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Background National legislation is under consideration that would require women with mammographically dense breasts to
be informed of their breast density and encouraged to discuss supplemental breast cancer screening with their

health care providers.The number of US women potentially affected by this legislation is unknown.

Methods We determined the mammographic breast density distribution by age and body mass index (BMI) using data
from 1518 599 mammograms conducted from 2007 through 2010 at mammography facilities in the Breast Cancer
Surveillance Consortium (BCSC). We applied these breast density distributions to age- and BMlI-specific counts of
the US female population derived from the 2010 US Census and the National Health and Nutrition Examination

Survey (NHANES) to estimate the number of US women with dense breasts.

Results Overall, 43.3% (95% confidence interval [CI] = 43.1% to 43.4%) of women 40 to 74 years of age had heterogene-
ously or extremely dense breasts, and this proportion was inversely associated with age and BMI. Based on the
age and BMI distribution of US women, we estimated that 27.6 million women (95% Cl = 27.5 to 27.7 million) aged
40 to 74 years in the United States have heterogeneously or extremely dense breasts. Women aged 40 to 49 years

(N = 12.3 million) accounted for 44.3% of this group.

Conclusion The prevalence of dense breasts among US women of common breast cancer screening ages exceeds 25 million.
Policymakers and healthcare providers should consider this large prevalence when debating breast density notifi-
cation legislation and designing strategies to ensure that women who are notified have opportunities to evaluate

breast cancer risk and discuss and pursue supplemental screening options if deemed appropriate.
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Mammographic breast density is a strong risk factor for developing
breast cancer (1,2) and also impairs mammography performance
(3-6). At least 12 states have recently passed legislation that man-
dates the disclosure of mammographic breast density information
directly to women with dense breasts, along with language com-
municating that breast density may obscure abnormalities on a
mammogram and that these women may benefit from supplemen-
tal screening tests (7). Similar legislation is under consideration
by many other states and at the national level (8). The number of
women potentially affected by this legislation has not been well
characterized.

Radiologists qualitatively rate breast tissue density from
mammography examinations using four categories defined by
the American College of Radiology’s Breast Imaging Reporting
and Data System (BI-RADS): “almost entirely fat,” “scat-
tered fibroglandular densities,” “heterogeneously dense,” and
“extremely dense” (9). Legislation defines mammographically
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dense breasts as those rated “heterogeneously dense” or
“extremely dense.”

Breast density declines with increasing age and body mass index
(BMI) (10-12). We sought to examine the distribution of mammo-
graphic breast density by age and BMI in a geographically diverse
sample of women undergoing mammography and estimate the
prevalence of US women with dense breasts.

Methods

Study Population

Data on the distribution of mammographic breast density was pro-
vided by the Statistical Coordinating Center for the Breast Cancer
Surveillance Consortium (BCSC) mammography registries (http://
breastscreening.cancer.gov/). BCSC registries collect patient char-
acteristics and clinical information from a geographically diverse
sample of community radiology facilities. The following BCSC
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registries contributed data to this analysis: Carolina Mammography
Registry, Group Health Cooperative (WA), New Hampshire
Mammography Network, New Mexico Mammography Project,
San Francisco Mammography Registry, and Vermont Breast
Cancer Surveillance System. Registries and the Coordinating
Center received institutional review board approval for active or
passive consenting processes or a waiver of consent to enroll partic-
ipants, link data, and perform analysis. All procedures were Health
Insurance Portability and Accountability Act compliant, and reg-
istries and the coordinating center received a federal Certificate
of Confidentiality and other protections for the identities of
women, physicians, and facilities. Analyses of BCSC data included
women aged 40 years and older who obtained a mammogram at a
BCSC facility from 2007 through 2010. Women with a history of
breast cancer, breast augmentation, or breast reconstruction were
excluded. For women with multiple mammograms in a single year,
a random selection of one observation per woman per year was
included. This selection was limited to screening mammograms if
at least one was available for the woman in a given year; if not, then
diagnostic mammograms were also included.

To estimate the US prevalence of BI-RADS breast density cat-
egories, we applied the joint age/BMI distribution of breast density
from the BCSC to age/BMI-specific counts of the US female pop-
ulation. The distribution of BMI among US women was obtained
from the National Health and Nutrition Examination Survey,
which includes a series of cross-sectional nationally representative
health examination surveys (13). Analyses of NHANES data were
limited to nonpregnant women aged 40 years and older participat-
ing from 2007 through 2010. Counts of the US female population
by age group were obtained from the 2010 US Census.

Measures and Definitions
For the BCSC, women completed a questionnaire at each mam-
mography examination performed at a BCSC facility, which
included age, race, personal and family history of breast can-
cer, height and weight, history of postmenopausal hormone use,
menopausal status, hysterectomy status, parity, and education.
Radiologists’ BI-RADS breast density assessments were recorded
using the American College of Radiology’s BI-RADS lexicon (9).
For NHANES, body weight and height were measured at a
mobile examination center using standardized techniques (14). For
both the BCSC and NHANES analyses, BMI was characterized as
underweight (<18.5 kg/m?), normal (18.5-24.9kg/m?), overweight
(25.0-29.9kg/m?), and obese (>30kg/m?), and age was categorized
in five-year groups.

Statistical Analysis

Among BCSC records, data on patient age was complete (no miss-
ing values) but 18.8% of records were missing BI-RADS breast
density, and 46.5% were missing BMI (Supplementary Table 1,
available online). Multiple imputation was used to impute five
datasets with complete data on breast density and BMI, using a
sequential regression approach (15) implemented in IVEWARE
software (16). The imputation models included BI-RADS breast
density, BMI group, age group, calendar year, BCSC registry, race
(non-Hispanic white, non-Hispanic black, Hispanic, Asian, Native
Hawaiian/Pacific Islander, American Indian/Alaska native, mixed,
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other, unknown), first degree family history of breast cancer (yes,
no, unknown), current use of postmenopausal hormones (yes, no,
unknown), menopausal status (premenopausal, postmenopausal,
other/unknown), hysterectomy status (yes, no, unknown), parity (0,
21, unknown), and education (less than high school, high school
graduate, some college, college degree, unknown). All variables
were categorical and were modeled with either binomial or polyto-
mous logistic regression. Results of the imputation model are pro-
vided in Supplementary Table 2 (available online).

All other statistical analyses were performed using SAS
Statistical Software (Version 9; SAS Institute, Inc., Cary, NC). To
determine the association of breast density with age and BMI in
the BCSC, we modeled BI-RADS breast density categories as a
function of age group, BMI group, and interaction terms between
age and BMI groups using logistic regression. Using the methods
of Rubin (17), regression results were combined across the imputed
datasets to estimate proportions of women in each density category
according to age and BMI groups. The proportions reported by
age category are standardized to the age-specific distribution of
BMI among US women (from NHANES 2007-2010); the propor-
tions reported by BMI are standardized to the 2010 US Census age
distribution of US women.

To estimate the proportion of US women in each BMI category
by age group in NHANES, SAS Survey procedures were used to
account for the stratified cluster sample, unequal probability of
sampling, and nonresponse. The age-specific distribution of BMI
categories from NHANES was applied to 2010 US Census counts
of women in each age group to estimate the number of US women
in each age-by-BMI group.

The age-by-BMI-specific proportion of women in each
BI-RADS breast density category from the BCSC was applied to
the age-by-BMI-specific counts of US women generated using
NHANES and Census data. Counts were summed across BMI
groups to obtain breast density category prevalence estimates by

age group.

Results

The BCSC study dataset consisted of 1518599 mammogram
records from 764507 women aged 40 years and older. The com-
bined proportion of mammograms rated as either heterogene-
ously or extremely dense declined with age, from 56.6% (95%
CI = 56.1% to 57.0%) for women aged 40 to 44 to 28.4% (95%
CI = 27.4% to 29.5%) for women aged 85 and older (Figure 1).
Overall, 43.3% (95% CI = 43.1% to 43.4%) of women aged
40-74 years had heterogeneously or extremely dense breasts. The
frequency of extremely dense breasts declined from 12.5% (95%
CI=12.4% to 12.7%) of women aged 40 to 44 years t0 3.1% (95%
CI =2.8% to 3.4%) of women aged 85 and older, with an overall
frequency of 7.4% (95% CI = 7.4% to 7.5%) among women aged
40 to 74 years.

The combined proportion of mammograms rated as either het-
erogeneously or extremely dense declined with increasing body
mass index (Figure 2). Among women with normal BMI, 58.9%
(95% CI = 58.4% to 59.3%) had heterogeneously or extremely
dense breasts, compared with 25.0% (95% CI = 24.8% to 25.3%)
of obese women.
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Figure 1. Distribution of BI-RADS breast density categories by age, Breast Cancer Surveillance Consortium, 2007-2010. Proportions are standard-
ized to the NHANES 2007-2010 age-specific distribution of body mass index among US women. BI-RADS = American College of Radiology’s Breast

Imaging Reporting and Data System.
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Figure 2. Distribution of BI-RADS breast density categories by body mass index, Breast Cancer Surveillance Consortium, 2007-2010. Proportions
are standardized to the 2010 US Census age distribution among US women aged 40 years and older. BI-RADS = American College of Radiology’s

Breast Imaging Reporting and Data System.

We estimated that 27.6 million women (95% CI = 27.5 to 27.7
million) aged 40 to 74 years in the United States have heterogene-
ously or extremely dense breasts (Table 1). Women aged 40 to 49
years (N = 12.3 million) accounted for 44.3% of this group. The
inclusion of women aged 75 years and older adds a relatively small
number of women (N = 3.1 million), yielding a total prevalence of
30.8 million women (95% CI = 30.6 to 30.9 million) aged 40 years
and older with dense breasts.

Among women aged 40 to 74 years, we estimated that 7.4%
(95% CI = 7.4% to 7.5%) have extremely dense breasts. Thus,
women with extremely dense breasts make up approximately
17.1% (N = 4.7 million) of the total number of women con-
sidered to have dense breasts according to the definition used

30f6 Article | JNCI

in breast density notification legislation (heterogeneously or
extremely dense).

Discussion

We estimated that approximately 43% of women aged 40 to 74
years have heterogeneously or extremely dense breasts, corre-
sponding to approximately 27.6 million US women who are poten-
tially affected by pending national legislation to mandate reporting
of mammographically dense breasts. In light of the ongoing con-
troversies regarding mammography screening for women before
age 50 (18,19), it is notable that nearly 45% of women aged 40 to
74 years with dense breasts are younger than age 50 years.
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Table 1. Estimated prevalence of BI-RADS breast density categories for the US female population aged 40 years and older, 2007-2010*

BI-RADS breast density category

Age group, y

Almost entirely fat

Scattered
fibroglandular
densities

Heterogeneously dense

Extremely dense

Heterogeneously
dense or
extremely dense

Count in millions (95% confidence interval)

40-44 0.83 (0.81 to 0.85) 3.73 (3.69 to 3.76)
5-49 0.98 (0.96 to 0.99) 4.21 (4.17 to0 4.26)
50-54 1.35 (1.34 to 1.37) 4.78 (4.74 t0 4.81)
55-59 1.62 (1.61 to 1.54) 4.72 (4.69 to 4.75)
60-64 1.60 (1.58 to 1.62) 4.30 (4.27 t0 4.33)
65-69 1.20 (1.19 to 1.22) 3.31 (3.29 t0 3.34)
70-74 1.04 (1.02 to 1.06) 2.65 (2.62 to 2.68)
75-79 0.82 (0.81 to 0.84) 2.19(2.17 t0 2.21)
80-84 0.62 (0.61 to 0.64) 1.86 (1.83 to 1.88)
>85 0.68 (0.66 to 0.71) 1.97 (1.93 to 2.01)
40-74 8.562 (8.48 t0 8.57) 2770 (2759 to 27.82)

4.62 (4.59 to 4.66)
4.98 (4.93 to 5.03)
4.32 (4.28 t0 4.35)
3.36 (3.33 t0 3.38)
2.53 (2.51 to 2.56)
1.85 (1.83 to 1.87)
1.24 (1.22 to 1.26)
1.03 (1.01 to 1.04)
0.88 (0.86 to 0.90)
0.94 (0.91 to 0.96)

22.90 (22.79 to 23.00)

1.32 (1.30 to 1.33)
1.33 (1.31 to 1.35)
0.92 (0.91 t0 0.93)
0.54 (0.53 to 0.55)
0.31(0.30 t0 0.32)
0.22 (0.21 t0 0.22)
0.11 (0.10 to 0.11)
0.09 (0.09 to 0.10)
0.09 (0.09 t0 0.10)
0.11 (0.10 to 0.13)
4.73 (4.70 to 4.77)

5.94 (5.89 t0 5.99)
6.31 (6.24 to 6.38)
5.24 (5.19 t0 5.28)
3.90 (3.87 t0 3.93)
2.84 (2.81 t0 2.87)
2.07 (2.04 to0 2.09)
1.35 (1.32 to 1.37)
112 (1.10 to 1.14)

0.97 (0.95 to 0.99)
1.05 (1.01 to 1.09)

2764 (2754 to 2773)

* BI-RADS = American College of Radiology's Breast Imaging Reporting and Data System.

The results can also be used to project the potential impact
of modifications to breast density notification requirements.
Restricting mandated notification to women with extremely dense
breasts would substantially reduce the count of US women poten-
dally affected, with 4.7 million women aged 40 to 74 years having
extremely dense breasts. The majority (56%) of these women are
between ages 40 and 49 years.

Notably, these results reflect the underlying prevalence of
dense breasts among the entire US female population aged
40 years and older irrespective of screening adherence rates.
The number of US women with dense breasts actually screened
in a given year would be somewhat smaller in magnitude. Since
screening adherence varies by region, patient characteristics, and
over time, our analyses were intended to provide estimates of the
underlying prevalence of mammographically dense breasts that
could be applied across any number of hypothetical scenarios. For
example, the National Health Interview Survey indicates that in
2010 approximately 70% of women aged 40 years and older had
been screened in the past two years (20). This could be applied
to our estimate of 30.8 million women aged 40 years and older
in the United States with dense breasts to arrive at an estimate
of 21.6 million women with dense breasts screened in the past
two years. Estimates for specific populations (eg, within a given
US state or health care system) could be created by applying our
age- and BMI-specific density distribution estimates to utilization
rates within those populations.

Our results are consistent with prior studies demonstrating
strong inverse associations of age and BMI with mammographic
breast density (10-12). Notably, our sample size with 1.5 million
mammograms is by far the largest to date and our results reflect
recent practices of community radiologists from a large catchment
area that is similar in demographics to the US population (21). We
are not aware of any prior studies estimating national counts of
women with dense breasts. We used US Census and NHANES
data to project the breast density distribution observed in the
BCSC sample to nationally representative counts of the US female
population based on age and BMI, which are the strongest predic-
tors of breast density.

jnci.oxfordjournals.org

Some limitations should be considered while interpreting our
results. In our extrapolation to the US population, we did not consider
other factors that are correlated with breast density, such as a family
history of breast cancer, race/ethnicity, or the use of postmenopausal
hormones. These factors have very modest associations with mam-
mographic breast density after adjusting for age and BMI, and their
associations are dwarfed by the effects of age and BMI. However, cau-
tion should be used in extrapolating the results of this study to popu-
lations that vary markedly in such characteristics. The time period
of this study coincided with the widespread transition from film to
digital mammography in the United States (22). However, we have
previously shown that BI-RADS breast density assessment by radi-
ologists is similar for film and digital mammography (23). The major-
ity of mammography exams (64%) included in our study were digital.

Data on mammographic breast density and BMI were missing
for substantial fractions of the BCSC mammography exams. The
vast majority of missing data are “missing at random” because some
facilities do not collect this information. We used multiple imputa-
tion to create the most statistically efficient estimates of the breast
density distribution and to avoid bias that would have been intro-
duced by exclusion of exams with incomplete data (24). Notably, the
study population included a large number of records with complete
data on age, BMI, and breast density (N = 632 685), such that the
imputation model was well informed. The estimates for the per-
centage of women with dense breasts by age and BMI in the BCSC
dataset were similar in analyses using the imputation approach and
analyses that were restricted to records with complete age, BMI, and
breast density data (Supplementary Table 3, available online).

Our results are based on radiologists’ classifications of breast
density using the four BI-RADS density categories, which remain
the clinical standard. The new version of the BI-RADS Atlas
includes revisions to the descriptions of these density categories
which could influence the prevalence of breast density as measured
(25). Concerns with the limited precision and interobserver reli-
ability of the BI-RADS density categories (26) have motivated the
development of automated density measurement algorithms (27).
These may be increasingly utilized in clinical practice and may per-
mit the refinement of cutpoints for characterizing dense breasts.
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Our results indicate that the prevalence of mammographically
dense breasts in the United States among women of common breast
cancer screening ages exceeds 25 million. Currently, the optimal
clinical management of women with dense breasts is unclear given
the very limited evidence regarding the effectiveness of supplemen-
tal screening approaches in this population (7). Clinical trials and
observational studies suggest that the addition of screening ultra-
sound to mammography screening for women with dense breasts
provides an increase in cancer detection rates, but also substantially
increases the number of false positives (28,29). Notably, these stud-
ies have been conducted predominantly among high-risk popula-
tions; a recent Cochrane review was unable to find any controlled
studies on the use of supplemental ultrasound screening in women
at average risk for breast cancer (30). Additionally, the cost-effec-
tiveness of supplemental screening for women with dense breasts
has yet to be evaluated (7). The potential impact of supplemental
screening on overdiagnosis, an increasingly recognized concern in
breast cancer screening (31,32), is also unknown.

Policymakers should consider the large prevalence of women
with dense breasts when debating breast density notification legis-
lation. Healthcare providers need to carefully consider strategies to
ensure that women who are notified have opportunities to discuss
available evidence, evaluate breast cancer risk, and pursue supple-
mental screening options if deemed appropriate.
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