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SUMMARY
Using data from the Vermont Breast Cancer Surveillance System, we studied the reproducibility
of Breast Imaging Reporting and Data System (BI-RADS) breast density among community
radiologists interpreting mammograms in a cohort of 11,755 postmenopausal women. Radiologists
interpreting two or more film-screen screening or bilateral diagnostic mammograms for the same
woman within a 3–24 month period during 1996–2006 were eligible. We observed moderate to
substantial overall intra-rater agreement for use of BI-RADS breast density in clinical practice,
with an overall intra-radiologist percent agreement of 77.2% (95% confidence interval (CI), 74.5–
79.5%), an overall simple kappa of 0.58 (95% CI, 0.55–0.61), and an overall weighted kappa of
0.70 (95% CI, 0.68–0.73). Agreement exhibited by individual radiologists varied widely, with
intra-radiologist percent agreement ranging from 62.1–87.4% and simple kappa ranging from
0.19–0.69 across individual radiologists. Our findings underscore the need for further evaluation
of the BI-RADS breast density categorization system in clinical practice.
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INTRODUCTION
John Wolfe established an association between mammographic breast density and risk of
breast cancer in a 1976 publication [1]. Since then, several studies have established breast
density as an important risk factor for developing the disease [2–13], reporting a 1.8 to 6.0
times greater risk of breast cancer in women with dense breast tissue compared to those with
lucent breast tissue. Breast density has emerged as an independent risk factor for breast
cancer [9,11], with relative risks exceeded or equaled only by age, BRCA gene mutation,
and prior history of breast cancer or atypical hyperplasia [14].

Correspondence: Berta M. Geller, Ed.D., Research Professor, Health Promotion Research, University of Vermont, 429AR4, One
South Prospect St. Elevator C-4426, Burlington, VT 05401-3444, Phone: (802) 656-4115, Fax: (802) 656-8826,
berta.geller@uvm.edu.
*The basis of this study was drawn from a Master’s Thesis undertaken at the University of Massachussetts, Amherst, MA

The study design, analysis, and interpretation of the data are the sole responsibility of the authors.

NIH Public Access
Author Manuscript
Breast J. Author manuscript; available in PMC 2013 May 21.

Published in final edited form as:
Breast J. 2012 ; 18(4): 326–333. doi:10.1111/j.1524-4741.2012.01250.x.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



In the United States the most common method of reporting breast density clinically uses the
American College of Radiology (ACR) Breast Imaging Reporting and Data System (BI-
RADS) [15]: 1, almost entirely fat; 2, scattered fibroglandular densities; 3, heterogeneously
dense; and 4, extremely dense. BI-RADS density was originally introduced to let
radiologists record their level of concern that dense tissue might obscure a cancer on
mammography [16]. However, lack of clear definition of these categories has hindered
reproducibility of BI-RADS density measures [17]. In 2003, to improve standardization and
reproducibility, the ACR added percent glandular tissue to each category: 1, <25%; 2, 25–
50%; 3, 51–75%; and 4, >75% [18]. Several computer-assisted methods for measuring
breast density exist but are not in widespread use [19]; some are too time consuming and
labor intensive to be practical for screening in clinical practice [17,20].

Reproducibility of breast density has not been widely studied, and the few studies
undertaken have assessed different measurement methods, impeding comparison across
studies [20–26]. Most studies of reproducibility have included few radiologists, reading few
mammograms twice in blinded order. Rates of reproducibility in studies vary by density
classification systems and measurement methods.

To our knowledge, no studies have assessed the reproducibility of BI-RADS breast density
categories in the clinical setting where community radiologists interpreted multiple
screening mammograms on the same women. Recently developed models for predicting
breast cancer risk [27–29] have included BI-RADS density. As such models start being used
in clinical practice—to guide decisions about how often a woman is screened or use of
chemoprevention, for example—it will necessitate understanding how often BI-RADS
density measurements are misclassified. This study prospectively followed a cohort of
postmenopausal women receiving mammograms in Vermont from 1996 to 2006, with the
BI-RADS system in wide use. By examining how consistently individual community
radiologists rated breast density, we seek to understand better how well the BI-RADS breast
density classification system works in clinical practice.

MATERIALS AND METHODS
Study Population

Data for the study come from the Vermont Breast Cancer Surveillance System (VBCSS)
[30], which participates in the National Cancer Institute’s Breast Cancer Surveillance
Consortium (BCSC) [31]. Routine collection of BI-RADS breast density measures began in
1996. Data were sent to the BCSC’s Statistical Coordinating Center for analysis.

Women were eligible for the study if they were postmenopausal, had no history of breast
cancer, and had two or more film-screen screening or bilateral diagnostic mammograms
including BI-RADS breast density assessments between January 1, 1996 and December 31,
2006. Breast density may appear different on film-screen compared to digital mammography
[32]; therefore, we excluded digital mammograms. Women were considered
postmenopausal if they were aged 55 years or older or reported having experienced natural
menopause, having had both ovaries removed, or having more than 365 days elapse since
their last menstrual period. We excluded premenopausal and perimenopausal women and
those under age 50 because breast density may vary during phases of the menstrual cycle
[33,34], and breast density may decline by as much as 20% during the menopausal transition
[9]. By limiting our study to postmenopausal women over age 50, we focused on subjects
whose breast density was expected to remain relatively stable over the 3–24 month time
period examined. We excluded women with a history of breast cancer, because therapeutic
measures undertaken as a result of the disease may alter breast density [35,36]. Lastly,
because hormone therapy (HT) may increase breast density [37,38], and tamoxifen may
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reduce it [39,40], we excluded mammograms after self-report of HT, tamoxifen, or
raloxifene use, as reported in the health history questionnaire at time of mammogram.

To evaluate the intra-rater agreement in assessment of breast density, we identified all
radiologists who interpreted two or more film-screen mammograms for the same woman
within a 3–24 month period between 1996 and 2006. While the American Cancer Society
recommends yearly screening for women aged 50–69 years [41], a large population-based
study where physicians also recommended yearly screening found the median time between
screenings in this age group to be 17.7 months [42], approaching the two-year interval for
that age group now advised by the U.S. Preventive Services Task Force [43]. In choosing a
3–24 month period for study, our goal was to capture the average screening behavior of
postmenopausal women, minimizing time between interpretations, thereby reducing the
likelihood of a noticeable change in breast density, while attempting to ensure that
interpretations were independent. For each woman, we identified all pairs of mammograms
that the same radiologist interpreted 3–24 months apart during 1996–2006. If a radiologist
interpreted more than one pair of mammograms for a given woman during the study period,
we selected the pair closest in date for that radiologist. For women with multiple pairs of
mammograms interpreted by different radiologists, we randomly selected one pair for
analysis. In addition, to increase the precision of individual kappa estimates, we required
that study radiologists have more than 100 records (mammogram pairs).

The Institutional Review Boards at the University of Vermont and the Group Health
Research Institute (home of the Statistical Coordinating Center) approved this study, which
complied with the Health Insurance Portability and Accountability Act (HIPAA). The
VBCSS and the Statistical Coordinating Center have received a Federal Certificate of
Confidentiality and other protection for the identities of women, physicians, and facilities
who are subjects of this research.

Statistical Analysis
We used percent agreement and simple [44] and weighted [45] kappa statistics to measure
intra-rater agreement in BI-RADS assessment of breast density. Weights for the kappa
coefficient were computed following the Fleiss-Cohen method [46]. Landis and Koch
[47,48] interpret kappa values as follows: values of <0 represent poor agreement; 0.00–0.20
represent slight agreement; 0.21–0.40 represent fair agreement; 0.41–0.60 represent
moderate agreement; 0.61–0.80 represent substantial agreement; and 0.81–1.00 represent
almost perfect agreement.

We calculated overall agreement based on cross-tabulations of BI-RADS density measures
at the first and second assessments. For category-specific agreement, cross-tabulations were
based on measurements for a given category versus measurements for all other categories
combined. To account for within-radiologist correlation, we used the bootstrap method [49]
to construct confidence intervals for estimates of agreement, re-sampling at the radiologist
level. We estimated 95% confidence intervals from the 2.5% and 97.5% percentiles of 2,500
bootstrap samples.

Because we might expect breast density to change correspondingly in women whose body
mass index (BMI) changed from first to second assessment, we performed sensitivity
analyses, restricting to women whose BMI at first and second density assessments were non-
missing, stratifying by whether BMI differed by <1 kg/m2, <2 kg/m2, or <4 kg/m2. We also
performed sensitivity analyses to assess the impact of the November 2003 BI-RADS density
definition change, restricting to women for whom both density assessments were before
November 1, 2003 and to those for whom both density assessments were made after May
30, 2004 (allowing six months for the definition change to take effect).
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Bootstrapping and plotting were performed using Stata/SE 9.2 (StataCorp, College Station,
TX). All remaining analyses were performed using SAS 9.1 (SAS Institute, Cary, NC).

RESULTS
In the study 34 radiologists interpreted between 119 and 1,033 mammogram pairs on a total
of 11,755 postmenopausal women. Women were predominantly white (98%) with median
age of 66 years (interquartile range (IQR), 58–73 years) and median BMI of 26.6 kg/m2

(IQR, 23.4–30.7 kg/m2) (Table 1).

The distributions of BI-RADS density measures at first and second breast density
assessments were very similar, with approximately 9.5% of women placed in category 1 or
“almost entirely fat,” 60.5% in category 2 or “scattered fibroglandular densities,” 27.5% in
category 3 or “heterogeneously dense,” and 2.5% in category 4 or “extremely dense” (Table
2).

Similar total numbers of women were placed in each category at first and second
assessments, but the breast density of 22.8% of women was interpreted differently at first
and second readings. Of 1,156 women interpreted at first reading as category 1, at second
reading only 634 (54.8%) were interpreted as category 1 and 503 (43.5%) as category 2
(Table 2). Of 7,174 women interpreted at first reading as category 2, at second reading 5,932
(82.7%) were interpreted as category 2,430 (6.0%) as category 1, and 789 (11.0%) as
category 3. Of 3,126 women interpreted at first reading as category 3, at second reading
2,365 (75.7%) were interpreted as category 3 and 624 (20.0%) as category 2. Of 299 women
interpreted at first reading as category 4, at second reading 148 (49.5%) were interpreted as
category 4 and 132 (44.2%) as category 3. Percent agreement was higher for categories 1
and 4 (91.8% and 97.4%, respectively) than for categories 2 and 3 (79.7% and 85.6%,
respectively). First and second readings differed by more than one category for less than 1%
of women.

Overall, between the first and second breast density assessments, percent agreement was
77.2% (95% confidence interval (CI), 74.5–79.5%); simple kappa was 0.58 (95% CI, 0.55–
0.61), representing moderate agreement; and weighted kappa was 0.70 (95% CI, 0.68–0.73),
representing substantial agreement (Table 3). Percent agreement ranged from 62.1–87.4%
across individual radiologists, simple kappa ranged from 0.19–0.69, and weighted kappa
ranged from 0.21–0.79. Six of the 34 (18%) radiologists had only slight or fair agreement,
20 (59%) had moderate agreement, and 8 (24%) had substantial agreement. We saw no
evidence of an association between agreement and number of pairs of interpretations per
radiologist (Figure 1). Estimates of agreement for women whose BMI at first and second
density assessments differed by <1 kg/m2 (N = 6,446 women, 34 radiologists), by <2 kg/m2

(N = 8,489, 34 radiologists), and by <4 kg/m2 (N=9,648, 34 radiologists) were comparable
to those for overall agreement, as were estimates for women for whom both density
assessments were made before November 1, 2003 (N=8,269, 33 radiologists). Estimates of
agreement were slightly higher for women for whom both density assessments were made
after May 30, 2004 (N=1,623 women, 25 radiologists).

The median time between breast density assessments was 13.1 months (IQR, 12.2–15.5
months). Intra-rater agreement for interpretations of breast density varied little by time
between assessments (Table 3). When stratifying by age at first assessment, agreement was
substantial for each 5-year age group but decreased as age increased from 50–54 years
[weighted kappa = 0.77 (95% CI, 0.73–0.80)] to 70–74 years [weighted kappa = 0.65 (95%
CI, 0.60–0.69)]. Percent agreement ranged from 79.5% (95% CI, 76.9–82.0%) for women
aged 50–54 years to 75.9% (95% CI, 71.7–79.4%) for women aged 70–74 years.
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DISCUSSION
Our study found moderate to substantial overall intra-rater agreement, but wide variability
among radiologists in the reproducibility of their breast density measurements, with 18%
having only slight or fair agreement. Our study is the first to assess intra-rater agreement in
BI-RADS breast density measures in a large screening population where the basis for
agreement is two consecutive mammograms for individual women whose breast density is
expected to remain relatively stable. Therefore, our study is difficult to compare directly
with prior studies, which based reproducibility on repeat interpretations of the same
mammogram in a study setting.

Kerlikowske et al. [23] assessed intra-rater agreement of BI-RADS breast density among
community radiologists in a large screening population based on repeat interpretations of the
same mammogram. The authors reported substantial overall agreement, with simple kappa
equal to 0.72 (95% CI, 0.66–0.78). Our study found lower intra-rater agreement than did
Kerlikowske et al., which was based on a total of 790 BI-RADS density interpretations by
two radiologists who participated in two training sessions before the study, during which BI-
RADS terms were reviewed and interpretations were compared and discussed. Radiologists
in our study underwent no special training.

Ciatto et al. [26] reported an average intra-observer kappa of 0.71 based on 12 radiologists’
interpretations of 100 digitized mammograms from an existing test set. Simple kappa for
individual radiologists ranged from 0.32 to 0.88. Compared with Ciatto et al., our study
found a lower overall intra-observer agreement and a narrower range for individual
radiologists. This may be because in Ciatto et al., second interpretations followed first
interpretations by a median of only 10 days, with mammograms presented to radiologists in
the same order at the first and second interpretations, and with radiologists given ACR
recommendations for reporting breast density before interpreting.

Of interest in our study is the shift of BI-RADS assessments between categories. Breast
density tends to decrease in postmenopausal women by 1–2% per year [50], and for roughly
a third of women in our study the time between interpretations was between 13–18 months.
However, we observed an upward shift from category 1 to category 2 of 44%, and a shift
from category 2 to category 3 of 11%. This illustrates that shift in second interpretation in
these categories did not result from natural loss of breast density. In addition, almost half of
women assessed as category 4 at first interpretation shifted to category 3 at second
interpretation, further suggesting that breast density may be more likely interpreted
differently between mammograms due to individual radiologists’ misclassification and/or
inconsistency, rather than biological or visual change. Prior studies [20,51] assessing inter-
radiologist agreement of BI-RADS density have evidenced greatest agreement for
radiologists assessing the least dense and most dense categories of breast density. However,
we found that only about half of women interpreted as both extreme categories of 1 and 4 at
first assessment were interpreted as categories 1 and 4 at second assessment.

Of concern is how the radiologist defines each category of breast density. For example, the
ACR BI-RADS 4th edition defines category 1 as <25% glandular tissue. If breast density
approaches 25%, the same radiologist may interpret it as either category 1 or category 2 at
different times, without any actual change in density occurring. Because breast density is
assessed ordinally, we cannot know how much of the drift between categories is due to
biological change and how much to radiologist misclassification. If breast density were
interpreted predominantly as a continuous variable, these distinctions could be made more
easily. Only one automated quantitative measurement tool of breast density is currently
available for clinical use [54].
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Our study has several limitations. Breast density is generally reported because it can
influence accuracy, not because it is a breast cancer risk factor. Mammograms of dense
breasts have lower sensitivity and specificity than mammograms of fatty breasts [56,57].
How radiologists consider and report breast density may differ because of their primary goal
for reporting. Clinical practice dictates that each new mammogram is assessed for changes
in comparison to previous mammograms. On second mammogram, every radiologist in this
study has had at least one prior mammogram to refer to for individual women;
reproducibility may be expected to benefit from this practice, resulting in artificially inflated
agreement. Even so, agreement is lower in our study than in others. In addition, we could
not explore radiologists’ experience or volume of mammograms interpreted, both of which
may influence agreement. The study encompasses 11 years, during which technological
changes have occurred, possibly affecting the assessment of breast density. In addition, in
November 2003, the ACR added percent density to the descriptions of each BI-RADS
category, and this may have influenced how radiologists subsequently categorized density.
However, we found little difference between intra-rater agreement based on density
interpretations before and after the definition change. Lastly, our study assesses only intra-
rater agreement and is restricted to radiologists interpreting two or more mammograms for
the same woman; in clinical practice different radiologists may interpret a woman’s
mammograms over time. Estimates of both intra- and inter-radiologist agreement are needed
to determine whether clinically-determined BI-RADS breast density measurements are
useful for assessing breast cancer risk for individual women.

In conclusion, our study found individual community radiologists varied considerably in the
reproducibility of their BI-RADS breast density interpretations. Because breast density is a
notable risk factor for developing breast cancer and is beginning to be used in predicting
breast cancer risk for individual women, it is important to quantify it as accurately as
possible [27–29]. Our study results suggest that categories of BI-RADS breast density
should be defined more clearly and adhered to more rigorously if it is to be useful for
clinical purposes such as risk prediction.

A parallel step in continuing to improve the reproducibility of BI-RADS breast density is
continued monitoring of how community radiologists use the categories and, when
interpretation is found to be variable, implementation of educational and/or quality
assurance measures. Prior studies, in which radiologists received instruction regarding use of
BI-RADS density categories reported higher intra-rater agreement [23,26]. Given the wide
variability in agreement we observed among individual radiologists, it may be useful to
examine how much intra-radiologist agreement depends on radiologist characteristics. Such
information may be useful in identifying radiologists who are candidates for further training
regarding BI-RADS breast density assessment.
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Figure 1.
Simple kappa versus number of assessment pairs per radiologist.
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Table 1

Selected characteristics of women at first BI-RADS breast density assessment.

N %

11,755 100

Race

 White 11,522 98.0

 Non-white 219 1.9

 Missing 14 0.1

Age (years)

 50–54 1,364 11.6

 55–59 2,221 18.9

 60–64 1,884 16.0

 65–69 1,942 16.5

 70–74 1,889 16.1

 ≥75 2,455 20.9

Body mass index (kg/m2)

 <18.5 (underweight) 150 1.3

 18.5–24.9 (normal) 3,887 33.1

 25–29.9 (overweight) 3,646 31.0

 ≥30 (obese) 3,009 25.6

 Missing 1,063 9.0
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