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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.

Keywords
Mammography screening; older women; individualized decisions

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: | get mammograms every year. | 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 | 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 mammaography 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).410 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.1
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.1# 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.1®
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.1® 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.2?

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. | 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.221
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 mammaographic 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.2> 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.2” 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.2® 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.3® 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 69.3%-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
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study evaluating breast cancer screening for women screened after 80 years.3”: 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: | thought she was very low risk for having any problems from an excisional
biopsy and | knew that at any step along the way we could decide if we didn't need
to do anything further.

Mrs. M: | had to have 2 surgeries because the first time they weren't sure if they got
it all [the ductal carcinoma in situ]. | 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 mammaography 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. 36,3745 Djagnostic mammography, breast ultrasound and/or breast biopsy are
used to determine if an abnormal screening mammogram is a false alarm.3%:46 These follow-
up tests are considered low-risk procedures although a breast biopsy can cause distress,
scarring and infections.4” 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.>!
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.2! 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 |n 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;>4-56 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.3” 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.>1

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.>’ 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.®’ 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.3459 Toxicity and mortality from chemotherapy increase with age.®? Breast
radiotherapy can cause fatigue, breast pain and edema and increases the risk of ischemic
heart disease.®1:62 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.?1:34

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.®3 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.84

DISCUSSING SCREENING MAMMOGRAPHY WITH OLDER WOMEN

Mrs. M: | talked with my doctor [about mammography] but I never considered not
having it. My daughter had breast cancer and she died.

Dr. P: | think I know when making a recommendation to stop screening is going to
be received well and when it might not be received well. | 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.18:6 This is likely because such
discussions can be challenging and time consuming.84:66-67 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.8°: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.%%: 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.8566 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.qg., 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.89 Regardless, most women want information about a
decision and for their clinician to have a clear understanding or their values.59

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.”® Visual displays or graphics have been shown to improve risk communication and
may enhance decision-making even among adults with low numeracy.’”? 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.”1:72 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.’1:72 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.”3
Furthermore, full disclosure of all the potential harms and benefits of screening may result in
information overload and poor quality decision-making.” 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.”3 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).”4 Currently available decision aids
aimed to inform older women's screening mammography decisions are listed in eAppendix
Table 2.

IONS

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.”® 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®

Risk Factor

AGE, years  (Incidencerates per 100,000 women per year; SEER data 2006-2010)*

Overall Whites
50-54 223 227
55-59 268 274
60-64 346 359
65-69 413 431
70-74 425 445
75-79 440 462
80-84 420 436
85+ 357 365

Blacks
221
275
329
382
397
405
396
372

OTHER RISK FACTORS

b

Range of 95% Confidence Intervals of Adjusted Values

Family history of breast cancer
At least 1 first degree relative

Increasing Body Mass Index

RRs and HRs
0.90-1.99 (significant?4, not significant>6)
RRs, ORs, and HRs

0.32-2.98 (significant2357-11 not significant!213)

Reproductive Factors

Age >14 years at menarche (reference <11-13 y)

Age >30 years at first live birth (reference <19-22 y;

Age = 50 years at menopause (reference <45 y)d'e

4 or more live births (reference =1)
Nulliparity (reference =parity)

>12 months breastfeeding (reference =never)

RRs, ORs, and HRs
0.55-1.92 (significant', not significant?35-7:15.16)

0.69-2.31 (significant?14, not significant35716)
0.73-2.6 (significant!415, not significant?3.6.7.16)

0.37-1.53 (significant?36.7.14  not significant!6)
0.59-1.65 (significant', not significant3.7:16)

0.21-1.27 (significant!6, not significant®7)

Bone Density
Increasing Bone Density: Hip

Increasing Bone Density: Distal radius

RRs
1.01-4.8 (significant718)
1.1-1.95 (significant617.19)

RRs (not significant5)f

Breast density: Extremely dense

0.56-2.92

Previous breast biopsy

RR 1.06-1.60 (significant®)

Smoking (reference=never)
Former

Current

ORs and HRs
1.0-1.5 (significant?°, not significant?)

0.7-1.9 (significant?, not significant?6)

Alcohol Consumption

ORs and HRs
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o

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

0.86-4.20 (significant?22, not significant?®)

Physical Activity RR
Highly active 0.05-1.2 (significant?3, not significant®2t)
Hormone Replacement Therapy (reference=placebo) HR

Estrogen plus progesterone 0.88-2.04 (not significantz“)g

Estrogen alone 0.53-1.23 (not significant?>26)

aWe 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.

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.

CIn 1 study the maximum age was =28 years.]-6

dIn 1 study the cut-off was =52 years.16

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

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
gAlthough 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.



Page 18

Walter and Schonberg

(10 %56 '9%¢S-8¥) oves aamisod

welbowwew snoinaid

BuIU819S JUBMIBPUN OYM

pauIwIsIep -95|®} 950G :BuIusalds [enuuy- 90UIS dWI} UO paseq sleak gg 0] 99 pabe uswom yE€T0C I8
10U 1jausq AlI[eHOIN SHJBUSg paliodal J0N ¥7-99 seby 0s09 Sem [eAsajul Bulusalos 616'LET 40 Apnis HoyoD- | 18 suemuylesg
S31PNIS 11040D dA11990S0 Id
7 SAvdig yim uswom
10} 9%€EZ ‘€ SAVYIFG UM USWOM RUENED]
10} %Gz ‘Z SAVHIF YIM uswom Buiuaaias aye|nojed
10} %€Z ‘T SAVHIF UIM USWOM 0} USWOM PaudaJasun
"AyIsuap 1sealq 10} 92T :S}NsaJ aAnisod-asje- pue pauaaJds Buowe sreak
uo Buipuadap weibowwew aAnisod ¥ Savyig o} /g€ ‘e suonnqglsip abels sasn 0T J9A0 S8WO02IN0 paje|nofed-
-85|8} B J0 S %GZ-¢T SWieH SAvdlid 104 6E€ 'Z SAVYHIE 104 13pON ‘Aydeifowwew ‘Rusuap
'6.-0/ Sabe ussmiag pausalas 16V ‘T SAVYIg Ausuap 1seaiq Ynm sisouberpiano 1sealq Aq paiyirenss ‘sieak
10U 8B OYM UBLIOM SA 18dUed YNM USWIOM 10} 170/ :18oued pue uonoalep S10Ad 40 6/-0/ UsWom Ul Buluaaias ou
1se8.Q WOJJ 3Ip 000‘T Jad uswom 1seaIg WOy yresp T juanaid saJeJ noge suondwinsse "SA SJeaA -g Alana Buiuaalos A
Jamay -T ‘sieak QT JanQ :SNgausg palodal 10N 0] U3319S 0] Papaau JaquinN- 2s09 0] 9AIISUBS S} NSay Burredwod |apow AoXIBN 19 904SNOYd2S
‘69
abe 'sn g/ abe 01 pauaalds Ajjenuue
000'T 4ad saisdoiq Aressadauun
alow /z pue swelbowwew
annsod-asjey aiow 06E(q
'69 abe 'SA 6/
abe 0] pauaalods AjJeluuaiq uswom RUETEN|
000'T Jad saisdoiq Aressadsuun Buiuaaias ayenojed 11009 JO awnay|
alow 9T pue swesbowew 0} UBLIOM Paudaiosun J3A0 S3W02IN0 pare|najed-
annisod-ase) alow opz(e J130URd ISeAI] WOJY pue pauaalos Buowe 69 abe e buiddoss 'sn 6/ 01 0§
‘SwreH uonanpal Ayjenow jo abejusdiad suonnqgisip abels sasn abe woJy Bulusalds [enuue(q
69 abe e Buluaalds Jeluualq 1o ul Juswanoidwi uelpaw 9,8(q (0so9) 19poINl ‘e1ep Jo Ajoned 69 abe 1e buiddoss 'sn 6/ 01 0§
|enuue dois oYM UBIOM ‘SA JaduRd J130URd ISeAI] WOJY win1Iosu0) Aq panwij ate Alolsiy abe wouy Burusalos feluusiq (e
1SB31q WOl 31p 000‘T Jad uswom uonanpal Ayjenow jo abejusdiad 99UB||1I9AINS Jeanjeu Jowny o1y198ds :Burredwod 2600C 'Ie

1aMmay} p-T ‘awnayl| e JIanQ SHjauag pauodal 10N u1 Juawanoldwi uelpaw %/ (e 1aoue) 1sealg -abe Jo sarewnsgy Ss|apow uoisioap a|dnnN- | 19 1ejqapueiN
swesBowwew
annisod-asey 0-
S10Q yum
69 abe pasoubelp uswom
"SA 6/ 9be 0} pPaudaIIs UBWOM 000'T 000'T U1 §°0-
Jad S10@ yim pasouBelp uawiom J139ued 1sealq -9S[eJ Y1IM USWOM 000‘T Ul OpT- So1sIIelS JO elep
alow z'g pue sweifowwew aapisod SAISEAUT YJIM S10Q yum | neaing ueljeisny 'S'N-UON ‘s1esk 69-0G
-3S[} YIIM USWIOM diow QpT :STeH | pasoubelp uswom pasoufelp uawom QQQ‘T Ul 9- pue aIej[a/\\ pue USWOM J0J Se SIeak 0/ sreak
69 abe 1e Bulusalos 000'T Ul Gg- 189UBD 1Se8IQ AAISBAUL YIM | Ul[eaH Jo ainisu| < Uawom Joy Buluaaios 0T J9A0 S8WO02IN0 paje|nofed-
Je1uuaig dols oYM USWOM “SA J3dURd Jaoued pasoubelp uswom 0QQ‘T Ul Gg- ueljensny wouy Ayjeniow Jadued 69 abe 1e Buiddos "sA 6/ 01
1SB31q WoJy a1p 000‘T Jad uswom 1sB31q JO aIp J139ued 1sealq ‘eljelisny 1sBaIq Ul uononpal s | 05 abe wouy Bulusalds [eluualg 16002
1amay z ‘sieak 0T JanQ :S1Jauag | uswom Qo‘T Ul 8- woJy aIp uawom Q0o‘T Ul 9- U9a19S1sealg anle|al awes paljddy Burtedwos [apow AOXIeN- ‘e 18 Nedreg
saIpnis Bulppo N
Buiuss Jos
paddois
Arewwns 11s1nsay Bulues Jos panuUOD }1S1INSay 90.nos eeqg suoleHwW1 ubsag Apnis

"19p|O pue G/ paby uswopn ul Aydesbowwely Buiusalas Jo SwaeH wealsumoq pue 11jauag AlljelolA Uo eleq [euoneAlasqo Jo Arewwns

Author Manuscript

€9l|qel

Author Manuscript

Author Manuscript

Author Manuscript

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



Page 19

Walter and Schonberg

‘webowwew Buluaaids suo
J1a)Je palyiusp! aseasip Juediyiubisul
Aj[eatund pey Jo weibowwew

10 dn-X10M pasnjal UsWOM 9 pue
swelBowwrew aAnisod-as|e) 8z-
S1D0d 40 182ued

1seauq JuediyiubIsul Ajjedtunfo
Yum pasoufieip uswom 9Tz Ul z-

(oas1ouel4 UeS
ur synpe 3|qibije
-awoy-buisinu
Jo} weiboud

‘dn-moj|0} J0 sseak g Jo ueawl
© JaA0 S8W02IN0 PagLIsag-
‘welboud Yeay e

U1 Jusw|joJua uo wesBowwew
Buruaalas e Jusmispun

aA1Isod-as[e} & paoualIadxa uswom 199U 15B8.q SAISEAUI yieay e) 4o 00s1ouRl4 UBS Ul 8IS | oym (Juswlredwi anmubod pey
PauUdaIs |1ed) JO 9/ T TSWIeH Yum pasouelp uswom 9Tz Ul g- uQ U1 pajjoua a]buis e Ajuo sapnjou| %6Y ‘T8 = abe ueaw) UsWoOM g7002
paulwLIglap 10N Sigausg pauodal 10N 189URD 1SB8Iq JO PaIp USWOM (- OYM UBLLIOAA ‘az1s a|dwies |fews J1ed} 972 40 Apnis Uoyod- ‘e 18 13 e
%y6=ANo1108ds
1%98=ANA1ISUSS-
swresBowwew 0o0'T
Jad synsal annebau-asfe) G T-
swesBowwew 000'T
Jad synsa. annisod-anJy 6'G-
768-08 Soby "Jeak T JaA0 SBW09IN0
%6=A1101}193dS AydesBowwew paquassq-
's1eak ‘%T8=ANAIISUBS- '866T pue
08 < UsaWom uj sanredau-asie are swesBowwew 000'T "18p|o 966T Usamiaq swesbowwew
swelbowwew QO‘T Ul §'T :SWleH Jad s)nsal anlehau-asfe) ' 1- pue 08 84aM UBLIOM Buiuaaias wamuapun
'SIeak 08 Z UBWOM Ul swresBowwrew 0o0'T 10 9%6°E AJUO ‘Sa1M|10.) oym s1eak 6g-oi pabe
139U 1sealq Bualep Ul 9A1108d Jad synsaJ anisod-ana /G- ssoJoe ejep Buissiw USWOM pauaalds Alejnbal €002
1sow s1 Aydesbowiwrel :Sijauag pauiodal 10N "6/-0/ Seby 2S04 10 sjunowre BuiAiep G677'62E 10 Apnis LIoyoD- ‘[e 18 Aaured
swesBowwew
annisod-asey 0-
‘08 abe 1e Buiusalos Buiddols ‘sa s1oa pausaIds 1£0'T Buowe saisdolq
08 9be Ja1Je PauUsaIIS UBWOM 000'T~ ynm pasoubelp o- AJessadauun alow GT pue ‘dn
Jad S12@ yum pasoubelp uawom Jaoued | swesBowwew annisod-asfe) 0TT- -MO]|0} JO SIeak G Jo uelpaw
alow g pue swesBowwew aAnisod 158910 AAISEAUI S10d yum uo1sog Ul SI81ua 'selq uonoajes © JOAO S8WOIIN0 paje|nofed-
-95[} YIIM USWIOM diow OTT :SWIeH ynm pasoubelp pasoufelp uswom y€0‘T Ul 8- | yeay Anunwwod ‘UBLIOM PauaaIIsun 08 abe Iaye pausalds
08 abe 1e Buluaalos 166 Ul 0Z- 139UBD 1SB8IQ AAISBAUL UIM |  OM) pue djwapede pUe PaUaIDS UdaMIB] 10U 3s0y} 'SA g abe aouls
dois oym USLIOM SA Jadued JERIS) pasoubelp uswom y£0‘T Ut 0z- 8UO Je aled Ajjeuow Jsoued AydeiBowiwew yym pausaios
1Se31q WOJ 31p 000‘T~ Jad uewom 158314 JO palIp 1aoued Buinledas uswom 1SB31q Ul S8UBIBHIP uswom Burredwod sresh 0g 2 9600¢ ‘Ie
SS9| T ‘sIedk G JanQ :SHjauag uawom //6 Ul z- | 1sealq Jo palp UsWom ¥EQ'T Ul T- EILITERIEETR]S 10918p 0} pasamod 10N | uswom TTQ'Z 40 ApnIs LoYoD- 18 Biaquoyos
S10a pa1oslep
-U3aJ9S Y}IM U3WOM 000'T Ul G'T-
webowwew aaisod
"PaUBaIS 10U -8S]e) B UM USBWOM QQ0'T Ul 6G- ‘AydesBowwrew
aJe OYM UBWOM "SA welbowwew :68-08 Soby Buruaalos ‘punoJ Buiuaaias ajbuls
3U0 Jaye uswom Q' Jad S104 pa1oeIep Buimoyjoy saisdolq © W04} pare|najed sawodnQ-
S10a yum pasoubelp usom alow -U83J9S YIIM UBWOM Q00‘T Ul #'T- pue Buibew jeuonippe (pauonuaw jou sem
G'T pue swelbowwrew aAnisod-as|e} wesbowwew aanisod 40 ainyded ay8|dwoou| pazAeue uswom Jo JaquinN)
Y)M USWIOM dI0W 69-6G :SWUTeH -9S[e} ® UM UBWOM Q00T Ul 69- ‘punos Bulusalos 13p|0 puB O/ UBWOM PauasIds 56002
pauIWwIaIap 10N :S1Jausg pauodal 10N '6/-0/ Soby 2S04 816uIs uo paseq synsay Aleinbas Jo Apnis Loyod- ‘[e 38 UOSIaN
(10 %56 ‘%8¢-92) anmisod
-as[e} 9/ :Bulusalos [eluualg-
(12 %56 ‘%05-Gp) a¥e) anmsod sieak
swesBowwew Buluaalds -35[e} %/ :BuIUSaIIS [enuuy- 0T J9A0 paje|nd[ed SawodNNQ-
|eIUUBIQ SNSJBA [enuue yiim Jaybiy 68-G/ Soby J132URD Jsealq Y pasosifiespiaooiaidm pue 900z-666T AydesBowwew
sawin /T S13|nsal aAnIsod-asey e Jo (1D %56 ‘%TE-62) arel annisod J1aoue) JsealgapsuparmliGemIBucg dwm pue 900Z-666T Aydelbowwew
pooyiax1] 8y sieak QT JaAQ :SWIeH -a5|e} 9%0€ :Bulusalds [eluuslg- 192U Jsealqumangmsmubinu@ueidwm pue 900z-666T AydesBowwew
Buiues oS
peddois
Arewwns J1s)nsay Buiuss 105 panunuo) j1sinsay 92.N0S ered suolrelw! ubsaqg Apnis

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2015 April 09.

JAMA. Author manuscript



Page 20

Walter and Schonberg

ABayens z# yoiess ‘xipuaddy/a 8y Ui paist| aJe € 8|qe 10} £T-T Seoualaley

pauIWIRIap 10N :SWIeH
"+G/ pafe
UBWIOM PaUdaIdS-UoU "SA Pausalds

(¥T'7-22°0) SO'T=HY :+G/ SabVY
(20°'1-2°0) SF'0=YY :7/-G9 S8V
1J0U PIP OYM 8S0Y} “SA

spuejaylaN
au ‘ueBawlN ul

"13p|o pue sieak
G/ USWOM JO Jaquinu
|1ews e papnjoul AluQ

Jou pip oym

350y} "sA Buiusaios papusne
Oym uswom pasedwod
'$|0U09 paydew-abe o1y
pue (Sesed) Jaoued 1seaiq Yum

U1 A)ieniow Jadued isealq ul Buiuaaias papusie Apuadal oym | wesboid Buiuaaios ‘saselq uoIoa|as pue | uawom gg Buipnjoul ‘+59 pabe ¢1966T ‘I8
aoualayIp ueoliubis oN SHjauag pauodal 10N asoy) Ul AJljeniow Jaoued 1sealg | 01 PalAUL USWIOAA awmn-yibus) ‘awn-pea] UaWom Jo Apnis |01U0-3seD- 1921 uep
(cee-€90)
Gy'T=4H pajsnlpe
‘368 seby
‘(85°€-0LT)
Ly'Z=4H paisnlpe Jou
¥8-G/ seby PIP OYM USWIOM "SA sisouBelp
pauIWwIa1ap 10N :SWieH :slasn AydesBowwrew 192UBD J18Y} JO SIedA g
'sisoubelp Jaoued isealq 11ayy AydeiBowwew suoibai welboid onsouBelp | ulyum AydesBowwew panisdal
10 s1eak z ulyum AydesBowwew "SA S1asnuou S)InNsay pu3 pue pue Buluaalas usamiaq oym uawom Burredwod
9A19931 J0U PIP OYM ¢8-G/ pafe ur Ayijerow ‘ABojojwapid3 apew Sem uonounsIp ‘180ued 1sealq yum pasoubelp
uawom Buowe Jaybiy sem Aijeniow 21193ds-180uBd ‘goue||1I8AINS ON ‘S8selq uo1199|as pue +G9 pabe uswom /9/'6 21000¢C 'I®
139URD 1Sealq Jeak-G S1iJausg 1sealq Jeak-g pauodal 10N 9alyL awn-yibus| ‘awn-pea 10 Apn1s 110409 aAd8dsoY- 18 AyueDON
(28'7-€0°0) ¥9'0=YY :¥8-08 *KupIgIoWwod Aq paiiens
sofe !(9€'T-2'0) £5'0=Y 6.-GL (er03ea@ ‘AydesBowiwew Aq parosiop
paulWLIgIep JON :SWieH s9by :SaNIPIQIOWOd UOS|JBYD +¢ | YINOS pue ‘ejoxeq 10U SIOWN} YIM USWOM
'S3NIPIgJowod a)dnnw I0 319A8S (£8°0-25°0) 99°0=4Y YMON ‘BI0S3UUIN ‘3|qe|IeAe 'sA AydesBowwew Aq parosiep
pey Uawwom uaym 1daoxa ‘1aoued :¥8-08 sabe (67°0-92°0) 98" 0=HY u1 aseqeyep J0U sem yreap Jo | siowny yim uswom Burredwod
1se8.q pa10aIap Ajjedtydesfowwew :6/-G/ seby :ANpIGIOWOd ON leuoiBal) waisAs asned a13199ds-aseasiq ‘190Ued 1Sl UM pasoubelp
UMM UBLIOM U] J3MO] :PauaaIIS-UoU "SA Ansibay Jown 'saselq uo1398|as pue TOT 01 G9 pabe uawom 98T'g 11¢002 '[e

sem Aljeriow asneo-||v Siijeuag

paniodal J0N

pPaugalos U1 AljerIow asnes-||v

1SeMpIIAl Jaddn

awn-yibus) ‘swn-pes

10 Apn1s 110y09 aANdadso8Y-

18 UOSIaUJIN

pauIWlalep J0N SWieH
‘Aydelfowwrew

UIe1gO USWIOM J3p|0 Jalyyjeay eyl
selq ay} Bunsabibins [ealnins pajejal
-189UB) 1SB8IQ-UOU IO} U3aS 3Jam
sjuawanoidul Jefiwis ‘19AaMOH
‘UBLUOM PBUdaIIS Ul Jayeald

SeM [eAIAINS 130UED JSealq :S1ijauag

Buiusaios Aue
INOYIM USWIOM 0}
04528 SeM [BAIAINS
J1J19ads-199ULd
1se91q Jeak-g

swesBowwew g-T paAladal
OUYM UBLIOM IO} 988 pue
swelbowwew +g PaAIddal Oym
UBWOM IO} %76 SBM [eAIAINS
014198ds-490UBD 1SBaq Jeak-G

aseqelep aledlpa
-s)nsay pu3 pue
‘ABojoiwapid3
‘30Ue||1IaAINS

'Saselq UoNoa|as pue
awn-yibus) ‘awn-pes

sisoufep Jaoued Ise31q

118y} 810Jaq sIeak g ay) Burinp
swelBowwrew Buluaalos

+€ 10 ‘2-T ‘0 paAIadal

oym uawom Burredwod
199ued 1sealq yim pasoubelp
sIeak g  UBWOM 8SE'ZT

10 Apn1s 110y02 aAdadso8Y-

018002 '[®
19 |19mBpeg

S31pNIS 0.1U0D

-8seD) pue S3IPNIS 1J04oD 9A1190s0 118y

*192URI Y)IM pasouberp

10U 3JaM pue welbfowwew
Buiuaais e Jaye syuow

8 a8y u1 Asdoiq 1o Buibewn [euonippe

139U 1sealq yum pasoubelp
918M UBWOM Q00‘T Ul TT-
Asdoiq 1o Buibewi jeuonippe

wiaIsAs AI01SIH

190UBD JO SBsED
wnoasspun Afai| swired
aJeoIpalA ‘Bulussios
Se PalfISse|IsI Ussq

‘syluow
8 JAA0 SBW02IN0 PaqLIasaq-
'G6/v-G6/T AydesBowwew
Buruaalas Jusmispun

pey uswom QQ0'T ul 0/ SwreH pey uswom QQ0'‘T ut 18- swire|d [euoneN aney Aew swesbowwew OUM SJeaA G9 Z UBWIOM 6866T
paulWwIalap 10N :SHjausg pauodal 10N "0L < Seby S,21e21P3IN ansouberp swos 2.LT'€Z 40 Apnis LoyoD- NERERTRIENVY
pauaalog 9Tz Buowre wesbowuwew [ewiouge
pauaalog 9Tz Buowe wesbowwew jewlouge
Buiues oS
paddois
Arewwns J1s)nsay Buiuss 105 panunuo) j1sinsay 92.N0S ered suolrelw! ubsaqg Apnis

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2015 April 09.

JAMA. Author manuscript



