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BACKGROUND: We investigated associations of known breast cancer risk factors with breast density, a well-established and very strong
predictor of breast cancer risk.
METHODS: This nested case–control study included breast cancer-free women, 265 with high and 860 with low breast density.
Women were required to be 40–80 years old and should have a body mass index (BMI) o35 at the time of the index mammogram.
Information on covariates was obtained from annual questionnaires.
RESULTS: In the overall analysis, breast density was inversely associated with BMI at mammogram (P for trendo0.001), and parity
(P for trend¼ 0.02) and positively associated with alcohol consumption (ever vs never: odds ratio 2.0, 95% confidence interval
1.4–2.8). Alcohol consumption was positively associated with density, and the association was stronger in women with a family
history of breast cancer (Po0.001) and in women with hormone replacement therapy (HRT) history (Po0.001). Parity was inversely
associated with density in all subsets, except premenopausal women and women without a family history. The association of parity
with density was stronger in women with HRT history (Po0.001).
CONCLUSION: The associations of alcohol and parity with breast density appear to be in reverse direction, but stronger in women with
a family history of breast cancer and women who ever used HRT.
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Mammographic breast density is a strong predictor of breast
cancer with odds ratios (ORs) varying from 1.8 to 6.0 (Henderson
and Feigelson, 2000; Ursin et al, 2003; Boyd et al, 2006; Martin
et al, 2006; Tamimi et al, 2007; Vachon et al, 2007; Ginsburg et al,
2008; Ghosh and Vachon 2010; Kerlikowske et al, 2010).
Mammographic breast density is a reflection of the amount of
fat, connective, and epithelial tissue in the breast (Warren, 2004).
Light (non-radiolucent or dense) areas on the mammogram
represent the fibrous and glandular tissues in the breast, whereas
the dark (radiolucent or less dense) areas are primarily fat. The
degree of density is a consequence of the hormonal environment
and underlying genetics regulating the epithelial proliferation
(Warren, 2004).

Several studies have evaluated predictors of breast density in
women who have not been diagnosed with breast cancer. Inverse
associations with breast density were reported for older age,
parity, postmenopausal status, and high body mass index (BMI)
(El-Bastawissi et al, 2000; Lam et al, 2000; Vachon et al, 2000;
Colacurci et al, 2001; Erel et al, 2001; Vachon et al, 2002; Gapstur
et al, 2003; Warwick et al, 2003; Conner et al, 2004; Vachon et al,
2005; Maskarinec et al, 2006; Modugno et al, 2006; Titus-Ernstoff

et al, 2006; Ginsburg et al, 2008; Johansson et al, 2008; Kelemen
et al, 2008). A positive association between age at menarche and
density was reported to be stronger in premenopausal women
(El-Bastawissi et al, 2000; Vachon et al, 2000); in some studies
(Vachon et al, 2000) these associations were attenuated in
multivariate analyses. Hormone replacement therapy (HRT), older
age at first child’s birth, nulliparity, a family history of breast
cancer, and alcohol consumption have been reported to
be associated with increased breast density (Gram et al, 1995;
El-Bastawissi et al, 2000; Vachon et al, 2000, 2002, 2005; Colacurci
et al, 2001; Erel et al, 2001; Rutter et al, 2001; Gapstur et al, 2003;
Ziv et al, 2003; Conner et al, 2004; Harvey et al, 2005; Boyd et al,
2006; Maskarinec et al, 2006; Titus-Ernstoff et al, 2006).
Inconsistent relations with breast density have been reported for
smoking, circulating hormone levels (blood estrogen, estrone
levels, total estradiol levels, sex hormone-binding globulin), race/
ethnicity, and a few polymorphisms in the estrogen metabolism
pathway genes (Boyd et al, 2002; Haiman et al, 2002; Gapstur et al,
2003; Warwick et al, 2003; Conner et al, 2004; Aiello et al, 2005;
Noh et al, 2006; Warren et al, 2006; Bremnes et al, 2007;
Maskarinec et al, 2007; Tamimi et al, 2007; Verheus et al, 2007).
Whether the associations of breast cancer risk factors with breast
density are modified by other characteristics is poorly understood.
Only a few studies have examined associations of breast cancer
risk factors with breast density in different subsets of women and
reported on interactions between a few breast cancer risk factors
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(Boyd et al, 2002; Gapstur et al, 2003; El-Bastawissi et al, 2005;
Aiello et al, 2006). To further investigate predictors of high breast
density, we evaluated a range of breast cancer risk factors and
assessed whether these associations differ in the subsets of women
defined on the basis of menopausal status, HRT history, or a family
history of breast cancer. We report for the first time statistically
significant interactions of parity and alcohol use with HRT, as well
as interaction of alcohol use with a family history of breast cancer.
Finally, in contrast to all previous studies, we defined the breast
density phenotype based on the life-long density history for each
woman rather than a single mammogram.

MATERIALS AND METHODS

Study population

This study was conducted using mammograms and the data
available from an established longitudinal cohort known as the
Fernald Community Cohort.

This cohort consists of former participants of the Fernald
Medical Monitoring Program (FMMP). The FMMP was a voluntary
community-based medical surveillance program for residents
living within five miles of the perimeter of the former uranium
processing plant (Feed Materials Production Center) in Fernald,
Ohio for at least a 2-year interval between 1952 and 1984 (Pinney
et al, 2003; Wones et al, 2009). Women who had uranium/radiation
exposure, as defined by applying an exposure dosimetry algorithm
developed by CDC, were not eligible for this study. Extensive
uranium dose reconstruction demonstrated that over 60% of
the cohort had such minimal exposure to uranium and radon
that their cumulative ionising radiation exposure was less than
3.2% over lifetime background levels (Meyer et al, 1996; Killough
et al, 1998a, b; Pinney et al, 2003).

Detailed description of this cohort has been published elsewhere
(Wones et al, 2009). In summary, upon enrollment in FMMP
(starting on 01 December 1990), all participants received a
thorough medical examination and diagnostic tests. Periodic
medical examinations were offered every 3 years until 1999 and
for every 2 years thereafter until 30 November 2008 when the
program ended. Female participants age 40 and older were offered
mammograms each year. The medical history of the FMMP
participants is well characterised and verified; all cancer diagnoses
have been validated with medical records.

Extensive disease risk factor information was collected by the
FMMP using the initial and the yearly questionnaires. The data on
the reproductive history were collected using the baseline FMMP
reproductive history questionnaire, the annual reproductive
history updates, and the menstrual history questionnaire adminis-
tered in 2007–2008. History of HRT was established from codes
used by the FMMP to characterise the medication taken by the
participants throughout the follow-up years that were reported at
each exam and on the questionnaire. Family history of breast
cancer was available from the questionnaire and physician’s
history forms. From those data, a total number of relatives with
breast cancer, number of first-degree relatives with breast cancer,
and the maternal history of breast cancer were extracted for each
participant. Each questionnaire asked about the number of drinks
per week of different alcoholic beverages. Smoking data were
collected at the time of the first exam and annually thereafter using
a set of standardised questions from the American Thoracic
Society. BMI (kg m�2) was calculated from participants’ height and
weight measured by FMMP staff at the time of each medical exam.

Assessment of mammographic breast density

Most of the annual FMMP screening mammograms were
performed at one of two sites near the Fernald Community, and

diagnostic mammograms were conducted primarily at the
University of Cincinnati (UC) Medical Center, although some
were done at the satellite offices. All the films (both screening and
diagnostic) were sent to UC and were read by the same group of
Board-certified radiologists (University Radiology Associates)
throughout the entire program. Six of those expert radiologists
read 70% of all FMMP mammograms over the years. If the woman
had a mammogram at another location, she was asked to sign a
release for obtaining that mammogram report; these mammo-
grams represented only 2.2% of the mammograms in the database
and were not used in this study.

Many FMMP mammograms were performed before 1995 and
thus the BI-RADS classification was not included in those
mammography reports. However, the radiologist provided a text
description of the degree and localisation of breast density on each
film. Mammographic reports kept in the FMMP medical charts/
database were assigned special FMMP codes from a set of over
230 standardised codes representing specific descriptors in the
written mammogram interpretation by the physician, including
qualitative breast density assessment. For example, the code
704 (breasts high in density/markedly dense) was assigned to the
following description ‘The breast tissue is markedly densey’. All
narrative reports and the corresponding codes were entered into a
comprehensive SAS database.

In designing the current study, there were two potential
approaches for characterisation of breast density. The level of
breast density for each mammogram could be assigned using the
radiologist’s report (qualitative breast density estimation), result-
ing in a categorical assessment of density. Alternately, breast
density could be evaluated quantitatively using the computer
algorithms applied to the digitised images of the mammograms. In
order to increase the degree of certainty about the breast density
phenotype, a preliminary study of breast density assessment was
conducted in the summer of 2007. The details of this study have
been described elsewhere (Yaghjyan et al, 2011). Briefly, 50
mammograms from three density categories (low (representing BI-
RADS I density category), intermediate (representing BI-RADS
density categories II and III), high (representing BI-RADS IV
density category)) were randomly selected from women eligible for
the main study, were re-read by a second Board-certified
radiologist (MCM) from the Department of Radiology at UC
University Hospital and were scanned with standard equipment
(DiagnosticPRO Advantage, VIDAR Systems Corporation, Herndon,
VA, USA) to generate digital images. The density group assignment
from the second radiologist’s reading and the density group
assignment from the computer-assisted analysis of digital images
(OSIRIS 4 Software, Geneva, Switzerland) were compared against
the original breast density assignment (from FMMP mammogra-
phy codes). In this preliminary study, substantial to perfect
agreement was observed between density categories as determined
from two radiologists’ readings (kappa statistic (k)¼ 0.73), but
agreement between radiologist’s reading and density assignment
from digitised images was fair (k¼ 0.27). When analysis was
restricted to extreme density categories (low and high), the
agreement between radiologists was perfect (k¼ 0.81), whereas
agreement between radiologist’s reading and density assignment
from digitised images did not improve (k¼ 0.24) (Yaghjyan et al,
2011). Based on these findings, we chose to use the radiologist’s
reading for characterisation of breast density rather than using
information from digitised radiography films (k statistic 0.81 vs
0.24).

Study design

To be included in this nested case–control study of high and
low breast density phenotypes, women were required to have
been enrolled in FMMP as adults, and have had at least one
mammogram in the FMMP mammography database. Out of 3832
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women age-eligible for screening mammograms and having at
least one study, 84% had more than one mammogram and more
that 50% of women had seven mammograms or more. The median
time between the first and last mammogram, for the 3217 women
with more than one, was 12.26 years (range 0.05–18.03 years).
As the cohort is 499% Caucasian, participants of other races were
not included. A woman was not eligible for the study if she had a
history of breast cancer, genetic syndromes/disorders with under-
development of breast/small stature (ICD-9 codes 259.4, 253.3,
758.6, 752.7), a history of mammoplasty or was transsexual.

We used a case–control sampling frame to identify women with
dense breasts (high-density phenotype) and women who never had
high or moderate breast density on any of their mammograms in
FMMP database, that is, have sustained low density on all
mammograms throughout the cohort follow-up (low-density
phenotype). High and low breast densities were defined using
the FMMP mammogram coding system and these code criteria
were applied to all of the mammograms of the eligible women in
the database in order to establish their life-long density history
rather than using a single mammogram. Women with high breast
density had high density on any of their mammograms in the
FMMP database (FMMP code 704) and also had at least one of the
14 additional codes. These additional codes represented a set of
codes from the mammogram coding system that were assigned
to high-density mammograms by the two radiologists (original
FMMP reading and the second radiologist’s reading from the
preliminary study) and therefore indicated a more precise
assignment of high density. High breast density was equivalent
to BI-RADS category IV (extremely dense). Women who had no
codes that would indicate high or intermediate density on any of
their mammograms in the FMMP database were included in the
low breast density group. In addition, the low-density mammo-
gram report had to contain one of the descriptors indicative of a
‘normal’ mammogram (normal breast, negative; no signs of breast
carcinoma/no suspicious abnormality; routine screenings; follow-
up mammogram in 2 years; follow-up in 5 years). Low density was
equivalent to BI-RADS category I (fatty breasts).

An index (reference) mammogram for a woman was selected from
all of her mammograms if she met high- or low-density definition.
The index mammogram was required to have FMMP codes used to
define the density phenotype, be a screening (93% of the
mammograms) or diagnostic (7% of the mammograms) study, and
be a part of FMMP medical examinations. The woman was required
to be 40–80 years old at the time of the index mammogram and to
have a BMIo35 at the time of the mammogram, to exclude a few
morbidly obese women, as BMIX35 has been consistently reported
to be associated with lower density (Sala et al, 1999; Gapstur et al,
2003; Titus-Ernstoff et al, 2006; Irwin et al, 2007). As the result,
we excluded 24 women with high density and 79 women with low
density. Morbid obesity is often associated with other pathological
conditions and underlying biological processes may have potential to
influence breast density and/or interact with other breast cancer risk
factors in unknown ways. Exclusion of morbidly obese women
provides a more representative sample of women and removes
potential for those effects.

The earliest mammogram that met the above criteria was chosen as
the index mammogram. Of the 3594 mammograms for 356 women
with high density, 265 mammograms met the index mammogram
criteria. Of the 6873 mammograms for 1148 women with low density,
860 mammograms met the index mammogram criteria.

The study was conducted under the FMMP IRB protocol (04-02-
07-05-EE, last approved by the University of Cincinnati Institu-
tional Review Board on 1 December 2011).

Statistical analysis

Statistical analyses were done using SAS software (version 9.2, SAS
Institute, Cary, NC, USA). The relationship between the potential

predictors and the breast density phenotype was examined using
logistic regression. Variables in the analysis included age and BMI
at index mammogram date, reproductive history, smoking,
alcohol, HRT, and a family history of breast cancer. For variables
cumulative in nature (smoking, alcohol use, HRT), the information
was extracted from all the questionnaires completed before the
index mammogram (reference) date. Information on reproductive
history and family history of breast cancer was obtained from
the last completed questionnaire available from before/on the
reference mammogram date. Menopausal status at the time of the
index mammogram was determined from the annual reproductive
history updates and the menstrual history questionnaire com-
pleted before the date of the index mammogram. Age was modeled
as a categorical rather than continuous variable, as the relationship
between age and breast density is not linear and changes with
menopausal transition.

Parity was defined as the number of pregnancies that resulted in
single, multiple birth, or stillbirth with X34 weeks of gestation.
In an adjusted logistic regression analysis, parity and age at first
child’s birth were modeled as categorical with three levels (parity 0,
1–2, X3; age at first child’s birth o20, 20–29, X30). Nulliparous
women had no value for the age at first child’s birth (73 low
density, 33 high density) and were included in the category X30.
Menopausal status at mammogram and HRT were represented by
one variable with three levels (premenopausal women, postmeno-
pausal women who never used HRT, postmenopausal women with
a history of HRT). We did not separate current and past HRT users
as the small numbers of women in some subsets did not provide
sufficient power to draw meaningful conclusions. Alcohol
use, smoking, and HRT were modeled as dichotomous variables
(ever used vs never). BMI at mammogram was categorised as o25,
25–29, X30. Age was modeled as categorical in all the analysis
(40– 49, 50–59, 60– 69, X70), as this approach provided a better
model fit compared to continuous age.

Missing values for the age at menarche (7 low density, 4 high
density), cumulative pack years of smoking (3 low density, 3 high
density), current number of drinks per week (20 low density, 5
high density), and cumulative number of drinks per week (14 low
density, 2 high density) were substituted with the median value for
women with low density.

A multi-step approach was used to impute values for the missing
menopausal status and the age at menopause (Kroke et al, 2001).
Information on the menopausal status and age at menopause was
first obtained using direct questions from the FMMP question-
naires and the Menstrual History Questionnaire. For all women
with missing information (67 low density, 5 high density), the
median age at menopause in women with low density who had
reported natural menopause (50 years) was used as a cut-off
to determine the woman’s menopausal status.

After the logistic regression with all women in the study, the
analysis was stratified by menopausal status at mammogram, HRT
history, and a family history of breast cancer. The risk estimates
are presented as ORs and their corresponding 95% confidence
intervals (CI). Statistical difference in subset-specific risk esti-
mates were determined using test of heterogeneity (statistical
interaction). Significance in all the analyses was assessed at
0.05 level. For all of the presented models, Hosmer– Lemeshow test
of goodness of fit indicated reasonable model fit (P40.05).

RESULTS

Distribution of breast density risk factors in the study
population

This nested case– control study included 265 women with high and
860 women with low breast density. The distribution of breast
density risk factors in the study population is presented in Table 1.
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Two density groups were similar with respect to the age at
mammogram, age at menarche, menopausal status, and a family
history of breast cancer. Compared with women with low density,
women with high density had a lower BMI at mammogram, were
younger at menopause, were older at the first child’s birth, and had

a larger proportion of women with fewer children and women with
a history of HRT. Women with high density were also more likely
to be alcohol users and less likely to be smokers compared with
women with low density. For the women in this nested case–
control study, the median length of time between mammograms,
for the 980 women who had more than one, was 12.03 years, range
0.06– 18.09 years.

Associations of breast health risk factors with breast
density

The results of the adjusted logistic regression are presented in
Tables 2 and 3. In the overall analysis, breast density was inversely
associated with BMI (P for trend¼ 0.02) and parity (P for trend
o0.001). Postmenopausal women with a history of HRT had
increased breast density compared with premenopausal women,
but this association was only marginally significant (OR 1.4, 95%
CI 1.0–2.1). Women with a history of alcohol use were at a greater
risk of increased breast density (OR 2.0, 95% CI 1.4–2.8).

In premenopausal women, breast density was inversely asso-
ciated with BMI (P for trendo0.01) and was positively associated
with alcohol consumption (OR 2.2, 95% CI 1.4– 3.5) (Table 2). In
postmenopausal women, breast density was inversely associated
with parity (P for trendo0.001) and positively associated with
HRT history (OR¼ 2.1, 95% CI 1.4–3.3) and alcohol consumption
(OR¼ 1.9, 95% CI 1.2– 3.0). We observed no significant associa-
tion of BMI with breast density in postmenopausal women (P for
interaction between BMI and menopausal status¼ 0.08).

In women with a history of HRT, breast density significantly
increased with age (P for trend o0.001) and alcohol use (OR¼ 3.6,
95% CI 1.7– 7.7) and decreased with larger parity (P for trend
o0.001) (Table 3). In the subset of women who never used HRT,
breast density was inversely associated with age (P for tren-
do0.001), BMI (P for trend o0.01), and parity (P for
trend¼ 0.02), and was positively associated with alcohol con-
sumption (OR 1.6, 95% CI 1.1–2.4). The associations of parity and
alcohol consumption with density in this subset were less strong
than those associations in women with HRT history (P for
interaction o0.001 for both variables).

In women with a family history of breast cancer, breast density
was positively associated with alcohol use (OR¼ 3.7, 95% CI 1.7–
7.8) (Table 3). Similar, but weaker association of alcohol
consumption with density was seen in women without a family
history of breast cancer (OR¼ 1.7, 95% CI 1.2–2.5, P for
interactiono0.001). Among women with no family history of
breast cancer, breast density was inversely associated with parity
(P for trend o0.001). In this subset, the risk of high breast density
was marginally increased in postmenopausal women with a history
of HRT as compared with premenopausal women (OR 1.5; 95% CI
1.2–2.6).

DISCUSSION

This retrospective study of 265 women with high breast density
and 860 women with low breast density was designed to explore
differences in the direction and strength of associations between
the potential predictors of breast density and the breast density
phenotype. Analyses were conducted in subsets of women based
upon their menopausal status, history of postmenopausal hor-
mone use, and a family history of breast cancer.

Using the FMMP population had several advantages. The
extensive and detailed exposure estimation done by CDC allowed
the selection of women who were unexposed to uranium and
radiation for this study. The FMMP database contains compre-
hensive information on breast cancer risk factors collected
prospectively over an 18-year period using standardised ques-
tionnaires and medical examinations. The extensive FMMP

Table 1 Characteristics of the study population by low or high breast
density

Characteristic

Women
with
low

density
(N¼ 860)

Women
with
high

density
(N¼ 265)

Age at mammogram (years), mean (s.d.) 51.2 (10.1) 51.5 (9.3)

Age group, N (%)
40–49 466 (54.2) 133 (50.2)
50–59 213 (24.8) 82 (30.9)
60–69 126 (14.7) 40 (15.1)
X70 55 (6.4) 10 (3.8)

BMI at mammogram, mean (s.d.)a 26.9 (4.1) 26.1 (4.2)

BMI category, N (%)a

o25 304 (35.4) 120 (45.3)
25–29 348 (40.5) 92 (34.7)
30–34 208 (24.2) 53 (20.0)

Age at menarche (years), mean (s.d.) 12. 8 (1.5) 12.8 (1.4)
Age at first child’s birth (years), mean (s.d.)a 22.6 (4.5) 23.8 (4.7)

Age at first child’s birtha

o20 237 (27.6) 48 (18.1)
20–29 490 (57.0) 161 (60.8)
X30 131 (15.2) 54 (20.4)

Parity, N (%)a

No children 73 (8.5) 33 (12.5)
Parity 1–2 360 (41.9) 145 (54.2)
Parity X3 425 (49.4) 85 (32.1)

Menopausal status, N (%)
Premenopausal 405 (47.1) 120 (45.3)
Postmenopausal 455 (52.9) 145 (54.7)

Age at menopause (years), mean (s.d.)a 48.1 (7.9) 44.6 (7.3)
Ever consumed alcohol (yes), N (%)a 158 (18.4) 82 (30.9)
Alcohol consumption at the time of the
mammogram (yes), N (%)a

149 (17.3) 63 (23.8)

Ever smoked, (yes), N (%) 378 (44.0) 108 (40.8)
Smoking at the time of the mammogram
(current pack years), mean (s.d.)a

5.7 (12.8) 0.2 (0.7)

Family history of breast cancer
First degree relatives with
BC, N (%)

0 777 (90.4) 248 (93.6)
X1 83 (9.7) 17 (6.4)

Any degree relatives with BC, N (%)
0 674 (78.4) 207 (78.1)
1 148 (17.2) 44 (16.6)
X2 38 (4.4) 14 (5.3)

Hormone replacement therapy (Ever), N (%)a 193 (22.4) 88 (33.2)

Menopausal status and HRT history combineda

Premenopausal, no HRT 405 (47.1) 120 (45.3)
Postmenopausal, no HRT 262 (30.5) 57 (21.5)
Postmenopausal, used HRT 193 (22.4) 88 (33.2)

aSignificant difference between women with high and low density at 0.05 level.
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mammography database (31 043 mammograms) allowed defining
the breast density phenotype based on the life-long density history
for each woman rather than by a single mammogram. Mammo-
grams were carefully coded using the FMMP coding system;
however, there is a possibility of inter-observer variation in
assessment of the density, as the films were evaluated by different
radiologists. To overcome this limitation, the results of the
preliminary study were used to improve definition of the breast
density phenotype. Prospective data collection and sampling of the
extreme breast density phenotypes allowed assessment of breast
density predictors in an efficient design.

Of the 2168 women eligible for the study, only 1504 (69%) met
the definition for either high or low-density study group. Selection
of women with extreme density categories increases certainty
about the outcome and removes chances for density misclassi-
fication. Inter-rater agreement in density assessment has been
reported to be substantial to perfect within a given density
assessment method regardless of the assessment approach, and
was the best for the extreme density patterns (Ciatto et al, 2005;
Martin et al, 2006; Nicholson et al, 2006; Ooms et al, 2007; van de
Ven et al, 2008; Tagliafico et al, 2009; Garrido-Estepa et al, 2010).
Such a selection also increases statistical power (Guey et al,
2011). However, the findings might not apply to women with
intermediate density patterns. Finally, due to the lack of racial
heterogeneity of the FMMP cohort (99% White-non-Hispanic), the
findings are limited to one racial group.

Consistent with previous reports (Gram et al, 1995; Sala et al,
1999; El-Bastawissi et al, 2000; Lam et al, 2000; Vachon et al, 2000,
2002, 2005; Colacurci et al, 2001; Erel et al, 2001; Gapstur et al,

2003; Warwick et al, 2003; Conner et al, 2004; Maskarinec et al,
2006; Modugno et al, 2006; Noh et al, 2006; Titus-Ernstoff et al,
2006; Johansson et al, 2008; Kelemen et al, 2008), we found an
inverse relationship between BMI and breast density, but these
findings were significant only in premenopausal women of our
study. BMI affects breast density by different mechanisms.
In premenopausal women, increased BMI has been linked to
decreased levels of estradiol (Onland-Moret et al, 2005), a potent
stimulator of epithelial and stromal proliferation in the breast
tissue (Pike et al, 1993; Foidart et al, 1998; Johansson et al, 1998;
Sutherland et al, 1998; Henderson and Feigelson, 2000; Seeger et al,
2004; Russo et al, 2006; LaMarca and Rosen, 2007; Pattarozzi et al,
2008). Adipose tissue looks radiolucent on the mammogram and
creates an image of less dense breast tissue. The net effect of BMI
on breast density depends on the relative contribution of these
mechanisms.

The inverse association of parity with breast density observed in
this analysis was consistent with the previous reports (Gram et al,
1995; Noh et al, 2006). We found for the first time statistically
significant interaction between parity and postmenopausal hor-
mone use. The inverse association of parity with breast density
could be explained by biological changes that take place in the
breast tissue during a full-term pregnancy that lead to permanent
gene expression changes in type 3 lobules making them less
susceptible to hormonal influences and carcinogenesis (Russo and
Russo, 1995; Russo et al, 2005). As a result, the cell-proliferative
effect of estrogen on the breast tissue in parous women could be
less prominent than in nulliparous women leading to a lesser
degree of density. It is possible that additional hormonal

Table 2 Results of adjusted logistic regression for the association between breast cancer risk factors and high breast density, stratified by menopausal
status

Covariate
All women in the study
263 high/858 low density

Pre-menopausal women
118 high/404 low density

Post-menopausal women
145 high/454 low density

Age at mammogram
40–49 1.0 1.0 1.0
50–59 1.7 (1.2–2.5) 1.3 (0.7–2.4) 2.1 (1.2–3.7)
60–69 1.6 (0.9–2.6) NAa 1.8 (1.0–3.2)
X70 1.0 (0.4–2.2) NAa 1.1 (0.5–2.7)

BMI at mammogram
o25 1.0 1.0 1.0
25–29 0.7 (0.5–1.0) 0.6 (0.4–1.0) 0.8 (0.5–1.3)
30–34 0.7 (0.5–1.0) 0.4 (0.2–0.8) 1.0 (0.6–1.6)

Age at menarche 1.0 (0.9–1.1) 1.0 (0.84–1.1) 1.1 (0.9–1.2)

Age at first child’s birth
o20 0.9 (0.5–1.7) 0.9 (0.4–1.9) 1.0 (0.4–2.4)
20–29 1.0 1.0 1.0
X30 0.7 (0.5–1.0) 0.9 (0.5–1.6) 0.5 (0.3–0.9)

Parity
0 2.0 (0.9–4.0) 2.0 (0.7–5.5) 1.9 (0.6–5.9)
1–2 2.1 (1.5–2.9) 1.5 (0.9–2.4) 2.7 (1.7–4.1)
X3 1.0 1.0 1.0

Menopausal status/HRT use
Pre 1.0 NAb NAb

Post, used HRT 1.4 (1.0–2.1) NAb 2.1 (1.4–3.3)
Post, no HRT use 0.7 (0.4–1.1) NAb 1.0

Ever smoked (yes vs no) 0.9 (0.6–1.2) 0.7 (0.5–1.2) 1.0 (0.6–1.4)
Ever consumed alcohol (yes vs no) 2.0 (1.4–2.8) 2.2 (1.4–3.5) 1.9 (1.2–3.0)
Maternal history of breast cancer (yes vs no) 0.5 (0.2–1.1) 0.3 (0.1–1.0) 0.8 (0.3–2.2)
Total number of relatives with breast cancer 1.1 (0.9–1.5) 1.4 (0.9–2.1) 1.0 (0.6–1.5)

aNot available; age groups are not represented in the subset of premenopausal women. bNot applicable; the variable is used to create the subsets by menopausal status and by
HRT use history.
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stimulation of type 1 and type 2 lobules by exogenous hormones
(HRT) in nulliparous women could have a stronger effect on breast
epithelium proliferation compared with parous women with a
larger proportion of hormone-resistant type 3 lobules, and could
explain a stronger association of parity with breast density in
women with a history of HRT.

Our findings indicated that breast density increased with age in
older women with HRT history but decreased in those who never
used HRT. These findings are consistent with the previously
reported lower density in older (postmenopausal) women and an
increased density in HRT users (Gapstur et al, 2003; Titus-Ernstoff
et al, 2006; Kelemen et al, 2008). The positive association of age
with breast density in HRT users could reflect the longer
cumulative exposure to exogenous hormones, whereas the inverse
association of age to breast density in women who never used HRT
could reflect the decline in estradiol levels with age. In this
analysis, postmenopausal women with a history of HRT were more
likely to have denser breasts compared with premenopausal
women; these findings were consistent with other reports (Rutter
et al, 2001; Vachon et al, 2002; Gapstur et al, 2003; Titus-Ernstoff
et al, 2006; Kelemen et al, 2008). The hormonal environment
appears to be one of the important regulators of breast density.
Postmenopausal hormones, especially combined estrogen-proges-
terone preparations, cause breast epithelium to proliferate at a
higher rate, and thus, increase breast density.

The association between alcohol use and breast density has been
reported (Vachon et al, 2000; Maskarinec et al, 2006). We reported

for the first time a stronger effect of alcohol in women with a
family history of breast cancer, which could suggest a gene-
environment interaction. Continuous stimulation of aromatase
activity by alcohol could cause an increase in active estrogen levels
in the peripheral tissues, including the breast, which could result in
an increased breast epithelium proliferation (Zhu and Conney,
1998; Onland-Moret et al, 2005).

Our findings suggested that BMI, parity, HRT, and alcohol
consumption appear to be important predictors of breast density
in different subsets of women. Some associations differ by
family history of breast cancer and HRT history. When
possible, reduction in breast density by limiting alcohol and
HRT not only reduces the risk of developing breast cancer but also
facilitates an early detection of breast cancer in the less dense
breast tissue.

ACKNOWLEDGEMENTS

Support for this project was provided by the Fernald Medical
Monitoring Program, the University of Cincinnati Research
Council as a Graduate Student Summer Research Fellowship
awarded to Lusine Yaghjyan and by the University of Cincinnati
Center for Environmental Genetics (NIEHS P30-ES006096). Special
thanks go to Dr Graham A Colditz for a critical review of the
manuscript draft.

Table 3 Results of adjusted logistic regression for the association between breast cancer risk factors and the risk of high breast density phenotype,
stratified by hormone replacement therapy use and a family history of breast cancer

Covariate

Women with
history of HRT

88 high/193
low density

Women without
history of HRT

174 high/658
low density

Women with FamHxa

of breast cancer
57 high/185
low density

Women without FamHxa

of breast cancer
206 high/673
low density

Age at mammogram
40–49 1.0 1.0 1.0 1.0
50–59 5.2 (2.3–11.6) 1.0 (0.6–1.6) 2.9 (1.2–7.5) 1.6 (1.0–2.4)
60–69 11.4 (4.6–28.2) 0.3 (0.1–0.6) 1.9 (0.6–6.4) 1.5 (0.8–2.6)
X70 16.2 (3.1–85.0) 0.2 (0.1–0.7) 1.0 (0.1–10.3) 1.0 (0.4–2.3)

BMI at mammogram
o25 1.0 1.0 1.0 1.0
25–29 0.8 (0.4–1.6) 0.6 (0.4–0.9) 0.5 (0.3–1.2) 0.7 (0.5–1.0)
30–34 1.4 (0.6–3.2) 0.5 (0.3–0.8) 0.7 (0.3–1.7) 0.7 (0.4–1.1)

Age at menarche 1.1 (0.9–1.4) 1.0 (0.9–1.1) 0.9 (0.7–1.2) 1.0 (0.9–1.2)

Age at first child’s birth
o20 2.2 (0.5–9.7) 0.9 (0.5–1.8) 1.1 (0.3–3.7) 0.8 (0.4–1.6)
20–29 1.0 1.0 1.0 1.0
X30 0.5 (0.2–1.0) 0.7 (0.5–1.1) 0.5 (0.2–1.2) 0.7 (0.5–1.0)

Parity
0 1.8 (0.3–0.4) 1.5 (0.6–3.7) 2.1 (0.4–10.5) 1.9 (0.8–4.5)
1–2 4.2 (2.1–8.4) 1.7 (1.2–2.5) 1.9 (0.9–4.0) 2.1 (1.5–3.1)
X3 1.0 1.0 1.0 1.0

Menopausal status
Pre NAb 1.0 1.0 1.0
Post, used HRT NAb NAb 1.1 (0.4–2.9) 1.5 (1.0–2.4)
Post, no HRT use NAb 1.5 (0.9–2.5) 0.3 (0.1–1.1) 0.8 (0.5–1.4)

Ever smoked (yes vs no) 0.8 (0.4–1.5) 0.8 (0.6–1.2) 1.3 (0.6–2.5) 0.8 (0.6–1.1)
Ever consumed alcohol (yes vs no) 3.6 (1.7–7.7) 1.6 (1.1–2.4) 3.7 (1.7–7.8) 1.7 (1.2–2.5)
Maternal history of breast cancer (yes vs no) 0.8 (0.2–3.9) 0.5 (0.2–1.2) 0.5 (0.2–1.1) NAc

Total number of relatives with breast cancer 0.9 (0.5–1.7) 1.1 (0.8–1.6) NAd NAd

aFamily history. bNot applicable; the variable is used to create the subsets by menopausal status and by HRT use history cNot applicable; women without family history of breast
cancer by definition had no maternal history of breast cancer. dNot applicable; the variable is used to create the subsets by family history of breast cancer.
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Shleien B, Sinclair WK, Voillequé PG, Till JE (1998b) The Fernald
Dosimetry Reconstruction Project: Task 6: Radiation Doses and Risk to
Residents from FMPC Operations from 1951 to 1988 Report No.: RAC
Report No. 1-CDC-Fernald-1998-FINAL. CDC: Neeses, SC

Kroke A, Schulz M, Hoffmann K, Bergmann MM, Boeing H (2001) Assignment
to menopausal status and estimation of age at menopause for women with
missing or invalid data – a probabilistic approach with weighting factors in
a large-scale epidemiological study. Maturitas 40: 39 – 46

Lam PB, Vacek PM, Geller BM, Muss HB (2000) The association
of increased weight, body mass index, and tissue density with the risk
of breast carcinoma in Vermont. Cancer 89: 369 – 375

LaMarca HL, Rosen JM (2007) Estrogen regulation of mammary gland
development and breast cancer: amphiregulin takes center stage. Breast
Cancer Res 9: 304

Martin KE, Helvie MA, Zhou C, Roubidoux MA, Bailey JE, Paramagul C,
Blane CE, Klein KA, Sonnad SS, Chan HP (2006) Mammographic
density measured with quantitative computer-aided method: comparison
with radiologists’ estimates and BI-RADS categories. Radiology 240:
656 – 665

Maskarinec G, Pagano I, Chen Z, Nagata C, Gram IT (2007) Ethnic and
geographic differences in mammographic density and their association
with breast cancer incidence. Breast Cancer Res Treat 104: 47 – 56

Maskarinec G, Takata Y, Pagano I, Lurie G, Wilkens LR, Kolonel LN (2006)
Alcohol consumption and mammographic density in a multiethnic
population. Int J Cancer 118: 2579 – 2583

Meyer KR, Voilleque PG, Schmidt DW, Rope SK, Killough GG, Shleien B,
Moore RE, Case MJ, Till JE (1996) Overview of the Fernald Dosimetry
Reconstruction Project and source term estimates for 1951 – 1988. Health
Phys 71: 425 – 437

Modugno F, Ngo DL, Allen GO, Kuller LH, Ness RB, Vogel VG, Costantino
JP, Cauley JA (2006) Breast cancer risk factors and mammographic
breast density in women over age 70. Breast Cancer Res Treat 97: 157 –
166

Nicholson BT, LoRusso AP, Smolkin M, Bovbjerg VE, Petroni GR,
Harvey JA (2006) Accuracy of assigned BI-RADS breast density category
definitions. Acad Radiol 13: 1143 – 1149

Noh JJ, Maskarinec G, Pagano I, Cheung LW, Stanczyk FZ (2006)
Mammographic densities and circulating hormones: a cross-sectional
study in premenopausal women. Breast 15: 20 – 28

Onland-Moret NC, Peeters PH, van der Schouw YT, Grobbee DE, van Gils CH
(2005) Alcohol and endogenous sex steroid levels in postmenopausal
women: a cross-sectional study. J Clin Endocrinol Metab 90: 1414 – 1419

Ooms EA, Zonderland HM, Eijkemans MJ, Kriege M, Mahdavian
Delavary B, Burger CW, Ansink AC (2007) Mammography: interobserver
variability in breast density assessment. Breast 16: 568 – 576

Pattarozzi A, Gatti M, Barbieri F, Wurth R, Porcile C, Lunardi G, Ratto A,
Favoni R, Bajetto A, Ferrari A, Florio T (2008) 17beta-estradiol promotes
breast cancer cell proliferation-inducing stromal cell-derived factor-1-
mediated epidermal growth factor receptor transactivation: reversal by
gefitinib pretreatment. Mol Pharmacol 73: 191 – 202

Pike MC, Spicer DV, Dahmoush L, Press MF (1993) Estrogens, progesto-
gens, normal breast cell proliferation, and breast cancer risk. Epidemiol
Rev 15: 17 – 35

Breast cancer risk factors and breast density

L Yaghjyan et al

1002

British Journal of Cancer (2012) 106(5), 996 – 1003 & 2012 Cancer Research UK

E
p

id
e
m

io
lo

g
y



Pinney SM, Freyberg RW, Levine GE, Brannen DE, Mark LS, Nasuta JM,
Tebbe CD, Buckholz JM, Wones R (2003) Health effects in community
residents near a uranium plant at Fernald, Ohio, USA. Int J Occup Med
Environ Health 16: 139 – 153

Russo J, Fernandez SV, Russo PA, Fernbaugh R, Sheriff FS, Lareef HM,
Garber J, Russo IH (2006) 17-Beta-estradiol induces transformation
and tumorigenesis in human breast epithelial cells. FASEB J 20: 1622 – 1634

Russo J, Moral R, Balogh GA, Mailo D, Russo IH (2005) The protective role
of pregnancy in breast cancer. Breast Cancer Res 7: 131 – 142

Russo J, Russo IH (1995) The etiopathogenesis of breast cancer prevention.
Cancer Lett 90: 81 – 89

Rutter CM, Mandelson MT, Laya MB, Seger DJ, Taplin S (2001) Changes in
breast density associated with initiation, discontinuation, and continuing
use of hormone replacement therapy. JAMA 285: 171 – 176

Sala E, Warren R, McCann J, Duffy S, Luben R, Day N (1999) High-risk
mammographic parenchymal patterns and anthropometric measures: a
case-control study. Br J Cancer 81: 1257 – 1261

Seeger H, Deuringer FU, Wallwiener D, Mueck AO (2004) Breast cancer risk
during HRT: influence of estradiol metabolites on breast cancer and
endothelial cell proliferation. Maturitas 49: 235 – 240

Sutherland RL, Prall OW, Watts CK, Musgrove EA (1998) Estrogen and
progestin regulation of cell cycle progression. J Mammary Gland Biol
Neoplasia 3: 63 – 72

Tagliafico A, Tagliafico G, Tosto S, Chiesa F, Martinoli C, Derchi L,
Calabrese M (2009) Mammographic density estimation: comparison
among BI-RADS categories, a semi-automated software and a fully
automated one. Breast 18: 35 – 40

Tamimi RM, Byrne C, Colditz GA, Hankinson SE (2007) Endogenous
hormone levels, mammographic density, and subsequent risk of breast
cancer in postmenopausal women. J Natl Cancer Inst 99: 1178 – 1187

Titus-Ernstoff L, Tosteson AN, Kasales C, Weiss J, Goodrich M, Hatch EE,
Carney PA (2006) Breast cancer risk factors in relation to breast density
(United States). Cancer Causes Control 17: 1281 – 1290

Ursin G, Ma H, Wu AH, Bernstein L, Salane M, Parisky YR, Astrahan M,
Siozon CC, Pike MC (2003) Mammographic density and breast cancer in
three ethnic groups. Cancer Epidemiol Biomarkers Prev 12: 332 – 338

Vachon CM, Kuni CC, Anderson K, Anderson VE, Sellers TA (2000)
Association of mammographically defined percent breast density
with epidemiologic risk factors for breast cancer (United States).
Cancer Causes Control 11: 653 – 662

Vachon CM, Sellers TA, Janney CA, Brandt KR, Carlson EE, Pankratz VS,
Wu FF, Therneau TM, Cerhan JR (2005) Alcohol intake in adolescence
and mammographic density. Int J Cancer 117: 837 – 841

Vachon CM, Sellers TA, Vierkant RA, Wu FF, Brandt KR (2002)
Case-control study of increased mammographic breast density response
to hormone replacement therapy. Cancer Epidemiol Biomarkers Prev 11:
1382 – 1388

Vachon CM, Brandt KR, Ghosh K, Scott CG, Maloney SD, Carston MJ,
Pankratz VS, Sellers TA (2007) Mammographic breast density as a general
marker of breast cancer risk. Cancer Epidemiol Biomarkers Prev 16: 43 – 49

van de Ven SM, van den Bosch MA, Kwong A, Rosenberg J, Kamaya A,
Lo G, Ikeda DM (2008) Reproducibility of scoring systems used for
breast density and breast parenchymal pattern assessment on X-ray
mammography. J Clin Oncol 26 (suppl): abstract 1547

Verheus M, Peeters PH, van Noord PA, van der Schouw YT, Grobbee DE,
van Gils CH (2007) No relationship between circulating levels of sex
steroids and mammographic breast density: the prospect-EPIC cohort.
Breast Cancer Res 9: R53

Warren R (2004) Hormones and mammographic breast density. Maturitas
49: 67 – 78

Warren R, Skinner J, Sala E, Denton E, Dowsett M, Folkerd E, Healey CS,
Dunning A, Doody D, Ponder B, Luben RN, Day NE, Easton D
(2006) Associations among mammographic density, circulating sex
hormones, and polymorphisms in sex hormone metabolism genes
in postmenopausal women. Cancer Epidemiol Biomarkers Prev 15:
1502 – 1508

Warwick J, Pinney E, Warren RM, Duffy SW, Howell A, Wilson M, Cuzick J
(2003) Breast density and breast cancer risk factors in a high-risk
population. Breast 12: 10 – 16

Wones R, Pinney SM, Buckholz JM, Deck-Tebbe C, Freyberg R, Pesce A
(2009) Medical monitoring: a beneficial remedy for residents living near
an environmental hazard site. J Occup Environ Med 51: 1374 – 1383

Yaghjyan L, Pinney S, Mahoney M, Morton A, Buckholz J (2011)
Mammographic breast density assessment: a methods study.
Atlas J Med Biol Sci 1: 8 – 14

Zhu BT, Conney AH (1998) Functional role of estrogen metabolism in
target cells: review and perspectives. Carcinogenesis 19: 1 – 27

Ziv E, Shepherd J, Smith-Bindman R, Kerlikowske K (2003) Mammo-
graphic breast density and family history of breast cancer. J Natl Cancer
Inst 95: 556 – 558

This work is published under the standard license to publish agreement. After 12 months the work will become freely available and the
license terms will switch to a Creative Commons Attribution-NonCommercial-Share Alike 3.0 Unported License.

Breast cancer risk factors and breast density

L Yaghjyan et al

1003

British Journal of Cancer (2012) 106(5), 996 – 1003& 2012 Cancer Research UK

E
p

id
e
m

io
lo

g
y


	Relationship between breast cancer risk factors and mammographic breast density in the Fernald Community Cohort
	Materials and methods
	Study population
	Assessment of mammographic breast density
	Study design
	Statistical analysis

	Results
	Distribution of breast density risk factors in the study population
	Associations of breast health risk factors with breast density

	Discussion
	Table 1 Characteristics of the study population by low or high breast density
	Table 2 Results of adjusted logistic regression for the association between breast cancer risk factors and high breast density, stratified by menopausal status
	ACKNOWLEDGEMENTS
	Table 3 Results of adjusted logistic regression for the association between breast cancer risk factors and the risk of high breast density phenotype, stratified by hormone replacement therapy use and a family history of breast cancer
	REFERENCES




