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Mammography and Decision Aid Use for Breast
Cancer Screening in Older Women
Rachel L. Ross, MPH, Karl Rubio, MIA, Hector P. Rodriguez, PhD, MPH
Introduction: Decision aids for breast cancer screening are increasingly being used by physicians,
but the association between physician practice decision-aid use and mammography rates remains
uncertain. Using national data, this study examines the association between practice-level decision-
aid use and mammography use among older women.

Methods: Physician practice responses to the 2017/2018 National Survey of Healthcare Organiza-
tions and Systems (n=1,236) were linked to 2016 and 2017 Medicare fee-for-service beneficiary
data from eligible beneficiaries (n=439,684) aged 65−74 years. In 2021, multivariable generalized
linear models estimated the association of practice decision-aid use for breast cancer screening and
advanced health information technology functions with mammography use, controlling for practice
and beneficiary characteristics.

Results: Overall, 60.1% of eligible beneficiaries had a screening mammogram, and 37.3% of physi-
cian practices routinely used decision aids for breast cancer screening. In adjusted analyses,
advanced health information technology functions (OR=1.19, p=0.04) were associated with mam-
mography use, but practice use of decision aids was not (OR=0.95, p=0.21). Beneficiary clinical and
socioeconomic characteristics, including race, comorbidities, Medicare and Medicaid eligibility, and
median household income were more strongly associated with mammography use than practice-
level decision-aid use or advanced health information technology functions.

Conclusions: Health information technology‒enabled automation of mammography reminders and
other advanced health information technology functions may support mammography, whereas breast
cancer decision aids may reduce patients’ propensities to be screened through the alignment of their
preferences and screening decision. More resources may be needed for decision aids to be routinely
implemented to improve solicitation of patient preferences and targeting of mammography services.
Am J Prev Med 2022;000(000):1−6. © 2022 American Journal of Preventive Medicine. Published by Elsevier Inc. This
is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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B reast cancer is the most common cancer among
women in the U.S., constituting the second
leading cause of cancer death among women

overall.1 U.S. Preventive Services Task Force guidelines
recommend that eligible women receive biennial mam-
mograms until age 74 years,2 although evidence is mixed
regarding the importance of screening beyond age
70 years.3-5 Although mammography can enable early
detection of cancer, false-positive results remain a risk.
Overdiagnosis occurs when malignancies are detected
that would not have resulted in clinical significance; it is
estimated that up to 25% of breast cancer cases may be
overdiagnosed.6-8 Decisions about whether to undergo
mammography should depend on patients’ risks and
preferences and include a structured discussion about
the risks and benefits of screening.6,9

Decision aids (DAs) can help clinicians to structure
conversations about screening decisions, costs, and
censes/by/4.0/).
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benefits of various choices10 and patients’ health goals.11

Breast cancer screening DAs can increase patient aware-
ness of the risks associated with overdiagnosis.12−15 To
date, there is mixed evidence about the association of
DAs with mammography use. For example, 1 systematic
review found that DAs have minimal impact on screen-
ing decisions,16 whereas another found that DAs reduce
screening intentions.17 Although DA use is low overall,18

practices that integrate them into clinic workflows use
DAs more consistently.19 Practices with more advanced
health information technology (HIT) may be more likely
to use HIT-enabled DAs and patient reminders, which
can impact mammography screening rates.
No national evidence exists about whether physician

practice adoption of DAs for breast cancer screening or
HIT functions are associated with mammography use
among older adult women. This analysis fills a critical
gap in evidence by analyzing a national sample of physi-
cian practices and claims data from eligible, attributed
Medicare fee-for-service (FFS) beneficiaries.
METHODS
Physician practice responses to the 2017/2018 National Survey of
Healthcare Organizations and Systems (NSHOS) were linked to
2017 Medicare FFS beneficiary and claims data using National
Provider Identifiers. NSHOS used a stratified-cluster sampling
design to select eligible physician practices and yielded a response
rate of 47%.20

The analytic sample includes female beneficiaries aged 65
−74 years with Part B eligibility and no HMO enrollment in 2017
or 2016. Practices with <100 attributed beneficiaries (n=493) were
excluded to ensure the reliable estimation of practice effects on
mammography use.21 Appendix Table 1 (available online) pro-
vides analytic sample exclusions. The final sample includes
439,684 Medicare FFS beneficiaries attributed to 1 of 1,236
NSHOS physician practice responses (average beneficiaries per
practice=285, SD=344).

The dependent variable is receipt of screening mammography
as indicated in Medicare FFS claims data from the cohort of eligi-
ble beneficiaries in 2017, with a 2-year look-back period of 2016
−2017 to assess mammography use. The independent variables
are (1) a dichotomous measure of physician practice use of DAs
for breast cancer screening and (2) a composite measure of
advanced HIT functions (range: 0−100). Practice-level control
variables include practice size, ownership, specialist-to-primary
care physician ratio, and advanced practice clinician count.
Patient-level control variables include patient age, race/ethnicity,
Hierarchical Condition Category risk scores (i.e., comorbidities),
dual eligibility for Medicare and Medicaid, high-poverty ZIP
code, and median household income (Appendix Table 2, available
online, provides measure definitions).

Multivariable generalized linear models were estimated to
examine the association of practices’ DA use and HIT functions
with patient-level receipt of mammography. Complete case analy-
ses were conducted. Model 1 examined the association of practice-
and patient-level variables with mammography use. Model 2
extends Model 1 and includes an interaction term between HIT
and DA use. Predicted probabilities of mammography use were
calculated to illustrate how use varied by DA use and HIT in
adjusted analyses. All statistical analyses were conducted using
Stata statistical software.22 The study was approved by the IRB at
the University of California, Berkeley and Dartmouth College.
RESULTS

Overall, 60.1% of eligible beneficiaries had a mammo-
gram, 37.3% of practices routinely used DAs for breast
cancer screening, and advanced HIT functions averaged
0.60 (SD=0.47). In unadjusted analyses, beneficiaries
who did not have a mammogram were more likely to be
attributed to practices that routinely used DAs than ben-
eficiaries who had a mammogram (37.9% vs 37.0%,
p<0.001) (Table 1).
In adjusted analyses, routine DA use was not signifi-

cantly associated with patient-level mammography use
(OR=0.95, p=0.21) (Table 2) (Model 1). Beneficiaries
attributed to practices with higher specialist-to-primary
care physician ratios (OR=0.61, p<0.01) were less likely
to have a mammogram, whereas beneficiaries of practi-
ces owned by a hospital or health system (OR=1.18,
p<0.01) and more advanced HIT functions (OR=1.19,
p<0.05) were more likely to have a mammogram.
Older age (OR=0.95, p<0.05), Asian race (OR=0.78,

p<0.001), more comorbidities (OR=0.81, p<0.001), dual
Medicare and Medicaid eligibility (OR=0.60, p<0.001),
and high-poverty ZIP code of residence (OR=0.91,
p<0.001) were associated with lower odds of mammog-
raphy use (Table 2) (Model 1). Black race (OR=1.13,
p<0.01) and greater median household income
(OR=1.06, p<0.001) were associated with higher odds of
mammography use. There was no interaction effect
between DA use and HIT (Table 2) (Model 2). Predicted
probabilities based on Model 2 are presented in Figure 1.
Results were largely consistent for models (1) that
included all practices with attributed beneficiaries, irre-
spective of volume (Appendix Tables 3 and 4, available
online), and (2) when DA use for any preference-sensi-
tive condition was considered (Appendix Table 5, avail-
able online).
DISCUSSION

DAs are encouraged by payers because of their poten-
tial to reduce costs and improve quality.23 The authors
hypothesized that advanced HIT would enable DA use
and patient reminders for mammography, which could
impact mammography rates. Although practice DA
use was associated with patient-level mammography
use in unadjusted analyses, the DA effect attenuates
once advanced HIT and other practice characteristics
www.ajpmonline.org



Table 1. Patient and Practice Characteristics, by Practice-Level Mammography Use

Characteristics Overall

Beneficiaries without
screening mammography

in the past 2 years

Beneficiaries with
screening mammography

in the past 2 years Difference
Mean Mean Mean p-value

Patient n (% of analytic sample) 439,684 (100) 171,984 (39.1) 267,700 (60.9) ¡
Main predictors

Practice use of breast cancer
screening decision aids (%)

37.3 37.9 37.0 ***

Practice advanced HIT functions,
mean (SD)

0.600 (0.470) 0.590 (0.480) 0.600 (0.470) ***

Practice characteristics

Practice size

3−7 physicians (%) 43.2 43.4 43.1 ¡
8−12 physicians (%) 19.1 18.4 19.6 ***

13−19 physicians (%) 8.20 8.50 8.10 ***

≥20 physicians (%) 29.4 29.8 29.2 *

Specialty mixture

No specialists (%) 26.9 26.5 27.2 **

Low (%) 24.3 26.0 23.2 ***

Moderate (%) 23.7 22.9 24.3 ***

High (%) 25.0 24.6 25.3 ***

Total advanced practice clinicians,
mean (SD)

5.40 (18.1) 5.10 (16.0) 5.60 (19.4) ***

Practice ownership

Independently owned (%) 39.3 40.9 38.2 ***

Medical group owned (%) 13.4 12.8 13.7 ***

System owned (%) 47.3 46.3 48.0 ***

Patient characteristics

Age 69.2 68.5 69.7 ***

Race/ethnicity

White (%) 86.3 85.2 87.0 ***

Black (%) 7.10 7.70 6.60 ***

Asian (%) 1.80 2.20 1.60 ***

Latinx (%) 0.700 0.900 0.600 ***

Other (%) 4.00 4.00 4.10 ¡
HCC score, mean (SD) 0.710 (0.760) 0.790 (0.440) 0.650 (0.00) ***

Dual Medicare/Medicaid eligibility (%) 2.90 4.10 2.10 ***

Frail elder (%) 2.80 3.30 2.50 ***

Mental illness (%) 21.0 22.6 20.0 ***

High-poverty ZIP code (%) 14.8 16.1 13.9 ***

Annual median household income,
mean (SD)

$61,921 ($42,676) $60,790 ($42,505) $62,267 (42,726) ***

Note: Boldface indicates statistical significance (*p<0.05. **p<0.01. ***p<0.001).
HCC, hierarchical condition category; HTT, health information technology.
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are considered. The results suggest that HIT and DAs
may have countervailing relationships with mammog-
raphy use among older adult women. HIT-enabled
automation of mammography reminders and other
advanced HIT functions may support mammogra-
phy,18 whereas breast cancer DAs may reduce patients’
propensities to be screened through the alignment of
their preferences and screening decision. This may be
why we found relatively small associations between
& 2022
DA use and advanced HIT functions with mammogra-
phy use in adjusted analyses that consider both varia-
bles simultaneously.
Specialty mixture of physician practices was associ-

ated with lower mammography rates, suggesting that
having proportionally more specialist physicians may
not specifically incentivize breast cancer screening activ-
ity. Alternatively, hospital or health system ownership
was associated with greater mammography rates,



Table 2. Association of Practice Adoption of DAs and Advanced HTT Capabilities With Mammography

Variables
Model 1: Full model with patient and

practice characteristics
Model 2: Full model with DA* HIT

interaction

Main predictors (practice variables)

Practice use of breast cancer screening
DAs

0.95 (0.87, 1.03) 0.94 (0.85, 1.03)

Practice advanced HIT functions 1.19 (1.01, 1.40)* 1.17 (0.970, 1.40)

Practice use of DAs X practice HIT functions ¡ 1.05 (0.890, 1.24)

Practice characteristics

Practice size

3−7 Physicians (ref) ¡ ¡
8−12 physicians 1.10 (0.95, 1.29) 1.10 (0.95, 1.29)

13−19 physicians 0.96 (0.83, 1.10) 0.96 (0.84, 1.10)

≥20 physicians 1.06 (0.92, 1.22) 1.06 (0.92, 1.22)

Specialist ratio 0.61 (0.43, 0.85)** 0.61 (0.43, 0.86)**

Total advanced practice clinicians 0.95 (0.82, 1.11) 0.95 (0.82, 1.11)

Practice ownership

Independently owned (ref) ¡ ¡
Medical group owned 1.16 (1.00, 1.34) 1.16 (0.99, 1.34)

System owned 1.18 (1.06, 1.31)** 1.18 (1.06, 1.31)**

Patient characteristics

Age 0.95 (0.92, 0.99)* 0.95 (0.92, 0.99)*

Race/ethnicity

White (ref) ¡ ¡
Black 1.13 (1.04, 1.23)** 1.13 (1.04, 1.23)**

Asian 0.78 (0.71, 0.86)*** 0.78 (0.71, 0.86)***

Latinx 0.89 (0.76, 1.05) 0.89 (0.76, 1.05)

Others 0.99 (0.92, 1.06) 0.99 (0.92, 1.06)

HCCs score 0.81 (0.80, 0.82)*** 0.81 (0.80, 0.82)***

Dual Medicare/Medicaid 0.60 (0.56, 0.65)*** 0.60 (0.56, 0.65)***

High-poverty ZIP code 0.91 (0.87, 0.95)*** 0.91 (0.87, 0.95)***

Annual median household income 1.06 (1.04, 1.08)*** 1.06 (1.04, 1.08)***

Constant 2.31 (2.02, 2.63)*** 2.33 (2.02, 2.69)***

Total beneficiaries 439,684 439,684

Total physician practices 1,236 1,236

Note: Boldface indicates statistical significance (*p<0.05, **p<0.01, ***p<0.001).
The outcome is patient-level screening mammography use. ORs and 95% CIs are reported.
DA, decision aid; HCC, hierarchical condition category; HTT, health information technology.
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suggesting that the availability of organizational resour-
ces may enable greater screening capacity.

Limitations
This study has some limitations. First, NSHOS assessed
breast cancer screening DA use with a single question;
DA design, implementation strategies, and patient popu-
lations targeted were not assessed. Second, NSHOS does
not include small (<3 primary care physicians) or feder-
ally owned practices, so the results may not generalize to
them. Third, the 47% NSHOS survey response rate may
bias results; however, respondent and nonrespondent
practices do not substantially differ (Appendix Table 6,
available online). Fourth, racial/ethnic diversity is low
because Medicare FFS data were analyzed; inclusion of
Medicare Advantage data may improve generalizability.
Finally, although mammography was assessed over
2 years, the authors could not account for delays/refusals
at the patient-level. Future work should include a more
robust assessment of patient-level factors associated with
DA use and mammography, with an emphasis on
understanding how DA use shifts patients differentially
toward and away from mammography use to impact
overall patterns of use.24
CONCLUSIONS

U.S. Preventive Services Task Force guidelines recom-
mend breast cancer screening through the age of
74 years, but concerns about overdiagnosis and harm
www.ajpmonline.org



Figure 1. Mammography use, by practice adoption of breast cancer decision aids and advanced HIT capabilities.
Note: Adopters denote that practice use decision aids for breast cancer screening (use for all or most eligible patients), Nonadopters denote that
practice does not use decision aids for breast cancer screening (use for none or some eligible patients). The advanced HIT scores (range: 0−100)
associated with each percentile cutpoint are as follows: 0th percentile cutpoint=0, 25th percentile cutpoint=38.1, 50th percentile cut off=52.4,
75th percentile cut off=66.7, and 100th percentile cut off=100.
HTT, health information technology.
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underscore the importance of patient‒provider commu-
nication regarding risk‒benefit trade-offs.25−27 Despite
increasing awareness of breast cancer screening DAs, the
present results indicate that they likely have not been
implemented consistently enough to have an impact on
mammography use among older women. More resour-
ces may be needed for physician practices to routinely
implement DAs and improve elicitation of patients’
preferences and targeting of mammography services.
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