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Abstract

Precision medicine has grown over the past twenty years with the availability of genetic tests and
has changed the one-size-fits-all paradigm in medicine. Precision medicine innovations, such as
newly available genetic tests, could potentially widen racial and ethnic disparities if access to them
is unequal and if interest to use them differs across groups. The objective of this systematic review
was to synthesize existing evidence on racial and ethnic differences in knowledge of and attitudes
towards genetic testing among adult patients and the general public in the U.S., focusing on
research about the use of genetic testing in general, not disease-specific tests. Twelve articles
published in 1997-2017 met inclusion and exclusion criteria, with ten including knowledge
variables and seven including attitude variables. Studies found consistent patterns of lower
awareness of genetic testing in general among non-Whites compared to Whites, lower factual
knowledge scores among Blacks and Hispanics/Latinos, and mixed findings of differences in
awareness of direct-to-consumer (DTC) genetic testing or the term precision medicine. Blacks,
Hispanics/Latinos and non-Whites generally had more concerns about genetic testing than Whites.
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The findings suggest that patients and the general public need access to culturally-appropriate
educational material about the use of genetic testing in precision medicine.
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Introduction

Precision medicine has changed the one-size-fits-all healthcare paradigm for preventing,
diagnosing, and treating diseases (Aronson & Rehm, 2015). After decades of efforts to
identify genes that caused single-gene diseases, the approval of Herceptin Trastuzumab in
1998 to treat metastatic breast cancer patients with over-expressing human epidermal growth
factor receptor 2 (HER2) marked a milestone as the first precision medicine treatment made
available to patients outside of clinical trials (Avard & Knoppers, 2009; Genentech, 2017;
US Food and Drug Administration, 2017). Subsequent advances in genetics and genomic
sequencing have offered patients and the general public the opportunity to access a growing
number of options for presymptomatic genetic testing to estimate disease risk and
pharmacogenomics testing to tailor drug treatment to the genetic makeup of each individual
patient (Caselli et al., 2014; Hammer, 2016; Marson, Bertuzzo, & Ribeiro, 2017;
Moonesinghe, Jones, Honoré, Truman, & Graham, 2009). In addition to increasing
availability in clinical settings, direct-to-consumer (DTC) genetic tests that have been on the
market since 2007 allow consumers to access genetic tests directly from private companies
without the involvement of a healthcare provider. DTC tests identify genetic variants to
inform users about disease risk, so that consumers can work on prevention strategies (Kolor
etal., 2012). There is a growing tendency for healthcare facilities to offer more patients’
affordable blood tests that include a variety of specific genetic tests in the same panel, as
opposed to offering individual disease-specific tests that are more expensive (Lynch, Venne,
& Berse, 2015).

Over the past 20 years, the term precision medicine has evolved from a variety of related
terms, such as personalized medicine, individualized medicine, genomic medicine,
pharmacogenetics, and pharmacogenomics. The National Institutes of Health defines
precision medicine as “an emerging approach for disease treatment and prevention that takes
into account individual variability in genes, environment, and lifestyle for each person”
(Peer, 2014; U.S. National Library of Medicine, 2017).

Though precision medicine breakthroughs offer the potential to reduce disease burden and
mortality, there is also the potential for them to widen existing racial and ethnic health
disparities (Smith et al., 2016). Racial and ethnic health disparities in the U.S. have been
linked to unequal healthcare access and social determinants of health (SDH), such as
discrimination, residential segregation, low education, poverty and income inequality
(Galea, Tracy, Hoggatt, Dimaggio, & Karpati, 2011; Institute of Medicine (US) Committee
on Understanding and Eliminating Racial and Ethnic Disparities in Health Care, 2003; Moy
& Freeman, 2014). Consistent with the Diffusion of Innovation Theory (Rogers, 2003),
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which explains how, why, and at what pace new technologies or ideas are disseminated
through a society, new medical innovations tend to be disseminated unevenly, benefiting
socially advantaged groups more quickly than disadvantaged groups, such as racial and
ethnic minorities. Therefore, given the limited access to healthcare among racial and ethnic
minorities, access to newly available genetic tests within the context of precision medicine
may be also limited (Fine, Ibrahim, & Thomas, 2005; Moonesinghe et al., 2009). Hispanics/
Latinos and African Americans, are less likely to use certain genetic and genomic tests when
offered (Armstrong, Micco, Carney, Stopfer, & Putt, 2005; Butrick et al., 2015; Hall et al.,
2012; Muller et al., 2018; Susswein et al., 2008). Taken together these factors have the
potential to exacerbate existing racial and ethnic health disparities (Levine et al., 2007, 2008,
2010).

Previous reviews have focused on racial and ethnic differences in knowledge and attitudes
toward disease-specific genetic testing (Collins, Ryan, & Truby, 2014; Forman & Hall,
2009; Chanita Hughes Halbert, Kessler, & Mitchell, 2005; Hann et al., 2017; Lawrence &
Appelbaum, 2011). To date, no systematic review has been conducted on the topic of racial
and ethnic differences in knowledge of and attitudes towards genetic testing in general. It is
important to understand patterns in people’s general knowledge and attitudes about genetic
testing since they would likely influence their willingness to accept either multigene panel
testing, disease-specific testing, or DTC testing. This information is crucial to identify
strategies to educate patients and the general public to make informed decisions about the
use of genetic testing as part of their healthcare, so that all groups can benefit equally from
advances in precision medicine. General knowledge and attitudes about genetic testing could
also affect the willingness of underrepresented groups to participate in research involving
genetic testing or large precision medicine initiatives, such as the national All of Us
Research Program (National Institutes of Health, 2018). The objective of this systematic
review was to synthesize existing evidence on racial and ethnic differences in knowledge
and attitudes about genetic testing in the context of precision medicine among adult patients
and the general public in the U.S. This review focused on research about the use of genetic
testing in general, not disease-specific tests. Knowledge was considered to include both
general awareness and specific factual knowledge. The research questions examined were:

1 How much do adult patients and the general public know and understand about
precision medicine? Are there differences across racial/ethnic groups?

2. What are the attitudes of adult patients and the general public about the use of
precision medicine for clinical care? Are there differences across racial/ethnic
groups?

The protocol for this review was registered in the PROSPERO International Prospective
Register of Systematic Reviews, protocol number CRD42017064798 (Canedo, Miller,
Myers, & Sanderson, 2017).
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Search Strategy

Searches were conducted in PubMed, PsycINFO (Proquest), and CINAHL (EBSCO)
databases to identify potentially relevant articles published in peer-reviewed journals. To
address negative publication bias, searches for gray literature were conducted in ProQuest
Dissertations and Theses Global database, and BMC Proceedings database of scientific
meeting presentations. “Gray literature” refers to research reports that are not published in
peer-reviewed journals, such as dissertations and scientific conference abstracts (Mahood,
Van Eerd, & Irvin, 2014). All searches were conducted for the time period January 1998 to
March 2017. The starting year of 1998 was chosen since it was the first year in which a
precision medicine treatment was made available to patients (US Food and Drug
Administration, 1998). Reference sections of included journal publications and gray
literature were also hand searched to identify other potentially relevant articles.

Keywords were combined using Boolean Operators (AND, OR, and NOT) for the searches
to include all of the terms used to refer to precision medicine, terms related to knowledge
and attitudes, and terms referring to the target adult population. An asterisk was used as a
truncation operator, so the search engine would detect any word beginning with the stem of
the word before the asterisk. For example, communit* would identify “community” or
“communities.” Comprehensive search strings were constructed for each database as
follows: [precision medicine, personalized medicine, individualized medicine, genomic
medicine, genomic testing, genetic testing, pharmacogenomics, genetic screening] AND
[knowledge, understand*, familiar*, awareness, view, attitude, perception*, perceive*,
opinion*, belief*, barrier*, facilitator*, benefit*, trust, distrust, mistrust, concern*, fear*,
doubt*, skepticism, worry*, worri*] AND [adult*, patient*, communit*, public]. For
PubMed, relevant Medical Subject Headings (MeSH) were also included (Precision
Medicine OR Pharmacogenetics) AND (Knowledge OR Awareness OR Attitude OR
Perception OR Trust OR Fear) AND (Adult OR Patients). See full search strategy in
Supplemental Material.

Inclusion and Exclusion Criteria

The inclusion criteria were studies that collected data directly from adult patients or adults in
the general public (18 years and older), qualitative or quantitative studies, and studies using
observational designs (e.g. surveys, focus groups, interviews). Exclusion criteria were
studies that did not include any measures or questions about knowledge or attitudes about
precision medicine and related genetic tests; studies that did not report testing racial/ethnic
differences in these measures/questions; studies focusing on precision medicine among
pediatric patients; studies testing an intervention using an experimental design; and
editorials or review articles. Studies using an experimental design were excluded since the
objective was to characterize the existing patterns of knowledge and attitudes without the
influence of specific interventions.

Study Selection

The first author reviewed the titles and abstracts of the articles and gray literature and
screened them according to the inclusion and exclusion criteria and eliminated duplicates.
Then he reviewed the full text of the articles and gray literature that passed initial screening
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to identify those that should be excluded based on the exclusion criteria. The Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines were
followed for reporting the results of the review, including a PRISMA flow diagram of the
article selection process (See Figure 1).

Data Extraction/Synthesis

Results

Relevant study data were extracted from the final set of articles using a form adapted from
the Cochrane systematic review data extraction form and entered into the Research
Electronic Data Capture (REDCap) tool developed by Vanderbilt University. REDCap is a
secure web based-application designed to support data capture for research studies for
building and managing online surveys and databases (Project REDCap, 2017). The first
author served as the first reviewer for all articles, then one of the co-authors served as the
second reviewer. In all cases, disagreements were resolved with discussion between first and
second reviewers.

Key information from the data extraction forms for the final set of studies was summarized
in tables. A qualitative synthesis of the studies was developed. A gquantitative meta-analysis
was not conducted due to the lack of randomized controlled trials in the data extraction, as

well as the wide variety of methods and measures used in the included studies (Bearman &
Dawson, 2013).

Search engines yielded 2,301 articles in peer-reviewed journals and 272 articles were
identified through hand searches of article references. Additionally, representing the gray
literature, 238 doctoral dissertations, two meeting reports, and one meeting abstract were
identified (Figure 1). After removing duplicates, 2,294 records were screened and 385
reviewed in full text to apply inclusion and exclusion criteria. Among the journal articles, 12
records met all criteria and were selected for the qualitative synthesis. None of the gray
literature met the criteria to be included. The data extraction form had 50 items. Across the
12 articles, there was intercoder agreement on 97.7% of the items.

Study Characteristics

All 12 studies were conducted in the U.S. and were published in English (Table 1). Ten
articles examined racial and ethnic differences in knowledge about any type of genetic
testing (Agurs-Collins et al., 2015; Catz et al., 2005; Diaz, Mainous, Gavin, & Wilson, 2014;
Finney Rutten, Gollust, Naveed, & Moser, 2012; Haga, O’Daniel, Tindall, Lipkus, & Agans,
2012; Kolor et al., 2012; Langford, Resnicow, Roberts, & Zikmund-Fisher, 2012; Singer,
Antonucci, & Van Hoewyk, 2004; Singer, Couper, Raghunathan, Van Hoewyk, &
Antonucci, 2008; Suther & Kiros, 2009), seven examined racial and ethnic differences in
attitudes towards genetic testing (Bloss et al., 2010; Catz et al., 2005; Diaz et al., 2014;
Singer et al., 2004, 2008; Suther & Kiros, 2009; Zimmerman et al., 2006), and five included
both knowledge and attitudes. All but one study (Catz et al., 2005) used a quantitative study
design and they all used cross-sectional data. Among the 11 studies using a quantitative
design, seven collected primary data (Bloss et al., 2010; Diaz et al., 2014; Haga et al., 2012;
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Kolor et al., 2012; Singer et al., 2004; Suther & Kiros, 2009; Zimmerman et al., 2006), and
four analyzed secondary data sources (Agurs-Collins et al., 2015; Finney Rutten et al., 2012;
Langford et al., 2012; Singer et al., 2008). Three of the primary data sources (Haga et al.,
2012; Singer et al., 2004; Suther & Kiros, 2009) and all four of the secondary data sources
included nationally representative samples (Agurs-Collins et al., 2015; Finney Rutten et al.,
2012; Langford et al., 2012; Singer et al., 2008). The other primary data sources were
random or convenience samples from one or more specific states. The qualitative study
collected focus groups with patients and staff in a local convenience sample. Only three of
the 12 studies made reference to a theory or conceptual framework. One study on knowledge
used the Social-Cognitive Theory (Agurs-Collins et al., 2015), and two on attitudes applied
the Socioecological Model Theory or the Theory of Reasoned Action (Suther & Kiros,
2009; Zimmerman et al., 2006).

Racial/Ethnic Differences in Knowledge

The ten articles that analyzed racial and ethnic differences in knowledge related to precision
medicine or any type of genetic testing are summarized in Table 2, organized by specific
topics. Three studies included variables about awareness of genetic testing, measured based
on whether or how much respondents had heard of “genetic testing” or “genetic tests.” The
two studies using nationally representative survey data found that minorities were less aware
of genetic testing compared with Whites. The study analyzing data from the 1990, 1996, and
2004 General Social Survey (GSS) reported that non-Whites were significantly less likely
than Whites to have heard “a great deal” about genetic testing versus “nothing” (Beta=
-0.632, p <.05) or “not much” versus “nothing” (Beta=—0.763, p < .05) (Singer et al.,
2008). In another 2009 national survey, Whites were 74% more likely (OR=1.74, Cl=1.22—
2.49) to have heard about genetic testing than non-Whites (Haga et al., 2012). On the other
hand, a qualitative focus group study in a convenience sample found that White, Black,
Latino, and Chinese participants had limited knowledge about genetic testing, with no
notable difference in comments across racial/ethnic groups (Catz et al., 2005). Although the
smaller qualitative study did not observe differences, the two national studies showed a
pattern of lower awareness of genetic testing among Non-Whites.

Four articles included measures on awareness of DTC genetic testing. Two studies examined
2007 Health Information National Trends Survey (HINTS) data found Blacks were 21%
(OR=0.79, CI=0.65-0.97) less likely to have heard about DTC genetic tests than their White
counterparts, while Hispanics/Latinos’ awareness did not significantly differ from Whites
(Langford et al., 2012). A subsequent analysis of data from 2008 and 2011 HINTS also
found the same result for Blacks (OR=0.79, CI=0.62-1.00) and no significant difference
between Hispanics/Latinos and Whites (Finney Rutten et al., 2012). Nationally
representative data from the 2008 HealthStyles Survey showed that Blacks were 30% less
likely (OR=0.7, C1=0.6-0.9) and Hispanics/Latinos were 20% less likely (OR=0.8,
C1=0.6-0.9) to be aware of DTC than Whites. The same study examined Behavioral Risk
Factor Surveillance System (BRFSS) data from Connecticut, Michigan, Oregon, and Utah
and found lower awareness among Blacks in Michigan (OR=0.6, CI=0.4-0.9) and among
Hispanics/Latinos in Utah (OR=0.5, C1=0.2-1.0) compared with Whites, although they had
insufficient data to make some of the racial/ethnic comparisons (Kolor et al., 2012). The
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most recent analysis of national HINTS data from 2013 found that no significant differences
in awareness of DTC genetic testing among Blacks, Asians, American Indian/Alaska
Natives, Native Hawaiian/Pacific Islanders, and Hispanic/Latinos compared to Whites
(Agurs-Collins et al., 2015). Therefore, three out of four national surveys found lower
awareness of DTC genetic testing among Blacks versus Whites, while only one out of four
found lower awareness among Hispanics/Latinos versus Whites, with the most recent one
showing no racial/ethnic differences.

Only one study asked a question about awareness of the term “personalized medicine.” This
survey of a convenience sample in South Carolina found no significant difference between
Whites and Blacks on this variable (Diaz et al., 2014). Finally, two surveys in nationally
representative samples assessed factual knowledge about “genetic testing” by asking a series
of true/false or yes/no questions and counting the number of correct answers to create a
knowledge index. One study compared the difference in mean knowledge index scores and
found a lower average score for Blacks (3.18 vs 3.39, p<.05) and for Hispanics/Latinos.
(2.70 vs 3.39, p<.01) versus Whites (Singer et al., 2004). The other study treated the
knowledge index as an ordinal variable using variable using an ordinal logistic regression,
and identified the same pattern of lower knowledge about genetic testing among Blacks
(OR=0.72, CI=0.57-0.93) and Hispanics/Latinos (OR=0.48, C1=0.37-0.62) compared to
Whites (Suther & Kiros, 2009). Thus, the two national surveys were consistent in reporting
lower knowledge among Blacks and Hispanics/Latinos compared with Whites, but they did
not test comparisons between Blacks and Hispanics/Latinos.

Racial/Ethnic Differences in Attitudes

Table 3 summarizes the seven quantitative studies and one qualitative study focused on
racial and ethnic differences in attitudes related to precision medicine or any type of genetic
testing. Two studies assessed expectations about genetic testing, which were measured by
asking if the respondents thought that “genetic testing” would do more good than harm or
more harm than good. In analysis of three years of nationally-representative GSS data (1990,
1996, and 2000), non-White respondents were less likely than Whites to think that genetic
testing did more good than harm, when compared to the category “don’t know” (Beta=
-0.512, p <.05). At the same time, non-Whites were also less likely than Whites to think
that genetic testing did more harm than good, when compared to “don’t know” (Beta=
-0.238, p <.05) (Singer et al., 2008). The other study used a nationally representative
sample combined with random samples of Black and Hispanic adults. The percentage of
respondents who expected that genetic testing would do more harm than good was 18.2%
for Blacks, 15.3% for Hispanics/Latinos, and 12.4% for Whites. The difference was
significant between Latinos and Whites (p<.05) but not significant between Blacks and
Whites (Singer et al., 2004). Although the comparison categories were different in the two
studies, they both found that perceived harm was more common about Blacks and
Hispanics/Latinos than Whites.

Five studies reported on racial and ethnic differences in concerns about various aspects of
genetic testing or personalized medicine. Two studies in 2000 that used the same eight-item
genetic testing concern index with similar findings in separate nationally-representative
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samples in 2000. One of them tested the difference in mean concern index scores and found
a higher average score for Blacks versus Whites (6.34 vs 4.96, p<.01) and for Hispanics/
Latinos versus Whites (5.89 vs 4.96, p<.01) (Singer et al., 2004). The other study, which
treated the concern index as an ordinal variable and used ordinal logistic regression, found
the same pattern with greater concerns about genetic testing among Blacks (OR=1.66,
Cl=1.28-2.15) and Latinos (OR=1.58, C1=1.21.2.07) compared with Whites (Suther &
Kiros, 2009). Three studies surveying local convenience samples examined differences in
specific concerns. One using a sample from inner-city neighborhood health centers in
Pennsylvania in 2004 found that Blacks were three times more likely than Whites (OR=3.02,
Cl=1.51-6.05) to believe that genetic testing would lead to racial discrimination, and also
more likely to believe it would lead to discrimination against handicapped persons
(Zimmerman et al., 2006). Another surveying participants who agreed to take a DTC genetic
test in California in 2008 found no significant difference in the overall concern about genetic
testing between Non-Whites and Whites (Bloss et al., 2010). Blacks were more worried than
Whites about genetic information being used without their consent (57.3% vs 20.6%), about
genetic information being shared without consent (65.0% vs 35.6%), about discrimination
based on genetic information (62.4% vs 34.3%), and about not being able to afford the cost
of receiving precision medicine (75.0% vs 48.0%). The concern about people being kept
alive longer than they should be was not significantly different for both racial groups (Diaz
et al., 2014). Overall, across studies, concerns about genetic testing were more common
among non-Whites, Blacks, and Hispanics/Latinos compared to Whites.

Three studies examined a variety of other types of variables related to attitudes about genetic
testing. The study mentioned above that surveyed patients in Pennsylvanian inner-city
neighborhood health centers detected no significant difference between Blacks and Whites
when asked if it was a good idea to get genetic testing to learn about disease risk, or if
employers should have access to genetic testing of prospective employees (Zimmerman et
al., 2006). The California survey of DTC genetic testing participants reported that Whites
were 43% percent more likely (OR=1.43, C1=1.13-1.81) to desire to know their genetic risk
for nonpreventable disease compared with non-Whites (Bloss et al., 2010). A qualitative
study among diverse patients and healthcare workers in New York identified a pattern of
Hispanics/Latinos and Chinese participants having the most positive feelings about genetic
testing and Blacks having the most negative feelings about genetic testing (Catz et al., 2005).

Discussion

This systematic review summarized 12 relevant studies identified across nearly 20 years of
research in the U.S. that examined racial and ethnic differences in knowledge and attitudes
about genetic testing within the broad context of precision medicine. While some studies
have examined a variety of disease-specific genetic tests, a paucity of research has focused
on racial and ethnic differences in knowledge and attitudes towards general, non-disease-
specific genetic testing in precision medicine. Although we used a broad range of search
terms related to precision medicine, almost all of the eligible studies focused narrowly on
“genetic testing” or the use of genetic tests to predict disease risk, with none referencing
pharmacogenomic applications of genetic tests to guide medication prescribing decisions.
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Several patterns were identified for knowledge about genetic testing in precision medicine
across these 12 studies. First, awareness of “genetic testing” in general was consistently
lower among non-Whites compared to Whites (Haga et al., 2012; Singer et al., 2008). This
finding was similar to several existing studies that found that Black and Hispanic women
had lower awareness of genetic testing for cancer risk (Kuhl et al., 2005; Peters, Rose, &
Armstrong, 2004; Ricker et al., 2006; Thompson, Valdimarsdottir, Jandorf, & Redd, 2003).
A previous systematic review also found that African American women had lower
knowledge about breast cancer genetic testing compared with White women (Chanita
Hughes Halbert et al., 2005). However, awareness does not necessarily mean people
understand what genetic tests are or how they are used. In a knowledge assessment about
genetic testing, on average, people answered less than half the questions correctly, and the
number of correct answers was lower for Blacks and Hispanics/Latinos compared to Whites
(Singer et al., 2004). These findings were consistent with a disease-specific review that
found that racial and ethnic minority groups had lower knowledge and awareness about of
genetic testing for cancer susceptibility compared with Whites (Hann et al., 2017).

Second, findings were mixed regarding racial and ethnic differences in awareness of DTC
testing. Among four national studies, three out of four found lower awareness of DTC
genetic tests among Blacks (Finney Rutten et al., 2012; Kolor et al., 2012; Langford et al.,
2012), and only one out of four found lower awareness among Hispanics/Latinos compared
with Whites. Only one of these national studies considered other ethnic groups but found no
differences in awareness of DTC tests. Examination of four state-level representative surveys
also showed inconsistent results of differences in awareness of DTC tests among Blacks and
Hispanics/Latinos compared to Whites. Third, only one study measured awareness of
“personalized medicine” and found no significant difference between Blacks and Whites.
However, these results were based on a state-level convenience sample, and more evidence is
needed. Finally, two studies using nationally representative surveys samples measured
factual knowledge about genetic testing and consistently found that Blacks and Hispanics/
Latinos had lower knowledge than Whites (Singer et al., 2004; Suther & Kiros, 2009).

Some patterns were also identified regarding attitudes toward genetic testing in general.
First, two studies using nationally-representative samples reported inconsistent results about
differences in expectations about whether “genetic testing” will do more harm than good
(Singer et al., 2004, 2008). Secondly, five studies showed that Blacks, Hispanics/Latinos,
and non-Whites generally had more concerns about genetic testing than Whites, both in
nationally representative and convenience samples (Bloss et al., 2010; Diaz et al., 2014;
Singer et al., 2004; Suther & Kiros, 2009; Zimmerman et al., 2006). Third, two studies using
convenience samples in different states compared interest in return of information from
genetic tests that predict disease, but only one showed a racial difference, with lower interest
among non-Whites (Bloss et al., 2010; Zimmerman et al., 2006). Finally, one small
qualitative study reported that Hispanics/Latinos and Chinese had the most positive feelings
and Blacks had the most negative feelings about genetic testing in general (Catz et al.,
2005). These findings on general attitudes are in contrast to a previous systematic review,
which found that African American women had positive attitudes towards genetic testing
specifically for breast cancer (Chanita Hughes Halbert et al., 2005).
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The lower levels of knowledge about genetic testing among Blacks and Hispanics/Latinos
may be related to the greater number of concerns regarding genetic testing among these two
groups compared to Whites (Singer et al., 2004; Suther & Kiros, 2009). Blacks were more
worried than Whites about genetic tests leading to racial and disability discrimination, using
or sharing genetic information without consent, and lack of access to genetic tests due to
cost (Diaz et al., 2014; Zimmerman et al., 2006). A similar concern about confidentiality of
results was found among Blacks when asked specifically about genetic testing for
psychiatric disorders (Murphy & Thompson, 2009). Research on attitudes about genetic
testing for cancer, including breast and ovarian cancer, have also found that minorities had
more concerns than Whites about social and insurance discrimination (Peters et al., 2004;
Thompson et al., 2003). To prevent discrimination and potential abuse of genetic data, the
U.S. Congress enacted the Genetic Information Nondiscrimination Act (GINA) of 2008
(Feldman, 2012). However, there is low awareness of these protections among the general
public (Prince & Roche, 2014).

The higher level of concerns about genetic testing among Blacks may be related to larger
problems of distrust of medicine and biomedical research in this population due to past
abuses, such as “The United States Public Health Service Study of Untreated Syphilis in the
Negro,” more commonly known as the Tuskegee Study (Laws, 2018). However,
interestingly, no significant racial variations were found in concern about potential privacy
issues about their genetic information (Bloss et al., 2010).

Technological advances in genetic and genomic sequencing have offered physicians more
opportunities to employ precision medicine by making preemptive medical-care decisions
based on patients’ individual genetic makeup (Bielinski et al., 2014). The leading force for
changing the traditional one-size-fits-all paradigm in medicine is the innovative use of
genetic tests for personalized diagnoses and targeted disease treatments. Overall, around
80% of adults in the U.S. say they have heard of genetics tests (Haga et al., 2012).
Awareness and perceived benefits of genetic testing have improved over time as more and
more genetic tests have become available to patients and legislative changes such as GINA
have emerged (Singer et al., 2008). A growing number of Americans have also heard of
DTC genetics tests, increasing from 29% in 2008 to 36% in 2013 (Agurs-Collins et al.,
2015; Finney Rutten et al., 2012).

However, consistent with Diffusion of Innovation Theory (Rogers, 2003), this systematic
review suggested that awareness and understanding of genetic testing has been disseminated
unevenly. Uneven dissemination means that socially advantaged groups will benefit more
quickly from precision medicine than disadvantaged groups, especially given the context of
unequal access to healthcare in the U.S. (Levine et al., 2007, 2008, 2010). While the reason
for this dissemination trend is not completely understood, many physicians have low
knowledge about genetic testing, and racial and ethnic minority patients are less likely to
receive a physician offer or referral for genetic testing (Forman & Hall, 2009; Hamilton et
al., 2017; Kolb, Wallace, Hill, & Royce, 2006).

Whites are also disproportionately represented as study participants in genetic research
compared to Non-Whites (Oh, White, Gignoux, & Burchard, 2016). In a qualitative study,
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African Americans perceived individual, family, and community benefits of participating in
genetic research for cancer; however, they also reported reasons for being hesitant to
participate, including distrust of researchers and concerns about exploitation and
mishandling of genetic information (McDonald et al., 2014). In a national survey of African
Americans, distrust in research was the only significant barrier or facilitator to participating
in a hypothetical genetic study for cancer after controlling for education, employment, and
healthcare access (Chanita Hughes Halbert, McDonald, Vadaparampil, Rice, & Jefferson,
2016; McDonald et al., 2012)(Halbert, McDonald, Vadaparampil, Rice, & Jefferson, 2016;
McDonald et al., 2014, 2012). While the studies in this review did not focus on research
participation, one study found that Blacks had more concerns about genes being used
without consent and genetic information being shared without consent. Lower participation
of racial and ethnic minority groups in genetic studies will delay group-specific precision
medicine developments. Lower participation combined with barriers to minority patients
being offered and accepting genetic testing as part of their healthcare could potentially
widen health disparities affecting racial and ethnic minority populations in the U.S. (C.H.
Halbert & Harrison, 2018).

Study Limitations

A limitation of this systematic review was not comparing differences in knowledge and
attitudes based on other socioeconomic factors that contribute to disparities, such as income
or educational attainment. However, very few studies have tested differences based on those
variables. Future systematic reviews should examine whether other demographics are
associated with knowledge and attitudes toward genetic testing in general. Another
limitation was that only one author applied the selection criteria to the abstracts and full-text
articles. Strengths of this systematic review included the comprehensive search strategy
including a range of terms related to genetic testing and precision medicine, and use of a
data extraction form adapted from Cochrane. Furthermore, the data extraction form was
implemented using the web-based REDCap tool, which provided online access to reviewers
of the extracted data and facilitate resolution of any discrepancies in an efficient way.

Practice Implications

Some research not included in this review has examined racial and ethnic differences in
knowledge and attitudes toward genetic tests for the diagnosis or treatment of specific
diseases, such as breast cancer, colorectal cancer, ovarian cancer, cardiovascular disease,
sickle cell disease, etc. (Durfy, Bowen, McTiernan, Sporleder, & Burke, 1999; Long,
Thomas, Grubs, Gettig, & Krishnamurti, 2011). However, comprehensive panels that offer
multiple genetics tests at the same time, both from DTC companies and in healthcare
settings are becoming more common (Lynch et al., 2015). For example, pre-emptive
pharmacogenomic tests are recommended to be performed in asymptomatic persons and are
increasingly being included as routine medical tests and incorporated into electronic health
records for future clinical decisions (Bielinski et al., 2014). Thus, general perspectives of
patients towards genetic testing are important to understand because they will influence
patients’ willingness to accept both disease-specific tests and multigene panels, which
patients will be more likely to be offered in the future.
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The findings of this systematic review contribute to the literature a synthesis of information
about racial and ethnic differences in knowledge and attitudes toward various types of
genetic testing. The findings of lower levels of knowledge among racial and ethnic
minorities suggest the need for targeted educational efforts directed toward minority patients
in clinical settings and in the general public. Some educational efforts could focus on
disseminating information among racial and ethnic minorities about the protections under
GINA against genetic discrimination, as well as educating physicians on how to be
compliant with this act (Feldman, 2012). Physicians and genetic counselors should be
trained in cultural competency to provide education and recommendations regarding genetic
testing and precision medicine to racially- and ethnically-diverse patients in a sensitive and
effective way that addresses both group differences and individual needs and preferences.
Previous studies that have developed and tested culturally-targeted genetic counseling for
African American women have shown promising results (C. H Halbert, Kessler, Stopfer,
Domchek, & Wileyto, 2006; C. H. Halbert, Kessler, Troxel, Stopfer, & Domchek, 2010; Pal
et al., 2005).

Lower awareness and understanding and greater concerns about genetic testing among racial
and ethnic minority groups could also affect their willingness to participate in the national
All of Us study or other research studies involving genetic testing. Such studies may
consider including targeted outreach efforts to improve knowledge and attitudes about
genetic testing as part of recruitment efforts.

Research Recommendations

This systematic review highlighted several gaps in the current literature on racial and ethnic
differences in knowledge and attitudes about genetic testing in general. First, the studies did
not have a large enough sample to be able to make subgroup comparisons for many racial
and ethnic groups. Only nine studies made direct comparisons with Blacks, five made
comparisons with Hispanics/Latinos, two with Chinese, and one each with Native American
and Native Hawaiian. No other specific racial and ethnic groups were analyzed. Second, the
studies reviewed did not take into consideration diversity within each group, such as
Hispanics/Latinos from different countries or Blacks of different socioeconomic levels.
Third, attitudes about genetic testing are measured inconsistently, with a variety of potential
concerns included in different surveys, which makes it difficult to compare findings across
studies. None of the studies asked specifically about knowledge or attitudes about
pharmacogenomics testing.

Data synthesized in this systematic review suggest the need for more research to examine
systematically the trends and disparities in knowledge and attitudes towards genetic testing
among different population subgroups to determine whether these disparities are narrowing
or widening over time. Future research could focus on factors that contribute to the unequal
distribution of knowledge about various types of genetic testing in racial and ethnic minority
populations. The findings also point to the need for further research on the development and
implementation of culturally-appropriate interventions to improve knowledge and attitudes
about precision medicine among racial and ethnic minorities (Chanita Hughes Halbert et al.,
2012; Hann et al., 2017). Furthermore, clinical studies testing precision medicine approaches

J Genet Couns. Author manuscript; available in PMC 2021 April 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Canedo et al.

Conclusion

Page 13

should include minority populations and collect cultural and socioeconomic data from
patients, along with genetic, genomic, and epigenetic information in their clinical
assessments (Avilés-Santa et al., 2017).

While the unequal distribution and adoption of innovations in healthcare persists, health
disparities will continue to negatively impact positive health outcomes for minority
populations in the U.S. Many racial and ethnic minorities express concern and distrust
toward genetic testing. In order for precision medicine to contribute to reducing health
disparities rather than widening them, all patients would need equal access to these
innovations and culturally-appropriate educational material would be needed for the
education of patients and the general public from diverse backgrounds with accurate
information.
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Characteristics of Reviewed Articles on Racial and Ethnic Differences in Knowledge and Attitudes about

Genetic testing

Knowledge Attitudes Primary Secondary Primary Languagea Theory
Quantitative Qualitative Quantitative
Agurs-Collins et al. X - - X - EN Social Cognitive
(2015)
Bloss et al. (2010) - X X - - EN -
Catz et al. (2005) X X - - X EN, SP, CH -
Diaz et al. (2014) X X X - - EN -
Finney Rutten (2012) X - X - EN -
Haga et al. (2012) X - - - EN -
Kolor et al. (2012) X - - EN -
Langford et al. (2012) X - - X - EN -
Singer et al. (2004) X X X - - SP -
Singer et al. (2008) X X - X - EN
Suther et al. (2009) X X - - EN Socioecological
Zimmerman (2006) - X - - EN Reasoned Action

aENzEninsh, SP=Spanish, CH=Chinese
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