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Abstract
Despite an increase in direct-to-consumer (DTC) genetic testing, little is known about how
variations in website content might alter consumer behavior. We evaluated the impact of risk
information provision on women’s attitudes about DTC BRCA testing. We conducted a
randomized experiment; women viewed a “mock” BRCA testing website without (control group:
CG) or with information on the potential risks of DTC testing (RG; framed two ways: unattributed
information [UR] and information presented by experts [ER]). 767 women participated; mean age
was 37 years, mean education was 15 years, and 79% of subjects were white. Women in the RG
had less positive beliefs about DTC testing (mean RG=23.8, CG=25.2; p=0.001), lower intentions
to get tested (RG= 2.8, CG= 3.1; p=0.03), were more likely to prefer clinic-based testing (RG=5.1,
CG=4.8; p=0.03) and to report that they had seen enough risk information (RG=5.3, CG= 4.7;
p<0.001). UR and ER exposure produced similar effects. Effects did not differ for women with or
without a personal/family history of breast/ovarian cancer. Exposing women to the potential risks
of DTC BRCA testing altered their beliefs, preferences, and intentions. Risk messages appear to be
salient to women irrespective of their chance of having a BRCA mutation.

Keywords
communication; direct-to-consumer; BRCA; informed consent; cancer

Introduction
Over the past decade there has been a dramatic rise in the availability of direct-to-consumer
(DTC) genetic tests. The number of DTC genetic tests has more than doubled since 2003
and approximately 30 companies sell genetic tests online.[1–2] The prominence of DTC
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genetic testing is highlighted by the fact that the “retail DNA test” was Time Magazine’s
invention of the year in 2008 and Oprah Winfrey used DTC genetic testing to publically
explore her heredity.[3–4] A recent study demonstrated substantial consumer interest with
6% of Facebook users already using DTC genome testing and 64% interested in using DTC
testing in the future.[5] Companies are also trying to reach broader consumer markets as
evidenced by a recent push to sell personalized genomic tests in drugstores across the United
States.[6–7]

Advocates of the DTC genetic testing industry argue that DTC testing may improve access
to genetic tests, lead to greater awareness of genetic conditions, enhance privacy, and lower
prices.[8–14] On the other hand, some experts have expressed concerns that DTC genetic
testing is not well regulated, that consumers might misunderstand test results, that DTC
testing may have insufficient counseling, and that tests with unproven clinical benefit will be
used prematurely.[2, 8–10, 12–18] Many different types of DTC genetic tests are available
to consumers; from tests that are part of standard medical care (e.g. BRCA I) to curiosity
tests that are unlikely to influence health decision-making (such as gene variants for earwax
characteristics).[19] The variation in the clinical utility of tests in the United States and
Canada is, in part, due to the fact that laws that regulate the medical device industry do not
clearly apply to DTC genetic tests.[10, 19–20] Genetic tests are not routinely evaluated by
federal agencies before they are released on the market and there is limited oversight over
the types of claims that genetic testing companies can make about their products.[4, 10, 21]
The lack of regulation in the United States and Canada stands in stark contrast to other
countries, such as Germany, that have banned public access to testing.[22]

The American Society of Clinical Oncology (ASCO), the American College of Medical
Genetics (ACMG), The American Society of Human Genetics (ASHG), The American
Medical Association (AMA), and the European Society of Human Genetics (ESHG) have all
issued recommendations specifically related to DTC genetic testing.[21, 23–26] In their
policy statements, ASCO and the ESHG have outlined concerns related to DTC genetic
testing that have previously been expressed within the medical community including
concerns regarding the adequacy of counseling and informed consent.[23, 26] The ESHG
policy statement also proposed a requirement that all advertising and marketing claims
related to DTC genetic testing should be unbiased and fair.[26]

Many of the issues related to DTC advertising and company claims have been magnified by
a recent Government Accountability Office investigation that identified egregious examples
of deceptive marketing of DTC genetic tests. [27–28] Because of concerns over online
testing there have been efforts in a number of states to limit access to DTC genetic testing
and the ASHG has called for legislation that would require DTC genetic testing companies
to provide consumers with information on all of the possible risks associated with testing.
[12, 21, 29] A recent report from the Institute of Medicine and the National Research
Council stressed the importance of research that might provide insight relevant to the
question of how the DTC industry can be regulated in a way that provides sufficient
consumer protection without unduly stifling innovation.[30] There is an urgent need to
understand how the inclusion of risk information on commercial websites might alter
consumer behavior because the FDA and congress are actively debating how to regulate this
rapidly growing industry.[7, 31–32]

In order to determine how potential regulation of website risk information might influence
consumer behavior, we conducted a randomized information exposure experiment in the
context of DTC BRCA testing. Our purpose was to investigate the impact of risk information
exposure on women’s beliefs about and preferences for online BRCA testing and intentions
to get BRCA testing. We studied risk information provision in the setting of BRCA mutation
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testing because it is a setting in which adequate informed consent is essential and post-test
decision making is critically important. In this manuscript we present the complete analysis
for a study of women with and without a personal or family history of breast or ovarian
cancer.[33] This manuscript is an extension of our prior pilot work in three key ways: 1)
with a sample of over 700 women we have more precision and confidence in the estimates
of our effects; 2) we have more power to detect effects that are moderate or small in size
and; 3) we have the ability to evaluate whether there are any differences in the effects of risk
information exposure on our outcomes for women with or without a personal or family
history of breast/ovarian cancer.

We hypothesized that women who were exposed to information about the potential risk of
getting BRCA testing online would have more negative beliefs about DTC genetic testing,
lower intentions to get BRCA testing, and that risk information presented by experts would
be more persuasive than unattributed risk information. We also hypothesized that women
with a personal or family history of breast/ovarian cancer might find risk messages in the
context of online breast/ovarian cancer genetic testing to be more personally relevant and
therefore more persuasive than they would be for women without a personal/family history
of breast/ovarian cancer (therefore producing more negative beliefs about DTC testing,
lower preferences for online testing, and lower intentions to get tested).Our final hypothesis
is based on theories of persuasion in the psychology and health communication literature
(primarily the Elaboration Likelihood Model) which posit that one of the most important
determinants of message processing is the perceived self-relevance of the message.[34–36]
As the personal relevance of a message is increased (by a message recipient’s ability to link
the message to some aspect of him/her self or his/her experience), the more able the message
recipient is to process and be persuaded by the message arguments.[36]

Materials and Methods
Sample and intervention

Women aged 18–80 were invited to participate in the study. Non-English speaking women,
women who had undergone BRCA testing/counseling or women who could not provide
informed consent were excluded. Subjects were recruited online through Craigslist and The
University of Pennsylvania’s OncoLink Cancer Resource website; through print
advertisements in local Philadelphia newspapers; and with flyers that were posted around
The University of Pennsylvania. There were two versions of the recruitment material;
versions recruiting women with and without a personal or family history of breast or ovarian
cancer. The only difference between the two versions of the recruitment material related to
the criteria for study eligibility. The study was approved by The University of Pennsylvania
institutional review board and conducted from October 2006 through January 2008.

The study design has been reported previously.[33] The study consisted of three parts: a
baseline telephone interview, exposure to an online stimulus (a “mock” website), and an
online survey. Subjects first completed a baseline telephone interview in which potential
covariate information was collected (e.g. awareness of and interest in BRCA testing,
personal/family history of cancer). Subjects, stratified by personal/family history of breast/
ovarian cancer, were randomized to one of three groups for viewing the “mock” website.
The password protected “mock” website was hosted on the Annenberg School for
Communication web server. Subjects could access the “mock” website from any computer
with an internet connection. The “mock” website consisted of a modified commercial
website for DTC BRCA testing. The “mock” website was stripped of names, phone numbers
and other identifying information. The “mock” website contained 47 pages with information
on topics such as BRCA genetics, the pros and cons of BRCA testing, testing indications, and
endorsements. Subjects in the control group (CG) viewed the “mock” website without added
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risk information. Subjects in the risk information groups viewed the same mock website
with added information about the potential risks of getting a BRCA test online. The risk
domains included concern over comprehension of test results, privacy, the potential lack of
emotional support, and concern about post-test decision making.[33] Subjects could freely
navigate the site for up to 30 minutes. Following free navigation, the mock website
displayed six core web pages, plus or minus the risk page, to ensure that all subjects had
exposure to key concepts related to BRCA testing and test logistics. We chose a mock
website for our experimental stimulus (rather than manipulate print materials on DTC
genetic testing) because DTC BRCA testing is currently sold over the internet and because
the regulation of online marketing claims related to DTC genetic testing is an area of intense
debate in the FDA and Congress. After subjects viewed the mock website, they were
directed to an online survey where they answered questions related our outcome measures.

Risk information was presented in two ways. Subjects in the unattributed risk information
(UR) group viewed unattributed statements about the potential risks of online testing where
as subjects in expert risk information (ER) group viewed statements on the potential risks of
online testing as described by experts. Our cited experts included individuals with degrees in
law, public health, medicine, and ethics as well as statements from the Food and Drug
Administration (FDA), the Centers for Disease Control and Prevention (CDC), and the
Federal Trade Commission (FTC). The content of the UR and ER web pages was similar.
We manipulated source credibility as numerous studies have shown that sources high in
credibility are often more persuasive than those without credible sources.[37]

Measures
Socio-demographic information was self-reported by subjects. The study outcome measures
have been reported previously.[33] Because there was a paucity of work examining
women’s attitudes toward online BRCA testing at the time of study design, we created five
outcome measures for our study (not previously validated). All outcomes were measured on
a scale that ranged from 1–7 except the belief index which ranged from 1–35. The midpoint
of all 7 point scales represented a neutral response option (e.g. “neither likely or unlikely”
and “no difference”). We inquired about intentions to get BRCA testing with the following
question. “How likely is it that you will get a BRCA test in the next 12 months?” Response
options for this question were on a 1–7 point scale from very unlikely to very likely.
Elicitation of where subjects would prefer to have BRCA testing was asked by the following
question: “If you were to get a BRCA test, are you more likely to get a test from an internet
company or by going to a cancer genetics clinic?” Response options were on a 1–7 point
scale from definitely internet company to definitely cancer genetics clinic. Trust in test
results was asked by the following question: “I would trust my BRCA test results more if I
was tested for a BRCA mutation through…”. Response options for this question were on a
1–7 point scale from a cancer genetics clinic to an internet company. We asked subjects if
they believed that internet testing was wise with the following question: “ getting a BRCA
test from an internet company in the next 12 months would be”… with response options on
a 1–7 point scale from foolish to wise. We asked subjects if they felt that they had seen
enough risk information with the following question: “The information that you viewed on
the simulated website provided enough information about the possible risks that people
might face if they decided to purchase BRCA testing from an internet company” Response
options for this question were on a 1–7 point scale from strongly disagree to strongly agree.
Beliefs about online BRCA testing were measured by 5 questions, randomly ordered, with
response options on a 1–7 point scale from very strongly disagree to strongly agree. The five
belief questions were prefaced with the instructions “Please tell me how much you agree or
disagree with each statement about internet testing for a breast cancer gene mutation. Using
an internet company to get a BRCA test would…” “provide me with enough information on
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the test and its advantages and disadvantages”, “be convenient”, “provide me with the
counseling resources that I need to make health and lifestyle decisions”, “allow me to keep
my privacy”, “cause me to be discriminated against for health or life insurance”. After
reverse coding the discrimination item, we created a belief index by summing the 5 belief
items together (alpha 0.67, inter-item covariance 0.77).

Statistical analysis
We used simple frequencies to describe subject characteristics. We used Pearson’s chi-
square testing, t-tests, and one-way analysis of variance models (ANOVA) to examine the
differences between groups. We examined the differences between the control group and the
combined risk information group as well as between the UR and ER information groups. We
examined the effect of subjects’ personal/family history of breast/ovarian cancer, controlling
for exposure to risk information, in linear and logistic regression models. We incorporated
interaction terms in our models to evaluate for effect modification. We estimated a
probability of detecting a moderate (delta of 0.5) or large (delta of 0.75) effect between any
two groups to be over 99% and our probability of detecting a small effect (delta of 0.25) to
be approximately 58%–92% (depending on outcome). All hypothesis tests were two-tailed
and used a significance of p=0.05. Analysis was conducted in STATA 10 (Stata Corp.
College Station, Tex).

Results
Participant Characteristics

Eight hundred and sixty one women were assessed for eligibility and 844 women were
randomized. Seven hundred and sixty seven subjects completed the study and are included
in the analysis (Figure 1). Subject characteristics are shown in Table 1. Subjects were
classified into subpopulations: those with and without a personal or family history of breast
or ovarian cancer. We estimated the likelihood of carrying a BRCA gene mutation for
subjects using the model on the Myriad Genetics website developed by Frank et al (“Frank
score”; lowest value on the score calculator at the time of the study was 2.8%).[38–39] We
used the Frank model because other models require significantly more information on
personal and/or family history and would have decreased the feasibility of the study (e.g. the
BRCAPRO model requires cancer/no-cancer information for all first and second degree
family members and the Gail model requires pathologic data from breast biopsies). The
calculated likelihood of carrying a gene mutation in our population ranged from 2.8% to
30%, with an average Frank score of 4.6%. The women without a personal/family history
had an average Frank score of 3.5% and the women with a personal/family history had an
average Frank score of 6.4%. Women with and without a personal/family history of breast/
ovarian cancer were evenly distributed in all three of the experimental conditions (chi square
value of 0.22 and a p value of 0.90). Randomization was adequate in the control,
unattributed risk, and expert risk conditions with no significant differences in measured
characteristics by group (Table 1).

Outcomes
Women who saw risk information (combined UR and ER groups) had lower intentions to
get BRCA testing (17% vs. 24%, p=0.03), less positive beliefs about DTC BRCA testing
(72% vs. 81%, p=0.01), and were more likely to report that they had seen enough
information on the potential risks of internet based testing (73% vs. 61%, p<0.001) than
women in the control group. The findings were confirmed in ANOVA models using
continuous versions of our outcome variables (Table 2). In addition, the ANOVA models
revealed that women who saw risk information were more likely to prefer clinic based
testing (RG=5.1, CG=4.8; p=0.03) than women in the control group. We then explored the
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differences in outcomes for the control group, the UR group and the ER group (Table 3).
There were no statistically significant differences between the UR and the BR risk
information groups on any of the outcomes; however, there was a trend towards a difference
in the effect of risk information exposure group on intentions to get a BRCA test. The
women in the unattributed risk information group had lower intentions to get a BRCA test
than the women in the expert risk information group (UR 2.63, ER 2.92; difference of 0.29,
p=0.06)

Outcome by Subpopulation
Differences in the effects of exposure to risk information based on subpopulation (women
with a personal/family history of breast or ovarian cancer as compared to women without a
personal/family history) are displayed in Table 4. Overall, women with a personal/family
history reported more negative beliefs about DTC testing and higher preferences for clinic-
based testing than women without a personal/family history. There was no evidence for
statistically significant effect modification by population. Linear regression analysis of the
effect of population on outcomes showed similar results (analyses not shown).

Discussion
Our study aimed to examine the impact of risk information provision on women’s beliefs
about DTC BRCA testing and intentions to obtain BRCA testing. Similar to our previous
report in a sample of women with a personal/family history of breast or ovarian cancer, our
findings in this larger population that includes women without a personal/family history of
breast/ovarian cancer show that women who are exposed to information about the potential
risk of online BRCA testing have lower intentions to get BRCA testing and have more
negative beliefs about DTC genetic testing.[33] Our findings are consistent with those of
Sweeny and colleagues who demonstrated that people have lower intentions to get DTC
genetic testing when they are exposed to information on the risks of DTC testing than when
they are only exposed to information on the benefits of DTC genetic testing.[40]

In this larger population of women we also found a more robust effect on participants’
preferences for clinic based testing; women who were exposed to messages about the
possible risks of online testing had higher preferences for clinic based testing. We
previously identified this finding only in the group of women who saw information that was
attributed to expert sources whereas in this larger study, we found that preferences for clinic
based testing were significant for women who viewed both versions of the risk messages
(expert risk and unattributed risk information). Because of our larger sample size, we are
more confident that the effect of risk information exposure on participant’s preferences for
clinic based testing is a true effect. While clinic-based testing is currently the standard of
care in the U.S., there is a critical shortage of qualified genetic providers.[41–44] If risk
information redirects consumers from online genetic testing to clinic-based testing,
educators, providers and policy makers will have to consider how additional consumer
demand will impact an already strained system.[33] In addition, this study revealed a new
finding; that participants who were exposed to risk information were more likely to report
that they had seen enough information on the possible risks of online testing. The fact that
women have less positive beliefs about DTC genetic testing and that they are more likely to
report having seen enough risk information suggests that regulations dictating the inclusion
of risk information on DTC websites may increase awareness about the possible risks of
online genetic testing; therefore potentially improving informed decision-making.

Contrary to our expectation, we found that the effects of risk information exposure on
intentions, beliefs, and preferences did not differ based on personal or family history of
breast/ovarian cancer. This finding is interesting because it suggests that general risk
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messages that are not tailored to women’s personal experiences may still be highly
persuasive. Lowering intentions to get BRCA testing in a population with a low likelihood of
having a mutation is appropriate because BRCA testing is not recommended for individuals
without a personal or family history suggestive of a genetic cancer susceptibility condition
and testing in unselected populations may subject individuals to unnecessary costs and
complications with little benefit.[45–49] On the other hand, these sites are also likely to be
viewed by people who have a high likelihood of carrying a BRCA mutation and lowering
intentions to get BRCA testing in this group may result in decreased testing and negative
health outcomes.[33] Ideally, one would want to ensure that website content contains
information that is complete and balanced and that facilitates informed decision making but
does not decrease utilization of tests with clinical utility in populations of women who are
likely to be BRCA mutation carriers.

Finally, this study has given us greater insight into how different variations in risk message
framing may potentially influence consumer behavior. Counter to our hypothesis, “expert”
risk information was not more persuasive than unattributed risk information. We found that
exposure to expert risk information and unattributed risk information produced similar
effects on all outcomes. In fact, the only difference that we observed was that exposure to
the unattributed risk information may produce lower intentions to have a BRCA test than
exposure to the expert risk information (trend to significance with a p=0.06). If this finding
is replicated in future studies it would be interesting because it contradicts much of the
known communication literature which demonstrates that credible expert sources tend to be
highly persuasive.[37] A possible explanation for this trend is that some people may have
high levels of trust in internet information and that the attribution to expert sources was
distracting. One study found that 60% of patients in a primary care practice felt that
information on the internet was the same as or better than information that they received
from their doctor.[50] A second explanation is that women may have found the website
itself to be a credible source which may have then diluted the effect of the expert
attributions. Source credibility and other types of information frames should be explored
further in future studies.

In the absence of an outright ban on DTC genetic testing, policy makers are faced with the
challenge of determining how to ensure adequate consumer protection. While a one-size-
fits-all approach to regulation may be difficult because of the diversity of genetic testing,
[21] regulations related to website information content and the provision of risk information
may be needed. Without regulation, DTC genetic testing companies are likely to maintain
websites that try to maximize test sales; potentially excluding information that consumers
need to make informed decisions. Recent studies have concluded that many DTC genetic
testing websites mislead consumers, have incomplete information, have low agreement with
professional recommendations, often appear to broaden the population for whom testing is
indicated, and fail to disclose the risks and limitation of online testing.[27, 51–53] A study
by Leighton and colleagues found that people in the general public were more likely to
misunderstand DTC genetic testing results and rate them as more helpful as compared to
genetic counselors.[54] Prompted by claims made on DTC genetic testing websites, the
FDA has recently decided to reevaluate the lack of regulation of DTC genetic testing.[31]
Additionally, a bill introduced into the House last year, H.R. 5440, deals with many facets of
genetic testing, including the regulation of the claims and advertising of personalized
medicine products.[32]

There are few published studies to date that reveal how DTC genetic marketing and testing
impacts actual DTC genetic testing consumers and consumer behavior. A recent study by
Bloss and colleagues (which evaluated the impact of DTC single nucleotide polymorphism
(SNP) testing) reported that over 97% of customers had no clinically significant test-related
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distress after testing.[55] The study also found that consumers who had elevated estimates
for developing some cancers reported higher intentions to engage in cancer screening
behaviors; notably consumers with elevated estimates for breast cancer reported higher
intentions to perform breast self exam and higher intentions to get mammograms [55]. Our
knowledge about the impact of DTC genetic testing marketing and sales on consumer
behavior will greatly expand in the next five years as there are a number of ongoing,
longitudinal studies in this area.[55–58]

Our study has a number of limitations. First, we recruited a convenience sample of female
internet users; however, because we conducted a randomized experiment, our findings
related to the effects of exposure to risk information on outcomes are robust. Additionally, it
is likely that female internet users are the target audience for DTC BRCA testing and the
population that would most likely use these websites. Second, our experiment used a
“mock” website and there were constraints on website navigation. While we tried to closely
replicate an actual DTC website by using a modified commercial website, similar risk
information interventions on differently formatted sites might have different effects. Third,
since BRAC testing through a cancer genetics clinic is standard-of-care, we did not include
information on the risks associated with clinic-based testing in our experiment. Also, we
have studied the impact of exposure to a small number of potential risks of online genetic
testing in the setting of BRCA mutations. Our findings can not be generalized to other types
of risk information or other online genetic tests. Finally, our study examines beliefs about
and intentions related to DTC BRCA testing but does not investigate women’s actual
behavior.

We are rapidly approaching the “$1000 dollar genome”, a tipping point that many argue will
lead to widespread consumer genetic testing.[44, 59] If DTC genetic testing is inevitable, we
need to better understand how this testing can be done in a way that optimizes patient
outcomes. A recent policy statement noted that providers and consumers will need to think
in new ways about education, counseling and informed consent in the setting of DTC
genetic testing.[23] Our study provides some evidence that risk information provision in the
setting of DTC BRCA testing alters women’s beliefs and preferences related to online
genetic testing and that risk information exposure may lead to lower intentions to get BRCA
testing. Future work should be directed at understanding the impact of regulation on the
uptake of DTC testing and the overall impact of DTC genetic testing on health behaviors.
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Table 2

Outcome Measures for Risk vs. No Risk for All Subjects

Outcome Control Mean
(SD)

Combined Risk
Information Mean

(SD)

F-value p-value

Intention to Get Tested 3.07 (1.82) 2.78 (1.73) 4.64 0.032

Testing Preference Site 4.83 (1.69) 5.11 (1.61) 4.86 0.028

Beliefs about Internet Testing 25.18 (5.67) 23.76 (5.37) 11.26 0.001

Trust in Internet Testing 2.81 (1.32) 2.65 (1.40) 2.42 0.12

Wisdom of Getting Internet Testing 4.37 (1.38) 4.22 (1.44) 1.83 0.177

Enough Risk Information 4.71 (1.61) 5.29 (1.44) 4.99 <0.001
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Table 4

Logistic regression; effects of personal/family history sub-population on outcomes

Outcome Measure Odds Ratio 95% CI p-value

Intend to get BRCA Testing

Population: women with a personal/family history of breast/ovarian cancers* 1.27 0.87– 1.83 0.21

Exposure to Risk Information** 0.65 0.45–0.95 0.02

Interaction*** 0.21

Prefer Clinic Testing

Population: women with a personal/family history of breast/ovarian cancers* 1.46 1.07– 1.99 0.02

Exposure to Risk Information** 1.22 0.89–1.67 0.21

Interaction*** 0.25

Positive Attitudes about Internet Testing

Population: women with a personal/family history of breast/ovarian cancers* 0.71 0.50– 0.99 0.05

Exposure to Risk Information** 0.63 0.44–0.92 0.02

Interaction*** 0.31

Trust Internet Testing

Population: women with a personal/family history of breast/ovarian cancers* 1.28 0.94– 1.73 0.12

Exposure to Risk Information** 1.13 0.83–1.54 0.44

Interaction*** 0.72

Believe Internet Testing is Wise

Population: women with a personal/family history of breast/ovarian cancers* 1.08 0.80– 1.46 0.63

Exposure to Risk Information** 0.84 0.62–1.15 0.28

Interaction*** 0.46

Site Provides Enough Risk Information

Population: women with a personal/family history of breast/ovarian cancers* 0.81 0.59– 1.12 0.20

Exposure to Risk Information** 1.78 1.29–2.46 <0.001

Interaction*** 0.118

CI= 95% confidence interval, Info=information

*
control group is women without a personal/family history of breast/ovarian cancer.

**
control group is women who were not exposed to risk information.

***
interaction between sub-population (women with and without a personal/family history of breast/ovarian cancer) and exposure to risk

information.
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