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Abstract

Background: An increased risk of breast cancer is associated with alcohol consumption; however, it is contro-
versial whether red wine increases this risk. Aromatase inhibitors (AIs) prevent the conversion of androgens to
estrogen and occur naturally in grapes, grape juice, and red, but not white wine. We tested whether red wine is a
nutritional AI in premenopausal women.
Methods: In a cross-over design, 36 women (mean age [SD], 36 [8] years) were assigned to 8 ounces (237 mL) of
red wine daily then white wine for 1 month each, or the reverse. Blood was collected twice during the menstrual
cycle for measurement of estradiol (E2), estrone (E1), androstenedione (A), total and free testosterone (T), sex
hormone binding globulin (SHBG), luteinizing hormone (LH), and follicle stimulating hormone (FSH).
Results: Red wine demonstrated higher free T vs. white wine (mean difference 0.64 pg/mL [0.2 SE], p = 0.009)
and lower SHBG (mean difference - 5.0 nmol/L [1.9 SE], p = 0.007). E2 levels were lower in red vs. white wine
but not statistically significant. LH was significantly higher in red vs. white wine (mean difference 2.3 mIU/mL
[1.3 SE], p = 0.027); however, FSH was not.
Conclusion: Red wine is associated with significantly higher free T and lower SHBG levels, as well as a sig-
nificant higher LH level vs. white wine in healthy premenopausal women. These data suggest that red wine is a
nutritional AI and may explain the observation that red wine does not appear to increase breast cancer risk.

Introduction

Breast cancer remains the leading cancer in U.S.
women. Epidemiologic studies have consistently re-

ported an increased risk of breast cancer associated with al-
cohol consumption, including wine; however, it is
controversial whether red wine raises risk.1–4 While ar-
omatase inhibitors (AIs) play a pivotal role in the manage-
ment and treatment of estrogen receptor–positive breast
cancer in postmenopausal women, their role in premeno-
pausal women is still being investigated. AIs prevent the
conversion of androstenedione (A) and testosterone (T) into
estrogen, leading to increases in blood T and decreases in
estradiol (E2), estrone (E1), and sex hormone binding globulin
(SHBG) levels.5

Naturally occurring AIs have been identified in grapes, grape
juice, grape seed extract, and red wine, but not white wine.6,7

The AI activity in red wine has been attributed to the phyto-
chemicals and not to the alcohol content.8,9 More than one
chemoprotective chemical has been identified in wine, including
isoflavone phytoestrogens, flavones, and procyanidin B di-
mers.6,7 All of these chemicals have AI activity on the cyto-
chrome P450 aromatase enzyme in both in vitro and in vivo
studies.6,7,10,11 Other chemicals in wine, such as resveratrol, ru-
tin, and quercetin, have not been clearly established as inhibiting
aromatase, even at higher doses than those found in wine.6,8,12

In a randomized cross-over study, we tested whether red
wine is a nutritional AI in healthy, premenopausal women.
We tested whether red vs. white wine produced serum hor-
mone levels in a pattern consistent with an AI.
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Methods

Subjects

Premenopausal women reporting regular ovulatory cycles
for 12 months were eligible to participate. Subjects were re-
cruited by the medical center’s broadcast e-mails and letters
sent by mass mailing using a commercial agency. Inclusion
criteria included body mass index (BMI) between 18.5 and 30,
normal serum liver function testing, and a regular, unre-
stricted diet. Exclusion criteria included irregular menstrual
cycles or vasomotor symptoms within the last 12 month;
pregnancy or breastfeeding; any hormone therapy, including
phytoestrogens, oral contraceptives, selective estrogen re-
ceptor modulators, or androgens (or precursors) currently or
within 3 months; a history of alcohol abuse; a history of es-
trogen-dependent neoplasia; any chronic health condition;
and age < 21 years. Participants were screened for alcohol
abuse using the AUDIT questionnaire13 prior to randomiza-
tion. Study participants agreed to use nonhormonal contra-
ception while they participated in this study. All subjects gave
written and informed consent, and the study was approved
by the Cedars-Sinai Medical Center Institutional Review
Board.

Study protocol

In a randomized cross-over design, participants were as-
signed to either red wine (Cabernet Sauvignon, BV Coastal
2003) or white wine (Chardonnay BV Coastal 2003) in the first
cycle, and the other wine for the second cycle. Participants
were instructed not to drink any other alcoholic beverage or
grape products during the study period. The wine was ob-
tained in a single batch and stored at room temperature prior
to use. Participants were provided with the wine in bottles
and asked to consume 8 ounces (237 mL) of the assigned wine
in the evening with food from day 1 to 21 and not drive or
operate machinery after ingesting the wine for at least 3 hours.
Each participant received all the bottles for the arm of the
study they were randomized to at the beginning of each cycle.

The duration of each treatment was one menstrual cycle.
During the baseline menstrual cycle, the participants ab-
stained from all alcoholic and grape products. Serum hor-
mone levels were assayed by a core laboratory that was
blinded to the treatment randomization. Serum was collected
at early follicular (day 5–8) and mid-luteal (day 17–21) phases
during baseline, treatment 1, and treatment 2 cycles for
measurement of E1, E2, A, T, SHBG, luteinizing hormone
(LH), and follicle stimulating hormone (FSH) using previ-
ously described assay methods.14,15 Free T and E2 were cal-
culated as described previously.14,15 A wash-out period
between the two wine treatments, during which women again
abstained from all alcohol and grape products, occurred after
the mid-luteal serum collection and day 0 of the next men-
strual cycle.

Statistical analysis

The values from the follicular and luteal phases of each
cycle were combined and averaged for analysis. Absolute
differences between treatments were assessed in a mixed ef-
fect model with random subject effect on logarithm trans-
formed variables. All the estimated treatment effects have
been adjusted for period effects. Goodness-of-fit of the mixed

model was assessed by investigating the distribution of the
residuals. No carryover effect was found for any variable. The
‘‘intention-to-treat’ analysis was used. All tests were two-
sided with a type I error rate of 0.05. All statistical analyses were
done using SAS 9.1 (SAS Institute Inc.). Based on an estimated
effect size of 25% difference in E2 levels in the red vs. white
wine and a standard deviation of 76 pg/mL, a sample size of
35 women provided 85% power to detect a difference between
red vs. white wine at a statistical significance level of 0.05.

Results

Overall, 55 women were screened, and 36 participants were
enrolled and completed the study protocol. The majority of
nonenrolled subjects were excluded due to being over or
under the BMI criteria. The baseline characteristics of the
study participants are summarized in Table 1. There were no
statistical differences according to treatment order assign-
ment (red vs. white wine first, see Table 1) for baseline char-
acteristics or menstrual cycle length at baseline.

Mean differences in E1, free and total E2, A, free and total T,
SHBG, FSH, and LH between the red vs. white wine treat-
ments are presented in Table 2. Red wine was associated with
a significantly higher free T vs. white wine (mean difference
0.64 pg/mL [0.2 SE], p = 0.009) and lower SHBG (mean dif-
ference - 5.0 nmol/L [1.9 SE], p = 0.007). While overall total E2
levels trended toward being lower with the red vs. white wine
treatment, this was not statistically significant. LH was sig-
nificantly higher with red than white wine (mean difference
2.3 mIU/mL [1.3 SE], p = 0.027). FSH levels were higher with
red vs. white wine, but not statistically significant.

Discussion

To our knowledge, this is the first report of a controlled
clinical trial testing the hypothesis that red wine is a nutri-
tional AI in healthy premenopausal women. Our results
demonstrate that red vs. white wine has higher free T and
lower SHBG levels. Serum estrogens were not significantly
different, possibly due to the large standard error of the
measurements. However LH was higher with red vs. white
wine, suggestive of hypothalamic up-regulation in response
to lower estrogen levels. These data suggest that red wine is a
nutritional AI.

The strengths of this study include our 100% patient com-
pletion rate and core laboratory outcome measures. Our
randomized cross-over trial design eliminated intersubject
variability because each individual served as her own control.

Epidemiologic studies consistently report increased breast
cancer risk associated with alcohol consumption, including
wine.1–3 Two meta-analyses plus the most recent largest study
estimate a 12% increased risk with a daily alcoholic
drink.1,16,17 Some studies have evaluated breast cancer risk
separately for red and white wine and have suggested no risk
with red wine; however, the results are varied, possibly due to
the methodological limitations related to mixed use of red and
white wine, as well recent versus chronic use recall errors.18–21

Our results in a controlled setting provide a potential
mechanistic pathway whereby red wine may serve as a nu-
tritional AI. They provide further evidence that red wine,
through the hormonal shift patterns, may not elevate breast
cancer risk like other alcoholic beverages. Further work aimed
at carefully measuring specific alcohol consumption and risk
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is needed. Prior epidemiologic studies have also indicated a
positive relation between breast density, which is a risk factor
for breast cancer, and alcohol consumption in both premen-
opausal women and postmenopausal women.22–24 Notably,
the Minnesota Breast Cancer Cohort Study found that red
wine consumption, but not white wine, had an inverse rela-
tionship with breast density in postmenopausal women after
adjusting for other sources of alcohol.19

Other potential chemoprotective factors have been identi-
fied in red wine. Procyanidin B dimers found in grape seed
extract competitively bind to aromatase, which down-
regulates growth factor receptor signaling and has also been
shown to be cytotoxic to cancer cells but not normal cells.7,10

Phytoestrogens such as flavones and isoflavones have been
found to bind to the active site of aromatase, leading to inhi-
bition.11 Grape polyphenols have been shown to induce
mammary cellular apoptosis in vitro and decrease tumor

growth metastasis.25 Animal models have also demonstrated
decreased rates of cancers with red wine. After ingesting de-
alcoholized red wine solids, transgenic mice had delayed
spontaneous tumor onset.26

Limitations of our study include mid-luteal phase sam-
pling, which resulted in relatively high serum estrogen level
variability due to ovulation, resulting in greater statistical
noise in this variable and possibly precluding an ability to see
a relatively small estrogen level decrease. We were powered
to detect a ‘‘clinically relevant’’ estimated 25% mean differ-
ence in E2, yet saw a 14% mean difference, so we were un-
powered to detect this relatively smaller mean difference.
Additionally, because AIs result in reduction of estrogen
levels related to inhibition of the last step of estrogen syn-
thesis, it is possible that lower serum estrogen levels may have
resulted in increased gonadotropin levels that stimulated
ovarian estrogen production, overriding the AI effects. Al-
though we asked participants to maintain a stable diet, we did
not measure nutritional intake or have our participants
maintain food diaries.

In conclusion, red vs. white wine treatment is associated
with changes in serum hormones consistent with an AI in
healthy premenopausal women studied in a controlled clini-
cal trial. These results combined with prior observational and
laboratory data suggest that red wine may serve as a nutri-
tional AI, which may ameliorate the elevated breast cancer
risk associated with alcohol intake. Larger scale studies are
needed to determine the safety and efficacy of red wine as an
AI for breast conditions. Furthermore, because wine con-
sumption has increased in the general population,27 particu-
larly among young women, further work to determine the
relative safety and therefore advisability of red and white
wine consumption in women is needed.

Table 1. Baseline Characteristics

Variablea
All women

(n = 36)
Red wine to

white wine (n = 20)
White wine to

red wine (n = 16)
p

value

Age, mean – SD 36 – 7.9 36.8 – 8.5 35 – 7.3 0.50
History of smoking, n (%) 25 (69%) 15 (75%) 10 (63%) 0.48
BMI, mean – SD 26.3 – 4.6 27.4 – 4.6 24.9 – 4.3 0.12
Systolic blood pressure, mean – SD (mm Hg) 108.6 – 9.1 109.7 – 8.8 107.3 – 9.5 0.39
Ethnicity, n (%)b

White 15 (43%) 7 (37%) 8 (50%) 0.80
Asian 3 (9%) 2 (11%) 1 (6%)
African American 8 (23%) 4 (21%) 8 (50%)
Hispanic 9 (26%) 6 (32%) 3 (19%)

Employed full time 28 (80%) 15 (79%) 13 (81%) 0.52
Menstrual cycle length, mean – SD (days) 29.5 – 4.82 30.5 – 9.8 28.8 – 4.2 0.34
Baseline hormone levels Combined mean – SD

SHBG (nmol/L) 57 – 39
Free testosterone (pg/mL) 6.0 – 2.5
Total testosterone (ng/dL) 31.8 – 8.7
Free estradiol (pg/mL) 2.7 – 1.1
Total estradiol (pg/mL) 112 – 52
Estrone (pg/mL) 85 – 27
Androstenedione (ng/mL) 1.3 – 0.50
FSH (mIU/mL) 7.2 – 5.8
LH (mIU/mL) 8.6 – 13.4

aBMI, body mass index; FSH, follicle stimulating hormone; LH, luteinizing hormone; SD, standard deviation; SHBG, sex hormone binding
globulin.

bOne missing value.

Table 2. Serum Hormone Level Differences

in Red vs White Wine

Variable Difference (SE)a p value

SHBG (nmol/L) - 5.0 (1.9) 0.007
Free testosterone (pg/mL) 0.64 (0.2) 0.009
Total testosterone (ng/dL) 1.79 (1.0) 0.20
Free estradiol (pg/mL) - 0.21 (0.30) 0.52
Total estradiol (pg/mL) - 11.7 (11.2) 0.39
Estrone (pg/mL) 3.9 (6.9) 0.83
Androstenedione (ng/mL) 0.05 (0.04) 0.14
FSH (mIU/mL) 1.8 (1.7) 0.25
LH (mIU/mL) 2.3 (1.3) 0.027

aSE, standard error.
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