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 Background Screening mammography utilization in Vermont has declined since 2009 during a time of changing screening 
guidelines and increased interest in personalized screening regimens. This study evaluates whether the breast 
cancer risk distribution of the state’s screened population changed during the observed decline.

 Methods We examined the breast cancer risk distribution among screened women between 2001 and 2012 using data from 
the Vermont Breast Cancer Surveillance System. We estimated each screened woman’s 5-year risk of breast can-
cer using the Breast Cancer Surveillance Consortium risk calculator. Annual screening counts by risk group were 
normalized and age-adjusted to the Vermont female population by direct standardization.

 Results The normalized rate of low-risk (5-year breast cancer risk of <1%) women screened increased 8.3% per year (95% 
confidence interval [CI] = 4.8 to 11.9) between 2003 and 2008 and then declined by −5.4% per year (95% CI = −8.1 
to −2.6) until 2012. When stratified by age group, the rate of low-risk women screened declined −4.4% per year 
(95% CI = −8.8 to 0.1; not statistically significant) for ages 40 to 49 years and declined a statistically significant 
−7.1% per year (95% CI = −12.1 to −2.0) for ages 50 to 74 years during 2008 to 2012. These declines represented the 
bulk of overall decreases in screening after 2008, with rates for women categorized in higher risk levels generally 
exhibiting small annual changes.

 Conclusions The observed decline in women screened in Vermont in recent years is largely attributable to reductions in screen-
ing visits by women who are at low risk of developing breast cancer.

  JNCI J Natl Cancer Inst (2014) 106(8): dju157 doi:10.1093/jnci/dju157

Screening mammography reduces mortality from breast cancer 
through early detection (1); however, there is disagreement about 
optimal screening regimens (2,3). This is in part because of new 
evidence concerning the harms and benefits of mammography 
(4), including concerns regarding overdiagnosis (5). Especially for 
women aged less than 50 years (6), these concerns have led to an 
emphasis on individualized decision-making approaches to screen-
ing participation and interval (7,8).

Risk-based approaches to breast cancer screening have been 
increasingly emphasized in recent years (7,9–12). This trend has 
paralleled the 2009 US Preventive Services Task Force (USPSTF) 
recommendation that the decision to screen before age 50 years 
should be based on individual factors and patient context (13), and 
the American Cancer Society’s 2007 recommendation that mam-
mography should be supplemented with magnetic resonance imag-
ing for high-risk women of any age (14). Health-care providers use 
a wide variety of risk assessment strategies (15), with family history 
used as the predominant clinical discriminant (16–18). Additionally, 
both patients and providers can quantitatively assess the individ-
ual risk of developing breast cancer within 5  years using online 

calculators that implement the Breast Cancer Risk Assessment Tool 
model and the more recent Breast Cancer Surveillance Consortium 
(BCSC) model, which also includes mammographic breast density 
(19–22).

Patient utilization of screening mammography is known to vary 
by personal breast cancer risk (23–25), as well as by a number of 
factors, including educational attainment, health-care access, and 
community socioeconomic status (26–31). However, it is not clear 
how the risk profile of women using screening mammography has 
changed during the recent period of changing screening guidelines, 
scientific debate, and media controversy.

We previously reported a decline in breast cancer screening 
rates in Vermont after the 2009 USPSTF recommendations using 
a statewide mammography registry (32). The purpose of this study 
was to evaluate whether the breast cancer risk distribution of the 
screened population in Vermont has changed during the observed 
decline in utilization. Using a cross-sectional analysis of state-
wide registry data, we examined the distribution of breast cancer 
risk among the screened population in Vermont between 2001 
and 2012.

mailto:brian.sprague@uvm.edu?subject=
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Methods
Data
The Vermont Breast Cancer Surveillance System has collected 
longitudinal patient data regarding mammography screening 
and breast cancer outcomes in Vermont since 1994. It is part of 
both the National Cancer Institute’s BCSC (33) and the recently 
formed Population-based Research Optimizing Screening through 
Personalized Regimens program. At each screening mammography 
visit to any breast imaging facility in Vermont, the patient com-
pletes a standardized questionnaire that includes health history and 
demographic information. Radiologists and mammography tech-
nologists provide information on the clinical mammography find-
ings and the reason for the visit. This study was Health Insurance 
Portability and Accountability Act compliant and was approved 
by the University of Vermont Institutional Review Board with a 
waiver of informed consent. Approximately 5% of the women in 
the Vermont Breast Cancer Surveillance System indicated that they 
did not wish their data to be used in research through an opt-out 
mechanism and were thus excluded from the study.

Study Population
Our sample consists of women aged 40 to 74 years who had screen-
ing mammography examinations in Vermont between 2001 and 
2012. Data from one imaging facility (representing approximately 
11% of the mammograms performed in Vermont) was excluded 
because of incomplete data during the study period. Mammography 
examinations of women reporting a personal history of breast can-
cer (n = 28 610), breast augmentation (n = 4954), or race/ethnic-
ity of Native American (n = 1295) were excluded from the study 
because the BCSC risk model is not validated for those groups (34). 
In instances of women who received multiple screening examina-
tions within a calendar year, the first mammogram was retained 
and subsequent examinations excluded (n = 2234) so that the sam-
ple is restricted to one screening mammography visit per woman 
per year. The total sample for all years included 588 429 screening 
mammography examinations among 121 473 individual women.

Measuring Individual Breast Cancer Risk
We used the BCSC risk model in SAS software version 9.3 (SAS 
Institute, Cary, NC) to assess a woman’s 5-year risk for breast can-
cer at the time of each recorded mammogram (21,34). The model 
calculates an individual’s risk of developing breast cancer based 
on the following variables: age, breast density as defined by the 
American College of Radiology Breast Imaging Reporting and 
Data System (BI-RADS) (35), first-degree family history of breast 
cancer, history of biopsy, and race/ethnicity. The resultant risk 
scores were grouped according to the following risk categories: 
low (<1%), average (1%–1.66%), intermediate (1.67%–2.49%), 
high (2.5%–3.99%), and very high (≥4%) (36).

Statistical Analyses
Our analyses were based on cross-sectional comparisons of 
screened women across calendar years. A number of our variables 
of interest had missing data (Table 1). We created 10 imputed data-
sets using multivariable imputation by chained equations in Stata 
software version 13 (StataCorp, College Station, TX). This method 

generates imputed values based on a set of individual imputation 
models respective to each variable with missing observations (37).

The imputation model included all variables in Table 1, in addi-
tion to height, weight, age at menarche, age at first birth, and year 
of screening (37). Missing data was similarly distributed across risk 
categories within each of the BCSC risk model input variables, with 
the exception of a modestly elevated percentage of missing density 
data for women categorized as high risk (25% missing vs 13%–
18% missing for other risk groups). The model used augmented 
regression to manage cases of perfect prediction for the density 
variable, a common occurrence with categorical variables (38). The 
screening frequencies and standard errors of imputed variables, as 
well as the average annual BCSC risk scores, were combined across 
imputed datasets obtained using Rubin’s rules (39,40).

Annual population denominators of Vermont women by age 
were obtained from the US Census intercensal estimates for 2001 
to 2009 and the postcensal estimates for 2010 to 2012 (41). The 
health service area (42) for the excluded imaging facility consists 
of a single county; thus we excluded that county from the state-
wide population counts. We used the Census data to normalize and 
age-adjust the count of annual mammography screenings in each 
risk group by direct standardization to account for the state’s grow-
ing representation of older ages over time. The annual age-specific 
counts of screened women in each risk group were divided by the 
age-specific Vermont female population in that year, and the result-
ant rates were combined within risk groups by age-adjustment to 
the 2001 to 2012 Vermont female population.

Joinpoint regression analyses were performed using software 
available from the National Cancer Institute (43). The models 

Table  1. Characteristics of women undergoing screening mam-
mography, Vermont 2001 to 2012

Variable Observed No. (%)

Total screening mammograms 588 429 (100)
Age, y
 40–49 188 183 (32.0)
 50–59 212 611 (36.1)
 60–69 141 994 (24.1)
 70–74 45 641 (7.8)
 Missing 0 (0.0)
Mammographic breast density
 Almost entirely fat 71 649 (12.2)
 Scattered fibroglandular densities 228 364 (38.8)
 Heterogeneously dense 164 604 (28.0)
 Extremely dense 25 483 (4.3)
 Missing 98 329 (16.7)
First-degree family history
 No 449 556 (76.4)
 Yes 92 161 (15.7)
 Missing 46 712 (7.9)
Biopsy history
 No 425 461 (72.3)
 Yes 123 182 (20.9)
 Missing 39 786 (6.8)
Race/ethnicity
 White, non-Hispanic 563 025 (95.7)
 Black, non-Hispanic 1535 (0.3)
 Asian 3736 (0.6)
 Hispanic 9337 (1.6)
 Missing 10 796 (1.8)
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used weighted least squares regression, with calendar year as the 
independent variable and the natural logarithm of the age-adjusted 
normalized utilization rate as the dependent variable. The analyses 
identified the lines of best fit using a sequence of permutation tests, 
and we used a maximum of two joinpoints, which identified statisti-
cally significant changes in trend at the P less than .05 level. The 
model also estimated annual percentage change (APC) between 
points. The directional sign (+/−) and 95% confidence interval of 
each APC is reported and, using a two-sided test, the APC is con-
sidered statistically significant if the confidence interval does not 
include zero (44).

results
As presented in Table  2, the age-adjusted annual breast cancer 
screening utilization rate of women aged 40 to 74 years climbed 
from 38.7% (95% confidence interval [CI] = 38.4 to 39.3) in 2001 to 
42.5% (95% CI = 42.2 to 42.7) in 2008 and then declined to 37.5% 
(95% CI = 37.3 to 37.8) in 2012. For women aged 40 to 49 years, 
the utilization rate peaked in 2008 at 38.5% (95% CI  =  38.0 to 
38.9) and then declined to a 12-year low of 33.0% (95% CI = 32.5 
to 33.5) in 2012. For women aged 50 to 74 years, the utilization 
rate also peaked in 2008 at 44.7% (95% CI = 44.4 to 45.1), before 
declining to 40.1% (95% CI = 39.7 to 45.4) in 2012.

Among women aged 40 to 74 years obtaining a screening mam-
mogram, the individual 5-year risk of developing breast cancer 
varied between an average of 1.61% in 2003 (95% CI = 1.60 to 
1.62) and 1.44% in 2008 (95% CI = 1.44 to 1.45). After a period 
of decline in risk scores between 2003 and 2008, average risk 
increased to 1.58% (95% CI = 1.57 to 1.59) in 2012. As seen in 
Table 2, there were similar trends in the average risk for women in 
each age group.

Figure 1A shows normalized utilization rates by BCSC risk cat-
egory among women aged 40 to 74 years between 2001 and 2012. 
The normalized rate of women categorized as low risk (<1% 5-year 
risk) climbed at an APC of 8.3 (95% CI  =  4.8 to 11.9) between 
2003 and 2008, then declined at an APC of −5.4 (95% CI = −8.1 
to −2.6) until 2012. Rates for women categorized as average risk 
(1%–1.66% 5-year risk) saw no changes in trend, with a level APC 
of 0.2 (95% CI = −0.4 to 0.7) between 2001 and 2012. For women 
who were categorized as intermediate risk (1.67%–2.49% 5-year 
risk) and high risk (2.5%–3.99% 5-year risk), small yet steady and 
statistically significant declines in rates were observed through-
out the study period, with the former exhibiting an APC of −1.5 
(95% CI = −2.0 to −0.9) and the latter exhibiting an APC of −2.1 
(95% CI  =  −3.0 to −1.2). There were no statistically significant 
APCs among normalized rates for very high–risk women (≥4% 
5-year risk).

The results of analyses stratified by age group (40–49 and 
50–74 years) are shown in Figure 1, B and C. Throughout the study 
period, the majority of women screened in the group aged 40 to 
49 years were categorized as low risk (Figure 1B). From 2004 to 
2008, the normalized rate of women identified each year as low 
risk climbed, with an APC of 5.8 (95% CI  =  −1.8 to 13.9), and 
then declined between 2008 and 2012 with a non-statistically sig-
nificant APC of −4.4 (95% CI = −8.8 to 0.1). Moderate declines in 
the normalized rates of women identified as average (APC = −1.2; 

95% CI = −1.9 to −0.5) and intermediate risk (APC = −2.3; 95% 
CI = −3.5 to −1.1) occurred over the course of the full study period. 
Women categorized as high or very high risk in the group aged 
40−49 years represent a very small proportion (<1%) of each annual 
sample, and they exhibited no statistically significant changes in 
utilization trends throughout the study period.

Most women screened in the group aged 50 to 74 years were 
identified each year as average or intermediate risk (Figure  1C). 
Women categorized as average risk exhibited a non-statistically 
significant increase in their normalized rate between 2003 and 
2007 (APC = 3.5, 95% CI = −2.4 to 9.9) and then a modest decline 
until 2012 (APC = −1.1; 95% CI = −3.4 to 1.2). The rates of women 
screened at intermediate (APC = −1.3; 95% CI = −1.9 to −0.8) and 
high risk (APC = −2.0; 95% CI = −2.9 to −1.1) declined modestly 
across the study period. Women identified as low risk saw the most 
variation in their annual rates of screening. The low-risk category 
climbed at an APC of 13.7 (95% CI = 6.4 to 21.5) from 2003 to 
2008 and then subsequently declined at a statistically significant 
APC of −7.1 (95% CI = −12.1 to −2.0) between 2008 and 2012.

Discussion
The decline in screening utilization in Vermont is largely attribut-
able to decreases in screening examinations for low-risk women. 
Since 2008, the normalized utilization rate declined annually by 
−5.4% (95% CI = −8.1 to −2.6) among low-risk women, whereas 
average- and higher-risk groups experienced relatively little change.

Although age is a strong determinant of breast cancer risk 
(15,45), our results indicate that the decline in utilization among 
low-risk women after 2008 is not solely explained by decreases 
in screening participation by younger women or the underlying 
population changes in Vermont’s age structure. In analyses strati-
fied by age group, we observed that a decline in the normalized 
rate of screened, low-risk women occurred in both the group aged 
40 to 49 years and the group aged 50 to 74 years, accounting for 
a majority of the overall reduction in screening utilization in each. 
Notably, this decline in screening for women at low risk was greater 
in magnitude in the group aged 50 to 74 years. For the group aged 
40 to 49 years, women categorized as average or intermediate risk 
exhibited steady declines in normalized screening levels over the 
course of the study period, whereas women at low risk exhibited a 
statistically significant change in trend in 2008.

There are a number of recent studies that characterize breast 
cancer risk among screened women (6,21,45–49); however there 
has been little examination of trends in risk over time. Strengths 
of our study include both the availability of long-term data and a 
reliance on medical record dates, which provide a more accurate 
representation of screening attendance than self-reported behavior 
(50). Additionally, the incorporation of multiple breast cancer risk 
factors into one index allows for a more comprehensive quantifica-
tion of risk than relying on any single factor (21) and represents 
a readily available measurement of risk as opposed to a patient’s 
genetic predisposition.

Nevertheless, certain limitations to this study should be consid-
ered. Although we have observed a decline in the normalized levels 
of low-risk women receiving mammography screening, we cannot 
assess the decision-making processes that have influenced this trend. 
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We are also unable to assess in detail economic influences related to 
the 2007 to 2009 recession. Within Vermont, unemployment rose 
from 4.1% in January 2008 to a peak of 7.2% in mid-2009, then 
declined to 4.6% by the end of 2012 (51). Health insurance cover-
age for Vermont women aged 40 to 74  years remained relatively 
high throughout the period studied, fluctuating between 93% and 
95% (52). Thus it does not appear that the economic recession or 
changes in health insurance coverage can explain the observed trends 
in screening after 2009. It is also not possible to know whether the 

breast cancer risk distribution of the state population has changed 
over time; however, it seems unlikely that clinical risk factors 
would have substantially done so in the past 5 years. In addition, 
the observed trends in risk could have been impacted by changes 
in assessment of breast density, which is a risk factor in the BCSC 
risk model. The distribution of breast density has historically fluc-
tuated in Vermont, in part because of changes in BI-RADS density 
assessment practices (35), as well as the subjectivity of practitioner 
interpretation (53). Between 2003 and 2008, there was an upward 

Figure  1. Normalized rates of screened women in each 5-year Breast 
Cancer Surveillance Consortium (BCSC) risk category, 2001 to 2012. A) 
Ages 40 to 74 years. B) Ages 40 to 49 years. C) Ages 50 to 74 years. 
To find the normalized rate, the annual age-specific counts of screened 
women in each risk group were divided by the age-specific Vermont 

female population in that year, and the resultant rates were combined 
within risk groups by age-adjustment to the 2001 to 2012 Vermont 
female population. Five-year BCSC risk score categories: low (<1%), 
average (1%–1.66%), intermediate (1.67%–2.49%), high (2.5%–3.99%), 
and very high (≥4%).
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trend of women with almost entirely fatty breasts screened in the 
state, reflecting changes in reporting that were responsive to the 
American College of Radiology’s fourth edition BI-RADS Breast 
Imaging Atlas (35). Across the wider BCSC, density reporting has 
remained generally unchanged since 2003 (54). Because most of the 
associated variation in breast density reporting in Vermont occurred 
before 2008, outside influences on density reporting do not appear 
to explain the declining mammography utilization rates for women 
categorized as low risk between 2008 and 2012. Furthermore, 
although there may be temporal variation in breast density meas-
urement trends, its use as a clinical factor in assessing risk has gained 
traction in recent years (55), as evidenced by the national advocacy 
movement for legally requiring providers to report density findings 
(56). Given the dependence of risk assessment on a factor that can 
be subject to changes in reporting, some caution is needed when 
analyzing changes in the distribution of risk over time, especially at 
subnational scales. This will remain important in the coming years 
as the density distribution may adjust to the parameters of the newly 
released fifth edition of the BI-RADS Atlas (54). Finally, the use of 
the BCSC risk model does not account for all contributors to breast 
cancer risk, such as paternal inheritance or other genetic factors.

Our findings raise a number of questions and considerations 
regarding a patient’s decision to screen. Although any individual’s 
motivation for seeking screening is complex and not addressed 
directly here, the wide variation in screening exams for women at 
low risk between 2003 and 2012 may be an indicator that low-risk 
patients of any age are more responsive to the public discourse 
and guidance for breast cancer screening. The climb in utilization 
observed before the new USPSTF guidelines may in part reflect 
their 2002 guidelines that were inclusive of a large age range, as well 
as earlier public health efforts to maximize screening. Utilization 
rates among low-risk women showed the greatest magnitude 
increases during that time. Meanwhile, demand for mammography 
screening may be less variable among women who perceive them-
selves at higher risk. There is some evidence that self-perceived risk 
is associated with guideline adherence and more frequent mammog-
raphy screening (47,57,58), and yet women may tend to not have 
accurate perceptions about their personal risk (57). To complicate 
matters, confusion among the public about the newest screening rec-
ommendations is widespread (59). Finally, the views of primary care 
providers about mammography screening vary widely (60–62), and 
recommendation by a provider for screening is one of the strong-
est predictors of women undergoing screening mammography (31). 
These considerations highlight the need for further study of patient- 
and provider-level considerations of risk in the decision to screen.

In conclusion, we find that declines in screening examinations 
for women at low risk of breast cancer account for a majority 
of the recent declines in mammography screening utilization in 
Vermont. The potential health implications of these changing 
patterns in screening utilization are unclear. In a period of overall 
declines in screening utilization, it is reassuring that utilization 
has declined most in low-risk women rather than among higher-
risk women. Nevertheless, optimal screening strategies based on 
risk require further evidence to guide clinical practice. The long-
term outcomes for breast cancer incidence and mortality asso-
ciated with these observed changes are unknown, providing an 
important area of future research and breast cancer monitoring.
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