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Abstract

Background. Guidelines recommend that initiation of breast cancer screening (BCS) among women aged 40 to 49
years include a shared decision-making process. The objective of this study is to evaluate the effect of a breast cancer
screening patient decision-aid (BCS-PtDA) on the strength of the relationship between individual risk and the deci-
sion to initiate BCS, knowledge, and decisional conflict. Methods. We conducted a randomized clinical trial of a
BCS-PtDA that included individual risk estimates compared with usual care. Participants were women 39 to 48 years
of age with no previous mammogram. Primary outcomes were strength of association between breast cancer risk
and mammography uptake at 12 months, knowledge, and decisional conflict. Results. Of 204 participants, 65% were
Black, the median age (interquartile range [IQR]) was 40.0 years (39.0–42.0), and median (IQR) breast cancer life-
time risk was 9.7% (9.2–11.1). Women who received mammography at 12 months had higher breast cancer lifetime
risk than women who had not in both intervention (mean, 95% CI): 12.2% (10.8–13.6) versus 10.5% (9.8–11.2), P
= 0.04, and control groups: 11.8% (10.4–13.1) versus 9.9% (9.2–10.6), P = 0.02. However, there was no difference
between groups in the strength of association between mammography uptake and breast cancer risk (P = 0.87).
Follow-up knowledge (0–5) was greater in the intervention versus control group (mean, 95% CI): 3.84 (3.5–4.2) ver-
sus 3.17 (2.8–3.5), P = 0.01. There was no change in decisional conflict score (1–100) between the intervention versus
control group (mean, 95% CI): 24.8 (19.5–30.2) versus 32.4 (25.9–39.0), P = 0.07. Conclusions. The BCS-PtDA
improved knowledge but did not affect risk-based decision making regarding age of initiation of BCS. These findings
indicate the complexity of changing behaviors to incorporate objective risk in the medical decision-making process.
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Breast cancer screening (BCS) with mammography is an
evidence-based intervention for women 40 to 74 years of
age with established efficacy of breast cancer mortality
reduction.1,2 However, the risk and benefit balance
approaches a decision of equipoise for women 40 to 49
years of age given their relatively low risk of developing
breast cancer and relatively high risk of experiencing a
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false positive screen.2 The process of shared decision
making (SDM) involves communication of decision
options, evidence-based outcome information, support
for value elicitation, and discussion and decision making
with the health care provider.3,4 Use of an SDM process
is posited to improve decision quality outcomes, particu-
larly in settings of decision equipoise.5,6 Decision aids
are structured tools that facilitate these steps,7 seeking to
improve the SDM outcomes of increased knowledge,
decreased decisional conflict, value aligned decisions,
and decreased decisional regret.8

Several decision aids have been developed for BCS,
primarily focusing on women 40 to 49 years of age and
women 75 years or older.9–13 A systematic review of
breast cancer screening decision aids (BCS-DAs) on
intentions to undergo mammography reports that BCS-
DAs (v. usual care) in three randomized controlled trials
resulted in increased decisions to delay screening (relative
risk [RR] 1.48, 95% CI 1.04–2.13, P = 0.03), with a
greater effect in younger women aged 38 to 50 years (RR
1.77, 95% CI 1.35–2.34), P \ 0.001.14,15 In a pre-post
intervention design reported by Eden and colleagues, a
BCS-DA designed for women 40 to 49 years of age and
evaluated among women enrolled in a rural clinical prac-
tice found a reduction in decisional conflict but no
change in screening intentions.10 Similarly, Scariati and
colleagues report a reduction in decisional conflict but
no change in screening intentions from pre- to postinter-
vention assessments in an evaluation of a BCS-DA
among average risk women 38 to 48 years of age.9

Patient understanding and processing of risk informa-
tion is a key construct in theoretical frameworks of beha-
vioral change and in the development of DAs.16 The use
of exemplars that place risk information in a story or
narrative form may increase the salience of quantitative
risk information.17 Risk perceptions are also influenced

by presentation of comparator risk information.18,19

Although guidelines for BCS among women of average
risk in their 50s vary in the recommended interval, they
are consistent in recommending that women in this age
group undergo BCS at a regular interval.1,2,20 Inclusion
of information about breast cancer risk of women in
their 50s, therefore, provides context for the interpreta-
tion of risk among younger women considering this
decision.21,22

The objectives of this study are to evaluate whether
use of a breast cancer screening patient decision aid
(BCS-PtDA) that presents individual risk estimates in a
robust way (including comparative risk information and
exemplars), will increase the strength of the relationship
between individual risk and the decision to initiate BCS,
increase knowledge about BCS, and decrease decisional
conflict regarding the age to initiate BCS.

Methods

Study Design

We conducted a randomized controlled trial (RCT) of a
web-based BCS-PtDA compared with usual care using a
parallel design. Inclusion criteria were women 39 to 48
years of age with no prior mammogram and enrolled in
one of four primary care practices affiliated with an aca-
demic medical center in the Northeast United States.
Exclusion criteria were cognitive impairment based on
clinical history and inability to speak English. Primary
outcomes were initiation of mammography screening
within 12 months, knowledge about mammography
screening, and decisional conflict regarding the age at
which to initiate screening. Our primary hypotheses were
that participants randomized to receive the BCS-PtDA
versus usual care would demonstrate 1) a stronger associ-
ation of individual breast cancer risk with mammography
uptake within 12 months, 2) increased knowledge about
mammography screening, and 3) decreased decisional
conflict. Exploratory outcomes were 1) breast cancer
worry, 2) anticipated regret, 3) accuracy of breast cancer
risk perceptions, and 4) intentions regarding initiation of
mammography screening. We also conducted an explora-
tory qualitative analysis of responses entered on the BCS-
PtDA indicating the reasons for a participant’s decision
regarding initiation of mammography screening to gain
further insight regarding the impact of this intervention.23

Study Protocol

Participants were identified through the University of
Pennsylvania Health Care System (UPHCS) electronic
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medical records based on age and gender criteria with no
prior mammogram in the UPHCS. Patients who met these
criteria were approached at a scheduled visit to ascertain
interest in the study. Further screening questions con-
firmed eligibility criteria. Written informed consent was
obtained prior to randomization. Randomization occurred
by concealed assignment. Research assistants that were
conducting the chart review to assess outcomes were
blinded to group assignment. Educational sessions that
presented the study design, format, and content of the
BCS-PtDA and principles of SDM were held with clini-
cians and clinic staff of each participating site prior to the
start of study enrollment.

Intervention and Control

Participants assigned to the intervention were offered
assistance with log in to the BCS-PtDA using a laptop
computer in the clinic and had the option of completing
the program in the waiting room. Participants also
received an email with a link to the BCS-PtDA so it
could be completed at a later time. Summary sheets (see
description of summary sheets below in Content and
Format of the BCS-PtDA section) from the BCS-PtDA
were printed by study staff, attached to the clinical elec-
tronic medical record, and available for clinician review.
Participants randomized to the control group were asked
to fill out a breast cancer risk assessment after randomi-
zation and then proceeded with usual care. All partici-
pants were notified that they would receive a 6-week
follow-up survey. Participants received $20 in compensa-
tion on study enrollment.

The 6-week follow-up survey was delivered by mail
and could be completed on paper and mailed back to the
study team or online as a link was included in the mailed
materials. Participants also received an email with a link
to the follow-up survey that they could complete online.
In order to optimize response rate, the protocol included
three follow-up emails and one with a link to the follow-
up survey and one follow-up telephone call. In order to
improve follow-up, a $20 mailed incentive was added to
the study protocol for completion of the survey.

Development of the Decision Aid

Theoretical Framework. The web-based BCS-PtDA was
developed using a framework of SDM and incorporating
exemplification theory. Exemplification theory posits
that exemplars (example cases) can be used to shape an
individual’s perceptions of a particular issue.17,24

The theory suggests that experienced and directly or

indirectly witnessed occurrences affect subjective risk
perceptions, support processing of risk information, and
motivate behavioral change, and that persons use repre-
sentative and availability heuristics in developing subjec-
tive risk perceptions.18,19 The exemplars were in the
format of written narratives. The purpose, content, and
evaluated valence of the narratives can be described
using the framework developed by Shaffer and col-
leagues.25 The purpose of the narratives was to provide
information, engage, model risk-based decision making,
and persuade women to consider individual risk when
making a decision about the age to initiate screening.
The content of the narratives was primarily cognitive,
presenting risk estimates that were low, medium, or high
for women of the same age as participants and in com-
parison to women in their 50s. The content also modeled
the process of decision making. Although women in the
exemplars considered possible outcomes of mammogra-
phy, the narratives were not designed to have a positive
or negative valence.26 We developed three exemplars that
were displayed to all users in a random order. For exam-
ple, the low-risk exemplar described a woman with a 10-
year breast cancer risk of 11 out of 1,000, stating that
this risk is lower than the typical 50-year-old woman and
lower than the average risk woman her age. In this exem-
plar, the woman decides to delay mammography until
she is older. The medium and high-risk exemplars fol-
lowed a similar approach of risk-based decision making
and can be viewed on the BCS-PtDA (https://www.deci-
de2screen.org/breast/study.aspx). As part of the develop-
ment of these exemplars, earlier versions were evaluated
in a study of an internet sample of women aged 35 to 49
and found to improve the accuracy of perceived risk
among woman that had a 10-year breast cancer risk of
\1.5%. In this pilot testing, tailoring the exemplars to
women with respect to age, race, family history, and par-
ity did not add to the overall effectiveness and therefore
was not included in our DA.27

Content and Format of the BCS-PtDA. The BCS-PtDA
included the following components: 1) ascertainment of
breast cancer risk factors needed for the National
Cancer Institute Breast Cancer Risk Assessment Tool
(NCI-BCRAT)21,22,28; 2) an introduction to the decision
problem (including a description of differing guidelines,
overview of risks and benefits including a brief descrip-
tion of overdiagnosis, and the goals of the decision aid);
3) a table outlining United States Preventive Services
Task Force and American Cancer Society guidelines; 4)
comparison of mortality reduction attributed to
mammography between women 40–49 and 50–59 of
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age; 5) pictographs depicting outcomes of mammogra-
phy including cancer detection, interval cancers, false
positive tests, and true negative tests shown for women
aged 40 to 49 and compared with women aged 50 to 59
years of age; 6) pictographs comparing 10-year and life-
time risk for the individual woman to an average-risk
woman the same age and 10-year risk compared with an
average-risk 50-year-old woman based on the NCI-
BCRAT; 7) exemplars that demonstrated women consid-
ering the impact of breast cancer risk on their decisions
about when to initiate mammography; and 8) an interac-
tive summary sheet where women state their intentions
and complete a value clarification exercise where they list
the factors most important to them in deciding when to
have their first mammogram. The summary sheet also
encouraged women to discuss this decision with their
provider and could be printed or emailed and sent to a
mobile device. Additional features were a secure sign in
code and ability to review and modify risk assessment.

The BCS-PDA met 6 out of 6 qualifying criteria for a
decision aid, as described in a Delphi consensus survey
conducted by the International Patient Decision Aid
Standards group.4 The full decision aid can be viewed at
https://www.decide2screen.org/breast/study.aspx.

Baseline and Outcome Measures

Primary outcomes of the study were the association of
risk with uptake of mammography at 12 months, knowl-
edge about mammography, and decisional conflict.
Chart review was conducted 12 months following the
date of enrollment to evaluate mammography uptake.
The chart review encompassed both entries in the health
system radiology package and primary care progress
notes to ascertain if mammography was obtained outside
of the health care system. Knowledge about mammogra-
phy screening and decisional conflict were ascertained on
the 6-week follow-up survey. Data from the BCS-PtDA
or a baseline breast cancer risk assessment form was used
to calculated breast cancer risk using the NCI-BCRAT.28

Knowledge was assessed with the following five multiple-
choice questions (correct answers): 1) Do all women who
have an abnormal mammogram have breast cancer?
(No), 2) Do mammograms detect every cancer? (No), 3)
Which of the following age groups will have the most
extra tests, biopsies, or procedures as a result of having
mammograms? (40–49), 4) Can mammograms detect
breast cancer when it is at an early stage? (Yes), and 5)
For what age group are more deaths prevented by mam-
mograms? (50–59). A sixth knowledge question was
included in the survey but an a priori decision was made

to exclude from the knowledge score as the stem ‘‘For
which groups are mammograms most beneficial’’ was
thought to be ambiguous. The knowledge scale was
scored from 0 to 5 reflecting the number of correct
responses. Decisional conflict was assessed with the 16-
item Decisional Conflict Scale (DCS). This scale includes
five subscale scores in the domains of Uncertainty,
Feeling Informed, Clear Values, Support for Decision,
and Effective Decision Making.29 The DCS is scored
from 0 to 100, with scores \25 associated with increased
adherence to decisions made.30

Breast cancer worry, anticipated regret, accuracy of
risk perception, and breast cancer screening intentions
were exploratory outcomes. Breast cancer worry was
assessed with the 3-item Lerman Breast Cancer Worry
Scale.31 Items were summed for a score of 1 to 13.
Anticipated regret for decisions to delay or to initiate
mammography were assessed on a 7-point Likert-type
scale with response options ranging from 1 (strongly dis-
agree) to 7 (strongly agree), with increasing values indi-
cating greater anticipated regret. Perceived lifetime
breast cancer risk was assessed with the question, ‘‘What
do you think is your chance of developing breast cancer
in your lifetime out of 1,000? Please choose a number
between 0 and 1,000.’’ Objective breast cancer risk was
assessed using the NCI-BCRAT.28 Decision intentions
were assessed with the two questions: ‘‘At this point in
time, have you made a decision about the age at which
you will start having mammograms?’’ with response
items of ‘‘yes’’ or ‘‘no.’’ Subjects were also asked ‘‘At
what age do you plan to have your fist mammogram?’’
with the options to enter an age or respond ‘‘I don’t
know’’ or ‘‘I never plan to have a mammogram’’ and
provided a text field to list the most important reasons
for their decision. Numeracy was assessed with the 4-
item ability subscale of the subjective numeracy scale32

(see full survey in the Online Appendix).

Statistical Analysis

We used descriptive statistics to describe characteristics
of our total population and those who responded to the
6-week survey. We used a logistic regression analysis to
estimate the association between survey response and
race, study arm, and the race by study arm interaction to
evaluate whether there was differential nonresponse
between the two study arms by race.

Our primary hypothesis was that individuals rando-
mized to the intervention versus control group would
demonstrate 1) a stronger association between individual
risk and mammography uptake within 12 months, 2)
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increased knowledge about mammography screening,
and 3) decreased decisional conflict regarding the age to
initiate BCS with mammography. We used ANOVA to
test the association between objective risk as determined
by the NCI-BCRAT and receipt of mammography
within 12 months by study arm as well as the difference
in the strength of this association between study arms.
Assuming 100 participants in each study arm and that
20% in each arm have received a mammogram at 1 year,
the study had 80% power to detect an absolute differ-
ence of 3.27% between study arms in the difference
in NCI-BCRAT determined risk between women receiv-
ing and not receiving a mammogram at the two-sided
alpha = 0.05 level.

Exploratory analyses evaluated differences between
intervention and control groups on anticipated regret,
breast cancer worry, accuracy of the perceived risk of
breast cancer, and intentions regarding age of initiation
of BCS. Objective lifetime risk as determined by the
NCI-BCRAT21,22 was described as a continuous variable
(0% to 100%) and as determined by the following cate-
gories: low risk (\12%), medium (12% to \20%), and
high (�20%) risk. We estimated the means and 95% con-
fidence intervals (CIs) for continuous primary and explora-
tory outcomes and compared these outcomes in the
intervention and control groups using t tests. We summar-
ized categorical outcomes using proportions and 95% CIs
separately for the intervention and control groups and
used chi-squared tests to evaluate differences between
groups. We assessed the association between perceived and
objective lifetime breast cancer risk using Spearman’s cor-
relation, overall and stratified by study arm.

We entered qualitative data from the BCS-PtDA sum-
mary page into the NVivo v12 qualitative software pack-
age.33 Open coding was conducted and a coding scheme
developed to categorize factors important to participants
when deciding the age to initiate mammography. The
data were independently coded by two coders (MS, AF)
with differences resolved by a consensus process. The fre-
quency of responses was stratified by the following
screening intentions: 1) intend to initiate screening
this year, 2) undecided, or 3) plan to wait until closer to
age 50.

Results

We approached 382 persons to participate in the study.
Of these, 100 were excluded due to having had a prior
mammogram on further screening questions. Of the 282
eligible patients, 75 declined enrollment and 207 (73%)
were enrolled. Those that declined enrollment were no

different in age or race than those that participated.
There were three participants who dropped out of the
study after enrollment. This left 102 in the intervention
and 102 in the control group for analysis. The response
rate for the 6-week follow-up survey was 55%, resulting
in 113 participants available for the analysis of knowl-
edge, decisional conflict, and exploratory outcomes
ascertained by the survey (Figure 1).

Study Population

Of the 204 participants, 65% were black and 27% white.
The median age (interquartile range [IQR]) was 40.0
(39.0–42.0). Participants were recruited from Internal
Medicine (47%), Family Medicine (26%), and Ob/Gyn
(28%) practices. The median (IQR) lifetime risk in the
cohort was 9.7% (9.2, 11.1) (Table 1). The response rate
for the 6-week follow-up survey that included assessment
of education and numeracy was 55%. Among survey
respondents, 12% had up to a high school level educa-
tion, 26% had some college or a technical degree, and
62% had a college degree. The subjective numeracy abil-
ity scale (score range 1–6) was (median, IQR) 4.8 (3.5,
5.5) (Table 2). Non-black women had higher survey
response rates than black women (odds ratio [OR] 5.5,
95% CI 2.0, 18.0) but this association did not differ by
study arm (OR 0.7 for interaction term, 95% CI 0.2, 2.7)
(see Online Supplemental Table). One respondent in the
control group did not have data available to determine
objective breast cancer risk using the NCI-BCRAT.

Figure 1 CONSORT diagram.
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Primary Outcomes

We report a positive association between NCI-BCRAT-
determined lifetime breast cancer risk and initiation of
mammography screening (mean, 95% CI) in both the
intervention (No Mammography: 10.5 [9.8, 11.2];
Mammography: 12.2 [10.8, 13.6], P = 0.02) and
control group (No Mammography: 9.9 [9.2, 10.6];
Mammography: 11.8 [10.4, 13.1], P = 0.02) (Table 3).
However, there was no interaction between study arm
and the strength of association between NCI-BCRAT-
determined risk and initiation of screening (P = 0.87).
The lack of an interaction between study arm and the
strength of an association between risk and initiation of
screening remained in an analysis of participants in the
intervention group who had completed the BCS-PtDA
(P = 0.74) (Figure 2). We further evaluated the strength
of association between breast cancer risk and mammo-
graphy uptake between study arms for women with
higher (above median) versus lower numeracy and found
similar results.

Participants randomized to the intervention versus
control demonstrated higher knowledge about

screening mammography on a scale of 0 to 5 (mean,
95% CI): 3.8 (3.5, 4.2) versus 3.2 (2.8, 3.5), respec-
tively, P = 0.01. There was no difference in decisional
conflict in the intervention versus control group (mean,
95% CI): 24.8 (19.5, 30.2) versus 32.4 (25.9, 39.0), P =
0.07 (Table 2).

Exploratory Outcomes

In exploratory analyses, there was no difference in breast
cancer worry, anticipated regret, and the accuracy of risk
perceptions or intentions regarding age of initiation of
mammography (Table 4). The Spearman correlation
between perceived and objective breast cancer lifetime
risk was 0.13 (Figure 3a) and did not differ between the
study arms (P = 0.26). When excluding the four outliers
who had a perceived breast cancer risk of .60%, the cor-
relation between perceived an objective breast cancer risk
increased to 0.16 (Figure 3b). Of the 67% of women who
had decided when to start screening at the 6-week follow-
up assessment there was no difference between the inter-
vention and control groups in the intended age of a first

Table 1 Characteristics of All Study Participantsa

Total (N = 204) BCS-PtDA (n = 102) Control (n = 102)

Age (years), median (IQR) 40.0 (39.0, 42.0) 40.0 (39.0, 42.0) 40.0 (39.0, 42.0)
Missing 0 0 0

Lifetime breast cancer risk (NCI-BCRAT) (%), median (IQR) 9.7 (9.2, 11.1) 9.7 (9.1, 12.1) 9.6 (9.3, 10.7)
Missing 1 0 1

Lifetime breast cancer risk (NCI-BCRAT) categories, n (%)
� 12 162 (79.8) 76 (74.5) 86 (85.1)
.12 to � 20 34 (16.7) 21 (20.6) 13 (12.9)
.20 7 (3.4) 5 (4.9) 2 (2.0)
Missing 1 0 1

Race, n (%)
Black 132 (64.7) 60 (58.8) 72 (70.6)
White 55 (27.0) 32 (31.4) 23 (22.5)
Asian 6 (2.9) 4 (3.9) 2 (2.0)
Hispanic 3 (1.5) 2 (2.0) 1 (1.0)
Other/unknown 8 (3.9) 4 (3.9) 4 (3.9)

Clinic affiliation, n (%)
Family practice 52 (25.6) 27 (26.5) 25 (24.8)
Internal medicine 95 (46.8) 47 (46.1) 48 (47.5)
Ob/Gyn 56 (27.6) 28 (27.5) 28 (27.7)
Missing 1 0 1

Mammography within 1 year, n (%)
No 163 (79.9) 82 (80.4) 81 (79.4)
Yes 41 (20.1) 20 (19.6) 21 (20.6)

BCS-PtDA, breast cancer screening patient decision-aid; IQR, interquartile range; NCI-BCRAT, National Cancer Institute Breast Cancer Risk

Assessment Tool.
aPercent computed among non-missing values. Lifetime breast cancer risk determined by the National Cancer Institute Breast Cancer Risk

Assessment Tool.21,22
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mammogram (mean, 95% CI): 42.7 (414, 44.0) versus
42.4 (41.2, 43.70), respectively, P= 0.75) (Table 4).

Decision Aid Experience

Of the 102 people randomized to the intervention, 72
logged on to the BCS-PtDA. The mean (IQR) duration
of time between logging in and logging out of the BCS-
PtDA after excluding three outliers (.19 hours)
was 10.2 minutes (2.1 to 120). Of those who used the

BCS-PtDA, 90% viewed the narratives presented and
89% completed the summary sheet at the end of the
DA. The primary categories of factors important to
participants when deciding to initiate mammography
that emerged from this analyses were 1) weighing the
benefits and harms including perceptions of personal
risk, family history, and age; false positive tests, mor-
tality, and the efficacy of mammography; 2) beliefs
about screening and affective factors including belief in
the value of early detection, reassurance of negative

Table 2 Characteristics of Follow-Up Survey Respondentsa

Total (N = 113) BCS-PtDA (n = 54) Control (n = 59)

Age (years), median (IQR) 40.0 (39.0, 41.0) 40.0 (39.0, 41.0) 40.0 (39.0, 42.0)
Missing 0 0 0

Lifetime breast cancer risk (NCI-BCRAT) (%), median (IQR) 9.7 (9.5, 12.2) 10.2 (9.6, 13.2) 9.6 (9.2, 11.1)
Missing 0 0 0

Lifetime breast cancer risk (NCI-BCRAT) categories, n (%)
� 12 84 (74.3) 35 (64.8) 49 (83.1)
.12 to � 20 24 (21.2) 15 (27.8) 9 (15.3)
.20 5 (4.4) 4 (7.4) 1 (1.7)
Missing 0 0 0

Perceived lifetime risk (per 1,000), median (IQR) 67.5 (10.0, 300.0) 25.0 (10.0, 185.0) 100.0 (10.0, 425.0)
Missing 7 3 4

Perceived lifetime risk categories, n (%)
� 12 71 (67.0) 35 (68.6) 36 (65.5)
.12 to � 20 7 (6.6) 5 (9.8) 2 (3.6)
.20 28 (26.4) 11 (21.6) 17 (30.9)
Missing 7 3 4

Race, n (%)
Black 57 (50.4) 23 (42.6) 34 (57.6)
White 42 (37.2) 22 (40.7) 20 (33.9)
Asian 6 (5.3) 4 (7.4) 2 (3.4)
Hispanic 3 (2.7) 2 (3.7) 1 (1.7)
Other/unknown 5 (4.4) 3 (5.6) 2 (3.4)

Clinic affiliation, n (%)
Family practice 22 (19.6) 9 (16.7) 13 (22.4)
Internal medicine 54 (48.2) 27 (50.0) 27 (46.6)
Ob/Gyn 36 (32.1) 18 (33.3) 18 (31.0)
Missing 1 0 1

Education, n (%)
Less than high school 3 (2.7) 1 (1.9) 2 (3.4)
High school graduate or GED 10 (8.9) 4 (7.4) 6 (10.3)
Some college or technical school 29 (25.9) 12 (22.2) 17 (29.3)
College graduate or beyond 70 (62.5) 37 (68.5) 33 (56.9)
Missing 1 0 1

Numeracy (SNS) (1–6), median (IQR) 4.8 (3.5, 5.5) 4.4 (3.5, 5.6) 4.8 (3.0, 5.4)
Missing 1 0 1

Mammography within 1 year, n (%)
No 87 (77.0) 41 (75.9) 46 (78.0)
Yes 26 (23.0) 13 (24.1) 13 (22.0)

BCS-PtDA, breast cancer screening patient decision-aid; IQR, interquartile range; NCI-BCRAT, National Cancer Institute Breast Cancer Risk

Assessment Tool.
aPercent computed among non-missing values. Lifetime breast cancer risk determined by the National Cancer Institute Breast Cancer Risk

Assessment Tool.21,22
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screening tests, anticipated regret, and the value of a
baseline mammography; and 3) guidelines and provider
recommendations including reference to existing
screening guidelines or plans to obtain a provider rec-
ommendation (Table 5).

Discussion

We conducted an RCT of a risk based BCS-PtDA for
women 39 to 48 years of age regarding the decision of
age of initiation of BCS. We enrolled women with no

previous mammogram in the setting of their primary
care practice and randomized them to use of our web-
based BCS-PtDA versus usual care. Outcomes included
mammography uptake by 12 months and psychosocial
and behavioral factors. Our decision aid was unique in
the presentation of individual risk estimates, compara-
tive risk estimates, and use of exemplars to increase the
impact of individual risk information. We report that
those randomized to the BCS-PtDA demonstrated
increased knowledge about mammography screening.
However, there was no difference in the strength of

Figure 2 Lifetime breast cancer risk stratified by study arm and mammography uptake.
Lifetime breast cancer risk determined by the National Cancer Institute Breast Cancer Risk Assessment Tool (NCI-BCRAT) based on the Gail

model. Mammography uptake within 12 months of study enrollment determined by chart review.21,22

Table 3 Lifetime Breast Cancer Risk Stratified by Study Arm and Receipt of Mammography Within 1 Yeara

No Mammography, Mean (95% CI) Mammography, Mean (95% CI) Difference, Mean (95% CI) P value

Control 9.9 (9.2, 10.6) 11.8 (10.4, 13.1) 1.8 (0.3, 3.4) 0.02
Intervention 10.5 (9.8, 11.2) 12.2 (10.8, 13.6) 1.7 (0.1, 3.2) 0.04

CI, confidence interval.
aP values are for difference in mean risk between women receiving and not receiving mammography within each study arm based on ANOVA.

The P value for the interaction between study arm and receipt of mammography was 0.87. Lifetime breast cancer risk determined by the

National Cancer Institute Breast Cancer Risk Assessment Tool.21,22
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association between individual breast cancer risk and
uptake of mammography or in decisional conflict
regarding age of initiation of mammography.

As in previous BCS decision aid studies, the BCS-
PtDA increased knowledge,14 a key component of a
high-quality decision-making process in SDM frame-
works.3,5 In the current study, our knowledge questions
focused on conceptual aspects of BCS and comparative
outcomes between women in their 40s and women 50
years of age or more. This finding indicates that the
BCS-PtDA was successful in improving women’s under-
standing of the age-specific differences in BCS outcomes.
Previous RCTs of BCS-DAs have focused on knowledge

outcomes relating to both conceptual and numeric
domains and understanding of overdiagnosis with
knowledge scales developed to reflect content of the
BCS-DA.34,35 Our results provide further evidence that
DAs are effective in addressing a knowledge gap pertain-
ing to treatment and screening decisions.36

The DCS measures constructs relevant to an informed
and SDM process including subjective feelings of uncer-
tainty, being informed, clarity of values, being supported,
and being effective pertaining to the decision at hand. A
recent meta-analysis of patient DAs in treatment and
screening decisions reported strong evidence that patient
DAs decrease indecision in the domain of personal

Table 4 Primary and Exploratory Outcomesa

BCS-PtDA Intervention,
Mean or % (95% CI)

Control, Mean
or % (95% CI)

Difference in Mean
or % (95% CI) P Value

Primary outcomes
Mammography uptake at 12
months (%)

19.6 (11.9,27.3) 20.6 (12.7,28.4) 21.0 (212.0, 10.0) 1.00

Total knowledge score (0–5) 3.8 (3.5, 4.2) 3.2 (2.8, 3.5) 0.7 (0.2, 1.2) 0.01
Decisional conflict total
score (0–100)

24.8 (19.5, 30.2) 32.4 (25.9, 39.0) 27.6 (215.9, 0.7) 0.07

Uncertainty 27.0 (20.4, 33.6) 31.3 (24.2, 38.4) 24.3 (213.8, 5.2) 0.37
Informed 29.9 (23.2, 36.7) 35.9 (28.7, 43.2) 26.0 (215.7, 3.7) 0.22
Values 27.0 (21.0, 33.0) 36.1 (28.9, 43.2) 29.1 (218.2, 0.1) 0.05
Support 20.8 (16.1, 25.5) 28.3 (21.6, 35.0) 27.5 (215.5, 0.4) 0.06
Effective decision making 23.4 (17.2, 29.6) 29.2 (22.8, 35.6) 25.8 (214.5, 2.9) 0.19

Exploratory outcomes
Anticipated regret: Delay
mammogram (1–7)

5.4 (4.8, 5.9) 5.7 (5.3, 6.1) 20.4 (21.0, 0.3) 0.30

Anticipated regret: Have
mammogram (1–7)

3.5 (2.9, 4.0) 3.3 (2.8, 3.8) 0.2 (20.6, 0.9) 0.67

Breast cancer worry (1–13) 5.4 (4.9, 6.0) 5.0 (4.5, 5.5) 0.4 (20.3, 1.1) 0.28
Accuracy of lifetime breast
cancer risk perception:
Difference between perceived
risk and risk determined by
the NCI-BCRAT28

3.3 (22.7, 9.3) 9.3 (2.3, 16.3) 26.0 (215.0, 3.1) 0.20

Accuracy of lifetime breast
cancer risk perception: Low,
medium, or high category
(%)

66.7 (57.5, 75.8) 54.5 (44.9, 64.2) 12.1 (21.2, 25.4) 0.28

Have made a decision about
the age at which to start
having mammograms (%)

35.2 (25.9, 44.5) 26.3 (17.8, 34.9) 8.9 (23.7, 21.5) 0.42

Intended age of first
mammogram (years)

42.7 (41.4, 44.0) 42.4 (41.2, 43.7) 0.3 (21.4, 2.0) 0.75

BCS-PtDA, breast cancer screening patient decision-aid; CI, confidence interval; NCI-BCRAT, National Cancer Institute Breast Cancer Risk

Assessment Tool.
aDifference column reports difference in mean or percentage between study arms and the 95% CI for the difference. Anticipated regret of delay

in having a mammogram was in response to the following question: ‘‘If I do not have a mammogram in my 40s, and, at a later date, breast

cancer is detected, I will regret not having a mammogram.’’ Anticipated regret of having a mammogram was in response to the question’’ ‘‘If I

have a mammogram in my 40s and have unnecessary follow-up tests or procedures, I will regret having mammograms’’. The questions were

answered on a scale of 1 (strongly disagree) to 7 (strongly agree).
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values.36 In contrast, our study demonstrates no differ-
ence in decisional conflict in the BCS-PtDA versus con-
trol groups.

Ours is the first RCT of a BCS DA to examine uptake
of mammography, as compared to behavioral intentions,
as a primary outcome. Previous studies of DAs for
women in their 40s9,35 or older than 7011,34 reported
decreased behavioral intentions to have BCS but did not
assess mammography uptake. Intentions are an accepted
indicator of future behavior in established models of
health behavioral change,37 but have been found to have
only a moderate association with uptake of mammogra-
phy.38 Our findings are consistent with the recent sys-
tematic review of treatment and screening DAs, which
except in the case of prostate cancer screening found lit-
tle evidence for the impact of DAs on decisions pertain-
ing to diagnostic tests and screening.36

Given the emergence of precision medicine and perso-
nalized approaches to cancer screening, we further
sought to evaluate whether an intervention that commu-
nicates individualized risk estimates effectively increased
the correlation between individual breast cancer risk and
mammography uptake. We evaluated subjective lifetime
breast cancer risk perception both as a continuous vari-
able (from 0 to 1,000) and by grouping subjective esti-
mates into categories of low, medium, and high risk.
Participants in both study arms overestimated lifetime
breast cancer risk; by an absolute 3.3% and 9.3% in
the intervention and control groups, respectively.
Furthermore, the correlation between objective and sub-
jective risk remained low in our study and did not differ
between study arms. Despite the specific focus of the
BCS-PtDA on increasing understanding and salience
of individual risk information, including the use of per-
sonal narratives based on exemplification theory, the
relatively modest correlation of objective breast cancer
risk and mammography uptake seen in previous studies
was not observed in our study. Our findings are in con-
trast to the recent meta-analysis of DAs for treatment
and screening decisions that indicate improvement in
accuracy of risk perceptions after use of a DA.36 To
the degree that the implementation of precision medi-
cine depends on patients incorporating personal risk
information into their health care decisions, these
results emphasize that such implementation may be
challenging to accomplish.

The qualitative comments provided by users of the
BCS-PtDA in this study provide some insight regarding
the importance of individual risk when deciding about
when to initiate mammography. Some participants cited
risk-based considerations, noting either low or high

Figure 3a Correlation of perceived and objective lifetime breast
cancer risk among study participants.
Objective risk determined by the National Cancer Institute Breast

Cancer Risk Assessment Tool (NCI-BCRAT) and based on the Gail

model.21,22 The diagonal line represents concordance between perceived

and objective risk. The Spearman correlation coefficient is 0.13. There

was no difference in correlation between study arms (P = 0.26).

Figure 3b Correlation of perceived and objective lifetime
breast cancer risk among study participants excluding outliers.
Correlation of perceived and objective lifetime breast cancer risk

among study participants excluding four outliers with perceived risk

.60%. The Spearman correlation after excluding outliers is 0.16.
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perceived risks of breast cancer, or concern about false
positive tests. Others cited general values and beliefs
about cancer screening and anticipated emotions they
would experience based on their decision. Although the
qualitative analysis of comments made in the summary
sheet are exploratory, the statements illustrate the range
of factors considered in this decision making process.

We explored the constructs of anticipated regret and
breast cancer worry as outcomes of our intervention. We
assessed both anticipatory regret for a positive action
(screening) and a negative action (delay in screening).
Findings indicate higher levels of anticipated regret for
consequences of delaying screening than initiating screen-
ing. However, anticipated regret was similar across study
arms. Recent literature suggests that anticipated regret
may be a motivating factor in daily decisions and in can-
cer screening decisions specifically and an important con-
struct to include in future studies of patient decision
aids.39–43

This study has some limitations. First, the RCT was
conducted in a single health care system. However, we
included multiple clinic sites and primary care specialties
within the health care system and our patient population
was diverse in background. Second, the relatively low
response rate for the 6-week follow-up survey could limit
the internal validity of findings pertaining to outcomes
collected by survey. Participants that did not have a

computer or smartphone may have had less opportunity
to use the BCS-PtDA or to complete the electronic ver-
sion of the follow-up survey. However, respondents and
nonrespondents did not differ in age, breast cancer risk,
or specialty type of clinic and the lower rate of comple-
tion by black women did not differ between study arms.
Third, the follow-up period to assess mammography
uptake was limited to 12 months. Women may have
obtained a mammogram outside of this time frame. In
addition, chart review may have missed cases when the
mammogram was obtained elsewhere. However, our
chart review included both a review of radiology system
records and clinic notes with efforts made to identify any
reference to a mammogram obtained within or outside of
the health care system. Finally, the description of over-
diagnosis in our BCS-PtDA was brief and did not include
quantitative estimates of its occurrence. Overdiagnosis is
a complex concept and further research is needed regard-
ing how best to present the risk and outcomes of this
potential harm in cancer screening decision aids.

In conclusion, we report that a web-based BCS-PtDA
integrated in the primary care practice setting was effec-
tive in improving knowledge about age-based BCS.
However, there was no impact of the BCS-PtDA on the
strength of association between objective breast cancer
risk and initiation of BCS within 12 months. Therefore,
our hypothesis that the BCS-PtDA would change

Table 5 Decision Aid Users: Reasons for Intended Time to Initiate Mammographya

Most Important Reason for Decision

Intensions for Initiating Mammography

This Year,
n = 34

Undecided,
n = 19

Wait: Closer to
Age 50, n = 10

Weighing benefits and harms
Perceived high risk due to family history, age, or other risk factors 7 0 0
Perceived low risk due to family history, age, or other risk factors 0 3 6
Considered false positive tests 2 6 3
Mortality benefit is small 0 0 1
Mammography not effective 0 0 1

Beliefs and affective factors
Belief in screening and early detection 6 1 1
Reassurance 7 0 1
Anticipated regret 1 0 0
Wanting a baseline mammogram 2 1 0

Guidelines and provider recommendations
Plan to discuss with a provider 3 6 1
Guidelines or recommendations 2 0 1

Additional reasons
Mammography is painful 0 1 0
Competing comorbidities 0 1 0

aThe table summarizes reasons provided for the decision to have a mammogram this year, still undecided, or to wait until closer to age 50 to

initiate mammography. Coding conducted independently by two coders with differences resolved through a consensus process.
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behavior toward risk-based uptake of initiation of BCS
was not supported. These findings indicate the complex-
ity of changing behaviors to incorporate objective risk in
the medical decision-making process. Future work is
needed to elucidate the role of providing tailored risk
information in quantitative and narrative formats as
part of a shared decision-making process for decisions of
equipoise.
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