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Motivators for participation in a whole-genome
sequencing study: implications for translational
genomics research

Flavia M Facio*,1, Stephanie Brooks1,2, Johanna Loewenstein1,3, Susannah Green1,4, Leslie G Biesecker1

and Barbara B Biesecker1

The promise of personalized medicine depends on the ability to integrate genetic sequencing information into disease risk

assessment for individuals. As genomic sequencing technology enters the realm of clinical care, its scale necessitates answers

to key social and behavioral research questions about the complexities of understanding, communicating, and ultimately

using sequence information to improve health. Our study captured the motivations and expectations of research participants

who consented to participate in a research protocol, ClinSeq, which offers to return a subset of the data generated through

high-throughput sequencing. We present findings from an exploratory study of 322 participants, most of whom identified

themselves as white, non-Hispanic, and coming from higher socio-economic groups. Participants aged 45–65 years answered

open-ended questions about the reasons they consented to ClinSeq and about what they anticipated would come of genomic

sequencing. Two main reasons for participating were as follows: a conviction to altruism in promoting research, and a desire to

learn more about genetic factors that contribute to one’s own health risk. Overall, participants expected genomic research

to help improve understanding of disease causes and treatments. Our findings offer a first glimpse into the motivations and

expectations of individuals seeking their own genomic information, and provide initial insights into the value these early

adopters of technology place on information generated by high-throughput sequencing studies.
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INTRODUCTION

Genomics has already revolutionized the biological sciences, and the
future application of genomics to health care has the potential to
improve prevention, diagnosis, and treatment of disease by refining
individual risk in the clinical setting. However, this potential can only
be realized through translational and clinical research studies to
establish the relationship of disease risk to genomic variants derived
from sequencing data. These studies will necessitate the enrollment
of thousands of clinical research participants, and thus methods
and approaches need to be developed to interact and communicate
with participants regarding clinical genomics. As well, these clinical
genomics studies will serve as the foundation for the development of
approaches to health-care providers’ interactions with patients under-
going sequencing in the clinic and hospital wards of the future.
High-throughput genomic sequencing can elucidate an enormous

range of sequence and copy number variations for a given individual.
A typical whole-genome sequence determination yields on the order
of 4 000 000 sequence variations that differ from the current human
reference sequence. While most are benign or of unknown conse-
quence, some are associated with a significant increased risk of disease
for the individual and/or their family members. It is important to
distinguish sequencing from common variant detection (eg, SNP chips).

Sequencing can detect rare variants that are associated with relative
risks that approach the inverse of the disease frequency (ie, as high as
500 for a disease such as familial hypercholesterolemia), whereas
SNP typing typically detects variants that yield relative risks of
1.05–1.2. The typical human is a carrier for three to five deleterious
genetic variants or mutations that cause severe recessive diseases.1,2

In addition, there are over 30 known cancer susceptibility syndromes,
which in aggregate may affect more than 1/500 people, and the
sequence variants that cause these disorders can be readily detected
with whole-genome sequencing. Rare variants in the causative genes
can predict very high relative risks, and thus have significant potential
medical impact and clinical utility. Other heritable conditions that
affect more than 1/500 people of Caucasian extraction include the
hypertrophic cardiomyopathies3 and hemochromatosis.4 All patients/
research participants are likely to have several deleterious variants, and
it will be important for clinicians to be familiar with the motivations
and expectations of patients regarding the return of such results.
The translation of genomics into useful and cost-effective clinical

care will require years of translational research. The early phases of
translational research, often referred to as proof-of-principle studies,
are typically characterized by the introduction of new technologies to
normal volunteers and carefully defined populations. Anticipating the
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early phase of translational genomics research, a recent analog study
assessed the views of 4659 participants from the general public.5

They were asked about their attitudes toward participating in a
theoretical genetic–environment research biobank, specifically their
opinions about controlling access to their theoretical samples and the
information that could be derived from them. The participants
expressed a clear desire for ongoing choices and control regarding
the use of their samples and the information that is derived from their
samples. This important study is nevertheless limited by its analog
design. An important next step is to replicate the findings in actual
research participants. Here we extend the results of this analog study
by exploring the motivations and expectations of participants
who consented to donate their DNA to an actual clinical genomic
research study.
The context in which this exploratory study was performed is a

clinical genomic protocol, known as the ClinSeq study.6 The ClinSeq
study aims to enroll a cohort of more than 1000 participants who
consent to full-genome sequencing. The participants are broadly
consented, up to and including whole-genome sequencing and future
exploration of any and all possible phenotypes. It is, therefore, an ideal
cohort for studying motivations and expectations because the possi-
bilities for receiving results are so wide ranging. This study provides
initial findings regarding the motivations and expectations of indivi-
duals choosing to have their whole genome or exome sequenced, with
the option of learning about individual genotype results in the future.

METHODS
Survey data were collected from 322 individuals enrolled in the ClinSeq study

between January 2007 and May 2008. Individuals eligible for the ClinSeq study

were between 45 and 65 years of age, and most were local to the Washington,

DC and Baltimore, Maryland metropolitan areas. Participants were not offered

financial compensation. The target ClinSeq cohort of 1000 individuals will

include participants with a range of risk to develop coronary artery disease

(CAD), including asymptomatic individuals with varying degrees of risk to

develop CAD and participants with known CAD. The group with known CAD

includes individuals with a previous history of myocardial infarction, silent

myocardial infarction, stent placement, revascularization, or 50% or more

arterial blockage. Out of the 322 participants who completed the survey, 294

(91.3%) were asymptomatic for CAD, and 28 (8.7%) had a history of CAD at

the time of enrollment. From its inception the goal of ClinSeq has been to

sequence most or all regions of 1000 human genomes, and more than 200

exome sequences had been completed at the time of publication. Details on the

ClinSeq cohort are described elsewhere.2 The National Human Genome

Research Institute Institutional Review Board approved this study.

During an enrollment visit and before consenting to whole-genome

sequencing and participating in genetic counseling, participants completed a

baseline survey. Reasons/motivations for participating in ClinSeq, expectations

of whole-genome sequencing and socio-demographic characteristics were

assessed.

Motivations
To assess motivations, respondents were asked, ‘What are your reasons for

wanting to participate in this study’?

Expectations
A multiple-choice question was used to assess participants’ expectations of

whole-genome sequencing.

Testing for many genes cany (Check all that apply)

� Find a genetic risk for a disease that you do not have, but could develop in

the future

� Find a genetic cause or contribution for a disease that you have

� Give you a ‘clean bill of health’

� Give you information about not only you, but also your relatives

� None of the above

� Don’t know

To further assess expectations, they were asked, ‘What else, if anything, could be

learned from testing many genes’?

Responses to the open-ended questions were read for content and an initial

codebook was developed. A systematic review of the literature on ‘diffusion of

technology, early adopters of technology’, ‘individuals’ motivations to undergo

genetic testing’, and ‘individuals’ reasons to become involved with research

in general’ provided empirical data for the concepts included in the final

codebook. It was revised for content validity through an iterative process

involving discussions among the research team until the coding scheme was

determined to be concise and robust. Using NVIVO 7 QSR, a qualitative

analysis software package, the responses were analyzed by two independent

coders to ensure coding consistency. One member of the research team coded

the responses to the motivation question and approximately 25% were

randomly selected and coded by a second coder. Similarly, one primary coder

coded responses to the expectation question and a second coder coded

approximately 33% of the responses. Inter-coder reliability was determined

to be 95% for the motivation question and 96% for the expectation question.

Discrepancies that emerged between the coders were discussed and reconcilia-

tion was achieved. Data saturation was facilitated by the significant sample size.

We identified common themes among answers to both questions. These

themes were correlated with health-related attributes to determine whether

there were relationships between the two – for example, whether people with

symptoms of CAD were more likely than healthy volunteers to participate

because of a hope for personal health benefits. There were no differences

between the two groups of ClinSeq participants. Responses to the multiple-

choice question were summed. Similarly, there were no differences between the

two groups of participants.

RESULTS

Study population
Between January 2007 and May 2008, a total of 337 participants
enrolled in the ClinSeq study. Out of the 337 enrollees, 322 (96%)
completed the survey. Table 1 summarizes the participants’ character-
istics. The majority of the 322 participants were white, not of Hispanic
or Latino background, and from higher socio-economic groups. The
average age was 57 years and the female to male ratio approached one.

Motivations to enroll in a whole-genome sequencing study
Of the 322 participants, 313 (97%) provided responses about their
reasons for participating in the study. Two main themes were
identified in the responses: a conviction to altruism in promoting
research, and a desire to learn more about factors that contribute to
their own health. These themes originated from separate respondents
with minimal overlap. The two groups were similar with regard to
their socio-demographic characteristics and their CAD status.

Altruism
Out of the 313 participants, 141 (44%) responded in an altruistic
manner. Although the majority of these responses were general in
nature – ‘Help someone who may be at risk for CAD or other related
disorders’ or ‘Help others in the future’, some addressed an intent to
contribute to research about genetics (26/313) or research about health
(33/313). For example, participants mentioned that they were enrolling
in the study ‘For the contribution to a major effort to correlate disease/
risk and gene sequence on the global level’ and ‘Because I can give back
and be part of groundbreaking (and potentially life saving) research’.

Seeking personal health information
Fifty-six percent (175/313) mentioned that they were seeking personal
health information. A proportion of these responses (63/313) reflec-
ted participants’ desire to learn information about a specific health
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condition, as shown in the following response: ‘I became familiar with
isolating the gene specific to Dystonia, which my son has. When my
colleague at work mentioned this study, I was interested’. Out of this
subgroup, the majority was seeking information about heart disease –
‘To learn about my health and risk of heart disease. There is a family
history of hypertension and heart disease’. Some participants were
interested in receiving information about genetic risk (41/313) and
predisposition to disease (20/313), as illustrated by the following quotes:
‘To learn about my health and risk for not only CAD, but other disease
processes as well’ and ‘Interesting study. Would like to know if I have
genes that predispose to disease’. Other participants had concerns
related to their family history of disease (38/313) – ‘Curious about
genetic predisposition in family, especially as it relates to family history
of autoimmune disease’.

Future uses of genomic information
Other themes emerged from the responses to the motivation question.
Thirteen percent (42/313) of the responses reflected some of the
participants’ desire to learn information that may be helpful to their
relatives. This theme of seeking information for family is illustrated in
responses like – ‘Family cardiac history and knowledge that would
help me make better choices for my health and my children’ and

‘I want to learn if my children and other posterity may be at risk for
heart disease, diabetes, and other diseases’.
Some participants also described future benefits of participating in

the study (50/313), including specifics such as the potential for
preventing disease (14/313) – ‘Provide me with information to prevent
development or lessen the impact of some medical conditions’.
Additionally, a number cited the potential for finding better treatment
(11/313), hinting at the concept of pharmacogenomics. Within this
notion of future benefits, a small number of participants mentioned
finding cures for diseases – ‘I believe that genetics is the place in science
that offers the most promising future for disease prediction and cure’.
Finally, some participants mentioned curiosity (59/313) as a reason

for participation, as illustrated by the following responses – ‘To be on
the cutting edge of this information’ and ‘Curiosity, continuous
learning. I work in health care field and am fascinated by research
capability’.

Expectations from a whole-genome sequencing study
Out of 322 participants who completed the survey, 191 (59%)
provided responses about their expectations of whole-genome sequen-
cing. Most responses (142/191) reflected a sense that genomic
information could lead to a better understanding of disease causes
and treatments. Specifically, 74/191 had expectations that whole-
genome sequencing would increase knowledge of the causes and
development of disease – ‘Why some people develop diseases that do
not have a genetic predisposition or why some who do have a genetic
predisposition do not develop the disease’. Fifty percent of these
respondents expected to gain knowledge of the relationship between
genes and disease, such as the identification of predispositions or risk
factors for disease – ‘To determine if diseases may develop in different
ways according to gene differences’.
Some individuals felt that genomic information could lead to the

advancement of treatment, diagnoses, or cures, and more specifically
to the advancement of tailored or personalized medicine (53/191),
including pharmacogenomics (12/191). The following illustrate these
expectations – ‘Designing personal drug therapies’ and ‘Possible link
to a medicine to treat a disease’.
Reflecting scientific literacy, about 23% (33/191) of the respondents

described the contribution of whole-genome sequencing research
to the understanding of genetic mechanisms, such as the role of
gene–gene interactions. They described learning the ‘Relationships
of particular genes to diseases and the interactions of genes to cause
or inhibit disease’, and ‘Interactions that provide protective factors or
benefits (such as sickle cell anemia versus malaria resistance)’.

Multiple-choice question regarding expectations
The response rate was 100% (322/322) for the multiple-choice
question in the survey. Sixty-eight percent (218/322) of the partici-
pants answered the question with reasonable expectations, checking
the three following answers regarding what could be learned from
testing many genes: find a genetic risk for a disease that you do not have,
but could develop in the future, find a genetic cause or contribution for
a disease that you have, and give you information about not only you,
but also your relatives. Of note, 26 out of 322 (8%) participants also
chose the option give you a ‘clean bill of health’ as a response.

DISCUSSION

High-throughput genomic research is characterized by a number of
unique attributes, including the enormous scale of the data sets
generated for a single individual, and the wide range of possible
genetic results. Additionally, genomic research introduces a new

Table 1 Socio-demographic characteristics of research participants

Motivation study, N¼322 (%)

Age (mean, years) 56.5

Female/male 1.3

Race

White 286 (88.8)

Black or African American 13 (4)

Asian 15 (4.6)

American Indian or Alaska Native —

Other 6 (1.9)

Unknown 2 (0.6)

No response —

Ethnicity

Not Hispanic or Latino 313 (97.2)

Hispanic or Latino 6 (1.9)

Unknown 3 (0.9)

No response —

Education level

Less than high school 1 (0.3)

High school 7 (2.2)

Technical school 4 (1.2)

Some college 38 (11.8)

College graduate 98 (30.4)

Post-graduate 168 (52.2)

No response 6 (1.9)

Income level

Less than $25 000 4 (1.2)

$25 000–$49 999 16 (5)

$50 000–$74 999 21 (6.5)

$75 000–$100000 48 (14.9)

More than $100000 215 (66.8)

No response 18 (5.6)
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paradigm in the search and delivery of genetic information, going
directly from the genotype to the phenotype. These novel character-
istics dictate a need to discern the motivations and expectations
of research participants choosing to have their whole genome or
exome sequenced.
The results of this exploratory study reveal that altruism is one

of the major sources of motivation for ClinSeq participants. The
motivation of altruism echoes that of other healthy research volunteers
reported in the literature.7 Although financial compensation is the
greatest motivation for volunteering in phase I or proof-of-principle
studies, it is less valued as a motivator by healthy volunteers with
higher income and education8 and older age.7 Altruism and personal
health gain/benefit have been reported as particularly important
motivators for volunteers of older ages.7 Among genetic studies
that do not disclose individual results, there are parallel findings.
Healthy volunteers have reported financial compensation as an
important motivator; however, age has been inversely related to the
importance of financial compensation on the decision to participate.9

Individuals affected with a specific genetic condition have reported
participating in genetic studies for altruistic reasons: to help to find a
gene, to help others who have or are at-risk for disease, and to help
raise awareness of disease.10

In contrast, personal health gain has been reported as the greatest
motivation for patients to enroll in clinical trials of cancer chemo-
therapy.11–13 Cancer patients may anticipate that they will derive
direct benefit, even when they understand that a study is unlikely to
impart any personal benefit. This is most often seen when participants’
prognoses are terminal or the technology under study is viewed as
‘cutting edge’. This motivation has been described as the ‘therapeutic
misconception’14,15 and depicts the hope that research participants
may experience when clinical treatments have failed to help them.
In this study, the participants were healthy volunteers and patients
with symptoms of coronary heart disease. Their overall health status
was not as dire as that of cancer patients participating in phase-I
clinical trials, thus personal health gain for ClinSeq participants is
likely to carry a different meaning. In fact, the participants share more
in common with early adopters of new technologies and with
individuals who undergo genetic testing, than with clinical research
participants who are gravely ill.
Early adaptation of new technologies typically proceeds in the face

of considerable uncertainty about the potential indications, risks, and
usefulness.16 Innovators and early adopters are more often informa-
tion seekers and risk takers with higher formal education and higher
financial status.17 They show tolerance of the uncertainties. This
sophistication is reflected among the participants in this study in
their expectations of whole-genome sequencing. They articulated
how results may improve understanding of the cause of disease and
lead to improved treatments, expectations that are consistent with the
potential information that individuals could learn from having their
genome sequenced.18 This understanding was further evidenced by
their reasons for participating, with many hoping to learn about their
risks for certain diseases, and some expecting to learn about genetic
predispositions that they could possibly pass on to future offspring.
Early adopters of clinical genetic tests share characteristics with

ClinSeq participants. A retrospective study of women offered BRCA1/2
testing soon after it became available, and found that uptake was
associated with higher innovativeness and greater congruence between
the test and their existing values. These findings are compatible with
hypotheses generated by the diffusion of innovation theory.19

Similar to other studies,19,20 most ‘early adopters’ in this study were
more likely to have a college degree or higher. ClinSeq participants

share motivations with individuals who enroll in research in general,
as well as with those who typically come forth for genetic studies and
new genetic tests based on their family or personal history of disease.
Individuals afflicted with a hereditary condition undergo genetic
testing to provide information to family members,21,22 gain informa-
tion for self in terms of disease management,22–24 to reduce uncer-
tainty,23 and for altruistic reasons.22 Those undergoing genetic testing
because they are at risk for a specific hereditary condition cite
equivalent motivations.25–30 Interestingly, these individuals feel that
in addition to providing them with the ability to guide future health-
care decisions, genetic test results also aid in planning for future non-
medical decisions, such as preparing advance directives and enrolling
in long-term insurance.25–29

Overall, the findings from this study suggest that a significant
proportion of early participants in whole-genome sequencing studies
expect to gain information about their health risks. Taken together
with the findings from an analog study,5 this suggests that participants
also value having a choice about what information they can learn.
When designing whole-genome sequencing studies, successful recruit-
ment may depend on offering a choice to participants about the return
of results. To do so, studies will need to anticipate providing access to
clinical research support resources.31

The results of this study are limited by the characteristics of the
ClinSeq cohort, which is comprised largely of individuals of higher
levels of formal education and high socio-economic status. Although
our findings parallel those of other early adopters, they cannot be
generalized to other socio-demographic populations. The use of a
multiple-choice question about participants’ expectations preceding
the open-ended question may have biased responses. Yet we found
participants’ responses replicate findings of other genetic testing and
research participation studies.5

In summary, sequencing technology is predicted to continue
advancing at a very rapid pace, along with further reductions in
cost. In the not too distant future, whole-genome sequencing will
enter clinical care. ClinSeq provides a timely opportunity to explore
the motivations and expectations of participants anticipating return of
high-throughput, whole-genome sequencing results in the context of
translational research. Additional ClinSeq studies are ongoing to
measure participants’ attitudes toward intentions and decisions to
learn results.
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