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IMPORTANCE Guidelines recommend that women 75 years and older be informed of the
benefits and harms of mammography before screening.

OBJECTIVE To test the effects of receipt of a paper-based mammography screening decision
aid (DA) for women 75 years and older on their screening decisions.

DESIGN, SETTING, AND PARTICIPANTS A cluster randomized clinical trial with clinician as the
unit of randomization. All analyses were completed on an intent-to-treat basis. The setting
was 11 primary care practices in Massachusetts or North Carolina. Of 1247 eligible women
reached, 546 aged 75 to 89 years without breast cancer or dementia who had a mammogram
within 24 months but not within 6 months and saw 1 of 137 clinicians (herein referred to as
PCPs) from November 3, 2014, to January 26, 2017, participated. A research assistant (RA)
administered a previsit questionnaire on each participant’s health, breast cancer risk factors,
sociodemographic characteristics, and screening intentions. After the visit, the RA
administered a postvisit questionnaire on screening intentions and knowledge.

INTERVENTIONS Receipt of the DA (DA arm) or a home safety (HS) pamphlet (control arm)
before a PCP visit.

MAIN OUTCOMES AND MEASURES Participants were followed up for 18 months for receipt of
mammography screening (primary outcome). To examine the effects of the DA, marginal
logistic regression models were fit using generalized estimating equations to allow for
clustering by PCP. Adjusted probabilities and risk differences were estimated to account for
clustering by PCP.

RESULTS Of 546 women in the study, 283 (51.8%) received the DA. Patients in each arm were
well matched; their mean (SD) age was 79.8 (3.7) years, 428 (78.4%) were non-Hispanic
white, 321 (of 543 [59.1%]) had completed college, and 192 (35.2%) had less than a 10-year
life expectancy. After 18 months, 9.1% (95% CI, 1.2%-16.9%) fewer women in the DA arm than
in the control arm had undergone mammography screening (51.3% vs 60.4%; adjusted risk
ratio, 0.84; 95% CI, 0.75-0.95; P = .006). Women in the DA arm were more likely than those
in the control arm to rate their screening intentions lower from previsit to postvisit (69 of 283
[adjusted %, 24.5%] vs 47 of 263 [adjusted %, 15.3%]), to be more knowledgeable about the
benefits and harms of screening (86 [adjusted %, 25.5%] vs 32 [adjusted %, 11.7%]), and to
have a documented discussion about mammography with their PCP (146 [adjusted %, 47.4%]
vs 111 [adjusted %, 38.9%]). Almost all women in the DA arm (94.9%) would recommend
the DA.

CONCLUSIONS AND RELEVANCE Providing women 75 years and older with a mammography
screening DA before a PCP visit helps them make more informed screening decisions and
leads to fewer women choosing to be screened, suggesting that the DA may help reduce
overscreening.
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Twelve million women in the United States are 75 years
and older, a number that is rising, and breast cancer risk
increases with age.1,2 Although mammography screen-

ing is associated with a 20% reduction in breast cancer mor-
tality among women aged 40 to 74 years,3,4 its effectiveness
in women 75 years and older is unknown because none of the
screening randomized clinical trials to date have included these
women.5 In women aged 50 to 74 years, it takes on average 10.7
years for mammography screening to prevent 1 in 1000 women
from dying of breast cancer.6 Meanwhile, the harms of screen-
ing are immediate, including pain, anxiety, false-positive re-
sults, and overdiagnosis (detection of nonlethal tumors)
resulting in overtreatment.7

Because of the uncertainty of a mortality benefit for women
75 years and older, guidelines recommend that these women
be informed of the benefits and harms of mammography be-
fore being screened and that women with less than a 10-year
life expectancy not be screened.8-11 Despite these recommen-
dations, 56% of community-dwelling women 75 years and older
report recent mammography screening, including many
women with short life expectancy.12

Tohelpolderwomenweighthebenefitsandharmsofscreen-
ing, we previously developed a paper-based mammography
screening decision aid (DA) for women 75 years and older
(eMethods in Supplement 1) based on the Ottawa Decision Sup-
port Framework.13-16 Development of the DA has been described
previously.17 The DA is tailored based on age (75-84 years vs ≥85
years) and includes information on breast cancer risk factors, life
expectancy by age, competing mortality risks, screening out-
comes, and a values clarification exercise. The DA also asks us-
ers 10 questions about their health from a validated mortality in-
dex by Schonberg et al18 to calculate a health score; higher scores
are associated with shorter life expectancy. The DA does not in-
form users of their estimated life expectancy because some older
womenfindthisinformationobjectionable.19 However, it informs
users with higher scores that having a mammogram is unlikely
to help them live longer. The DA does not distinguish the effects
of mammography screening on overall vs breast cancer–specific
mortality because older women found this distinction confus-
ing. The DA informs users that it is uncertain if mammography
screening reduces breast cancer mortality in older women. Writ-
ten at a sixth-grade reading level, the DA uses large fonts and lots
of white space. In a pilot pretest-posttest study,14 DA use was as-
sociated with women having increased knowledge of the ben-
efits and harms of mammography and with lower screening in-
tentions. This study aimed to test the effects of the DA in a large
cluster randomized clinical trial. The DA describes the benefits
and harms of mammography, whereas educational materials
have traditionally focused on the benefits of mammography;
therefore, we hypothesized that DA use would lead to fewer
women 75 years and older being screened.

Methods
Study Design
A cluster randomized clinical trial was conducted of the mam-
mography screening DA with clinician (herein referred to as

PCP) as the unit of randomization. In eTable 1 in Supple-
ment 1, we justify the few revisions made to the trial protocol
since publication17 (the trial protocol is available in Supple-
ment 2). The following 11 primary care practices in Massachu-
setts or North Carolina participated in the study: an academic
internal medicine practice and an academic geriatrics prac-
tice in Boston, Massachusetts; 7 different community prac-
tices in the Boston area; and an academic internal medicine
practice and an academic family medicine practice in North
Carolina. eTable 2 in Supplement 1 lists details of these sites.
Institutional review boards at Boston’s Beth Israel Deaconess
Medical Center and at The University of North Carolina at Cha-
pel Hill approved this study before data collection. Oral in-
formed consent was obtained from participants. This study fol-
lowed the Consolidated Standards of Reporting Trials
(CONSORT) reporting guidelines.

Study Sample
From November 3, 2014, to January 26, 2017, English-
speaking women aged 75 to 89 years who were scheduled
for a routine visit or physical examination with their PCP
(physician or nurse practitioner) in the next 4 to 12 weeks
were invited to participate in the study. To identify women
likely to be contemplating screening, participants had to
have had a mammogram in the past 24 months but not
within 6 months. Women with dementia were excluded as
determined by the following: a problem list, PCP communi-
cation, or score of at least 19 (indicative of dementia) on the
Short Blessed Test20; invasive or noninvasive breast cancer
or atypia; lacking capacity; less than seventh-grade educa-
tion; documentation of having stopped screening; first visit
with the PCP; and not seeing their PCP during the study.

Recruitment
Patients were identified through PCP appointment logs.
After obtaining PCP approval, a research assistant (RA)
(A.R.J. or G.M.A.) sent eligible patients an informational let-
ter with a number to call to opt out of being contacted. The
RAs called patients who did not opt out to assess their will-
ingness to participate and to reconfirm eligibility. Women
who declined participation were asked to report their age,

Key Points
Question How does use of a workbook mammography screening
decision aid (DA) for women 75 years and older affect their
screening decisions?

Findings In this cluster randomized clinical trial of 546 women
aged 75 to 89 years, receipt of the decision aid before a visit with
their clinician led to women 75 years and older being more
knowledgeable about mammography screening, having more
discussions with their primary care physician about screening, and
fewer women being screened.

Meaning Use of a mammography screening decision aid may help
women 75 years and older make more informed decisions about
mammography screening and, as a result, may reduce
overscreening.
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race/ethnicity, educational level, and perceived health.
Patients were informed that they would be asked to
complete a previsit questionnaire, to come early to a visit to
read the study’s educational materials, and to complete a
postvisit questionnaire as well as that their medical records
would be reviewed for receipt of preventive services
within 18 months and that they would receive $40 for
participating.

Interventions and Randomization
For the first patient participating for each PCP, an RA random-
ized the patient’s PCP stratified by site (Boston academic or
2 different Boston community groups vs North Carolina) and
panel size (<25, ≥25, or ≥75 women in the panel) to either the
DA (DA arm) or to the American Geriatrics Society Health in
Aging Foundation’s 2-page home safety (HS) pamphlet (con-
trol arm) (eMethods in Supplement 1), which served as an at-
tention control.21 Randomization assignments were deter-
mined using a permuted block randomization scheme with
randomly varying block sizes and were placed in sequentially
numbered, sealed envelopes by the statistician (R.B.D.), strati-
fied by site and panel size. Subsequent participants for each
PCP received the same intervention. We stratified by site to ac-
count for institutional differences in the approach to screen-
ing and by panel size to help ensure balance in the number of
patients recruited per arm. The PCPs were emailed before each
visit to inform them that their patient would be coming early
to receive the study’s educational materials. For PCPs random-
ized to the DA, the email included a hyperlink to an optional
3-minute training video (4 PCPs watched the video). Recruit-
ment was capped at 20 patients per PCP. When providing study
materials, RAs asked participants to read every line. The RAs
referred patients with questions to their PCP.

Data Collection
Study questionnaires are included in the eMethods in Supple-
ment 1. The previsit questionnaire, administered a median of
34 days (interquartile range, 34 days) before the PCP visit by
an RA, assessed participants’ sociodemographics, life
expectancy,18 numeracy,22 literacy,23 screening intentions,24

perceived risk, subjective norms around mammography,25 and
risk factors to calculate 5-year breast cancer risk using the Gail
Breast Cancer Risk Assessment Tool.26,27

Outcomes
Primary Outcome
The primary outcome was receipt of mammography screen-
ing within 18 months.8 To assess this outcome, RAs reviewed
electronic medical record (EMR) notes, radiology records, and
screening sheets (on which mammograms that were per-
formed outside the medical system were entered manually)
(eTable 3 in Supplement 1). Initially, all medical records were
dually abstracted; however, after reviewing 280 medical rec-
ords, agreement was consistently 100% between abstractors.
Therefore, the remainder were singly abstracted, with 20% ran-
domly dually abstracted to ensure quality. If it was unclear from
the EMR whether a patient had been screened (eg, the patient
had moved or there were no notes in the last 6 months of

follow-up and no documentation of death), then participants
(or, if necessary, a proxy) were contacted to assess screening.

Secondary Outcomes
The postvisit questionnaire, usually administered immedi-
ately after the visit, assessed the following: knowledge of
the benefits and harms of mammography,14 decisional con-
flict around screening (including 5 subscales),28 preferred
decision-making role,29 whether participants discussed
mammography or HS with their PCP, and changes in screen-
ing intentions.24 The PCP notes were reviewed 6 months
after participation to identify if PCPs documented discuss-
ing mammography or HS.

Acceptability and Safety
The postvisit questionnaire assessed women’s anxiety30 and
asked about the acceptability of the educational materials
received.31 Women in the DA arm were asked whether the DA
presented balanced information on mammography and
whether the DA helped prepare them for decision-making with
their PCP.32 From medical records, we abstracted whether
women experienced breast pain, underwent diagnostic mam-
mography, were diagnosed as having breast cancer, or died dur-
ing follow-up.

Statistical Analysis
All analyses were performed using SAS, version 9.4 (SAS
Institute Inc), statistical software. Sample size was based on
an assumed intraclass correlation coefficient of 0.1 and that
5 patients on average would be recruited from 100 PCPs.
With an α level of .05, an estimated 516 women needed to
be recruited for the study to have 0.90 power to detect a
15% difference in receipt of screening between arms.
Anticipating some loss to follow-up, we aimed to recruit
550 women.

To examine the effects of the DA on receipt of screening
(primary outcome), marginal logistic regression models
were fit using generalized estimating equations with sand-
wich estimates of standard error to allow for clustering by
PCP. The model was fit with 3 independent variables,
including intervention group, PCP site, and panel size, to
estimate relative risks and 95% CIs. Adjusted probabilities
and risk differences were estimated to account for cluster-
ing by PCP using methods described by Spiegelman and
Hertzmark.33 Similar methods were used for the other cat-
egorical outcomes. For continuous outcomes, random-
effects linear regression models were used to allow for clus-
tering by PCP and to fit each of these models with the
3 independent variables. The mean differences between
arms were further estimated with 95% CIs and adjusted
probabilities.33 In secondary analyses, effect modification
was examined by PCP site and patient age, educational
level, life expectancy, and breast cancer risk,

Because we did not specify a priori how to define statis-
tical significance for secondary outcomes, 95% CIs are given
for these outcomes but not P values. We used a 2-sided P value
and a threshold of .05 to determine statistical significance. Data
on screening were missing for only one woman who with-
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drew after the follow-up questionnaire, so a complete case
analysis was conducted. All analyses were completed on an in-
tent-to-treat basis.

Results
Of 3905 patient records reviewed, 1596 patients were
deemed eligible and were sent a study informational letter.
Of these, 349 were not reached, 263 opted out of initial

telephone contact, 421 declined to participate, and 563
agreed to participate; 17 subsequently withdrew, leaving 546
participants (mean [SD] age, 79.8 [3.7] years) without breast
cancer or dementia who had a mammogram within
24 months but not within 6 months and saw 1 of 137 PCPs
(Figure). A mean (SD) of 4.0 (3.8) women participated per
PCP. Women who opted out or declined to participate were
similar in age to participants but were less educated and in
worse health; women who declined were also less likely to be
of non-Hispanic white race/ethnicity and to have had a recent

Figure. Consolidated Standards of Reporting Trials (CONSORT) Diagram of Screening, Enrollment, and Follow-up of Trial Participants

3905 Patient records assessed for eligibility

1247 Patients eligible

563 Patients consented

137 PCPs had patients participate
546 Patients

283 Completed 18-mo medical record abstraction

11 Died in follow-up

0 Withdrew
7 Patients called to assess screening
1 Proxy called to assess screening 

262 Completed 18-mo medical record abstraction

6 Died in follow-up

1 Withdrew
22 Patients called to assess screening
0 Proxies called to assess screening 

262 Patients completed baseline
1 Received HS pamphlet but did not

complete baseline 

283 Patients completed baseline  

283 Completed follow-up after PCP visit 261 Completed follow-up after PCP visit 

67 PCPs randomized to DA 
283 Patients received DA 

70 PCPs randomized to HS pamphlet
263 Patients received HS pamphlet

2658 Excluded (ineligible) 
1231 Last mammogram outside time frame

190 History of breast cancer

395 Did not speak English
236 Documented having stopped screening

92 Dementia

33 PCP excluded

48 First visit with PCP
37 PCP visit a scheduling conflict for RA

11 Patients too sick

16 History of atypical hyperplasia, LCIS

13 Mental illness
9 No reason given

4 Deceased

6 Patient moved
5 Less than seventh-grade education

4 Most recent mammogram abnormal

3 Severely ill/in hospice

4 Having breast pain or has breast lump
3 Blind

1 PCP is a resident physician
1 No scheduled PCP visit

349 Calls attempted but no response 

17 Patients withdrew 
4 Too ill

1 Caregiving responsibilities

3 Study too burdensome
2 Privacy concerns

1 No longer interested

4 No reason given 

1 Bereavement
1 Too busy

12 Primary care practices approached
for participation 

1 Practice refused (concerns about space
in their waiting room) 

11 PCPs randomized, but patient did not
participate (6 DA, 5 HS pamphlet) 
5 Patients found to be ineligible
5 Patients cancelled PCP appointment
1 Patient withdrew

684 Excluded (opted out of initial
telephone contact; declined to participate
once reached by RA)  

421 Declined to participate 
263 Opted out of initial telephone contact

279 Not interested 

30 Too sick 

52 Too busy
33 PCP appointment too early

9 Caregiver for sick family member

12 No reason given 

5 Did not want medical records reviewed
1 Unhappy with care

148 Clusters (PCPs) randomized
(73 DA, 75 HS pamphlet) 

DA indicates decision aid; HS, home safety; LCIS, lobular cancer in situ; PCP, primary care provider; and RA, research assistant.
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mammogram (eTable 4 and eTable 5 in Supplement 1).
Among 546 participants, 283 (51.8%) received the DA.
Patients in each arm were well matched by baseline
characteristics (Table 1).18,20,22-24,26,34 Of 546 participants,
428 (78.4%) were non-Hispanic white, 321 (of 543 [59.1%])
had completed college, 192 (35.2%) had less than a
10-year life expectancy, and 110 (20.2%) were from North
Carolina. Among 137 PCPs who had patients participate in the
study, 79 (57.7%) were female, 41 (29.9%) were from North
Carolina, and 67 (48.9%) were randomized to the DA
(eTable 6 in Supplement 1).

Primary Outcome
At 18 months’ follow-up, statistically significantly fewer
women in the DA arm had undergone mammography
screening than in the control arm (51.3% vs 60.4%) (ad-
justed risk difference, −9.1%; 95% CI, −1.2% to −16.9%) (ad-
justed risk ratio, 0.84; 95% CI, 0.75-0.95; P = .006; PCP
intraclass correlation coefficient, 0.18) (Table 2).24,28,29,33

Examining effect modification (Table 3)33 in Massachusetts,
where the crude number (adjusted %) undergoing screening
in the control arm was 143 (71.9%), 12.6% (95% CI, 3.1%-
22.0%) fewer women in the DA arm were screened (150
[59.3%]); in North Carolina, where screening in the control
arm was only 16 (21.6%), 2.2% (95% CI, −14.7% to 19.0%)
more women in the DA arm were screened (11 [23.8%]).
However, the P value for interaction was not statistically
significant. No apparent effect modification on receipt of
screening was found by patient age, educational level, life
expectancy, or breast cancer risk.

Secondary Outcomes
Findings from the secondary outcomes paralleled those from
the primary outcome (Table 2). Women in the DA arm were
more likely than those in the control arm to rate their screen-
ing intentions lower from previsit to postvisit (69 of 283 [ad-
justed %, 24.5] vs 47 of 263 [adjusted %, 15.3%]). These women
had rated their screening intentions even lower immediately
after reading the DA, but their intentions went up slightly af-
ter seeing their PCP (eTable 7 in Supplement 1). Women in the
DA arm were more knowledgeable about the benefits and
harms of mammography than those in the control arm (86 [ad-
justed %, 25.5%] vs 32 [adjusted %, 11.7%]) (eTable 8 in
Supplement 1 lists women’s responses to knowledge ques-
tions), preferred to be more involved in decision-making, and
were more likely than those in the control arm to have a docu-
mented discussion about mammography with their PCP (146
[adjusted %, 47.4%] vs 111 [adjusted %, 38.9%]). Overall deci-
sional conflict scores were similar by arm; however, DA arm
participants were more likely to perceive themselves as in-
formed.

Acceptability and Safety
After accounting for missing responses to the follow-up
questionnaire, participants in the DA arm found the DA to
be helpful and clear, and almost all of these women (94.9%)
would recommend the DA (Table 4).30,35 Few participants
(3.6%) needed help reading the DA, and 85.2% did not find

it anxiety provoking (similar to what women described
when reading the HS pamphlet). On average, women
thought that the DA somewhat prepared them for decision-
making with their PCP. Most participants (75.2%) thought
that the length of the DA was just right, but 19.9% thought
that it was too long. Overall, among participants who com-
pleted the questionnaire, 54.0% thought that the informa-
tion on mammography was balanced; however, 21.5%
thought that it was slanted toward mammography, and
24.5% thought that it was slanted away from mammogra-
phy (women with lower educational level were more likely
to think that the DA was slanted toward mammography
[eTable 9 in Supplement 1]). The DA arm participants
tended to be less likely than participants in the control arm
to undergo diagnostic mammography within 18 months (14
[4.9%] vs 23 [8.7%]), and breast cancer diagnoses were rare
(5 total, 3 in the DA arm); no one died of breast cancer dur-
ing follow-up. Eleven (3.9%) DA arm participants died of
other causes within 18 months compared with 6 (2.3%) con-
trol arm participants.

Discussion
In this multicenter, cluster randomized clinical trial, receipt
of a mammography screening DA led to women 75 years and
older being more knowledgeable about screening, having more
discussions with their PCP about screening, fewer intending
to be screened, and 9.1% fewer being screened over 18 months.
No statistically significant differential effect of the DA was ob-
served based on patient 10-year life expectancy. However,
guidelines recommend not screening women 75 years and older
at low or average risk regardless of their life expectancy,8,9 and
overscreening older women for breast cancer is increasingly
recognized as a major health issue.36 Although deprescribing
low-value medical interventions in older adults has proven to
be challenging,37 we found that providing older women with
a DA before a PCP visit may help these women make more in-
formed decisions, leading to fewer women choosing screen-
ing. Most women found the DA to be helpful, clear, and not
anxiety provoking.

Randomized clinical trials of educational materials pro-
moting screening have generally found a 5% increase in
screening,38,39 suggesting that the 9% reduction in mam-
mography screening found in this trial was considerable. In
Boston-area practices, where screening among women 75
years and older was common (71.9% in the control arm were
screened), DA use reduced screening by 12.6%. In North
Carolina, where screening was already low (21.6% in the
control arm were screened), DA use increased screening by
2.2%. We had anticipated there would be institutional dif-
ferences in mammography screening of older women and
thus had randomized PCPs by site; however, the differences
found between Massachusetts and North Carolina were con-
siderable. Patients in North Carolina differed from those in
Massachusetts by many factors known to be associated with
lower screening rates12,40 (eg, lower educational level or
health literacy [eTable 10 in Supplement 1]); a major differ-
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Table 1. Participant Characteristics

Variable

No. (%)

DA (n = 283) HS pamphlet (n = 263)
Age, mean (SD), y 79.7 (3.7) 79.8 (3.7)

Recruitment site

2 Academic practices at BIDMC 75 (26.5) 69 (26.2)

4 Community practices affiliated with BIDMC 49 (17.3) 52 (19.8)

3 Atrius Health community practices in the Boston area 118 (41.7) 73 (27.8)

2 Academic practices at UNC 41 (14.5) 69 (26.2)

Race/ethnicity

Non-Hispanic white 224 (79.2) 204 (77.6)

Non-Hispanic black 52 (18.4) 48 (18.3)

Hispanic 1 (0.4) 7 (2.7)

Other 6 (2.1) 4 (1.5)

Educational level

Less than high school 13 (4.6) 14 (5.3)

High school 52 (18.4) 36 (13.7)

Some college 58 (20.5) 49 (18.6)

College degree or beyond 160 (56.5) 161 (61.2)

Missing 0 3 (1.1)

MacArthur Scale of Subjective Social Status socioeconomic ladder

No. 277 255

Mean (SD)a 6.7 (2.1) 6.7 (2.0)

Income

≤$35 000 83 (29.3) 87 (33.1)

>$35 000 to $65 000 64 (22.6) 53 (20.2)

>$65 000 95 (33.6) 77 (29.3)

Declined to answer 41 (14.5) 46 (17.5)

Marital status

Currently married 113 (39.9) 100 (38.0)

Single/divorced/separated/widowed 169 (59.7) 160 (60.8)

Missing 1 (0.4) 3 (1.1)

Living arrangement

Lives alone 153 (54.1) 139 (52.9)

Lives with others 129 (45.6) 121 (46.0)

Missing 1 (0.4) 3 (1.1)

Short Blessed Testb

0-8, No impairment 279 (98.6) 256 (97.3)

9-18, Mild to moderate impairment 3 (1.1) 3 (1.1)

Missing 1 (0.4) 4 (1.5)

Life expectancyc

≥10 y 179 (63.3) 174 (66.2)

<10 y 104 (36.7) 88 (33.5)

Missing 0 1 (0.4)

Falls in the past year

≥1 83 (29.3) 68 (25.9)

None 199 (70.3) 192 (73.0)

Missing 1 (0.4) 3 (1.1)

Medical literacy assessed using REALM-7d

7 Medical terms correctly pronounced 246 (86.9) 235 (89.4)

<7 Medical terms correctly pronounced 26 (9.2) 23 (8.7)

Missing 11 (3.9) 5 (1.9)

Subjective numeracy, 1 (not good with numbers) to 7 (extremely good with numbers)e

No. 283 262

Mean (SD) 3.5 (1.0) 3.4 (1.0)

5-y Probability of breast cancer based on the Gail Breast Cancer Risk Assessment Tool, %f

No. 283 263

Mean (SD) 2.2 (1.1) 2.1 (1.1)

(continued)
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ence was that North Carolina participants were much
less likely to report that others (eg, PCPs) expected them to
be screened. Therefore, differences in cultural norms may
explain much of the regional variations seen in screening
rates and, as a result, the differential effect of the DA. In the
Boston area, payment incentives have led to many health
system programs (eg, same-day mammograms and
automatic scheduling) to improve screening rates among

women aged 50 to 74 years.34,41 These programs designed
to increase screening in age-appropriate populations
may lead to high screening rates in women 75 years
and older and may need to be fine-tuned. For example,
letters reminding women to have mammograms may
need to be revised for women 75 years and older to encour-
age discussion with their PCP or use of the DA described
herein.

Table 1. Participant Characteristics (continued)

Variable

No. (%)

DA (n = 283) HS pamphlet (n = 263)
First-degree female history of breast cancer

≥1 56 (19.8) 50 (19.0)

None 226 (79.9) 212 (80.6)

Missing 1 (0.4) 1 (0.4)

Intentions to be screened at baseline, 1 (intends to be screened) to 15 (does not intend to be
screened) (n = 541)g

Mean (SD) 3.0 (4.3) 2.9 (4.2)

Use of postmenopausal hormone therapy

Currently using 12 (4.2) 9 (3.4)

Previously used for <5 y 51 (18.0) 48 (18.3)

Previously used for ≥5 y 80 (28.3) 84 (31.9)

Never used 133 (47.0) 115 (43.7)

Missing 7 (2.5) 7 (2.7)

My family thinks I should have a mammogram

Strongly agree/agree 109 (38.5) 105 (39.9)

Strongly disagree/disagree/neutral 98 (34.6) 110 (41.8)

Missingh 76 (26.9) 48 (18.3)

My friends think I should have a mammogram

Strongly agree/agree 96 (33.9) 86 (32.7)

Strongly disagree/disagree/neutral 93 (32.9) 116 (44.1)

Missingh 94 (33.2) 61 (23.2)

My PCP thinks I should have a mammogram

Strongly agree/agree 195 (68.9) 159 (60.5)

Strongly disagree/disagree/neutral 50 (17.7) 68 (25.9)

Missingh 38 (13.4) 36 (13.7)

How was the baseline survey administered?

RA administered over the telephone 277 (97.9) 254 (96.6)

RA administered in person 4 (1.4) 6 (2.3)

Missing 2 (0.7) 3 (1.1)

How was the follow-up survey administered?

RA administered over the telephone 64 (22.6) 43 (16.3)

RA administered in person 217 (76.7) 218 (82.9)

Missing 2 (0.7) 2 (0.8)

Abbreviations: BIDMC, Beth Israel Deaconess Medical Center, Boston,
Massachusetts; DA, decision aid; HS, home safety; PCP, primary care provider;
RA, research assistant; REALM-7, Rapid Estimate of Adult Literacy in Medicine 7;
UNC, The University of North Carolina at Chapel Hill.
a On the MacArthur Scale of Subjective Social Status, individuals are asked to

place an X on 1 of 10 rungs of a ladder (1 is the least well-off, and 10 is the most
well-off) to represent how well-off (based on money/educational level/job)
they feel compared with others in the United States.34

b On the Short Blessed Test, scores range from 0 to 28. Scores 9 to 18 suggest
some cognitive impairment, and scores greater than 18 suggest severe
cognitive impairment.20

c On the validated mortality index by Schonberg et al18 to calculate a health
score, scores for women range from 0 to 24. Scores of 10 or higher are
associated with greater than 50% chance of 10-year mortality. Therefore,
women who score 10 or higher are estimated to have less than a 10-year life

expectancy.
d REALM-7 scores range from 0 to 7, with higher scores indicating greater

literacy.23

e Subjective Numeracy Scale scores range from 1 (not at all good with numbers)
to 7 (extremely good with numbers).22

f The Gail Breast Cancer Risk Assessment Tool considers a woman’s age,
race/ethnicity, first-degree family history of breast cancer, age at menarche,
age at first birth, and history of breast biopsies (specifically, a finding of
atypical hyperplasia) in assessing women’s probability of breast cancer in the
next 5 years. The average 75-year-old white woman has a 2.2% 5-year risk.26

g Intentions to be screened on a scale of 1 point (will have a mammogram) to 15
points (will not have a mammogram).24

h Questions on norms were added after the study began; data are missing for
patients enrolled before questions were added.
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Table 2. Primary Outcome and Secondary Outcomes of the Effects of the Decision Aid (DA)

Variable

Crude No. (adjusted %)

Risk ratio (95% CI)a

Adjusted risk
difference, mean
(95% CI)DA (n = 283) HS pamphlet (n = 263)

Primary outcome

Receipt of mammography screening within
18-mo follow-upb

161 (51.3) 159 (60.4) 0.84 (0.75 to 0.95)
(P = .006)

NA

Missing, crude No. 0 1 NA NA

Secondary outcomes (categorical)c

Change in intentions to be screened with
mammographyd

NA NA 1.41 (1.01 to 1.98) NA

Moved away from screening 69 (24.5) 47 (15.3) NA NA

No change/moved toward screening 209 (75.5) 209 (84.7) NA NA

Missing, crude No. 5 7 NA NA

Documented discussion of risks/benefits of
mammography within 6 mo

86 (25.5) 32 (11.7) 2.17 (1.39 to 3.40) NA

Missing, crude No. 0 1 NA NA

Preferred decision-making rolee NA NA 0.65 (0.45 to 0.95) NA

Prefers PCP to make the final decision 33 (11.9) 48 (15.8) NA NA

Prefers to share decision with PCP or to make
the decision on her own

247 (88.1) 208 (84.2) NA NA

Missing, crude No. 3 7 NA NA

Talked with PCP about mammography at visit 146 (47.4) 111 (38.9) 1.16 (0.95 to 1.42) NA

Missing, crude No. 4 3 NA NA

Talked with PCP about home safety at visit 60 (23.4) 67 (25.9) 0.87 (0.62 to 1.24) NA

Missing, crude No. 3 5 NA NA

Secondary outcomes (continuous)

Knowledge, least squares
mean (SE)f

7.9 (0.1) 6.3 (0.1) NA 1.6 (1.3 to 1.9)

Missing, crude No. 1 1 NA NA

Decisional Conflict Scale total, least squares
mean (SE)g

19.5 (0.8) 20.0 (0.8) −0.5 (−2.6 to 1.7)

Missing, crude No. 1 7 NA NA

Informed subscale, least squares
mean (SE)h

19.4 (1.0) 22.4 (1.0) NA −3.0 (−5.5 to −0.5)

Missing, crude No. 1 2 NA NA

Values clarity subscale, least squares
mean (SE)i

21.8 (1.0) 23.1 (1.0) NA −1.3 (−3.9 to 1.3)

Missing, crude No. 1 4 NA NA

Support subscale, least squares
mean (SE)j

18.1 (0.9) 17.7 (0.9) NA 0.3 (−2.1 to 2.7)

Missing, crude No. 1 3 NA NA

Uncertainty subscale, least squares
mean (SE)k

20.6 (1.2) 19.0 (1.2) 1.6 (−1.6 to 4.8)

Missing, crude No. 1 5 NA NA

Effective decision subscale, least squares
mean (SE)l

18.0 (0.9) 18.6 (1.0) NA −0.7 (−3.1 to 1.8)

Missing, crude No. 1 5 NA NA

Abbreviations: HS, home safety; NA, not applicable; PCP, primary care provider.
a Models were adjusted for PCP site (4 sites) and PCP panel size (<25, �25, or

�75 women in the panel).
b The predicted probabilities are reported; these were estimated using methods

by Spiegelman and Hertzmark.33 Crude numbers are given and do not
correspond with the predicted probabilities.

c All outcomes were assessed via the follow-up questionnaire completed
immediately after the visit.

d Intentions to be screened on a scale of 1 point (will have a mammogram) to 15
points (will not have a mammogram).24 We calculated the change in intentions
to be screened for each participant from baseline to follow-up. We then
examined the proportion of women in each arm who moved away from
screening vs no change/moved toward screening.

e The Controlled Preferences Scale assessed the preferred role in
decision-making around mammography screening (examined passive
decision-making vs active/shared decision-making).29

f Knowledge was assessed using 11 questions (9 true or false and 2 multiple
choice) estimating the mean difference correct and 95% CI to determine the

presence of statistically significant differences between arms.
g The Decisional Conflict Scale measures uncertainty in a decision, feeling

informed in a decision, clear about personal values, supported, and whether
one feels that decision-making is effective and likely to be implemented
(scores range from 0 [no decisional conflict] to 100 [extremely high decisional
conflict]), estimating the mean difference correct and 95% CI to determine
the presence of statistically significant differences between arms. Five
subscales are then detailed.28

h Informed subscale scores range from 0 (feels extremely certain about best
choice) to 100 (feels extremely uncertain about best choice).

i Values clarity subscale scores range from 0 (feels extremely clear about
personal values) to 100 (feels extremely unclear about personal values).

j Support subscale scores range from 0 (feels extremely supported in
decision-making) to 100 (feels extremely unsupported in decision-making).

k Uncertainty subscale scores range from 0 (feels extremely certain about best
choice) to 100 (feels extremely uncertain about best choice).

l Effective decision subscale scores range from 0 (good decision) to 100 (bad
decision).
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Although hundreds of DAs exist, few are used, mainly be-
cause they are inaccessible, are not current, are too long, re-
quire high literacy, have not been rigorously tested, or are not
disseminated.42-45 Because the DA used herein is effective,
implementation should be pursued as a next step. In prepara-
tion, our group previously interviewed primary care adminis-
trators and staff on DA implementation.46 Staff thought that it
would be feasible to deliver the DA with only minimal train-
ing; however, they wanted to know that the DA was supported
by professional organizations and their practice’s PCPs. They rec-
ommended using Medicare wellness visits, creating EMR alerts
for DA use, and making the DA available online. In response, we
added a link to the DA on ePrognosis47 for easy access. We also
plan to update the DA as needed.

Although the DA informed women of their likelihood
of benefiting from screening based on their health, it
presented screening as a decision regardless of life expec-
tancy. Because almost all breast cancer guidelines recom-
mend not screening women with less than a 10-year life
expectancy,8-11 we have added a posttrial statement to the
DA indicating that experts generally do not recommend
mammograms for women with scores exceeding 6 on the
health scale (this score is equivalent to scores >9 on the vali-
dated Schonberg mortality index and suggestive of less than
a 10-year life expectancy) (revised DA in the eDiscussion in
Supplement 1). Although the DA used informed women of
major breast cancer risk factors (eg, family history, history
of breast biopsies), the DA was not tailored based on risk.48

There is little consensus on what risk threshold places
women 75 years and older at high risk. For postmenopausal
women in general, a threshold of at least a 3% 5-year risk
has been recommended to define high risk49; however,
increasingly higher thresholds are used, such as at least a

6% 5-year risk.50 Only 3 women in our study had a 5-year
risk of at least 6%, suggesting that it was reasonable for
almost all women in the study to consider stopping screen-
ing. We plan for the next generation of this DA to be interac-
tive, web based, and tailored to breast cancer risk and life
expectancy.

Limitations
This study has limitations. Patient populations and the num-
ber of PCPs differed at each site; however, these differences
were accounted for in the study design and analyses. Partici-
pants spoke English and did not have dementia. However, we
have translated the DA to Spanish47 and are testing a modi-
fied version among caregivers of older women with demen-
tia. Although our study sample was not nationally represen-
tative, it included 2 diverse geographical locations. Participants
were more likely than nonparticipants to be in good health and
highly educated; however, the effects of the DA on screening
did not differ by these factors. After the first patient partici-
pating for each PCP, RAs were not blinded to patient random-
ization assignment; however, RAs attempted to recruit all eli-
gible patients. The DA was designed for patients to read before
a visit. Many women discussed mammography with their PCP
during the visit, but we did not capture the effects of the DA
on visit length. We are surveying PCPs to obtain their feed-
back on the DA.

Conclusions
The DA used in this cluster randomized clinical trial was found
to be helpful, improved knowledge and discussions about
mammography, and led to fewer women aged 75 and older

Table 3. Assessment of Effect Modification on Receipt of Mammography Screening Within 18 Months

Variable

Crude No. (adjusted %)

Adjusted risk ratio
(95% CI)a

P value for
interactionDA (n = 283)

HS pamphlet
(n = 263)

Receipt of mammography screening
by site

Boston, Massachusetts, area (n = 436) 150 (59.3) 143 (71.9) 0.83 (0.72-0.95)
.40

North Carolina (n = 110) 11 (23.8) 16 (21.6) 1.13 (0.55-2.33)

Receipt of mammography screening
by life expectancyb

≥10 y (n = 353) 114 (59.7) 124 (68.6) 0.83 (0.73-0.95)
.50

<10 y (n = 192) 47 (40.9) 35 (41.2) 0.94 (0.69-1.28)

Receipt of mammography screening
by 5-y breast cancer risk

≥3% (n = 87) 25 (51.5) 34 (74.0) 0.68 (0.51-0.91)
.13

<3% (n = 459) 136 (52.6) 125 (54.6) 0.89 (0.76-1.05)

Receipt of mammography screening
by age

<85 y (n = 463) 144 (55.3) 146 (63.0) 0.83 (0.73-0.94)
.44

≥85 y (n = 83) 17 (35.4) 13 (32.1) 1.01 (0.62-1.63)

Receipt of mammography screening
by educational levelc

College degree or beyond (n = 321) 94 (53.5) 102 (59.1) 0.85 (0.73-1.00)
.90

Less than college degree (n = 222) 67 (51.5) 56 (57.3) 0.84 (0.70-1.00)

Abbreviations: DA, decision aid; HS,
home safety.
a Models were adjusted for primary

care provider site (4 sites) and
primary care provider panel size
(<25, �25, or �75 women in the
panel). The predicted probabilities
are reported and were estimated
using methods by Spiegelman and
Hertzmark.33 Crude numbers are
given and do not correspond with
the predicted probabilities.

b Follow-up on receipt of
mammography screening by life
expectancy is missing for 1 patient in
the HS pamphlet arm.

c Three patients had missing
responses to educational level.
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Table 4. Acceptability and Safety of the Decision Aid (DA) and the Home Safety (HS) Pamphlet

Variable

No. (%)

DA (n = 283) HS pamphlet (n = 263)

Categorical outcomes from the follow-up questionnairea

Length of the materialsb

Too short 8 (2.8) 10 (3.8)

Just right 213 (75.3) 221 (84.0)

Too long 55 (19.4) 27 (10.3)

Missing 7 (2.5) 5 (1.9)

Clarity of informationc

All/most of the information was clear 262 (92.6) 257 (97.7)

Some information was unclear 12 (4.2) 0

Most of the information was unclear 6 (2.1) 1 (0.4)

Missing 3 (1.1) 5 (1.9)

Understanding the informationd

Understood all/most 276 (97.5) 256 (97.3)

Understood some 5 (1.8) 1 (0.4)

Missing 2 (0.7) 6 (2.3)

Balance

Slanted toward mammography 59 (20.8) NA

Completely balanced 148 (52.3) NA

Slanted away from mammography 67 (23.7) NA

Missing 9 (3.2) NA

Anxiety provokinge

Made me very/extremely anxious 8 (2.8) 9 (3.4)

A little anxious 33 (11.7) 26 (9.9)

Not at all 236 (83.4) 224 (85.2)

Missing 6 (2.1) 4 (1.5)

Recommend the educational materials

Would recommend 260 (91.9) 244 (92.8)

Would not recommend 14 (4.9) 9 (3.4)

Missing 9 (3.2) 10 (3.8)

Helpfulness of the educational materials

Helpful 238 (84.1) 240 (91.3)

Not helpful 35 (12.4) 19 (7.2)

Missing 10 (3.5) 4 (1.5)

Needed someone else to read them the materials

Had another person read them the materials 10 (3.5) 11 (4.2)

Did not need help 272 (96.1) 250 (95.1)

Missing 1 (0.4) 2 (0.8)

What is your preferred format for health
educational materials?

A paper pamphlet like the one you read for this study 193 (68.2) 181 (68.8)

To read information on the computer/internet 29 (10.2) 25 (9.5)

A web-based or mobile application 6 (2.1) 5 (1.9)

Both on paper and computer/internet 4 (1.4) 2 (0.8)

(continued)
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being screened. Older women should have the opportunity
to make informed screening decisions based on their values

and a realistic understanding of the benefits and harms of
mammography.
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