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A b s t r a c t  Background: The authors define a DNA biobank as a repository of genetic information
correlated with patient medical records. DNA biobanks may assist in the research and identification of genetic
factors influencing disease and drug interactions, but may raise ethical issues. How healthcare providers perceive
DNA biobanks is unknown.

Objectives: To determine how useful healthcare professionals believe DNA biobanks will be and whether these
attitudes differ between private and socialized healthcare systems.

Design: The authors surveyed 200 healthcare professionals, including research and non-research focused doctors,
nurses and other staff from medical centers and independent practice in both the United States and Scotland. The
survey included fifteen items evaluated for general receptiveness toward biobanks, presumed usefulness of
biobanks and perceived attitudes in recruiting patients for a biobank.

Measurements: A total of 81 (45%) of 179 eligible participants responded: 41 from the U.S. and 40 from Scotland.
Of these respondents, most (70%) were from academic centers.

Results: Results indicate that there is a broadly favorable attitude in both locations toward the creation of a DNA
biobank (83%) and its perceived benefit (75%). This enthusiasm is tempered in Scotland when respondents
evaluated their comfort in consenting patients for entry into a biobank; 16 of 40 respondents (40%) were
uncomfortable doing so, representing a significant difference from those in the U.S. (p�0.001).

Conclusions: Despite systematic differences in healthcare practice between the U.S. and Scotland, health care
professionals in both nations believe DNA biobanks will be useful in curing disease. This finding appears to
support further development of such a research tool.
� J Am Med Inform Assoc. 2008;15:357–362. DOI 10.1197/jamia.M2571.
Introduction
Before completion of the Human Genome Project in 2003,
academic medical centers and government health agencies
already planned to create large biobanks of patient DNA.1,2

A main motivating factor in creating such biobanks is their
ability to correlate small differences in genetic variability
with phenotypic changes. In 1998 Britain’s Wellcome Trust
was charged with creating a nationwide DNA collection
called UK Biobank, and in 2002 the Center for Genetic
Medicine at Northwestern University began recruiting pa-
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tients for NUgene. Data from the NUgene project has
facilitated an on-going, but unpublished, study investigating
abdominal aortic aneurysm.3 Other database efforts focused
on making the results of genotype/phenotype studies avail-
able for broader use. For example, the National Center for
Biomedical Informatics’ database of Genotype and Pheno-
type (dbGaP) is intended as a widely-accessible archive to
facilitate research that may yield commercial products or
further public health.4

Recent designs for biobank recruitment rely on the use of
“leftover” blood from routine lab tests.5 Inherent in the
large-scale collection of such genetic information are ethical,
legal and technical considerations.6 These include using a
consent process that will facilitate testing future hypotheses
without re-contacting or re-consenting donors every time a
new protocol is conducted. Another concern relates to the
ownership of genetic information and the question of who
should deserve benefits from discoveries made through
biobank research.7 Other issues relate to the possible iden-
tification of sample donors and ensuring privacy of DNA
through the use of de-identifying technology.8

The expanding interest in DNA biobanks stems from their
potential to assist researchers in conducting large, popula-
tion-based studies investigating the genetic, lifestyle and

environmental factors associated with common disease and
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drug response.9 Effective identification of causation, or even
correlation, between genetic sequences and clinical manifes-
tation requires the recognition of candidate genes. Recent
technologic breakthroughs making this process easier, more
affordable and more accessible have led to increasing num-
bers of targets for both monogenic and polygenic disease.10

The concepts of genotype-phenotype correlation and ge-
nome-wide association are extensions of the premise that
specific inherited genetic sequences can cause or, in concert
with lifestyle factors, predispose individuals toward disease.
Classical evaluation of SNP sequences and more recent
phylogenetic studies aim to help identify putative genes
involved in disease.11 Other tools invoke genome-wide
association to interrogate human genetic sequences vis-à-vis
a sophisticated map of genetic variation. This model is
therefore aided by the collection of large volumes of DNA
samples along with the well-defined phenotypic and clinical
characteristics.12 In this way, these concepts promise to help
identify candidate and later specific genetic sequences that
may be responsible for phenotypic and pathologic manifes-
tations.

Public opinion on issues surrounding medical biobanks
such as confidentiality, informed consent and ownership of
information has also been evaluated.13 Much of the concern
surrounding confidentiality relates to maintaining the ano-
nymity of donors and making sure insurers and employers
do not have access to any findings.14 Public opinion has
favored strictly authorizing fresh consent before any new
research is conducted, even on existing patient genetic
information and medical records.15 Another sentiment held
by the public is that ownership of DNA biobanks should
exclude commercial interests.15 The attitudes of medical
professionals have not been characterized.16

To determine how healthcare professionals viewed these
concerns and the DNA biobank concept in general, the
authors conducted a survey of research and non-research
focused physicians, nurses and ancillary staff from separate
medical centers in both the United States and Scotland in
order to understand their views on the usefulness of such
biobanks. The authors hypothesized that there would be a
generally positive attitude toward creating a DNA biobank
among both groups of professionals in both countries. Due
to the nationalized system of health care delivery in Scot-
land, in which patients are entitled to care and an unbiased
collective notion of coverage exists, the authors believed
perceptions of DNA biobanks would differ with respect to
the privatized healthcare environment that remains in the
United States.

Methods
Subjects and Settings
The study population consisted of 200 healthcare profession-
als including doctors, nurses and technicians from the
United States and Scotland. The U.S. cohort included 100
participants randomly selected from among those practicing
in the Nashville, TN area: 50 randomly selected from a list of
area private practices, and 50 from the Vanderbilt University
Medical Center directory. This group consisted of 70%
doctors, 20% nurses and 10% ancillary technical staff. The
Scottish cohort also had 100 subjects randomly selected from

practitioners located in the Dundee area. Software from
www.graphpad.com was used to generate a list of random
numbers to help select participants in both locations. The
subject sample was distributed in this way to obtain a
cross-section of opinions form those most likely to be
utilizing or recruiting patients into a DNA biobank. In
Scotland, there are no dedicated private practitioners be-
cause of the government-operated National Health Service.
Participants were selected from either general practices in
the Dundee area or from the Tayside Hospital associated
with the University of Dundee Medical School; this group
approximates the “academic” and “private” dichotomy
found in the United States sample. Due to practical concerns
about contacting non-physician health professionals outside
the hospital, only doctors from general practices were con-
tacted. The overall cohort included 35 physicians working in
general practice and 50 physicians, 10 nurses, and 5 ancillary
technical staff from the hospital.

Survey Design
In 2000 Vanderbilt University conducted two focus groups
with members of the general public to investigate potential
concerns associated with creating a DNA biobank.17 The
main areas identified related to issues of privacy, benefit to
the donor and access to knowledge and results from re-
search. These areas were therefore considered categories of
concern and were used to create novel questions included in
the survey of health professionals. These survey items were
ranked by participants on a 5-point Likert-like scale that
ranged from “Strongly Agree” to “Strongly Disagree.” Ad-
ditional questions probed receptiveness toward creating a
biobank and rating the concept of collecting samples for the
biobank, e.g., using “spare blood.” Other items on the
survey asked whether such biobanks would be useful in the
help to cure disease and whether the respondent would use
information from the biobank in their practice. Further
questions dealt with consenting patients to participate in the
biobank project.

A packet including a cover letter and a 1-page survey was
mailed to all 200 participants. During pilot testing the
questionnaire was found to take approximately 5 minutes to
complete. Participants were asked to enter demographic
data and complete the 1-page survey that contained 15
questions in the U.S. and 16 in Scotland, covering three main
areas, namely receptiveness toward a “spare blood” DNA
biobank, concerns related to privacy and autonomy and
perceived attitude of patients (Table 1). The survey was
distributed and completed in 2006. The additional question
in the Scottish survey was included to query whether
participants would be “willing to spend 5 minutes consent-
ing a patient.” This item was added to clarify logistical
concerns that may prevent health care providers from dis-
cussing DNA biobank participation with a patient, but was
not included in the ultimate statistical analysis. One fol-
low-up mailing was sent to all non-respondents in both
locations.

Data Analysis
Participant responses were returned via mail and sorted by
location. Descriptive statistics were generated. Differences in
categorical variables were determined using Exact testing of
contingency tables. To determine whether survey responses
differed on the basis of respondent location, gender or age

category, the authors performed T testing, applying a Bon-
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ferroni adjustment to the alpha value (i.e., the likelihood of
committing a type I error when testing the hypothesis that
there is a difference in the survey response based on
whether the respondent was from the United States or from
Scotland) to account for multiple testing, leading to a P value
of less than 0.003 indicating significance. The authors per-
formed multivariate logistic regression to account for the
effect of location, gender and categories of age on survey
responses. To determine whether responses were impacted
by end-aversion (i.e., that respondents in one location were
more or less likely to score survey items towards a neutral
response), the authors performed T testing to compare the
likelihood that scaled responses were more likely to be 1 or
5 versus 2 or 4 on the 5-point scale, by location. All statistical
analyses were performed using Stata SE software, version
8.0.

Results
From an initial pool of 200 potential participants, 21 were
excluded from the study because they had retired (9 sub-
jects), their listed address was incorrect (5 subjects), they
believed the survey would take too long to complete (3
subjects), were not interested in the subject matter of the
study (2 subjects) or did not meet inclusion criteria to
participate in the study because they were already partici-
pating in DNA biobank-related research (2 subjects) (Figure
1). The response rate for subjects from the United States was
46% (41/90) and from those in Scotland it was 45% (40/89)
(P�0.533). In the United States 10 surveys were returned
incomplete; reasons cited for non-response included 5 po-

Table 1 y Survey Results by Question
Item

1. I am receptive to the idea of creating a database of DNA. (n
2. Using “spare” or extra blood is a good way to obtain DNA.
3. I would be likely to use information from such a DNA datab

(n�79)
4. I would feel comfortable consenting a patient for a “spare bl

(n�80)
5. A DNA database would be beneficial in providing informati

work to cure disease. (n�80)
6. Some populations would be more likely to benefit from this

(n�79)
7. The database would not be secure. (n�79)
8. Information from a DNA database might be sold even if the

data is private. (n�78)
9. Participants’ genetic information might be used for unintend

notification of their employer. (n�79)
10. Participants should be alerted if a potential cure were develo

disease. (n�80)
11. It is important that patient participants receive a portion of a

result from advances made using the DNA database. (n�80)
12. Patients should be able to know the results of their DNA tes
13. Patients would feel coerced to donate a DNA sample. (n�80
14. Patients would be able to understand the reasons for donatin

(n�80)
15. Patients will be likely to donate a DNA sample. (n�80)
16. I would be willing to spend 5 minutes consenting a patient f

DNA sample. (n � 40)

Numerical values are weighted average response where 5.0 repres
indicates difference in responses between study locations.
*No statistical comparison between locations was completed for ite
tential subjects had either left work or retired, 4 addresses
were incorrect and 1 did not meet entrance requirements
because of concurrent participation in another DNA biobank
project. In Scotland, 11 surveys were returned incomplete
for reasons including 4 had either left work or retired, 3
believed the survey would take too long to complete, 2
reported lack of interest in the subject, 1 address was
incorrect and 1 person was excluded. Of the remaining 179
potential subjects, the overall response rate among both
locations was 45% (81/179). The initial mailing in the United
States yielded 22 completed surveys with 8 coming from
private practice and 14 from professionals working in an
academic environment. After the follow-up mailing 19 more
surveys were returned complete. In Scotland, the first mail-
ing yielded 27 completed surveys and another 13 were
returned after the follow-up.

Survey results are presented in Table 1. Respondents gener-
ally agreed with the statements “I am receptive to the idea of
creating a database of DNA,” “Using ‘spare’ or extra blood
is a good way to obtain DNA,” “A DNA database would be
beneficial in providing information needed in the work to
cure disease,” “Some populations would be more likely to
benefit from this project than others,” “Participants should
be alerted if a potential cure were developed for their
disease,” “Patients would be able to understand the reasons
for donating a DNA sample,” “Patients will be likely to
donate a DNA sample.”

Respondents generally disagreed with the statements “The
database would not be secure,” “Information from a DNA
database might be sold even if the creators say the data is

US Response Scottish Response Significance

4.35 3.70 p�0.001
4.24 3.90 p�0.115

my practice. 3.41 2.85 p�0.034

NA sample. 3.65 2.93 p�0.001

ded in the 4.46 3.80 p�0.001

than others. 3.58 3.80 p�0.921

2.32 2.85 p�0.116
rs say the 2.75 2.95 p�0.327

poses, e.g., 2.46 2.69 p�0.426

r their 4.15 3.75 p�0.082

fits that may 2.37 2.23 p�0.642

0) 4.51 3.25 p�0.194
2.24 2.70 p�0.027

NA sample. 3.49 3.18 p�0.194

3.46 3.25 p�0.191
pare blood” N/A 2.26 N/A*

trongly Agree” and 0 represents “Strongly Disagree.” Significance
�79)
(n�80)
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)
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for unintended purposes, e.g., notification of their em-
ployer,” “It is important that patients participants received a
portion of any profits that may result from advances made
using the DNA database,” “Patients would feel coerced to
donate a DNA sample.”

Despite the overall positive attitude toward some of the
questions, three revealed a significant difference between
locations. Item 1, “I am receptive to the idea of creating a
database of DNA,” (P�0.001), item 4, “I would feel comfort-
able consenting a patient for a ‘spare’ blood DNA sample,”
(P�0.001) and item 5, “A DNA database would be beneficial
in providing information needed in the work to cure ease,”
(P�0.001) had significantly different responses by location.
Overall, the rate of respondents avoiding extreme values did
not differ between the locations, with 20% avoiding the
extremes in Scotland and 17% in the U.S. (P�0.223).

Discussion
The authors found that a majority of health professionals in
both the U.S. and Scotland favored the creation and use of a
DNA biobank in the work to cure disease. This response
lends support for the development of such a research tool.
Despite this apparent enthusiasm, it is important to know
whether health care professionals believe they would use
the biobank and whether they believe patients would agree
to donate a DNA sample. These questions deal with both
ethical and practical concerns and will factor significantly in
the ultimate success of recruiting and sustaining such a
program. These issues relate to feelings about biobanks in
general, and specifically to concerns about security of infor-
mation and perceived utility for patients. Previous research
dealt with these issues in the general public and we aimed to
qualify them among healthcare professionals.

While an overall majority of respondents were supportive of
the creation of a DNA biobank, there was a difference in

F i g u r e 1. Study
attitude between locations. Although different, the re-
sponses are distinguished not by a diverging overall out-
look, but rather in a more subtle way by degree of favor-
ability (“Strongly agree” versus “Agree”). End-aversion
differences were not significant in general, but they were
seen in this particular question. Earlier studies show that
among the most significant concerns patients and researches
have about biobanks are those that relate to privacy.13,18 Our
study indicates health professionals do not share this con-
cern. This result may be predicted in Scotland, where the
NHS guarantees care and fears of consequences from a third
party (e.g., insurers) would be minimal. A less expected
result was for American responses to be similar to the
Scottish. This dichotomy between those hoping to use the
information and those donating it may ultimately inhibit
efforts for researchers to maximize recruitment and the
utility of any biobank. A considerable effort to alleviate fears
the public may have will be necessary to avoid this conflict.
It should also be noted that while the views expressed by the
public and in the survey results represent current relevance,
the fields in question are evolving and fast moving. It is
possible therefore that these attitudes will change in the
future and this may justify subsequent quantification.

Any biobank design will necessarily balance the implica-
tions of ensuring total privacy with the cost of re-identifying
patients and of treating an individual versus the community.
One trade-off in designing a system that ensures privacy, by
automatically removing a patient’s medical record number
when linking a history with the corresponding DNA infor-
mation, is losing the ability to re-contact that patient in the
future. Likewise any patient with an at-risk genotype, e.g.,
BRCA-1 and BRCA-2, could not be notified directly.8 Such
privacy also precludes reimbursing specific donors for any
discoveries made from their DNA. While some incentive is
often associated with increasing participation in medical

itment flowchart.
research, a purely altruistic DNA biobank enrollment makes



Journal of the American Medical Informatics Association Volume 15 Number 3 May / June 2008 361
this a more difficult proposition. This also may prove to be
a hurdle in recruitment.

Another option may be to create various consent processes
aimed at addressing the concerns of potential donors and
health care professionals alike. In this schema, those partic-
ipants not interested in continuous re-consenting could sign
a blanket form, while others who wish to be contacted about
results or discoveries would be. Ultimately, this model
might become a separate arm of a future DNA biobank or
even morph into a genetic counseling endeavor. Such pos-
sibilities will need to be addressed prior to the design of
future biobanks.

Beyond concerns to protect individual donors, other practi-
cal issues remain. One way to reduce the consenting burden
includes using “spare” blood. In this scenario, blood that has
already been drawn as part of a hospital visit is designated
for analysis. The strong support in both study locations for
this indicates it may be a feasible way to enhance donor
enrollment while minimizing intrusion into the existing
workflow.

When asked whether they would feel comfortable consent-
ing a patient, respondents were no longer uniformly posi-
tive. In this case, respondents in America were more likely to
be willing to consent patients than their Scottish peers.
While initial assessment might suggest that Scottish provid-
ers are contradicting their enthusiasm for creating a DNA
biobank, closer examination indicates this is unlikely the
case. Rather, the real differences in healthcare system struc-
ture between the United States and Scotland may be playing
a role.

The majority of physicians in Britain work for the National
Health Service exclusively, while most of their American
counterparts are privately employed.19 The per capita
money spent on healthcare and accessibility to services
varies as well. Americans spend more on healthcare than the
British; while all citizens in the U.K. are guaranteed access to
healthcare services, only a fraction of U.S. patients share this
status.20 Scottish doctors, meanwhile, to an even greater
degree than their American peers, face time constraints
when seeing patients.20 While many U.S. practices are
expected to see patients in 12–15 minutes, Scottish doctors
are expected to perform the same visit in 7–10 minutes. The
additional burden of consenting, or even explaining a bio-
bank project, may be an overwhelming challenge to inte-
grate into the existing workflow.

A further possibility rests on the additional question asked
of Scottish participants, i.e., willingness to spend “five
minutes” consenting patients. Participants responded nega-
tively toward this question in what may have been a further
clarification of their clinical time constraints. This phrase
may have the potential to bias respondents’ answers based
on a preconceived notion of the time necessary for consent-
ing. Specifically, it may be implicated in creating a more
negative view toward consent relative to Americans. How-
ever, this item was purposely placed last on the Scottish
survey so that respondents would interact with all other
questions in a manner as nearly equivalent to their Ameri-
can counterparts as possible. Although it is conceivable
participants would have read the entire questionnaire before

marking their answers, the authors believe this scenario
would be unusual. However, a formal correlation analysis
might be able to further clarify this relationship, though the
authors do not believe this study has enough statistical
power to do this. Evaluating this relationship in greater
detail may represent an important consideration for future
work.

It is likely that in both the U.S. and Scottish models
conventional approaches to obtain consent will prove
infeasible. Traditional consent procedures require re-
searchers to contact participants each time a new investi-
gation is undertaken with the same existing information.
Trying to employ such a process in the context of a DNA
biobank would prove cumbersome and intrusive to both
researcher and participant, while also stifling a project’s
mandate to facilitate a broad range of research topics
using the same data. It may also introduce a selection bias
into the participant population and decrease the scientific
validity of the study.21 A more effective approach is a
one-time, blanket consent completed with other paper-
work patients fill out during a physician visit. This
consent would also include an opt-out, rather than opt-in,
clause allowing unfettered use of DNA samples for all
future research.7,22

Conclusion
Despite systematic differences in healthcare practice be-
tween America and Scotland, the fact that health care
professionals in both nations believe a DNA biobank will be
useful in curing disease appears to support the investment
needed to develop such a research tool. Future challenges
will focus on incorporating biobank recruitment and discus-
sion into current work flow. Researchers will also need to be
aware that patients’ fears of losing privacy may affect their
willingness to donate a DNA sample.
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