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Introduction

Breast cancer is the second leading cause of cancer deaths 
among women.1 Breast density (BD), which is the “relative 
amount of radiopaque epithelial and stromal tissue elements 
compared with the amount of radiolucent fatty elements 
seen at mammography,”2 is an established breast cancer risk 
factor.2-7 Besides increasing cancer risk, high BD may mask 
lesions on mammography, decreasing its sensitivity as a 
screening tool.8,9 BD is classified according to the Breast 
Imaging Reporting and Data System (BI-RADS) developed 
by the American College of Radiology. BI-RADS has 4 BD 
categories—from least to most dense: (a) the breasts are 
almost entirely fatty, (b) there are scattered areas of fibroglan-
dular density, (c) the breasts are heterogeneously dense, which 

may obscure small masses, and (d) the breasts are extremely 
dense, which lowers the sensitivity of mammography.2 The 
categories are often dichotomized: a and b considered “non-
dense,” and c and d considered “dense.”2

In 2009, Connecticut became the first state to pass legis-
lation requiring patients with dense breasts on mammo-
grams be notified. The goal was to increase awareness and 
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Abstract
Purpose: Half of US states mandate women be notified if they have dense breasts on their mammogram, yet guidelines and 
data on supplemental screening modalities are limited. Breast density (BD) refers to the extent that breast tissue appears 
radiographically dense on mammograms. High BD reduces the sensitivity of screening mammography and increases breast 
cancer risk. The aim of this study was to determine the potential impact of California’s 2013 BD notification legislation 
on breast cancer screening patterns. Methods: We conducted a cohort study of women aged 40 to 74 years who were 
members of a large Northern California integrated health plan (approximately 3.9 million members) in 2011-2015. We 
calculated pre- and post-legislation rates of screening mammography and magnetic resonance imaging (MRI). We also 
examined whether women with dense breasts (defined as BI-RADS density c or d) had higher MRI rates than women 
with nondense breasts (defined as BI-RADS density a or b). Results: After adjustment for race/ethnicity, age, body mass 
index, medical facility, neighborhood median income, and cancer history, there was a relative 6.6% decrease (relative risk 
[RR] 0.934, confidence interval [CI] 0.92-0.95) in the rate of screening mammography, largely driven by a decrease among 
women <50 years. While infrequent, there was a relative 16% increase (RR 1.16, CI 1.07-1.25) in the rate of screening MRI, 
with the greatest increase among the youngest women. In the postlegislation period, women with extremely dense breasts 
(BI-RADS d) had 2.77 times (CI 1.93-3.95) the odds of a MRI within 9 months of a screening mammogram compared 
with women with nondense breasts (BI-RADS b). Conclusions: In this setting, MRI rates increased in the postlegislation 
period. In addition, women with higher BD were more likely to have supplementary MRI. The decrease in mammography 
rates seen primarily among younger women may have been due to changes in national screening guidelines.
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improve decision making regarding supplemental breast 
ultrasound and magnetic resonance imaging (MRI).10 
However, while BD legislation has been passed in at least 
25 other US states as of April 2016 (California in April 
2013), it is unclear how notification affects breast cancer 
detection and patient morbidity. Since 43% of US women 
40 to 74 years old have dense breasts, such legislation could 
have substantial public health impact.11

Only a few studies have examined changing clinical 
practices after BD legislation.12,13 Such information may 
influence guidelines and determine whether California leg-
islation will continue beyond 2019, the date for its repeal 
unless it is extended. Thus, this study’s purpose was to 
examine the impact of the California BD notification legis-
lation on rates of screening mammography and MRI, focus-
ing on the 2 years before and 2 years after BD legislation. 
The authors hypothesized that the postlegislation screening 
MRI rate would increase from the prelegislation rate.

Methods

Study Setting and Population

This retrospective cohort study analyzed women aged 40 to 
74 years enrolled in Kaiser Permanente Northern California 
(KPNC) in 2011-2015. KPNC is an integrated health care 
system serving 3.9 million enrollees that reflects the 
region’s underlying population, although it slightly under-
represents socioeconomic extremes. Study eligibility crite-
ria included 2 years of continuous KPNC enrollment 
without more than two 45-day gaps in membership. Women 
with a double mastectomy before the screening mammo-
gram or MRI were excluded. These criteria were chosen 
because of the recommended breast cancer screening age 
range at KPNC, and are similar to criteria for Healthcare 
Effectiveness Data and Information Set (HEDIS) measures. 
The study was approved by the KPNC Institutional Review 
Board in December 2015 (approval number CN-15-
2492-H). Informed consent and Privacy Rule authorization 
requirements were waived.

Databases

Information was collected from The Permanente Medical 
Group (TPMG) Breast Cancer Tracking System (BCTS) 
and patient medical records. Collected information included 
KPNC facility where the screening mammogram (hereafter 
referred to as mammogram) or screening MRI (hereafter 
referred to as MRI) was performed, patient age at end of 
each 2-year period, body mass index (BMI) closest to end 
of each 2-year period, race/ethnicity, neighborhood median 
family income (using census block address) at end of each 
2-year period, double mastectomy and breast cancer history 
prior to mammogram or MRI, and BD (BI-RADS fifth 

edition). Screening mammograms were designated with 
Current Procedural Terminology (CPT) code 77057. 
Screening MRIs utilized codes 77058 and 77059, and were 
classified as “screening” by BCTS clinicians. For mastec-
tomy history, International Classification of Diseases, 9th 
revision (ICD-9) codes for bilateral mastectomy procedure 
(85.42, 85.44, 85.46, 85.48) and 2 unilateral mastectomy 
procedures done on different days (85.41, 85.43, 85.45, 
85.47) as well as CPT codes (19180, 19182, 19200, 19220, 
19240, 19303-7) were used.

Screening Rates

For most of 2011-2015, screening mammography in KPNC 
was recommended every 1 to 2 years for women aged 40 to 
74 years, while screening MRI was recommended as an 
adjunct for those at high genetic risk. After August 2014, 
KPNC guidelines were modified to mammography every 1 
to 2 years for women aged 50 to 74 years, while decision 
making between the patient and physician was recom-
mended for women aged 40 to 49 years. In these guidelines, 
BD category did not affect screening recommendations. To 
calculate changes in screening practices, a 2-year prelegis-
lation period from April 2011 to March 2013 was compared 
with the 2-year postlegislation period from April 2013 to 
March 2015. Women were only counted once for each 
2-year period.

Statistical Methods

Crude rates of mammography and MRI were compared in 
pre- and post-legislation periods using chi-square tests. To 
determine screening trends after adjusting for race, age, 
BMI, neighborhood median income, medical facility, and 
cancer history, Poisson regression estimates were used to 
calculate relative risk comparing mammography and MRI 
rates in both periods. A separate Poisson model with an 
interaction term for legislation period and age was included 
to determine age group–specific rate change from pre- to 
postlegislation period. Nesting of patients within medical 
facilities was accounted for using a generalized estimating 
equation with a robust sandwich covariance estimator. 
Bivariate comparisons of BD frequencies by demographic 
characteristics were analyzed using chi-square tests. To iso-
late the effect of legislation on the likelihood of supplemen-
tal MRI, multivariable logistic regression was used to 
estimate an odds ratio of MRI within 9 months of mammo-
gram in the prelegislation period versus the postlegislation 
period. When BD data became available during the post-
legislation period, multivariable logistic regression was 
used to estimate an odds ratio of MRI within 9 months of 
mammogram among each BI-RADS BD category. The 
logistic regression model similarly adjusted for race, age, 
BMI, neighborhood median income, medical facility, and 
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cancer history, and used a robust sandwich covariance esti-
mator to allow for repeated subjects within medical facili-
ties. Statistical analyses were done using SAS 9.3 (SAS 
Institute, Cary, NC). An alpha of 0.05 was considered statis-
tically significant.

Results

Mammogram and MRI Screening Rates

The number of eligible women increased from the prelegis-
lation period (April 2011 to March 2013) to the postlegisla-
tion period (April 2013 to March 2015), from 614 663 to 
631 478. The number of women with a mammogram who 
met inclusion criteria decreased in the postlegislation 
period, from 506 400 to 487 365 while the number of women 
with an MRI increased from 743 to 872.

Table 1 shows total and demographic-specific counts 
and crude rates of mammograms and MRIs. There was a 
decrease in mammogram rate from 82.4% (95% CI 82.3%-
82.5%) prelegislation to 77.2% (95% CI 77.1%-77.3%) 
postlegislation (P < 0.001). This decreasing trend was sta-
tistically significant for all race, age, BMI, and neighbor-
hood median income–specific rates, except women aged 70 
to 74 years (significant increase, P < 0.001). During the 
same period, the rate of MRI increased from 12.1 per 10 000 
women (95% CI 11.2-13.0) to 13.8 per 10 000 women (95% 
CI 12.9-14.7) (P = 0.008). There were statistically signifi-
cant increases in MRI rates for Asian and white women, 
women aged 42 to 44 years, women with normal BMI, and 
women living in neighborhoods with a median family 
income of $60 000 to <$90 000 or more than $120 000.

Table 2 lists relative risks (RRs) comparing mammo-
gram and MRI rates in the postlegislation period relative to 

Table 1. Total and demographic-specific counts and crude rates of screening mammograms and MRIs.

No. (Percent) of Women With Screening 
Mammogram

No. (Rate per 10 000 Women) With Screening 
MRI

 Pre (N = 614 663) Post (N = 631 478) Pa Pre (N = 614 663) Post (N = 631 478) Pa

Total no. (percent or rate) 506 400 (82.4) 487 365 (77.2) <.001 743 (12.1) 872 (13.8) .008
Age (years)
 42-44 45 259 (77.3) 35 091 (60.7) <.001 67 (11.4) 98 (17.0) .01
 45-49 78 735 (79.9) 62 723 (64.2) <.001 142 (14.4) 152 (15.6) .51
 50-54 89 192 (82.0) 83 589 (77.8) <.001 165 (15.2) 182 (16.9) .30
 55-59 89 610 (83.1) 87 624 (80.9) <.001 142 (13.2) 166 (15.3) .18
 60-64 85 205 (84.5) 84 582 (83.0) <.001 96 (9.5) 119 (11.7) .14
 65-69 70 631 (86.7) 77 862 (84.7) <.001 88 (10.8) 97 (10.6) .88
 70-74 47 768 (81.3) 55 894 (84.0) <.001 43 (7.3) 58 (8.7) .38
Race
 White 278 286 (83.0) 263 802 (78.2) <.001 488 (14.6) 577 (17.1) .009
 Asian 85 536 (83.4) 85 771 (77.8) <.001 94 (9.2) 146 (13.2) .005
 Black 38 838 (81.9) 36 856 (76.6) <.001 37 (7.8) 29 (6.0) .30
 Hispanic 73 865 (83.9) 72 904 (77.6) <.001 82 (9.3) 83 (8.8) .73
 Native American 2270 (76.4) 2209 (73.7) .02 2 (6.7) 2 (6.7) .99
BMI (kg/m2)
 <18.5 5835 (77.4) 6165 (74.1) <.001 16 (21.2) 20 (24.0) .71
 18.5-24.9 164 016 (86.1) 157 829 (80.7) <.001 345 (18.1) 427 (21.8) .01
 25-29.9 152 900 (86.7) 147 060 (81.5) <.001 205 (11.6) 235 (13.0) .23
 30-39.9 135 563 (85.8) 130 707 (80.1) <.001 156 (9.9) 160 (9.8) .95
 40+ 32 778 (81.8) 31 214 (75.3) <.001 18 (4.5) 17 (4.1) .79
Median incomeb ($)
 <30 000 10 015 (77.6) 9759 (72.8) <.001 9 (7.0) 11 (8.2) .72
 30 000-<60 000 91 178 (79.8) 87 275 (74.6) <.001 91 (8.0) 86 (7.4) .60
 60 000-90 000 160 976 (82.3) 155 281 (76.7) <.001 185 (9.5) 233 (11.5) .05
 90 000<120 000 131 901 (83.4) 128 204 (78.3) <.001 217 (13.7) 251 (15.3) .23
 120 000+ 103 708 (84.6) 99 928 (79.6) <.001 225 (18.3) 275 (21.9) .05

Abbreviations: MRI, magnetic resonance imaging; Pre, prelegislation (April 2011 to March 2013); Post, postlegislation (April 2013 to March 2015); BMI, 
body mass index.
aChi-square test to compare pre- and post-legislation rates. Values in boldface indicate statistical significance.
bMedian income = census block median family income.



58 Journal of Primary Care & Community Health 8(2)

the prelegislation period. After adjustment for race/ethnic-
ity, age, BMI, neighborhood median income, medical facil-
ity, and cancer history, there was a relative 6.6% decrease 
(RR 0.934, CI 0.92-0.95) in the mammogram rate and a 
relative 16% increase (RR 1.16, CI 1.07-1.25) in the MRI 
rate (Ps < 0.001). Age group specific change in mammogra-
phy rates, determined using an interaction term between 
legislative period and age, varied substantially; there was a 
modest, if any, reduction in rates among women aged 55 
years and older. In contrast, the increase in MRI screening 
rates postlegislation appeared to be greatest among women 
in their early 40s.

Breast Density Patterns

Figure 1a-d shows, respectively, frequencies of BD catego-
ries overall, by race/ethnicity, by age, and by neighborhood 
median income. When BD categories were collapsed into 2 
groups, the overall distribution became 58% not dense and 
42% dense. Categorical frequencies stratified by age and 
BMI (not shown) revealed inverse relationships between 
each variable with BD, whereas BD frequencies stratified 
by neighborhood median income revealed a direct relation-
ship. BD patterns were significantly different across race, 
age, BMI, and neighborhood median income (Ps < 0.001).

MRI Within 9 Months of Screening 
Mammogram

Table 3 shows select adjusted odds ratios (ORs) for having 
MRI within 9 months of mammogram. There was a 46% 
increase (OR 1.46, CI 1.30-1.64) in the odds of MRI 
within 9 months of mammogram pre- to postlegislation. ORs 
decreased with increasing age and BMI, increased with 

increasing neighborhood median income, and were lower in 
non-white women. In the postlegislation period, women who 
had dense breasts had 2.08 times (CI 1.769-2.46) or 2.77 
times (CI 1.93-3.97) (category c or d, respectively) the odds 
of having a MRI within 9 months of a mammogram com-
pared with women in category b (also shown in Figure 2).

Discussion

To our knowledge, this is the first study to quantitatively 
examine how breast cancer screening practices have changed 
since the California BD notification legislation went into 
effect. KPNC screening mammography rates were consis-
tently higher than average commercial, Medicaid, and 
Medicare screening rates reported to HEDIS.14 The study’s 
distribution of BD categories stratified by demographic vari-
ables resemble what has been reported for the US female 
population.11,15,16 In the 2 years after BD notification legisla-
tion went into effect, screening mammography decreased 
slightly, although this was largely limited to women younger 
than 50 years. In contrast, rates of MRIs appeared to increase 
for most age groups, but was greatest among the youngest 
women. Higher BD was associated with supplemental MRI, 
suggesting that observed increases in MRI screening rates 
could have been associated with BD legislation. Because we 
did not have prelegislation BD, we could not examine 
whether increases in screening MRIs from the pre- to post-
legislation period were limited to women with dense breasts.

Other studies found increased supplementary screening 
subsequent to BD legislation. At a single community hospi-
tal in New Jersey, Sobotka and Hinrichs12 found follow-up 
breast ultrasound utilization increased 176% to 336% over 
1 year. Meanwhile, Mason et al13 at Baylor University in 
Texas found a 23-fold increase in supplementary MRIs in 

Table 2. Multivariable Relative Risks Comparing Postlegislation With Prelegislation Screening Mammogram and MRIa Rates.

Screening Mammogram Screening MRI

 Rate Ratio (95% CI) Pa Rate Ratio (95% CI) Pa

Model 1: Post-/pre-legislationb 0.93 (0.92-0.95) <.001 1.16 (1.07-1.25) <.001
Model 2: Post-/pre-legislation among age groupsc

 42-44 0.79 (0.77-0.80) <.001 1.51 (1.30-1.75) <.001
 45-49 0.80 (0.78-0.83) <.001 1.08 (0.79-1.49) 0.61
 50-54 0.95 (0.93-0.96) <.001 1.13 (0.84-1.52) 0.43
 55-59 0.97 (0.96-0.99) 0.002 1.16 (1.01-1.34) 0.04
 60-64 0.98 (0.97-0.99) 0.005 1.22 (0.97-1.55) 0.09
 65-69 0.98 (0.97-0.99) <.001 1.00 (0.82-1.23) 0.97
 70-74 1.03 (1.02-1.04) <.001 1.14 (0.74-1.76) 0.55

Abbreviations: MRI, magnetic resonance imaging.
aValues in boldface indicate statistical significance.
bCalculated from Poisson regression model parameters, where model adjusts for post-/pre-legislation period, age, race, body mass index, neighborhood 
income, medical facility, cancer history. Generalized estimating equation model accounts for nesting within medical facilities.
cPoisson regression generalized estimating equation model with same variables as above plus interaction terms interacting post-/pre-legislative period 
with age group (years). Relative risks show age group–specific relative change post-/pre-legislation.



Chau et al 59

the 2-year period after BD legislation went into effect. In 
contrast to these 2 facility-specific studies, our study 
encompassed an entire region of California served by a sin-
gle health plan.

Our study had additional limitations. It was conducted in 
an insured population, and results may not be generalizable 
to other settings. The study was limited to a 4-year period 
based on available data, but this may have been too short a 
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time period to expect substantial behavior change, especially 
since studies have demonstrated low awareness of BD legis-
lation among both physicians and patients.4,17 Information 
on other predictors of screening (such as individual-level 
socioeconomic status, MRI access, and physician training) 
was unavailable. Technology updates and increased accept-
ability of screening MRI among physicians could contribute 
to increased screening MRI rates. There may have been mis-
classification of screening versus diagnostic imaging, which 
depends on the radiologist’s interpretation of provided clini-
cal information. Lastly, while BI-RADS for BD is used 

routinely in clinical care, it relies on radiologists’ visual esti-
mation and can be subjective.18

An unexpected result was the decrease in KPNC screen-
ing mammography rates. While the age at initiation of breast 
cancer screening began shifting from age 40 to 50 years due 
to US Preventive Services Task Force (USPSTF) recom-
mendations in 2009,19 KPNC guidelines continued to rec-
ommend screening for women in their 40s until 2014. These 
recommendation changes may explain reduced screening 
mammography among women aged 40 to 49 years, but little 
if any decrease among women 50 years and older.

Table 3. Selected Odds Ratios Indicating Odds of Having Screening MRI Within 9 Months of Screening Mammogram.

Model 1a: Data From Pre and 
Postlegislation Periods

Model 2b: Data From Postlegislation Period 
Only

 Odds Ratio (95% CI) Pc Odds Ratio (95% CI) Pc

Post vs pre period 1.46 (1.30-1.64) <.001 NA  
Breast density NA  
 Entirely fatty 0.76 (0.49-1.20) .24
 Scattered density 1.00 (Reference) —
 Heterogeneously dense 2.08 (1.76-2.46) <.001
 Extremely dense 2.77 (1.93-3.97) <.001
Age (years)
 42-44 2.25 (1.83-2.76) <.001 2.47 (1.91-3.20) <.001
 45-49 1.76 (1.38-2.26) <.001 1.88 (1.33-2.65) <.001
 50-54 1.57 (1.29-1.92) <.001 1.52 (1.10-2.11) 0.01
 55-59 1.00 (Reference) — 1.00 (Reference) —
 60-64 0.58 (0.43-0.78) <.001 0.62 (0.46-0.84) 0.002
 65-69 0.45 (0.32-0.63) <.001 0.48 (0.31-0.73) <.001
 70-74 0.25 (0.19-0.32) <.001 0.28 (0.19-0.42) <.001
Race
 White 1.00 (Reference) — 1.00 (Reference) —
 Asian 0.43 (0.37-0.53) <.001 0.43 (0.33-0.56) <.001
 Black 0.54 (0.42-0.69) <.001 0.38 (0.24-0.62) <.001
 Hispanic 0.61 (0.52-0.70) <.001 0.60 (0.48-0.75) <.001
 Native American 0.51 (0.15-1.67) .26 0.85 (0.25-2.87) .79
BMI (kg/m2)
 <18.5 1.35 (0.81-2.25) .26 1.07 (0.56-2.02) .84
 18.5-24.9 1.00 (Reference) — 1.00 (Reference) —
 25-29.9 0.62 (0.55-0.70) <.001 0.71 (0.60-0.85) <.001
 30-39.9 0.49 (0.40-0.60) <.001 0.65 (0.51-0.83) <.001
 40+ 0.18 (0.10-0.32) <.001 0.18 (0.10-0.32) <.001
Median incomed ($)
 <30 000 0.87 (0.51-1.47) .60 1.03 (0.54-1.97) .92
 30 000-<60 000 0.86 (0.63-1.17) .33 0.77 (0.56-1.04) .09
 60 000-<90 000 1.00 (Reference) — 1.00 (Reference) —
 90 000-<120 000 1.19 (1.07-1.34) .002 1.13 (0.90-1.41) .30
 120 000+ 1.49 (1.25-1.77) <.001 1.35 (1.09-1.68) .006

Abbreviations: MRI, magnetic resonance imaging; BMI, body mass index.
aLogistic regression model adjusting for age, race, BMI, neighborhood median income, medical facility, and cancer history. Odds ratio estimates for 
medical facility and cancer history not shown.
bLogistic regression model adjusting for breast density, age, race, BMI, neighborhood median income, medical facility, cancer history. Generalized estimating 
equation model allowed for nesting of individuals within medical facility. Odds ratio estimates for medical facility and cancer history not shown.
cValues in boldface indicate statistical significance.
dMedian income = census block median family income.
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In their latest guidelines, the USPSTF and the National 
Comprehensive Cancer Network state there is insuffi-
cient evidence to establish screening recommendations 
for women with dense breasts.15,20 Although some stud-
ies have examined BD awareness and legislation,4,12,21 
research about effects on clinical practice is limited. More 
studies based on clinical algorithms and cost-effectiveness 
analyses of supplemental screening methods are needed, 
so that evidence-based policies and recommendations 
can guide health providers as they counsel patients with 
dense breasts.
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