily. Organizations such as the World Health Orga
nization (WHO), the World Cancer Research Fund (WCRF), and the 
American Cancer Society (ACS) recognize these thresholds, though 
slight variations exist depending on regional, cultural, and political 
contexts. For instance, The WCRF recommends limiting alcohol to one 
drink per day for women and two for men. In epidemiological research, 
alcohol intake is usually self-reported, which introduces heterogeneity 
in definitions and required some approximation in our meta-analysis. 
While this variability should be acknowledged when interpreting 
dose-response results, the overall consistency of findings across studies 
supports a biological gradient between alcohol consumption and BC 
risk.

Regarding the impact of personal history of alcohol consumption on 
BC prognosis, we evaluated three specific different endpoints: BC re
currences, BCSS, and OS. Overall, our meta-analysis found no significant 

association between alcohol consumption and the risk of recurrences 
(RR 1.02; p = 0.7). Similarly, no association has been observed between 
alcohol consumption on BCSS (HR 0.93; p = 0.5). These results were 
consistent across all subgroup analyses, including those focusing on 
heavy drinkers, and are aligned with prior results. Specifically, the meta- 
analysis by Gou and colleagues found no significant association between 
alcohol consumption on BC recurrences or BC related-mortality [65]. It 
is noteworthy that our study identified a potential protective effect of 
history of alcohol consumption (light and intermediate consumption) on 
OS among BC survivors. This observation, considering also the results in 
terms of BCSS, can be probably related and influenced by 
non-cancer-related deaths. Similar findings were reported by Barnett 
and colleagues in a cohort of 4560 women from the East Anglia Cancer 
Registry, reporting improved prognosis with increasing alcohol con
sumption, with a 2% reduction in the risk of death per unit of alcohol 
consumed per week [66]. Nomura et al. also observed similar improved 
OS results among women with pre-diagnosis alcohol consumption (RR 
0.90; p = 0.02), while no differences were reported in terms of re
currences (RR 1.02; p = 0.88) or BCSS (RR 1.02; p = 0.7) [11]. These 
findings should not be interpreted as a recommendation to consume 
alcohol after BC diagnosis, since ethanol remains classified as a Group 1 
carcinogen, and any apparent association with improved survival 
benefit should be interpreted with extreme caution, and the reasons for 
this apparent benefit are currently under investigation; however, 
different hypotheses have been proposed to explain this benefit in OS.

Several studies reported a potential reduction in overall mortality 
among patients consuming light amounts of alcohol. Bell and colleagues 
reported that in the UK, non-drinkers showed a significantly higher risk 
of cardiovascular events, including unstable angina, myocardial infarc
tion, coronary death, heart failure, stroke, peripheral arterial disease, 

Fig. 3. (continued).
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and abdominal aortic aneurysm compared to moderate drinkers. 
Conversely, heavy drinkers were also at increased risk for many car
diovascular outcomes, such as coronary death, heart failure, cardiac 
arrest, and various types of stroke [67]. The observed benefit has been 
mainly linked to certain alcoholic beverages, particularly for red wine 
[68,69]. However, the lack of a corresponding benefit in BCSS supports 
the hypothesis that the observed association with OS is primarily driven 
by non–breast cancer causes of death, particularly cardiovascular mor
tality, rather than by a direct protective effect on BC outcomes. These 
factors together seem to support the results observed in our 
meta-analysis. Moreover, residual confounding factors are likely to play 
a major role in the observed association between light and intermediate 
alcohol consumption and prognosis. Alcohol consumption is closely 
associated with socioeconomic status, dietary patterns, physical activity, 
and access to healthcare, all of which independently influence overall 
mortality and may not be fully accounted for in observational studies. 
Therefore, a causal relationship cannot be inferred. It should also be 
mentioned that we observed a higher incidence of hormone 
receptor-positive BC among alcohol consumers, and this could also 
partially explain a better OS for this specific disease subtype, although 
not demonstrated in terms of BCSS. This observation may further 
contribute to differences in OS without implying a direct effect of 
alcohol on BC biology. Overall, from a public health perspective, these 
results reinforce current recommendations advocating for alcohol 
reduction as a cancer prevention strategy and should not be interpreted 
as evidence supporting consumption among BC survivors [70].

There are several limitations in our analysis that warrant consider
ation. First, the method of alcohol exposure assessment varied consid
erably across the included studies, with most relying on self-reported 
questionnaires. Self-reported data are inherently subject to recall bias 
and social desirability bias, often resulting in underreporting of alcohol 

consumption, particularly in populations where drinking may carry 
social stigma [71]. This may have led to misclassification of exposure 
levels, potentially diluting true associations. Second, most included 
studies were observational, predominantly retrospective or prospective 
cohort studies, and are thus subject to a wide range of biases, including 
selection bias, information bias, and several other confounding factors. 
Third, there was a necessary approximation regarding the quantity of 
alcohol consumption, as studies used different thresholds to define 
“light,” “intermediate,” and “heavy” drinking categories. Despite efforts 
to harmonize these definitions across studies, residual heterogeneity 
may persist and could impact the precision of the dose-response results. 
Moreover, only few studies differentiated risk based on the type of 
alcoholic beverage consumed. This is particularly relevant considering 
that different beverages (e.g., red wine versus beers and spirits) have 
distinct compositions that could independently influence cancer risk and 
overall health outcomes [64]. Finally, few studies accounted for changes 
in alcohol consumption habits after a BC diagnosis. It is plausible that 
patients might modify their drinking behaviours after diagnosis, leading 
to potential exposure misclassification if only baseline or pre-diagnosis 
intake was considered [45]. Despite these limitations, this large 
meta-analysis including over 2.5 million women is, to our knowledge, 
the most up-to-date and comprehensive work attempting to establish the 
complex role between alcohol intake and risk of BC development or its 
prognosis after BC diagnosis.

In conclusion, our meta-analysis showed a strong dose-dependent 
association between alcohol consumption and BC incidence, particu
larly among patients diagnosed with hormone receptor-positive disease. 
In contrast, alcohol intake did not appear to significantly influence BC 
recurrence or BCSS and did not appear to worsen prognosis after a BC 
diagnosis. Any observed association with slightly improved survival 
should be interpreted cautiously, as it may reflect residual confounding 

Fig. 4. Forest plot showing the association between alcohol consumption and overall survival (OS) in breast cancer survivors 
Abbreviations: HR, hazard ratio; CI, confidence interval.
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and other biases related to study design rather than a true biological 
effect.

Overall, our findings reinforce the importance of alcohol reduction 
as a modifiable risk factor for BC prevention. Public health initiatives, 
such as the European Health Alliance on Alcohol, launched in 2025 by 
the WHO Regional Office for Europe [72], should continue to advocate 
for limiting alcohol consumption to mitigate cancer risk, while further 
research is needed to elucidate the complex relationship between 
alcohol intake and BC prognosis.
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