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Abstract
Alcohol consumption and mammographic density are established risk factors for breast cancer.
This study examined whether the association of mammographic density with breast cancer varies
by alcohol intake. Mammographic density was assessed in digitized images for 1,207 cases and
1,663 controls from three populations (Japan, Hawaii, California) using a computer-assisted
method. Associations were estimated by logistic regression. When comparing ever to never
drinking, mean density was similar and consumption was not associated with breast cancer risk.
However, within the Hawaii/Japan subset, women consuming >1 drink/day had a non-significantly
elevated relative risk compared to never drinkers. Also in the Hawaii/Japan population, alcohol
intake only modified the association between mammographic density and breast cancer in women
consuming >1 drink/day (pinteraction=0.05) with significant risk estimates of 3.65 and 6.58 for the
2nd and 3rd density tertiles as compared to 1.57 and 1.61 for never drinkers in Hawaii/Japan.
Although these findings suggest a stronger association between mammographic density and breast
cancer risk for alcohol consumers, the small number of cases requires caution in interpreting the
results.
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Introduction
Mammographic density represents the proportion of radiologically dense stromal and
epithelial tissue in the breast; it is one of the strongest predictors of breast cancer risk,
conferring a 4–6 fold greater relative risk in women with high density [1]. Epidemiologic
evidence suggests that alcohol consumption increases breast cancer; relative risks are
elevated at levels as low as 1 drink/day [2]. Previous work described weak to moderate
associations between alcohol intake and breast density in some [3, 4] but not all [5] studies
and a lack of an interaction between alcohol and density on breast cancer risk [6]. Based on
this evidence, we examined the potential effect modification of the association between
mammographic density and breast cancer risk by alcohol consumption using a pooled
dataset that described a 2-fold higher risk for breast cancer among women with >35%
densities as compared to those with <20% densities [7].

Materials and Methods
As described elsewhere, we combined case-control data from four studies located in
California, Hawaii, Japan, and Minnesota [7]. The studies were approved by their respective
Institutional Review Boards. Since alcohol data were not available for Minnesota, the
current analysis is based on three studies only. All breast cancer cases were newly
diagnosed; controls were recruited from the general population in California, the Multiethnic
Cohort in Hawaii, and screening participants in Japan [8–10]. Covariate information
included ethnicity, menopausal status, hormone replacement therapy (HRT) use, family
history of breast cancer, and body mass index (BMI). Alcohol intake was estimated from
self-administered questionnaires in Hawaii and Japan [9, 10] and recorded as ever vs. never
during face-to-face interviews in California [8]. For the combined dataset, intake was
classified as ever vs. never (≥1 vs. <1 drink/month). For Hawaii and Japan only, the ever
drinkers were divided into ≤1 and >1 drink/day.

After excluding women with missing information, digitized mammograms for 1,207 cases
and 1,663 controls were available. Contralateral images were used for cases and randomly
selected sides for controls. The size of the total breast and the dense area were determined
by a single observer using Cumulus [7] and percent mammographic density was computed
as their ratio. The reliability of the mammographic density measure was high (r=0.97).

Using SAS 9.2 (SAS Institute Inc., Cary, NC, USA), we applied general linear models to
examine the relation between alcohol intake and mammographic density in the controls. The
association between mammographic density and breast cancer risk was represented by odds
ratios (OR) with 95% confidence intervals (CI) estimated from unconditional logistic
regression models adjusted for age at mammogram, menopausal status, HRT use, family
history of breast cancer, and location/ethnicity (California/Caucasian, California/Asian,
California/African American, Hawaii/Caucasian, Hawaii/Asian, Hawaii/other, Japan/Asian).
To assess effect modification by alcohol intake, an interaction term between mammographic
density and alcohol intake was included in the models. In addition to stratified analyses by
alcohol use and location, models for Hawaii and Japan (N=2011) were repeated using the 3-
level alcohol intake variable.
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Results
Alcohol intake in this population was low; <50% of participants were classified as ever
drinkers and only 10% of women in Hawaii and Japan consumed >1 drink/day (Table 1).
Among controls, adjusted mean breast density did not differ between ever and never
drinkers in the entire population (30.9% vs 31.2%; p=0.75) or in the Hawaii/Japan subset
with respective means of 33.3%, 33.7%, and 30.9% (p=0.21) for the never, ≤1, and >1 drink/
day categories. Alcohol drinking as dichotomous variable was not associated with breast
cancer (OR=1.03, 95%CI: 0.87, 1.22) except in Japan (OR=1.58, 95%CI: 1.05, 2.39).
However, for the 200 Hawaii/Japan women consuming >1 drink/day, the OR compared to
never drinkers was 1.23 (95%CI: 0.86, 1.76).

The interaction between ever drinking and mammographic density was not significant
(pinteraction=0.28); the breast cancer risk estimates (Table 2) in the highest density tertile
were similar in drinkers and abstainers (OR=2.05; 95%CI: 1.47, 2.86 vs 1.61; 95%CI: 1.18,
2.19). Yet, in women from Hawaii and Japan who consumed >1 drink/day the interaction
between alcohol intake and percent density was borderline significant (pinteraction=0.046);
the ORs for the 2nd and 3rd tertile of percent density were 3.65 (95%CI: 1.30, 10.3) and 6.58
(95%CI: 2.28, 19.0) as compared to never drinkers in Hawaii/Japan. Similar results were
obtained when breast density was modeled as a continuous variable expressed as standard
deviation in controls.

Discussion
Consistent with the only previous study [6], alcohol consumption did not significantly
modify the effect of mammographic density on breast cancer risk in this pooled analysis
when comparing consumers and abstainers. In the Hawaii/Japan subset of women with more
detailed alcohol intake information, the relative risk associated with mammographic density
appeared to be greater in alcohol consumers with intakes above 1 drink/day than never
drinkers but the small number of cases does not allow firm conclusions. Whereas the
dichotomous model did not indicate an association between alcohol drinking and breast
cancer, the relative risk was elevated for women consuming >1 drink/day without reaching
statistical significance. This observation supports the idea of a threshold effect for alcohol
suggested in previous reports [2].

Strengths of our study include assessing mammographic density with a computer assisted
method that provides a continuous measure [1] and the standardization achieved by using
one reader [7]. Potential limitations of our study are exposure assessment and recall bias in
the case-control studies, differences in mammograms across locations, and potential
confounding due to unmeasured participant characteristics. Due the original data collection
in California, alcohol consumption had to be classified as ever vs. never. As in all
epidemiologic studies, alcohol intake may have been underreported and selection bias may
have resulted in study subjects who do not represent alcohol drinking patters in the general
population, particular in Japan where controls were recruited from screening programs [10].
Heterogeneity as apparent in the significant association among Japanese women not seen in
California and Hawaii question the combined analysis approach.

This pooled study suggests that postmenopausal women who consume >1 alcoholic drink/
day may experience a stronger association between mammographic density and breast
cancer risk than women consuming no or little alcohol. However, given the low level of
alcohol consumption in this study population and the lack of dose information for one of the
studies, this analysis had limited ability to model the exact relations between alcohol intake,
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mammographic density, and breast cancer risk and the findings need to be interpreted with
caution.
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Table 1

Characteristics of the study participants

Characteristic Cases N = 1,207 Controls N = 1,663 p-value 
b

Location, %

 California 39.6 22.9

 Hawaii 49.0 39.6

 Japan 11.4 37.5 <0.0001

Ethnicity, %

 Caucasian 38.4 24.6

 Asian 38.0 56.0

 African American 16.9 9.2

 Other 6.7 10.2 <0.0001

Alcohol drinking status, %

 Never
a 51.5 49.8

 Ever
a 48.5 50.2 0.36

Alcohol consumption, %

 Never
a 55.8 51.5

 ≤1 drink/day
c 32.5 39.5

 >1 drink/day
c 11.7 9.0 0.004

Menopausal status/HRT use, %

 Premenopausal 29.0 36.4

 Postmenopausal/no HRT 34.7 34.9

 Postmenopausal/any HRT 36.3 28.7 <0.0001

Family history of breast cancer, % 15.7 8.5 <0.0001

Age at mammogram (years), mean (SD) 55.4 (11.0) 53.4 (10.5) <0.0001

Body mass index (kg/m2), mean (SD) 25.0 (5.1) 24.6 (5.0) 0.04

Percent dense area, mean (SD) 32.5 (17.5) 31.0 (18.4) 0.03

a
Never = <1 drink/month; Ever = ≥1 drink/month.

b
Obtained by χ2-test for categorical variables and by t-test for continuous variables.

c
Available for Hawaii and Japan only
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