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Abstract

Objective  Women with a moderate intake of alcohol
have higher concentrations of sex steroids in serum, and
higher risk of developing breast cancer, compared to
non-drinkers. In the present study, we investigate the
relationships between alcohol consumption and serum
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levels of sex steroids and sex-hormone binding globulin
(SHBG) in 790 pre- and 1,291 post-menopausal women,
who were part of the European Prospective Investiga-
tion into Cancer and Nutrition (EPIC).

Methods Serum levels of testosterone (T), andro-
stenedione (A4), dehydroepiandrosterone sulphate
(DHEAS), estrone (E,), estradiol (E,) and SHBG were
measured by direct immunoassays. Free T (fT) and free
E, (fE,) were calculated according to mass action laws.
Current alcohol intake exposure to alcohol was as-
sessed from dietary questionnaires.

Results Pre-menopausal women who consumed more
than 25 g/day of alcohol had about 30% higher
DHEAS, T and {T, 20% higher A, and about 40%
higher E,, concentrations compared to women who
were non-consumers. E,, fE, and SHBG concentrations
showed no association with current alcohol intake. In
post-menopausal women, DHEAS, {T, T, A4, and E;
concentrations were between 10% and 20% higher in
women who consumed more than 25 g/day of alcohol
compared to non-consumers. E, or fE, were not asso-
ciated with alcohol intake at all. SHBG levels were
about 15% lower in alcohol consumers compared to
non-consumers.
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Conclusion This study supports the hypothesis of an
influence of alcohol intake on sex hormone concentra-

tions in blood.

Keywords Sex steroids - Alcohol intake -
Pre-menopausal - Post-menopausal women

Abbreviations

EPIC European Prospective Investigation into
Cancer and Nutrition

T Testosterone

Ay Androstenedione

DHEAS Dehydroepiandrosterone sulphate
E; Estrone
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Moderate alcohol consumption has been shown to in-
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have shown that the risk of breast cancer is increased
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by about 7-9% for an increment of 10 g/day of alcohol
[1, 2]. Even though most of the studies have been
conducted on post-menopausal women, the increasing
risk of breast cancer with increasing alcohol
consumption is modest but still present also for pre-
menopausal women [3-5]. It has also been suggested in
either randomized trials [2, 6-9] or cross-sectional
studies [10-19], that alcohol consumption may increase
the concentrations of sex steroids in serum and urine in
both pre- and post-menopausal women, but the results
of these studies have been somewhat inconsistent and
the effect of alcohol on circulating sex hormone levels
remains incompletely understood.

We recently published results from a large nested
case-control study within the European Prospective
Investigation into Cancer and Nutrition (EPIC) cohort
showing an increased risk of breast cancer among
women who had elevated pre-diagnostic serum con-
centrations of androgens (pre- and post-menopausal
women), estrogens (post-menopausal women only) and
low serum levels of SHBG (post-menopausal women
only) [20, 21]. Here, we report about the relationships
of current alcohol consumption and serum levels of
sex steroids and SHBG, among both pre- and post-
menopausal women who were selected as controls in
the fore mentioned studies.

Materials and methods
Study population and blood sample collection

The EPIC cohort consists of about 370,000 women and
150,000 men, aged 35-69, recruited between 1992 and
1998 in 23 research centers in 10 Western European
countries [22]. Extensive standardized questionnaire
were collected on habitual diet and physical activity,
lifetime history of tobacco smoking, consumption of
alcoholic beverages, history of previous illness and
surgical operations, and for women, menstrual and
reproductive history, current and past use of oral
contraceptives (OC) and post-menopausal hormone
replacement therapy (HRT). Blood samples were also
collected from about 65% women and 93% of men.
Height, weight, waist and hip circumferences were
measured for all subjects according to standardized
protocols [23].

Blood samples were collected according to a stan-
dardized protocol [24]. Thirty milliliters of blood were
drawn from each subject, centrifuged and separated
into serum, plasma, red cells, buffy coat. Fractions
were then aliquoted in plastic straws and stored under
liquid nitrogen (-196°C). In Denmark, blood samples
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were collected in non-fasting blood status, and serum,
plasma, red cells or buffy coat were aliquoted into 1-ml
tubes, stored in the vapor phase in liquid nitrogen
containers (-150°C).

The present study includes subjects from 19
recruitment centers in eight of the participating coun-
tries: Denmark, France, Germany, Greece, Italy, the
Netherlands, Spain and the United Kingdom [20, 21].

Selection of subjects

Subjects were selected among pre- and post-meno-
pausal women who were part of the EPIC study, and
who participated as controls in a nested case—control
study on breast cancer and endogenous hormones in
pre- and post-menopausal women [20, 21]. Women
were excluded from the study if they used any hor-
mone replacement therapy at the time of blood dona-
tion, or any exogenous hormones for contraception or
medical purposes, if they had previous diagnosis of
cancer (except non-melanoma skin cancer), if they had
missing values for alcohol intake, or for all hormones,
and if they had extreme values for energy intake/en-
ergy requirement (energy requirements were com-
puted as 1.55 times the basal metabolic rate; bottom
and top 1% were excluded).

A total of 790 pre- and 1,291 post-menopausal wo-
men were selected in the study. All participants had
given their written consent for future analyses of their
blood samples and the Internal Review Board (IRB) of
IARC had approved the hormone analyses.

Determination of menopausal status at blood
donation, and of phase of menstrual cycle
(pre-menopausal women)

Women were considered as pre-menopausal when they
reported having had regular menses over the past
12 months, or when they were less than 42 years of
age at recruitment. Women were considered as post-
menopausal when they reported not having had any
menses over the past 12 months, or when they reported
bilateral ovariectomy. Women with missing or incom-
plete questionnaire data, or with reported previous
hysterectomy, were considered post-menopausal only
if they were older than 55 years.

Women were considered as unknown when they
were between 42 years and 55 years of age, and had
missing or incomplete questionnaire data, or reported
previous hysterectomy (without ovariectomy). Women
defined as unknown were excluded from the study.

A detailed description of the determination of the
phase of menstrual cycle in pre-menopausal women
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has been reported previously [21]. In brief, the phase of
a woman’s menstrual cycle was determined using two
different dating methods: ‘forward’ dating counted
forward from the woman’s reported date of the start of
her last menses, and/or ‘backward’ dating counted
backward from the date of the start of her next menses
after blood donation, which the woman reported on a
pre-paid postcard that she sent back to the recruitment
center after her visit to donate a blood sample. When
both dating methods were available, the backward
dating method was used to determine the menstrual
cycle phase. In France, the Netherlands, Greece and
Germany, data were available only for forward dating
of the phase of menstrual cycle at blood donation,
whereas for the vast majority of cohort participants in
Italy, Spain, and Oxford, data were also available for
backward dating. In Denmark and in Cambridge, no
information on phase of menstrual cycle was collected.
The phase of menstrual cycle was then categorized in
“early follicular” (days 0-7 of the cycle), “late follic-
ular” (days 8-11), “peri-ovulatory” (days 12-16),
“midluteal” (days 20-24) and “other luteal” (days 17—
19 or 25-40) [21].

Laboratory assays

All hormone assays were performed at the TIARC
(Nutrition and Hormones Group). Testosterone (T),
androstenedione (A4), dehydroepiandrosterone sul-
phate (DHEAS), estrone (E,), estradiol (E,) and
sex-hormone binding globulin (SHBG) measurements
were performed on serum samples (that have been
thawed only once before hormone analyses) by radio-
immunoassay, or immunoradiometric assays. Details
about the choice of the assays, and their precision and
validity have been reported in detail elsewhere [20, 21,
25]. As quality control measure, three re-constituted
serum samples containing different hormone concen-
trations were inserted in each analytical batch. Intra-
batch and inter-batch coefficients of variations were:
9.9% and 15.3%, respectively for T, 5.3% and 18.9%
for A4, 6.2% and 12.4% for DHEAS, 6.4% and 12.6%
for E; 32% and 72% for E, in pre-menopausal
women, and 5.8% and 13.1% for E, in post-
menopausal women and 7.5% and 16.5% for SHBG.
E; and E, were not measured on samples from
pre-menopausal women from Cambridge and Den-
mark for lack of information on phase of menstrual
cycle. Concentrations of free T (fT) and free E, (fE,)
have been calculated by using equations based on
mass action law [26]. Even though these equations
have been validated for post-menopausal women
only, additional theoretical sensitivity analyses in our

laboratory showed that the same equations would
also provide valid results within the range of
pre-menopausal women, provided that their levels of
testosterone, estradiol, dehydrotestosterone and
SHBG are within the non-pathological range.
The validity of the simplified equations in the pre-
menopausal range has also been previously reported
[27, 28].

Classification of alcohol variables

Diet was measured by country-specific questionnaires,
designed to specifically capture local dietary habits, as
described in details elsewhere [24]. Extensive self-
administered questionnaires, providing data on up to
300-350 food items per country, were used in Italy, The
Netherlands, Greece, Germany, Spain and France. A
food frequency questionnaire and a 7-day food con-
sumption record were used in the UK (the data on
alcohol reported in this paper are from the food fre-
quency questionnaires). In Denmark, semi-quantita-
tive food-frequency questionnaires (with the same
standard portions assigned to all subjects) were used
[29]. In these questionnaires, alcohol intake was
recorded as the average intake of alcohol over the
preceding year. The questionnaires used in each
country were all validated against reference measure-
ments based on twelve 24-h diet recall interviews
throughout 1 year [30].

Detailed descriptions of the questionnaire data on
current alcohol intakes, and of average alcohol intakes
in each participating country have been given else-
where [29, 31]. Alcoholic drinks were classified into
eight different categories: wines, fortified wines, beer/
cider, spirits, aniseed drinks, liqueurs, cocktails/pun-
ches and all other alcoholic beverages. The total intake
of alcohol was expressed in grams per day (g/day), and
it was calculated by multiplying the volume of a drink
by the percentage of alcohol content. Total alcohol
intake was categorized into five categories: non-con-
sumers (0-1 g/day), 2-4 g/day, 5-14 g/day, 15-24 g/day
and 25 g/day or more. These categories were chose
with reference to the results of recent large meta-
analyses on alcohol intake and breast cancer risk [1, 2],
which showed an average increase in risk of about 7-
9% per 10 g of alcohol (one drink) per day.

Data analyses

All hormone concentrations were log-transformed to
normalize their distributions. Statistical significance of
differences between alcohol consumers and non-
consumers was evaluated by #-tests for continuous



variables, while for categorical variables, a Cochran—
Mantel-Haenszel test was used. Geometric means of
hormone levels were calculated according the catego-
ries of alcohol intake. F-tests were used to test for
significance of linear trend by assigning ordinal scores
to each successive category and treating variables as
continuous in the regression model.

Body mass index (BMI) was calculated from the
anthropometric values and defined as kilograms divided
by the height (expressed in meters) squared. Dietary
energy intakes were calculated from the questionnaires.
In all models, energy intake was included for making
isoenergetic comparisons, together with age (continu-
ous), BMI (continuous), center, previous use of oral
contraceptive (ever/never/missing) and smoking status
(never/ex/current/missing) as covariates. For analyses
on estrogens levels among pre-menopausal women, the
phase of the menstrual cycle was also included as
covariate. For analyses on post-menopausal women
time since menopause was also included as covariate,
and categorized as missing, 0-5 years, 5.1-10 years,
10.1-15 years, 15.1-20 years, and above 20.1. Covari-
ates that differed significantly between alcohol users
and non-users (age, time since menopause, BMI, energy
intake, smoking status, previous pill use and previous
HRT use, see Table 1) were included in the model.

An analysis of covariance adjusted for age and batch
was used to estimate percentages of between-subject
variation in hormone concentrations statistically
explained by differences in alcohol consumption.

All statistical analyses were performed using the
SAS statistical package, version 9 (SAS Institute, Cary,
NC, USA). Tests of statistical significance were two-
sided. P-values <0.05 were considered statistically
significant.

Results

Overall, women reporting not to drink alcohol had a
higher BMI but lower total energy intake, had less
frequently used oral contraceptives in the past and
smoked less (Table 1). In post-menopausal women,
non-consumers, on average, were also older, had a
longer time since menopause (p = 0.06) and were
younger at menarche (p = 0.06).

In pre-menopausal women, androgens and E; con-
centrations were positively associated with alcohol
consumption (Table 2). Compared to women who did
not consume alcohol, those who consumed more than
25 g/day had about 30% higher DHEAS, T and T
concentrations, 20% higher A, concentrations and
about 40% higher E,, concentrations. E,, fE, and
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SHBG concentrations showed no association with
alcohol intake. The association between alcohol intake
and E; concentrations remained virtually unchanged
when the analyses were restricted to women who had
data on date of next menses (backward dating) only. In
the same subgroup of women, E, concentrations
showed no association with alcohol intake. The rela-
tionship between alcohol intake and estrogens were
virtually the same when analysing follicular and luteal
phases separately. In post-menopausal women, as in
pre-menopausal women, androgens and E; concentra-
tions were positively associated with alcohol con-
sumption: DHEAS, {fT and E; concentrations were
about 20% higher in women consuming more than
25 g/day of ethanol compared to non-consumers, while
T and A4, were about 10% higher, even though the
increase for A, was of borderline statistical significance
(Table 3). E, and fE, concentrations showed no asso-
ciation with alcohol intake, while SHBG concentra-
tions were about 15% lower in women consuming
more than 25 g/day compared to non-users.

The adjustment for smoking status in both pre- and
post-menopausal women had only very minor effects
on the relationships between alcohol consumption and
sex hormone concentrations. In non-smokers, the
associations between hormone levels and alcohol con-
sumption were the same as those observed in the whole
population for both pre- and post-menopausal women
(results not shown). Adjustments for energy intake,
BMI, previous use of oral contraceptives and time
since menopause changed the hormone geometric
means only trivially.

Although the relationship between alcohol intake
and hormone concentrations were statistically quite
significant, the percentage of variance explained in
hormone concentrations by alcohol was very small, less
than 4% in pre-menopausal women, and less than 2%
for post-menopausal women (results not shown).

Discussion

In the present study, which is the largest cross-sectional
study published so far on alcohol intake and sex
hormone concentrations in blood, daily alcohol con-
sumption was associated with higher concentrations of
serum androgens, as well as E; in pre- and post-
menopausal women. SHBG was inversely associated to
alcohol intake only in post-menopausal women, while
no relationship of E, (and fE,) with alcohol intake was
observed in both populations.

In pre-menopausal women not taking any exoge-
nous hormones, previous cross-sectional studies on the
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relationship of alcohol intake and blood hormone
concentrations were generally based on a relatively
small number of subjects and differed according to the
hormones measured. These studies have shown some-
what variable results: some showed a positive associa-
tion of either T and fT concentrations [17], or A4 and
DHEA or DHEAS concentrations [19], or SHBG [13]
and estrogens levels [10, 18, 19] with alcohol intake,
while some others did not show the same association
[10, 13, 19, 32]. Intervention studies in both animals
and humans have shown a direct relationship between
alcohol intake and circulating androgen and estrogen
levels [8, 9, 33-36], as a result of increased ACTH
production by the pituitary gland.

In our study, in pre-menopausal women, we ob-
served an overall direct association between alcohol
intake and serum levels of androgens, both of adrenal
(DHEAS, A4 and T) and ovarian origin (A4 and T),
perhaps suggesting an action of alcohol on steroido-
genesis in both types of glands. A very strong, signifi-
cant positive association with alcohol intake was
observed for E; while no association was observed for
E, and SHBG. To our knowledge, only one study has
explored the relationship between E; concentrations in
blood in pre-menopausal women and daily alcohol
intake [19], but no relationship was observed. The null
association between alcohol intake and E, levels in the
present study might be explained by the fact that E,
was measured only during one menstrual cycle, so
measurement errors due to the low reliability of E,
measurements over the menstrual cycle might have
limited our ability to detect an association [18].

In post-menopausal women not receiving exogenous
hormones, previous cross-sectional studies published
on the relationship of alcohol intake and hormone
concentrations showed inconsistent results: some
studies showed a positive association of T, DHEAS
and SHBG with alcohol consumption [16, 37], while
some other showed a negative association [14, 15], or
no association at all [12, 13, 38]. More consistent results
were observed for estrogens, where almost all pub-
lished studies showed a positive association of Eq, E;
sulfate and E, concentrations with alcohol consump-
tion [11, 13-16, 37-40], even though overall results for
E, have been less robust. Intervention studies in post-
menopausal women showed an increase in DHEAS
concentrations [6, 7], while no effect was generally
observed for T, E; or E, concentrations [7, 35, 41].

In the present study, androgen levels in post-men-
opausal women were positively associated with
increasing alcohol consumption, as in pre-menopausal
women. E; levels were also strongly associated with
higher alcohol intake, while E, and fE, levels seemed
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to have no relationship at all with alcohol consumption.
As for pre-menopausal women, the positive association
of DHEAS, T and A4 (even though not significant) with
alcohol consumption might indicate a direct effect of
alcohol on both the adrenal gland and ovaries.

Mechanisms by which alcohol increases sex steroid
levels in humans, however, are still not completely
elucidated [33, 42]. Those that have been postulated
include: stimulation of ovarian theca cells to produce
androgens through increased LH secretion [19], a di-
rect action on adrenal androgen productions [1],
induction of a different catabolism of androgens in the
liver [7, 35], or an increase of aromatase activity in the
liver, leading to a higher conversion of androgens into
estrogens [9, 19, 43, 44]. It has also been hypothesized
that in post-menopausal women, alcohol breakdown in
the liver would be accompanied by accumulation of
hepatic nicotinamide-adenine dinucleotide (NADH),
which inhibits the conversion of E, to E; [41]. The
results of our study do not support this last hypothesis,
since in both pre- and post-menopausal women a
strong association with alcohol intake has been ob-
served for E; but not for E, concentrations. When
exploring the relationship of alcohol intake and breast
cancer risk through a conditional logistic regression
analysis in the nested case—controls studies previously
published [20, 21], a direct, but not significant rela-
tionship of alcohol intake with breast cancer risk was
observed on this specific population (OR: 1.26 [0.96-
1.67], p trend = 0.24, highest versus lowest quintile of
the overall population). However, even though the
relationship between alcohol intake and hormone
concentrations was statistically quite significant, the
percentage of variance explained in hormone concen-
trations in control subjects by alcohol was very small,
less than 4% in pre-menopausal women, and less than
2% for post-menopausal women.

A major strength of the present study is its size. To
our knowledge, it is the largest cross-sectional study on
alcohol consumption and sex-steroid hormones con-
ducted so far, combining both pre-menopausal and
post-menopausal women. The multi-center design of
this study allows us to evaluate associations between
alcohol consumption and serum hormones over a wide
range of diets and lifestyle habits. Dietary question-
naires that ensured the estimate of chronic alcohol
exposure were highly standardized. Some limitations of
this study, however, were the low overall alcohol in-
take, and the fact that hormones were measured only
on a single serum sample, possibly leading to a mis-
classification of subjects on their over-time exposure,
above all for estrogens in pre-menopausal women.
However, androgens and SHBG concentrations have
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been shown to be quite reproducible over-time, in both
pre- and post-menopausal women [45-47].

In conclusion, in the present study we have observed

a significant positive association of current alcohol in-
take and serum concentrations of androgens and E;.
These results support the hypothesis that the increase
in breast cancer risk caused by alcohol consumption is
mediated by increases in sex hormone levels.
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