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Abstract We used national survey data to (1) determine the
extent to which individuals trust the sources from which they
are most likely to receive information about cancer-related
genetic tests (BRCA1/2, Lynch syndrome), (2) examine how
level of trust for sources of genetic information might be re-
lated to cancer-related genetic testing uptake, and (3) deter-
mine whether key factors, such as cancer history and numer-
acy, moderate the latter association. We used cross-sectional
data from the Health Information National Trends Survey. Our
study sample included individuals who responded that they
had heard or read about genetic tests (n = 1117). All analyses
accounted for complex survey design. Although respondents
trusted information from health professionals the most, they
were significantly less likely to report hearing about genetic
testing from such professionals than via television (p < 0.01).
Regardless of source, higher levels of trust in the information
source from which participants heard about genetic tests were
associated with increased odds of genetic testing uptake, par-
ticularly among those with a personal cancer history.
Numeracy was not associated with genetic testing uptake.
Because health professionals were among the most trusted
health information sources, they may serve as important
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brokers of genetic testing information for those with a person-
al cancer history.
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Introduction

Targeted screening and treatment using genetic technologies are
becoming increasingly common in this era of precision medicine.
For individuals with a family or personal history of disease,
genetic testing may be used to identify individuals at especially
high risk. Identifying those with high-penetrance genes could be
a promising public health application of whole genome or gene
panel sequencing [3]. Overall, about 1% of the US population
(~3,220,000 people) is estimated to carry a clinically actionable
and highly penetrant genetic mutation [3, 37]. Indeed, clinical
guidelines around BRCA 1/2-attributed breast and ovarian cancers
and Lynch Syndrome, among others, have been developed and
can be implemented upon discovery of a genetic mutation. This
is important, for example, as 45-65 and 11-39% of women with
known BRCAI or BRCA2 mutations develop breast and ovarian
cancers, respectively [6]. Conversely, 12 and 1.3% of women in
the general population develop breast and ovarian cancers, re-
spectively [6].

Genetic testing for those at increased lifetime risk of a
genetic disease, such as those with extensive family or per-
sonal cancer histories, could improve current cancer preven-
tion efforts. Preventive protocols for such diseases including
enhanced screening (e.g., earlier age of screening initiation,
more frequent screening, or more sensitive screening modali-
ties) and prophylactic treatments (e.g., prophylactic surgical
procedures or chemoprevention) have been developed [9] that
reduce mortality and cost [18, 11, 2]. For those with a personal
cancer history, genetic testing may also lead to targeted cancer
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treatment regimens in addition to enhanced screening proto-
cols [30].

However, use of genetic tests remains suboptimal among
individuals who are eligible [14]. For example, among fami-
lies with known BRCA 1/2 mutations, uptake of genetic testing
remained low [14]; this is particularly true among black wom-
en [31]. Not all cancers are hereditary (only 5-10%) [17] and
not everyone who is eligible for genetic testing undergoes
testing. Understanding why individuals do not obtain testing
is important for maximizing the utility of these tests. Although
there are many legitimate reasons why an individual may de-
cide not to pursue genetic testing, one possibility is that indi-
viduals may not feel they have received reliable and trustwor-
thy information necessary to move the process forward.

Studies demonstrate that patients learn about health infor-
mation from many different sources. In particular, when pa-
tients do not receive health information from providers, they
turn to alternative information sources, which often are per-
ceived as less trustworthy [7, 24]. Information sources with
low perceived credibility are less persuasive than sources with
high perceived credibility [29]. Thus, individuals who receive
information about genetic testing from trusted sources may be
more likely to accept and act upon this credible information
about genetic tests. Trusting the information source may be
particularly important among racial/ethnic minorities and low
socioeconomic populations; for example, evidence has shown
that blacks are more likely to harbor lower levels of trust about
genetic testing and the medical community more broadly [8,
32] and to have lower health literacy [28]. Evidence suggests
that preferences for health information sources vary by health
literacy level [33, 32]. For instance, patients with low func-
tional health literacy report preferences to receive health in-
formation from face-to-face clinical interactions with a trusted
provider and may be less likely to seek information beyond
the provider encounter and report the lowest preference for
written information in print or online [16]. The latter is not
true for those with adequate health literacy or numeracy (the
ability to interpret and act upon numerical information [21]).

Although research findings indicate that health communi-
cation (e.g., health care provider communication), demo-
graphics (e.g., race/ethnicity, numeracy, age), and health his-
tory factors (e.g., cancer history) may be associated with ge-
netic test uptake [38], to date no studies have explicitly exam-
ined the association between receiving genetic information
from trusted sources and genetic test uptake within a national
sample of US adults. That is, do people trust the sources from
which they are getting their information about genetic testing,
and is level of trust in these sources associated with test up-
take? This question is particularly relevant as screening and
treatment become more targeted and as genetic testing be-
comes more common. The objectives of this study were to
determine the extent to which individuals trust the sources
from which they receive information about cancer-related
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genetic tests (i.e., BRCA1/2, Lynch syndrome) and to examine
how level of trust in genetic information might be related to
the uptake of cancer-related genetic testing. We also examined
whether other key factors, including cancer history and nu-
meracy, play a role in the latter association.

Materials and Methods
Data Source

We used the data from the Health Information National Trends
Survey (HINTS 4, Cycle 3), a population-based survey admin-
istered by the National Cancer Institute [36]. Because few studies
have examined genetic testing outside of a research context, these
data provide a unique opportunity to examine public perceptions
about genetic testing. Prior research with this data set has exam-
ined the prevalence and sociodemographic and psychosocial cor-
relates (but not trust in information sources) of having had
BRCA1/2 or Lynch syndrome genetic testing and sharing this
information with health professionals and family members
[34]. The survey was mailed to non-institutionalized, civilian
adults, ages 18 and older, between September and December of
2013. African Americans and Hispanics were oversampled.
HINTS 4, Cycle 3 data are de-identified and publicly available
[36]. Of the 3185 respondents, our study sample included indi-
viduals who responded “yes” to the following survey item:
“Genetic tests that analyze your DNA, diet, and lifestyle for
potential health risks are currently being marketed by companies
directly to consumers. Have you heard or read about these ge-
netic tests?” (n = 1117, 35.1%). We excluded individuals who
answered a follow-up question (“From which of the following
sources did you read or hear anything about genetic tests?””) with
“have not heard” (i.e., a commission error) (z = 5) or “missing”
(n =9) “not sure” (n = 26) or “other only” (n =27).

Measures
Dependent Variables

The key dependent variable for this study was uptake of a
cancer-related genetic test, which was self-reported and in-
cluded reporting ever having “BRCA /2 testing: to determine
if a person has more than an average chance of developing
breast cancer or ovarian cancer” and “Lynch Syndrome test-
ing: to determine if a person has more than an average chance
of developing colon cancer.” Participants were asked, “Have
you ever had any of the following type(s) of genetic tests?”
and instructed to mark all that apply. For the sake of compar-
ison, we also included uptake of non-cancer-related genetic
testing, which included paternity testing, ancestry testing,
DNA fingerprinting, and cystic fibrosis carrier testing.
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Primary Independent Variables

Trust in Genetic Testing Information Sources The key in-
dependent variable was mean level of trust in sources from
which participants learned about genetic testing. This variable
integrated two survey questions. First, respondents reported
“how much [they] trust information about health or medical
topics” from seven information sources (i.e., a doctor, family
or friends, online newspapers, print newspapers, special health
or medical magazines or newsletters, radio, internet, local tele-
vision, national or cable television news programs, govern-
ment health agencies, charitable organizations, religious orga-
nizations and leaders) on 4-point Likert scales (not at all, a
little bit, some, a lot). Second, respondents reported their in-
formation source for genetic testing by answering “from
which of the following sources did [they] read or hear any-
thing about genetic tests?” with the option to select one or
more information sources (i.e., newspaper, magazine, radio,
health professional, family member, social media, television,
internet, other). Because survey response categories across
these two questions were not identical, we collapsed catego-
ries (e.g., online newspapers and print newspapers were col-
lapsed to “newspapers”) and we matched information sources
across the two survey items (Appendix 1). Receiving infor-
mation from a health professional specifically was included as
a primary independent variable, as studies indicate that this
may be an important factor in genetic testing uptake. Because
patients often overestimate their risk for hereditary cancer,
discussions with providers about genetic testing may actually
lower patients’ risk perceptions and thus be associated with
lower genetic test uptake [22].

Personal and Family Cancer Histories We included self-
reported personal and family cancer histories as primary inde-
pendent variables, as those with a personal and/or family can-
cer history are more likely to be clinically eligible for Lynch
syndrome testing and BRCA1/2 testing [9, 20]. Having a per-
sonal cancer history and family history of cancer, respectively,
were defined as responding “yes” to the following questions:
“Have you ever been diagnosed as having cancer?” and
“Have any of your family members ever had cancer?”

Demographics We included numeracy as a primary indepen-
dent variable using an adapted measure from the Newest Vital
Signs measure [40] in the survey in which respondents could
score 0 (lowest numeracy) through 4 (highest numeracy).
Numeracy was skewed towards high numeracy and as such
was dichotomized as high (numeracy score = 4) and low (nu-
meracy score < 4) consistent with prior research [1]. Finally,
we included age as a categorical primary independent variable
(i.e., 18-34, 35-49, 50-64, 65-74, or 75+ years), as age and
numeracy level may be inversely associated [4].

Covariates

We controlled for several other key demographic and socio-
economic factors. Race was dichotomized as black (i.e.,
African American) or non-black (White, American Indian,
or Alaska Native, Asian Indian, Chinese, Filipino, Japanese,
Korean Vietnamese, Other Asian, Native Hawaiian,
Guamanian or Chamorro, Samoan, Other Pacific Islander)
because we were interested in identifying potential disparities
between black and non-black groups, as blacks are less likely
to receive genetic testing [31] and have lower levels of trust
about genetic testing [32]; we did not have power to further
disentangle the non-black subgroup. Ethnicity was defined as
Hispanic (Mexican, Mexican American, Chicano/a, Puerto
Rican, Cuban, another Hispanic, Latino/a, or Spanish
Origin) or non-Hispanic (not of Hispanic, Latino/a, or
Spanish origin). Insurance was defined as a binary variable
“insured” (i.e., private, Medicare, Medicaid, Tricare, VA,
Indian Health Service) or “uninsured.” We used an imputed
income variable which was categorized into nine categories
(i.e., $0-9999, 10-14,999, 15-19,999, 20-34,999, 35,000—
49,999, 50-74,999, 75,000-99,999, 100-199,999, 200,000+
). The imputed income variable was made available in the
HINTS 4, Cycle 3 data set, as 14% of the unweighted income
values was missing. The imputed variable was derived using
several socioeconomic status variables, including education
level, race/ethnicity, whether home is rented/owned, whether
born in the USA, and self-rated ability to speak English [36].
Marital status was dichotomized as “married or living as
married” or “divorced, widowed, separated or single (never
married).” Education was a categorical variable (i.e., <8
grade, 8—11 grades, 12 grade or GED, post high school, some
college, college graduate, post graduate). Gender was self-
reported as male or female.

Analyses

We conducted a complete case analysis. Overall, indi-
viduals with missing data for the dependent variable and
primary independent variables had lower education and
income and were black, Hispanic, or female (data not
shown). To account for the complex probability sam-
pling design and jackknife replicate weights, all analy-
ses were weighted to obtain nationally representative
results. We used bivariate weighted linear regression
(for continuous variables) and weighted chi-square test-
ing (for binary and categorical variables) to examine
descriptive differences between those who did and did
not report having cancer-related genetic testing.

Using weighted multivariate logistic regression anal-
yses, we examined the association between level of trust
in genetic information sources and test uptake. A full
model, which included all variables of interest (i.e., trust
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in genetic testing information sources, personal cancer
history, family cancer history, numeracy, race, age) as
well as covariates (i.e., race, ethnicity, insurance status,
income level, marital status, education, and gender) was
developed, and backwards elimination was used to iden-
tify covariates that were statistically significant and in-
fluenced the regression estimates: accordingly, we in-
cluded only primary independent variables that were
significant in this initial model in our final model.
Potential interactions among primary independent vari-
ables were examined; specifically, we examined two-
way interactions among trust in genetic information
sources, personal cancer history, family cancer history,
numeracy, age, and receiving genetic testing information
from a health professional within a single multivariable
logistic regression model. We identified an interaction
between personal cancer history and level of trust in
genetic information sources; all other potential interac-
tions were null, including interactions between numer-
acy and other primary independent variables. As a re-
sult, our final model included all primary independent
variables and an interaction term between personal can-
cer history and level of trust for genetic information
sources. For the sake of comparison, associations be-
tween these variables with non-cancer-related genetic
testing were also examined, as we would not expect a
personal cancer history to be associated with uptake of
non-cancer-related genetic testing. We plotted predicted
probabilities of genetic testing by personal cancer histo-
ry across levels of trust in genetic information sources,
accounting for survey design.

Results

Demographic population characteristics have been report-
ed elsewhere [1]. Of note, 53% of the sample was male,
white (78.5%), non-Hispanic (87.4%), employed (66%),
had health insurance (85.4%), and had high numeracy
(62.5%, 4/4 numeracy items correct). Almost two thirds
of the respondents (62.7%) learned about genetic testing
from more than one source (SE = 0.022, 95% CI = 0.58,
0.67). Interestingly, although respondents were most like-
ly to hear about genetic testing from the television (53%,
95% CI = 0.48, 0.58) (Table 1), they had the lowest trust
in health information from this source (1.69, 95%
CI = 0.62, 2.76) (Table 2). Conversely, respondents were
significantly less likely to report hearing about genetic
testing from health professionals (16%, 95% CI = 0.13,
0.20), despite reporting significantly higher levels of trust
in health information from health professionals than from
the television (see Tables 1 and 2 for statistics). Few re-
spondents (12.4%) learned about genetic testing only from
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Table 1  Proportion of respondents who heard about genetic testing
from different information sources

Source Proportion® 95% C1 p value
Television 0.53 0.48 0.58 -
Internet 0.51 0.47 0.56 0.57
Newspaper 0.29 0.24 0.34 <0.001
Magazine 0.26 0.22 0.29 <0.001
Radio 0.19 0.16 0.22 <0.001
Family member 0.17 0.13 0.22 <0.001
Social media 0.16 0.11 0.21 <0.001
Health professional 0.16 0.13 0.2 <0.001
Other 0.09 0.06 0.12 <0.001

* Adjusted Wald tests comparing each proportion to TV. Denominator is
all survey participants who were aware of genetic testing and reported
their source of genetic testing information. These sources are not mutually
exclusive

the television (SE = 0.01, 95% CI = 0.100, 0.015). Of
those who learned about genetic testing from a health
professional, fewer than half also reported learning about
genetic testing from the television (data not shown).

Individuals who did and did not receive cancer-related ge-
netic testing did not significantly differ in the sources from
which they learned about genetic testing. In terms of demo-
graphic factors, those receiving cancer-related genetic testing
tended to be female and were more likely to have a personal
history of cancer compared to those who did not receive test-
ing (Table 3). A higher proportion of respondents who had
genetic testing reported a family history of cancer (83.1%)
than those who did not receive testing (65.5%); however, this
difference was not statistically significant (p = 0.07).

We observed a significant interaction between having a
personal history of cancer and level of trust for the source of
genetic testing information (OR = 7.497, p = 0.015, 95%
CI =1.499, 37.481.622) (Table 4). Specifically, among those
with a personal history of cancer, increased trust was

Table 2 Average levels of trust in sources of information from which
people reported learning about genetic testing

Source Mean® 95% CI1 p value
™V 1.69 0.62 2.76 -
Media 1.94 —-0.50 438 0.73
News 1.43 0.20 2.65 0.31
Magazine 1.49 0.26 2.72 0.86
Radio 1.56 0.55 2.58 0.51
Family member/friends 245 1.32 3.57 0.49
Health professional 2.44 1.12 3.76 <0.01

* Adjusted Wald tests comparing each source to television; these sources
are not mutually exclusive. Trust scale: 0 = trust not at all, 1 = trust a little,
2 = trust some, and 3 = trust a lot (Appendix 1)



J Canc Educ (2018) 33:893-900 897
Table 3 Differences in primary
independent factors among those Mean (standard deviation) or %"
who received cancer-related ge-
netic testing and those who did Overall (n =759)  Did not receive Received p value
not receive cancer-related genetic cancer-related cancer-related
testing genetic testing (n = 717)  genetic testing (n = 42)
Information sources
News 334 32.7 47.7 0.13
Magazine 28.9 29.0 26.6 0.81
Radio 21.6 22.0 135 0.33
Health professional 18.7 18.3 26.9 0.28
Family 19.8 19.9 17.8 0.87
vV 59.0 58.6 67.6 0.36
Media 16.2 16.1 173 0.91
Trust score for genetic 1.6 (0.7) 1.6 (0.7) 1.7 (0.8) 0.84
information source
High numeracy (vs. low)  57.6 57.9 53.5 0.63
Cancer history
Personal 10.0 9.0 29.6 <0.01
Family 66.4 65.5 83.1 0.07
Age group 0.14
18-34 239 23.6 292
35-49 312 322 12.8
50-64 33.1 323 47.0
65-74 7.9 8.2 29
75+ 39 3.7 8.1
Male (vs. female) 54.5 55.7 31.6 0.03

2 p values were calculated by weighted linear regression for continuous variables and weighted chi-square testing

for binary and categorical variables

associated with increased predicted probability of receiving
genetic testing. This was not true among those without a per-
sonal history of cancer (see Fig. 1).

As one would expect, such a pattern did not emerge for
uptake of non-cancer-related genetic testing (see Fig. 2).
Family cancer history, numeracy, and receiving information
about genetic testing from a health professional were not as-
sociated with non-cancer-related or cancer-related genetic
testing uptake (see Table 4).

Discussion

Our results suggest that individuals who have heard or read
about genetic tests are most likely to receive this information
about genetic testing from the very health information sources
they trust the least. A previous study supports our finding that
health information is most trusted from health professionals
compared to other information sources [7]; however, we also
found that respondents were less likely to report hearing or

Table 4 Adjusted multivariate

logistic regression examining Health-related genetic testing Odds ratio p value 95% C1
associations between variables of
interest and reported cancer- Personal cancer history 0.117 0.200 0.004 3.226
related genetic testing Genetic trust score 0477 0.233 0.139 1.637
Personal cancer history x genetic trust score 7.497 0.015 1.499 37.481
Family cancer history 2.593 0.206 0.583 11.546
High numeracy (vs. low numeracy) 0.648 0.402 0.231 1.818
Received genetic information from health professional 1.998 0.338 0.473 8.430
Age group (vs. <35)
3549 0.309 0.215 0.047 2.023
50-64 0.962 0.960 0.200 4.618
65-74 0.203 0.170 0.020 2.032
75+ 0.749 0.833 0.048 11.597
Constant 0.097 0.025 0.013 0.737

n =759, population size 59,643,897, replications = 50, df = 49
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Fig. 1 Predictive margins of personal cancer history for cancer-related
genetic testing with 95% confidence intervals. This graph illustrates the
predicted probability of cancer-related genetic testing by level of genetic
trust score and personal cancer history

reading information about genetic testing from trusted health
professionals compared to other sources, such as the television
or the internet. Of particular concern, only 26.9% of those who
received cancer-related genetic testing heard or read about
genetic testing from a provider, possibly suggesting that pa-
tients are not receiving genetic counseling prior to testing. Of
note, direct-to-consumer (DTC) genetic testing for cancer-
related genes was available until November 2013, when the
Food and Drug Administration (FDA) sent a warning letter to
a DTC genetic testing company [12]. This may partially con-
tribute to our results, as a cohort study of DTC genomic test-
ing consumers in 2010 indicated that only 26.5% discussed
their test results with their provider [10]. Today, DTC genetic
testing is still an issue, as the public can order health-related
carrier testing through direct-to-consumer test companies as of
February 2015 [13].

Level of trust for genetic information sources as well as the
source of information itself did not vary between those who
received cancer-related genetic testing versus those who did
not. However, when controlling for other factors, increased
levels of trust for genetic information sources were associated
with an increased predicted probability that individuals re-
ceived cancer-related genetic testing, only if they had a per-
sonal history of cancer. In other words, for those who are more
likely to be eligible for genetic testing (e.g., to inform future
screening and/or treatment), level of trust for the genetic test-
ing information source was associated with uptake of genetic
testing. Higher levels of trust were associated with increased
odds of receiving cancer-related genetic testing. This associa-
tion was not observed for non-cancer-related genetic testing,
suggesting that the factors driving cancer-related genetic test-
ing differ for non-cancer-related genetic testing, such as an-
cestry—which is commonly advertised through less trusted
information sources such as the television and internet [5].
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Fig. 2 Predictive margins of personal cancer history for non-cancer-
related genetic testing with 95% confidence intervals. This graph illus-
trates the predicted probability of non-cancer-related genetic testing by
level of genetic trust score and personal cancer history

These results may point to the importance of disseminating
information about cancer-related genetic testing through
trusted channels, such as health professionals, particularly
for individuals with a personal cancer history.

Despite this need, other studies show that health profes-
sionals report feeling unprepared to deliver information about
genetic testing [15] and are overburdened with other tasks
during the health care visit [39]. Thus, it may in fact be ben-
eficial for information about genetic testing to be disseminated
through other information channels. Additional research is
necessary to better understand which trusted information
source should be leveraged to increase uptake of genetic test-
ing among those who are both eligible and interested in pur-
suing genetic testing.

We did not observe an interaction between family cancer
history and trust, perhaps because the majority of those with a
family history of cancer (as defined in our study) may not be
eligible for genetic testing according to clinical guidelines [27,
20, ]. Surprisingly, we did not find that receiving information
about genetic testing from a provider versus other sources was
associated with uptake of cancer-related genetic testing, per-
haps suggesting that trust in information source is more im-
portant than the information source itself. Additional research
is necessary to determine whether individuals are truly
obtaining BRCA1/2 and Lynch syndrome testing without con-
sulting or going through providers: the data obtained here
suggest that this may be the case. Alternatively, it is possible
that some individuals interpreted the question as asking about
which information source they first heard about genetic testing
from and may not have marked all that apply, resulting in
underrepresentation of hearing about genetic testing from
health professionals.

Although numeracy may not be associated with uptake of
genetic testing, a previous review of the literature suggests that
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low numeracy may be associated with lower ability to inter-
pret and apply genetic information [19, 25]. Similarly, there
does not appear to be an association between age and gender
with cancer-related genetic testing [35, 26]. Our divergent
findings could be due to power limitations, as small cell sizes
resulted when all covariates were included in the model.

Limitations

This study has several limitations. First, although HINTS data
originate from a nationally representative sample, awareness
of genetic testing remains relatively low [1] and genetic test-
ing remains a rare occurrence. Consequently, a small sample
size and unequal sample sizes between those who did and did
not obtain testing may have limited our ability to observe
associations between covariates and the uptake of genetic test-
ing. This small sample size, as well as the cross-sectional
nature of the data set, limited our ability to examine mediators
of demographic characteristics and genetic testing uptake (i.e.,
causal beliefs and cognitive and emotional processes).
Because HINTS data were collected through a self-
administrated mailed survey, we have limited knowledge of
exactly who has completed each survey item and whether the
respondent received help responding to items, which has im-
plications for measures such as numeracy. Furthermore, be-
cause these data are cross-sectional, we are unable to assess
temporality or causality in our analyses, specifically between
trust and genetic testing uptake. We were unable to assess the
appropriateness of genetic testing uptake for any given re-
spondent or to determine how many individuals who did not
undergo testing were in fact eligible (e.g., we could not assess
type of personal cancer diagnosis or age of onset). This has
implications concerning the source from which individuals
learn about genetic testing, as providers would be less likely
to discuss genetic testing with patients who are ineligible for
testing. Future studies should further examine whether causal
beliefs and cognitive/emotional processes mediate genetic
testing uptake to better establish the relationship between trust
in genetic testing information and genetic test uptake.

Conclusions

Overall, these results suggest that trust in the source of one’s
information about genetic testing is associated with greater
uptake of cancer-related genetic testing among individuals
with a personal cancer history. Because providers were among
the most trusted sources of health information, providers may
be important brokers for genetic testing information. In one
study, fewer than half of the patients who reported interest in
genetic testing had a discussion with providers about testing
[22]. Furthermore, providers report that they have insufficient
training with regard to communicating about genetic testing

[15, 23]. As such, provider-level interventions that improve
communication about genetic testing to patients may be im-
portant. Additional research is necessary to better understand
the most effective mode of communication about genetic test-
ing to the public and to those with a personal cancer history for
whom higher levels of trust for genetic information sources
are associated with genetic testing uptake.
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