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Purpose: To retrospectively assess whether there is an association between screening mammography and the use of a variety of pre-
ventive services in women who are enrolled in Medicare.

Materials and Methods: U.S. Medicare claims from 2010 to 2014 Research Identifiable Files were reviewed to retrospectively identify
a group of women who underwent screening mammography and a control group without screening mammography in 2012. The
screened group was divided into positive versus negative results at screening, and the positive subgroup was divided into false-posi-
tive and true-positive findings. Multivariate logistic regression models and inverse probability of treatment weighting were used to
examine the relationship between screening status and the probabilities of undergoing Papanicolaou test, bone mass measurement,
or influenza vaccination in the following 2 years.

Results: 'The cohort consisted of 555705 patients, of whom 185 625 (33.4%) underwent mammography. After adjusting for
patient demographics, comorbidities, geographic covariates, and baseline preventive care, women who underwent index screening
mammography (with either positive or negative results) were more likely than unscreened women to later undergo Papanicolaou
test (odds ratio [OR], 1.49; 95% confidence interval: 1.40, 1.58), bone mass measurement (OR, 1.70; 95% confidence interval:
1.63, 1.78), and influenza vaccine (OR, 1.45; 95% confidence interval: 1.37, 1.53). In women who had not undergone these pre-
ventive measures in the 2 years before screening mammography, use of these three services after false-positive findings at screening
was no different than after true-negative findings at screening.

Conclusion: In beneficiaries of U.S. Medicare, use of screening mammography was associated with higher likelihood of adherence to

other preventive guidelines, without a negative association between false-positive results and cervical cancer screening.
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Preventive services are commonly recommended to
patients according to clinical practice guidelines, and
mammography is among the offered screening tests for
women aged 40 years and older (1). Use of mammog-
raphy has been reported to be high among age groups
recommended to undergo screening, in the range of
60%-72% in countries with programs in place to en-
courage testing (2,3). As patients decide whether or not
to follow preventive guidelines, they may weigh their
personal perceptions of population-level risks presented
to them, nonprobabilistic factors such as personal expe-
rience with a disease (eg, friend or family member diag-
nosed with the disease), or their own previous experience
with the test.

Despite controversies surrounding false-positive results
and their influence on policy decisions and guidelines re-
garding screening mammography (4,5), to our knowledge

little is known about the effect of false-positive findings at
mammography on patients’ use of other nonbreast cancer
preventive services. Aside from the question of whether to
continue undergoing screening mammography, false-pos-
itive results at mammography may also potentially influ-
ence patient perception of screening for other diseases. A
recent study (6) suggested that women who undergo a bi-
opsy with results negative for cancer after positive findings
at mammography may delay their next screening mammo-
gram, with the potential consequence of delayed diagnosis
for early stage cancers. Thus, patients’ experiences with an
invasive procedure as a result of false-positive screening
mammography could plausibly affect their desire to adhere
to other, nonbreast cancer screening guidelines. Of note,
such guidelines are developed on the basis of population-
level benefits and harms and are typically discussed by phy-

sicians as a series of recommendations at a given visit (7,8).



Abbreviation
OR = odds ratio

Summary

Female U.S. Medicare beneficiaries who underwent screening mam-
mography showed increased utilization of cervical cancer and osteopo-
rosis screening tests, as well as the influenza vaccine, which are recom-
mended in current preventive service guidelines.

Implications for Patient Care

m Screening mammography potentially has a positive association
with later use of other recommended preventive services.

= In the 2 years after false-positive results at screening mammog-
raphy, there was no negative association with the use of other
preventive service.

However, it is also possible that results at mammography do not
affect—or even heighten—women’s awareness and willingness
regarding adherence to other screening studies, and that the so-
called harms of false-positive results at mammography may be a
transient phenomenon.

The potential for the use and results of screening mammog-
raphy to affect women’s adherence to other preventive guidelines
has broad implications for population health. Thus, the purpose
of the study was to retrospectively assess whether there is an as-
sociation between screening mammography and use of a variety
of preventive services in women who are enrolled in Medicare.

Materials and Methods

Data

By adhering to a data use agreement from the U.S. Centers for
Medicare and Medicaid Services, we used retrospective Medicare
claims from 2010 to 2014 research identifiable files. Our data
include all fee-for-services claims associated with a 5% nationally
representative sample of Medicare beneficiaries. The claims data
provide beneficiaries” enrollment, demographic, and health ser-
vices utilization information. In addition, we obtained county-
level income and health resource variables from the Area Health
Resource File linked to Medicare claims by ZIP code. The datas-
ets were studied with an exemption from the institutional review

board of the American College of Radiology.

Study Population

The study cohort included beneficiaries who were women
(=65 years), who had continuous Medicare part A and part B
coverage without managed care enrollment between 2010 and
2014, who resided in one of the 50 U.S. states or the District
of Columbia, and who were alive as of December 31, 2014.
The treatment group consisted of patients who underwent
two-dimensional screening mammography in 2012 (hereafter,
referred to as index screen), whereas the control group con-
sisted of patients who underwent no screening mammography
in 2012. During the period of interest, the American College
of Radiology and American Cancer Society guidelines recom-
mended yearly mammography for women in good health over
age 40 years without an upper age limit, and the Affordable
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Care Act required full coverage of mammography, including
complete coverage by Medicare plans starting in 2011 (9-12).
Yearly Papanicolaou test and biannual bone mass testing were
also covered by Medicare during this time frame, though
guidelines regarding frequency of Papanicolaou test began to
change in 2012 (13,14). Patients were excluded if they had
a diagnosis of breast cancer or mastectomy before the index
screen during the study period (dating back to 2010), or if
they underwent breast-related imaging within 9 months of the
index screen; these groups may have a higher adherence to sub-
sequent screening and represent a potential source of bias in fa-
vor of screening, and in addition these patients’ mammograms
are often not considered screening studies.

Key Variables

Screening positive versus negative results.—The study de-
sign was aligned with clinical definitions of screening results
according to current auditing and quality standards of the
American College of Radiology (15), and as applied in previ-
ous investigations (5,16,17). In clinical practice, a screening
test is classified as positive for recall if the result indicates physi-
cal examination, additional imaging, or biopsy instead of rou-
tine screening (Breast Imaging Reporting and Data System, or
BI-RADS, 0, 3, 4, or 5; in practice, BI-RADS categories 3, 4,
and 5 are used rarely in the context of screening). A negative
screening result is defined as that which shows no findings or
benign findings (BI-RADS 1 or 2) (15,18).

With Medicare claims, the clinical outcomes of the initial
screening tests are unavailable and results are defined as posi-
tive or negative for cancer based on subsequent breast imaging
services and breast cancer diagnoses in billing claims. We de-
fined screening-positive results as patients who underwent di-
agnostic mammography or breast US within 30 days after the
index screen, and screening-negative results otherwise (Figure),
on the basis of published multicenter data at the completion of
additional imaging within 30 days of screening (19,20).

True-positive results were defined by using Medicare claims
for women in the positive screening category who also had a
diagnosis of breast cancer within 1 year after the index screen.
False-positive results were defined as results from patients who
were in the positive screening category but without any breast
cancer diagnosis during the same period. True-negative results
were defined as negative screening results and no breast cancer
diagnosis within 1 year after the index screen.

Outcome measures.—Our study outcomes were three binary
indicators of whether patients underwent a Papanicolaou test,
bone mass measurement, or influenza vaccine within 2 years
after the index screen (for screened patients) or during 2012
and 2013 (for not screened patients). These outcomes represent
other preventive services relevant to women other than mam-
mography that may be affected by the result of mammography
screening. We further excluded the preventive services of inter-
est performed within 60 days after the index screen to exclude
services that likely were ordered at the same time and performed
just after screening mammography while preserving capture of
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Medicare 5% Research Identifiable Files Physician/Supplier Part B Claims Beneficiaries

2010 N=2733524
2011 N=2805812
2012 N=2891669
2013 N=2972192
2014 N=3049636

states and D.C.
N=573462

Female, age 65 and older, part A and B continuous coverage, no
HMO enrollment, alive at the end of the study period, 50 U.S.

Had screening mammo in 2012

N=203092
I

mastectomy
N=192826

No prior breast cancer or

No breast-related
imaging within 9
months prior to

the index screen
N=185735

No screening
mammo in 2012

N=370370

Remove those with
breast-related
imaging <=9
months

N=7091

Exclude those with census level variables missing |N=400

No screening

mammo in 2012
370080

66.6%

Subgroup Analyses

Screen negative TOTAL
173168 555705
31.2% 100%
No diag. mammo  |Diag. mammo
within 6 months or |beyond 30 days
ultrasound within |but within 6
30 days months
171875 1293
99.3% 0.7%
True Negative False Negative
No breast cancer Breast cancer

diagnosis within 1

year following the within 1 year
index screen following the
index screen

172237 931

Figure: Breast cancer screening cohort selection flowchart: 2012 Medicare beneficiaries. Diag. = diagnostic, HMO = health

mainfenance organization, mammo = mammography.

the months after completed diagnostic evaluation when poten-
tial psychologic effects are most pronounced (21,22).

Covariates.—To minimize possible confounding, we adjusted
for patient demographic variables such as patient age groups,
race, state of residence, urban or rural residence (23), and Med-
icaid receipt. We also included a Charlson comorbidity index,
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which is a summary score of 17 comorbid conditions with as-
signed weights of either 1, 2, 3, or 6 based on the risk of dying
from the associated conditions (24). The Charlson comorbid-
ity index was calculated by using the previous 12 months’
inpatient claims for each patient following an established al-
gorithm (25). Furthermore, we included indicators for two
sets of baseline preventive service use: whether patients at-
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tended an annual wellness visit or welcome-to-Medicare visit,
and whether patients underwent any Papanicolau test bone
mass measurement or influenza vaccine within 2 years before
the index screen (for patients who underwent mammography)
or during 2010 and 2011 (for unscreened patients). Finally,
we included three county-level variables: median household
income, the number of hospitals within each county, and the
rate of primary care providers per 100000 persons. A list of
International Classification of Disease, Ninth Revision codes
and Health care Common Procedure Coding System codes
for key medical terms is provided (Table E1 [online]).

Statistical Analysis
Patient characteristics were first compared among those who
were not screened at mammography during 2012, those who
were screened with positive results, and those who were screened
with negative results by using a 30-day window for diagnostic
evaluation to define positive screening. A bivariate logistic re-
gression model was then used to examine the relationship be-
tween the probabilities of receiving a Papanicolaou test, bone
mass measurement, or influenza vaccine 2 years after the index
screen and the group indicator. Next, a multivariate logistic re-
gression model was constructed by adjusting for all the covariates
described with forward model selection. We also applied inverse
probability of treatment weighting by using the propensity score
for estimation of causal effects of screening mammography and
results on use of the selected preventive measures (13). To assess
for potential negative associations between false-positive mam-
mography results and later use of preventive care, we compared
subgroups of women who were screened and obtained false-pos-
itive results with those who had negative screening results for use
of the three preventive services we examined during the follow-
ing 2-year period. A comparison was also performed between
false-positive and true-positive results for use of these services.
Finally, we conducted a sensitivity analysis to examine the
stability of the findings. First, a window of 60 days for diagnos-
tic mammography or breast US after the index screen was used
to determine screening-positive results for assessment of the
effect of women who may have been delayed in obtaining ad-
ditional examinations. Second, baseline use of preventive ser-
vices may involve unobserved factors that are not adjusted by
our covariates (eg, health intervention—seeking behavior) and
the sensitivity analysis examined whether the results differed
among women who had not recently undergone the preventive
services. Accordingly, we restricted the sample to those indi-
viduals who had not undergone the particular service of inter-
est within 2 years before the index screen (with adjustment
for the other two preventive services). For example, when we
compared the difference in the utilization rates of Papanico-
laou testing among the three original groups of patients (posi-
tive results, negative results, no screening), we restricted the
sample to include only those individuals who did not undergo
a Papanicolaou test within 2 years before the index screen. This
comparison was designed to provide a direct estimate of the net
effect of undergoing screening mammography on later preven-
tive service use because all the groups had not undergone the
preventive service of interest at baseline.
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Analyses were conducted by using statistical software (SAS
version 9.4; SAS Institute, Cary, NC), and a two-sided P value
less than .05 indicated statistical significance.

Results

Characteristics of the Cohort

Our final cohort was composed of 555705 patients. Of the cohort,
66.6% (370080 patients) did not undergo screening mammog-
raphy in 2012, 31.2% (173168 patients) underwent screening
mammography in 2012 with negative results, and 2.2% (12457
patients) underwent screening mammography in 2012 with posi-
tive results. Thus, among women who underwent screening, 6.7%
(12457 of 185625) obtained a positive screening result. The co-
hort selection process is in the Figure. Descriptive statistics of the
three patient subgroups of nonscreened patients, patients with
positive screening results, and patients with negative screening re-
sults are in Table 1. The overall sensitivity and specificity of screen-
ing mammography for detection of breast cancer were 63.7% and
93.5%, respectively. The patients who did not undergo screening
versus each screened group differed in terms of higher proportions
of older age (=80 years; Charlson comorbidity index of at least 1)
and lower rate of baseline preventive care among patients who did
not undergo mammography (P values <.001).

Comparative Use of Preventive Services according to
Screening Status
The odds of use of each of the three preventive services com-
pared between patients who had positive screening results versus
no screening, negative screening results versus no screening, and
positive versus negative screening results are provided by using the
estimated odds ratios (ORs) (Table 2). After inverse probability of
treatment weighting adjustment for patient demographics, comor-
bidity status, geographic covariates, and baseline preventive care,
women who underwent index screen mammography (with either
positive or negative results) were more likely than women without
screening to undergo the Papanicolaou test, bone mass measure-
ment tests, and to be administered the influenza vaccine in the
following 2-year period. For example, the breast screening group
with positive findings had a higher likelihood than the group with-
out screening of undergoing Papanicolaou test (OR, 1.49; 95%
confidence interval: 1.40, 1.58), bone mass measurement (OR,
1.70; 95% confidence interval: 1.63, 1.78), and administration of
the influenza vaccine (OR 1.45; 95% confidence interval: 1.37,
1.53). Patients with positive results at screening mammography
were also slightly more likely than those with negative results at
screening to undergo bone mass measurement (OR, 1.06; 95%
confidence interval: 1.02, 1.11), whereas there was no difference
in the likelihood of undergoing the Papanicolaou test (OR, 0.99;
95% confidence interval: 0.93, 1.05) or administration of the in-
fluenza vaccine (OR, 0.99; 95% confidence interval: 0.93, 1.04).
The strongest predictors of use of the Papanicolaou test and
bone mass measurement test were the patient age group and
whether or not the patient underwent the respective test in the
2 years before the index screen. Younger age groups showed sig-
nificantly greater odds ratios for undergoing a Papanicolaou test
and bone mass measurement than did those older than 80 years.
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Table 1: Descriptive Statistics of the Study Sample

Screening-positive ~ Screening-negative

Parameter Total Patient Cohort ~ Results Results Not Screened P Value
Eligible beneficiaries 555705 (100) 12457 (2.2) 173168 (31.2) 370080 (66.6)
Age category <.001
65-74 years 207832 (37.4) 6263 (50.3) 82166 (47.4) 119403 (32.3)
75-79 years 124411 (22.4) 3141 (25.2) 44854 (25.9) 76416 (20.6)
=80 years 223462 (40.2) 3053 (24.5) 46148 (26.6) 174261 (47.1)
Race <.001
White 490411 (88.3) 11326 (90.9) 155716 (89.9) 323369 (87.4)
Black 39514 (7.1) 810 (6.5) 11567 (6.7) 27137 (7.3)
Other 25780 (4.6) 321 (2.6) 5885 (3.4) 19574 (5.3)
Urban rural division <.001
Utrban 436066 (78.5) 9997 (80.3) 137243 (79.3) 288826 (78.0)
Rural 119639 (21.5) 2460 (19.7) 35925 (20.7) 81254 (22.0)
Medicaid recipient <.001
No 479867 (86.4) 11540 (92.6) 159593 (92.2) 308734 (83.4)
Yes 75838 (13.6) 917 (7.4) 13575 (7.8) 61346 (16.6)
Charlson comorbidity index <.001
0 500253 (90.0) 11537 (92.6) 160723 (92.8) 327993 (88.6)
1-3 47909 (8.6) 811 (6.5) 11124 (6.4) 35974 (9.7)
4 and more 7543 (1.4) 109 (0.9) 1321 (0.8) 6113 (1.7)
Obtained preventive services 2 years prior
Annual wellness visit 66220 (11.9) 2684 (21.5) 36813 (21.3) 26723 (7.2) <.001
Papanicolaou test 83562 (15.0) 3075 (24.7) 42310 (24.4) 38177 (10.3) <.001
Bone mass measurement 155574 (28.0) 4379 (35.2) 64245 (37.1) 86950 (23.5) <.001
Influenza vaccination 337768 (60.8) 8777 (70.5) 123486 (71.3) 205505 (55.5) <.001
County level
Median household income <.0001
=$50000 302080 (54.4) 6669 (53.5) 93884 (54.2) 201527 (54.5)
$50000-$75000 209783 (37.8) 4717 (37.9) 66231 (38.2) 138835 (37.5)
=$75000 43842 (7.9) 1071 (8.6) 13053 (7.5) 29718 (8.0)
No. of PCPs per 100000 people <.0001
Quartile 1 138636 (24.9) 2838 (22.8) 41540 (24.0) 94258 (25.5)
Quartile 2 137166 (24.7) 3170 (25.4) 43607 (25.2) 90389 (24.4)
Quartile 3 141752 (25.5) 3287 (26.4) 44526 (25.7) 93939 (25.4)
Quartile 4 138151 (24.9) 3162 (25.4) 43495 (25.1) 91494 (24.7)
No. of hospitals per county <.001
0 19585 (3.5) 419 (3.4) 6059 (3.5) 13107 (3.5)
1-3 229474 (41.3) 5070 (40.7) 72172 (41.7) 152232 (41.1)
=4 306646 (55.2) 6968 (55.9) 94937 (54.8) 204741 (55.3)

Note.—Unless otherwise indicated, data are number of patients; data in parentheses are percentages. P values are for comparison of means
across screening positive, screening negative, and not screened groups. PCP = primary care providers.

In addition, having undergone a previous Papanicolaou test or
bone mass measurement within 2 years before the index screen
increased the respective odds of undergoing a Papanicolaou test
(OR, 7.87; 95% confidence interval: 7.66, 8.08) or bone mass
measurement (OR, 2.91; 95% confidence interval: 2.85, 2.96)
within 2 years after the index screen. The patient age group was
not a significant predictor for administration of the influenza vac-
cine. Instead, the history of a previous influenza vaccine was the
strongest predictor of obtaining this service after the index screen
(OR, 20.52; 95% confidence interval: 20.07, 20.97), and patients
who received Medicaid were less likely to be administered the vac-

cine (OR, 0.74; 95% confidence interval: 0.71, 0.77).

664

We also examined subgroups of patients who were screened
with positive results (true-positive versus false-positive results)
(Table 2). Women with false-positive results showed no dif-
ference in odds ratios for use of Papanicolaou test or influenza
vaccines compared with women with negative screening results
in the subsequent 2-year period. False-positive screening results
compared with negative screening was associated with a slight
difference in the likelihood of undergoing bone mass measure-
ment (OR, 0.93; 95% confidence interval: 0.89, 0.98). Women
with true-positive results compared with women with false-posi-
tive results had increased odds of having bone mass measurement

(OR, 2.67; 95% confidence interval: 2.35, 3.03). True-positive
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results were also associated with a slight increase in the odds of
undergoing Papanicolaou test compared with false-positive re-
sults (OR, 1.31; 95% confidence interval: 1.08, 1.59). There was
no difference in administration of the influenza vaccine between
patients with true-positive and false-positive screening results

(OR, 0.96; 95% confidence interval: 0.81, 1.12).

Sensitivity Analysis Results

In our sensitivity analysis, we varied the length of time in which di-
agnostic mammography or breast US after the index screen would
determine a positive screening result. Use of a 60-day window
for subsequent diagnostic imaging instead of a 30-day window
yielded a small increase in the number of patients with positive re-
sults at screening (Fig E1 [online]): 872 more patients had positive
screening results with a 60-day window than with use of a 30-day
window, leading to a positive index screening rate of 7.2% (13329
patients) instead of 6.7%. The propensity score—adjusted ORs for
the overall sample with 60-day window to define positive screen-
ing (Table E2 [online]) were consistent with the 30-day window
results: OR for all three preventive services of interest indicated
higher likelihood of utilization in women who underwent screen-
ing mammography compared with those who did not (Table E2
[online]). Likewise, results for the subgroup analysis for use of pre-
ventive services between false-positive and true-positive findings,
and also false-positive and true-negative screening results, were
similar by using the 60-day period. Use of Papanicolaou test, bone
mass test, and influenza vaccine did not differ among women with
false-positive versus negative findings at screening.

When we restricted our sample to women who did not un-
dergo the preventive service of interest in the 2 years before the
index screen, we found that women who underwent screening
mammography (with either positive or negative results at screen-
ing) again showed higher odds than the nonscreened group of
undergoing a Papanicolaou test, bone mass measurement test,
and administration of the influenza vaccine in the 2 years after
undergoing the index screen, and the effects were larger than in
the analyses of the overall sample (Table 3). Compared with neg-
ative screening results, positive screening results were again as-
sociated with greater odds of having a bone mass measurement.
Finally, we found no difference between women who obtained
false-positive versus true-negative results at screening regarding
their utilization of cervical cancer screening (OR, 0.93; 95%
confidence interval: 0.84, 1.03), bone mass measurement (OR,
0.94; 95% confidence interval: 0.89, 1.01), or influenza vaccines
(OR, 0.99; 95% confidence interval: 0.90, 1.07). The results re-
mained consistent with expansion of the diagnostic evaluation
window to 60 days for determining a positive screening result.

Discussion

The potential effect of the use of breast cancer screening and re-
sults on patient adherence to other preventive service recommen-
dations is relevant not only to routine clinical practice, but also
to policy-level discussions of how preventive services are bundled
and recommended to patients. Because of the current attention to
consequences of false-positive screening results in terms of invasive
procedures, patient distress, and willingness to adhere to breast
cancer screening recommendations, we conducted a large-scale
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retrospective examination of whether the use of screening mam-
mography may influence the use of other preventative cancer ser-
vices and preventive services unrelated to cancer.

To our knowledge, this is the first reported study on this topic.
In the overall U.S. Medicare population, women not undergo-
ing screening mammography were older and had more severe co-
morbidities. However, after adjusting for factors such as patient
age and comorbidity status, undergoing screening mammogra-
phy was associated with increased use of screening for cervical
cancer and osteoporosis, even if the patients did not have these
other screening tests in the 2 years before the index screen. An
increase in the odds of undergoing Papanicolaou test and bone
mass testing in patients with true-positive versus false-positive
results is likely attributable to baseline testing for gynecologic
cancers and assessment of fracture risk before commencement
of therapy with tamoxifen and aromatase inhibitors (because
of risks of bone mass loss), respectively (26-28). Furthermore,
women with false-positive results at mammography were no less
likely than women with negative results at mammography to
undergo another form of cancer screening (ie, the Papanicolaou
test) in the following 2 years. False-positive findings at screening
mammography showed a borderline association with decreased
use of bone mass measurement, and then no difference when
a preceding 2-year period without preventive services was ap-
plied; the initial finding may possibly be because of a scheduling
delay after completing breast evaluation, but the reasons for this
questionable difference are unclear. Overall, the implications of
our findings are relevant to policy discussions about the inclu-
sion of breast cancer screening among key preventive service
recommendations (29) because women in the U.S. Medicare
population may be more likely to adhere to preventive service
guidelines unrelated to breast cancer in the period after screening
mammography.

'The reasons for increased use of cervical cancer and osteoporo-
sis screening among U.S. Medicare beneficiaries who underwent
breast cancer screening are not clear. There may be a heightened
awareness of preventive measures after screening mammography
or a decisiveness to act proactively to curtail disease. Referring
physicians who counsel patients about preventive services may
consider that patients’ willingness to undergo screening mam-
mography may be tied to an understanding or acceptance of the
favorable benefit-risk profile of recommended preventive services,
and hesitancy or confusion about screening mammography can
prompt supportive discussions about the reasons preventive mea-
sures are recommended even if unnecessary tests or interventions
are possible. Furthermore, the lack of an association between false-
positive results at mammography and the use of other screening
tests suggests that, overall, potential distress or desire to delay or
discontinue screening mammography after a false-positive finding
at mammography does not clearly extend to other screening tests
(6). This lack of a negative association may be further supported
by some findings from previous studies (22,30) that false-positive
results at screening mammography led to neither decreased will-
ingness to adhere to breast cancer screening recommendations nor
long-term increased anxiety. Although we hypothesized that pa-
tients with false-positive results might adhere less often to other
screening recommendations such as Papanicolaou test to avoid the
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possibility of additional testing or invasive procedures, no trend
was found to support such a potential effect.

Dabbous et al (6) and McCann et al (31) previously exam-
ined the effect of false-positive findings at mammography on
subsequent use of breast cancer screening and cancer diagnoses,
and they showed a negative association between false-positive
results and adherence to screening mammography recommen-
dations, and risk for breast cancers detected at more advanced
stage. Our findings question the generalizability of these findings
on overall adherence to screening recommendations and suggest
that further research is needed to assess potential benefits in re-
garding the use of preventive services.

Our study had several limitations inherent to the use of retro-
spective administrative Medicare claims. First, we restricted our
sample to be fee-for-service beneficiaries age 65 and older with
continuous part A and B coverage from 2010 to 2014. The find-
ings therefore cannot necessarily be generalized to other U.S.
Medicare groups (ie, those enrolled in managed care settings) or
to non-Medicare populations in the U.S. (eg, younger women
with private insurance, Medicaid, or no insurance) or in other
countries where preventive services may differ in terms of timing,
insurance coverage, and access. The proportion of women with
Medicare who routinely undergo screening mammography may
vary according to the specific plan, and in addition the 1-year pe-
riod in this study may underestimate the proportion of women
who undergo mammography (32). We note that the demographic
characteristics of the studied population may affect the results, and
access to or use of preventive services may differ where the demo-
graphics of our population do not apply. In addition, our data are
observational in nature, and though we performed a propensity
score—based analysis, we do not establish causality in the relation-
ship between mammography and later use of preventive services.
We excluded preventive services performed within 60 days of
screening mammography because we assumed the mammogra-
phy and preventive measures were ordered concurrently, and this
assumption may result in underestimation of an association be-
tween screening mammography and other preventive services in a
shorter term than was examined. Patients who underwent screen-
ing mammography also may be different from the control group
in ways we did not fully capture (ie, their health literacy or level of
motivation to preserve their health). Patients who did not undergo
breast cancer screening may also have been counseled less effec-
tively or they may be less amenable to screening tests for other rea-
sons that were not studied. Counseling for preventive services has
the potential to be time consuming and impeded by barriers such
as patient literacy, probabilistic reasoning, and comprehension of
population level benefits and harms. With potential for short-term
distress and possible hesitancy to continue screening mammogra-
phy after false-positive results, health care providers should remain
dedicated to a dialogue for accurate patient understanding of risk
estimates, screening benefits and harms, and shared decision mak-
ing regarding preventive recommendations.

We report a mammographic recall rate of 6.7%, which may
be perceived as lower than previously reported rates (the recom-
mended overall benchmark is less than 10%) (18). This find-
ing may be related to the fact that we are investigating an older
cohort; older women are more likely to undergo incident versus
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prevalent screen, and therefore they are more likely to have un-
dergone prior mammography for comparison with abnormal
interpretation rates known to decrease in this setting. However,
it is also possible that use of billing claims limited our ability to
determine abnormal screening results for which patients did not
follow up or for which patients’ diagnostic evaluations were not
billed to Medicare. Finally, our operational definitions of screen-
ing positive and negative, and true-positive and false-positive
results, are on the basis of assumptions about additional exami-
nations and diagnoses within a time frame and not on reports
for the screening mammography. These definitions for screen-
ing mammography results may also lack the gravity of positive
results at examination as defined by the Mammography Qual-
ity Standards Act as a test resulting in a biopsy. The majority of
the women in our cohort who had false-positive findings un-
derwent diagnostic mammography without invasive procedure.
However, by employing this broader definition of false-positive
results, we were able to capture patients who ultimately had be-
nign results at diagnostic imaging and those with nonmalignant
tissue sampling results. In addition, previous studies (33) de-
scribed increased patient anxiety over extended periods after ab-
normal findings at mammography that did not result in a cancer
diagnosis, regardless of whether a breast biopsy was performed.
In conclusion, women who were beneficiaries of Medicare
who underwent screening mammography showed increased use
of cervical cancer and osteoporosis screening tests and the influ-
enza vaccine, all of which are recommended according to current
preventive service guidelines. The positive association of use of
screening mammography with the use of other screening tests
may be of consideration for further studies regarding the effect
of patient counseling and experiences with mammography on
their comprehension, attitudes, and values regarding screening
tests unrelated to mammography. In addition, the association
may also be relevant to policy-level decisions regarding coverage
for breast cancer screening as a key part of a bundle of recom-
mended preventive tests.
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