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Abstract

Importance—Guidelines recommend individualizing screening mammography decisions for 

women 75 and older. However, little pragmatic guidance is available to inform this approach.

Objective—To provide an evidence-based approach to individualizing decision-making about 

screening mammography that considers older women's risk of breast cancer and the potential 

benefits and harms of screening in the context of varying life expectancies and preferences.

Evidence Acquisition—We searched PubMed for English-language studies in peer-reviewed 

journals published from January 1, 1990 to February 1, 2014 to identify risk factors for late-life 

breast cancer in women 65 and older and to quantify the benefits and harms of screening 

mammography for women 75 and older.

Findings—Age is the major risk factor for late-life breast cancer. In general, traditional breast 

cancer risk factors (e.g., age at first birth, age at menarche) that represent hormonal exposures in 

the distant past are less predictive of late-life breast cancer than factors indicating recent exposure 

to endogenous hormones (e.g., bone mass, obesity). None of the randomized trials of screening 

mammography included women over age 74, such that it is uncertain whether screening 

mammography is beneficial in these women. Observational data favor extending screening 

mammography to older women who have a life expectancy > 5-10 years. Modeling studies 

suggest approximately 2 fewer women per 1,000 die from breast cancer if women in their 70's 

continue biennial screening for 10 years, versus stopping screening at age 69. Potential benefits 

must be weighed with potential harms of continued screening over ten years, which include false-

positive mammograms (~200 per 1,000 women screened) and overdiagnosis (~13 per 1,000 

women screened). Providing these frequencies both verbally and graphically may help inform 

older women's decision-making.

Conclusions and Relevance—For women with less than a 5-10 year life expectancy, 

recommendations to stop screening mammography should be framed around increased harms and 

the need to refocus health promotion on interventions likely to be beneficial over a shorter 

timeframe. For women with a life expectancy > 5-10 years, the decision about whether potential 
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benefits of screening outweigh harms is a value judgment that requires a realistic understanding of 

screening outcomes.
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THE PATIENT's STORY

Mrs. M is a 91-year-old woman who has had annual screening mammograms since age 50. 

She lives alone in her apartment and independently performs all activities of daily living. 

Her chronic medical conditions include hypertension and osteopenia, and she was diagnosed 

with intermittent claudication in 2010. Her medications include valsartan, furosemide and 

isosorbide dinitrate. Mrs. M had her only child at age 16, had menopause at age 50 and 

never used hormone therapy. She had a negative breast biopsy in 1984. Her daughter died of 

breast cancer at age 37.

In 2008, at age 87, she had an abnormal screening mammogram with microcalcifications in 

the left medial inferior breast, interpreted as BI-RADS (Breast Imaging-Reporting Data 

System) category 3 (probably benign). She subsequently underwent three 6-month follow-up 

diagnostic mammograms. The third mammogram, in 2010, showed interval increase in the 

number of heterogeneous microcalcifications and was classified as BI-RADS category 5 

(highly suggestive of malignancy). The lesion was not amenable to biopsy under stereotactic 

guidance. Therefore, she underwent excisional biopsy of the left breast lesion using needle 

localization. The biopsy identified ductal carcinoma in situ (DCIS), intermediate grade 

without comedo-type necrosis, on 2 of 9 slides. Estrogen receptor staining was strongly 

positive. One area of DCIS was < 1mm from the anterior margin so she underwent re-

excision and no residual DCIS was identified. She met with a radiation oncologist who did 

not recommend radiation therapy, and Ms. M declined hormone therapy due to concerns 

about side effects. She continues to have annual mammograms, which have been negative, 

and she is seen by breast oncology every 6 months.

PERSPECTIVES

Mrs. M: I get mammograms every year. I know you don't get them all your life. Dr. 

P: I think people might say: “What are you doing getting mammograms in a 91-

year-old?” but you have to meet this lady. She is a lot more likely to live to be 100 

than I am.

There is considerable uncertainty about the benefit of screening mammography in women 

age 75 years and older. While meta-analyses of randomized controlled trials for women ages 

50 to 74 years indicate screening mammography is associated with a reduction in breast 

cancer mortality of 15% to 25% after 10 to 15 years, none of the trials included women over 

age 74.1-3 Given this lack of trial data, most guideline panels and organizations recommend 

decisions about screening mammography in older women be individualized, weighing 

potential benefits and harms of screening in the context of a woman's overall health, life 
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expectancy and preferences (Table 1).4-10 However, little pragmatic guidance is available to 

inform this approach to individualizing screening mammography decisions in older women.

METHODS

We searched PubMed for English-language studies in peer-reviewed journals published 

from January 1, 1990 to February 1, 2014, focused on women 65 years and older, screening 

mammography and breast cancer. Systematic searches were completed to: (1) identify risk 

factors for breast cancer in women 65 years and older; and (2) estimate potential benefits 

and harms of screening mammography in women 75 years and older. Explanations of search 

strategies and publications resulting from each search are presented in the eAppendix. 

Studies were excluded if they lacked outcomes specific to the subgroups of women in the 

above age ranges.

RISK STRATIFICATION IN OLDER WOMEN

Because the probability that a woman will benefit from screening mammography depends 

on her risk for developing clinically significant breast cancer in her lifetime, most screening 

algorithms start by stratifying women into average- and increased-risk categories. However, 

the process for identifying women at increased risk for developing breast cancer differs for 

older women, as the relative importance of risk factors changes with advancing age and 

consideration of life expectancy becomes more salient.

Estimating Late-life Breast Cancer Risk

The Gail model, which integrates multiple breast cancer risk factors into a risk score, is 

commonly used to identify women at increased risk for developing breast cancer.11 

However, its performance was evaluated in a cohort of Vermont women 70 and older and 

was found to predict breast cancer only slightly better than flipping a coin (c-statistic 

0.54).12 The Gail model includes family history and reproductive factors which become less 

predictive of breast cancer in older women.13 Table 2 presents results from a systematic 

literature review to identify risk factors for late-life breast cancer. We included studies that 

focused on women 65 and older because focusing on women 75 and older would have 

included only four studies. In general, factors that represent hormonal exposures in the 

distant past (e.g., age at first birth, age at menarche) are less predictive of late-life breast 

cancer than factors indicating recent exposure to endogenous hormones (e.g., life-long 

obesity, high bone mass, high breast density). Moreover, use of estrogen plus progesterone 

increases the incidence of breast cancer even among women 75 and older, but the risk 

declines rapidly within 2 years after discontinuation and few older women currently use this 

medication.14 Whether race is a risk factor for late-life breast cancer is uncertain. White 

women ages 75-84 have a higher incidence of breast cancer than African American women 

in this age range, but the difference may be a result of differential use of mammography.15 

In addition, while family history of breast cancer highly influences older women's decisions 

to continue screening, as was the case for Mrs. M, advancing age is actually the major risk 

factor for breast cancer.16 The incidence of breast cancer increases substantially with age, 

peaking between ages 75-79.17
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Estimating Life Expectancy

While the risk of developing and dying from breast cancer increases with advancing age, 

which favors screening, decreases in overall life expectancy reduce the chance of dying of 

an asymptomatic screen-detectable cancer. Risk stratification in older women must weigh 

these opposing factors to identify older women with substantial life expectancy, who are 

most likely to benefit from screening.18 Age alone is a crude predictor of life expectancy as 

illustrated by Figure 1, which shows the substantial variability in life expectancy that exists 

at each age for women and men in the U.S. (updated from Walter 2001,18 based on 2008 

U.S. Life Tables).19 For example, Mrs. M had no significant comorbid conditions or 

functional impairments when she underwent screening mammography at age 87 in 2008, 

suggesting that she was in the upper quartile of life expectancy for her age-sex subgroup. 

This clinical judgment is corroborated by prognostic indices for predicting 4-10 year 

mortality in community dwelling elders described in a recent systematic review and 

available on the ePrognosis website.20 These indices incorporate age, comorbidities, and 

functional status and were developed and validated using data from national surveys of older 

adults. Based on these indices, in 2008 Mrs. M had greater than a 50% probability of living 

10 years or more, meaning her life expectancy exceeded 10 years. While the effectiveness of 

these indices across diverse clinical settings requires further study, some clinicians find 

these indices useful in corroborating their judgments about prognosis.20

ESTIMATING BENEFITS AND HARMS OF SCREENING MAMMOGRAPHY IN 

OLDER WOMEN

Benefits of Screening Mammography in Older Women

Dr. P: Breast cancer can be awful at any age and it does increase as women get 

older. I would hate to have her come in with a big mass in her breast because that is 

a much harder situation than dealing with something small on a mammogram.

Mrs. M: Whatever it was in my breast was found through a mammogram. I didn't 

even know it was there.

The benefit of screening mammography is finding breast cancer at an early, asymptomatic 

stage when treatment is expected to be more effective in reducing breast cancer mortality 

than if treatment was begun later when the cancer presents symptomatically. The appropriate 

measure of screening benefit, therefore, is reduction in mortality from breast cancer in 

women offered screening mammography compared to women not offered screening.2,21 

However, none of the randomized controlled trials evaluating screening mammography 

included women over age 74, such that there is no direct evidence that screening is 

beneficial in older women.

In the absence of randomized trial data, observational data are often used to provide 

evidence about the effectiveness of interventions in older adults. In general, retrospective 

cohort studies and case-control studies have found a reduction in breast cancer mortality 

associated with mammographic detection of breast cancer among women 75 years and older, 

although there was no reduction in breast cancer mortality for older women in poor health 

defined by Charlson comorbidity scores ≥ 2 (Table 3).22-24 However, the results of these 
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studies may represent lead-time, length-time and selection biases rather than screening 

benefit.25 The significant methodological limitations of these studies are listed in Table 3. 

Data from prospective cohort studies suggest the accuracy of mammography for detecting 

cancers increases with age (Table 3). Sensitivity and specificity of mammography are 

highest in women older than 80 years, like Mrs. M, in whom sensitivity=86% and 

specificity=94% (versus sensitivity=73% and specificity=92% in 50-year-old women).26

The benefit of screening mammography is also dependent on there being effective treatment 

for early-stage breast cancer in older women. Unfortunately, few clinical trials of breast 

cancer treatments have included women 75 years and older, especially those with multiple 

comorbidities or frailty.27 Therefore, the benefits of some treatments are uncertain in this 

population. In practice, older women with DCIS or early-stage breast cancer are generally 

initially treated with lumpectomy with or without radiotherapy.28 Mastectomy is associated 

with equivalent survival outcomes as lumpectomy and is generally reserved for older 

women with large primary tumors or multicentric disease.29 Although radiotherapy is 

associated with a reduction in 10-year risk of local or regional recurrence (from 10% to 2%) 

among women 70 years and older with early-stage breast cancer also treated with hormone 

therapy, radiotherapy has not been shown to improve survival.30 Hormone therapy is 

recommended to older women with hormone-receptor-positive breast cancers because it has 

been associated with a reduction in cancer recurrence of 30-50% after 10 years and 

improved survival.31 Chemotherapy is generally reserved for healthy older women with 

lymph node-positive or hormone receptor-negative invasive cancers because chemotherapy 

is associated with improved breast cancer survival among these women.32 Among women 

with biopsy-detected DCIS there is a desire to identify women based on age, comorbidities 

and tumor characteristics who could forgo surgery and be followed with observation, but no 

study has identified such a group.33 However, as with screening, guidelines agree that DCIS 

and invasive breast cancer treatment decisions should be individualized based on treatment 

benefits and harms and patient preferences.34

Modeling studies combine the numerous factors that may influence screening 

mammography outcomes, such as breast cancer incidence and mortality, competing causes 

of death, mammography test characteristics and breast cancer treatment effects in order to 

estimate plausible benefits of extending screening to older women. There are three modeling 

studies that estimate benefits over various time horizons if screening mammography is 

continued in women aged 70 to 79 versus stopping screening at age 69 (Table 3).35-37 These 

modeling studies must make assumptions about the natural history of breast cancer in older 

women or the efficacy of screening mammography because of limited data. Also, many 

models assume that women invited for screening gain little or no mortality benefit in the 

first 5-10 years after starting screening.2,37 This lag-time to benefit timeframe is supported 

by a recent survival meta-analysis of the major trials of screening mammography.38 Also, 

despite differing methodologies and assumptions, modeling studies generally suggest some 

benefit for women who continue screening past age 69.35-37 The modeling study by Baratt et 

al estimates that after 10 years, compared with women who stop screening at age 69 years, 

women who continue biennial screening mammography into their 70s have 2 fewer women 

per 1000 die from breast cancer (6 vs 8 deaths from breast cancer per 1000 women). 

Findings from this modeling study were consistent with those from a prospective cohort 

Walter and Schonberg Page 5

JAMA. Author manuscript; available in PMC 2015 April 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



study evaluating breast cancer screening for women screened after 80 years.37, 39 Cost-

effectiveness analyses similarly suggest that it is cost-effective to conduct biennial screening 

mammography up until a life expectancy of 9.5 years, which can be expected for about 50% 

of 80-year-old women and 25% of 85-year-old women (Figure 1).40-42

Harms of Screening Mammography in Older Women

Dr. P: I thought she was very low risk for having any problems from an excisional 

biopsy and I knew that at any step along the way we could decide if we didn't need 

to do anything further.

Mrs. M: I had to have 2 surgeries because the first time they weren't sure if they got 

it all [the ductal carcinoma in situ]. I had no problems from the surgeries and it was 

a relief to know it was gone and that God would take care of it.

While the potential benefit of screening (e.g., reducing breast cancer mortality) occurs on 

average 5-10 years after mammography screening, the potential harms of screening occur 

immediately. Harms of mammography screening include pain, anxiety and complications 

from follow-up procedures after a false-positive mammogram (i.e., an abnormal 

mammogram requiring further assessment in a woman ultimately found not to have cancer) 

or after overdiagnosis (i.e., cancer detected by screening that would not otherwise have 

come to attention in the woman's lifetime).

Pain and anxiety are experienced in varying degrees by nearly every woman who has a 

false-positive mammogram and systematic reviews have found that cancer-specific 

psychological distress may persist for up to 3 years after a false-positive mammogram.43,44 

However, few studies included women 75 and older. Among women 75 and older who 

undergo biennial screening the cumulative probability of a false-positive mammogram over 

10 years ranges from 14-27%, and this risk nearly doubles if women are screened annually 

(Table 3). 26, 36, 37,45 Diagnostic mammography, breast ultrasound and/or breast biopsy are 

used to determine if an abnormal screening mammogram is a false alarm.39,46 These follow-

up tests are considered low-risk procedures although a breast biopsy can cause distress, 

scarring and infections.47 Moreover, some older women may have cognitive impairment and 

other comorbidities that make follow-up procedures more painful (e.g., arthritis or 

hemiparesis causing discomfort with positioning for procedures), difficult (e.g., 

transportation challenges), or frightening (e.g., agitation in women with dementia who do 

not understand what is being done to them).48-50

Overdiagnosis is the major harm of cancer screening and increases with age due to 

decreasing life expectancy and an increasing proportion of slower growing cancers.51 

Detection of invasive or in situ breast cancers that would not otherwise have clinically 

surfaced in the absence of screening leads to treatments that only cause harm because, by 

definition, treatments cannot improve outcomes of overdiagnosed cancers.21 However, 

establishing the risk of overdiagnosis has been challenging because different study designs 

and perspectives produce different estimates of overdiagnosis, which range from 0-54% for 

mammography.21,52 In addition, 20-30% of screen-detected breast cancers are DCIS.53 

From the perspective of a woman considering screening mammography, studies with 
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reasonable assumptions suggest approximately 30% of breast cancers (invasive and in situ) 

detected during the screening period are overdiagnosed cancers;54-56 however, this estimate 

has not been calculated specifically for women ≥ 70 years. Data from Barratt et al. suggest 

approximately 41 per 1,000 women ≥ 70 years who continue biennial mammography will be 

diagnosed with cancer (invasive or in situ) over 10 years.37 We therefore estimate that 13 of 

these women (13/41=32%) will experience the harm of overdiagnosis. The risk for 

overdiagnosis will be higher among screened women with less than a 5-10 year life 

expectancy because of their increased risk of dying from other causes before a screen-

detected cancer can progress to symptoms.51

Currently, it is not possible to definitively determine which individual cases of breast cancer 

represent overdiagnosed cancers. Mrs. M's screening mammogram led to her being 

diagnosed with non-comedo intermediate-grade DCIS, which is a type of DCIS that is 

unlikely to recur or develop into invasive cancer during her lifetime and most likely 

represents overdiagnosis.57 However, given the uncertain natural history of untreated DCIS, 

she underwent lumpectomy and additional excision for close margins. In fact, 97% of U.S. 

women diagnosed with DCIS undergo surgery.57 Yet, harms of breast cancer treatment 

increase with age. Approximately 20% of women 65 and older experience complications 

from breast cancer surgery and the risk increases with age.58 Short-term decreases in 

cognition may occur among older women following general anesthesia and 

chemotherapy.34,59 Toxicity and mortality from chemotherapy increase with age.60 Breast 

radiotherapy can cause fatigue, breast pain and edema and increases the risk of ischemic 

heart disease.61,62 Tamoxifen can cause endometrial cancer and increase the risk of 

thromboembolism, particularly for older women, and aromatase inhibitors can cause joint 

pain, myalgias, heart disease, and fractures.21,34

Mrs. M chose not to pursue radiotherapy or hormone therapy and does not feel she was 

harmed by screening. Rather, she is thankful that her DCIS was detected and removed. Like 

most women, she has little awareness of DCIS or overdiagnosis as a possibility and 

continues to be screened and seen by oncology.63 There are no guidelines about when to 

stop screening women with a history of DCIS to inform care. To reduce the frequency of 

overdiagnosis and overtreatment requires finding appropriate ways to talk with women 

about these possibilities. Most women want information about screening harms and report 

that this knowledge would influence their decision-making.64

DISCUSSING SCREENING MAMMOGRAPHY WITH OLDER WOMEN

Mrs. M: I talked with my doctor [about mammography] but I never considered not 

having it. My daughter had breast cancer and she died.

Dr. P: I think I know when making a recommendation to stop screening is going to 

be received well and when it might not be received well. I have no problem having 

that discussion and having it differently with each patient.

Many women ≥ 75 years continue screening mammography, but few are informed of 

potential benefits and harms before being screened.16,65 This is likely because such 

discussions can be challenging and time consuming.64,66-67 Clinicians often report feeling 
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ill-prepared for these discussions due to the complexity of the issues and uncertainties about 

screening outcomes in older women.16 In addition, clinician discussions and patient 

brochures about mammography screening tend to be uniformly positive, since the dominant 

public health approach has been to promote uptake of screening.65,68 The Affordable Care 

Act includes coverage of screening mammography regardless of life expectancy. No 

medical test has been as aggressively promoted as the mammogram. As a result, many older 

adults overestimate the benefits of screening and underestimate the harms.65, 67 

Continuation of screening is generally viewed not as a decision but as something that is done 

automatically or as morally obligatory, whereas stopping screening is considered a major 

decision.65,66 Therefore, a clinician's recommendation to stop screening mammography may 

be jarring to some older patients, who expect clinicians to uniformly endorse screening.

Framing cancer screening conversations in terms of increasing harms in relation to 

decreasing benefits has been found to be most acceptable to older patients and may maintain 

or promote trust more than citing national guideline recommendations to stop screening 

based on age cutoffs.16,66 For women with less than a 5-10 year life expectancy, 

recommendations to stop screening mammography should be framed around how a woman's 

health problems increase the harms of screening (e.g., overdiagnosis) and shift the focus to 

interventions likely to be beneficial over a shorter time frame (e.g., falls prevention, 

depression screening). For women with > 5-10 year life expectancy, screening discussions 

should start by informing women that there is a choice to be made about whether or not to 

continue mammography. Clinicians should also inquire about a woman's preferred role in 

decision-making about mammography. Some women will prefer their clinician to make the 

final decision while others will prefer to share the decision with their clinician, or to make 

the final decision on their own.69 Regardless, most women want information about a 

decision and for their clinician to have a clear understanding or their values.69

The best method to elicit older women's values and preferences is not clear. Describing the 

harms and benefits of a decision and having patients weigh-in is the most common method 

used.70 Visual displays or graphics have been shown to improve risk communication and 

may enhance decision-making even among adults with low numeracy.71 The graphical 

format most recommended for conveying risk information is the pictograph, which visually 

represents frequencies rather than probabilities and simultaneously conveys both the 

numerator and denominator.71,72 While numerical information can be difficult for many 

older adults, words like “a low chance” are imprecise and can have very different numerical 

meaning to different patients. When possible, it is best to present the absolute risk or natural 

frequency of an outcome (e.g., 200 out of 1,000 women ≥ 75 years who are screened over 10 

years will experience a false-alarm). To maximize comprehension, use the same 

denominator (e.g., 1,000 women) and time frame (e.g., 10 years) for communicating every 

outcome.71,72 Because older adults tend to focus more on positive aspects of a decision, 

presenting the harms of mammography before the benefits may aid in comprehension.73 

Furthermore, full disclosure of all the potential harms and benefits of screening may result in 

information overload and poor quality decision-making.73 Therefore, it is important to focus 

on the major benefits and harms critical to a patient's decision-making.
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Pictographs are particularly good at conveying the gist of risk information, which may be 

especially important for older adults who increasingly rely on their intuition to make 

decisions.73 Presenting a summary table of the pros and cons of screening has also been 

shown to improve patient understanding and can be used to help older women clarify their 

preferences around screening (eAppendix Table 1).74 Currently available decision aids 

aimed to inform older women's screening mammography decisions are listed in eAppendix 

Table 2.

CONCLUSIONS

For healthy older women with a life expectancy > 5-10 years there is no single correct 

answer for how to balance the harms and benefits of screening at a particular age. Instead, 

clinicians may start by explaining that for women ≥ 75 years it is not known whether getting 

a mammogram decreases the risk of dying of breast cancer, therefore, a choice needs to be 

made whether to continue screening. Clinicians may discuss breast cancer risk and then refer 

to or use the decision-aids in eAppendix Table 2 to help patients understand the trade-offs of 

screening. It is important to ask women how they feel about the potential benefits and harms 

of screening and factor in their goals and values to make an individualized screening 

decision. Different individuals with the same trade-offs might reasonably make different 

choices.

Mrs. M strongly values the potential to avert death from breast cancer and is less concerned 

about screening harms. However, as newly diagnosed peripheral vascular disease advances, 

reducing her life expectancy to < 5-10 years, potential benefits of future mammography 

disappear, leaving only potential harms. Future discussions with Mrs. M will likely describe 

the importance of changing the focus of preventive care away from cancer screening and 

instead focus on her vascular disease, mobility, and maintaining her independence in order 

to meet her goals of living longer and better. Of course, the time available in clinical 

practice to discuss and provide the numerous preventive care recommendations is 

inadequate.75 This makes prioritization and personalization of preventive care all the more 

essential, allowing more time to be spent on medical care that is most likely to help an older 

individual achieve his/her goals and is least likely to cause harm.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Upper, middle, and lower quartiles of life expectancy for women and men at selected ages.*

*Data are from the 2008 Life Tables of the United States. This figure shows, for example, 

that 25% of 90-year-old women in the United States will live more than 6.8 years, 50% will 

live at least 4.0 years and 25% will live less than 1.9 years. See eAppendix Calculations for 

Figure 1.
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Table 2

Risk Factors for Breast Cancer among Women Aged 65 Years and Older
a

Risk Factor

AGE, years (Incidence rates per 100,000 women per year; SEER data 2006-2010)1

Overall Whites Blacks

50-54 223 227 221

55-59 268 274 275

60-64 346 359 329

65-69 413 431 382

70-74 425 445 397

75-79 440 462 405

80-84 420 436 396

85+ 357 365 372

OTHER RISK FACTORS Range of 95% Confidence Intervals of Adjusted Values
b

Family history of breast cancer RRs and HRs

    At least 1 first degree relative 0.90-1.99 (significant2-4, not significant5,6)

Increasing Body Mass Index RRs, ORs, and HRs

0.32-2.98 (significant2,3,5,7-11, not significant12,13)

Reproductive Factors RRs, ORs, and HRs

    Age >14 years at menarche (reference <11-13 y) 0.55-1.92 (significant14, not significant2,3,5-7,15,16)

    Age >30 years at first live birth (reference <19-22 y)
c 0.69-2.31 (significant2,14, not significant3,5-7,16)

    Age ≥ 50 years at menopause (reference <45 y)
d,e 0.73-2.6 (significant14,15, not significant2,3,6,7,16)

    4 or more live births (reference =1) 0.37-1.53 (significant2,3,6,7,14, not significant16)

    Nulliparity (reference =parity) 0.59-1.65 (significant14, not significant2,3,7,16)

    >12 months breastfeeding (reference =never) 0.21-1.27 (significant16, not significant6,7)

Bone Density RRs

Increasing Bone Density: Hip 1.01-4.8 (significant17,18)

Increasing Bone Density: Distal radius 1.1-1.95 (significant6,17,19)

RRs (not significant5)
f

Breast density: Extremely dense 0.56-2.92

Previous breast biopsy RR 1.06-1.60 (significant5)

Smoking (reference=never) ORs and HRs

    Former 1.0-1.5 (significant20, not significant2)

    Current 0.7-1.9 (significant20, not significant2,6)

Alcohol Consumption ORs and HRs
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OTHER RISK FACTORS Range of 95% Confidence Intervals of Adjusted Values
b

0.86-4.20 (significant21,22, not significant2,6)

Physical Activity RR

    Highly active 0.05-1.2 (significant23, not significant6,21)

Hormone Replacement Therapy (reference=placebo) HR

Estrogen plus progesterone
0.88-2.04 (not significant24)

g

Estrogen alone 0.53-1.23 (not significant25,26)

a
We included studies that presented risk ratios specific for women at least 65 years and older. References 1-28 for Table 2 are listed in the 

eAppendix, Search #1 Strategy.

b
We present the range of 95% confidence intervals for each risk factor. Significant refers to references where the 95% confidence interval does not 

cross 1.0. Abbreviations: ORs, odds ratios; RRs, risk ratios; HRs, hazards ratios.

c
In 1 study the maximum age was ≥28 years.16

d
In 1 study the cut-off was ≥52 years.16

e
One study used <48 years as the reference range.16

f
Two additional studies showed incidence of breast cancer increases among women aged 70 years and older who have increased breast density but 

did not present a measure of association.27,28

g
Although the HR for estrogen plus progesterone was not significant when stratified by age, overall use of estrogen plus progesterone increased 

invasive breast cancer by a HR of 1.24, (weighted p<0.001) in the Women's Health Initiative Randomized Trial and there was no interaction by 
age.

JAMA. Author manuscript; available in PMC 2015 April 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Walter and Schonberg Page 18

T
ab

le
 3

Su
m

m
ar

y 
of

 O
bs

er
va

tio
na

l D
at

a 
on

 M
or

ta
lit

y 
B

en
ef

it 
an

d 
D

ow
ns

tr
ea

m
 H

ar
m

s 
of

 S
cr

ee
ni

ng
 M

am
m

og
ra

ph
y 

in
 W

om
en

 A
ge

d 
75

 a
nd

 O
ld

er
.

St
ud

y
D

es
ig

n
L

im
it

at
io

ns
D

at
a 

So
ur

ce
R

es
ul

ts
 if

 C
on

ti
nu

ed
 S

cr
ee

ni
ng

R
es

ul
ts

 if
 

St
op

pe
d 

Sc
re

en
in

g

Su
m

m
ar

y

M
od

el
in

g 
St

ud
ie

s

B
ar

ra
tt 

et
 a

l. 
20

05
1

-M
ar

ko
v 

m
od

el
 c

om
pa

ri
ng

 
bi

en
ni

al
 s

cr
ee

ni
ng

 f
ro

m
 a

ge
 5

0 
to

 7
9 

vs
. s

to
pp

in
g 

at
 a

ge
 6

9
-C

al
cu

la
te

d 
ou

tc
om

es
 o

ve
r 

10
 

ye
ar

s

A
pp

lie
d 

sa
m

e 
re

la
tiv

e 
ri

sk
 r

ed
uc

tio
n 

in
 b

re
as

t 
ca

nc
er

 m
or

ta
lit

y 
fr

om
 

sc
re

en
in

g 
fo

r 
w

om
en

 >
 

70
 y

ea
rs

 a
s 

fo
r 

w
om

en
 

50
-6

9 
ye

ar
s;

 N
on

-U
.S

. 
da

ta

B
re

as
tS

cr
ee

n 
A

us
tr

al
ia

, 
A

us
tr

al
ia

n 
In

st
itu

te
 o

f 
H

ea
lth

 
an

d 
W

el
fa

re
 a

nd
 

A
us

tr
al

ia
n 

B
ur

ea
u 

of
 S

ta
tis

tic
s

-6
 in

 1
,0

00
 w

om
en

 d
ie

 f
ro

m
 

br
ea

st
 c

an
ce

r
-3

5 
in

 1
,0

00
 w

om
en

 d
ia

gn
os

ed
 

w
ith

 in
va

si
ve

 b
re

as
t c

an
ce

r
-6

 in
 1

,0
00

 w
om

en
 d

ia
gn

os
ed

 
w

ith
 D

C
IS

-1
40

 in
 1

,0
00

 w
om

en
 w

ith
 f

al
se

-
po

si
tiv

e 
m

am
m

og
ra

m

-8
 in

 1
,0

00
 w

om
en

 
di

e 
of

 b
re

as
t 

ca
nc

er
-2

5 
in

 1
,0

00
 

w
om

en
 d

ia
gn

os
ed

 
w

ith
 in

va
si

ve
 

br
ea

st
 c

an
ce

r
-0

.5
 in

 1
,0

00
 

w
om

en
 d

ia
gn

os
ed

 
w

ith
 D

C
IS

-0
 f

al
se

-p
os

iti
ve

 
m

am
m

og
ra

m
s

B
en

ef
its

: O
ve

r 
10

 y
ea

rs
, 2

 f
ew

er
 

w
om

en
 p

er
 1

,0
00

 d
ie

 f
ro

m
 b

re
as

t 
ca

nc
er

 v
s.

 w
om

en
 w

ho
 s

to
p 

bi
en

ni
al

 
sc

re
en

in
g 

at
 a

ge
 6

9
H

ar
m

s:
 1

40
 m

or
e 

w
om

en
 w

ith
 f

al
se

-
po

si
tiv

e 
m

am
m

og
ra

m
s 

an
d 

5.
2 

m
or

e 
w

om
en

 d
ia

gn
os

ed
 w

ith
 D

C
IS

 p
er

 
1,

00
0 

w
om

en
 s

cr
ee

ne
d 

to
 a

ge
 7

9 
vs

. 
ag

e 
69

M
an

de
lb

la
tt 

et
 

al
. 2

00
92

-M
ul

tip
le

 d
ec

is
io

n 
m

od
el

s 
co

m
pa

ri
ng

:
a)

 b
ie

nn
ia

l s
cr

ee
ni

ng
 f

ro
m

 a
ge

 
50

 to
 7

9 
vs

. s
to

pp
in

g 
at

 a
ge

 6
9

b)
an

nu
al

 s
cr

ee
ni

ng
 f

ro
m

 a
ge

 
50

 to
 7

9 
vs

. s
to

pp
in

g 
at

 a
ge

 6
9

-C
al

cu
la

te
d 

ou
tc

om
es

 o
ve

r 
lif

et
im

e 
of

 c
oh

or
t

E
st

im
at

es
 o

f 
ag

e-
sp

ec
if

ic
 tu

m
or

 n
at

ur
al

 
hi

st
or

y 
ar

e 
lim

ite
d 

by
 

pa
uc

ity
 o

f 
da

ta
; M

od
el

 
us

es
 s

ta
ge

 d
is

tr
ib

ut
io

ns
 

am
on

g 
sc

re
en

ed
 a

nd
 

un
sc

re
en

ed
 w

om
en

 to
 

ca
lc

ul
at

e 
sc

re
en

in
g 

be
ne

fi
t.

B
re

as
t C

an
ce

r 
Su

rv
ei

lla
nc

e 
C

on
so

rt
iu

m
 

(B
C

SC
)

a)
7%

 m
ed

ia
n 

im
pr

ov
em

en
t i

n 
pe

rc
en

ta
ge

 o
f 

m
or

ta
lit

y 
re

du
ct

io
n 

fr
om

 b
re

as
t c

an
ce

r
b)

8%
 m

ed
ia

n 
im

pr
ov

em
en

t i
n 

pe
rc

en
ta

ge
 o

f 
m

or
ta

lit
y 

re
du

ct
io

n 
fr

om
 b

re
as

t c
an

ce
r

N
ot

 r
ep

or
te

d
B

en
ef

its
: O

ve
r 

a 
lif

et
im

e,
 1

-4
 f

ew
er

 
w

om
en

 p
er

 1
,0

00
 d

ie
 f

ro
m

 b
re

as
t 

ca
nc

er
 v

s.
 w

om
en

 w
ho

 s
to

p 
an

nu
al

 
or

 b
ie

nn
ia

l s
cr

ee
ni

ng
 a

t a
ge

 6
9

H
ar

m
s:

a)
24

0 
m

or
e 

fa
ls

e-
po

si
tiv

e 
m

am
m

og
ra

m
s 

an
d 

16
 m

or
e 

un
ne

ce
ss

ar
y 

bi
op

si
es

 p
er

 1
,0

00
 

w
om

en
 b

ie
nn

ia
lly

 s
cr

ee
ne

d 
to

 a
ge

 
79

 v
s.

 a
ge

 6
9.

b)
39

0 
m

or
e 

fa
ls

e-
po

si
tiv

e 
m

am
m

og
ra

m
s 

an
d 

27
 m

or
e 

un
ne

ce
ss

ar
y 

bi
op

si
es

 p
er

 1
,0

00
 

an
nu

al
ly

 s
cr

ee
ne

d 
to

 a
ge

 7
9 

vs
. a

ge
 

69
.

Sc
ho

us
bo

e 
et

 
al

. 2
01

13
M

ar
ko

v 
m

od
el

 c
om

pa
ri

ng
 

sc
re

en
in

g 
ev

er
y 

3-
4 

ye
ar

s 
vs

. 
no

 s
cr

ee
ni

ng
 in

 w
om

en
 7

0-
79

 
ye

ar
s,

 s
tr

at
if

ie
d 

by
 b

re
as

t 
de

ns
ity

.
-C

al
cu

la
te

d 
ou

tc
om

es
 o

ve
r 

10
 

ye
ar

s

R
es

ul
ts

 s
en

si
tiv

e 
to

 
as

su
m

pt
io

ns
 a

bo
ut

 r
at

es
 

of
 D

C
IS

 d
et

ec
tio

n 
an

d 
ov

er
di

ag
no

si
s 

w
ith

 
m

am
m

og
ra

ph
y;

 M
od

el
 

us
es

 s
ta

ge
 d

is
tr

ib
ut

io
ns

 
am

on
g 

sc
re

en
ed

 a
nd

 
un

sc
re

en
ed

 w
om

en
 to

 
ca

lc
ul

at
e 

sc
re

en
in

g 
be

ne
fi

t.

B
C

SC
-N

um
be

r 
ne

ed
ed

 to
 s

cr
ee

n 
to

 
pr

ev
en

t 1
 d

ea
th

 f
ro

m
 b

re
as

t 
ca

nc
er

: 7
04

 f
or

 w
om

en
 w

ith
 

br
ea

st
 d

en
si

ty
 B

IR
A

D
S 

1;
 4

91
 

fo
r 

B
IR

A
D

S 
2;

 3
39

 f
or

 B
IR

A
D

S 
3;

 3
37

 f
or

 B
IR

A
D

S 
4

-F
al

se
-p

os
iti

ve
 r

es
ul

ts
: 1

2%
 f

or
 

w
om

en
 w

ith
 B

IR
A

D
S 

1;
 2

3%
 f

or
 

w
om

en
 w

ith
 B

IR
A

D
S 

2;
 2

5%
 f

or
 

w
om

en
 w

ith
 B

IR
A

D
S 

3;
 2

3%
 f

or
 

w
om

en
 w

ith
 B

IR
A

D
S 

4.

N
ot

 r
ep

or
te

d
B

en
ef

its
: O

ve
r 

10
 y

ea
rs

, 1
-3

 f
ew

er
 

w
om

en
 p

er
 1

,0
00

 d
ie

 f
ro

m
 b

re
as

t 
ca

nc
er

 v
s.

 w
om

en
 w

ho
 a

re
 n

ot
 

sc
re

en
ed

 b
et

w
ee

n 
ag

es
 7

0-
79

.
H

ar
m

s:
 1

2-
25

%
 r

is
k 

of
 a

 f
al

se
-

po
si

tiv
e 

m
am

m
og

ra
m

 d
ep

en
di

ng
 o

n 
br

ea
st

 d
en

si
ty

.

P
ro

sp
ec

ti
ve

 C
oh

or
t 

St
ud

ie
s

B
ra

ith
w

ai
te

 e
t 

al
 2

01
34

-C
oh

or
t s

tu
dy

 o
f 

13
7,

94
9 

w
om

en
 a

ge
d 

66
 to

 8
9 

ye
ar

s 
w

ho
 u

nd
er

w
en

t s
cr

ee
ni

ng
 

Sc
re

en
in

g 
in

te
rv

al
 w

as
 

ba
se

d 
on

 ti
m

e 
si

nc
e 

pr
ev

io
us

 m
am

m
og

ra
m

 

B
C

SC
A

ge
s 

66
-7

4
-A

nn
ua

l s
cr

ee
ni

ng
: 5

0%
 f

al
se

-
po

si
tiv

e 
ra

te
 (

48
-5

2%
, 9

5%
 C

I)

N
ot

 r
ep

or
te

d
B

en
ef

its
: M

or
ta

lit
y 

be
ne

fi
t n

ot
 

de
te

rm
in

ed

JAMA. Author manuscript; available in PMC 2015 April 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Walter and Schonberg Page 19

St
ud

y
D

es
ig

n
L

im
it

at
io

ns
D

at
a 

So
ur

ce
R

es
ul

ts
 if

 C
on

ti
nu

ed
 S

cr
ee

ni
ng

R
es

ul
ts

 if
 

St
op

pe
d 

Sc
re

en
in

g

Su
m

m
ar

y

mammography 1999-2006 and















































were not diagnosed with breast















































cancer















































-O
ut

co
m

es
 c

al
cu

la
te

d 
ov

er
 1

0 
ye

ar
s

an
d 

m
ay

 n
ot

 r
ep

re
se

nt
 

lo
ng

-t
er

m
 p

at
te

rn
s 

fo
r 

in
di

vi
du

al
s.

-B
ie

nn
ia

l s
cr

ee
ni

ng
: 3

0%
 f

al
se

-
po

si
tiv

e 
ra

te
 (

29
-3

1%
, 9

5%
 C

I)
A

ge
s 

75
-8

9
-A

nn
ua

l s
cr

ee
ni

ng
: 4

7%
 f

al
se

-
po

si
tiv

e 
ra

te
 (

45
-5

0%
, 9

5%
 C

I)
-B

ie
nn

ia
l s

cr
ee

ni
ng

: 2
7%

 f
al

se
-

po
si

tiv
e 

(2
6-

28
%

, 9
5%

 C
I)

H
ar

m
s:

 O
ve

r 
10

 y
ea

rs
 th

e 
lik

el
ih

oo
d 

of
 a

 f
al

se
-p

os
iti

ve
 r

es
ul

t i
s 

1.
7 

tim
es

 
hi

gh
er

 w
ith

 a
nn

ua
l v

er
su

s 
bi

en
ni

al
 

sc
re

en
in

g 
m

am
m

og
ra

m
s

N
el

so
n 

et
 a

l. 
20

09
5

-C
oh

or
t s

tu
dy

 o
f 

re
gu

la
rl

y 
sc

re
en

ed
 w

om
en

 7
0 

an
d 

ol
de

r 
(N

um
be

r 
of

 w
om

en
 a

na
ly

ze
d 

w
as

 n
ot

 m
en

tio
ne

d)
-O

ut
co

m
es

 c
al

cu
la

te
d 

fr
om

 a
 

si
ng

le
 s

cr
ee

ni
ng

 r
ou

nd
.

R
es

ul
ts

 b
as

ed
 o

n 
si

ng
le

 
sc

re
en

in
g 

ro
un

d;
 

In
co

m
pl

et
e 

ca
pt

ur
e 

of
 

ad
di

tio
na

l i
m

ag
in

g 
an

d 
bi

op
si

es
 f

ol
lo

w
in

g 
sc

re
en

in
g 

m
am

m
og

ra
ph

y.

B
C

SC
A

ge
s 

70
-7

9:
-6

9 
in

 1
,0

00
 w

om
en

 w
ith

 a
 f

al
se

-
po

si
tiv

e 
m

am
m

og
ra

m
-1

.4
 in

 1
,0

00
 w

om
en

 w
ith

 s
cr

ee
n-

de
te

ct
ed

 D
C

IS
A

ge
s 

80
-8

9:
-5

9 
in

 1
,0

00
 w

om
en

 w
ith

 a
 f

al
se

-
po

si
tiv

e 
m

am
m

og
ra

m
-1

.5
 in

 1
,0

00
 w

om
en

 w
ith

 s
cr

ee
n-

de
te

ct
ed

 D
C

IS

N
ot

 r
ep

or
te

d
B

en
ef

its
: N

ot
 d

et
er

m
in

ed
H

ar
m

s:
 5

9-
69

 m
or

e 
w

om
en

 w
ith

 
fa

ls
e-

po
si

tiv
e 

m
am

m
og

ra
m

s 
an

d 
1.

5 
m

or
e 

w
om

en
 d

ia
gn

os
ed

 w
ith

 D
C

IS
 

pe
r 

1,
00

0 
w

om
en

 a
ft

er
 o

ne
 

m
am

m
og

ra
m

 v
s.

 w
om

en
 w

ho
 a

re
 

no
t s

cr
ee

ne
d.

Sc
ho

nb
er

g 
et

 
al

. 2
00

96
-C

oh
or

t s
tu

dy
 o

f 
2,

01
1 

w
om

en
 

≥ 
80

 y
ea

rs
 c

om
pa

ri
ng

 w
om

en
 

sc
re

en
ed

 w
ith

 m
am

m
og

ra
ph

y 
si

nc
e 

ag
e 

80
 v

s.
 th

os
e 

no
t 

sc
re

en
ed

 a
ft

er
 a

ge
 8

0
-C

al
cu

la
te

d 
ou

tc
om

es
 o

ve
r 

a 
m

ed
ia

n 
of

 5
 y

ea
rs

 o
f 

fo
llo

w
-

up
.

N
ot

 p
ow

er
ed

 to
 d

et
ec

t 
di

ff
er

en
ce

s 
in

 b
re

as
t 

ca
nc

er
 m

or
ta

lit
y 

be
tw

ee
n 

sc
re

en
ed

 a
nd

 
un

sc
re

en
ed

 w
om

en
; 

Se
le

ct
io

n 
bi

as
.

Sc
re

en
-e

lig
ib

le
 

w
om

en
 r

ec
ei

vi
ng

 
ca

re
 a

t o
ne

 
ac

ad
em

ic
 a

nd
 tw

o 
co

m
m

un
ity

 h
ea

lth
 

ce
nt

er
s 

in
 B

os
to

n

-1
 in

 1
,0

34
 w

om
en

 d
ie

d 
of

 b
re

as
t 

ca
nc

er
-2

0 
in

 1
,0

34
 w

om
en

 d
ia

gn
os

ed
 

w
ith

 in
va

si
ve

 b
re

as
t c

an
ce

r
-8

 in
 1

,0
34

 w
om

en
 d

ia
gn

os
ed

 
w

ith
 D

C
IS

-1
10

 f
al

se
-p

os
iti

ve
 m

am
m

og
ra

m
s 

an
d 

19
 m

or
e 

un
ne

ce
ss

ar
y 

bi
op

si
es

 a
m

on
g 

1,
03

4 
sc

re
en

ed

-2
 in

 9
77

 w
om

en
 

di
ed

 o
f 

br
ea

st
 

ca
nc

er
-2

0 
in

 9
97

 
di

ag
no

se
d 

w
ith

 
in

va
si

ve
 b

re
as

t 
ca

nc
er

-0
 d

ia
gn

os
ed

 w
ith

 
D

C
IS

-0
 f

al
se

-p
os

iti
ve

 
m

am
m

og
ra

m
s

B
en

ef
its

: O
ve

r 
5 

ye
ar

s,
 1

 le
ss

 
w

om
an

 p
er

 ~
1,

00
0 

di
e 

fr
om

 b
re

as
t 

ca
nc

er
 v

s.
 w

om
en

 w
ho

 s
to

p 
sc

re
en

in
g 

at
 a

ge
 8

0
H

ar
m

s:
 1

10
 m

or
e 

w
om

en
 w

ith
 f

al
se

-
po

si
tiv

e 
m

am
m

og
ra

m
s 

an
d 

8 
m

or
e 

w
om

en
 d

ia
gn

os
ed

 w
ith

 D
C

IS
 p

er
 

~1
,0

00
 w

om
en

 s
cr

ee
ne

d 
af

te
r 

ag
e 

80
 

vs
. s

to
pp

in
g 

sc
re

en
in

g 
at

 a
ge

 8
0.

C
ar

ne
y 

et
 a

l. 
20

03
7

-C
oh

or
t s

tu
dy

 o
f 

32
9,

49
5 

re
gu

la
rl

y 
sc

re
en

ed
 w

om
en

 
ag

ed
 4

0-
89

 y
ea

rs
 w

ho
 

un
de

rw
en

t s
cr

ee
ni

ng
 

m
am

m
og

ra
m

s 
be

tw
ee

n 
19

96
 

an
d 

19
98

.
-D

es
cr

ib
ed

 m
am

m
og

ra
ph

y 
ou

tc
om

es
 o

ve
r 

1 
ye

ar
.

V
ar

yi
ng

 a
m

ou
nt

s 
of

 
m

is
si

ng
 d

at
a 

ac
ro

ss
 

fa
ci

lit
ie

s;
 O

nl
y 

3.
9%

 o
f 

w
om

en
 w

er
e 

80
 a

nd
 

ol
de

r.

B
C

SC
A

ge
s 

70
-7

9:
-5

.7
 tr

ue
-p

os
iti

ve
 r

es
ul

ts
 p

er
 

1,
00

0 
m

am
m

og
ra

m
s

-1
.4

 f
al

se
-n

eg
at

iv
e 

re
su

lts
 p

er
 

1,
00

0 
m

am
m

og
ra

m
s

-S
en

si
tiv

ity
=

81
%

; 
Sp

ec
if

ic
ity

=
94

%
A

ge
s 

80
-8

9:
-5

.9
 tr

ue
-p

os
iti

ve
 r

es
ul

ts
 p

er
 

1,
00

0 
m

am
m

og
ra

m
s

-1
.5

 f
al

se
-n

eg
at

iv
e 

re
su

lts
 p

er
 

1,
00

0 
m

am
m

og
ra

m
s

-S
en

si
tiv

ity
=

86
%

; 
Sp

ec
if

ic
ity

=
94

%

N
ot

 r
ep

or
te

d
B

en
ef

its
: M

am
m

og
ra

ph
y 

is
 m

os
t 

ef
fe

ct
iv

e 
in

 d
et

ec
tin

g 
br

ea
st

 c
an

ce
r 

in
 w

om
en

 ≥
 8

0 
ye

ar
s.

H
ar

m
s:

 1
.5

 in
 1

,0
00

 m
am

m
og

ra
m

s 
ar

e 
fa

ls
e-

ne
ga

tiv
es

 in
 w

om
en

 ≥
 8

0 
ye

ar
s.

W
al

te
r 

et
 a

l. 
20

01
8

-C
oh

or
t s

tu
dy

 o
f 

21
6 

fr
ai

l 
w

om
en

 (
m

ea
n 

ag
e 

=
 8

1;
 4

9%
 

ha
d 

co
gn

iti
ve

 im
pa

ir
m

en
t)

 w
ho

 
un

de
rw

en
t a

 s
cr

ee
ni

ng
 

m
am

m
og

ra
m

 o
n 

en
ro

llm
en

t i
n 

a 
he

al
th

 p
ro

gr
am

.
-D

es
cr

ib
ed

 o
ut

co
m

es
 o

ve
r 

a 
m

ea
n 

of
 3

 y
ea

rs
 o

f 
fo

llo
w

-u
p.

Sm
al

l s
am

pl
e 

si
ze

; 
In

cl
ud

es
 o

nl
y 

a 
si

ng
le

 
si

te
 in

 S
an

 F
ra

nc
is

co

W
om

en
 w

ho
 

en
ro

lle
d 

in
 O

n 
L

ok
 (

a 
he

al
th

 
pr

og
ra

m
 f

or
 

nu
rs

in
g-

ho
m

e-
el

ig
ib

le
 a

du
lts

 in
 

Sa
n 

Fr
an

ci
sc

o)

-0
 w

om
en

 d
ie

d 
of

 b
re

as
t c

an
ce

r
-2

 in
 2

16
 w

om
en

 d
ia

gn
os

ed
 w

ith
 

in
va

si
ve

 b
re

as
t c

an
ce

r
-2

 in
 2

16
 w

om
en

 d
ia

gn
os

ed
 w

ith
 

cl
in

ic
al

ly
 in

si
gn

if
ic

an
t b

re
as

t 
ca

nc
er

 o
r 

D
C

IS
-2

8 
fa

ls
e-

po
si

tiv
e 

m
am

m
og

ra
m

s 
an

d 
6 

w
om

en
 r

ef
us

ed
 w

or
k-

up
 o

f 

N
ot

 r
ep

or
te

d
B

en
ef

its
: N

ot
 d

et
er

m
in

ed
H

ar
m

s:
 1

7%
 o

f 
fr

ai
l s

cr
ee

ne
d 

w
om

en
 e

xp
er

ie
nc

ed
 a

 f
al

se
-p

os
iti

ve
 

m
am

m
og

ra
m

 o
r 

ha
d 

cl
in

ic
al

ly
 

in
si

gn
if

ic
an

t d
is

ea
se

 id
en

tif
ie

d 
af

te
r 

on
e 

sc
re

en
in

g 
m

am
m

og
ra

m
.

JAMA. Author manuscript; available in PMC 2015 April 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Walter and Schonberg Page 20

St
ud

y
D

es
ig

n
L

im
it

at
io

ns
D

at
a 

So
ur

ce
R

es
ul

ts
 if

 C
on

ti
nu

ed
 S

cr
ee

ni
ng

R
es

ul
ts

 if
 

St
op

pe
d 

Sc
re

en
in

g

Su
m

m
ar

y

abnormal mammogram among






























216 screened






























W
el

ch
 e

t a
l. 

19
98

9
-C

oh
or

t s
tu

dy
 o

f 
23

,1
72

 
w

om
en

 ≥
 6

5 
ye

ar
s 

w
ho

 
un

de
rw

en
t s

cr
ee

ni
ng

 
m

am
m

og
ra

ph
y 

1/
95

–4
/9

5.
-D

es
cr

ib
ed

 o
ut

co
m

es
 o

ve
r 

8 
m

on
th

s.

So
m

e 
di

ag
no

st
ic

 
m

am
m

og
ra

m
s 

m
ay

 h
av

e 
be

en
 m

is
cl

as
si

fi
ed

 a
s 

sc
re

en
in

g;
 M

ed
ic

ar
e 

cl
ai

m
s 

lik
el

y 
un

de
rc

ou
nt

 
ca

se
s 

of
 c

an
ce

r

M
ed

ic
ar

e'
s 

N
at

io
na

l C
la

im
s 

H
is

to
ry

 S
ys

te
m

A
ge

s 
>

 7
0:

-8
1 

in
 1

,0
00

 w
om

en
 h

ad
 

ad
di

tio
na

l i
m

ag
in

g 
or

 b
io

ps
y

-1
1 

in
 1

,0
00

 w
om

en
 w

er
e 

di
ag

no
se

d 
w

ith
 b

re
as

t c
an

ce
r

N
ot

 r
ep

or
te

d
B

en
ef

its
: N

ot
 d

et
er

m
in

ed
H

ar
m

s:
 7

0 
in

 1
,0

00
 w

om
en

 h
ad

 
ad

di
tio

na
l i

m
ag

in
g 

or
 b

io
ps

y 
in

 th
e 

8 
m

on
th

s 
af

te
r 

a 
sc

re
en

in
g 

m
am

m
og

ra
m

 a
nd

 w
er

e 
no

t 
di

ag
no

se
d 

w
ith

 c
an

ce
r.

R
et

ro
sp

ec
ti

ve
 C

oh
or

t 
St

ud
ie

s 
an

d 
C

as
e-

C
on

tr
ol

 S
tu

di
es

B
ad

gw
el

l e
t 

al
. 2

00
810

-R
et

ro
sp

ec
tiv

e 
co

ho
rt

 s
tu

dy
 o

f 
12

,3
58

 w
om

en
 ≥

 8
0 

ye
ar

s 
di

ag
no

se
d 

w
ith

 b
re

as
t c

an
ce

r 
co

m
pa

ri
ng

 w
om

en
 w

ho
 

re
ce

iv
ed

 0
, 1

-2
, o

r 
3+

 
sc

re
en

in
g 

m
am

m
og

ra
m

s 
du

ri
ng

 th
e 

5 
ye

ar
s 

be
fo

re
 th

ei
r 

br
ea

st
 c

an
ce

r 
di

ag
no

si
s

L
ea

d-
tim

e;
 le

ng
th

-t
im

e 
an

d 
se

le
ct

io
n 

bi
as

es
.

Su
rv

ei
lla

nc
e,

 
E

pi
de

m
io

lo
gy

, 
an

d 
E

nd
 R

es
ul

ts
-

M
ed

ic
ar

e 
da

ta
ba

se

5-
ye

ar
 b

re
as

t c
an

ce
r-

sp
ec

if
ic

 
su

rv
iv

al
 w

as
 9

4%
 f

or
 w

om
en

 
w

ho
 r

ec
ei

ve
d 

3+
 m

am
m

og
ra

m
s 

an
d 

88
%

 f
or

 w
om

en
 w

ho
 

re
ce

iv
ed

 1
-2

 m
am

m
og

ra
m

s

5-
ye

ar
 b

re
as

t 
ca

nc
er

-s
pe

ci
fi

c 
su

rv
iv

al
 w

as
 8

2%
 

fo
r 

w
om

en
 w

ith
ou

t 
an

y 
sc

re
en

in
g

B
en

ef
its

: B
re

as
t c

an
ce

r 
su

rv
iv

al
 w

as
 

gr
ea

te
r 

in
 s

cr
ee

ne
d 

w
om

en
; 

H
ow

ev
er

, s
im

ila
r 

im
pr

ov
em

en
ts

 
w

er
e 

se
en

 f
or

 n
on

-b
re

as
t c

an
ce

r-
re

la
te

d 
su

rv
iv

al
 s

ug
ge

st
in

g 
th

e 
bi

as
 

th
at

 h
ea

lth
ie

r 
ol

de
r 

w
om

en
 o

bt
ai

n 
m

am
m

og
ra

ph
y.

H
ar

m
s:

 N
ot

 d
et

er
m

in
ed

M
cP

he
rs

on
 e

t 
al

. 2
00

211
-R

et
ro

sp
ec

tiv
e 

co
ho

rt
 s

tu
dy

 o
f 

5,
18

6 
w

om
en

 a
ge

d 
65

 to
 1

01
 

di
ag

no
se

d 
w

ith
 b

re
as

t c
an

ce
r,

 
co

m
pa

ri
ng

 w
om

en
 w

ith
 tu

m
or

s 
de

te
ct

ed
 b

y 
m

am
m

og
ra

ph
y 

vs
. 

w
om

en
 w

ith
 tu

m
or

s 
no

t 
de

te
ct

ed
 b

y 
m

am
m

og
ra

ph
y,

 
st

ra
tif

ie
d 

by
 c

om
or

bi
di

ty
.

L
ea

d-
tim

e;
 le

ng
th

-t
im

e 
an

d 
se

le
ct

io
n 

bi
as

es
; 

D
is

ea
se

-s
pe

ci
fi

c 
ca

us
e 

of
 d

ea
th

 w
as

 n
ot

 
av

ai
la

bl
e.

U
pp

er
 M

id
w

es
t 

T
um

or
 R

eg
is

tr
y 

Sy
st

em
 (

re
gi

on
al

 
da

ta
ba

se
 in

 
M

in
ne

so
ta

, N
or

th
 

D
ak

ot
a,

 a
nd

 S
ou

th
 

D
ak

ot
a)

A
ll-

ca
us

e 
m

or
ta

lit
y 

in
 s

cr
ee

ne
d 

vs
. n

on
-s

cr
ee

ne
d:

N
o 

co
m

or
bi

di
ty

: A
ge

s 
75

-7
9:

 
R

R
=

0.
36

 (
0.

26
-0

.4
9)

; a
ge

s 
80

-8
4:

 
R

R
=

0.
66

 (
0.

52
-0

.8
3)

2+
 C

ha
rl

so
n 

co
m

or
bi

di
tie

s:
 A

ge
s 

75
-7

9:
 R

R
=

0.
53

 (
0.

2-
1.

36
);

 a
ge

s 
80

-8
4:

 R
R

=
0.

64
 (

0.
03

-1
.8

7)

N
ot

 r
ep

or
te

d
B

en
ef

its
: A

ll-
ca

us
e 

m
or

ta
lit

y 
w

as
 

lo
w

er
 in

 w
om

en
 w

ith
 

m
am

m
og

ra
ph

ic
al

ly
 d

et
ec

te
d 

br
ea

st
 

ca
nc

er
, e

xc
ep

t w
he

n 
w

om
en

 h
ad

 
se

ve
re

 o
r 

m
ul

tip
le

 c
om

or
bi

di
tie

s.
H

ar
m

s:
 N

ot
 d

et
er

m
in

ed

M
cC

ar
th

y 
et

 
al

. 2
00

012
-R

et
ro

sp
ec

tiv
e 

co
ho

rt
 s

tu
dy

 o
f 

9,
76

7 
w

om
en

 a
ge

d 
65

+
 

di
ag

no
se

d 
w

ith
 b

re
as

t c
an

ce
r,

 
co

m
pa

ri
ng

 w
om

en
 w

ho
 

re
ce

iv
ed

 m
am

m
og

ra
ph

y 
w

ith
in

 
2 

ye
ar

s 
of

 th
ei

r 
ca

nc
er

 
di

ag
no

si
s 

vs
. w

om
en

 w
ho

 d
id

 
no

t.

L
ea

d-
tim

e,
 le

ng
th

-t
im

e 
an

d 
se

le
ct

io
n 

bi
as

es
; N

o 
di

st
in

ct
io

n 
w

as
 m

ad
e 

be
tw

ee
n 

sc
re

en
in

g 
an

d 
di

ag
no

st
ic

 
m

am
m

og
ra

ph
y

T
hr

ee
 

Su
rv

ei
lla

nc
e,

 
E

pi
de

m
io

lo
gy

, 
an

d 
E

nd
 R

es
ul

ts
 

Pr
og

ra
m

 r
eg

io
ns

N
ot

 r
ep

or
te

d
5-

ye
ar

 b
re

as
t 

ca
nc

er
-s

pe
ci

fi
c 

m
or

ta
lit

y 
in

 
no

nu
se

rs
 v

s.
 

m
am

m
og

ra
ph

y 
us

er
s:

A
ge

s 
75

-8
4:

 
ad

ju
st

ed
 H

R
=

2.
47

 
(1

.7
0-

3.
58

);
A

ge
s 

85
+

: 
ad

ju
st

ed
 H

R
=

1.
45

 
(0

.6
3-

3.
32

)

B
en

ef
its

: 5
-y

ea
r 

br
ea

st
 c

an
ce

r 
m

or
ta

lit
y 

w
as

 h
ig

he
r 

am
on

g 
w

om
en

 
ag

ed
 7

5-
84

 w
ho

 d
id

 n
ot

 r
ec

ei
ve

 
m

am
m

og
ra

ph
y 

w
ith

in
 2

 y
ea

rs
 o

f 
th

ei
r 

br
ea

st
 c

an
ce

r 
di

ag
no

si
s.

H
ar

m
s:

 N
ot

 d
et

er
m

in
ed

V
an

 D
ijc

k 
et

 
al

. 1
99

613
-C

as
e-

co
nt

ro
l s

tu
dy

 o
f 

w
om

en
 

ag
ed

 6
5+

, i
nc

lu
di

ng
 8

2 
w

om
en

 
w

ith
 b

re
as

t c
an

ce
r 

(c
as

es
) 

an
d 

41
0 

ag
e-

m
at

ch
ed

 c
on

tr
ol

s.
 

C
om

pa
re

d 
w

om
en

 w
ho

 
at

te
nd

ed
 s

cr
ee

ni
ng

 v
s.

 th
os

e 
w

ho
 d

id
 n

ot
.

L
ea

d-
tim

e,
 le

ng
th

-t
im

e 
an

d 
se

le
ct

io
n 

bi
as

es
; 

O
nl

y 
in

cl
ud

ed
 a

 s
m

al
l 

nu
m

be
r 

of
 w

om
en

 7
5 

ye
ar

s 
an

d 
ol

de
r.

W
om

en
 in

vi
te

d 
to

 
sc

re
en

in
g 

pr
og

ra
m

 
in

 N
ijm

eg
an

, t
he

 
N

et
he

rl
an

ds

B
re

as
t c

an
ce

r 
m

or
ta

lit
y 

in
 th

os
e 

w
ho

 r
ec

en
tly

 a
tte

nd
ed

 s
cr

ee
ni

ng
 

vs
. t

ho
se

 w
ho

 d
id

 n
ot

:
A

ge
s 

65
-7

4:
 R

R
=

0.
45

 (
0.

2-
1.

02
);

A
ge

s 
75

+
: R

R
=

1.
05

 (
0.

27
-4

.1
4)

N
ot

 r
ep

or
te

d
B

en
ef

its
: N

o 
si

gn
if

ic
an

t d
if

fe
re

nc
e 

in
 b

re
as

t c
an

ce
r 

m
or

ta
lit

y 
in

 
sc

re
en

ed
 v

s.
 n

on
-s

cr
ee

ne
d 

w
om

en
 

ag
ed

 7
5+

.
H

ar
m

s:
 N

ot
 d

et
er

m
in

ed

R
ef

er
en

ce
s 

1-
13

 f
or

 T
ab

le
 3

 a
re

 li
st

ed
 in

 th
e 

eA
pp

en
di

x,
 S

ea
rc

h 
#2

 S
tr

at
eg

y

JAMA. Author manuscript; available in PMC 2015 April 09.


