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Abstract

Genomic research is transforming our understanding of the role of genes in health and disease.
These advances, and their application to common diseases that affect large segments of the general
population, suggest that researchers and practitioners in public health genomics will increasingly
be called upon to translate genomic information to individuals with varying levels of health
literacy and numeracy. This paper discusses the current state of research regarding public
understanding of genetics and genomics, the influence of health literacy and numeracy on genetic
communication, and behavioral responses to genetic and genomic information. The existing
research suggests that members of the general public have some familiarity with genetic and
genomic terms, but have gaps in understanding of underlying concepts. Findings from the limited
research base to date indicate that health literacy affects understanding of print and oral
communications about genetic and genomic information. Numeracy is also likely to be an
important predictor of being able to understand and apply this information, although little research
has been conducted in this area to date. In addition, although some research has examined
behavior change in response to the receipt of information about genetic risk for familial disorders
and genomic susceptibility to common, complex diseases, the effects of health literacy and
numeracy on these responses have not been examined. Potential areas in which additional research
is needed are identified and practical suggestions for presenting numeric risk information are
outlined. Public health genomics researchers and practitioners are uniquely positioned to engage in
research that explores how different audiences react to and use genomic risk information.
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INTRODUCTION

Rapid growth in genetic and genomic research has transformed our understanding of the role
of genes in health and disease. The historical focus of genetic research has been on rare,
single gene disorders, such as phenylketonuria (PKU), achondroplasia, Fragile X syndrome,
Duchenne muscular dystrophy, and Huntington disease, in which disease risk is largely
based on the presence or absence of a mutation in a single associated gene. This focus has
been greatly expanded in recent years. Research in genomics is now examining the genetic
components of common, complex diseases, such as cancer, diabetes, osteoporosis and heart
disease. For these diseases, the contributions of single genes to risk are often small in
comparison to the rare, inherited diseases, and disease risk is based on multiple genetic and
environmental factors. Such genomic research therefore raises important new issues in
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communicating with patients and the general public about genetic contributions to disease,
both in terms of the content of disease risk messages and the much larger population to
which these messages are relevant.

Genetic susceptibility to common, complex disease outcomes is an issue that will be of
relevance to most, if not all, individuals. Genes play a role in 9 of the 10 leading causes of
death in the United States, including heart disease, cancer, and diabetes [1]. Genome wide
association studies have revealed many associations between gene variants and specific
disease outcomes, raising the potential of new approaches to prevention and treatment [2].
The findings of these studies also present unique challenges to interpreting and conveying
disease risk, because they can generally only illuminate part of an individual's risk for a
given disease.

With these advances in genetic susceptibility research, public health researchers and
practitioners will increasingly be called upon to communicate with the general public about
genomics across multiple contexts. Advances in genomics have expanded discussions of
genes beyond the traditional settings of maternal and child health programs (e.g., newborn
screening) and the specialized genetic counseling encounter to applications for the
prevention and treatment of common, adult-onset diseases [3]. In addition, private, for-profit
companies have begun advertising directly to the general public about genetic testing. Tests
that can screen an individual's genome for gene variants that affect disease risk are
increasingly available direct-to-consumer on the Internet, and can increasingly reach large
segments of the population. Most of these companies do not provide genetic counseling or
medical support. It is therefore likely that at least some individuals who undergo such testing
will look to health care providers and public health practitioners for assistance with
interpretation of results [4].

The effectiveness of strategies to communicate with the general public about genetics and
genomics will depend upon individuals’ levels of skills and knowledge. Health literacy is
therefore a critical issue to consider in the context of genetic communication. Health literacy
has been defined as the degree to which individuals can obtain, process, and understand the
basic health information and services needed to make appropriate health decisions [5]. As
will be described in the sections below, health literacy encompasses multiple domains of
skills related to using health information, including print skills, oral communication skills,
and quantitative skills. A substantial proportion of individuals in the United States have
limitations in these skill domains, as well as lower levels of background knowledge. An
analysis from the 2003 National Assessment of Adult Literacy revealed that about 36% of
U.S. adults have limited health literacy [6]. Individuals with limited health literacy have, on
average, increased incidence of chronic illness, lower utilization of preventive health
services, and poorer self-reported health [5,7].

Reaching individuals with limited health literacy with understandable and usable
information about genomics will therefore be critical for disease prevention and treatment
approaches targeting populations with the greatest health needs. As noted by Chen and
Goodson (2007) [8], this will mean addressing issues related to the public's levels of
knowledge and skills related to genetics. This paper provides a review of existing research
that can inform these communication issues. We present studies regarding the general
public's knowledge of topics related to genetics and genomics, highlighting areas of
understanding as well as knowledge gaps in different populations. We discuss the relevance
of health literacy and numeracy skills to the communication of genetic and genomic
information and summarize the limited existing research to date in these areas. We describe
the state of research in behavioral responses to genetic information, and discuss the need to
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integrate health literacy and numeracy considerations into such studies. Finally, we provide
recommendations for future research on communicating genetic and genomic information.

PUBLIC UNDERSTANDING OF GENETICS AND GENOMICS

Investigation of the public's understanding of genetic terms and concepts is an essential
component in the design of effective communication strategies for genetic and genomic
information. Research has begun to clarify individuals’ perceptions and beliefs, and factors
that influence understanding [9]. Although this research has not been framed in terms of
health literacy to date, existing findings can still shed light on levels of background
conceptual knowledge about genetics and genomics in the general public and across some
population subgroups. This section summarizes major themes in this body of literature and
highlights gaps to be addressed in future studies.

In the 1990s, a major theme in the research into the public understanding of the role of genes
was exploration of beliefs about causes of birth defects and genetic conditions. For example,
Cohen, Fine & Pergament (1998) found variability in these beliefs across racial and ethnic
groups, with a significant difference in attribution of birth defects to chromosomal causes
[10]. They also observed some differences in beliefs based on whether or not the participant
had a family history of a birth defect. Although 43% of participants in this study had no
more than a high school degree, differences in beliefs based on educational attainment were
not examined. In another study in this area, Lafayette et al. (1999) found that most relatives
of individuals with cystic fibrosis underestimated their carrier risk and overestimated their
risk of having a child with the disease. These researchers found that individuals with lower
educational attainment had less knowledge about cystic fibrosis [11]. A qualitative study
suggested that adults who had genetic counseling and carrier testing had fairly high
knowledge about cystic fibrosis, although the socio-demographic characteristics of the
participants were not reported [12]. These findings therefore suggested significant
differences across groups in understanding of the role of the genes in conditions such as
birth defects, as well as a potential correlation between education and knowledge about
genes.

In more recent public understanding research, studies have focused both on individuals’
beliefs about genetic causation for common, complex health conditions and on their
understanding of basic genomic concepts. Parrott, Silk, & Condit (2003) examined
perceptions of the influence of various factors on human traits and common diseases, such
as cancer, among 77 focus group participants. Their findings suggested that people did not
give genes a primary role in the causation of all human characteristics; rather, they believed
that the relative role of genes and other factors varied for different traits. For example, the
effect of genes on the causation of breast and prostate cancer was seen as greater than on
lung cancer. In this diverse sample, differences in attributions were seen by race, gender,
income and having had a biology course in college. Interestingly, the pattern of the results
suggested that attributions were specific to different conditions and traits rather than being a
global attitude about the role of genes [13]. Other recent research has also suggested that the
public generally does not believe that an individual carrying a gene variant will certainly
develop an associated health condition. Based on the results of 13 focus groups, Bates et al.
(2003) found that only about a quarter of participants believed that a person who had a gene
for heart disease would certainly get the disease, although perceived risk was somewhat
greater among African Americans compared to European Americans [14]. Other qualitative
research has probed more deeply into factors affecting this sense of perceived risk. A meta-
ethnographic review of qualitative research studies found that individuals’ experiences of
family members’ illnesses and personal models of disease causation influenced their
perceived vulnerability. The findings suggested that differences in perceived vulnerability to
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various health conditions may affect how individuals respond to information about genetic
risk [15]. The review did not examine differences in perceived vulnerability or
understanding of familial risk across population subgroups, however. These studies, taken
together, indicate that the general public does have an understanding of the multifactorial
nature of common, complex conditions. Results to date also suggest that personal
experiences influence individuals’ perceived risk of disease.

In another major theme in research into the public's understanding of genetics and genomics,
some studies have focused more specifically on understanding of underlying genetic
concepts. In qualitative interviews with 62 adults, Lanie et al. (2004) found that participants
had a limited understanding of what genes are, how they are inherited, and where they are
located in the body. However, participants generally believed that they understood
information about genes. The authors did not report differences among subgroups, although
68% of participants had at least some college education [16]. Mesters et al. (2005) found
similar gaps in and overestimation of understanding among 69 individuals participating in
focus groups. In this study, although participants talked about genes and DNA in association
with cancer, their understanding of these concepts did not go deeper than word familiarity
[17]. Molster et al. (2009) examined individuals’ understanding of genetic concepts in a
cross-sectional telephone survey of 1,009 adults in Western Australia. The findings showed
that although most respondents were aware of basic genetic concepts and the connection
between genes, inheritance, and risk of disease, a significantly lower number of respondents
understood the biological mechanisms underlying these connections. Respondents also had
misconceptions around the meaning of increased genetic risk. Those with 12 years or more
of education, those who were between 18 — 44 years of age, women, those with higher
annual household incomes, and those who had sought information about genes had higher
genetic knowledge [18]. The findings of these studies therefore suggest that members of the
general public have some familiarity with terms used in genetics and genomics, but
substantial gaps exist in their understanding of the underlying concepts.

Smerecnik et al. (2008) have recently added to this literature by describing a framework that
can frame this line of research. The authors conducted a literature review examining current
public knowledge of genetic risk factors for multifactorial diseases, and found that this
knowledge is limited. They proposed a theory-based framework to better understand the
public's current knowledge regarding this topic. The framework distinguishes between three
different types of knowledge of genetic risk factors, namely awareness knowledge, how-to
(practical) knowledge, and principles (theoretical) knowledge. The authors describe these
forms of knowledge as along a continuum, representing increasingly complex forms of
knowledge. This framework therefore has the advantage of allowing researchers to examine
how deeply the general public understands concepts [19].

One additional area within the public understanding of genetics literature has focused on
possible influences on understanding, particularly the effects of the mass media. Increasing
attention has been paid to new genetic discoveries and genetic tests in the media, in ways
that might hype genetic discoveries or present them as threats [20]. Although concerns have
been raised that such attention to genetic discoveries might heighten beliefs among the
general public of genes as a primary causal factor for common, complex conditions [21], the
findings presented above suggest that this has not generally been the case, at least for the
majority of individuals. The effects of the mass media on public understanding of genetics
and genomics are an important area for additional research.

In summary, research to date regarding the public's understanding of genetics and genomics
suggests that individuals do believe that genes play a role in the causation of common,
complex diseases. However, they do not seem to believe that genes are the primary causal
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factor, but rather, have a more multifactorial understanding of these diseases. While
members of the general public may be familiar with genetics terms, they may have
substantial knowledge gaps regarding basic facts about genes and DNA. Individuals may
also overestimate their understanding of concepts related to genetics. This research base has
a number of substantial limitations to date. Studies have generally been small and
qualitative, potentially limiting the generalizability of findings. There is a clear need for
additional large quantitative studies examining public understanding in representative
population samples, with sufficient sample size to examine differences across subgroups.
Most notably, studies have not yet examined differences in knowledge or understanding
across groups with varying levels of health literacy. These data are critical to developing
approaches to communicate about genetics with adults who have limited health literacy. In
addition, the impact of differences in knowledge on responses to new genetic information
has not been systematically examined, as will be discussed further below.

HEALTH LITERACY AND GENETICS AND GENOMICS

Health literacy is a critical issue for public health researchers and practitioners to consider as
they develop ways to communicate genetic and genomic information to the general public.
Across a wide range of health topics, it has been found that the level of skills required to
understand and use health information is often higher than that of the intended audience
[5,22], Although this has not been systematically examined in the area of genetics, adults
with limited health literacy are likely to face substantial challenges in understanding and
using genetic and genomic information [23]. As mentioned above, a substantial proportion
of U.S. adults (about 36%) have limited health literacy [6]. It is also important to note that
the burden of limited health literacy is not equally distributed across the U.S. adult
population. Among racial and ethnic groups, Hispanic, Black and American Indian/Alaska
Native adults have lower health literacy, on average, compared to white or Asian/Pacific
Islander adults [6]. Further, adults with limited educational attainment, those who live in
poverty, and those who are older, have lower average health literacy [6]. Limited health
literacy is therefore likely to pose a particular challenge to communicating with underserved
communities about genetics and genomics.

Research on Genetics, Genomics and Health Literacy

Relatively little research has been done to date in the area of health literacy and genetics and
genomics. It is likely, however, that these content topics will pose difficulties across all
domains of health literacy. The Institute of Medicine has operationalized health literacy as
having the following components: oral literacy (listening and speaking skills); print literacy
(reading and writing skills); and numeracy (basic quantitative skills), in addition to cultural
and conceptual knowledge [5]. Taking each of these domains in turn, having adequate oral
literacy skills is likely to be important in a number of verbal communication contexts in
genetics and genomics. For example, individuals with limited oral literacy skills might
understand less of genetic information communicated by health care providers and also
might be less able to ask questions in such encounters. Those with limited print literacy
skills might be less able to use a variety of potential written informational sources about
genetics and genomics, including educational brochures, newspapers, and the Internet. The
use of technical and medical jargon in genetic and genomic information may pose
difficulties in both the oral and print domains. With respect to numeracy, the often
probabilistic information that is a part of communication about genetics and genomics will
likely require higher levels of numeracy skills, as will be addressed in the next section.
Finally, with respect to knowledge, many unfamiliar and abstract concepts may be important
for understanding new information about genetics and genomics [17]. Some of these
concepts were discussed above, such as inheritance, genetic variation or multifactorial
causation. Individuals with limited health literacy may therefore have more difficulty with
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genetic and genomic information due to both lower levels of conceptual knowledge and
lower levels of skills.

This next section will discuss the few studies that have been conducted to date to examine
the effects of print and oral literacy on communication about genetics and genomics.
Thompson and colleagues (2004) conducted formative research to develop a print brochure
to describe BRCAL/2 testing to an audience with limited literacy [24]. Although their
brochure was generally favorably received, there were remaining problems with
comprehension of the terminology and figures. In a study conducted with 163 stage I/11
breast cancer patients, Lillie et al. (2007) found that individuals with lower health literacy
recalled less information about a genomic test that identified recurrence risk and had less
preference for active decision making about the test [25]. The measure of health literacy
used in this study was the Rapid Estimate of Adult Learning in Medicine, a commonly used
and validated measure that is a word recognition and pronunciation test [26]. Recently, Erby
et al. (2008) developed and validated a similar measure specific to the context of genetics,
called the Rapid Estimate of Adult Literacy in Genetics (REAL-G). They showed that
individuals with lower scores on the REAL-G, reflecting lower genetic literacy, had lower
knowledge scores after viewing videotaped genetic counseling sessions [27]. One other
study has systematically examined the oral literacy demands of genetic counseling. This
study showed that, among simulated clients, more difficult oral language was associated
with less satisfaction [28].

In summary, the limited existing literature in this area does suggest that health literacy
considerations will be critical in developing strategies for communicating with the general
public about genetic and genomic risk, particularly for underserved communities. Studies in
the domains of print and oral literacy have indicated that individuals with limited health
literacy may understand less of these written and verbal messages and may also be less able
to engage in discussions with health care providers about genetic information. However, the
research base in this area is still quite limited. In particular, there is a pressing need for
research investigating how health literacy affects individuals’ understanding of information
about genomic susceptibility to common, complex disease outcomes. The development of
effective strategies for communicating genetic and genomic information that are appropriate
for individuals with a range of health literacy levels will likely require bringing together
researchers from diverse fields such as adult learning, education, public health, and health
services.

APPLYING THE SCIENCE OF NUMERACY TO COMMUNICATING GENETIC
AND GENOMIC RISK

As discussed in the previous section, numeracy, a component of health literacy, is likely to
be critical in conveying numerical information about genetics and genomics. Health
numeracy, which relates to individuals’ skills with mathematical concepts and their
applications, is increasingly recognized as important in all medical decision-making and risk
communication, including in the domains of genetics and genomics. To date, there is almost
no research that directly has investigated numeracy and genetics and genomics. Therefore,
this section addresses practical applications of numeracy in communicating about genetics
and genomics based on risk communication research conducted in other health domains.

Health numeracy is defined as “the degree to which individuals have the capacity to access,
process, interpret, communicate, and act on numerical, quantitative, graphical, biostatistical,
probabilistic health information needed to make effective health decisions” [29, p. 375].
This definition encompasses both individuals’ capacities with the form of information (e.g.,
graphic, decimals, fractions) and how they process and interpret numeric information. The
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use of numbers is critical to interactions in the healthcare setting. Health care providers
frequently give quantitative information about potential outcomes of preventive behaviors,
about the risks and benefits of undergoing medical procedures, and about disease risks.
Researchers and practitioners have generally assumed that individuals understand such
numeric information, and when it is used “correctly,” such information will lead to more
informed medical decisions and health behaviors.

These assumptions are now being questioned, however. Researchers have argued that the
logic of mental arithmetic presents significant difficulties for the human brain [30].
Furthermore, not all individuals are equally able to understand and apply numeric
information [31]. The 2003 National Assessment of Adult Literacy found that only 13% of
U.S. adults were proficient in quantitative literacy (i.e., numeracy), while 22% had below
basic quantitative literacy and a third had basic quantitative literacy skills [32]. As with
health literacy more generally, underserved populations had lower numeracy skills on
average. Hispanic adults had the lowest proficiency in quantitative literacy, with 50%
having below basic skill levels, compared to 13% of Whites, 19% of Asian/Pacific Islanders,
and 47% of Blacks [32].

Numeracy is important because it can influence how and what information is processed and
understood in decision-making [29,33,34]. Numeracy, therefore, has great relevance to the
communication of genetic and genomic risk. Current research and theory describe six
separate functions of numeracy that could affect health decision-making in the context of
genetics and genomics, as delineated in Table 1. Researchers and practitioners in public
health genomics will need to have an understanding of the concepts and six functional
values of numeracy, as well as and how these will affect differences in interpretation of
genetic and genomic risk.

Numeracy Considerations in Presenting Genetic and Genomic Risk Information

Knowing an individual's numeracy may be an important first step in conveying numeric
information about genetics and genomics. For example, this knowledge could influence the
channel and format used to communicate quantitative information. This section will discuss
several broad issues that researchers and practitioners in public health genomics should
consider when presenting numeric risk information. First, information providers need to
select the specific domains of risk to be discussed, such as risk factors, probabilities of event
occurrence (e.g., absolute risk, relative risk); consequences of disease (e.g., social,
physiological, psychological), and methods of prevention, if applicable [35]. Second, public
health genomics practitioners should give attention to selecting communication formats to
be utilized, and considering the strengths and weaknesses of different formats. Important
questions to consider in this regard include, “Will the information be communicated
numerically, verbally and/or graphically? Will the information be framed as gains or
losses?” A recent review paper by Lipkus (2007) discussed several strategies for displaying
quantitative information that can be applied to this content domain [36]. Third, practitioners
need to consider individuals’ biases in perception of and personalization of risk. For
example, do individuals review and process messages in a biased manner, such as paying
selective attention to certain information so that they can limit potential deleterious effects?
Existing research suggests that an anchoring-and-adjustment bias may occur in the context
of genetic risk information, such that individuals insufficiently adjust their subjective risk
perceptions to the objective information they receive from health care providers [37].
However, more direct empirical research is needed to explore such biases in the context of
genetic and genomic risk. Fourth, it is important to probe for understanding of the genetic
risk message, particularly for individuals who may have limited health literacy or numeracy.
Fifth, the efficacy of risk communications should be evaluated. As an example, if an
individual gains greater factual knowledge but without accompanying recommended
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behavior changes, is the genetic and genomic risk communication a success, failure, or
neither?

While risk is a difficult concept to convey and one that is not well understood by the general
public, genetic and genomic risk communication is expected to increase dramatically in the
future. An important challenge facing those who will be at the forefront of communicating
genetic and genomic risk is their ability to design health messages that take into
consideration the multiple issues related to numeracy outlined above. Prior research on the
presentation of numeric risk information more generally can be examined for guidance [38].
These issues clearly need more research, such as studies examining individuals’ responses to
different formats and presentations of genetic and genomic information. In addition,
research is needed to examine the intersection of conceptual knowledge, print and oral
literacy, and numeracy in the context of genetics and genomics, and how these domains
influence behavioral responses to information about risk.

FUTURE DIRECTIONS: GENOMIC INFORMATION, HEALTH LITERACY, AND
BEHAVIOR CHANGE

In addition to the challenges involved in communicating genetic and genomic information
so that it is understandable, there are additional challenges in providing such information so
that it motivates health behavior change. Ideally, genomic susceptibility information would
allow focused screening or medical management in individuals identified as being at
increased risk. Individuals not at elevated risk could then follow health and medical
recommendations given for the general population. No research to date has examined
whether providing genetic or genomic information to individuals with limited health literacy
or numeracy affects health behavior change. These variables are critical to investigate, as
they are potentially modifiable with educational interventions. This section will therefore
summarize two areas of existing research regarding whether genetic testing leads individuals
to change their health behaviors, and will then suggest future directions for research related
to health literacy.

Genetic testing and behavior change in the context of familial conditions

One body of research on health behavior change following receipt of genetic risk
information has examined cancer screening utilization and prophylactic surgical
interventions among individuals from families with hereditary cancer syndromes [39]. It is
important to note that in these studies, genetic risk information is almost always provided in
the context of comprehensive genetic counseling by a trained genetic counselor. The
evidence related to hereditary breast and ovarian cancer (HBOC) has suggested that
mammography usage in women often increases following the identification of a disease-
causing mutation in the genes BRCA1/2, but remains suboptimal [40-45]. The rate of
oophorectomy also increases among mutation carriers following genetic testing [46]. In the
context of Hereditary Nonpolyposis Colorectal Cancer (HNPCC), research has shown that
genetic counseling and testing for HNPCC does influence the use of screening procedures
and adherence with screening recommendations [47-49]. Heshka et al. (2008) conducted a
literature review to examine the effects of genetic testing for colorectal carcinoma, HBOC,
and Alzheimer disease on individuals. Behavioral impacts assessed included screening and
surveillance behaviors such as mammography, breast exams, colonoscopy, prophylactic
surgery, and other preventive behaviors such as diet and exercise. Although mutation
carriers generally increased their screening behaviors, the change in behaviors was less than
expected [50].
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Research on health behavior change following genetic testing for familial conditions other
than hereditary cancer syndromes has been quite limited. In one study, the identification of
mutations for Familial Hypercholesterolemia had no impact on adherence to cholesterol-
lowering behaviors compared to persons clinically diagnosed without genetic testing for the
condition [51]. Similarly, in a study of genetic testing for alpha-1-antitrypsin (ATT),
knowledge of having severe ATT enzyme deficiency, rather than mutation carrier status,
resulted in greater use of pharmacotherapy for smoking cessation and greater reduction in
smoking compared to those with mild or normal enzyme levels [52].

The literature related to health behavior change following genetic testing for familial genetic
conditions therefore suggests that genetic information might lead to some changes in
screening and other preventive behaviors. However, it is unclear in some contexts whether
this is due to the genetic information or diagnosis with a disorder. In addition, screening and
surveillance following genetic testing often remains suboptimal. Importantly, most of the
participants in these studies have been white and highly educated, although socio-
demographic characteristics are not consistently reported. No studies have examined
differences in behavior change across such population subgroups, and none of the studies
have measured health literacy or numeracy. These are important areas for future research to
advance the body of knowledge in this field.

Genetic Susceptibility Feedback and Behavior Change

A second domain in which behavior change following the receipt of genetic information has
been examined is in the context of genetic susceptibility for common, complex diseases. The
provision of such genetic risk information has been hypothesized to increase motivation to
change behavior by increasing risk perception [53], but existing studies have found limited
evidence for long-term behavior change. For example, investigations of smoking cessation
following receipt of genetic test feedback for lung cancer risk have shown that, although
genetic risk information can affect mediators of behavior change (e.g., perceived risk), this
information does not generally lead to long-term change in smoking behaviors [52,54-56].
Ito and colleagues [57] did find that feedback of genetic information regarding a tobacco-
related cancer risk biomarker led to a tendency toward smoking cessation at 9-month follow
up among participants who did not have cancer, with a significant effect among women.
However, reviews of the effects of providing biological feedback, using both genetic and
non-genetic markers, on smoking cessation have shown that there is no evidence that
receiving biological risk factor feedback produced greater behavior change than generic
feedback [58,59].

Therefore, prior research related to providing genetic susceptibility feedback has generally
not shown substantial effects on long-term behavior change. More research is needed in this
area as genomic testing for common, complex diseases becomes increasingly available,
however. The existing body of literature is quite limited in scope in terms of health
conditions examined and populations included in research. With rare exceptions [60],
individuals’ understanding of provided information has not been systematically investigated.
Importantly, the effects of health literacy and numeracy on health behavior change following
the receipt of genetic and genomic information have not been examined, and this is a critical
area for research. Additional factors could also result in variations in health behavior change
following the receipt of genetic and genomic test results, such as personal and family
experiences with disease, availability and efficacy of preventive and treatment options, and
known mediators of health behavior change more generally (e.g., affect, risk perception).
More research is certainly needed to understand how learning about genetic or genomic risk
might or might not affect a person's behavior, when and under what conditions.
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RECOMMENDATIONS FOR PUBLIC HEALTH GENOMICS RESEARCH

This review has summarized the existing state of the literature regarding public
understanding of genetics, health literacy, numeracy, and behavior change in the context of
genetics and genomics. Major gaps in this literature have been identified, suggesting
numerous areas for future research. Although some literature exists in the area of public
understanding of genetics and genomics, larger quantitative studies are needed. In addition,
very little is known about understanding among individuals with limited health literacy and
numeracy, and this is a critical area for research. Such findings are central to identifying
groups that might need more focused educational efforts on genetics and genomics.

Very little research has been conducted to examine how print literacy and oral literacy skills
might affect individuals’ understanding of genetic and genomic information. Future studies
could examine how individuals with limited health literacy understand and use genomic
information presented in verbal and print channels. In addition, almost no research has
investigated how individuals’ numeracy skills impact their interpretation of genetic and
genomic information. Studies that examine individuals’ responses to different presentations
and formats of genetic and genomic information are needed. This type of research will aid in
the development of effective strategies for communicating genetic and genomic information
that are appropriate for individuals with a range of health literacy levels.

Finally, future research is needed that examines how the domains of print literacy, oral
literacy, numeracy, and conceptual knowledge interact in affecting individuals’ responses to
genetic and genomic information. Studies could also investigate whether health literacy
modifies the impact of genetic and genomic information on health behavior change. Such
research will help to clarify whether and how this information impacts individuals’
behaviors. Social and behavioral researchers are just beginning to examine these questions,
such as through studies investigating individuals’ understanding of and responses to
receiving a panel of genetic markers for multiple common diseases [61]. The unique
challenges of conveying disease risk based on multiple genetic markers that slightly elevate
an individual's risk for common diseases such as diabetes, heart disease and cancer remain to
be explored in greater detail.

CONCLUSIONS

Genomic research is leading to increasing availability and use of genetic tests to screen,
diagnose and treat disease. These advances will likely mean that public health genomics
researchers and practitioners will increasingly be called upon to translate genomic
information to the general public. Existing research suggests that the public has gaps in
knowledge concerning genetic and genomic concepts. In addition, health literacy and
numeracy will likely be important predictors of being able to understand and apply genetic
information to improve health. Limited research exists regarding behavior change in
response to the receipt of genetic and genomic risk information, and there is as of yet no
research focusing on how individuals’ health literacy and numeracy affects their responses.

Research advances in genomics will mean increasingly complex communication issues.
Public health researchers and practitioners will be uniquely poised to engage in research that
explores risk communication strategies involving the use of genomic information that are
intended for the general public, as well as to take a leading role in research regarding how
communities react to and use genomic risk information both in the short and long term
[53,62]. Such research is critical to translating the advances of genomic research to
improvements in the public's health.
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Table 1

Six Functions of Numeracy in Health Decisions

1. Numeracy facilitates computation. This function refers to the specific skills a person needs to perform mathematical operations, including
knowing how and what information to seek to conduct these operations.

2. Numeracy encourages more information seeking and greater depth of processing. This function of numeracy involves the person's motivation
to attend to and seek numerical health information.

3. Numeracy improves interpretation of the meaning of provided numbers. This aspect of numeracy refers to a person's ability to make sense of
numerical information in order to reach a decision or solution.

4. Numeracy facilitates assessments of likelihood and value. Individuals who are less numerate may have difficulties understanding a question
about probabilities, making use of response options or providing a numerical estimate to answer an open-ended question.

5. Numeracy increases acceptance of numerical data. This aspect of numeracy involves whether the recipient accepts as valid the process
contributing to the production of quantitative information and/or the conclusions reached from it.

6. Numeracy can promote behavioral change. This dimension implies that numeracy may affect a person's motivation to take action and engage
in behaviors based on quantitative information. A person's level of numeracy may either increase or decrease the likelihood of their taking
action following some quantitative message.

[References: 33,63-67]
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