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Abstract

Introduction: We assessed changes in screening mammography cost sharing and utilization before and after the
Affordable Care Act (ACA) and the revised U.S. Preventive Services Task Force (USPSTF) recommendations
by race and income.
Methods: We used Optum�ª Clinformatics�� Data Mart deidentified patient-level analytic files between 2004
and 2014. We first visually inspected trends for screening mammography utilization and cost-sharing elimination
over time by race and income. We then specifically calculated the slopes and compared trends before and after
2009 and 2010 to assess the impact of ACA implementation and USPSTF recommendation revisions on screening
mammography cost-sharing elimination and utilization. All analyses were conducted in 2018.
Results: A total of 1,763,959 commercially insured women, ages 40–74, were included. Comparing trends for
cost-sharing elimination before and after the 2010 ACA implementation, a statistically significant but small
upward trend was found among all races and income levels with no racial or income disparities evident.
However, screening utilization plateaued or showed a significant decline after the 2009 USPSTF recommen-
dation revision in all income and racial groups except for African Americans in whom screening rates continued
to increase after 2009.
Conclusions: Impact of ACA cost-sharing elimination did not differ among various racial and income groups.
Among our population of employer-based insured women, the racial gap in screening mammography use
appeared to have closed and potentially reversed among African American women. Continued monitoring of
screening utilization as health care policies and recommendations evolve is required, as these changes may
affect race- and income-based disparities.
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Introduction

Breast cancer is the most commonly diagnosed cancer
and the second leading cause of cancer death among U.S.

women.1 Screening mammography improves early detection
of breast cancer leading to better clinical outcomes and re-
duced morbidity and mortality.2 Screening mammography

utilization, however, varies by sociodemographic character-
istics, insurance status, and race/ethnicity,3 and disparities in
breast cancer screening persist among vulnerable popula-
tions. For example, Hispanic women continue to have lower
rates of timely screening mammography than both white and
African American women.4 In addition, persistent differ-
ences in screening mammography utilization are seen based
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on poverty level and health insurance status.3,5,6 Type of
health insurance is also associated with receipt of preventive
health services with screening mammography rates being
higher among women with public insurance other than
Medicare (such as TRICARE, Indian Health Service, or
Tribal Health Service coverage) than those with private in-
surance or Medicare.5

One barrier to screening mammography utilization, which
potentially contributes to these disparities, is the out-of-pocket
costs for screening.7 Trivedi et al.8 found that an increase in
cost sharing for mammography of $10 or more among Medi-
care beneficiaries was associated with *10% lower rates of
biennial screening mammography. In a national sample
of predominantly rural women, ages 40–64, the elimination of
cost sharing after introduction of the National Rural Electric
Cooperative Association plan correlated with increased
screening mammography utilization.9 As of October 2010, the
Affordable Care Act (ACA) mandated elimination of cost
sharing for U.S. Preventive Services Task Force (USPSTF)
level A or B preventive services, including screening mam-
mography,10 with the goal to improve breast cancer screening
utilization and ameliorate disparities in screening. Despite the
ACA’s elimination of cost sharing, overall screening mam-
mography utilization declined after 200911 suggesting a
greater effect of the USPSTF recommendation revision, with
similar trends in utilization over time among 40–49- and 50–
65-year-old women. In brief, before 2009, the USPSTF re-
commended screening mammography, with or without clinical
breast examination, every 1–2 years for women ages 40 and
older.12 In November, 2009, the USPSTF changed its rec-
ommendation to biennial screening for women ages 50–74.13

It further withdrew its previous recommendation for routine
screening before age 50, noting that the decision to initiate
screening should be an individual one that takes into account
specific benefits and harms.

It is unclear whether the impact of the ACA cost-sharing
elimination and USPSTF recommendation revisions on
screening behaviors varies among women of different races
or income levels. The primary objective of this study was to
identify disparities in screening mammography utilization
before and after cost-sharing elimination under the ACA.
Disparities by race/ethnicity and poverty status were assessed
to identify unique populations that may be more sensitive to
cost-sharing elimination.

Methods

This study was deemed exempt by the University of Mi-
chigan Medical School Institutional Review Board.

Data and sample

We used deidentified patient-level analytic files between
January 2000 and December 2014 from the Optum�ª

Clinformatics�� Data Mart (OptumInsight, Eden Prairie,
Minnesota, U.S.). The Optum Clinformatics Data Mart in-
cludes member enrollment data such as demographic vari-
ables and individual-level insurance claims. The advantages
of this data source include its large size (75 million unique
members as of the time of the study), its inclusion of race,
income, and household size, and the ability to follow indi-
viduals longitudinally as individuals are reported by em-
ployers not health plans. It also contains complete patient

payment and charge information, including patient copay-
ment, deductible, and coinsurance amounts, and standard-
ized costs.

Our sample included women ages 40–74 enrolled in
employer-based health plans between 2004 and 2014 (1)
without a history of breast cancer or prior mastectomy, (2)
with at least 12 months of continuous enrollment in a given
plan for the plan year, and (3) enrollment in one plan for a
given calendar year.

Measures and outcomes

The primary outcomes were screening mammography
utilization and cost-sharing elimination over time stratified
by the independent variables of race/ethnicity and poverty
status. Screening mammography utilization was calculated
as the proportion of all women with at least one claim for
that service among all women enrolled for each year. For
women with more than one screening mammogram claim in
a calendar year, only the first service claim was included in
the analyses. Patient cost sharing (total out-of-pocket costs)
at each calendar year was calculated for each patient who
underwent screening mammography as the sum of pa-
tient copayments, coinsurance, and deductible payments.
Cost-sharing elimination of screening mammography was
defined as zero patient cost sharing for the service. The
proportion of women without cost sharing for screening
mammography each year was calculated as a proportion of
those with first dollar coverage divided by all screening
mammography users. We characterized poverty status as a
dichotomous variable: ‘‘income £400% of federal pov-
erty level’’ and ‘‘income >400% of federal poverty level’’
based on 2014 Census Bureau poverty guidelines by
household size.14

Analysis

Demographic characteristics, screening mammography
utilization, and cost-sharing elimination were summarized by
descriptive statistics. Trends for screening mammography
utilization and cost-sharing elimination over time were first
visually inspected. For cost-sharing elimination, we then
specifically calculated the slopes and compared trends before
and after 2010 to assess the impact of ACA implementation
on cost-sharing elimination. For screening mammography
utilization, we specifically calculated the slopes and com-
pared trends before and after 2009 to examine the impact of
USPSTF recommendations on screening utilization, as visual
inspection of patterns for screening mammography utiliza-
tion showed change in 2009. All analyses were performed
and presented for each year of service stratified by race/
ethnicity and poverty status.

All analyses were conducted in 2018 using Stata (Stata-
Corp. 2015. Stata Statistical Software: Release 14. College
Station, TX: StataCorp LP) and SAS 9.4 (SAS Institute,
Cary, NC).

We conducted a subanalysis of annual screening utiliza-
tion and cost-sharing elimination by race and income
among women 50 and older, the population for whom the
2009 USPSTF recommendations specifically recommend
screening.
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Results

Sample characteristics

We identified an average of 1,763,959 commercially in-
sured women in a given plan per year meeting our inclusion
criteria. Characteristics of members and their health plans
have previously been described.15 Screening mammography
utilization and cost-sharing elimination for each year of
service and by race/ethnicity and poverty status are summa-
rized in Tables 1 and 2, respectively.

Cost-sharing elimination over time

Overall, an upward trend was seen in the proportion of
women with zero cost sharing over time among all races/
ethnicities (Fig. 1) and income levels (Fig. 2). The trend lines
for different races and income levels appeared to have greater
slopes from 2004 to 2010 while converging and reaching a
plateau in 2010–2011. No racial or income disparities were
evident after 2011. Comparing trends for cost-sharing elim-
ination before and after 2010, a statistically significant up-
ward but small trend was found among all races (Fig. 1) and
income levels (Fig. 2).

The trends for cost-sharing elimination by race (Fig. 3) and
income (Fig. 4) among those 50 and older mirrored the pop-
ulation at large.

Screening mammography utilization over time

Screening mammography utilization showed a small up-
ward trend from 2004 to 2009 among all races, while
reaching a plateau or trending downward after 2009 in all
races except for African Americans (Fig. 1). Comparing
slopes for screening mammography utilization before and
after 2009 by race/ethnicity, Caucasians and Asians showed a
statistically significant decline in screening utilization after
2009, while African Americans were the only racial group
who demonstrated a statistically significant increase in
screening utilization after 2009 (Fig. 1).

Screening mammography utilization showed a small upward
trend from 2004 to 2009 among women with both income
levels £400% FPL and >400% FPL, while demonstrating a
comparable downward trend in both groups after 2009 (Fig. 2).
Comparing slopes for screening mammography utilization
before and after 2009 by poverty status, both women with in-
come levels £400% FPL and >400% FPL showed a significant
downward trend after 2009 (Fig. 2).

Regarding the subanalyses of screening utilization by race
and income among those 50 and older, we demonstrated that
African American women in this age group experienced a
plateau in screening utilization after 2009 rather than a de-
cline in other groups (Table 3 and Fig. 3). The trends in
screening utilization by income in this older population
mirrored the population at large (Table 4 and Fig. 4).

Discussion

Among our sample of employer-based insured women, we
found an upward trend in the proportion of women with zero
cost sharing for screening mammography both before and
after 2010 among all races/ethnicities and income levels. By
2010, when ACA mandated cost-sharing elimination for
screening mammography, >90% of women in our sample
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already had zero cost share for screening mammography,
independent of their race/ethnicity or poverty status. After
2010, a small increase in cost-sharing elimination was seen
among all races and income levels with no evident racial or
income disparities with respect to the impact of ACA pro-
vision on screening mammography cost-sharing elimination.

Despite the universal upward trend in cost-sharing elimi-
nation, in our sample of employer-based insured women,

screening mammography utilization plateaued or showed a
significant decline after 2009 in all income and racial groups
except for African Americans.

Extensive efforts to improve breast cancer screening pre-
date the ACA, including the near-complete elimination of
financial barriers to breast screening in the employed insured
population. In a recent study, Carlos et al.15 suggested that we
may be experiencing a ceiling effect in further responses of

FIG. 1. Elimination of cost sharing for screening mammography before and after the 2010 ACA implementation and
mammography screening utilization before and after the USPSTF breast screening recommendation revision, by race and
among women ages 40–74. ACA, Affordable Care Act; USPSTF, U.S. Preventive Services Task Force.

FIG. 2. Elimination of cost sharing for screening mammography before and after the 2010 ACA implementation and
mammography screening utilization before and after the USPSTF breast screening recommendation revision, by income
level and among women ages 40–74.

BREAST SCREENING UTILIZATION AND COST SHARING 1533



screening rates to financial incentives that reduce screening
cost. Our findings build on prior works to show that this
ceiling effect is likely similar among all races/ethnicities and
income levels. Screening mammography utilization among
our sample of insured women appeared, however, to be more
influenced by the 2009 USPSTF revised recommendations.
We have previously shown a general decline in screening

mammography utilization in the years following the im-
plementation of the 2009 USPSTF recommendations.11 In this
study, examining race-specific rates and trends enabled us to
show that screening mammography utilization has contin-
ued to increase among African American women even after
the implementation of the USPSTF recommendations in
2009. In African American women 50 and older, the screening

FIG. 3. Elimination of cost sharing for screening mammography before and after the 2010 ACA implementation and
mammography screening utilization before and after the USPSTF breast screening recommendation revision, by race and
among women ages 50–74.

FIG. 4. Elimination of cost sharing for screening mammography before and after the 2010 ACA implementation and
mammography screening utilization before and after the USPSTF breast screening recommendation revision, by income
level and among women ages 50–74.
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utilization appeared to plateau rather than frankly decline as in
the other races and ethnicities. This finding suggests that the
increase in utilization among African American women is
concentrated in younger women, 40–49-year olds.

Lee et al.16 showed that the release of the revised 2009
USPSTF recommendations for screening mammography was
associated with a decline in screening mammography utili-
zation among white, but not African American, women. As
breast cancer mortality rate remains higher among African
American women, it has been suggested that African Ameri-
can women may better perceive the benefits of screening
mammography.17 Similarly, we can speculate that physician
recommendations for screening mammography may vary
across different racial groups based on prognosis and mortality
rates.

Future research is needed to clarify why impact of USPSTF
recommendation revisions on screening behaviors varies
among women with different races. Nevertheless, these find-
ings suggest that the racial gap in screening mammography has
closed and potentially reversed among African American
women with employer-based health insurance plans. It is im-
portant to continue monitoring screening utilization as health
care policies and guidelines change, as these changes may
affect disparities in screening between different racial and
income groups.

A strength of this study is the use of large patient-level data
set, including patient demographics (e.g., race and income)
and payment (e.g., copayment and deductible) information,
which allowed us to describe and assess patterns of screening
mammography utilization and cost-sharing elimination over
time by race and income level. However, there are a number of
limitations to our study. First, our descriptive cross-sectional
design limited our ability to determine causal associations
between cost-sharing elimination and screening mammogra-
phy utilization. In addition, we cannot assess whether indi-
vidual women experienced reductions in their cost sharing or
changed their use of screening mammography in response.
Furthermore, our sample of employed insured women has
potentially resulted in underestimation of racial and income
disparities in screening mammography utilization. Lastly,
while using administrative data offers the opportunity to ex-
amine changes in large populations, there are inherent weak-
nesses such as variation in coding and billing.
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