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a b s t r a c t

Purpose: To estimate the effects of a tablet-based, breast cancer risk education intervention for use in
primary care settings (BreastCARE) on patients' breast cancer knowledge, risk perception and concern.
Methods: From June 2011eAugust 2012, we enrolled women from two clinics, aged 40e74 years with no
personal breast cancer history, and randomized them to the BreastCARE intervention group or to the
control group. All patients completed a baseline telephone survey and risk assessment (via telephone for
controls, via tablet computer in clinic waiting room prior to visit for intervention). All women were
categorized as high or average risk based on the Referral Screening Tool, the Gail model or the Breast
Cancer Surveillance Consortium model. Intervention patients and their physicians received an individ-
ualized risk report to discuss during the visit. All women completed a follow-up telephone survey 1e2
weeks after risk assessment. Post-test comparisons estimated differences at follow-up in breast cancer
knowledge, risk perception and concern.
Results: 580 intervention and 655 control women completed follow-up interviews. Mean agewas 56 years
(SD ¼ 9). At follow-up, 73% of controls and 71% of intervention women correctly perceived their breast
cancer risk and 22% of controls and 24% of intervention women were very concerned about breast cancer.
Intervention patients had greater knowledge (�75% correct answers) of breast cancer risk factors at follow-
up (24% vs.16%; p¼ 0.002). Inmultivariable analysis, therewere no differences in correct risk perception or
concern, but intervention patients had greater knowledge ([OR] ¼ 1.62; 95% [CI] ¼ 1.19e2.23).
Conclusions: A simple, practical intervention involving physicians at the point of care can improve
knowledge of breast cancer without increasing concern.
Trial Registration: ClinicalTrials.gov identifier NCT01830933.

© 2015 Elsevier Ltd. All rights reserved.

Introduction

Validated breast cancer risk estimation tools are available to
physicians [1e4], but are underused [5e7]. As a result, many
women may not engage in a discussion of their breast cancer risk
with their physician. Lack of knowledge about risk can lead
to misperceptions and underuse of prevention and risk
reduction therapies for women at high risk for breast and ovarian
cancer [8,9].
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Effective risk reduction options are available and recommended
for high-risk patients including two selective estrogen receptor
modulator therapies (SERMS), tamoxifen and raloxifene [10e12].
However, these medications are not without risks. Side effects
include increased risk for venous thromboembolic events with use
of tamoxifen and raloxifene and increased risk for endometrial
cancer with use of tamoxifen. [10e12] Further, because not all
women identified as high-risk will go on to develop breast cancer, it
is especially important to encourage women to discuss their risk
with their physicians who can help them to balance the potential
benefits of risk reduction therapies against the potential risks.
Therefore, in September 2013, the United States Preventive Services
Task Force recommended that clinicians engage in shared decision-
making about use of risk reduction medications for womenwho are
at high risk for breast cancer [13].

For women to engage in breast cancer risk reduction practices
[14e19], it is helpful for them to have an understanding of their
own risk and knowledge of the available options to reduce risk as
well as the associated side effects. One potential unintended
consequence of informing high-risk women about their risk is
that it may increase concern and anxiety [20e22]. As a result,
effective communication interventions are needed to educate
women about breast cancer risk factors while minimizing
anxiety.

Although breast cancer risk assessment tools intended to pro-
mote prevention and risk reduction exist [23e28], these have not
been well integrated into clinical practice [5,29]. To address this
issue, we designed a tablet-based, breast cancer risk education
intervention (BreastCARE) to promote patient-physician discussion
of breast cancer risk in the primary care setting and evaluated the
intervention using a randomized controlled trial (RCT). As reported
in a prior publication, we found that BreastCARE increased dis-
cussions of family cancer history, personal breast cancer risk, high-
risk, and genetic counseling/testing and among high-risk women,
all intervention effects were stronger. [30] Here, we assess the
impact of BreastCARE on other important outcomes in the delivery
of breast cancer risk information including women's knowledge of
breast cancer, perceptions of individual risk and concern about
breast cancer.

Methods

Study setting and recruitment

The intervention was conducted between June 2011 and August
2012 (when recruitment was met) [30]. Recruitment goals were
based on sample size calculations assuming 80% power and
a ¼ 0.05 to detect significant differences in main effects between
intervention and control groups. Recruitment letters, along with
opt-out postcards, were mailed to patients with scheduled up-
coming primary care medical appointments at an academic medi-
cal center and a safety-net hospital located in San Francisco,
California. All patients who did not return a postcard declining to
participate were contacted by telephone and those who agreed to
participate completed a baseline telephone survey prior to their
appointment. The research protocol was approved by the institu-
tional review boards of participating institutions. Informed consent
was obtained from all participants.

Patients were eligible to participate if they had an appoint-
ment in one of the participating practice sites, were female be-
tween the ages of 40 and 74, spoke English, Spanish, or Chinese
(Cantonese or Mandarin), had no personal history of breast
cancer or ductal carcinoma in situ, were able to complete a
telephone interview and if their physicians did not object to their
participation.

Study procedures

At completion of a baseline telephone survey, participants were
randomized based on random sequence codes designed by a stat-
istician and stratified by race/ethnicity to ensure balance. The
intervention and control groups both completed a breast cancer
risk assessment questionnaire. Those randomized to the control
group completed the risk assessment by telephone two weeks
prior to their scheduled appointment. Intervention participants
completed a tablet-based version of the same risk assessment at
the clinic immediately before their appointment and also received a
personalized patient risk report one page in length, which the
control patients did not receive. A second version of the report was
given to the physician. On average, intervention women completed
the tablet-based risk assessment in less than 5 min. One to two
weeks after their appointment, all participants were contacted for a
follow-up telephone survey to assess study outcomes.

BreastCARE intervention

BreastCARE was available in English, Spanish and Chinese,
designed as a tablet-based, breast cancer risk assessment tool
providing individually-tailored print-outs for patients and their
physicians. We used measures in our risk assessments and surveys
that were validated in multiple languages and used in prior
research, or used a group consensus of native speakers to deter-
mine adequacy of translations [31].

Patients were queried on breast cancer risk factors in a series of
questionswritten at an eighth-grade reading level [32,33]. Based on
patient responses, an individualized risk report was generated that
included specific risk reduction recommendations. A consensus
panel of experts chose thresholds at which patients would be
considered high-risk for each of the measures in our assessment.
The rationale for all thresholds was to choose clinically actionable
cut-points above which a woman should be referred for genetic
counseling or high-risk evaluation for chemoprevention. For each
woman identified as high-risk, the patient report stated that her
risk was “higher than for other women [her] age” and suggested
that she talk with her doctor. The patient message library included
30 potential messages based on risk factors, whereas the physician
message library included 45 potential messages to account for all
possible scenarios. A research assistant handed the patient her
printed individualized report and a second report to be given to her
physician who was thereby made aware of intervention status.

Reports for high-risk women indicated the reasons why they
were at high risk and gave advice on what should be done to
address risk factors (see Appendix). Reports for women who were
not at high risk indicated the reasonswhy theywere not at high risk
and emphasized behaviors that should be maintained to minimize
risk.

Data measures

Descriptive variables
At baseline, we assessed: age, self-reported race/ethnicity,

marital status, education, health insurance coverage, self-reported
general health, number of primary care visits in the past year and
number of self-reported comorbidities [34]. Breast cancer risk
assessment indicators included age at menarche, age at first birth,
age at menopause, breast biopsy history, tamoxifen or raloxifene
use, Jewish ancestry, family history of ovarian and breast cancer
and mammographic breast density from medical records when
available (73% of sample).

We used three measures to estimate objective risk for breast
cancer: the Referral Screening Tool (RST) (personal history of
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breast or ovarian cancer, Jewish ancestry, history of family breast
and ovarian cancer in mother, sister, daughter, grandmother or
aunt and history of breast cancer in a male relative; c-
statistic ¼ 0.90) [35,36], the Gail Model (personal history of breast
cancer, age, age at first menstrual period, age at first birth, number
of first-degree relatives with breast cancer, history of breast bi-
opsy and race/ethnicity; c-statistic ¼ 0.67) [1,2] and the Breast
Cancer Surveillance Consortium (BCSC) model (age, family history
of breast cancer, prior breast biopsy, race/ethnicity and breast
density; c-statistic ¼ 0.66) [3,4].

Womenwere considered to be high-risk if they met at least one
of three mutually exclusive criteria, listed in order of priority: (1)
family history based on RST [36], (2) BCSC score in top 5% of
estimated 5-year risk for her age group when mammographic
breast density data was available [3,4], or (3) Gail score in the top
5% estimated 5-year risk for her age group [1]. In addition, women
between the ages of 40 and 50 were considered high-risk if their
Gail or BCSC score was�1.67 [10]. All other womenwere classified
as average risk. The patient risk report for any woman identified as
high risk stated that the woman's risk was higher than for other
women her age and suggested talking with her doctor about the
matter. For interventionwomenmeeting RST high-risk criteria, the
physician report contained a message suggesting referral to ge-
netic counseling; for those meeting Gail/BCSC high-risk criteria,
the report contained a message suggesting referral to a high-risk
clinic.

Knowledge
We asked 10 questions about breast cancer risk factors at follow-

up to assess knowledge of whether the following factors increase or

decrease breast cancer risk: “Having relatives with breast can-
cer”(increase); “Being older age” (increase); “Drinking alcohol”
(increase); “Using hormone medicine for menopause” (increase);
“Being younger when you have your first child” (decrease); “Being
younger when you have your first period” (increase); “Regular ex-
ercise (decrease); “Not having children” (increase); “Being older
when you reach menopause” (increase); “Being overweight”
(increase).

We assessed knowledge of breast cancer risk assessment and
reduction at follow-up with four questions: “If a woman is at high
risk for breast cancer, there is nothing she can do” (false); “Only
women with a family history of breast cancer are at risk” (false);
“Some women at risk for breast cancer can take medicine to pre-
vent it” (true); “Somewomenwith a strong family history of cancer
can take a test to look for the breast cancer gene” (true).

For each set of items, a summary knowledge score was calcu-
lated based on the percentage of questions correctly answered and
a dichotomous variable was created (�75% correct answers vs.
<75%). We placed the cutoff point for knowledge at 75% correct
answers in order to identify differences between the intervention
and control groups with respect to “above average” knowledge.

Correct perception of risk
Both at baseline and follow-up, womenwere asked: “Compared

to other women of the same age, do you think your chance of
getting breast cancer is: higher, the same, or lower” [37]. We
defined correct perception of risk as a match between a woman's
objective (high vs. average) and perceived risk of breast cancer
(higher vs. same/lower) [38].

Poten ally eligible par cipants reached
N=4,029

Refused
N=1,838 (53%)

Completed Baseline Telephone Survey 
N=1,635 (47%) 

Completed Study Enrollment
Completed Meet-Up, 
Signed HIPAA Form 

N=675 (82%)

Completed 1-week Follow-
up Telephone Survey

N=655 (97%)

Ineligible
N=556 (14%)

Completed Study Enrollment
Completed Meet-Up, 
Signed HIPAA Form 

N=603 (74%)

Comparison group
N=823

Interven on group 
N=812

Completed 1-week Follow-
up Telephone Survey

N=580 (96%)

Randomiza on

Exited 
N=209 (26%) 

Eligible par cipants reached 
N=3,473 (86%)

Exited 
N=148 (18%)

Exited 
N=20 (3%)

Exited 
N=23 (4%)

Fig. 1. Flowchart of enrollment/exclusions for BreastCARE population, San Francisco, 2011e2012.
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Concern about breast cancer
At baseline and follow-up women were asked: “How concerned

are you about getting breast cancer? Very, somewhat, a little, not at
all” [39]. Responses were dichotomized to “very” vs. “less than
very” concerned.

Statistical analysis

Baseline equivalence between intervention and control groups
was assessed, comparing demographics, health characteristics and
breast cancer risk factors. Intervention outcomes were determined
by comparing breast cancer knowledge scores, correct risk
perception and breast cancer concern at follow-up. We used
generalized estimating equations (GEE) regression in Stata (Version
11.2) to account for clustering of patients within physicians and to
estimate differences at follow-up between intervention and control
groups with respect to (a) knowledge of breast cancer risk factors;
(b) knowledge of breast cancer risk assessment and reduction
(high-risk women); (c) correct perception of breast cancer risk; (d)
concern about getting breast cancer. We estimated odds ratios (OR)
and 95% confidence intervals (CI). We adjusted model (c) for
baseline correct perception of risk andmodel (d) for baseline breast
cancer concern.

Results

Description of study population

Out of 3473 eligible women who were reached, 1635 (47%)
completed the baseline telephone survey. Out of these 1635
women, 812 were randomized to the intervention group and 823 to
control group. Among women randomized, 74% in the intervention
group and 82% of controls completed study enrollment. Over 95%
completed the one-week follow-up telephone survey (Fig. 1) and
192 physicians participated.

Intervention and control groups were well-balanced at baseline
with respect to demographic characteristics (Table 1). The majority
of women were at average risk for breast cancer (75%); 15% were
average risk but reported at least one blood relative with breast
cancer. Twenty-five percent were identified as high-risk; 16% due
to their BCSC or Gail score and 9% due to RST score �2 checks.

Knowledge, risk perception and concern at follow-up

At follow-up, patients answered 53% of breast cancer risk factor
knowledge questions correctly, but scores were higher among
intervention women vs. controls (average score ¼ 56% vs. 49%;
p < 0.001) (Table 2). Intervention women were significantly more
likely to answer that drinking alcohol, younger age at first period
and being overweight were associated with higher risk of breast
cancer, and that younger age at first child's birth and regular ex-
ercise were associated with lower risk (Table 2). Overall, inter-
vention women were more likely than controls to answer at least
75% of questions correctly (24% vs. 16%; p ¼ 0.002).

Most high-risk women were knowledgeable about general
breast cancer risk assessment and reduction approaches (average
score ¼ 77%), with the exception of SERM availability (Table 2).
Intervention women were more likely than controls to know that
high-risk women can take medicine to prevent breast cancer (41%
vs. 28%; p ¼ 0.03).

At baseline, a high percentage of women in both groups had
correct perception of risk (70% control and 66% intervention,
p ¼ 0.11) (Table 3) and the change from baseline to follow-up was
equivalent for both groups (D ¼ 3%).

At baseline, 22% of controls and 27% of intervention women
were very concerned about breast cancer (p¼ 0.04) (Table 3). There
was no change in concern about breast cancer from baseline to
follow-up among controls while there was a slight but non-
significant decrease in being very concerned among intervention
women (D ¼ �3%).

GEE analysis

Intervention women had greater knowledge of breast cancer
risk factors at follow-up than controls (OR ¼ 1.62; CI ¼ 1.19e2.23)
(Table 4). Among high-risk women, there was no statistically sig-
nificant difference between groups in knowledge of breast cancer
risk assessment and reduction at follow-up ([OR] ¼ 1.27;
[CI] ¼ 0.70e2.32) (Table 4).

Table 1
Baseline characteristics of intervention and control group participants (N ¼ 1235).

Control group Intervention
group

p-value*

n (%) n (%)

655 580

Demographic characteristics
Age at diagnosis (categories)
<50 years 183 (27.9) 182 (31.4) 0.331
51-65 years 362 (55.3) 300 (51.7)
>65 years 110 (16.8) 98 (16.9)
Race/ethnicity
Non Latina White 229 (35.0) 202 (34.8) 0.877
Latina 144 (22.0) 141 (24.3)
Black or African American 150 (22.9) 125 (21.6)
Asian or Pacific Islander 123 (18.8) 105 (18.1)
Native American or Other 9 (1.4) 7 (1.2)
Marital status
Married/living with a partner 288 (44.3) 261 (45.2) 0.802
Education
High school diploma or less 216 (33.3) 175 (30.4) 0.200
Some college 155 (23.9) 167 (29.1)
College degree and higher 278 (42.8) 233 (40.5)
Language of interview
English 572 (87.3) 507 (87.4) 0.944
Spanish or Chinese 83 (12.7) 73 (12.6)
Health characteristics
Clinic site
Site 1 435 (66.4) 411 (70.9) 0.135
Site 2 220 (33.6) 169 (29.1)
Health insurance
Any private insurance 291 (44.4) 297 (51.2) 0.022
Only public insurance 350 (53.4) 265 (45.7)
No insurance 14 (2.1) 18 (3.1)
Primary care visits during last year
0 to 1 176 (27.2) 164 (28.6) 0.097
2 to 3 211 (32.5) 214 (37.4)
4þ 261 (40.3) 195 (34.0)
Comorbid conditions
0 45 (6.9) 39 (6.7) 0.979
1 to 2 256 (39.1) 226 (39.0)
3þ 354 (54.1) 315 (54.3)
Perception of health status
Excellent/very good 211 (32.4) 203 (35.2) 0.399
Good/fair/poor 441 (67.6) 373 (64.8)
Assessment of risk for breast cancer
Risk category for breast cancer
Average risk, no

relatives with BC
410 (62.6) 338 (58.3) 0.097

Average risk, þ relatives
with BC

99 (15.1) 81 (14.0)

High risk, BCSC/Gail 97 (14.8) 101 (17.4)
High risk, RST �2 49 (7.5) 60 (10.3)

Boldface indicates statistical significance (p < 0.05).
*P-values from GEE analyses accounting for clustering of observations by physician.
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There was no difference between groups at follow-up in correct
perception of risk ([OR] ¼ 0.98; [CI] ¼ 0.72e1.33) or in being very
concerned about getting breast cancer ([OR] ¼ 0.94;
[CI] ¼ 0.69e1.28) (Table 4).

Discussion

One-quarter of the women in our population were categorized
as high-risk by RST, BCSC or Gail score, but only 26% of these
women perceived themselves to be high-risk at baseline, empha-
sizing the need tomove the needle of knowledge of risk factors, risk
perception and action by clinicians to refer, counsel and/or treat

these high-risk women. Clinicians will often rely on family history
to signal increased risk for breast cancer but 15% of participants in
this study were at average risk despite having a blood relative with
breast cancer. We found that our intervention improved knowledge
of breast cancer risk factors without increasing concern and iden-
tified women at high risk who were not likely to be otherwise
found.

Women receiving the BreastCARE intervention had greater
overall knowledge of breast cancer risk factors than controls at the
time of follow-up, consistent with findings from prior RCTs
involving breast cancer educational interventions [40e42]. In our
study, women receiving BreastCARE were more likely to recognize

Table 3
Correct perception of risk and breast cancer concern (N ¼ 1235).

Baseline Follow-up

Control group Intervention group p-value* Control group Intervention group p-value*

n (%) n (%) n (%) n (%)

n ¼ 655 n ¼ 580 n ¼ 655 n ¼ 580

All women
Correct perception of risk
Correct 455 (69.9) 380 (65.9) 0.111 477 (73.3) 410 (71.1) 0.367
Concerned about getting breast cancer
Very concerned 145 (22.3) 157 (27.1) 0.044 143 (22.0) 140 (24.2) 0.334

Boldface indicates statistical significance (p < 0.05).
*P-values from GEE analyses accounting for clustering of observations by physician.

Table 2
Follow-up assessment of breast cancer knowledge (N ¼ 1235).

Knowledge of breast cancer risk factors among all women Control group Intervention group p-value*

n (%) n (%)

n ¼ 655 n ¼ 580

Having relatives with breast cancer (Higher Risk) 563 (86.4) 510 (87.9) 0.436
Being older age (Higher Risk) 348 (53.4) 339 (58.5) 0.098
Drinking alcohol (Higher Risk) 346 (53.1) 369 (63.7) <0.001
Using hormone medicine for menopause (Higher Risk) 409 (62.7) 369 (63.6) 0.760
Being younger when having the first child (Lower Risk) 186 (28.6) 223 (38.5) <0.001
Being younger when having first period (Higher Risk) 133 (20.4) 177 (30.5) <0.001
Regular exercise (Lower Risk) 413 (63.3) 443 (76.4) <0.001
Not having children (Higher Risk) 227 (34.9) 233 (40.2) 0.029
Being older when you reach menopause (Higher Risk) 151 (23.2) 154 (26.6) 0.197
Being overweight (Higher Risk) 412 (63.2) 455 (78.5) <0.001
Summary: Risk Factor Knowledge Score (mean, SD) 48.9 ± 24.3 56.4 ± 24.3 <0.001
≥75% correct answers 105 (16.2) 138 (23.9) 0.002
Knowledge of breast cancer risk assessment and risk reduction among high-risk women n ¼ 146 n ¼ 161

If a women is at high risk for breast cancer, there is nothing she can do (False) 133 (91.1) 146 (90.7) 0.903
Only women with a family history of breast cancer are at risk (False) 137 (93.8) 144 (89.4) 0.162
Some women at risk for breast cancer can take medicine to prevent breast cancer (True) 42 (28.8) 66 (41.3) 0.033
Some women with a strong family history of cancer can Take a test to look for the breast cancer gene (True) 127 (87.0) 144 (89.4) 0.541
Summary: Breast Cancer Knowledge Score (mean, SD) 75.2 ± 16.5 77.7 ± 18.9 0.288
≥75% correct answers 115 (78.8) 132 (82.5) 0.513

Boldface indicates statistical significance (p < 0.05).
*P-values from GEE analyses accounting for clustering of observations by physician.

Table 4
GEE analysis*: Breast cancer knowledge, risk perception and concern (post-intervention).

Knowledge of breast cancer
risk factors (�75% correct answers)

Knowledge of breast cancer risk assessment
and risk reduction (�75% correct answers)

Correct perception of
breast cancer risk

Very concerned about
breast cancer

N ¼ 1227 N ¼ 306 N ¼ 1211 N ¼ 1213

aOR (95% CI) aOR (95% CI) aORa (95% CI) aORb (95% CI)

Control group Ref Ref Ref Ref
Intervention group 1.62 (1.19e2.23) 1.27 (0.70e2.32) 0.98 (0.72e1.33) 0.94 (0.69e1.28)

Boldface indicates statistical significance (p < 0.05).
*Analyses account for clustering of patients by physician.

a Adjusted for baseline risk perception.
b Adjusted for baseline concern about breast cancer.
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lifestyle factors associated with increased breast cancer risk (e.g.,
alcohol, obesity, lack of physical activity). Among high-risk women,
those receiving BreastCARE were more likely to be aware of med-
ications to reduce risk of breast cancer although their overall breast
cancer knowledge scores were not significantly greater. Improving
knowledge of breast cancer risk factors can signify an important
first step in helping women to understand their own risk and
encouraging them to engage in screening and modify risk where
possible [43e45]. A shared understanding or knowledge of breast
cancer between patients and physicians is key to the meaningful
discussion of breast cancer risk and risk reduction options.
Improved knowledge can facilitate the use of prevention and risk
reduction therapies, particularly among high-risk women. Previous
work by our group found that women were more willing to
consider taking a medication to reduce risk of breast cancer if
identified as high-risk [46].

BreastCARE was not associated with greater concern about
getting breast cancer. Prior research suggests that awareness of
breast cancer risk can increase anxiety, particularly among those at
high risk [20e22]. However, in the context of BreastCARE, imme-
diate involvement of physicians who were available to discuss pa-
tients' risk and explain the options available for risk reduction likely
helped to minimize patients' anxiety. Our results, combined with
findings from earlier studies [42,47,48], support the notion that
women can be informed about their breast cancer risk without
increasing their concern. An alternative explanation for our find-
ings is that concern was not affected by the intervention because
risk perceptions did not change. Because the intervention did not
make women more aware of their breast cancer risk, it did not
increase concern.

Our finding that BreastCARE was not associated with an
improvement in correct perception of risk is in contrast to results
from three prior interventions [41,42,49]. BreastCARE was similar
in intensity and scope to two of these prior interventions [41,49].
The first provided individualized breast cancer risk counseling to
women aged 35 years and older with a family history of breast
cancer in a first degree relative, by a trained nurse educator [49].
The second provided tailored print materials followed by tailored
telephone counseling by trained health advisors for women aged
40e44 years and 50e54 years, enrolled in Blue Cross Blue Shield of
North Carolina [41]. BreastCARE was slightly more intensive than a
third interventionwhich provided tailored educational materials to
promote genetic testing, without one-on-one counseling, for
women aged �55 years, estimated to have a high probability of
carrying a BRCA1/BRCA2 mutation [42].

Possible explanations for differences in study findings include
differences in: definitions of “correct” risk perception; methods
used to calculate objective risk [37,38,41,49]; the format of risk
presentation [50] or delivery of information by healthcare pro-
viders. In addition, 72% of women enrolled in our study already had
correct perception of breast cancer risk at baseline, which could
explain why a significant improvement in risk perception was not
observed. Further, one of the prior interventions found no rela-
tionship between risk accuracy and behavior [41], suggesting that
there may be more to understanding risk and acting upon risk in-
formation than recalling numerical probabilities. Reactions to risk
reports or perceived disease severity, may be more important in
driving behavior change [51].

Our study has several limitations. Knowledge was only assessed
at follow-up so we cannot determine how knowledge differed be-
tween groups at baseline, although groups were similar with
respect to education and other demographic characteristics. We
also used a not-yet-validated BCSC risk assessment tool (vs. a vali-
dated tool [52]) to identify candidates for enhanced breast cancer
screening. However, our goal was to identify patients suitable for

referral to genetic testing and preventive therapy rather than those
suitable for enhanced screening. In addition, we categorized risk as
a dichotomous variable. Undoubtedly there are different degrees of
risk even among women meeting our age-based high-risk cutoffs.
However, cutoffs were based on clinically meaningful thresholds
where risk reduction options should be discussed and recom-
mended. Further, some women in the control and intervention
groups could have been seen by the same physician, leading to
potential contamination of the intervention effect. An important
strength of our study was the inclusion of three different language
groups. However, the education level of the sample was relatively
high which may limit the generalizability of the findings.

Conclusion

Our simple, practical primary care clinic-based intervention
using a tablet-based breast cancer risk assessment tool to target
both patients and their physicians improved women's knowledge
of breast cancer risk factors without increasing their concern,
irrespective of objective risk. As reported in our prior publication,
[30] BreastCARE also improved patient-physician discussions of
risk which is likely how the intervention worked to enhance
knowledge. The involvement of physicians at the point of care who
were available to discuss patients' risk factors and explain the risk
reduction options available likely contributed to the intervention's
success. Our findings support the use of health-related information
technology in the primary care setting to enhance education about
breast cancer and associated risk factors.
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