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BACKGROUND: In 2009, the U.S. Preventive Service Task
Force changed its recommendation regarding screening
mammography in average-risk women aged 40–49 years.
OBJECTIVE: To evaluate the effects of the 2009 recom-
mendation on reported mammogram use in a popula-
tion-based survey.
DESIGN: Secondary data analysis of data collected in
the 2006, 2008, and 2010 Behavioral Risk Factor
Surveillance System surveys.
PARTICIPANTS: Women ages 40–74 years in the 50
states and Washington, DC who were not pregnant at
time of survey and reported data on mammogram use
during the 2006, 2008, or 2010 survey.
MAIN MEASURES: Mammogram use was compared
between women ages 40–49 and women ages 50–74
before and after the recommendation. We performed a
difference-in-difference estimation adjusted for access
to care, education, race, and health status, and strat-
ified analyses by whether women reported having a
routine checkup in the prior year.
KEY RESULTS: Reported prevalence of mammogram
use in the past year among women ages 40–49 and 50–
74 was 53.2 % and 65.2 %, respectively in 2008, and
51.7 % and 62.4 % in 2010. In 2010, mammography
use did not significantly decline from 2006–2008 in
women ages 40–49 relative to women ages 50–74.
CONCLUSION: There was no reduction in mammography
use among younger women in 2010 compared to older
womenandpreviousyears. Patients andprovidersmayhave
been hesitant to comply with the 2009 recommendation.
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I n 2009, the U.S. Preventive Services Taskforce (USPSTF)
recommended that while women ages 50–74 years should

undergo biennial screening mammography, breast cancer

screening among women between the ages of 40 and 49
should be “an individual one and take patient context into
account, including the patient’s values regarding specific
benefits and harms.”1,2 Evidence behind this decision included
a meta-analysis that revealed that while mammography does
reduce mortality in this age group, there are more false
positives than in older women and the number needed to treat
is higher due to lower incidence.3 Therefore, screening
mammography in this younger age group could lead to costly
and anxiety-provoking workups, which are associated with
their own health risks, as well as to potential over-diagnosis.4

The new guidelines led to resistance among the media,
patients, providers, and medical organizations.5–9 Surveys of
providers demonstrated their lack of understanding of the new
USPSTF recommendation and skepticism about applying it.10

Rates of mammography screening vary by age group, with
lower screening rates among younger women.11–13 Few
physicians recommend cessation of screening mammograms
to women in older age groups, despite lack of evidence of
effectiveness.14,15 In a population-based sample in 2006, rates
of mammography use in the preceding 2 years were 69.2 %
among women ages 40–49, 80.5 % among women ages 50–
59, and 69.3 % among women ages 80 and older.12

To our knowledge, there has been only one study using
nationally representative, population-based data from the
National Health Interview Survey to investigate whether
mammogram use among women ages 40–49 declined after
the 2009 USPSTF recommendation.16 We used data from
the Behavioral Risk Factor Surveillance Study (BRFSS) to
examine the difference in mammography rates before and
after 2009 between women ages 40–49, for whom screening
mammography is not universally recommended, and women
ages 50–74, for whom screening mammography continues to
be recommended. We hypothesized that relative to older
women, women ages 40–49 would report reduced use of
mammography in 2010 as compared to past years.

METHODS

Overall Design

We conducted a population-based secondary data analysis
in 2012, comparing mammography among cross sectional
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samples from survey data collected by the BRFSS in 2006,
2008, and 2010. BRFSS is a nationally representative
annual telephone survey of health behaviors in adults age
18 years and older. State health departments administer the
survey and the Centers for Disease Control and Prevention
provides national coordination. Each state contacts an
independent probability sample through random digit
dialing, after which results are pooled. Median response
rates in 2006, 2008, and 2010 were 51.4 %, 53.3 %, and
54.6 %, respectively.17 Dozens of studies have evaluated
the reliability and validity of items included in the BRFSS.
One review found the BRFSS item measuring timing of
mammography utilization to be moderately reliable and
valid (κ range 0.50–0.79), while items measuring
sociodemographic characteristics were found to be highly
reliable and valid.18 Another recent study found both
measures of mammography utilization (κ =0.62) and Pap
test utilization (κ=0.54) to be valid relative to data from
chart review.19 Data subsequent to 2010 was not used, as
BRFSS survey methodology and weighting changed in
2011, and subsequent survey data is not directly comparable
to previous years.20 As secondary data analysis using a
publicly available data set with de-identified participants
does not meet the federal definition of human subjects
research, institutional review board (IRB) approval was not
needed.

Study Population

We restricted our sample to female respondents ages 40–
74 years in the 50 states and Washington, DC, who were
not pregnant at the time of survey administration and who
reported data on mammogram use during the 2006, 2008, or
2010 survey.

Outcome and Predictor Variable Definitions

The primary outcome was whether or not a woman reported
having a mammogram in the prior year, measured as a
dichotomous variable. Although the USPSTF recommends
biennial screening mammography, given the short time
interval between the 2009 recommendation and 2010
survey data collection, mammography in prior year was
chosen as the outcome, since the analysis focused on
relative differences between age groups. The main inde-
pendent variables were: 1) age group, defined as 40–49
years versus 50–74 years; and 2) time period, defined as
before (2006–2008) and after (2010) the USPSTF 2009
mammography recommendation.
Additional covariates included access to health care,

highest level of education obtained, race and ethnicity, and
health status. To measure access to health care, a composite
variable was constructed to denote poor, fair, or good access

to care based on health insurance status and having a
regular primary care physician, both of which have been
positively correlated with access to preventive health
services.21,22 Poor access to care was defined as having
neither a primary physician nor health insurance. Fair
access to care was defined as having either a primary
physician or health insurance, and good access to care was
defined as reporting both health insurance and a primary
physician. As another measure of access to health care,
a dichotomous variable indicating whether or not a
woman reported having to forego health care in the
prior year due to cost was included. Health status was
dichotomized as “very good” or “excellent” health
versus “good,” “fair,” or “poor” health. We considered
including state fixed effects (indicator variables for each
state) in the analyses to control for time-invariant state-
level characteristics; however, the inclusion of these
state variables did not change our results and so were
not included in the final analyses.
Because women are typically referred for screening

mammography during a primary care visit, analyses were
stratified by whether women reported having a checkup
within the previous year. Checkup was defined as a “visit to
a doctor for a…general physical exam, not an exam for a
specific injury, illness, or condition”.17

Analysis

We employed a difference-in-differences approach using
logistic regression to estimate the effect of the USPSTF
recommendation on mammogram use over time, comparing
women of the different age groups. This approach compares
the change in odds of mammography in 2006/2008 versus
2010 between women ages 40–49 years (the treatment
group) and women ages 50–74 years (the comparison
group). The estimated effect of the 2009 mammography
recommendation is therefore the difference in the pre-
recommendation and post-recommendation time periods,
comparing differences between the two age groups. The
final model included variables indicating age 40–49 versus
50–74, the year 2010 versus 2006/2008, and an interaction
term of the two age and time indicator variables. The
interaction term represents a ratio of two odds ratios, or the
difference-in-difference in mammography utilization be-
tween 2006–2008 and 2010, in women ages 40–49 relative
to women ages 50–74.23,24 A strength of this analytic
approach is that it can minimize bias due to unmeasured
confounders, and control for secular trends that might
impact mammography rates.25

The model was adjusted for access to care, education, race
and ethnicity, and health status. Standard errors were adjusted
to account for non-independence of observations within
states.26 The results of the logistic regression models were
used to calculate predicted probabilities of mammogram use
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by age group within each year, adjusting for access to care,
education, race and ethnicity, and health status.

Sensitivity Analyses

To test the robustness of the results, we performed two
sensitivity analyses. First, it is possible that the trends in
utilization observed over time might not be unique to
mammography, but rather associated with more widespread
trends affecting women’s cancer screening. To address this
concern, a parallel analysis was conducted using the Pap test as
the outcome of interest. Because national recommendations
for cervical cancer screening did not change between 2006 and
2010, screening rates would not be expected to have changed
during these years. As in the primary analysis described above,
an interaction term for age group and time pre- and post- 2009
USPSTF mammography recommendation was created to
provide an estimate of the time-treatment effect. The same
covariates of access to care, education, race and ethnicity, and
health status were used in the model. We expected that if a
relative change in mammogram use was due to a broader trend
in utilization rather than the USPSTF recommendation, then
Pap test use would follow the same pattern.
Second, a key assumption underlying the difference-in-

differences approach is that in the absence of the USPSTF
mammography recommendation, women ages 40–49 would

have had the same trends in mammography utilization as
women ages 50–74. Given the major economic recession
that occurred during our study time period, we were
concerned that Medicare coverage might have protected
women ages 65 and older from decreased health care
utilization due to loss of employer-sponsored insurance or
decreased income. To address this concern, we duplicated
our primary analysis, comparing mammography use among
women ages 40–49 to women ages 50–64 before and after
the USPSTF recommendation. The results were nearly
identical to the analyses comparing women ages 40–49 to
women ages 50–74; therefore, the primary analysis with
women ages 50–74 is presented as the comparison group.
All analyses were performed using Stata 11 (StataCorp,

College Station, TX). Results are reported using the
sampling weights provided by BRFSS to account for the
complex sampling design and robust variance estimated to
account for potential in-state clustering effects.27

RESULTS

A total of 484,296 women aged 40–74 years reported data on
mammogram use in the 2006, 2008, and 2010 surveys. Table 1
shows characteristics of the study population. Thirty-six
percent of women were ages 40–49 years and 64 % were

Table 1. Descriptive Statistics of Non-Pregnant U.S. Women Ages 40–74 Years: Behavioral Risk Factor Surveillance System

2006
N=134,795*
%

2008
N=165,273*
%

2010
N=184,228*
%

All years
N=484,296*
%

Age 40–49 50–74 40–49 50–74 40–49 50–74 40–49 50–74

37.2 62.8 35.8 64.2 36.0 64.0 36.3 63.7
Mammogram utilization
Ever had a mammogram 83.8 94.8 83.1 94.1 83.0 94.4 83.3 94.4
Mammogram in prior year 51.8 64.3 53.2 65.2 51.7 62.4 52.2 63.9
Care utilization
Checkup in prior year 68.2 77.2 70.8 78.9 69.6 78.3 69.6 78.2
Pap test in prior year 62.3 53.2 62.3 52.2 60.1 47.8 61.6 50.9
Access to care†

Low access 6.6 3.3 6.3 3.5 6.7 3.6 6.5 3.4
Medium access 15.5 11.5 15.0 11.3 15.7 10.9 15.4 11.2
High access 77.9 85.3 78.8 85.3 77.6 85.6 78.1 85.4
Foregone care due to cost in prior year 16.7 11.5 17.6 12.6 19.5 13.3 17.9 12.5
Education
Less than high school 9.3 11.0 8.3 9.8 8.5 9.0 8.7 9.9
High school 26.4 31.9 25.3 31.4 23.4 29.4 25.0 30.9
Some college 27.9 26.8 28.3 27.0 26.1 27.9 27.4 27.2
College degree or higher 36.4 30.3 38.1 31.7 42.1 33.7 38.9 32.0
Race/ethnicity
Non-Hispanic White 69.7 76.4 69.1 74.8 67.7 75.3 68.8 75.5
Non-Hispanic Black 11.0 9.0 10.6 10.1 11.2 10.2 10.9 9.8
Non-Hispanic other race 4.4 3.5 4.8 3.9 4.9 3.4 4.7 3.6
Hispanic 12.9 8.7 13.5 8.9 13.8 8.4 13.4 8.7
Multiple races reported‡ 1.3 1.4 1.3 1.4 1.4 1.4 1.3 1.4
Health status
Fair or poor 14.4 22.2 15.2 21.8 15.1 21.7 14.9 21.9
Excellent, very good, or good 85.6 77.8 84.8 78.2 84.9 78.3 85.1 78.1

*Annual and total sample sizes shown are not weighted. All other data shown are weighted
†Access to care is defined as follows: Low: No health insurance and no regular source of care. Medium: Either health insurance or regular source of
care. High: Health insurance and a regular source of care
‡This variable represents non-Hispanic women who reported multiple races

1449Block et al.: Mammography After the 2009 USPSTF RecommendationsJGIM



ages 50–74 years. Most women (90.4 %) reported ever having
a mammogram, and 59.7 % reported having had a mammo-
gram in the previous year. 83.3 % of women ages 40–49 and
94.4 % of women ages 50–74 reported ever having a
mammogram (p<0.01), and 52.2 % of women ages 40–49
reported mammogram use in the prior year relative to 63.9 %
of women ages 50–74 (p<0.01). Rates of mammogram use in
the past year among women ages 40–49 and 50–74 were
51.8% and 64.3% in 2006, respectively, 53.2% and 65.2% in
2008, and 51.7 % and 62.4 % in 2010. Seventy-five percent of
women reported a check-up in the prior year. Most women
(83 %) had good access to care, 13 % had fair access to care,
and 5 % had poor access to care. Fourteen percent of women
reported having foregone needed health care within the prior
year due to cost.

Comparison of Mammography Utilization
Between Younger and Older Women

During each year of survey administration, women ages 40–
49 reported lower rates of mammogram receipt than older
women. In both younger and older age groups, women who
reported having a checkup in the previous year were more
likely to report receiving mammograms than those without
a checkup. Among those who reported checkups, the
predicted probabilities of mammography were 62 %,
63 %, and 61 % for younger women in the years 2006,
2008, and 2010, respectively, and 72 %, 73 %, and 70 % for
older women in the same years (Fig. 1). Among older
women without a checkup in the past year, the predicted
probabilities of mammography were 38 %, 38 %, and 37 %
in 2006, 2008, and 2010, respectively. Younger women who
did not report checkups had lower predicted probabilities in
these same years (32 %, 32 %, and 31 %, respectively)
(Fig. 2).
Table 2 shows the results of the multivariable regression

analysis comparing mammogram utilization within prior
year pre- and post- USPSTF mammography recommenda-
tion, stratified by checkup status. Women ages 40–49 who
had a checkup in the past year as well as those without
checkups in the past year did not have a lower odds of
receiving mammograms in 2010 relative to women ages
50–74 in 2010 and all women in prior years (OR=1.11,
95 % CI 1.04, 1.18 and OR=1.04, 95 % CI 0.93, 1.16,
respectively), as shown in the year 2010 and age interac-
tion. Several covariates were associated with higher
utilization of mammograms, including higher access to
care, higher educational attainment, higher health status,
and not having to forego care due to cost.

Parallel Analysis of Pap Test Utilization

In the parallel analysis using Pap test as the outcome of
interest, women ages 40–49 were more likely to receive Pap

tests than older women (OR=1.53, 95 % CI 1.48–1.59).
Similar to results with mammogram use, the year 2010 was
associated with lower rates of Pap tests (OR=0.81, 95 % CI
0.79–0.83) compared with the previous two survey dates.
Women ages 40–49 had an increased odds of receiving a
Pap smear in 2010 than women ages 50–74 and all women
in prior years (OR of interaction term=1.12, 95 % CI 1.06–
1.18). The Appendix shows our regression results for Pap
test as the outcome.

DISCUSSION

Contrary to our hypothesis, we found no significant
reduction in mammogram use in 2010 among younger
women relative to older women. Among women who
reported having a checkup in the prior year, women ages
40–49 actually had a small but significantly increased odds
of mammogram use in the time period after the USPSTF
recommendation relative to women ages 50–74. Among
women who did not report a checkup in the prior year, there
were no significant differences by age group, comparing
mammogram use before and after the USPSTF recommen-
dation. While younger women were overall less likely than
older women to receive mammograms in each of the three
time points, there was no relative decrease seen in 2010 that
could be attributed to the recommendations, even after
adjusting for covariates that might impact mammogram
utilization, including access to care, education, race and
ethnicity, and health status. The parallel analysis with Pap
test use as the outcome of interest yielded results that were
nearly identical to those with mammogram use as the
outcome, further suggesting that the USPSTF recommen-

Figure 1. Average predicted probabilities of mammography by age
group among those who had a checkup in the past year.
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dation had no effect on mammogram use among women
ages 40–49 as of 2010.
The finding that older women have higher rates of

mammography use and lower rates of Pap smear use than
younger women has been documented previously.11–13 This
age difference was present irrespective of check-up status.
Differences in perceived cancer risk on the part of pro-
viders, variable levels of patient concern, competing
healthcare priorities, differing rates of Medicare insurance,
or higher levels of accumulated health factors that drive
cancer screening behaviors among older women, such as
hysterectomy, prior history of cancer, or prior finding on
mammogram, may account for these age differences in
screening rates.28

In the current study, rates of mammogram use were
lower for women who reported no checkup in the
previous year, compared to those who had a checkup. In
our sample, women who obtained checkups also
reported better health care access and lower general
health status, either of which might lead to higher
mammogram use. Among women who do not get
checkups, it is conceivable that those who do obtain
mammograms may do so for different reasons, such as
to address health concerns or suspicious findings on
breast self-exams or for high-risk surveillance due to
medical or family history.
While certain preventive health services, including

colorectal cancer screening and influenza vaccination,
remain underused, there is growing evidence that other
services may be overused.15,29–31 Following publication
of USPSTF recommendations regarding prostate-specif-
ic antigen (PSA) testing, there was only a small
decrease of 3 % in screening 2 years later.32 Addition-
ally, despite the 2003 USPSTF recommendation that
women receive combined Pap smear and human
papillomavirus testing no more than once every 3 years
and that average risk women cease Pap testing at age
65, annual testing remains common among women over
age 65.33,34

This study had several limitations that are worth noting.
First, the data reported in the study are derived from self-
report via national survey sample rather than from prospec-
tive follow-up or chart review. The use of self-reported
survey data may introduce recall bias as well as

Figure 2. Average predicted probabilities of mammography by age
group among those who did not have a checkup in the past year.

Table 2. Odds of Mammogram Utilization Within Prior Year Pre- and Post- USPSTF Mammography Recommendation

Checkup within prior year No checkup within prior year
OR (95 % CI) OR (95 % CI)

Age
Ages 40–49 0.61 (0.59, 0.64) 0.75 (0.70, 0.80)
Year 2010 0.87 (0.84, 0.90) 0.94 (0.88, 1.00)
Ages 40–49*2010 interaction 1.11 (1.04, 1.18) 1.04 (0.93, 1.16)
Access to care
Low access to care (Ref) 1.0 1.0
Medium access to care 1.32 (1.15, 1.53) 1.50 (1.29, 1.73)
High access to care 2.03 (1.77, 2.33) 3.90 (3.41, 4.45)
Forgone care due to cost 0.68 (0.65, 0.72) 0.80 (0.74, 0.86)
Education
Less than high school diploma (Ref) 1.0 1.0
High school diploma 1.18 (1.10, 1.25) 0.94 (0.83, 1.07)
Some college 1.23 (1.15, 1.31) 1.05 (0.93, 1.20)
College degree or higher 1.46 (1.36, 1.55) 1.26 (1.12, 1.43)
Race/ethnicity
Non-Hispanic White (Ref) 1.0 1.0
Non-Hispanic Black 1.05 (1.00, 1.10) 1.06 (0.94, 1.19)
Non-Hispanic Other race 0.79 (0.72, 0.86) 0.84 (0.72, 1.00)
Hispanic 0.73 (0.65, 0.82) 0.89 (0.72, 1.10)
Multiple races reported 1.17 (1.09, 1.26) 1.58 (1.40, 1.78)
Health status
Health status fair–poor (Ref) 1.0 1.0
Health status good–excellent 1.45 (1.39, 1.50) 0.88 (0.81, 0.95)

USPSTF is U.S. Preventive Services Task Force. All results shown used the weights provided in the BRFSS (Behavioral Risk Factor Surveillance
System), to account for the complex survey sampling design and non-independence of observations within states. Age variable is relative to women
ages 50–74 years. Year variable is relative to pooled data from years 2006 and 2008
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misclassification bias, which may limit our ability to
attribute any changes in mammography use solely to the
USPSTF recommendation. Previous research has shown
that people, particularly older women, may increasingly
misclassify time since screening test for tests performed
several years earlier.35,36 For this reason, the report of
mammogram use within the prior year was selected as the
outcome. Checkup in prior year is also self-reported, and
women may inaccurately classify sick or urgent visits as
checkups.
Second, while several relevant covariates were includ-

ed in the model, there may be residual confounding by
factors, such as income levels and access to care, which
may vary over time, particularly in the context of rising
unemployment levels. Another limitation was that
income level was not included in the model. However,
given that a sizable portion of study subjects are of
retirement age, we believe that education was a better
indicator of socioeconomic status. While access to care
was included in the model, the fact that over 80 % of
women reported high access to care by the metric used
indicates a limitation in ability to stratify by this
variable.
Third, women with a history of breast cancer or

suspicious lesions, whose mammograms were performed
for reasons other than screening, could not be excluded
from the sample based on lack of survey data. This may
have led to an overestimation of the rate of screening
mammogram use. However, we would not expect this
overestimate to change over time. By analyzing the
difference in the changes in mammography use over time
between the two age groups, this limitation is minimized.
Finally, because the USPSTF issued its recommendations

regarding mammograms in women in their forties just a
year prior to the 2010 survey, the impact on actual practice
may not yet be evident. This might bias results towards the
null in the short-term. One determining factor may be
whether health plans continue to cover the test for women
in their forties.
While cancer screening saves lives, practice should

be informed by an understanding of the recommenda-
tions. Overuse of cancer screening tests, including
mammography and Pap smear, in populations where
evidence is lacking may contribute to the increasing
cost of medical care and convey additional risks to
individuals.15,37 This study points to a need for longer-
term follow-up on the population impact of the
USPSTF recommendations on mammography rates, as
well as breast cancer-associated morbidity and mortality.
As research continues to reveal overuse of cancer
screening in the U.S., we will need further research
on how providers interpret and use recommendations on
cancer screening, how patient–provider communication
around mammography decisions might be improved,

and where individualized recommendations for higher
risk groups may be indicated.
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APPENDIX

Table 3. Logistic Regression Results Estimating the Odds of Pap
Test Utilization Within Prior Year

OR (95 % CI)

Age
Ages 40–49 1.53 (1.48, 1.59)
Year 2010 0.81 (0.79, 0.83)
Ages 40–49*2010 interaction 1.12 (1.06, 1.18)
Access to care
Low access to care (ref) 1.0
Medium access to care 1.82 (1.66, 1.98)
High access to care 3.43 (3.16, 3.72)
Forgone care due to cost 0.71 (0.68, 0.74)
Education
Less than high school diploma (ref) 1.0
High school diploma 1.05 (0.99, 1.10)
Some college 1.17 (1.11, 1.24)
College degree or higher 1.53 (1.45, 1.61)
Race/ethnicity
Non-Hispanic White (ref) 1.0
Non-Hispanic Black 1.34 (1.28, 1.39)
Non-Hispanic Other race 0.86 (0.80, 0.92)
Hispanic 0.96 (0.88, 1.06)
Multiple races reported 1.57 (1.48, 1.66)
Health status
Health status fair-poor (ref) 1.0
Health status good-excellent 1.40 (1.35, 1.44)

USPSTF is U.S. Preventive Services Task Force. All results shown
used the weights provided in the BRFSS (Behavioral Risk Factor
Surveillance System) to account for the complex survey sampling
design and non-independence of observations within states. Age
variable is relative to women ages 50–74 years. Year variable is
relative to pooled data from years 2006 and 2008
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