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Abstract
Background: Advances in genomics may eventually lead to
‘personalized genetic medicine,’ yet the clinical utility of predictive testing for modest changes in risk is unclear. We explored interest in genetic testing for genes related to modest
changes in breast cancer risk in women at moderate to high
risk for breast cancer. Methods: Women (n = 105) with a negative breast biopsy and 61 relative with breast or ovarian
cancer completed telephone surveys. We measured demographic and psychosocial variables and, following presentation of hypothetical scenarios of genetic tests for lower-penetrance breast cancer gene mutations, assessed interest in
willingness to pay for and comprehension of test results. We
used logistic regression models with generalized estimating
equations to evaluate combinations of risk level, cost and
behavioral modifiers. Results: Many women (77%) reported
‘definite’ interest in genetic testing, with greater interest in
tests that conveyed more risk and cost less. Behavioral modifiers of risk (taking a vitamin; diet/exercise), having a regular
physician, greater perceived benefits of genetic testing, and
greater cancer worry also influenced interest. Most partici-
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pants (63%) did not understand relative vs. absolute risk.
Women with less understanding reported more cancer worry and greater willingness to pay for testing. Conclusion: Interest in genetic testing for mutations related to modest
changes in risk was high, modified by both test and psychosocial factors. Findings highlight the need for education
about benefits and risks of testing for mutations that convey
modest changes in risk, particularly given the current lack of
clinical validity/utility and availability of direct-to-consumer
genetic testing.
Copyright © 2011 S. Karger AG, Basel

Introduction

Wide genetic variation exists in the human genome,
and the most common type of genetic sequence variation
is called the single nucleotide polymorphism (SNP). SNPs
account for about 90% of all human genetic variation and
likely contribute to the multifactorial etiology of common cancers and other common diseases [1]. Unlike mutations in high-penetrance cancer susceptibility genes
(e.g. BRCA1/2) that convey large increases in cancer risk
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for a small number of people, cancer SNPs convey smaller risks for a much larger number of people. Thus, SNPs
may be characterized as low to moderate penetrant gene
mutations. Advances in genomics are laying the groundwork for ‘personalized genetic medicine’ – particularly
pharmacogenomics – or the study of how genetic variation impacts drug effects [2]. The clinical utility of other
aspects of personalized genetic medicine, such as predictive SNP testing, is under debate [3–5]. Predictive SNP
testing involves characterizing individuals’ risk for disease based on common genetic polymorphisms. Recent
commentaries argue that investigating genetic variants
for common disease may not yield clinically useful information, given modest increases in risk conveyed by common variants and questions about whether the sheer
number of candidate genes can lead to biologically useful
information [3]. In contrast, others have suggested that
even small increases in ‘predictive power’ can help guide
clinically-relevant prevention efforts [4] or that knowledge of gene variants related to disease risk may impact
health behavior [6], although controlled studies have not
addressed these issues.
Despite the current debate around the clinical validity
and utility of predictive SNP testing, such testing is commercially available and marketed directly to consumers.
Over the past several years, access to genetic analysis and
testing via Internet has significantly expanded. Over 100
companies offer direct-to-consumer (DTC) genetic testing services, including DTC testing for ancestry, physical
and behavioral traits, and health-related conditions [7].
Indeed, several companies offer bundled or multiplex
testing for dozens of health conditions (e.g. 23andMe쏐,
Navigenics쏐 or deCODEme쏐) [8–10]. The emergence of
DTC testing has heightened concerns about the limitations of SNP testing. These limitations include the questionable clinical validity and lack of clinical utility for
DTC genetic testing [11]. Additional concerns include the
unknown ethical, legal, social, psychological, and behavioral impacts of this testing [5, 7, 12]. For example, we do
not know whether or how people understand or use information obtained from DTC SNP testing, if people
seeking SNP testing understand complex issues such as
peiotropy or implications for family members or if test
seekers recognize existing legal protections against genetic discrimination. These concerns have led to efforts
to promote regulatory oversight of genetic testing advertisements [7, 11, 13], and professional organizations have
issued policy statements about DTC genetic testing [14].
As the number of DTC genetic testing companies proliferates and the financial cost of testing decreases, avail-

ability and consumer demand will likely increase. Despite the active marketing of these tests, studies have only
recently begun exploring consumer interest in, understanding of, uptake and responses to SNP testing for a
variety of health conditions [6, 15–17]. Beyond the risks
and limitations of DTC SNP testing, a fundamental question is whether and to what extent consumers are interested in learning about the small increases in risk generally conveyed by such testing. Thus, to inform subsequent
research in the translation of genomic information, we
sought to learn about interest in genetic testing for small
to modest changes in genetic risk for breast cancer and
investigate individual and genetic-test related factors that
may influence interest within a diverse sample of women
at moderate to high risk of breast cancer.
We were guided in this research by the ACCE model
(analytic validity, clinical validity, clinical utility and ethical, legal and social implications) of Khoury et al. [18].
This ACCE model provides a systematic framework for
the translation of genomic testing, defining a sequence of
research and clinical steps needed prior to the clinical
translation of testing. Specifically, research must evaluate
the validity, utility, and ethical, legal and social implications (ELSI) of a test prior to wide-scale translation [18–
20]. Whether predictive genetic testing for small to modest
changes in risk for common chronic diseases is clinically
useful remains an open question. Central to the ACCE
framework is the need to determine how best to educate
the public about the clinical utility of genomic tests. For
genomic information to be used appropriately, we must
learn whether and how people understand modest genetic
changes in risk for common diseases, factors that influence interest in testing and how best to convey risks and
benefits of such testing to promote informed decisionmaking [21]. To further initiate translational research efforts in the area of personalized medicine and learn more
about potential targets for genetic and genomic education,
we investigated women’s interest in and understanding of
genetic testing for modest changes in breast cancer risk.

Interest in Genetic Testing
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Participants
Participants were women (n = 105) who were 18 years of age or
older, had at least one first or second degree relative with breast
or ovarian cancer, had a personal history of having a negative
breast biopsy, and were able to understand English and provide
informed consent. We chose to focus on women with a family history of breast cancer in order to evaluate interest in SNP testing
among women at moderately increased risk for breast cancer.
Women with a prior history of breast cancer but who subsequent-

Procedures
Clinic and research staff identified potential participants
through an IRB-approved review of clinic records at Ourisman
Breast Cancer Center at Lombardi Comprehensive Cancer Center
and the Center for Breast Health at Washington Cancer Institute,
Washington Hospital Center. Potential participants included
women who had at least one first or second degree family member
with breast or ovarian cancer and/or had a documented negative
breast biopsy (n = 343). We mailed potentially eligible women a
letter from their physician describing the study and inviting participation. A member of the study staff then called women who
did not decline further contact to verify eligibility and, if eligible,
schedule a 30 min telephone interview.
Predictor Variables
Sociodemographics. We assessed age, race, marital status, education, employment status, insurance status, religion, and household income.
Clinical Information. Participants self-reported family cancer
history, personal breast cancer history, timing of their most recent
breast biopsy, whether they had a regular physician, and prior genetic testing in the family.
Perceived Risk. We measured perceived risk with 3 items used
in previous research [24, 25]. We obtained an absolute estimate of
perceived risk through responses on a 5-point Likert scale (‘not at
all’ to ‘definitely’) to the question, ‘In your opinion, how likely is
it that you will develop breast cancer (again)?’ To assess comparative risk, we asked participants, ‘In your opinion, compared to
other women your age, what are your chances of getting breast
cancer (again)?’ Participants responded on a 5-point Likert scale
(‘much lower’ to ‘much higher’) [25]. For numeric risk, we asked
participants to rate their likelihood of developing breast cancer
on a scale from 0 (‘definitely will not get breast cancer (again)’) to
100 (‘definitely will get breast cancer (again)’). Items were not
combined into scales.
Cancer Worry. We measured cancer worry with a single item
asking women how often they worried about getting breast cancer
in the past month. Responses were made on a 4-point Likert scale
(‘not at all or rarely’ to ‘a lot’) [26].
Genetics Knowledge. We used a 13-item genetic knowledge
questionnaire based on the scale developed by Thompson et al.
[27]. Response options were ‘true’, ‘false’, or ‘don’t know.’ Sample
items included ‘50% of inherited genetic information (about
breast cancer risk) is passed down from a person’s mother’, and
‘There is more than one gene that can increase the risk of breast
cancer.’ We created a total knowledge score by summing correct
responses. Of note, although the psychometrically-sound knowledge measure we used was developed to assess knowledge of genetics related to major gene mutations like BRCA1/2, the majority
of items were related to general genetic concepts, and none specifically mentioned the BRCA1/2 genes. As such, we opted to use
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a validated measure of breast cancer genetics knowledge rather
than develop a de novo scale of knowledge about genomics, genetic testing for low-penetrance genes and breast cancer risk.
Genetic Testing Attitudes. We measured perceived benefits and
barriers to genetic testing for breast cancer risk using an existing
13-item, 5-point Likert scale (‘strongly disagree’ to ‘strongly
agree’) measure [27]. Sample items from the benefits subscale
(n = 5 items) include, ‘Knowing whether I carry the gene would
increase my sense of personal control’ and from the barriers subscale (n = 8 items) include ‘If I were found to carry the gene, it
would jeopardize my insurance coverage or lead to problems with
my employers.’ As with our assessment of genetic knowledge, we
chose to use a validated measure of attitudes about testing for the
BRCA1/2 major gene mutations rather than develop our own scale
of attitudes toward genetic testing for mutations of low penetrance for breast cancer risk.
Genetic Testing Scenarios
To evaluate factors associated with interest in genetic testing
for modest changes in risk, we developed a series of hypothetical
scenarios in which we systematically varied the following factors:
(1) the level of risk conveyed by the test result, (2) the cost of the
test, and (3) whether the risk conveyed by the test could be modified by behavior (see Appendix for a sample scenario). All women
received the same scenarios presented in the same order.
Level of Risk. Across the 3 scenarios, we varied level of risk conveyed by the hypothetical genetic tests: 25% increase in relative risk,
75% increase in relative risk and 25% decrease in relative risk. We
presented the 25% increase-risk scenario first, followed by the 75%
increase-risk scenario and then the 25% decrease-risk scenario.
Cost of the Test and Willingness to Pay. After presenting each
risk scenario, we asked women if they would be interested in having the test if the test was free. Next, we asked an open-ended
question, ‘How much would you pay for this test?’ We then asked
women if they would be willing to have the test if it costs USD 150
or USD 1,500. Participants responded to the free, USD 150 and
USD 1,500 items on a 4-point Likert scale. If a participant responded that she had no interest in testing for any individual item
within a scenario, then the interviewer proceeded to the next scenario (see Appendix).
Behavioral Modifiers of Risk. Following assessment of interest
in the test, we presented 2 potential behavioral risk modifiers to
see whether these behavioral modifiers influenced interest in
testing. We asked women, ‘How interested would you be in taking
this test if there was evidence that taking a vitamin supplement
once a day would reduce your risk from 15% back to the average
risk of 12%?’ We also asked, ‘How interested would you be in having the test if there was evidence that exercising regularly and eating a healthy diet would reduce your risk from 15% back to the
average lifetime risk of 12%?’ These 2 behavioral modification
variations were followed by the 3 cost questions noted above (free,
USD 150, USD 1,500).
Outcome Variables
Interest in Genetic Testing. As noted, we assessed interest in
having a genetic test for modest changes in breast cancer risk
within each of the scenarios (see Appendix). Following each of the
3 risk scenarios (25% increase in risk, 75% increase in risk, and
25% decrease in risk), we asked participants, ‘Would you have this
test if it was offered free of charge?’ with responses made on a
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ly underwent a recent negative breast biopsy were also eligible
(n = 24). We included these women to evaluate whether a personal history of the disease impacted interest in genetic testing for
modest changes in breast cancer risk. Several women (n = 19) had
a 10% or greater likelihood of carrying a deleterious BRCA1/2 mutation based on standard quantitative models [22, 23]. We used
mutation carrier probability as assessed by these models as a
proxy for risk for developing breast cancer.

Statistical Analyses
We generated descriptive statistics to characterize the sociodemographics, psychosocial and medical variables and family
history of the sample (table 1). We also generated descriptive statistics to characterize the level of interest in genetic testing within
and across the various scenarios (table 2). To investigate statistically significant differences in interest in genetic testing within
and across scenarios, we used logistic regression models with generalized estimating equations (GEE) using a working exchangeable correlation structure. We used this approach to analyze the
correlated binary data as a way to account for the correlations
among responses by the same participant [28, 29]. We treated the
dichotomized responses from each person (interested vs. not interested in genetic testing) as a cluster of size 21, corresponding to
the individual items each participant was asked within each scenario. We evaluated the presence of pairwise interactions among
risk level, test cost (free, USD 150, USD 1,500) and behavior (taking a multivitamin, exercising and eating healthy). We identified
covariates that were statistically significantly associated with genetic testing interest by including variables one at a time into separate logistic regression models with GEE. In subsequent models
for evaluating predictors of genetic testing interest by risk level,
test cost and behavior, we included all covariates with p ! 0.10.
We calculated unadjusted and covariate adjusted odds ratios
(ORs) and corresponding 95% confidence intervals using the logistic regression models with GEE. For the statistical analyses involving willingness to pay for genetic testing and understanding
of risk information, we used t-tests and linear regression analyses
to compare groups of interest with respect to continuous measures. We fitted the logistic regression models with GEE using
PROC GENMOD from SAS 9.2 (SAS Institute, Cary, N.C., USA).

Interest in Genetic Testing

Table 1. Demographic characteristics of the sample (n = 105)

Characteristics
Age
≥50
<50
Breast cancer affected status
Affected with breast cancer
Unaffected with breast cancer
Risk status
≤10% likelihood of carrying BRCA1/2 mutation
>10% likelihood of carrying BRCA1/2 mutation
Marital status
Married
Unmarried
Education
Some college/degree
No college
Employed
Full time
<Full time
Annual income
≥75,000
<75,000
Race
White
African American
Other
Regular physician
Yes
No
Insured
Yes
No
Cancer worry
High
Low
Perceived benefits of testing
High
Low

n (%)
44 (41.9)
61 (58.1)
24 (22.6)
81 (77.4)
19 (18.1)
86 (81.9)
57 (54.3)
48 (45.7)
67 (63.8)
38 (36.2)
63 (60.6)
41 (39.4)
64 (60.9)
41 (39.1)
71 (67.6)
28 (26.7)
6 (5.7)
94 (89.5)
11 (10.5)
102 (97.1)
3 (2.9)
45 (42.9)
60 (57.1)
53 (50.5)
52 (49.5)

Affected = Affected with breast cancer.

Results

Sample Characteristics
Of the 343 invitation letters we mailed to potentially
eligible women, 93 (27%) were ineligible, 26 had incorrect
contact information (7.6%) and 3 (!1%) were deceased. Of
the 221 potentially eligible women, 96 (43%) were unreachable with up to 10 telephone calls. Of the 125 women who were eligible and reachable, 105 (84%) completed
the telephone interview and 20 declined participation.
Public Health Genomics 2011;14:178–189
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4-point Likert scale (1 = You would definitely not have the test to
4 = You would definitely have the test). This question was then
repeated for each cost variation (USD 150 and USD 1,500) and
each behavioral modifier (taking a daily vitamin, exercising regularly and eating a healthy diet). For analyses, we created a dichotomous score of interest in genetic testing. If a participant responded they would ‘definitely not’ or ‘probably not’ have the test, we
coded interest as 0. Responses of ‘probably’ or ‘definitely’ were
coded as 1. We did not ask the behavioral modifier questions following the 25% decreased-risk scenario, as behavior change to
reduce risk would not be salient in the context of risk already below that of the average person.
Understanding of Risk Information. After each scenario, we
asked participants to compare their perceived risk if they tested
positive for the hypothetical breast cancer SNP to the risk of the
average woman. For example, for the 25% increase-risk scenario,
we asked, ‘What does it mean to you to hear that the test could tell
you that your breast cancer risk is increased by 25%, meaning a
15% risk compared to the average woman’s risk of 12%? To you,
does this mean that if you tested positive your risk of getting
breast cancer would be …’ Participants then responded using a
5-point Likert scale, with responses ranging from ‘Much higher
than the average woman’s risk’ to ‘Much lower than the average
woman’s risk.’ We also created dichotomous outcomes for each
understanding of risk information item. Specifically, we coded
responses in which participants chose either the correct answer
or the answer within one Likert-scale category of the correct response as 1. Other responses were coded as 0.

Behavioral modifier

Cost

75% increase SNP

25% decrease SNP

interested, n (%)

interested, n (%)

interested, n (%)
69 (65.1)
53 (50.0)
23 (21.7)

None
USD 150
USD 1,500

93 (87.7)
68 (64.8)
21 (20.0)

96 (93.3)
85 (80.1)
41 (39.4)

Vitamin

None
USD 150
USD 1,500

90 (84.9)
75 (71.4)
25 (23.8)

88 (83.8)
77 (73.3)
35 (33.3)

Exercise/diet

None
USD 150
USD 1,500

79 (75.2)
61 (58.6)
22 (21.1)

84 (80.0)
72 (68.6)
33 (31.4)

80
70
60

Free
$150
$1,500

50
40
30
20

100
90
Interest in SNP test (%)

90

Color version available online

None

100

80
70
60

None
Vitamin
Exercise/
healthy
diet

50
40
30
20
10

10

0

0
25% decrease

25% increase

75% increase

Risk scenario

Free test
$150 test
Free test
$150 test
25% increase
75% increase
Risk scenario

Fig. 1. Interest in SNP testing by risk level and cost.

Fig. 2. Interest in SNP testing by behavioral modifier for risk level.

Approximately one-quarter of our sample (26.4%) were
African American, and, on average, participants were 53.1
years old (SD 12.8 years; range 20–82 years). Slightly less
than one-fifth of the sample (n = 19; 18.1%) was at 10% or
greater risk of carrying a deleterious BRCA1/2 mutation.
Of these 19 women, 12 were unaffected with breast cancer
and thus considered to be at high risk for developing
breast cancer. Just under one-quarter (22.6%) of the sample had a personal history of breast cancer (table 1).

els, with interest increasing as the level of risk conveyed
by the test increased (table 2). As displayed in figure 1,
interest in testing decreased as cost increased; however,
within all 3 cost levels, interest in testing increased as risk
level conveyed by the test increased. As displayed in figure 2, we show examples at the free and USD 150 cost
levels of how the hypothetical behavioral modifiers decreased interest in testing across the 25% increased and
75% increased-risk scenarios. Of note, interest did not decrease as much for the 75% increased-risk scenario as for
the 25% increased-risk scenario with presentation of the
behavioral modifiers.

Interest in Genetic Testing for Modest Changes in Risk
Interest in genetic testing for modest changes in genetic risk for breast cancer was high across the 3 risk lev182
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25% increase SNP
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Table 2. Frequency of interest in SNP testing by combinations of risk level, cost and behavioral modifiers

Table 3. Adjusteda associations between combinations of risk level and test cost with interest in SNP testing

Cost

25% increase SNP
OR (95% CI)

75% increase SNP
OR (95% CI)

25% decrease SNP
OR (95% CI)

None
USD 150
USD 1,500

1.00
0.21 (0.11, 0.41)***
0.03 (0.01, 0.06)***

2.17 (0.96, 4.9)#
0.56 (0.27, 1.17)
0.07 (0.03, 0.16)***

0.22 (0.10, 0.47)***
0.12 (0.05, 0.26)***
0.03 (0.01, 0.07)***

a

Adjusted for having a regular physician, perceived benefits of genetic testing and cancer worry.
p < 0.10, *** p < 0.0001.
The bolded OR of 1.0 indicates that the 25% increase risk SNP free-cost scenario served as the reference for
the other comparisons.

Bivariate Analyses
We used logistic regression models with GEE to evaluate associations between our covariates and the dichotomous genetic testing interest outcomes. Greater interest
in genetic testing was expressed by individuals who reported having a regular physician (p = 0.0002), higher
perceived benefits of genetic testing (p = 0.03), and higher cancer worry (p = 0.08). We adjusted for these variables
in all subsequent models. None of the remaining covariates were statistically significantly associated with genetic testing interest.
Multivariate Analyses
Our preliminary analyses identified statistically significant pairwise interactions between level of risk, cost
of the test and behavioral modifiers (all p ! 0.001), indicating that the association of each one of these 3 variables
with genetic testing interest depends on the level of the
other 2 variables (e.g. the association between risk level
and testing interest depends on the cost and behavioral
modifiers). Thus, to evaluate whether test-related factors
(level of risk conveyed by the genetic test result, cost) and
behavioral modifiers (taking a vitamin, diet and exercise)
influenced interest in genetic testing, we used logistic
regression models with GEE and adjusted for the confounders with significant associations with interest in genetic testing (regular physician, perceived benefits and
cancer worry).
Impact of Test Characteristics on Genetic Testing Interest. Table 3 displays our analysis of the impact of test
characteristics (test cost and level of risk conveyed by the
test) on testing interest. In these analyses, the free test at
25% increased risk served as the reference level. The only
scenario that resulted in increased interest compared to
the reference was the 75% increased risk, free testing con-

dition. Across the remaining scenarios, interest in testing
decreased as the cost of the test increased. These differences were statistically significant with one exception: interest in genetic testing for the 75% increased-risk scenario at the cost of USD 150 did not differ from the free
25% increased-risk scenario. Overall, participants were
more interested in genetic testing when the test was less
expensive and conveyed higher cancer risk.
Impact of Behavioral Modifiers on Genetic Testing Interest. Table 4 displays our analyses of the impact of behavioral risk modifiers on interest in genetic testing for
genes related to modest changes in breast cancer risk.
These analyses include only the 25% and 75% increasedrisk scenarios. Specifically, women were asked about interest in genetic testing if they could reduce any increased
gene-based risk back to average risk by either taking a vitamin or engaging in exercise and a healthy diet. With
one exception, women’s interest in genetic testing for
modest changes in breast cancer risk was statistically significantly lowered with presentation of the behavioral
modifiers. Only in the free testing 25% increased-risk
scenario did interest in testing with the vitamin modifier
not differ from the scenario without any modifier. For all
other items, women reported statistically significantly
less interest in genetic testing if they were presented with
a situation in which they could change their behavior to
reduce any gene-related increase in risk back to average.
When we compared whether genetic testing interest differed between the vitamin and exercise/healthy diet scenarios within the same risk level, we found that for the
25% increased-risk scenario, women were less interested
in testing if they would need to exercise/eat a healthy diet
vs. taking a daily vitamin (OR = 0.51, p = 0.012) to return
risk to average when the test was free. There was no statistically significant difference in genetic testing interest

Interest in Genetic Testing
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#

Table 4. Adjusteda associations between combinations of behavior and cost with interest in SNP testing sepa-

rately for each increased risk level scenario
Behavior

Cost

25% increase SNP
OR (95% CI)

75% increase SNP
OR (95% CI)

None

None

1.00b

1.00c

Vitamin

None
USD 150
USD 1,500

0.76 (0.36, 1.63)
0.30 (0.13, 0.65)**
0.03 (0.01, 0.08)***

0.32 (0.13, 0.79)*
0.16 (0.06, 0.41)***
0.02 (0.01, 0.07)***

Exercise and
healthy diet

None
USD 150
USD 1,500

0.39 (0.20, 0.75)**
0.16 (0.08, 0.34)***
0.03 (0.01, 0.07)***

0.24 (0.10, 0.59)**
0.12 (0.05, 0.33)***
0.02 (0.01, 0.07)***

a
Analyses adjusted for having a regular physician, perceived benefits of genetic testing and cancer worry.
The 25% increase SNP free scenario served as a reference for the comparisons made to the other 25% increase
SNP scenarios. c The 75% increase SNP free scenario served as a reference for the comparisons made to the
other 75% increase SNP scenarios.
* p < 0.05, ** p < 0.001, *** p < 0.0001.
b
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women (5.7%) reported that risk was higher for a woman
who tested positive for a genetic test that indicated a 25%
decreased risk compared to the average woman’s risk of
breast cancer. We also evaluated whether participants
who understood risk information differed from participants who did not understand risk information on interest in genetic testing. Understanding of risk information
was not related to interest in testing. Greater understanding of risk information in the 25% increased risk scenario was related to less cancer worry (t(n = 105) = 2.87, p =
0.005). Moreover, less understanding of risk information
was associated with willingness to pay more money for a
genetic test for the 75% increased risk scenario (t(n = 105) =
4.15, p ! 0.001), with a trend for the 25% increased risk
scenario (t(n = 105) = 1.90, p = 0.07).
Discussion

Interest in genetic testing for hypothetical gene mutations related to modest changes in breast cancer risk was
high in our diverse sample of women at moderate to high
lifetime risk of developing the illness, as three-fourths of
the sample (77%) indicated ‘definite’ interest in testing in
at least one or more of our scenarios. The present study is
among the first to document interest in testing for gene
mutations related to modest changes in genetic risk based
on varying levels of risk, cost, and potential behavioral
modification. Our sample included women at greater risk
Graves /Peshkin /Luta /Tuong /Schwartz
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between the behavioral modifiers in the 75% increasedrisk scenario for a free test. Similar to the nonmodified
scenarios, testing interest decreased within the behaviorally modified scenarios as the cost of the test increased.
Willingness to Pay for Genetic Testing for Modest
Changes in Breast Cancer Risk. The majority of women
were willing to pay for genetic test results. On average,
women were willing to pay USD 197 for the 25% increased-risk gene test, USD 342 for the 75% increasedrisk gene test, and USD 145 for the 25% decreased-risk
gene test. The number of women unwilling to pay any
amount decreased as the risk conveyed by the genetic test
increased: 38% were unwilling to pay any money for the
SNP test that indicated 25% decreased risk, 17% for the
25% increased-risk test and 15% for the 75% increasedrisk test. Higher levels of cancer worry were associated
with willingness to pay increasing amounts of money for
genetic test across all risk scenarios (p ! 0.05).
Understanding of Risk Information. To evaluate participants’ understanding of the risk information presented in each scenario, we asked them to compare their perceived risk of breast cancer if they tested positive for the
hypothetical breast cancer gene to the risk of an average
woman. Women were unclear about how to interpret the
magnitude of the degree of risk conveyed by the genetic
test result. For example, about one-fifth of the sample
(21.9%) indicated that a 25% increase in risk over average
risk conveyed a likelihood of a future cancer diagnosis
that was ‘much higher’ than the average woman. A few

willing to pay for information about increased risk. In the
most extreme cost scenarios of USD 1,500, about onefifth of our sample reported being interested in genetic
testing when risk was changed by 25%. As costs associated with genetic testing and entire genome scans are expected to decrease [37], such assessments will likely become more affordable for larger segments of the population. The level of interest reported in the present study is
higher than the 14% uptake reported in a study offering
free multiplex SNP testing [38]. This difference likely reflects the fact that this study presented idealized scenarios in order to isolate the impact of risk, cost and behavioral modifiers on interest. In contrast, participants in
the study by McBride et al. [38] received extensive information about the benefits, risks and limitations of SNP
testing.
The amount of money participants reported that they
were willing to pay for genetic testing in these hypothetical scenarios was positively associated with cancer worry
and inversely associated with understanding of test results. These results raise the possibility that women who
are the most worried about cancer, yet have the poorest
understanding about the risk conveyed by these tests,
may be most interested in testing. This finding highlights
the need to develop educational materials in order to inform individuals about the potential risks, benefits and
limitations of testing. Future research can explore whether individuals who are more worried about cancer, yet
potentially have less knowledge about genetic risk for
cancer, may be particularly susceptible to DTC advertising for SNP testing.
A novel aspect of this study was our inclusion of risk
modifiers in the scenarios. This allowed us to evaluate
whether participants would be more or less interested in
genetic testing if provided with a hypothetical way to
modify their increased risk. To our surprise, when presented with taking a vitamin or exercising/eating a
healthy diet to reduce risk, women became less interested
in testing. This finding requires further exploration, particularly given recent discussion of the role of genetic information as a potential motivator to change or improve
health behaviors [34, 39]. One possibility for this finding
is that the women who reported decreased interest were
already (or planning to begin) taking vitamins, engaging
in exercise or eating a healthy diet. If this were the case,
then the genetic risk information would be of little benefit to them. Whether women felt this way because they
already had healthy lifestyle practices, valued behavioral
more than genetic factors in disease etiology, or were already motivated to make behavior changes due to other
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for breast cancer than women in the general population,
and, thus, our participants may be more invested in obtaining genetic risk information. The high level of overall
interest in genetic testing for modest increases in breast
cancer risk is similar to earlier reports documenting a
high level of interest in genetic testing for Alzheimer’s
disease [30] and breast cancer risk in the mid-1990s when
the BRCA1/2 mutations were discovered and prior to the
widespread availability of testing for mutations in these
genes [31].
To our knowledge, this study is also the first to explore the impact of test related factors, like level of risk
conveyed, cost of testing and behavioral risk modifiers,
on the interest in genetic testing for a common complex
disease. The level of risk conveyed by the genetic test was
strongly associated with interest, with a higher interest
in testing in which results conveyed greater level of risk
for breast cancer. Clinically, increases in risk that parallel the 75% increased scenario – the one garnering the
greatest interest in the present study – might occur with
genetic testing for a mutation found in the CHEK2 gene.
A recurrent mutation (1100delC) in the CHEK2 gene
conveys lifetime risks of 20–25% in women with a first
degree relative with breast cancer [32], which translates
to an approximate 75% increase over average lifetime
risk. Importantly, many low-penetrance genes appear to
convey smaller increases in risk, often in the range of
our 25% increased-risk scenario [33], of which twothirds or more of our sample reported definite interest
in the USD 150 or free scenarios. Women in the present
study were not as interested in a test that informed them
that their risk for breast cancer would be lower than the
average risk for women their age. Perhaps lower levels of
interest in genetic testing for mutations indicative of below-average risk stems from lack of a clear behavioral
response to the information. When no clear behavioral
response is indicated by gaining information about lower than average risk, perhaps participants felt that this
test result was not useful or perhaps some of these women put more credibility in their personal and family history than in a genetic test result. We do not yet know
whether genetic information related to modest changes
in risk motivates behavior change for common complex
diseases [34]. As such, evaluation of motivation for and
specific behavioral outcomes following provision of this
type of genetic information is a key target for future research [35].
In almost all scenarios, interest decreased as cost increased, similar to recent results reported by Cherkas et
al. [36]. Overall, women in the present sample appear
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age. Finally, given the increasing media and commercial
attention to predictive genetic testing, our study of interest in testing related to small to modest changes in risk
is a timely topic to examine. Further investigation into
characteristics of ‘early adopters’ of SNP testing/personalized medicine in both controlled research settings and
‘ecologically-valid’ commercial settings will help explicate the psychosocial and behavioral outcomes following
use of this technology and can help direct future research
[38].
Results should also be interpreted in the context of the
study’s limitations. First, we assessed interest through hypothetical scenarios. Even though we employed strategies
to make the scenarios as salient as possible [48], reported
interest is only a proxy for actual uptake of testing [38, 48]
and is almost certainly an overestimate of actual testing
uptake [15]. Thus, these results should be interpreted as
highlighting the association between cost, test characteristics and behavioral modifiers with interest in testing
rather than focusing on the absolute level of interest conveyed. Second, we assessed broad genetic knowledge and
testing attitudes using established measures that were not
developed to assess issues most relevant to testing for lower-penetrance gene mutations and SNP testing (e.g. pleiotropy, potential for SNP/SNP interactions, lack of empirically demonstrated clinical utility of the information). Future research should strive to develop and employ
measures that may better capture these issues. Third, we
were unable to reach more than one-third of the potentially eligible sample; women who participated may have
been more interested in genetics and cancer risk than the
women who were unreachable. Fourth, the present sample was relatively small and consisted of women with a
recent negative breast biopsy, at increased risk for breast
cancer, and with potentially higher rates of cancer worry
than women at average risk. Consequently, our results
may overestimate interest in and willingness to pay for
breast cancer genetic testing and may not be generalizable to women from the general population. Finally, although guided by the ACCE model and conducted as a
largely descriptive study, we did not evaluate our results
within a specific theoretical framework. Future research
can begin to explore similar questions within existing
theoretical frameworks used in genetic testing research
[49, 50].
Beyond learning about individuals’ interest in and understanding of genomic information, investigators are
beginning to explore physicians’ attitudes and knowledge
of genetic susceptibility testing and genomics [51, 52]. By
continuing to conduct studies that address ELSI conGraves /Peshkin /Luta /Tuong /Schwartz
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factors (e.g. family history) [40] requires further exploration.
In terms of predictors of overall interest in genetic testing for modest changes in risk for breast cancer, our results are similar to other studies within the genetic testing literature. Specifically, we found that greater overall
interest in testing was related to higher levels of cancer
worry [41, 42] and greater perceived benefits of genetic
testing [43], yet unrelated to the objective risk for breast
cancer based on personal and family history [42]. As our
sample consisted of women who had a recent negative biopsy and a family history of breast/ovarian cancer, perhaps their level of cancer worry was elevated. The timing
of the study relative to the biopsy may have led to an increased level of interest and willingness to pay for testing.
In addition to cancer worry, perceived benefits of genetic
testing predicted overall interest in testing. These results
are consistent with research describing the characteristics of ‘early adopters’ of BRCA1/2 testing [26]. The fact
that worry and attitudes toward testing were positively
related to interest in testing while objective risk and
knowledge were unrelated to interest raises important
questions about informed decision-making. Making fully informed decisions requires both sufficient knowledge
and compatibility with a person’s values [44]. Our results
raise the possibility that decisions may be driven by worry and potentially unrealistic attitudes rather than knowledge and values. Thus, efforts to develop educational materials about genetic and genomic tests or other tools,
such as decision aids about testing, may be warranted [45,
46]. As science progresses, we will need to know how to
best educate the public about the risks, benefits and limitations of genomic tests [45] to ensure that ELSI concerns
are appropriately addressed [18].
Our study had a number of strengths, including the
diverse sample of women, and, because of the populationlevel applicability of genetic testing for low-penentrance
genes/SNPs related to cancer risk, the focus on women at
moderate to high risk of breast cancer was appropriate. In
contrast to the large literature examining interest in and
outcomes following genetic testing for genes that convey
large increases in risk [47], this is one of the first investigations of interest in genetic testing for modest changes
in breast cancer risk. Inclusion of individual and genetictest related factors as potential predictors of interest was
novel. Our findings regarding the impact of behavioral
risk modifiers on interest in genetic testing are intriguing, as perhaps decisions to pursue genetic/genomic tests
will be predicated on the type of activities individuals
would need to engage in to reduce their risk back to aver-

cerns, including methods to best educate patients and
providers about genomics, we will set a stronger foundation for how to appropriately translate advances in genomics into public health benefit [18, 53]. Although the
pace of scientific advances in predictive genomic tests is
slower than expected [54] and debate on its overall utility
exists [3, 4], personalized genetic medicine will likely
change the practice of medicine and may ultimately have
a significant impact on improving disease prevention and
control [4].
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Appendix
Example of items used to assess interest in genetic testing for modest changes in breast cancer risk
Imagine there is a genetic test that can tell you whether you are at increased risk of getting breast cancer. This test is easily available
through a cheek swab and is offered free of charge. A positive result on this test would mean that your risk for breast cancer is increased
by 25%. In other words, where the average woman has a lifetime breast cancer risk of 12% (about 1 in 8), if you tested positive with
this new test, your risk would be 15% (about 1.3 in 8).
You would definitely
not have the test

You would probably
not have the test

You would probably You would definitely
have the test
have the test

Keeping in mind that the test would be easily obtained, free of charge, and could tell you that you were at a 25% increased risk compared to the average
woman:
a. Would you have this test?
How much would you pay for this test?
b. Would you have this test if you had to pay USD 150?
c. Would you have this test if you had to pay USD 1,500?

1 (Go to D)

2

3

4

1 (Go to D)
1 (Go to D)

2
2

3
3

4
4

D. How interested would you be in having the test if there was evidence that taking a vitamin supplement once a day would reduce your risk from 15%
back to the average risk of 12%?
d. Would you have this test?
How much would you pay for this test?
e. Would you have this test if you had to pay USD 150?
f. Would you have this test if you had to pay USD 1,500?

1 (Go to G)

2

3

4

1 (Go to G)
1 (Go to G)

2
2

3
3

4
4

g. Would you have this test?
How much would you pay for this test?
h. Would you have this test if you had to pay USD 150?
i. Would you have this test if you had to pay USD 1,500?

Interest in Genetic Testing

1 (Go to next section)

2

3

4

1 (Go to next section)
1 (Go to next section)

2
2

3
3

4
4
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G. How interested would you be in having the test if there was evidence that exercising regularly and eating a healthy diet would reduce your risk from 15%
back to the average lifetime risk of 12%?
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