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IMPORTANCE Breast cancer is the second leading cause of cancer deaths among US women.

Mammography screening may be associated with reduced breast cancer mortality but can
also cause harm. Guidelines recommend individualizing screening decisions, particularly for
younger women.
OBJECTIVES We reviewed the evidence on the mortality benefit and chief harms of

mammography screening and what is known about how to individualize mammography
screening decisions, including communicating risks and benefits to patients.
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EVIDENCE ACQUISITION We searched MEDLINE from 1960-2014 to describe (1) benefits of
mammography, (2) harms of mammography, and (3) individualizing screening decisions and
promoting informed decision making. We also manually searched reference lists of key
articles retrieved, selected reviews, meta-analyses, and practice recommendations. We rated
the level of evidence using the American Heart Association guidelines.
RESULTS Mammography screening is associated with a 19% overall reduction of breast
cancer mortality (approximately 15% for women in their 40s and 32% for women in their
60s). For a 40- or 50-year-old woman undergoing 10 years of annual mammograms, the
cumulative risk of a false-positive result is about 61%. About 19% of the cancers diagnosed
during that 10-year period would not have become clinically apparent without screening
(overdiagnosis), although there is uncertainty about this estimate. The net benefit of
screening depends greatly on baseline breast cancer risk, which should be incorporated into
screening decisions. Decision aids have the potential to help patients integrate information
about risks and benefits with their own values and priorities, although they are not yet widely
available for use in clinical practice.
CONCLUSIONS AND RELEVANCE To maximize the benefit of mammography screening,
decisions should be individualized based on patients’ risk profiles and preferences. Risk
models and decision aids are useful tools, but more research is needed to optimize these and
to further quantify overdiagnosis. Research should also explore other breast cancer screening
strategies.
JAMA. 2014;311(13):1327-1335. doi:10.1001/jama.2014.1398

B

reast cancer is the most common noncutaneous cancer and
the second leading cause of cancer death among women
in the United States. About 40 000 women die of breast
cancer in the United States each year.1 For decades, there has been
strong interest in screening strategies that will detect early cancers
before they progress, thereby reducing mortality. Some trials have
demonstrated that mammography is associated with decreased
breast cancer mortality, but these data and increasing evidence about
the harms of mammography screening have generated controversy. In 2009, in light of evidence that the benefit-risk ratio is higher
among women older than 50 years and with less frequent screening, the US Preventive Services Task Force (USPSTF) reversed its previous recommendation of mammography every 1 to 2 years begin-
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ning at age 40 years and recommended routine screening every 2
years starting at age 50.2 This was consistent with recommendations in many European countries3,4 but contrasted with several other
US organizations,5,6 revitalizing the recurring debate in both the
medical community and mainstream media about mammography
policy and practice. Recent evidence suggests that use of mammography in the United States has not changed following the USPSTF
2009 recommendations.7
The USPSTF stated that “the decision to start regular, biennial
screening mammography before the age of 50 years should be an
individual one and take into account patient context, including the
patient’s values regarding specific benefits and harms.”2 The central issue for clinicians, which is infrequently addressed in the medi-
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Table 1. Pooled Results from Randomized Clinical Trials on Mortality Reductions With Mammography Screening by Age Group
Total Events in Group/Total No.
No. of Studies

Invited Group

Control Group

RR (95% CI) With
Mammography Screening9

ARR With Mammography
Screening

NNI to Screening9

39-49

88,10-14

448/152 300

625/195 919

0.85 (0.75 0.96)

0.0005

1904

50-59

611,13-15

361/78 465

410/69 849

0.86 (0.75-0.99)

0.0007

1339

60-69

213

110/19 093

155/18 377

0.68 (0.54- 0.87)

0.0027

377

70-74

113

42/5073

36/4859

1.12 (0.73-1.72)

NA

NA

Age, y

Abbreviations: ARR, adjusted risk ratio; NA, not available; NNI, number needed to invite; RR, risk ratio.

cal literature, is how to individualize mammography recommendations and foster informed decisions by patients. To accomplish this,
clinicians must assess a patient’s individual risk for breast cancer, effectively communicate the risks and benefits of screening, identify
how a patient’s characteristics might modify those risks and benefits, and elicit patients’ personal preferences and values. This review will address the following key clinical questions: (1) What is the
benefit of mammography screening, and how does that vary by age
and patient risk? (2) What are the harms of mammography screening? (3) What is known about how to incorporate individual characteristics into breast cancer screening recommendations? (4) How
can patients be supported in making informed decisions about mammography screening?

Methods
We searched MEDLINE for relevant randomized clinical trials (RCTs),
meta-analyses, systematic reviews, and observational studies from
1960 to January 19, 2014 (search terms are reported in the eBox in
Supplement). We also manually searched the references of key articles, reviews, meta-analyses, and practice recommendations. For
describing the breast cancer mortality benefit of mammography we
included meta-analyses of RCTs of mammography screening examining breast cancer mortality. From 525 articles identified, 20 metaanalyses met these criteria. We focused on the 5 meta-analyses published after 2006, when the most recent RCT, the Age Trial,8 was
published (eFigure 1 in Supplement).
To describe mammography’s harms we focused on falsepositive results, unnecessary biopsies, and overdiagnosis, conducting 2 separate searches. The first included systematic reviews and
meta-analyses through December 2008, the period for the review
informing the 2009 USPSTF decision.9 The second included primary studies and reviews published since December 2008. We identified 374 articles, including 14 systematic reviews or metaanalyses published before 2008 and 72 studies or reviews published
after 2008 (eFigures 2 and 3 in Supplement).
For studies on (1) individualizing information about risks and benefits and (2) communicating the benefits and risks to patients considering mammography screening, we searched for interventions (including decision aids) providing probabilistic information to women
on the benefits and risks of screening, their own individual breast
cancer risk, or both. We did not include interventions designed to
increase screening rates without considering screening risks or a woman’s baseline breast cancer risk. From 907 citations, we identified 23 studies (eFigure 4 in Supplement). From MEDLINE searches
1328

and reviews of citations, we additionally identified 25 articles on
breast cancer risk models and using risk profiles to guide mammography decisions.
In Table 1, we provide summary risk ratios and number needed
to invite (NNI) to screening from Nelson et al’s meta-analysis conducted for the USPSTF.9 We also report absolute risk ratios calculated by inverting the NNI.9 In Table 2, we report estimated benefits and harms of breast cancer screening for 10 000 women
undergoing annual mammography during a 10-year period. To estimate the number of women diagnosed with invasive breast cancer or ductal carcinoma in situ (DCIS) (column 1), we used Surveillance, Epidemiology, and End Results (SEER) estimates from a recent
review by Welch and Passow.16,17 The numbers of breast cancer
deaths over 15 years (column 2) use Welch and Passow’s estimates
of the 15-year risks of dying of breast cancer in a screened population. The lower number reflects a minimal breast cancer mortality
reduction of 5% based on RCTs reporting no benefit,10,15 and the upper number reflects a reduction of 36% based on the trial reporting the highest benefit.11 Column 3 provides Welch and Passow’s upper and lower estimates of the number of deaths averted through
screening, based on the same range of RCT results. To estimate the
number of invasive breast cancers or DCIS diagnosed that would
never become clinically important (overdiagnosis, column 4), we report absolute numbers calculated by Welch and Passow based on
the Malmö trial and an epidemiologic study.17,20,21 To estimate the
number of women with at least 1 false-positive mammogram or unnecessary biopsy (columns 5 and 6), we report the cumulative incidence (with 95% CIs) from 2 studies using Breast Cancer Surveillance Consortium data22,23 multiplied by 10 000.

Results
Benefits of Screening Mammography
Between the 1960s and the 1990s, 8 large RCTs assessed breast cancer mortality associated with screening. Meta-analyses of these trials
generally demonstrate a 15% to 20% decrease in the relative risk of
breast cancer–specific mortality. The variation in estimates is largely
attributable to differences in trial quality and inclusion criteria. The
Edinburgh trial has been most consistently excluded because of concerns about its cluster randomization strategy.24 However in other
trials, concerns have been raised about randomization, contamination, and assignment of breast cancer mortality.25
In addition, some argue that the RCTs are unlikely to be applicable to women undergoing screening today, because they preceded treatment advances that have powerfully influenced breast
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Table 2. Estimated Benefits and Harms of Mammography Screening for 10000 Women Who Undergo Annual Screening Mammography Over a
10-Year Period

Age, y

No. Diagnosed With
Invasive Breast
Cancer or DCIS
During the 10 y of
Screeninga

No. of Breast
Cancer
Deaths in
next 15 yb

No. of Deaths Averted With
Mammography Screening
Over Next 15 yc

b

No. (95% CI)
With ≥1
False-Positive
Result During
the 10 ye

No. (95% CI) With ≥1
Unnecessary Biopsy
During the 10 ye

40

190

27-32

1-16

?-104f

6130 (5940-6310)

700 (610-780)

50

302

56-64

3-32

30-137

6130 (5800-6470)

940 (740-1150)

60

438

87-97

5-49

64-194

4970 (4780-5150)

980 (840-1130)

Abbreviation: DCIS, ductal carcinoma in situ.
a

No. of Breast Cancers or DCIS
Diagnosed During the 10 y
That Would Never Become
Clinically Important
(Overdiagnosis)d

Number of cancers expected to be diagnosed in the next 10 years from
Surveillance, Epidemiology, and End Results (SEER) statistics16 and also
reported by Welch and Passow.17 These numbers are from SEER incidence
rates and reflect a combination of screened and unscreened women, so they
would be higher in a completely screened population such as these 10 000
women by a number that depends on the magnitude of overdiagnosis.
Number of women expected to die of breast cancer in the next 15 years among
a screened cohort are from Welch and Passow,17 who used SEER statistics18
adjusted for mammography rates reported in the 2008 National Health
Interview Survey.19 The lower bound numbers represent death rates under the
assumption of a breast cancer mortality risk reduction of 0.64 from
mammography screening based on the benefit noted in the Swedish 2-County
Trial11; the upper bound represents death rates under the assumption of a
breast cancer mortality risk reduction of 0.95 based on the minimal benefit
noted in the Canadian Trials.10,15

cancer mortality and used older mammography techniques.17 However, the RCTs nevertheless provide the best data available.
Two recent meta-analyses examined breast cancer mortality
across all age groups.25,26 The summary risk ratio (RR) for breast cancer mortality reduction with mammography screening at median 11.4
years follow-up was 0.81 (95% CI, 0.74-0.88) in the meta-analysis
for the Canadian Task Force that included all RCTs except the Edinburgh trial.26 The Cochrane reviewers reported a summary RR of
0.90 (95% CI, 0.79-1.02) when including only the 3 trials they considered of adequate quality.25 When the Cochrane reviewers included all the trials except Edinburgh, with 13 years of follow-up, their
results were consistent with the Canadian review (RR, 0.81
[0.74-0.87]).25 In February 2014, 25-year follow-up results from
2 Canadian trials were published,27 showing no mortality benefit from
mammography screening (hazard ratio, 1.05 [95% CI, 0.88-1.12]).
These results are consistent with earlier reports from these trials
(at 13 years’ follow-up, the mortality rate ratio for women aged 50-59
years was 1.02 [95% CI, 0.78-1.33]15 and at 11-16 years’ follow-up
among women aged 40-49 years, it was 0.97 [95% CI, 0.74-1.27]10)
and would be unlikely to substantially change meta-analysis
results.
Three meta-analyses assessed mortality reduction within multiple age groups,9,25,26 and 2 focused on women aged 40 to 49 years
only.28,29 For women aged 40 to 49 years, these 5 meta-analyses
provided summary RRs ranging from 0.81 to 0.85. Variation in the
estimated RRs again resulted from differing decisions about trial quality and inclusion. In 3 analyses excluding the Edinburgh trial alone,
summary RRs for women aged 40 to 49 years were 0.84 (95% CI,
0.75-0.96)9,26 and 0.84 (95% CI, 0.73-0.96).25 Table 1 shows estimates from the meta-analysis conducted for the USPSTF.9
Despite similar relative benefits across age groups, because
baseline breast cancer risk varies, the absolute benefit and NNI to
screening to prevent 1 breast cancer death vary by age (Table 1).
Based on the meta-analysis by Nelson et al,9 about 1904 women

c

Number of deaths averted are from Welch and Passow17; the lower bound
represents breast cancer mortality reduction if the breast cancer mortality RR
were 0.95 (based on minimal benefit from the Canadian trials10,15), and the
upper bound represents the breast cancer mortality reduction if the RR were
0.64 (based on the Swedish 2-County Trial11).

d

Overdiagnosed cases are calculated by Welch and Passow17; the lower bound
represents overdiagnosis based on results from the Malmö trial,20 whereas
the upper bound represents the estimate from Bleyer and Welch.21

e

False-positive and biopsy estimates and 95% CIs are 10-year cumulative risks
reported in Hubbard et al22 and Braithwaite et al.23 For 60-year-old women
we used estimates of false-positive results or biopsies in women aged 66 to 74
years with a Charlson score of 0.

f

The lower bound estimate for overdiagnosis reported by Welch and Passow17
came from the Malmö study,20 which did not enroll women younger than 50
years.

aged 39 to 49 would need to be invited to prevent 1 breast cancer
death, vs 377 women aged 60 to 69. To address the “psychological
magnification” of relative risks and most patients’ limited numeracy, experts recommend using natural frequencies (eg, the number of cancers diagnosed among a certain number screened) to aid
comprehension of such findings.30,31 Table 2 provides published estimates from Welch and Passow of mammography’s benefits using
natural frequencies. Welch and Passow provide a range for number
of breast cancer deaths in a screened population using results from
RCTs with markedly contrasting results—the Canadian trials, which
showed no significant breast cancer mortality benefit (Welch and
Passow use a more conservative estimate of 5%)10,15 and the Swedish 2-County trial, which showed about a 36% risk reduction among
those attending screening.11 Welch and Passow calculated these
numbers based on SEER 15-year breast cancer mortality rates18 (assuming that the benefit of mammography would extend beyond the
screening period) and adjusted for self-reported mammography rates
in the United States,19 providing a range to reflect the uncertainty
about the benefit. Based on these estimates, among 10 000 women
aged 50 years undergoing annual screening for 10 years, approximately 302 would be diagnosed with invasive breast cancer or DCIS,
between 56 and 64 women would die of breast cancer despite
screening, and between 3 and 32 breast cancer deaths would be
averted through screening depending on the true effect of mammography. Some might argue that the ranges overemphasize extreme RCT results (concerns have been raised about suboptimal randomization in the Swedish trial 25 ) and may be difficult to
communicate to patients, and that meta-analyses can at least provide a “best estimate.” If Welch and Passow’s methodology is used
but Nelson et al’s9 meta-analysis results are applied to the adjusted
SEER breast cancer death rates, among 10 000 women aged 40
years undergoing annual mammography for 10 years, 31 deaths
would occur despite screening and 5 deaths would be averted;
among 50-year-olds, 62 deaths would occur despite screening and

jama.com

JAMA April 2, 2014 Volume 311, Number 13

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: on 12/19/2018

1329

Clinical Review & Education Review

Breast Cancer Screening Decisions

10 would be averted; and among 60-year-olds, 88 deaths would occur despite screening and 42 would be averted.

Harms of Screening Mammography
False-Positive Results

False-positive results raise suspicion for breast cancer and lead to
further testing, such as additional imaging or biopsy, but do not result in a cancer diagnosis.32 Recent evidence from the Breast Cancer Surveillance Consortium suggests that the 10-year cumulative
risk of at least 1 false-positive result is 61.3% for women starting
screening at ages 40 or 50 years and 49.7% for women aged 66 to
74 years undergoing annual screening.22,23 Table 2 shows that among
10 000 women aged 50 years undergoing annual mammography
for 10 years, approximately 6130 (95% CI, 5800-6470) will have at
least 1 false-positive result.
The risk of false-positive results increases when screening starts
atyoungeragesoroccursannually,leadingtomoremammograms32,33;
this was a key consideration influencing the USPSTF recommendation
to pursue biennial screening starting at age 50.2 The significance of a
false-positive result for an individual woman, however, is debated, and
likely varies substantially by patient. A review of 23 observational studies concluded that false-positive mammography results increase anxietyanddistressrelatedtomammographyandbreastcancerbutdonot
increase clinically diagnosed anxiety and depression.34 There are conflicting data regarding the persistence of anxiety or depressive symptoms over time,35-38 and whether women are more or less likely to returnforsubsequentmammogramsafterafalse-positivefinding.34,39-42
About 7.0% to 9.8% of women experience unnecessary biopsies after10yearsofannualscreening22,23—approximately940(95%CI,7401150) of the 10 000 women aged 50 years undergoing annual mammography reported in Table 2.
Overdiagnosis

Overdiagnosis is the detection of a tumor through screening that
would not have become clinically evident in the absence of screening. Overdiagnosis can occur either because of a tumor’s indolent
pathological features or because of competing mortality risks attributable to older age or comorbidities.43 Previously overdiagnosis was considered primarily explained by DCIS, but it is now thought
that some invasive cancer diagnoses also represent overdiagnosis;
both types of cases are generally included in analyses, since both are
treated. Treatment of an overdiagnosed cancer subjects a patient
to the harms of treatment without benefits, since the tumor would
not have caused problems if undetected.43
There has been a sharp recent increase in studies examining
overdiagnosis, and many authors now describe overdiagnosis as the
most concerning potential harm of mammography screening.44
However, substantial uncertainty exists around its magnitude. To
measure overdiagnosis, ideally one would compare the number of
cancers diagnosed in screened vs unscreened women with the same
underlying risk factors and representing the same historical period
and region, from the onset of screening until death.43 Adequate follow-up time is needed to account for the lead time gained by screening and to avoid counting cancers detected early through screening as “excess,” or overdiagnosed, cancers.43 Long-term follow up
of RCTs comparing screened with unscreened women minimizes
these concerns, providing the best estimates of overdiagnosis.45
Three RCTs, the Malmö trial and the 2 Canadian trials, never invited
1330

their control groups to screening,10,15,20 allowing assessment of excess cancer incidence in the screened group 6 to 15 years after
screening ended. A meta-analysis of overdiagnosis estimates from
these 3 trials estimated that among women invited to screen, 19%
of all cancers diagnosed during the screening period (and 11% during the entire observation period) were overdiagnosed.44,46 This proportion represents the excess incidence of cancers detected in the
screened group over long-term follow-up, as a fraction of all cancers diagnosed in the screened group during the screening period
(or the entire observation period).
The RCT findings have limitations, including possible underestimation of overdiagnosis because some screening occurred in the
control groups (in the Canadian National Breast Screening Study 1,
26.3% of the control group had at least 1 mammogram outside the
study).10,47 Overestimation is also possible since women were not
followed up until all had died, although in the recent update of the
Canadian trials, excess cases still represented 22% of screeningdetected cancers.27,45 The applicability of the RCTs to women undergoing mammography screening today in the United States is also
uncertain.17 Because the Malmö trial screened women only every
18 to 24 months and used older, less sensitive mammography techniques, Welch and Passow used the Malmö estimate as a “lower
bound” estimate of overdiagnosis risk.17
Published estimates of overdiagnosis from observational studies vary from less than 5% to more than 50%43,48-50 because of differing populations, assumptions, and measurement methods.43 To
identify incidence rates in the absence of screening, observational
studies often use historical incidence rates or incidence in an unscreened geographical region. A recent study based on SEER incidence and survival trends using historical incidence rates as a comparison reported that 31% of all breast cancers diagnosed in the
United States represented overdiagnosis.21 Welch and Passow used
these data as their “upper bound” estimate of overdiagnosis risk.17
In Table 2, we include Welch and Passow’s lower and upper bound
estimates to convey the uncertainty and methodological limitations around measuring overdiagnosis17; the estimate from the metaanalysis of 3 RCTs (19%)44 lies between these extremes. It is thus
likely that among 10 000 women aged 50 years undergoing annual mammography for 10 years, of 302 cases of cancer or DCIS, between 30 and 137 would reflect overdiagnosis, with a best guess
being 57 based on the meta-analysis estimate of 19%.

Individualizing Mammography Screening Decisions
For a woman in the United States, the average lifetime risk of breast
cancer is about 12.3%; the 10-year risks of invasive breast cancer at
ages 40, 50, and 60 years are 1.5%, 2.3%, and 3.5% respectively.1
Numerous risk factors have been identified for breast cancer, although up to 60% of breast cancers occur in the absence of known
risk factors.51 Each individual risk factor confers only a modest relative risk increase, and most are common in the general population;
therefore, combinations of risk factors are most frequently used in
efforts to estimate breast cancer risk.52 Several risk models attempt to use these risk factors to predict both breast cancer incidence in populations and individuals’ absolute risk. The Gail model,
developed in a population of women undergoing annual screening
and including age at menarche, age at first birth, number of firstdegree relatives with breast cancer, number of previous breast biopsies, and presence of atypical hyperplasia as risk factors, was one
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Table 3. Existing Guidelines for Mammography Screening
Organization and Year of Guidelines

Recommendations Regarding Mammography Screening

Norwegian Breast Cancer Screening Program,
19964

Screening mammography every 2 y for women between ages 50 y
and 69 y

US Preventive Services Task Force, 20092

Biennial screening mammography for women between ages 50 y
and 74 y
The decision to start regular, biennial screening mammography
before age 50 y should be an individual one and take into account
patient context, including the patient’s values regarding specific
benefits and harms

National Health Service Breast Screening Program Screening mammography every 3 y for women aged 47-73 y
(United Kingdom), 20103,a
Canadian Task Force on Preventive Health Care,
201181

Routine screening mammography for women aged 50-74 y

National Cancer Institute (United States), 20126

Screening mammograms every 1 to 2 y in women ≥40 y

American Cancer Society (United States), 20135

Yearly mammograms starting at age 40 y

of the first.53,54 Several limitations of the Gail model have been described, including its omission of breast density and its limited applicability in certain racial/ethnic groups and high-risk
populations.51,55,56 Revisions of the model include more diverse
populations57 and breast density,56,58,59 which is associated with a
1.5- to 2-fold increased risk of breast cancer among women aged 40
to 50 years60 but raises the challenging question of whether a baseline mammogram should be obtained in all women. Although these
models help refine understanding of a woman’s absolute risk for
breast cancer and can help communicate risk to women, they are
more accurate in predicting incidence in population subgroups and
far less useful in identifying which individual women will or will not
get cancer.52,55 Despite its limitations, the Gail model has been validated in 3 large populations and, as the basis for the National Cancer Institute’s online Breast Cancer Risk Assessment Tool (http:
//www.cancer.gov/bcrisktool), is commonly used in clinical practice.
Several decision analysis models have attempted to estimate
how individual risk profiles influence the benefits and harms of
screening.61-63 Older age and other factors that increase breast cancer risk also increase the absolute breast cancer mortality benefit
with mammography. The risk of false-positive results also generally increases with certain individual characteristics such as breast
density.22,64 Older age and more comorbidity increase the risk of
overdiagnosis because of decreasing life expectancy,33 as do characteristics of the cancer itself (aggressive tumors are less likely overdiagnosed than indolent tumors because of shorter lead time). A
comparative study of 4 microsimulation models found that for
women aged 40 to 49 years with a Gail-model breast cancer risk
twice average, biennial mammography screening yielded the same
ratio of benefits and harms as biennial screening for women 50 years
or older at average risk.63 Similarly, a cost-utility model found that
biennial screening among women aged 40 to 49 years with high
breast density and either a first-degree relative with breast cancer
or a history of a breast biopsy had similar ratios of benefits to harms
as biennial screening of women in their 50s without those risk
factors.61 Of note, however, none of these models considered overdiagnosis in their main analysis.61,63
If a healthy 40-year-old woman had twice the average risk of
breast cancer because of dense breasts, she would be expected to
have twice the absolute benefit of annual screening (eg, 10 lives
saved per 10 000 instead of 5) (Table 2). She would, however, also
have a higher risk of false-positive findings.22

Prior guidelines had recommended
mammography every 3 years for
women 50 years and older; in 2010,
the age range was extended to
include women aged 47 to 73 years.

Supporting Informed Decision-Making
Decisions about mammography should involve discussion of risks,
benefits, uncertainties, alternatives, and patient preferences.65,66
Although numerous interventions have aimed to increase mammography uptake, including interventions tailored to individuals’
psychological readiness to adopt screening or to individuals’ own
risk profiles,67-75 fewer studies examine measures of an informed
decision as an outcome. A Cochrane review of RCTs examined the
effects of personalized risk communication on informed decision
making about screening for a range of diseases.76 Eighteen studies
focused on mammography screening; those assessing outcomes
related to informed decisions generally showed an increase in
knowledge, quality of life, and accuracy of risk perception with
personalized risk communication. Notably, meta-analysis of 4
studies of interventions providing women with numerical information about their risk showed that among women 40 years or older,
there was no association between provision of numerical information and uptake of mammography (odds ratio, 0.84 [95% CI,
0.68-1.03]).76
Informed decisions require reconciling information about the risks
and benefits of screening with a patient’s values. Decision aids using
pamphlets,videos,orInternettoolscanprovideinformation,elicitpreferences, and help patients make decisions. A Cochrane review77 defineddecisionaidsas“interventionsdesignedtohelppeoplemakespecific and deliberative choices… by providing (at the minimum) information on the options and outcomes relevant to a person’s health
status,”andhelpingpatients“toclarify…thevaluetheyplaceonthebenefits, harms, and scientific uncertainties.” Overall, decision aids increased knowledge, decreased decisional conflict and anxiety, and had
variable effect on uptake of the test or treatment in question. The review’s only mammography study recruited 70-year-old Australian
women nearing the upper age cutoff for screening.78 Exposure to the
decision aid led to less indecision about continuing mammography, although there was no difference in screening participation the next
month. A more recent study among US women 75 years or older administered a paper decision aid just before a primary care encounter.
Women who received the decision aid reported knowing more about
benefits and risks and screening, decreased intentions to be screened,
and were less likely to undergo mammography in the following 2
years.79 One RCT since the Cochrane review examined an online decision aid among women aged 38 to 45 years.80 The decision aid summarized the risks and benefits of mammography and provided a val-
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Box. Suggested Discussion Points for Informed Decision Making About Mammography Screening
Mammography Is Not a Perfect Screening Test, and Understanding
of Its Benefits and Harms Is Incomplete

Some cancers will be missed, and some women will die of breast cancer regardless of whether they are screened.
Many cancers will be found, but most women diagnosed with breast
cancer will be cured regardless of whether the cancer was found by
a mammogram.

About half or more of women who have a mammogram yearly for 10
years will have a false-positive mammogram, and up to 20% of these
women will need a biopsy. If you do decide to have a mammogram,
you can anticipate that you will have at least 1 false-positive finding
for which you are called back for additional images and perhaps a biopsy. Most of these findings are false alarms.

Studies of the benefits and harms of mammography have limitations and inconsistent results. The numbers reported below are estimates based on what most experts consider the best available evidence, but uncertainty about these estimates remains.

For some women undergoing regular screening, the mammogram
may find an invasive cancer or noninvasive condition (ie, ductal carcinoma in situ) that would never have caused problems (“overdiagnosis”). We cannot tell which these are, so they will be treated just
like all other cancers. Experts are uncertain of how frequently this happens, but estimates suggest that if a woman undergoing a screening
mammogram is diagnosed with cancer or ductal carcinoma in situ,
there is about a 19% chance that the cancer is being overdiagnosed,
and she will receive unnecessary treatment.

Benefits of Mammography

Making a Decision About Mammography

Mammography decreases the number of women who will die from
breast cancer. This benefit is greater for women who are at higher risk
for breast cancer based on older age or other risk factors such as family history.

Experts recommend that women aged 50 to 74 years undergo a
screening mammogram every 2 years.

Some cancers that are found would have never caused problems. This
is called “overdiagnosis.”
Often, women are called back for further testing because of an abnormality that is not cancer; this is called a “false-positive” result.

The number of women whose lives are saved because of mammography varies by age. For every 10 000 women who get regular mammograms for the next 10 years, the number whose lives will be saved
because of the mammogram by age group is approximately
5 of 10 000 women aged 40 to 49 years
10 of 10 000 women aged 50 to 59 years
42 of 10 000 women aged 60 to 69 years
If your breast cancer risk is higher than average, you may benefit more
from a mammogram than someone with average risk.

uesclarificationworksheet.Comparedwithcontrols,womenwhoused
the decision aid were more knowledgeable and were less likely to report that they would initiate screening now.80

Discussion
Evidence suggests that mammography screening is associated with
reduced breast cancer mortality, but the benefit is modest. Although better data are needed to estimate the magnitude of overdiagnosis, the risks of mammography screening are significant, decreasing the net benefit of screening. The net benefit is less for
younger women, who have a lower absolute risk of breast cancer
and greater risk of false-positive findings, and with annual screening, which increases false-positive findings and would also be expected to increase overdiagnosis.33
Table 3 includes current guidelines from the United States,
Canada, and Europe. Despite offering clinicians and patients a
general framework for evidence-based decisions, because of their
limited incorporation of individual risk profiles other than age,
variation across guidelines, and inherent population-based
approaches, they have limited utility for guiding patient counseling and decisions. Because risk factors other than age influence
the net benefit of screening, 33,63,64 guidelines ideally should
incorporate such risk factors; for example, clinicians and patients
who would normally consider starting screening at age 50 years
1332

Harms of Mammography

Whether you are likely to benefit from starting mammograms earlier or having them more frequently depends on your risks for breast
cancer and your values and preferences.
Each woman may feel differently about the possibility of having a
false-positive result or being diagnosed with and treated for cancer
that might not have caused problems. It is important for you to consider what these experiences might mean for you. It is also important to consider how you might feel if you decide not to undergo
screening mammography and you are later diagnosed with breast cancer, even if the likelihood that mammography would have made a difference is small.

for an average-risk woman should consider starting at age 40 for
a woman with risk factors placing her at twice average risk.63
However, a better understanding of overdiagnosis is needed to
inform how individual characteristics influence the harms of
mammography, and breast cancer risk models with better discriminatory accuracy are needed to more accurately individualize
information about the benefits and harms of screening. In the
meantime, the online Breast Cancer Risk Assessment Tool from
the National Cancer Institute can assist physicians and patients in
estimating risk.
The significance of the harms of mammography also depends
on individuals’ values and preferences, and eliciting these requires
provision of accurate and balanced information and values clarification. In light of the harms and modest benefit of screening, as well
as the substantial uncertainty surrounding their relative weight for
individual patients, clinicians’ efforts must focus on promoting informed screening decisions. The Box offers some suggestions for
such discussions.
Given time constraints in primary care, decision aids may
complement the points in the Box, laying the groundwork for discussions between clinicians and patients. Decision aids can facilitate informed decision-making and improve quality of care when
there is no clear superior treatment or screening option.82 Limited
evidence suggests that decision aids can improve and standardize
informed decision-making in breast cancer screening,78,80 but
more research is needed to optimize their use and guide integra-
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tion into practice. One challenge is how best to communicate the
evidence.30 Although natural frequencies are preferred, they are
derived from absolute risks and require estimating individuals’
baseline risk.76 Research is needed on communicating scientific
uncertainty, including regarding overdiagnosis. A recent qualitative study found that the influence of learning about overdiagnosis
on screening intentions depended greatly on the magnitude of
overdiagnosis presented.83 Expert consensus on overdiagnosis,
combined with improved understanding of how to describe this
complex issue, may strengthen mammography decision aids.
Research will also be needed to explore the long-term effects of
decision aids for screening decisions, especially since women with
more information may actually be less likely to engage in
screening.76,77 Provisions in the Affordable Care Act establishing
shared medical decision making as a marker of quality of care
could help speed development, dissemination, and evaluation of
decision aids.84
This review has provided a broad overview of key considerations in mammography screening decisions and the related areas
of uncertainty. It has several limitations. We have relied on evidence of screening benefits from RCTs conducted decades ago in
Europe and Canada, which may not generalize to US women
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today.17,85 Furthermore, reports about overdiagnosis are methodologically heterogeneous and controversial. The review does not address several other important facets of breast cancer screening, including the use of magnetic resonance imaging and newer
mammography technologies. It also does not address the complex
issue of DCIS.

Conclusions
Although some of the challenges of mammography can be resolved with further research to guide individualized decisions and
thoughtful development and dissemination of decision aids, better
breast cancer screening tests are needed. More sophisticated tools,
for example, could distinguish aggressive vs indolent tumors, reducing the burden of overtreatment.86 Mammography screening appears to be associated with reduced breast cancer mortality, but for
some patients, the harms may outweigh the benefits. Until better
screening methods are available, improved understanding of these
harms, enhanced strategies to identify the highest-risk patients, and
tools to help patients and clinicians incorporate these in their decisions should be research priorities.

2. US Preventive Services Task Force. Screening for
breast cancer: U.S. Preventive Services Task Force
recommendation statement. Ann Intern Med.
2009;151(10):716-726.
3. National Health Service (NHS) Breast Cancer
Screening Programme. What Does the NHS
Breast Screening Programme Do? NHS Breast
Cancer Screening Programme website. http://www
.cancerscreening.nhs.uk/breastscreen/screening
-programme.html. Accessed January 21, 2014.
4. Norwegian Breast Cancer Screening
Programme. Cancer Registry of Norway website.
http://www.kreftregisteret.no/en/Cancer
-prevention/Breast-Cancer-Screening-Programme/.
2012. Accessed January 21, 2014.
5. American Cancer Society. Press Release:
American Cancer Society Responds to Changes to
USPSTF Mammography Guidelines. American
Cancer Society website. http://pressroom.cancer
.org/index.php?s=43&item=201. 2009. Accessed
October 7, 2012.
6. National Cancer Institute. Mammograms.
National Cancer Institute website.
http://www.cancer.gov/cancertopics/factsheet
/detection/mammograms. 2012. Accessed October
11, 2013.
7. Pace LE, He Y, Keating NL. Trends in
mammography screening rates after publication of
the 2009 US Preventive Services Task Force
recommendations. Cancer. 2013;119(14):2518-2523.

REFERENCES

8. Moss SM, Cuckle H, Evans A, Johns L, Waller M,
Bobrow L; Trial Management Group. Effect of
mammographic screening from age 40 years on
breast cancer mortality at 10 years’ follow-up:
a randomised controlled trial. Lancet.
2006;368(9552):2053-2060.

1. Howlader N, Noone A, Krapcho M, et al. SEER
Cancer Statistics Review (CSR), 1975-2010.
Surveillance, Epidemiology, and End Results
Program website. http://seer.cancer.gov/csr/1975
_2010/. 2013. Accessed January 17, 2014.

9. Nelson HD, Tyne K, Naik A, Bougatsos C, Chan
BK, Humphrey L; U.S. Preventive Services Task
Force. Screening for breast cancer: an update for
the U.S. Preventive Services Task Force. Ann Intern
Med. 2009;151(10):727-737.

Submissions:We encourage authors to submit
papers for consideration as a Review. Please
contact Mary McGrae McDermott, MD, at mdm608
@northwestern.edu.

10. Miller AB, To T, Baines CJ, Wall C. The Canadian
National Breast Screening Study-1: breast cancer
mortality after 11 to 16 years of follow-up:
a randomized screening trial of mammography in
women age 40 to 49 years. Ann Intern Med.
2002;137(5, part 1):305-312.
11. Tabár L, Vitak B, Chen TH, et al. Swedish
two-county trial: impact of mammographic
screening on breast cancer mortality during 3
decades. Radiology. 2011;260(3):658-663.
12. Habbema JD, van Oortmarssen GJ, van Putten
DJ, Lubbe JT, van der Maas PJ. Age-specific
reduction in breast cancer mortality by screening:
an analysis of the results of the Health Insurance
Plan of Greater New York study. J Natl Cancer Inst.
1986;77(2):317-320.
13. Nyström L, Andersson I, Bjurstam N, Frisell J,
Nordenskjöld B, Rutqvist LE. Long-term effects of
mammography screening: updated overview of the
Swedish randomised trials. Lancet.
2002;359(9310):909-919.
14. Bjurstam N, Björneld L, Warwick J, et al. The
Gothenburg Breast Screening Trial. Cancer.
2003;97(10):2387-2396.
15. Miller AB, To T, Baines CJ, Wall C. Canadian
National Breast Screening Study-2: 13-year results
of a randomized trial in women aged 50-59 years.
J Natl Cancer Inst. 2000;92(18):1490-1499.
16. National Cancer Institute (NCI).
DevCan—Probability of Developing or Dying of
Cancer. NCI Surveillance Research website.
http://surveillance.cancer.gov/devcan. Accessed
March 11, 2014.
17. Welch HG, Passow HJ. Quantifying the benefits
and harms of screening mammography. JAMA
Intern Med. 2014;174(3):448-454.
18. National Cancer Institute (NCI). SEER*Stat
software version 8.0.4. NCI website.
http://seer.cancer.gov/seerstat. Accessed March 11,
2014.

jama.com

JAMA April 2, 2014 Volume 311, Number 13

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: on 12/19/2018

1333

Clinical Review & Education Review

Breast Cancer Screening Decisions

19. National Center for Health Statistics. Health,
United States, 2012: With Special Feature on
Emergency Care. Hyattsville, MD: National Center
for Health Statistics; 2013.
20. Zackrisson S, Andersson I, Janzon L, Manjer J,
Garne JP. Rate of over-diagnosis of breast cancer 15
years after end of Malmö mammographic screening
trial: follow-up study. BMJ. 2006;332(7543):
689-692.
21. Bleyer A, Welch HG. Effect of three decades of
screening mammography on breast-cancer
incidence. N Engl J Med. 2012;367(21):1998-2005.
22. Hubbard RA, Kerlikowske K, Flowers CI,
Yankaskas BC, Zhu W, Miglioretti DL. Cumulative
probability of false-positive recall or biopsy
recommendation after 10 years of screening
mammography: a cohort study. Ann Intern Med.
2011;155(8):481-492.
23. Braithwaite D, Zhu W, Hubbard RA, et al; Breast
Cancer Surveillance Consortium. Screening
outcomes in older US women undergoing multiple
mammograms in community practice: does
interval, age, or comorbidity score affect tumor
characteristics or false positive rates? J Natl Cancer
Inst. 2013;105(5):334-341.
24. Alexander FE, Anderson TJ, Brown HK, et al. 14
years of follow-up from the Edinburgh randomised
trial of breast-cancer screening. Lancet.
1999;353(9168):1903-1908.
25. Gøtzsche PC, Jørgensen KJ. Screening for
breast cancer with mammography. Cochrane
Database Syst Rev. 2013;6:CD001877.
26. Fitzpatrick-Lewis D, Hodgson N, Ciliska D,
Peirson L, Gauld M, Liu YY. Breast Cancer Screening.
Canadian Task Force on Preventive Health Care
website. http://canadiantaskforce.ca/wp-content
/uploads/2012/09/Systematic-review.pdf?447f29.
2011. Accessed October 12, 2013.
27. Miller AB, Wall C, Baines CJ, Sun P, To T, Narod
SA. Twenty five year follow-up for breast cancer
incidence and mortality of the Canadian National
Breast Screening Study: randomised screening trial.
BMJ. 2014;348:g366.
28. Bastardis-Zakas K, Iatrakis G, Navrozoglou I,
et al. Maximizing the benefits of screening
mammography for women 40-49 years old. Clin
Exp Obstet Gynecol. 2010;37(4):278-282.
29. Magnus MC, Ping M, Shen MM, Bourgeois J,
Magnus JH. Effectiveness of mammography
screening in reducing breast cancer mortality in
women aged 39-49 years: a meta-analysis.
J Womens Health (Larchmt). 2011;20(6):845-852.
30. Hanoch Y. Improving doctor-patient
understanding of probability in communicating
cancer-screening test findings. J Health Commun.
2004;9(4):327-335.
31. Barrett B, McKenna P. Communicating benefits
and risks of screening for prostate, colon, and
breast cancer. Fam Med. 2011;43(4):248-253.
32. Elmore JG, Barton MB, Moceri VM, Polk S,
Arena PJ, Fletcher SW. Ten-year risk of false positive
screening mammograms and clinical breast
examinations. N Engl J Med. 1998;338(16):10891096.
33. Mandelblatt JS, Cronin KA, Bailey S, et al;
Breast Cancer Working Group of the Cancer
Intervention and Surveillance Modeling Network.
Effects of mammography screening under different
screening schedules: model estimates of potential

1334

benefits and harms. Ann Intern Med.
2009;151(10):738-747.

programmes: systematic review of incidence
trends. BMJ. 2009;339:b2587.

34. Brewer NT, Salz T, Lillie SE. Systematic review:
the long-term effects of false-positive
mammograms. Ann Intern Med. 2007;146(7):
502-510.

50. Puliti D, Duffy SW, Miccinesi G, et al;
EUROSCREEN Working Group. Overdiagnosis in
mammographic screening for breast cancer in
Europe: a literature review. J Med Screen.
2012;19(suppl 1):42-56.

35. Hafslund B, Espehaug B, Nortvedt MW. Effects
of false-positive results in a breast screening
program on anxiety, depression and health-related
quality of life. Cancer Nurs. 2012;35(5):26-34.
36. Espasa R, Murta-Nascimento C, Bayés R, et al.
The psychological impact of a false-positive
screening mammogram in Barcelona. J Cancer Educ.
2012;27(4):780-785.
37. van der Steeg AF, Keyzer-Dekker CM, De Vries
J, Roukema JA. Effect of abnormal screening
mammogram on quality of life. Br J Surg.
2011;98(4):537-542.

51. Amir E, Freedman OC, Seruga B, Evans DG.
Assessing women at high risk of breast cancer:
a review of risk assessment models. J Natl Cancer
Inst. 2010;102(10):680-691.
52. Cummings SR, Tice JA, Bauer S, et al.
Prevention of breast cancer in postmenopausal
women: approaches to estimating and reducing
risk. J Natl Cancer Inst. 2009;101(6):384-398.
53. Gail M, Rimer B. Risk-based recommendations
for mammographic screening for women in their
forties. J Clin Oncol. 1998;16(9):3105-3114.

38. Brodersen J, Siersma VD. Long-term
psychosocial consequences of false-positive
screening mammography. Ann Fam Med.
2013;11(2):106-115.

54. Gail MH, Brinton LA, Byar DP, et al. Projecting
individualized probabilities of developing breast
cancer for white females who are being examined
annually. J Natl Cancer Inst. 1989;81(24):1879-1886.

39. Seigneurin A, Exbrayat C, Labarère J, Delafosse
P, Poncet F, Colonna M. Association of diagnostic
work-up with subsequent attendance in a breast
cancer screening program for false-positive cases.
Breast Cancer Res Treat. 2011;127(1):221-228.

55. Gail MH, Costantino JP. Validating and
improving models for projecting the absolute risk of
breast cancer. J Natl Cancer Inst. 2001;93(5):
334-335.

40. Alamo-Junquera D, Murta-Nascimento C,
Macià F, et al; Cumulative False-Positive Risk Group.
Effect of false-positive results on reattendance at
breast cancer screening programmes in Spain. Eur J
Public Health. 2012;22(3):404-408.
41. Burman ML, Taplin SH, Herta DF, Elmore JG.
Effect of false-positive mammograms on interval
breast cancer screening in a health maintenance
organization. Ann Intern Med. 1999;131(1):1-6.
42. Setz-Pels W, Duijm LE, Coebergh JW, Rutten M,
Nederend J, Voogd AC. Re-attendance after
false-positive screening mammography:
a population-based study in the Netherlands. Br J
Cancer. 2013;109(8):2044-2050.
43. Etzioni R, Gulati R, Mallinger L, Mandelblatt J.
Influence of study features and methods on
overdiagnosis estimates in breast and prostate
cancer screening. Ann Intern Med.
2013;158(11):831-838.
44. Independent UK Panel on Breast Cancer
Screening. The benefits and harms of breast cancer
screening: an independent review. Lancet.
2012;380(9855):1778-1786.
45. Marmot MG. Sorting through the arguments on
breast screening. JAMA. 2013;309(24):2553-2554.
46. Marmot MG, Altman DG, Cameron DA, Dewar
JA, Thompson SG, Wilcox M. The benefits and
harms of breast cancer screening: an independent
review. Br J Cancer. 2013;108(11):2205-2240.
47. Gøtzsche PC. Ramifications of screening for
breast cancer: overdiagnosis in the Malmö trial was
considerably underestimated. BMJ.
2006;332(7543):727.
48. Paci E; EUROSCREEN Working Group.
Summary of the evidence of breast cancer service
screening outcomes in Europe and first estimate of
the benefit and harm balance sheet. J Med Screen.
2012;19(suppl 1):5-13.
49. Jørgensen KJ, Gøtzsche PC. Overdiagnosis in
publicly organised mammography screening

56. Barlow WE, White E, Ballard-Barbash R, et al.
Prospective breast cancer risk prediction model for
women undergoing screening mammography.
J Natl Cancer Inst. 2006;98(17):1204-1214.
57. Gail MH, Costantino JP, Pee D, et al. Projecting
individualized absolute invasive breast cancer risk
in African American women. J Natl Cancer Inst.
2007;99(23):1782-1792.
58. Chen J, Pee D, Ayyagari R, et al. Projecting
absolute invasive breast cancer risk in white women
with a model that includes mammographic density.
J Natl Cancer Inst. 2006;98(17):1215-1226.
59. Tice JA, Cummings SR, Smith-Bindman R,
Ichikawa L, Barlow WE, Kerlikowske K. Using clinical
factors and mammographic breast density to
estimate breast cancer risk: development and
validation of a new predictive model. Ann Intern
Med. 2008;148(5):337-347.
60. Nelson HD, Zakher B, Cantor A, et al. Risk
factors for breast cancer for women aged 40 to 49
years: a systematic review and meta-analysis. Ann
Intern Med. 2012;156(9):635-648.
61. Schousboe JT, Kerlikowske K, Loh A, Cummings
SR. Personalizing mammography by breast density
and other risk factors for breast cancer: analysis of
health benefits and cost-effectiveness. Ann Intern
Med. 2011;155(1):10-20.
62. Ayer T, Alagoz O, Stout NKOR. Forum—a
POMDP approach to personalize mammography
screening decisions. Oper Res. 2012;60(5):10191034.
63. van Ravesteyn NT, Miglioretti DL, Stout NK,
et al. Tipping the balance of benefits and harms to
favor screening mammography starting at age 40
years: a comparative modeling study of risk. Ann
Intern Med. 2012;156(9):609-617.
64. Kerlikowske K, Zhu W, Hubbard RA, et al;
Breast Cancer Surveillance Consortium. Outcomes
of screening mammography by frequency, breast
density, and postmenopausal hormone therapy.
JAMA Intern Med. 2013;173(9):807-816.

JAMA April 2, 2014 Volume 311, Number 13

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: on 12/19/2018

jama.com

Breast Cancer Screening Decisions

Review Clinical Review & Education

65. Nekhlyudov L, Braddock CH III. An approach to
enhance communication about screening
mammography in primary care. J Womens Health
(Larchmt). 2009;18(9):1403-1412.
66. Braddock CH III, Edwards KA, Hasenberg NM,
Laidley TL, Levinson W. Informed decision making
in outpatient practice: time to get back to basics.
JAMA. 1999;282(24):2313-2320.
67. Champion V, Maraj M, Hui S, et al. Comparison
of tailored interventions to increase mammography
screening in nonadherent older women. Prev Med.
2003;36(2):150-158.
68. Champion V, Skinner CS, Hui S, et al. The effect
of telephone versus print tailoring for
mammography adherence. Patient Educ Couns.
2007;65(3):416-423.
69. Stoddard AM, Fox SA, Costanza ME, et al; NCI
Breast Screening Consortium. Effectiveness of
telephone counseling for mammography: results
from five randomized trials. Prev Med.
2002;34(1):90-99.
70. Yabroff KR, O’Malley A, Mangan P, Mandelblatt
J. Inreach and outreach interventions to improve
mammography use. J Am Med Womens Assoc.
2001;56(4):166-173.
71. Jibaja-Weiss ML, Volk RJ, Kingery P, Smith QW,
Holcomb JD. Tailored messages for breast and
cervical cancer screening of low-income and
minority women using medical records data.
Patient Educ Couns. 2003;50(2):123-132.
72. Lipkus IM, Biradavolu M, Fenn K, Keller P, Rimer
BK. Informing women about their breast cancer

risks: truth and consequences. Health Commun.
2001;13(2):205-226.
73. Rimer BK, Halabi S, Sugg Skinner C, et al.
Effects of a mammography decision-making
intervention at 12 and 24 months. Am J Prev Med.
2002;22(4):247-257.
74. Albada A, Ausems MG, Bensing JM, van
Dulmen S. Tailored information about cancer risk
and screening: a systematic review. Patient Educ
Couns. 2009;77(2):155-171.
75. Schwartz MD, Rimer BK, Daly M, Sands C,
Lerman C. A randomized trial of breast cancer risk
counseling: the impact on self-reported
mammography use. Am J Public Health.
1999;89(6):924-926.
76. Edwards AG, Naik G, Ahmed H, et al.
Personalised risk communication for informed
decision making about taking screening tests.
Cochrane Database Syst Rev. 2013;2:CD001865.
77. Stacey D, Bennett CL, Barry MJ, et al. Decision
aids for people facing health treatment or screening
decisions. Cochrane Database Syst Rev.
2011;(10):CD001431.
78. Mathieu E, Barratt A, Davey HM, McGeechan K,
Howard K, Houssami N. Informed choice in
mammography screening: a randomized trial of a
decision aid for 70-year-old women. Arch Intern
Med. 2007;167(19):2039-2046.

80. Mathieu E, Barratt AL, McGeechan K, Davey
HM, Howard K, Houssami N. Helping women make
choices about mammography screening: an online
randomized trial of a decision aid for 40-year-old
women. Patient Educ Couns. 2010;81(1):63-72.
81. Canadian Task Force on Preventive Health.
Screening for Breast Cancer: Summary of
Recommendations for Clinicians and Policy-makers.
Canadian Task Force on Preventive Health website.
http://canadiantaskforce.ca/guidelines/2011-breast
-cancer/. Accessed January 21, 2014.
82. Arterburn D, Wellman R, Westbrook E, et al.
Introducing decision aids at Group Health was
linked to sharply lower hip and knee surgery rates
and costs. Health Aff (Millwood). 2012;31(9):20942104.
83. Hersch J, Jansen J, Barratt A, et al. Women’s
views on overdiagnosis in breast cancer screening:
a qualitative study. BMJ. 2013;346:f158.
84. The Patient Protection and Affordable Care Act
2010.
85. Welch HG. Breast cancer screenings: what we
still don't know. New York Times. December 29,
2013:Opinion.
86. Esserman L, Shieh Y, Thompson I. Rethinking
screening for breast cancer and prostate cancer.
JAMA. 2009;302(15):1685-1692.

79. Schonberg MA, Hamel MB, Davis RB, et al.
Development and evaluation of a decision aid on
mammography screening for women 75 years and
older. JAMA Intern Med. 2014;174(3):417-424.

jama.com

JAMA April 2, 2014 Volume 311, Number 13

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: on 12/19/2018

1335

