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Abstract

Background: The association of alcohol and fibre intake with breast cancer may be
mediated by circulating sex hormone levels, which are predictors of breast cancer
risk.
Objective: To evaluate the relationship of alcohol and dietary fibre intake with
circulating sex hormone levels among premenopausal women.
Methods: A total of 205 premenopausal women completed a validated food-frequency
questionnaire at baseline and after 2 years; blood samples taken at the same time were
analysed for circulating sex hormone concentrations, including oestrone (E1),
oestradiol (E2), free E2, progesterone, androstenedione and sex hormone-binding
globulin, by radioimmunoassay. We used mixed models to estimate least-square
means of sex hormone concentrations for alcohol intake categories and quartiles of
dietary intake.
Results: After adjustment for covariates, alcohol consumption was moderately
associated with higher circulating oestrogen levels; those who consumed more than
one drink per day had 20% higher E2 (Ptrend ¼ 0.07) levels than non-drinkers. In
contrast, higher dietary fibre intake was associated with lower serum levels of
androstenedione (28% between the lowest and highest quartiles of intake,
Ptrend ¼ 0.06), but not oestrogens. Similarly, consumption of fruits (212%,
Ptrend ¼ 0.03), vegetables (29%, Ptrend ¼ 0.15) and whole grains (27%, Ptrend ¼ 0.07)
showed inverse associations with androstenedione levels.
Conclusions: The consistency of the observed differences in sex hormone levels
associated with alcohol and fibre-rich foods indicates that these nutritional factors
may affect sex hormone concentrations and play a role in breast cancer aetiology and
prevention.
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Alcohol consumption is considered a possible risk factor

for breast cancer and dietary fibre may protect against the

disease1. There is fairly strong evidence that alcohol

consumption is associated with higher breast cancer risk2.

A pooled analysis of 53 cohort and case–control studies

estimated that alcohol consumption might account for 4%

of all breast cancers in developed countries and that every

10 g of daily alcohol consumption increases breast cancer

risk by 7%. However, the mechanism of action for this

association is not fully understood. It is possible that

alcohol increases3–5 and fibre-rich foods6–8 (such as fruits

and vegetables and whole grains) lower sex hormone

levels. Circulating oestrogen levels appear to be a

biomarker for breast cancer risk9, although the evidence

for an association between endogenous hormones and

breast cancer is stronger for postmenopausal10 than for

premenopausal11–13 women. In the present paper, we

perform a cross-sectional data analysis among 205

premenopausal women who had participated in a 2-year

soy feeding trial and provided blood samples and dietary

information. The objective of the analysis was to

investigate the relationship of alcohol and dietary fibre

intake with circulating sex hormone concentrations

among this population of premenopausal women.

Materials and methods

Study design and population

The study was approved by the Committee on Human

Studies at the University of Hawaii and the Institutional

Review Boards of the participating clinics. The original

objective of the study was to investigate the possible

effects of soy consumption on circulating oestrogen levels

and mammographic densities. Details of the recruitment

strategy and study procedures have been given pre-

viously14,15. In brief, 220 premenopausal women recruited
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from mammography clinics were randomised to an

intervention group consuming 2 daily servings of soy

foods and to a control group maintaining their regular

diet14. Inclusion criteria ensured that all subjects had a

normal screening mammogram, were not taking oral

contraceptives or other sex hormones, had no history of

cancer, had a complete uterus and ovaries, menstruated

regularly, and consumed less isoflavones than the

equivalent of 6 servings of soy per week during the

previous year. All women provided signed informed

consent before entry into the trial. The 205 women (100

women in the intervention group and 105 women in the

control group) who had complete baseline serum

oestrogen data available were included in the present

analysis. We considered all women as one group because

we did not observe any effect of the soy intervention on

circulating hormone levels. The mean difference in

change between groups was 9 pgml21 (P ¼ 0.44) for

oestrone (E1), 30 pgml21 (P ¼ 0.15) for oestradiol (E2) and

34 pgml21 (P ¼ 0.48) for androstenedione (Adione)15.

There was also no significant difference in hormone levels

among the three ethnic categories (Asian, Caucasian and

other).

Data collection

A validated food-frequency questionnaire (FFQ)16, which

reflected dietary intake during the previous 12 months,

was administered at baseline and after 2 years. The FFQ

was originally developed for use in the Hawaii–Los

Angeles Multiethnic Cohort Study and included foods

commonly consumed among the ethnically diverse cohort

population. Completed FFQs were analysed for daily

intakes of nutrients and food group servings using the

Cancer Research Center of Hawaii’s Food Composition

Database (FCD) and Food Group Servings Database

(FGSD), respectively17,18. The FCD contains information

for more than 2500 food items and is based on nutritional

data from the US Department of Agriculture (USDA)19, as

well as on additional laboratory analyses and existing

professional and commercial publications. The FGSD was

developed according to the USDA Food Guide Pyramid’s

food categories and serving sizes20. Alcohol consumption

was estimated as number of drinks per day; the USDA

Food Guide Pyramid defines one drink as equivalent to

12 oz of regular beer, 5 oz of wine or 1.5 oz of 80-proof

distilled spirits20.

We measured height for all subjects at baseline and

body weight throughout the study. For this analysis, we

calculated the body mass index (BMI) at baseline and at

the end of the study by dividing the weight in kilograms by

the square of height in metres. Blood samples were

obtained 5 days after ovulation as determined by an

ovulation kit, at baseline and months 3, 6, 12 and 2415. Less

than 1% of women donated blood on a different day, but

61 blood samples out of the possible 1025 samples were

missing because the women had either left the study or

were not able to detect an ovulation. The missing samples

were distributed equally by group. The serum analysis for

E1, E2, sex hormone-binding globulin (SHBG), progester-

one (Prog) and Adione was performed by radioimmuno-

assay in the Reproductive Endocrine Research Laboratory

at the University of Southern California Keck School of

Medicine after the study was completed15. The analyses

were conducted in batches of 30 or 40 samples. Each batch

contained all five samples collected from the same woman

and an equal number of intervention and control samples.

For quality control, we included two or three blind

samples obtained from a pooled blood sample into each

batch. Based on the 60 blind samples, we obtained the

following inter-assay coefficients of variation: E1, 17.7%;

E2, 11.2%; Adione, 14.2%; SHBG, 6.2%; Prog, 8.6%.

Statistical analysis

The SAS software package (version 8.2; SAS Institute, Cary,

NC, USA) was used for all statistical analyses. The PROC

CORR procedure was used to calculate Spearman rank-

order correlation coefficients among sex hormone

variables and between baseline and final FFQs for each

dietary variable. The sex hormone variables were

distributed normally within acceptable limits and trans-

formations did not improve them. Food intake, except

alcohol, was expressed per 1000 kcal to adjust for

differences in energy intake. Alcohol intake was not

adjusted for total energy intake because the majority of the

published literature reports alcohol consumption as

number of drinks per day or week. Women who

consumed less than one drink per month were classified

as non-drinkers, women drinking one drink per day or less

as low consumers, and women reporting more than one

drink per day as high consumers. Because of the repeated

measurements we used the PROC MIXED procedure to

evaluate the relationships between dietary variables and

sex hormone levels and to estimate least-square means of

sex hormone concentrations by quartile of intake. The

model included age, BMI, dietary information, physical

activity level and serum measurements collected at

baseline and at the end of the study. Ethnicity (Asian,

Caucasian and other), age at menarche, age at first live

birth and parity (none, 1–2 children, $3 children)

assessed at baseline were added as covariates because

they showed an association with at least one of the

hormone or dietary variables of interest. A sub-analysis of

the same data that included the group assignment

(intervention vs. control) as a covariate in the mixed

model changed the results only slightly (data not shown)

and justified keeping all women as one group.

Results

Of the 205 subjects, 80 were Asian, 76 were Caucasian and

49 were of mixed or other ethnicity including Native

Hawaiian. The mean age at baseline was 43.0 ^ 2.8 years.
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Mean BMI increased slightly from 26.1 to 26.4 kgm22 at

the end of the study (Table 1). According to the baseline

FFQ, mean energy intake was 1834 ^ 795 kcal day21 and

mean dietary fibre intake was 18.6 ^ 9.6 g day21. Alcohol

consumption at baseline ranged from 0 to 2.6 drinks per

day, with a mean of 0.3 ^ 0.5 drinks per day. By category,

96 women were classified as non-drinkers, another 100

women consumed less than one drink per day, and nine

women reported more than one daily drink. Most women

were considered sedentary (n ¼ 12) or lightly active

(n ¼ 159); only 34 women were moderately to extremely

active.

The within-person intraclass correlations for E1, E2,

Adione, SHBG and Prog were 0.26, 0.12, 0.57, 0.80 and

0.32, respectively. Sex hormone levels were highly

correlated with each other, in particular E1 and E2
(r ¼ 0.67, P , 0.001). Adione and SHBG also showed

significant correlations with oestrogens (r ¼ 0.38,

P , 0.001 for Adione and E1; r ¼ 0.30, P , 0.001 for

SHBG and E2). Dietary intakes as reported in the baseline

and final FFQ were highly correlated: r ¼ 0.85 for alcohol;

r ¼ 0.60 for dietary fibre; r ¼ 0.68 for fruits; r ¼ 0.66 for

vegetables; r ¼ 0.42 for whole grains (P , 0.001 for all).

After adjustment for confounding factors, non-signifi-

cantly higher serum levels of oestrogens and androgens

were observed in women who consumed more than one

drink per day than in non-drinkers (Table 2). The

difference was 14% for E1, 20% for E2, 7% for free E2 and

3% for Adione. We observed a clear dose–response for the

oestrogens; the combined E1 and E2 levels were 223, 241

and 260 pgml21 for non-drinkers, low alcohol consumers

and high alcohol consumers, respectively, but the trend

was not statistically significant. Only SHBG levels were

significantly associated with alcohol intake.

Dietary fibre intake was associated with lower circulat-

ing Adione levels (Table 3). Women in the highest quartile

of dietary fibre had 8% lower concentrations than those in

the lowest quartile; however, no difference was observed

for oestrogens, Prog or SHBG (Table 3). Similarly,

consumption of fruits (Table 4), vegetables (Table 5) and

whole grains (Table 6) showed inverse associations with

Adione; the concentrations were lower in the highest

quartile of intake than in the lowest quartile by 12% for

fruits, 9% for vegetables and 7% for whole grains, but the

trend was significant only for fruits. In addition, Prog was

lower by 9% (Ptrend ¼ 0.05) and SHBG by 7%

(Ptrend ¼ 0.05) in the highest quartile than in the lowest

quartile of fruit consumption (Table 4).

Discussion

Despite the low alcohol intake in our population of

premenopausal women who had participated in a

nutritional trial, alcohol intake showed a positive

association with circulating serum oestrogen levels during

the luteal phase. In particular, drinking more than one

drink per day was associated with 20% higher E2 levels

than not drinking alcohol. In contrast, intake of dietary

fibre and fibre-containing foods (fruits, vegetables and

whole grains) was inversely related with Adione levels; the

concentrations were 8% lower in the highest than in the

lowest quartile of fibre intake. The association with fruits

was stronger than with vegetables and whole grains.

Although most of our findings did not reach statistical

significance, the consistent trends between the dietary

variables and sex hormone levels provide support for the

hypothesis that dietary components may influence breast

cancer risk through an effect on sex hormone levels.

Our findings agree with several cross-sectional studies

among premenopausal women that reported significant

associations between alcohol intake and oestrogen

levels21 – 23. Among a large prospective cohort of

postmenopausal Dutch women, significantly higher levels

of E1 and E2, but not Adione and SHBG, were observed in

subjects who consumed 25 g of alcohol per day compared

with non-drinkers5. Experimental evidence among pre-

and postmenopausal women provides additional support

for the hypothesis. An intervention study among younger

women found higher levels of oestrogens during

consumption of two daily alcohol servings4. Alcohol

exposure in postmenopausal women on oestrogen

replacement therapy, a hormonal setting comparable to

premenopausal status, led to a three-fold increase in

serum E2
24. Despite some negative findings25–27, there

appears to be consistent support for the hypothesis that

alcohol intake influences circulating sex hormone levels

before and after menopause5. The impact of regular

alcohol consumption on oestrogen levels may be more

Table 1 Characteristics of study subjects (n ¼ 205)

Variable Baseline Final

Age (years) 43.0 ^ 2.8 –
Age at menarche –

Younger than 13 years (n) 120
13 years and older (n) 85

Age at first live birth –
Younger than 30 years (n) 109
30 years and older (n) 96

Parity –
0 children (n) 55
1–2 children (n) 103
$ 3 children (n) 47

Body mass index (kg m22) 26.1 ^ 5.8 26.4 ^ 6.0
Energy intake (kcal day21) 1834 ^ 795 1628 ^ 627
Alcohol consumption (drinks daily) 0.3 ^ 0.5 0.3 ^ 0.6
Fibre intake (g day21) 18.6 ^ 9.6 17.6 ^ 9.0
Sex hormone levels

E1 (pg ml21) 93 ^ 53 90 ^ 54
E2 (pg ml21) 143 ^ 79 136 ^ 84
Free E2 (pg ml21) 3.2 ^ 1.6 3.1 ^ 2.0
E1 þ E2 (pg ml21) 237 ^ 122 226 ^ 124
SHBG (nmol l21) 58 ^ 30 58 ^ 31
Adione (pg ml21) 987 ^ 398 911 ^ 338
Prog (ng ml21) 11 ^ 5 10 ^ 6

E1 – oestrone; E2 – oestradiol; SHBG – sex hormone-binding globulin;
Adione – androstenedione; Prog – progesterone.
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pronounced among post- than premenopausal women

because of the lower oestrogen levels after menopause. In

addition, the evidence that oestrogen levels increase

breast cancer risk is considerably stronger for postmeno-

pausal women than for women before menopause, for

whom androgens may play a more important role than

oestrogens13,28,29. It has been hypothesised that alcohol

consumption increases circulating oestrogen levels by

impairing the hepatic oestrogen metabolism and by

enhancing the conversion of androgens to oestrogens30.

Alcohol may also influence Adione formation at one or

more of the biosynthetic steps along the D4 and D5

pathways in the adrenals or ovary or have an effect on the

pituitary gland, which could suppress gonadotropin and/

or adrenocorticotropic hormone production.

Our observation of lower Adione levels with higher

fibre intake agrees with reports that circulating androgen

levels are associated with breast cancer risk among

premenopausal women13,31,32. The non-significant finding

of lower free E2 levels with higher intakes of dietary fibre

and whole grains is compatible with the previous finding

of an inverse relationship of fibre intake with E2 levels
33,34

because Adione is a precursor of oestrogens. Our data also

showed that serum oestrogen levels were highly

correlated with Adione levels. Thus, lower circulating

androgen levels may provide less substrate for oestrogen

synthesis. Dietary fibre intake may also lower serum

oestrogen levels through the promotion of faecal

oestrogen excretion8. Moreover, it is possible that dietary

fibre is a marker for another nutrient that affects Adione

levels. Specific effects of dietary fibre from specific foods

might have contributed to the inconsistency that lower E2
levels were associated with high intakes of fibre and whole

grains only, but not with intakes of fruits and vegetables. It

is also possible that dietary fibre intake needs to be above

a certain threshold in order to have a beneficial effect. This

explanation has been offered for the protective effect of

fibre against colorectal cancer found in a European cohort,

but not in the USA35. The non-significant findings related

to fruits and vegetables are consistent with the accumu-

lating evidence that fruits and vegetables show little

association with breast cancer risk in prospective cohort

studies36,37. The relationship between SHBG and alcohol

consumption is not easily interpretable. Higher SHBG

levels likely contribute to lower free oestrogen levels. The

association of SHBG levels with higher alcohol intake is

consistent with the higher SHBG levels found in patients

with cirrhosis of the liver, but the mechanism by which this

occurs is not known38. A relationship of SHBG with

nutritional factors is supported by an ecological study in

China that found a positive association with green

vegetables, rice and fish39. Conflicting results have been

reported for the relationship between serum SHBG levels

and breast cancer risk13,40,41, but it appears that a weak

inverse association may exist42.

The modest sample size of our population and the low

alcohol consumption were serious limitations of the

present analysis. The small size of the exposed group –

only nine women reported more than one drink per week

at baseline – questions the validity of the current findings.

There is also a possibility of selection bias; although our

subjects were recruited from the general population, only

Table 2 Association of alcohol intake with sex hormone levels*

Alcohol intake†
(drinks daily)

n
(baseline/final)

E1

(pg ml21)
E2

(pg ml21)
Free E2

(pg ml21)
E1 þ E2

(pg ml21)
SHBG

(nmol l21)
Adione

(pg ml21)
Prog

(ng ml21)

None 96/80 90 132 3.0 223 56 945 11
. 0 and #1.0 100/97 93 148 3.3 241 60 958 10
. 1.0 9/8 103 158 3.2 260 72 969 12
Ptrend – 0.42 0.07 0.16 0.12 0.03 0.74 0.87

E1 – oestrone; E2 – oestradiol; SHBG – sex hormone-binding globulin; Adione – androstenedione; Prog – progesterone.
* Hormone values are expressed as least-square means calculated from mixed models adjusted for age, body mass index, ethnicity, age at menarche, age
at first live birth, parity and physical activity level.
† Based on the Food Guide Pyramid: one drink is equivalent to 12 oz of regular beer, 5 oz of wine or 1.5 oz of 80-proof distilled spirits. Less than one drink
per month is considered no alcohol intake.

Table 3 Association of energy-adjusted intake of dietary fibre with sex hormone levels*

Quartile
of intake

Intake
(g/1000 kcal)

E1

(pg ml21)
E2

(pg ml21)
Free E2

(pg ml21)
E1 þ E2

(pg ml21)
SHBG

(nmol l21)
Adione

(pg ml21)
Prog

(ng ml21)

1 ,7.9 93 148 3.3 242 60 1058 10
2 .7.9–10.0 90 137 3.2 228 58 921 11
3 .10.0–12.5 85 136 3.1 219 56 869 10
4 .12.5–25.6 102 147 3.1 250 61 975 10
Ptrend – 0.48 0.88 0.37 0.82 0.92 0.06 0.48

E1 – oestrone; E2 – oestradiol; SHBG – sex hormone-binding globulin; Adione – androstenedione; Prog – progesterone.
* Hormone values are expressed as least-square means calculated from mixed models adjusted for age, body mass index, ethnicity, age at menarche, age
at first live birth, parity and physical activity level.

G Maskarinec et al.878

https://doi.org/10.1017/PHN2005923 Published online by Cambridge University Press

https://doi.org/10.1017/PHN2005923


a small fraction of the 10 022 women invited to the study

were actually enrolled15. Thus, our sample population

included more health-conscious women with favourable

lifestyles than the general population. Moreover, the

subjects’ premenopausal status likely resulted in consider-

able intra-individual variability in sex hormone concen-

trations, as shown by the low within-person intraclass

correlation for E1 and E2. Such variability in sex hormone

concentrations, as well as the use of self-reported dietary

data, would lead to an attenuation of the true correlation.

Another weakness of our present analysis relates to the

inclusion of multiple types of fibre under the broad

definition of dietary fibre43. We included both water-

soluble and insoluble fibres, and thereby did not

distinguish the different physiological functions of these

fibres in the human body8. Nevertheless, this study had

several strengths. We used a validated FFQ16 supported by

a comprehensive food composition database17. The blood

collection was timed with an ovulation detection kit and

ovulations were confirmed by measurements of Prog15.

The repeated measurement design in our analysis

increased the validity of the hormone assessments; the

accuracy of a one-time oestrogen measurement has been

found to be low in other studies44,45.

The consistency of the observed differences in sex

hormone levels associated with alcohol and fibre-rich

foods indicates that these nutritional factors may have

important effects on sex hormone concentrations and play

a role in breast cancer aetiology. In fact, alcohol may be

one of the few known modifiable factors for breast

cancer2,46. A difference of 26 pgml21 in E2 is likely to

translate into some protection against breast cancer given

mean differences between cases and controls of less than

20pgml21 in studies with postmenopausal women10. For

premenopausal women, it is difficult to estimate a possible

effect size with the available data13,28,29. The difficulties in

assessing oestrogen exposure accurately among

premenopausal women due to strong cyclic variations

may be partly responsible for the lack of evidence44,47. To

understand the potential influence of dietary factors on

Table 4 Association of energy-adjusted intake of fruits with sex hormone levels*

Quartile
of intake

Intake
(servings/1000 kcal)

E1

(pg ml21)
E2

(pg ml21)
Free E2

(pg ml21)
E1 þ E2

(pg ml21)
SHBG

(nmol l21)
Adione

(pg ml21)
Prog

(ng ml21)

1 ,0.6 90 138 3.1 228 60 1029 11
2 .0.6–1.1 97 149 3.2 245 63 948 11
3 .1.1–1.7 88 151 3.4 240 56 929 10
4 .1.7–7.0 95 129 2.9 224 56 908 10
Ptrend – 0.87 0.56 0.61 0.77 0.05 0.03 0.05

E1 – oestrone; E2 – oestradiol; SHBG – sex hormone-binding globulin; Adione – androstenedione; Prog – progesterone.
* Hormone values are expressed as least-square means calculated from mixed models adjusted for age, body mass index, ethnicity, age at menarche, age
at first live birth, parity and physical activity level.

Table 5 Association of energy-adjusted intake of vegetables with sex hormone levels*

Quartile
of intake

Intake
(servings/1000 kcal)

E1

(pg ml21)
E2

(pg ml21)
Free E2

(pg ml21)
E1 þ E2

(pg ml21)
SHBG

(nmol l21)
Adione

(pg ml21)
Prog

(ng ml21)

1 ,0.4 99 154 3.4 253 59 1008 10
2 .0.4–1.8 85 133 3.1 218 54 934 11
3 .1.8–2.5 90 128 2.9 218 58 950 10
4 .2.5–6.7 97 152 3.3 249 63 920 11
Ptrend – 0.96 0.71 0.34 0.75 0.21 0.15 0.43

E1 – oestrone; E2 – oestradiol; SHBG – sex hormone-binding globulin; Adione – androstenedione; Prog – progesterone.
* Hormone values are expressed as least-square means calculated from mixed models adjusted for age, body mass index, ethnicity, age at menarche, age
at first live birth, parity and physical activity level.

Table 6 Association of energy-adjusted intake of whole grains with sex hormone levels*

Quartile
of intake

Intake
(servings/1000 kcal)

E1

(pg ml21)
E2

(pg ml21)
Free E2

(pg ml21)
E1 þ E2

(pg ml21)
SHBG

(nmol l21)
Adione

(pg ml21)
Prog

(ng ml21)

1 ,0.5 92 147 3.3 240 59 986 10
2 .0.5–0.8 88 138 3.3 226 58 996 11
3 .0.8–1.2 97 147 3.2 244 59 914 10
4 .1.2–6.0 93 136 3.0 229 58 918 10
Ptrend – 0.65 0.54 0.28 0.83 0.73 0.07 0.45

E1 – oestrone; E2 – oestradiol; SHBG – sex hormone-binding globulin; Adione – androstenedione; Prog – progesterone.
* Hormone values are expressed as least-square means calculated from mixed models adjusted for age, body mass index, ethnicity, age at menarche, age
at first live birth, parity and physical activity level.
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sex steroids levels and breast cancer risk among younger

women, well-controlled investigations in this population

need to be undertaken.
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