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Abstract

Background Alcohol intake is associated with a higher risk of estrogen receptor-positive (ER+) breast cancer (BC),
presumably through its confirmed ability to increase sex hormone levels. Whether consuming alcohol within the
recommended limit of one serving per day increases sex hormone levels among postmenopausal women taking
aromatase inhibitors (Al) to inhibit estrogen production remains unknown. Therefore, we compared sex hormone
levels following white wine to levels following white grape juice among ER+BC survivors taking Als.

Methods In this 10-week randomized controlled two-period crossover trial conducted from September 2022 to
July 2023 among 20 postmenopausal women on Als, we examined within-person changes in sex hormone levels
following 3 weeks of 5 ounces of white wine daily versus 3 weeks of 6 ounces of white grape juice daily, with each
drinking period preceded by two-week washouts and drinking period sequence allocated by randomization.

Results All 20 participants completed the trial. Compared to daily grape juice, daily wine led to decreases in

total estradiol (11.1%, 95%confidence interval[Cl] -49.8%,57.2%), free estradiol index (0.7%, 95%CI -2%,0.7%),

and free estradiol concentration (7.7%, 95%C| -48%, 63.9%) but increases in estrone (13.8%, 95%Cl -9.5%,43.1%),
dehydroepiandrosterone sulfate (DHEAS; 11.4%, 95%Cl -3.3%,28.4%), and testosterone (12.6%, 95%C| -0.8%,27.7%) and
decreased sex hormone-binding globulin (SHBG; -2.7%, 95%CI| -21.99%,21.2%).

Conclusions Five ounces of white wine daily did not lead to statistically significant increases in estradiol, but it
led to changes in other sex hormones suggesting higher BC risk. Whether this level of alcohol intake diminishes Al
effectiveness warrants further investigation.

Trials Registration Clinicaltrials.gov NCT05423730 registered June 14, 2022.
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Background

At least half of American women drink alcohol [1], and
their alcohol intake has increased in recent years [2, 3].
Even when consumed within the recommended limits
of up to one drink per day, it is associated with a dose-
dependent risk of developing estrogen receptor-positive
(ER+) breast cancer (BC), the most common cancer
among women. Each 10 g (~1 drink) increase in daily
alcohol intake is associated with a 10% higher rate of BC
incidence [4—6]. Much of this risk seems attributable
to the effect of alcohol on sex steroid hormones [7-9],
as the alcohol-BC association is strongest for estrogen
receptor-positive (ER+) subtypes [10—14]. This has been
confirmed in randomized trials reporting that alcohol
increases sex hormone levels among healthy women
[15-18].

Women diagnosed with ER+BC routinely receive
aromatase inhibitor (AI) therapy to block estrogen pro-
duction, which dramatically minimizes BC recurrence
[19-21]. Whether alcohol consumption increases sex
steroid hormone levels in the setting of Al intake, thus
potentially diminishing the benefit of Al therapy, is
uncertain, particularly since the mechanisms underlying
this effect are unknown. Despite potential risk, a can-
cer diagnosis is not associated with long-term changes
in daily alcohol intake [22, 23] among more than 4 mil-
lion women in the United States who are being treated or
have completed treatment for BC [24, 25].

Therefore, as a first step in addressing this question, we
conducted the Alcohol and Breast Cancer (ABC) Trial, a
two-period controlled randomized crossover pilot study
among postmenopausal women with ER + BC on Al ther-
apy. We tested whether sex hormones and sex hormone
binding globulin (SHBG) levels vary following three
weeks of white wine consumption compared to levels fol-
lowing three weeks of white grape juice consumption.

Methods

Study population

We sent invitation letters to women taking Als who
received outpatient care at Beth Israel Deaconess Medi-
cal Center. Participants completed the study between
September 2022 and July 2023. The inclusion criteria
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were ER + BC, female sex at birth, postmenopausal (either
natural or induced), self-reported consumption of at least
one alcoholic drink per week but not more than two serv-
ings per day, currently prescribed aromatase inhibitors,
and liver function results below 1.5 times the upper limit
of normal within 12 months of screening. The exclusion
criteria were self-reported consumption of more than two
drinks per day, a previous or current history of alcohol
abuse (AUDIT [26] score>8), consumption of 4 or more
drinks in one day within the last 6 months, currently
undergoing cytotoxic chemotherapy or radiation planned
in the next two months, any surgery planned in the next
two months, alcohol flushing syndrome, current use of
any pharmaceutical agent contraindicated with alcohol,
including warfarin, dual antiplatelet therapy, and metro-
nidazole, hemoglobin Alc>8% or a fasting glucose result
above 180 mg/dL within 6 months of screening, unable
to speak or understand English, unable to understand
and provide informed consent, or uncertain ability to
complete the protocol, as judged by the study team. The
study was approved by the Dana Farber/Harvard Cancer
Center Institutional Review Board (DFHCC 21-698) and
registered at Clinicaltrials.gov (NCT05423730) on June
14, 2022. All participants provided written informed con-
sent. We followed the Consolidated Standards of Report-
ing Trials (CONSORT) reporting guidelines.

Sample size

A previous crossover trial of healthy postmenopausal
women [16] reported that four weeks of 15 mg of alcohol
per day led to a 7% increase (SD 42%) in estrone sulfate
and an 8% increase (SD 13%) in DHEA-S. Therefore, we
aimed to recruit 20 participants to achieve 80% power
for a 28% increase in estrone sulfate and a 9% change in
DHEA-S.

Study design

We conducted a two-period randomized controlled
crossover design. In this design, participants are com-
pared to themselves at different times, with the sequence
of the two treatment arms assigned by randomization
(Fig. 1). To prevent a potential carryover effect of the
drink in the first period affecting hormone levels in the
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Fig. 1 Alcohol and breast cancer (ABC) crossover trial study design
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second treatment period, participants refrained from
drinking any alcohol or grape juice for two weeks before
starting each treatment arm (washout periods). After
obtaining written informed consent and confirming eli-
gibility, participants began a two-week washout period.
We randomized participants on a 1:1 basis to consume
one serving (5 oz~14 g) of a commercial white wine
daily for three weeks, followed by three weeks of a calo-
rically equivalent serving (6 ounces) of a commercial
white grape juice per day, or the converse. The sequence
was randomly assigned using a computer-generated
allocation schedule. Laboratory technicians, but not
participants or clinical staff, were blinded to treatment
assignment. We asked participants to drink the wine in
the evening and the grape juice could be consumed at any
time of day. We instructed participants to refrain from all
alcohol and grape juice other than advised by the proto-
col and to otherwise follow their usual diet and lifestyle
habits throughout the 10-week study.

Clinic visits

Participants completed four study visits, one following
each washout and drinking period. The BIDMC Clinical
Research Center obtained the blood samples and mea-
sured vital signs and body mass index. Part of the blood
sample was immediately sent to the laboratory to assess
safety measures. The remaining sample was frozen for
measurement of sex hormones and SHBG once all par-
ticipants completed the study. At the study visits follow-
ing washout periods, we gave participants the drinks
needed for the following three weeks. At the study visits
following drinking periods, participants returned unused
drinks, and we measured the remaining amount as an
indicator of adherence to the study protocol.

Weekly assessments

A member of the study team called participants once
per week to assess alcohol adherence and ask about any
health concerns. Participants completed a secure weekly
online questionnaire to report the number of AI pills
taken that week, the short version of the Centre for Epi-
demiological Studies Depression Scale (CES-D 10) [27],
and a visual analog scale to rate their average pain inten-
sity over the prior week. In the surveys following the
drinking periods, participants also completed the Pitts-
burgh Sleep Quality Index (PSQI) [28] to rate their sleep
quality over the prior month. We collected and managed
all screening, clinical, visit, and questionnaire data using
a research electronic data capture (REDCap) [29] system,
a secure, web-based application designed to support data
capture for research studies.
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Adherence

We assessed adherence in three ways. We called partici-
pants each week and conducted a timeline follow-back
assessment [30] of alcohol and grape juice intake since
the prior call. In addition, we measured unused wine and
grape juice at the end of each drinking period. Finally, we
measured HDL cholesterol levels that are typically posi-
tively correlated with recent alcohol consumption.

Sex steroid hormones

Following each drinking and washout period, we
obtained blood samples to measure sex hormone levels
including estradiol, testosterone, dehydroepiandros-
terone sulfate (DHEA-S), and sex hormone-binding
globulin (SHBG). Since total estradiol includes both
protein-bound and unbound estradiol, we calculated free
estradiol index (FEI) as total estradiol divided by SHBG.
We estimated the bioavailable free estradiol concentra-
tions using Mazer and colleagues’ mathematical model
accounting for estradiol’s binding to SHBG and albumin
[31]. The Brigham Research Assay Core Laboratory mea-
sured sex hormones and SHBG levels using liquid chro-
matography with tandem mass spectrometry (LC-MS/
MS) certified by the HoSt Program [32]. These assays
have a lower level of detection than standard approaches,
which is critical when studying postmenopausal women
who already have low sex hormone levels, particularly
those on Als that further suppress hormone levels. For
the estradiol and estrone assays, the lower limit of quan-
titation was 0.5 pg/mL (linear range, 1-500 pg/mL); the
intraassay coefficient of variation was less than 5%, and
the inter-assay coefficient of variation was less than 12%.
For the estradiol assay, the mean bias for quality control
specimens provided by the Centers for Disease Control
and Prevention (CDC) Hormone Standardization (HoSt)
Program [33] was 0.81 pg/mL for estradiol concentra-
tions lower than or equal to 20 mg/mL and 1.9% for
specimens with estradiol concentrations higher than 20
pg/mL. The imprecision was 4.6% in HoSt Program qual-
ity control pools with concentrations ranging from 2.6 to
24.2 pg/mL, 3.8% in the concentration range of 27.7 to
39.3 pg/mL, and 3.7% in the concentration range of 39.4
to 230.0 pg/mL[ 34]

Statistical analysis

In descriptive analyses, we calculated counts and per-
centages for categorical data and medians and interquar-
tile ranges for continuous data. For inferential analyses,
we calculated the natural log of hormone and SHBG
concentrations to normalize the distributions, and we
exponentiated results so that treatment effects could be
interpreted as relative changes. We used mixed models
to examine estimates and 95% confidence intervals (CIs)
of within-person changes in sex hormone and SHBG
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levels by comparing responses after wine vs. grape juice,
adjusted for each period’s baseline levels. We included
fixed terms for treatment, period, and sequence and a
random effect with unstructured covariance for auto-
correlation among each participant’s repeated measures
[35].

We assigned one-half the detection limit for estradiol
values below the limit of detection; no other hormones
fell below this limit. We also examined the frequency
of estradiol>0.5 pg/mL and estrone>1.3 pg/mL previ-
ously shown to predict BC recurrence [36]. As sensitivity
analyses, we (1) constructed Tobit models to model estra-
diol levels below the limit of detection; (2) parameter-
ized models using within-person changes in hormones
between the beginning and end of each drinking period;
(3) excluded data for one participant with particularly
high estradiol levels (likely to be nonadherent with AI
therapy); and (4) excluded data for eight samples (not
participants) that were hemolyzed. We performed mixed
models using SAS (version 9.4; SAS Institute Inc., Cary,
NC, USA). All hypothesis tests were two-tailed.

Given the small sample size of this pilot study, we con-
ducted a preliminary analysis of the association between
any current alcohol intake and estradiol levels using
cross-sectional data from the 2013-2014 and 2015-2016
National Health and Nutrition Examination Surveys
(NHANES). We restricted to women 50 years or older
and conducted weighted linear regression comparing
current drinkers to past or never drinkers, adjusted for
age 50—70 versus > 70 years old (R version 4.2.2). We con-
structed models for women on Al therapy and women
not on Al therapy and compared these associations with
a test for interaction. All hypothesis tests were two-tailed.

Results

All 20 women who were randomized completed the
study (Fig. 2). The baseline characteristics of the 20 post-
menopausal women on Al therapy are summarized in
Table 1. Participants had a median age of 61 years and a
median body mass index of 24.7 kg/m?. One-fifth of the
participants were Black. Participants reported that they
typically consumed alcohol on 2 to 3 days per week, and
consistent with eligibility criteria, they typically con-
sumed one drink on days that they had alcoholic bever-
ages. There were no serious adverse events during the
study.

Based on self-reported intake and measurements of
leftover drinks, there were no major deviations in proto-
col adherence. Although alcohol intake is typically asso-
ciated with higher HDL cholesterol levels, levels were
similar following the wine period (median 68, IQR 56.0—
80.0) and the grape juice period (median 67.5, IQR 54.5—
75.5), which may be due to the high HDL cholesterol
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levels at baseline or the low level of alcohol intake for
only three weeks.

Almost half of estradiol and estrone levels surpassed
thresholds potentially indicative of BC recurrence risk,
regardless of drink phase. The sex hormones and SHBG
levels were not highly correlated (Table 2). Therefore,
we conducted separate models to assess the indepen-
dent effects of wine on each hormone. The percentage
changes in log-transformed hormone levels are pre-
sented in Fig. 3. Compared to daily grape juice, daily wine
led to an 11.1% decrease (95% confidence interval [CI]
-49.8-57.2%) in total estradiol, a 0.7% decrease (95%CI
-2—0.7%) in free estradiol index, and a 7.7% (95%CI -48%,
63.9%) decrease in free estradiol concentration. However,
it led to increases in estrone (13.8%, 95%CI -9.5-43%),
DHEAS (11.4%, 95%CI -3.3-28.4%), and testosterone
(12.6%, 95%CI -0.8—27.7%) and decreased SHBG (-2.7%,
95%CI -21.9-21.2%). Results were similar in sensitivity
analyses.

In confirmatory analyses of the cross-sectional
NHANES data, we observed the expected positive asso-
ciation between current alcohol intake and estradiol
levels among 2,849 women not taking Als. In contrast,
current alcohol intake was not associated with a mean-
ingful change in estradiol levels among the 21 women
taking Al's, with a difference between these associations
that almost reached statistical significance (p =0.06).

Discussion

In this pilot randomized controlled crossover trial among
women taking Als, alcohol exhibited no clear statistically
significant effect on sex hormone levels, but we observed
a suggestion of increased levels of estrone, DHEAS, and
testosterone and slightly decreased SHBG.

We observed no clear effect of alcohol on estradiol lev-
els either in this trial or in complementary observational
analyses of NHANES. However, given the suggestion of
higher levels of other sex hormones, our results over-
all suggest caution in the consumption of alcohol in the
growing population of BC survivors using Als.

There is strong evidence that alcohol alters sex steroid
hormones among premenopausal [37] and postmeno-
pausal [7, 8, 38] women. Several short-term feeding trials
have shown that daily alcohol intake as low as one serving
per day for a few weeks increased sex hormones, particu-
larly DHEAS [15-17]. A few studies reported that acute
increases in hormones in the hours after alcohol intake
may only occur in the presence of a transdermal patch
[39] or hormone replacement therapy [18]. Conversely,
there is preliminary evidence that hormone suppres-
sants attenuate the unfavorable effect of alcohol on sex
hormones. In a cross-sectional study of 490 postmeno-
pausal BC survivors [40], alcohol intake and sex hormone
levels were strongly associated despite the relatively low
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536 women invited by health
provider and/or letter

513 excluded
333 No response
90 Do not drink alcohol
5 Excessive alcohol use
11 NoAl, no ER+BC, Warfarin
4 Metastatic breast cancer or kinase inhibitor
1 Does not understand English
14 Study team discretion
53 Notavailable/interested
3 Interested but study enrollment complete

23 screened

3 excluded
1 Not interested m
2 Excessive alcohol use

20 randomized

9 randomized to 11 randomized to
wine followed by grape juice grape juice followed by wine
Olostto | O Lostto
Follow-Up Follow-Up
9 Completed 11 Completed

Fig. 2 Consort diagram of recruitment and participation in the alcohol and breast cancer (ABC) crossover trial
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Table 1 Baseline characteristics for alcohol and breast Cancer

trial participants, n (%) or median[IQR]

Age, years
Race
Black or African American
White
Hispanic
Hispanic or Latino
Not Hispanic or Latino
Body Mass Index, kg/m?
Heart Rate
Systolic Blood Pressure

Diastolic Blood Pressure
Alanine Transaminase (ALT), U/L
Aspartate Aminotransferase (AST), U/L

Estimated Glomerular Filtration Rate (eGFR), mL/
min/1.73m?

Aromatase Inhibitor
Anastrozole
Exemestane
Letrozole

Aromatase Inhibitor Use (years)

Alcohol Use Disorders Identification Test (AUDIT)
Score

# Days Per Week that Drink Alcohol
# Servings of Alcohol Per Drink Day
Estradiol, pg/mL

Free Estradiol Index

Free estradiol concentration, pg/mL

Estrone pg/mL
DHEA-S ug/dL
Testosterone ng/dL
SHBG nmol/L

61.0[50.0,70.0]

4 (20.0%)
16 (80.0%)

3(15.0%)

17 (85.0%)
24.7[235,285]
64.5[60.0,71.0]

12451115,
137.3]

76.8 69.0, 82.5]
135[11.0,185]
16.0[15.0,20.0]
83.5[70.0, 87.5)

13 (65.0%)
2 (10.0%)
5(25.0%)
3.11[1.8,5.1]
3.0[20,3.0]

231[1.0,3.0]
1.0[1.0,1.0]
081[0.3,14)

0.012[0.005,
0.048]

0.014[0.005,
0.026]

0910.7,2.1]
57.5[359,101.8]
153[11.7,25.2]
56.8[29.7,92.1]
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range of alcohol intake in study participants. Tamoxifen
use, an estrogen blocker, blunted the association between
alcohol intake and DHEAS, and among participants with
ER + tumors, there was no association between alcohol
intake and SHBG.

Several observational studies have reported a dose-
response association between alcohol intake and BC inci-
dence [4-6]. For instance, a pooled analysis of six cohort
studies [4] reported that each additional 10 g/day of alco-
hol (about 0.75-1 drink) was associated with a 1.09-fold
(95%CI 1.04-1.13) higher rate of BC. The association
between alcohol and BC is more pronounced among
those using postmenopausal hormone therapy [10-14,
41-44], particularly for ER+ BC [10-14].

Our trial and our preliminary analysis of NHANES
data both suggest that alcohol intake may not increase
estradiol levels in the presence of Al therapy, which is
specifically intended to reduce estradiol levels. Prior tri-
als on alcohol and sex hormones among postmenopausal
women not taking Als have not been definitive [15-18],
but large observational studies among such women
strongly suggest positive associations [7—9]. Our findings
on alcohol and sex hormones other than estradiol among
women on Al therapy are consistent with these prior
studies of women not taking Als. In contrast, we found
that in postmenopausal women taking Als, alcohol did
not increase estradiol, free estradiol index, or free estra-
diol concentration. The basis for the disparity between
the effects of alcohol on estradiol as opposed to other sex
hormones appears to suggest that aromatase inhibition
may blunt the effect of alcohol specifically on estradiol
alone.

The exact mechanisms by which alcohol affects sex
hormones and BC risk remain unclear. Among women
not using Als, alcohol has been hypothesized to promote
the aromatization of androgens to estrogen [45] and slow
the clearance of estradiol, thereby increasing exposure to

Table 2 Spearman correlations and p-values for sex hormones and SHBG, alcohol and breast Cancer trial

Estradiol, pg/  Free Estradiol Free Estradiol Estrone pg/ DHEA-Sug/dL  Testosterone SHBG
mL Index Concentration mL ng/dL nmol/L
Estradiol, pg/mL 1 0.82 091 047 -0.06 0.15 -0.23
p<0.0001 p<0.0001 p<0.0001 p=0.6 p=02 p=0.04
Free Estradiol Index 1 098 033 0.18 0.04 -0.70
p<0.0001 p=0.002 p=0.1 p=0.7 p<0.0001
Free Estradiol 1 039 0.10 0.08 -0.57
Concentration p=0.0003 p=04 p=05 p<0.0001
Estrone pg/mL 1 0.03 0.30 -0.09
p=038 p=0.006 p=04
DHEA-S ug/dL 1 0.02 -041
p=09 p=0.0001
Testosterone ng/dL 1 -0.01
p=09

SHBG nmol/L

1
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11.42 (-3.31, 28.40)

I I -2.70 (-21.92, 21.24)

12.57 (-0.77, 27.69)

13.83 (-9.45, 43.09)

Tt

1 I

Total Free Free
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® Grape Juice ® Wine

Fig. 3 Within-person log-transformed hormone concentrations and percentage changes in sex hormones following 3 weeks of white wine compared

to following 3 weeks of white grape juice

Circles and vertical lines indicate the least squared means and 95% confidence intervals for each hormone by drink phase. Estimates represent the per-
centage change (and 95% confidence interval) in log-transformed hormone levels for wine compared to grape juice
Estimates of relative change are from linear mixed models, including participant as a random effect and interaction terms for drink and sequence to adjust

for period-specific baseline values (Kenward approach)

sex hormones and increasing BC risk [46]. There is also
some evidence that estrogen may induce hormone-recep-
tor-mediated cell proliferation and genetic alterations
that cause BC [47]. Studies showing the effect of alcohol
is modified by hormone therapy and estrogen block-
ers are concordant with a study of cell cultures showing
that alcohol diminishes the molecular actions of tamoxi-
fen on BC cells [48, 49]. Since maintaining low hormone
levels predicts BC recurrence [36], it is critical to assess
the safety of alcohol intake on BC risk for women on Al
therapy.

As a pilot trial with limited statistical power, more
research is needed before translating these findings for
clinical guidance on alcohol intake among women using
Als to determine whether alcohol.

affects patient response to modern endocrine therapy.
Our study provides actionable preliminary estimates of

effect sizes and variability that can be used for power cal-
culations in future confirmatory trials.

The current recommendation for all women, regardless
of BC status [50] is that if women drink, alcoholic bever-
ages they should limit their intake to one drink per day
on days when alcohol is consumed [51]. Despite poten-
tial alcohol-related risks, a cancer diagnosis is not associ-
ated with long-term changes in daily alcohol intake [22,
23]. Approximately 51% [52] to 58% [53] of BC patients
are drinkers, with 16.7% reporting alcohol intake of >2
drinks per day and 37.3% consuming more than four
drinks on one occasion [54]. Therefore, it is important to
assess the role of alcohol in BC treatment and recurrence.
Maintaining low hormone levels predicts BC recurrence
[36]. Therefore, it is critical to assess the potential syner-
gistic effect of alcohol and Al therapy on BC risk.
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We conducted a pilot crossover trial with only 20 par-
ticipants and short intervention and washout periods.
Although we maximized statistical efficiency by using a
within-person comparison and the length of our drinking
and washout periods were similar to prior trials on alco-
hol and sex hormones [16], our results require confirma-
tion in larger studies. We did not have sufficient power
to examine a potential differential effect across Al types
but previous studies have shown they have similar effi-
cacy [20]. It is also possible that higher doses of alcohol
would have led to larger increases in hormone levels that
would raise concern. Nonetheless, we aimed to assess the
effects of drinking at a dose that lies within current limits
for women. The lower dose that we used, and its limited
duration, may be responsible for the lack of clear effect
of alcohol on HDL cholesterol in this trial, especially
because other assessment methods suggested reasonable
adherence to the assigned interventions. We chose to use
wine rather than pure ethanol because we have learned
from prior experience that the poor taste of pure ethanol
severely impairs recruitment and adherence [55]. Some
[4, 6, 56] but not all [42, 57, 58] studies have reported
that the association between alcohol and BC is similar for
wine, beer, and spirits. We chose to use white wine since
red wine is a rich source of polyphenols and may have Al
properties [59] and the hops and barm in beer may be
estrogenic [60]. In addition, most women with BC who
drink alcoholic beverages prefer wine [52], so it improved
the likelihood of high adherence.

Conclusions

In this randomized controlled crossover trial, one serv-
ing of white wine per day exhibited a suggestion of higher
levels of estrone, DHEAS, and testosterone, but not
estradiol. Additional studies are warranted to follow up
on these exploratory findings.

Abbreviations
ER+  Estrogen receptor-positive

BC Breast cancer
Al Aromatase inhibitor
@] Confidence interval
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