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Quantitative Assessment of
Mammographic Breast
Density: Relationship with
Breast Cancer Risk1

Increased mammographic breast density is a moderate independent risk factor for
breast cancer, with findings of published studies in which quantitative methods of
assessment were used showing a positive association. Breast density may be quan-
tified by using visual assessment or planimetry. Although the category definitions
vary, the odds ratio for developing breast cancer for the most dense compared with
the least dense breast tissue categories ranges from 1.8 to 6.0, with most studies
yielding an odds ratio of 4.0 or greater. Plausible explanations for the association of
breast density with increased breast cancer risk may be the development of prema-
lignant lesions such as atypical ductal hyperplasia, elevated growth factors, or
increased estrogen production within the breast due to overactive aromatase. The
amount of breast density may be due in part to genetic heredity. However, unlike
other risk factors, breast density may be influenced. Specifically, breast density is
very hormonally responsive and potentially may be influenced by lifestyle factors
such as alcohol intake and diet. Assessment of breast density may become useful in
risk assessment and prevention decisions.
© RSNA, 2003

Breast density is perhaps the most undervalued and underutilized risk factor
in studies investigating the causes of breast cancer.

Celia Byrne (1)

In 1976, Wolfe published an article that demonstrated a relationship between breast
density and breast cancer risk (2). However, investigators of subsequent studies either did
not reproduce the association (3,4) or did not show the association to be as strong as that
in the Wolfe original report (5–7). Reader inconsistency issues also caused doubt as to the
usefulness of the Wolfe density classification scheme (6,8), which fell into disuse in this
country in the 1980s, although it is still commonly used outside of the United States.

Beginning in the early 1980s, more precise quantitative methods of measuring breast
density were developed. Since 1982, to our knowledge 12 studies (9–20) in which quan-
titative methods were used for assessing breast density have been performed; findings of all
these studies showed a positive moderate association with breast cancer risk. The risk of
breast cancer for women with increased breast density in most of these studies is four to
six times that for women with less dense tissue, a relative risk greater than most traditional
risk factors such as nulliparity and early menarche. Unlike most other breast cancer risk
factors, breast density may be influenced by hormonal agents, alcohol use, and possibly
other means.

In this article, we review normal changes in breast composition over time, methods of
measuring breast density, the association of breast density measured with quantitative
methods to breast cancer risk, alternative explanations for the association, how hormonal
and other factors are associated with breast density, and plausible reasons that increased
breast density increases breast cancer risk. Last, we examine potential future directions for
use of quantitative assessment of breast density in relation to breast cancer risk.

Review

29

R
a

d
io

lo
gy



CHANGES IN BREAST
COMPOSITION OVER TIME:
NORMAL PHYSIOLOGY

Premenopause

The mature breast undergoes cyclic
changes during the menstrual cycle. Es-
trogen increases cell proliferation and
progesterone enhances this effect. Dur-
ing the follicular phase, cell proliferation
increases and is further enhanced during
the luteal phase (21). There is also an
increase in breast volume and water con-
tent during the luteal phase of the cycle
(22). Hypertrophy, or enlargement of in-
dividual cells, may also contribute to the
increase in breast volume during this por-
tion of the menstrual cycle, although lit-
tle information exists regarding cellular
hypertrophy during the menstrual cycle.
Acute deprivation of estrogen and pro-
gesterone causes an increase in cell
death, or apoptosis, which peaks during
the time of menstrual bleeding (23). On
mammograms, these changes are re-
flected by greater breast density during
the luteal phase than during the follicu-
lar phase (24,25).

As women near menopause, the men-
strual cycle shortens. Specifically, the fol-
licular phase shortens, with no signifi-
cant change in the length of the luteal
phase. This continues until the onset of
oligomenorrhea. During the perimeno-
pausal years, preovulatory estradiol levels
tend to be higher than they are in
younger women, while progesterone lev-
els remain similar. Breast cysts are the
most common form of breast lumps be-
tween ages 40 and 49 years, possibly due
to the shortened follicular phase and el-
evated estrogen levels during this time.
The breasts continue to become less
dense, with about 50% of women in their
40s and about 65% of women in their 20s
having 50% or greater breast density (26).

Menopause

With the reduction of estrogen and
progesterone levels after menopause, the
cyclic proliferative process becomes qui-
escent. Lobular tissue regresses, while the
more proximal portions of the ductal sys-
tem remain. The mammographic appear-
ance of the breasts becomes increasingly
radiolucent (26), with about 34% of
women aged 75–79 years having fat-re-
placed breasts compared with only 11%
of women aged 25–29 years. Likewise,
only 30% of women aged 75–79 years
have 50% or greater breast density (26).

METHODS OF MEASURING
BREAST DENSITY

Wolfe applied a method of classification
of parenchymal patterns that used qual-
itative, as well as quantitative criteria.
The following are the descriptions pro-
vided by Wolfe (2): N1 category refers to
parenchyma composed primarily of fat
with, at most, small amounts of dyspla-
sia; no ducts are visible. P1 category refers
to parenchyma composed chiefly of fat,
with prominent ducts in the anterior por-
tion up to one-fourth the volume of
breast; also may be a thin band of ducts
extending into a quadrant. P2 category
refers to severe involvement, with prom-
inent ductal pattern occupying more
than one-fourth the volume of breast. DY
category refers to severe involvement
with dysplasia, often obscures an under-
lying prominent ductal pattern.

The Wolfe classification has been ap-
plied inconsistently. In a 1993 review,
Oza and Boyd (27) found that the Wolfe
classification had an interobserver agree-
ment of 52%–97% and an intraobserver
agreement of 69%–97%. Authors of case-
control and cohort studies have found an
association between increased breast can-
cer risk and the Wolfe P2 and DY catego-
ries, although no association was as high
as that in the original report by Wolfe
(28). Findings of cross-sectional studies
have shown a weak association or no as-
sociation (27).

Attempts to develop a reproducible
quantitative method of assessing breast
density began in the early 1980s (9). Vi-
sual estimation of the percentage of the
breast occupied by breast tissue has been
used frequently, with the number of cat-
egories varying from five (9) to 20 (29),
with the most frequently used method as
proposed by Boyd et al (10) having six
categories. Agreement for visual assess-
ment was very good, with intrareader re-
liability estimation of 0.82 reported in
one 20-category study (30) and � value of
0.89 (31) and intraclass correlation coef-
ficient of 0.94 (10) reported in the six-
category studies.

In the United States, the Breast Imag-
ing Reporting and Data System (BI-RADS)
was developed to standardize mammog-
raphy reporting terminology and the as-
sessment and recommendation catego-
ries (32). BI-RADS density classification is
included in the report to inform referring
physicians of the decline in sensitivity of
mammography with increasing breast
density. It was not intended to serve as a
method of measuring breast density. The

four-category system (almost entirely fat;
scattered fibroglandular densities; hetero-
geneously dense, may lower the sensitivity
of mammography; extremely dense, which
could obscure a lesion on mammogra-
phy) is based on quantitative assessment,
although the categories are not defined
by the percentage of density. The lack of
well-defined categories likely accounts for
the only moderate interobserver agree-
ment seen with the use of BI-RADS density
categories, with an overall � value of 0.43–
0.59 (33,34). However, the advantage of the
BI-RADS classification is that it is widely
used in the United States and allows anal-
ysis of large study populations (18).

More consistent computer-assisted mea-
surements of breast density have been de-
veloped. All methods use planimetry in
some way. Computer-assisted planimetry
was used as early as 1987 (11). With this
method, an acetate overlay was placed over
the mammogram, and the outline of the
breast and breast tissue was made by using
a wax pencil. A computerized compensat-
ing planimeter was then used to obtain the
total area of the breast and the total area of
the breast tissue (11–13). The percentage of
density is then calculated by dividing the
area of the breast tissue by the total area of
the breast. Agreement with this method is
70%–94% (11,12). More recently, film
mammograms have been digitized, and
the area of the breast parenchyma and the
total area of the breast are outlined by us-
ing either a mouse (25) or a digital segmen-
tation of the mammogram (35,36). With
the digital segmentation method, the his-
togram of the digitized mammogram is di-
vided into fatty tissue and parenchyma by
using interactive thresholding (35) (Fig 1).
Agreement with this method is reported to
be 90% or greater (35). Other investigators
(37–40) are developing automated calcula-
tion of the percentage of density by using
segmentation, with promising results, and
most recent methods yielded 80%–90%
agreement with radiologist assessment of
density (38–40).

A limitation of the current planimetry
methods is that the pixels are used in a
binary fashion (fat or parenchyma) with-
out the actual depth of the pixel being
taken into account. Thus, a pixel con-
taining a small amount of breast tissue is
considered the same as one with a large
amount of breast tissue. Taking pixel depth
into account would add some three-di-
mensional information about the breast.
An additional limitation of any method
that may be very important when assessing
a change in density over time is variation
in film exposure factors. Changes in expo-
sure, compression, and processor chemis-
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try may influence the background density
of the film and potentially the measured
breast density.

Another problem receiving increasing
attention is that use of the percentage of
mammographic density represents only a
two-dimensional representation of a
three-dimensional phenomenon. Women
with large breasts may have a substantial
amount of glandular breast tissue yet have
low breast density percentages. On the
other hand, women with small breasts and
reduced amounts of glandular tissue may
have a higher percentage of breast density.
A number of investigators are trying to de-
vise a means of determining the total glan-
dular content from three-dimensional re-
construction of breast (Shephard J, oral
communication, July 2002). It may be that
this parameter would be a better predictor
of breast cancer than quantification of

density based on current two-dimensional
techniques. Further studies are ongoing to
address this issue in a meaningful way
(Cummings S, oral communication, July
2002).

Other investigators are exploring the use
of magnetic resonance imaging (41,42)
and ultrasonography (43) for quantifying
breast density, although these methods
may not prove as useful for widespread use
as density information already obtained on
the mammogram. Shephard et al (44) are
also investigating the use of dual x-ray ab-
sorptiometry for measuring breast density.

RELATIONSHIP OF BREAST
DENSITY AND BREAST
CANCER RISK

In 1976, Wolfe proposed the positive as-
sociation of qualitatively assessed breast

density and breast cancer risk (2). How-
ever, subsequent reports primarily showed
an association with case-control studies
but it was not reproduced in many prev-
alence studies, and the association was
questioned. In 1987, Saftlas and Szklo
(28) reviewed the studies that were per-
formed to that date by using the Wolfe
criteria and concluded that the most
carefully conducted studies supported an
association of breast cancer risk and the
Wolfe classification, but that lack of con-
sistency in applying the parenchymal
pattern classification was a major prob-
lem when findings between investigators
were compared.

Since 1982, authors of at least 12 stud-
ies have reported an association of breast
density with breast cancer risk by using
quantitative methods (Table) (9–20).
Findings of all these studies have shown
a moderate to strong positive association
of increased breast cancer risk with
higher levels of breast density. All were
either population-based or clinic-based
case-control studies, and several were
nested within large cohort populations.
All studies were substantial in size, with
more than 150 cases, and half of the
studies had two or more controls for each
case. In all studies, radiologists were
blinded to the case or control status.

Findings of all 12 studies in which
quantitative methods were used in as-
sessing breast density showed a signifi-
cant increase in breast cancer risk for
women with the highest levels of breast
density. Although the category defini-
tions vary, the odds ratio for the most
dense compared with the least dense cat-
egories ranges from 1.8 to 6.0, with most
studies yielding an odds ratio of 4.0 or
greater. The Maskarinec and Meng study
(20) had the lowest risk and was com-
posed of an ethnically diverse population
in Hawaii that included Asian and Native
Hawaiian women known to be at lower
risk of breast cancer.

Eight of these studies used both the
Wolfe classification and quantitative as-
sessment of breast density; in all but the
Wolfe et al (11) and Kato et al (13) stud-
ies, the quantitative analysis showed a
stronger association with breast cancer
risk than did the Wolfe classification,
which suggests that quantitative meth-
ods may be more useful in identifying
women at increased risk for developing
breast cancer.

Sala et al (45) report a positive associa-
tion with higher histologic grade tumors
and mammographic density assessed by
using Wolfe criteria. In this issue of Radi-
ology, Roubidoux et al (46) report a

Figure 1. Quantitative assessment of breast density with a computerized thresholding method
(35). The computer interface is demonstrated. With this technique, the digitized mammogram is
displayed. The red line marks the skin edge and is controlled by the bar labeled “Edge Threshold”
in the threshold panel. The green line marks the breast parenchyma and is controlled by the bar
labeled “Density Threshold.” The user can move either bar to select the appropriate skin line and
the area of breast tissue. The user draws a line to denote the boundary of the pectoralis muscle and
that area is excluded. Two other masks can be used to exclude markers, et cetera. The total, dense
area, and percentage of density are then calculated. In this example, the breast is 26.5% dense.
(Image courtesy of Martin Yaffe, University of Toronto).
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higher incidence of invasive breast can-
cers that are estrogen-receptor negative,
are of higher histologic grade, and are of
larger size in women with dense breast
tissue that had negative clinical and
mammographic screening findings within
17 months of diagnosis. However, authors
of the study found that only tumor size
was independent of age. The authors pos-
tulate that the association between larger
tumor size and dense tissue at mammogra-
phy may be due to either more rapid
growth in glandular breasts or increased
difficulty in detection due to the dense tis-
sue.

Attributable Risk

Higher levels of breast density are fairly
common, since 50% of women between
the age of 40 and 49 years and 30% of
women aged 70–79 years have breasts
that are at least 50% dense (26). If breast
density is a moderate risk factor and the
risk factor is fairly common, breast can-
cers attributable to increased breast den-
sity could potentially account for an im-
portant percentage of total breast cancer
cases. In two studies, attributable risk
from increased breast density was 28%–
30% for 50% or greater density and 40%–
44% for any breast density (10,17). In
comparison, less than 5% of breast can-
cers are attributable to breast cancer gene
(BRCA1 and BRCA2) mutations.

Breast cancers attributable to dense
breast tissue may become more prevalent
in the future. Blane et al (47) have found
that for women aged 50–59 years, breast
density on screening mammograms ob-
tained in the 1990s did not decline with
age as rapidly as that seen in the 1980s,
even in those women not undergoing
hormone replacement therapy (HRT).
Authors of that study did not control for
such factors as parity, age at first birth, or
weight; therefore, slower involution of
the breast may be due to these or other
causes. Regardless of the cause, findings
of the study suggest that if breast density
is a moderate risk factor for developing
breast cancer, then the attributable risk
due to density may become more signif-
icant in our population.

Dose Response

If high breast density is a risk factor for
breast cancer compared to fat-replaced
breasts, then increasing density should
be associated monotonically with in-
creasing risk. Boyd et al (48) reviewed the
earliest nine of the 12 studies cited in the
Table and found a positive trend in all

but the Wolfe study (11). In four studies
(10,12,13,17), statistical evaluation for
trend was significant (P � .001 to P �
.0001). This implies that the breast can-
cer risk increases in proportion to the
degree of breast density.

In addition, if the relationship be-
tween breast density and risk is propor-
tional, then changing density should
change risk. Investigators of one study
have found a trend of changes in risk
with changes in density (19). In that
study, women with 5%–25% density ini-
tially had an odds ratio of 5.7 (95% CI:
2.2, 15.2) for developing breast cancer if
their density did not change over an
8-year interval. However, if their breast
density decreased to less than 5% during
the interval, then the odds ratio for de-
veloping breast cancer was only 1.9 (95%
CI: 0.6, 6.1), while those with an increase
in density to 25% or greater had an odds
ratio of 6.9 (95% CI: 2.1, 22.9) (19). This
was a small study with wide CIs, and the
findings should be confirmed in larger
studies.

ALTERNATIVE EXPLANATIONS
FOR THE LINK BETWEEN
BREAST DENSITY AND
CANCER RISK

Density Is a Marker but Not an
Independent Risk Factor

Breast density may reflect increased
risk due to other causes or it may be an
independent risk factor. While weight,
body mass index, age, menopausal sta-
tus, age at first birth, nulliparity, family
history, hormone use, and previous
breast biopsy may all influence breast
density, breast density is identified con-
sistently as an independent risk factor
after adjustment for other variables asso-
ciated with both density and breast can-
cer risk (17,18). Regardless of the ulti-
mate cause of breast density and its
association with risk, if density is a mod-
erate predictor of risk, it may be a useful
marker for disease risk even if it is only a
more proximal link in a longer chain of
causality.

“Masking” Explains the Apparent
Association of Density to
Increased Risk

Egan and Mosteller (49) proposed the
masking hypothesis to explain the appar-
ent relationship of breast density and
breast cancer risk. Because cancers are
more difficult to detect in dense breast
tissue, prevalent cancers may be more
likely to be missed at the first screening

among women with dense tissue. When
the tumors are detected later as apparent
incident cancers, a spurious association
may arise between the breast cancer risk
and tissue density. Evaluation of a rela-
tionship between density and breast can-
cer risk from mammograms obtained in
the 1st year or 2 years after initial screen-
ing may artificially suggest that density is
a risk factor for breast cancer. However, if
breast density was not a risk factor for
breast cancer, then at some future point
after the initial screening, cancer inci-
dence in women with dense and in those
with fatty breasts should become similar.
In addition, findings in studies in which
cancer diagnosis is evaluated at the time
of the initial screening examination
should show fewer cancers in women
with dense breast tissue than in women
who have fat-replaced breast tissue.

A small study (50) was performed ex-
amining the possible effect of masking
on the relationship of breast density and
cancer risk. Authors of the study found
that increased density defined as more
than 25% of the breast occupied by fi-
broglandular tissue was associated with a
relative risk of 1.4 at the initial screening
examination, 1.2 at 1–2 years, 3.3 at 3–4
years, and 1.2 at 5–6 years (50). These
findings are consistent with the hypoth-
esis that masking of cancers in dense
breast tissue does occur, although the ef-
fect is small and peaks 3–4 years after the
initial screening examination. Masking,
however, does not explain the increased
relative risk of breast cancer for women
with dense breast tissue at study entry,
since cancers that are masked within the
dense tissue should result in a lower de-
tection and therefore lower apparent rel-
ative risk. Of note, the study (50) used
mammograms obtained in the 1970s,
which were much lower in contrast than
are those obtained by using more mod-
ern techniques.

Masking bias was less likely to occur in
studies that had an initial period during
which tumors were excluded from the
study (10,17) or had a longer period be-
tween initial screening and case status
ascertainment (12,19). Studies performed
on the basis of cohorts with long-term
follow-up that examine density and risk
using mammograms obtained in a regu-
larly screened population should also be
less affected by masking (10–13,17,19).
Findings of three nested case-control
studies (10,12,17) have shown that risk
remains elevated for at least 5–10 years of
follow-up. Byrne et al (17) reported find-
ings for women with 10 or more years
between density assessment and case-
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control determination; among women
with 0% density, there were 17 cases and
42 controls, while among women with
density greater than 75%, there were 45
cases and 29 controls. Therefore, 45
(73%) of 62 cases had dense tissue and
only 29 (40%) of 71 controls had dense
tissue. For masking of prevalent cancers
to account for this large difference at 10
years after initial screening, the effect
would have to be substantial and long-
lived. We estimate that about 75% of
prevalent cancers in women with dense
breasts would have been missed and sub-
sequently diagnosed 10 or more years
later to account for this difference, which
is highly unlikely.

Masking has been shown to introduce
some bias in the detection of breast can-
cer in dense tissue in one small study in
which older mammograms were used
(50). However, the association between
breast cancer risk and increased breast
density was consistent in every quantita-
tive study reviewed, from those in which
density and disease were ascertained
nearly simultaneously (9,11,16) to those
with up to a decade between density and
disease ascertainment (17,19). Given the
findings of these studies, masking bias
does appear to occur but likely has only a
small and short-lived effect.

Current but Not Past Density Is
Associated with Increased Risk

In an editorial about breast density,
White stated that “disagreement also ex-
ists over whether current or past breast
density serves as the better risk predictor”
(51). Since the effect of breast density on
cancer risk persists for at least 5–10 years
after assessment (10,12,17), past breast
density appears to be important. On the
other hand, findings of one study suggest
that changes in density change risk (19).
In that study, reduction of breast density
over time lowered breast cancer risk but
not to the extent as in women with com-
parable density at baseline. This implies
that increased density has some persis-
tent effect. Their data also suggest that
during the 8 years of follow-up, striking
changes in density were relatively un-
common in both cases and controls. The
studies reviewed here have widely vary-
ing times between disease detection and
density determination (Table), and all
show associations between density and
breast cancer risk. It appears likely that
both past and current breast density are
associated with risk.

RELATIONSHIP BETWEEN
NONHORMONAL FACTORS
AND BREAST DENSITY AND
BREAST CANCER RISK

Age and Menopausal Status

The association of breast density and
breast cancer risk may be greater for older
women. Byrne et al (17) found a greater
effect of breast density on breast cancer
risk in postmenopausal women (odds ra-
tio, 5.8; 95% CI: 3.0, 11.3) compared
with that in premenopausal women
(odds ratio, 3.8; 95% CI: 2.3, 6.2). Boyd et
al (10) also found a higher risk, with
women aged 50–59 years having a rela-
tive risk of 7.1 (95% CI: 2.0, 25.5) com-
pared with women aged 40–49 years
having a relative risk of 6.1 (95% CI: 1.5,
24.2). Findings of both studies, however,
show significant overlap in the CIs,
which indicates that neither study find-
ings show a strong association between
increased breast density and cancer risk
according to menopausal status. Kato et
al (13) found the opposite effect, al-
though their study was smaller.

The association of breast density with
cancer risk seems counterintuitive given
that breast cancer risk increases with ad-
vancing age at the same time that breast
density decreases. However, other age-as-
sociated factors besides breast density are
likely driving the age-associated increase
in breast cancer risk. A parallel situation
may be seen with smoking and the inci-
dence of heart disease. As people age,
they are more likely to quit smoking (52).
However, an 80-year-old nonsmoker is
more likely to die of heart disease than a
40-year-old smoker. This does not imply
that smoking does not increase the risk of
heart disease, only that other factors be-
sides smoking increase the risk of heart
disease. Likewise, other factors besides
breast density contribute to breast cancer
risk. The association between decreasing
breast density and increasing breast can-
cer risk with aging does not negate the
association between increased breast
density and breast cancer risk.

Weight and Body Mass Index

Obesity is a known risk factor for breast
cancer. Lam et al (18) specifically exam-
ined the relationship between weight
and body mass index on the association
of breast density and breast cancer risk.
They found that women with higher
body weight and body mass index were
less likely to have dense breasts. The un-
adjusted odds ratio for developing breast
cancer for women who weighed more

than 81 kg compared with those weigh-
ing less than 63 kg was 1.7 (95% CI: 1.2,
2.6). However, after adjusting for density,
the odds ratio increased to 2.1 (95% CI:
1.3, 3.2). This increase indicates that den-
sity is an independent risk factor and that
women who are obese and have dense
breasts are at higher risk. Likewise, the
unadjusted odds ratio for women with
extremely dense breasts was 3.2 com-
pared with that in women with predom-
inantly fatty breasts. However, when ad-
justed for weight and body mass index,
the odds ratio increased to 4.5 (95% CI:
1.9, 10.6). Sala et al (53) found similar
findings and noted that “this negative
confounding of two positive risk factors
means that the effect of parenchymal
patterns on risk will tend to be underes-
timated when not adjusted for body mass
index and waist hip ratio and vice versa.”

Parity

Increased breast density is associated
with nulliparity and late age at first birth
(54). van Gils et al (55) examined the
relationship of parity and breast density
with breast cancer risk. In that study, nul-
liparous women with fatty breasts were
not at increased risk compared with par-
ous women. However, women who were
nulliparous with greater than 25% den-
sity were 6.6 times more likely (95% CI:
2.6, 16.5) to develop breast cancer, while
parous women with greater than 25%
density were only 3.6 times (95% CI: 1.7,
7.7) more likely develop breast cancer.

Family History

Boyd et al (56) performed a subanalysis
within the Canadian National Breast
Screening Study by examining breast
density and the influence of family his-
tory on breast cancer risk. For women
with at least one affected first-degree rel-
ative, the relative risk of breast cancer
was 11.1 (95% CI: 1.5, 80.4) for women
with dense breasts compared with those
with less than 10% density. The authors
concluded that mammographic density
may be strongly associated with the risk
of breast cancer in women with a family
history of the disease. Likewise, Ziv et al
(57) have found that women with ex-
tremely dense breast tissue were more
likely to have first-degree relatives with
breast cancer.

Benign Breast Disease

Women with benign breast disease
have a greater risk of breast cancer if they
also have dense breast tissue than if they
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have less dense breast tissue. In patients
participating in the Breast Cancer Detec-
tion Demonstration Project, an increased
relative risk of breast cancer was seen
with nonproliferative (relative risk, 5.8;
95% CI: 1.8, 18.6) and proliferative (rel-
ative risk, 3.2; 95% CI: 1.6, 6.6) benign
breast disease in women with greater
than 75% density than in women with
less than 50% density (58). However,
atypical hyperplasia had a higher relative
risk in women with lower breast density
(relative risk, 4.1; 95% CI: 2.1, 8.0) than
in women with dense breasts (relative
risk, 2.1; 95% CI: 0.6, 7.0). Therefore, the
risk associated with benign breast disease
is not explained by density alone and
vice versa.

Race and Ethnicity

There are little data regarding the dif-
ferences in breast density between differ-
ent races and ethnic groups. Maskarinec
and Meng (20) have found that the asso-
ciation between density and breast can-
cer risk for Asian women is similar to that
of Caucasian women.

Diet

The relationship between diet and
breast density is not well defined. Find-
ings of two studies (16,59) have shown
that high intake of saturated fat is asso-

ciated with greater breast density, but
findings of another study (60) showed
lower density. High intakes of vitamins C
and E have been associated with in-
creased density (60), while high intake of
vitamin A has been associated with lower
density (16). Findings of a 2-year study
(61) in which women were randomly as-
signed to no intervention or a low-fat
high-carbohydrate diet did not show a
change in density.

Intake of both soy protein and soy
isoflavones has shown an inverse associ-
ation with breast density in Chinese
women in Singapore (62). Breast cancer
rates are lower in Asian countries than
they are in the United States and Western
Europe (63), and dietary differences, in-
cluding soy intake, have been hypothe-
sized to contribute to a lowered risk. Soy
products are high in phytoestrogens,
which may displace endogenous estro-
gens at hormone-binding sites, decreas-
ing the stimulatory effect of endogenous
estrogens in the breast (62).

Alcohol

High alcohol intake is associated with
increased breast density (60). However,
while white wine intake was associated
with increased density in postmeno-
pausal women, red wine intake was asso-
ciated with lower breast density (60). No

difference was noted for premenopausal
women and the type of alcoholic bever-
age.

Exercise

Only two studies, to our knowledge,
have addressed the relationship between
exercise and breast density. Authors of
one study found no relationship (60),
and authors of the other study found a
weak inverse relationship between mod-
erate exercise and breast density (64).

RELATIONSHIP BETWEEN
HORMONAL FACTORS AND
BREAST DENSITY AND
BREAST CANCER RISK

HRT

HRT slows normal breast involution
(65–67) and causes an increase in mam-
mographic density in 17%–73% of
women (67–72) (Fig 2). The increase in
density is most commonly diffuse but
may be focal or multifocal (68,69).

Mammographic changes vary with dif-
ferent HRT regimens. Estrogen combined
with progestin has a greater association
with increase in density than the use of
estrogen alone (70–73). An increase in
breast density is also more commonly ob-
served with continuous use of combined
HRT, where both estrogen and progester-
one are taken daily, than with a cycled
HRT, where estrogen is used daily but
progesterone is only used during part of
the month (70,73). In one study, 28% of
women undergoing continuous com-
bined therapy had an increase in density
compared with 10% of women using cy-
clic therapy, 5% of women using estra-
diol alone, and 3% of controls (71). Sim-
ilar results were found in women
participating in the Postmenopausal Es-
trogen/Progestin Interventions, or PEPI,
trial (73). Use of androgenic norpro-
gestins, which is common in Europe, has
effects similar to those of medroxypro-
gestrone acetate, which is commonly
used in the United States (74,75).

Breast density appears to be very re-
sponsive to HRT. Investigators of the
PEPI trial have found that the greatest
change in density occurs during the 1st
year of use (73). The breast responds rap-
idly to hormonal manipulation, with a
decrease in density seen after just 2 weeks
after HRT cessation (Fig 3) (76). Colacurci
et al (77) have found that women who
stopped HRT for 3 weeks prior to their
annual mammography had no signifi-
cant change from baseline, whereas

Figure 2. Mammograms demonstrate marked increase in density with HRT. A, Prior to
HRT use, the breast is minimally dense. B, After 1 year, the breast is extremely dense and
has increased in size.
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women who continued HRT had an in-
crease in density.

Authors of three large cohort studies
have demonstrated a greater breast can-
cer risk with use of estrogen and proges-
terone than with use of estrogen alone
(78–80). The estrogen-plus-progesterone
arm of the Women’s Health Initiative
trial was halted before study completion
because of an increased breast cancer risk
(81). The estrogen-only arm of the study
continues, because breast cancer risk was
only slightly elevated in that group.

At histologic examination, benign
breast biopsies performed in women us-
ing estrogen plus progestin had signifi-
cantly higher proliferation indices com-
pared with biopsies performed in women
either using estrogen alone or not under-
going HRT (82). In addition, the prolifer-
ation noted in women using estrogen
with progestin in that study was localized
to the terminal duct lobular unit, which
is the site of the development of most
breast cancers (82).

Selective Estrogen Receptor
Modulators

Selective estrogen receptor modulators
decrease mammographic density pre-
sumably due to the antiestrogen effect on

the breast (Fig 4). In a breast cancer pre-
vention trial, 44% of women using ta-
moxifen experienced a reduction in
breast density compared with 15% of
women randomly assigned to a placebo

(83). Raloxifene is another selective estro-
gen receptor modulator that is approved
by the U.S. Food and Drug Administra-
tion for treatment of osteoporosis. In the
Multiple Outcomes of Raloxifene Evalua-

Figure 3. Mammograms obtained in a 65-year-old woman taking 1 mg estradiol daily. A, Right mediolateral oblique view
from a baseline mammogram shows heterogeneously moderate breast density. B, One year later, the right mediolateral
oblique view from a screening mammogram shows that the breast density has undergone mild diffuse increase with
development of a focal density (arrow). C, Right mediolateral oblique view from a diagnostic mammogram obtained after
stopping estrogen for 2 weeks shows that the focal density has resolved and the appearance is similar to that at baseline.
Metallic marker identifies an incidental skin lesion.

Figure 4. Right craniocaudal mammographic views show a marked decrease in breast density at
baseline (left) and 2 years (right) after beginning treatment with tamoxifen for contralateral
breast cancer.
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tion Trial, raloxifene significantly re-
duced breast density compared with pla-
cebo and estrogen (36).

Selective estrogen receptor modulators
are associated with decreased breast can-
cer risk (84,85). Tamoxifen reduces breast
cancer risk by half in high-risk women
(84). Raloxifene reduces breast cancer risk
by 75% in postmenopausal women of av-
erage risk (85). Of interest, only women
with elevated serum estradiol levels re-
duced breast cancer risk with raloxifene
use, whereas women with undetectable
estradiol levels had very low risk of breast
cancer that was not changed with ralox-
ifene use (86).

Other Hormonal Agents

Decrease in breast density has also
been reported with use of a gonadotro-
pin-releasing hormone agonist that was
used in a clinical trial for birth control
(87). The gonadotropin-releasing hor-
mone agonist inhibits ovarian function
and is hypothesized to reduce breast can-
cer risk (87). Tibolone is widely used in
Europe for hormone replacement ther-
apy but is not approved by the Food and
Drug Administration in the United
States. The precise mechanism of action
of this agent is not known since it has
multiple metabolites, each of which can
exert differing effects. Its major effects
are to inhibit sulfatase activity and
thereby block estrogen synthesis from es-
trone sulfate and to exert androgenic ef-
fects (88). This compound increases
breast density in a small number of
women (2%–6%) compared with women
who use estrogen and progesterone daily
(46%–50%) (89). No data are available
about the effect of oral contraceptives or
androgens on breast density.

Changes in Breast Density with
HRT and Selective Estrogen
Receptor Modulator Mirror
Breast Cancer Risk

Mammographic density appears to
mirror the risk associated with hormonal
agents (Fig 5). Since women with mam-
mographically dense breasts have an in-
crease in breast cancer risk, women who
have an increase in mammographic den-
sity in response to HRT may be at higher
risk for developing breast cancer than
women who do not experience a change
in density with use of HRT, although, to
our knowledge, there are currently no
studies in this area. Decrease in breast
density in response to selective estrogen
receptor modulators may also decrease
breast cancer risk, and further studies to
these points may be useful, particularly
with the suggestion in one study (19)
that changes in density change breast
cancer risk.

HISTOLOGIC EVALUATION OF
MAMMOGRAPHICALLY DENSE
BREASTS

In 1986, Page and Winfield (90) stated
that “true ducts make up little of the ra-
diographic density found in any breast.
The great mass of density seen on the
mammogram is due to the glandular lob-
ules and their stroma.” The relative con-
tribution of each to the mammographi-
cally dense breasts has not been
quantified, although studies have inde-
pendently evaluated stromal and epithe-
lial differences in minimally dense versus
dense breasts. Authors of two studies
(91,92) in which quantitative measures
were used note an association between
increased stromal collagen and mammo-
graphically highly dense breasts, while
others (93,94) similarly note increased

stromal fibrosis in association with the
Wolfe P2 and DY patterns.

As to epithelial changes, authors of
several studies who correlated increased
density with quantitative analysis have
shown an increase in epithelial hyperpla-
sia (58,91,95). Specifically, women par-
ticipating in the Canadian National
Breast Screening Study with extreme
breast density have been shown to be
12.2 times more likely to develop hyper-
plasia without atypia (91). Of note, these
women were also found to be 9.7 times
more likely to develop atypical hyperpla-
sia or carcinoma in situ (91). Authors of
another study (96) compared nipple aspi-
rate fluid cytologic results to breast den-
sity and found that women with mam-
mographically dense breasts were four
times more likely to have cytologic
atypia. The mammographically dense
breasts are therefore likely caused by an
increase in both stromal and epithelial
tissue. These changes may lead to devel-
opment of the histologic precursors of
breast cancer, as was seen with the in-
creased incidence of atypia and carci-
noma in situ in these studies (91,96).

PLAUSIBLE FACTORS THAT
MAY EXPLAIN THE
ASSOCIATION OF BREAST
DENSITY WITH BREAST
CANCER RISK

Increased Growth Factors

Although mammographically dense
breasts are likely a result of an increase in
both stroma and epithelium, the cause of
these changes is not clear but may be due
in part to increased growth factors. Au-
thors of a study (92) compared the tissue
surrounding benign breast lesions from
women with extremely dense breasts
with tissue from women with little or no
density and found that the tissue from
women with dense breasts had increased
insulin-like growth factor 1, greater nu-
clear area, and more total collagen. Au-
thors of two studies, including one of
women in the Nurse’s Health Study, also
found elevated serum insulin-like growth
factor 1 and lower insulin-like growth
factor binding protein-3 in premeno-
pausal women with dense breast tissue,
but the effect did not occur in postmeno-
pausal women (97,98).

Estrogen Exposure

Breast density is clearly hormonally re-
sponsive. Some investigators believe that
breast density may reflect past exposure
to estrogen (51). There is moderate evi-

Figure 5. Graphs demonstrate that the overall percentage of women with change in density
(left) is similar to the relative risk of breast cancer (right) associated with the hormonal agents.
Note that the relative risk of breast cancer with tamoxifen (white bar) use is reported for high-risk
women (84), while raloxifene (striped bar) use is reported for average-risk women (85). Black
bar � estrogen; gray bar � estrogen plus progesterone.
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dence to support the role of endogenous
estrogens in the cause of breast cancer.
Experimental evidence suggests that the
estrogen metabolites 4-hydroxyestrone
and 4-hydroxyestradiol are further me-
tabolized to estradiol quinones (99).
These compounds can bind directly to
adenine and guanine and pull these bases
off segments of DNA. This is postulated
to be a mechanism for direct mutagenic
effects of estrogens. Others postulate that
the 2-hydroxymetabolites of estradiol
cause stable DNA adducts or that the
16-� estrogen metabolites can covalently
bind to the estrogen receptor and consti-
tutively activate it (99).

Estrogen production may occur within
the breast itself through the enzymes aro-
matase and sulfatase. Aromatase converts
androgens to estrogens, while sulfatase
converts biologically inactive estrone sul-
fate into biologically active estrone. A
surprising finding is that estradiol levels
within breast cancers and the surround-
ing tissue are similar in pre- and post-
menopausal women even though plasma
concentrations are markedly higher in
premenopausal women (100). This obser-
vation suggests that a major source of
estradiol in the breast tissue in post-
menopausal women who develop breast
cancer is the breast itself due to overac-
tive aromatase or sulfatase (96,101). Fur-
ther work regarding the biologic cause of
increased breast density will be helpful.

Serum Prolactin Levels

Elevated serum prolactin levels have
been associated with higher breast den-
sity in postmenopausal women in a dose-
response fashion (98). Findings of the
Nurses Health Study showed a significant
positive association between plasma level
of prolactin and the postmenopausal
breast cancer risk (highest vs lowest quar-
tile; multivariate relative risk, 2.03; 95%
CI: 1.24, 3.31) (102). Neither study find-
ings showed an association of prolactin
levels with breast density or breast cancer
risk in premenopausal women. Thus,
high mammographic breast density and
breast cancer risk may be related to ele-
vated prolactin levels only in postmeno-
pausal women.

Genetics

In a cohort study of families with
breast cancer, Pankow et al (30) evaluated
primary relative relationships and corre-
lation with breast density. The sister-sis-
ter correlation was statistically signifi-
cant (r � 0.16–0.27, P � .05), while the

mother-sister correlation was suggestive
(r � 0.01–0.17). Paternal breast density
obviously cannot be assessed. Segrega-
tion analysis suggests that a major auto-
somal gene influences breast density,
probably with Mendelian transmission of
a dominant gene. Further work with this
cohort suggests that the gene may be on
chromosome 6 (29).

Authors of a recent study correlated
breast density between 218 pairs of
monozygotic twins and 134 pairs of dizy-
gotic twins in the United States and Aus-
tralia (103). According to the study find-
ings, heritability accounted for 63% of
the variation in breast density in all twins
studied (103). Also of interest, women
with known BRCA1 or BRCA2 mutations
have been shown to have denser breast
tissue that is coarser and lower in con-
trast than women at low risk for develop-
ing breast cancer (104). Findings of these
studies suggest that genetics plays a
strong role in breast density.

FUTURE DIRECTIONS

Incorporation of Density in Risk
Assessment Models

Current computerized methods of
quantitative assessment of breast density
are very reliable but time consuming and
not practical for everyday use. More prac-
tical visual assessment methods are not
as reproducible. Since there is no standard
method of quantifying breast density, val-
idation of density in risk assessment mod-
els is difficult. Density assessment would
become more practical if an automated,
quantitative, and reproducible method
could be developed. This may be an ideal
application for digital mammography
since the images are already in digital
format.

Use of Density as an Entry Criterion
into Breast Cancer Prevention Trials

If density is a risk factor for breast can-
cer, use of high breast density as an in-
clusion criterion for breast cancer pre-
vention trials may increase study power
such that studies would require fewer pa-
tients and be directed at women at
greater risk. For instance, a dietary inter-
vention study recruiting women with
50% or greater density from 1982 to 1994
has noted a four to five times greater in-
cidence of breast cancer than expected
(105).

Use of Breast Density as a Surrogate
Marker of Risk for Prevention Trials
and HRT Regimens

Since changes in breast density appear
to reflect breast cancer risk, some inves-
tigators have proposed using density as a
preliminary surrogate marker in preven-
tion trials. If a drug that is thought to
reduce risk causes an increase in breast
density, the risk may not be reduced. Fur-
ther studies evaluating correlation of
cancer risk and changes in density are
necessary before this could be useful.
Likewise, there is increasing interest from
drug manufacturers regarding whether
their particular HRT regimen is associ-
ated with an increase in density because
of the possible implications regarding
breast cancer risk. However, it should be
stressed that currently there is only sug-
gestive data that an increase in density is
associated with an increase in risk (19),
and further studies need to be performed
to investigate this concept.

The Mammogram as a
Physiologic Test

If future study findings do show that
changes in density do correlate with
changes in risk, mammography may
someday be viewed as a physiologic test
in addition to its current screening and
diagnostic roles. Women may someday
be given an estimate of their cancer risk
based on risk models that included breast
density at the time of their mammogra-
phy. They could use this information
to make decisions regarding HRT use,
lifestyle changes, or chemoprevention.
However, since breast cancer risk remains
elevated for at least 5–10 years after the
mammogram showed increased density,
lowering density may not change cancer
risk or may take 5–10 years after the in-
tervention to affect breast cancer risk.
This is an important area for investiga-
tion.

SUMMARY

Across a number of studies in varied set-
tings and populations, increased breast
density as evaluated with quantitative
methods is a moderate independent risk
factor for breast cancer. Only genetic ab-
normalities, age, prior breast cancer, and
biopsy findings showing lobular carci-
noma in situ are associated with similar
or greater relative risk of breast cancer.
Breast density information is unlikely to
become useful in risk assessment models
until it can be measured in a reproduc-
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ible, standardized, and automated fash-
ion. Unlike most breast cancer risk fac-
tors, breast density can be influenced.
However, further studies must be per-
formed to determine the use of including
density in risk assessment and preven-
tion decisions and to evaluate whether
reducing breast density will reduce breast
cancer risk.
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