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Abstract
Although issues involved in offering individual results to participants in genomic research have
received considerable attention, communication of aggregate results has been the subject of
relatively little ethical analysis. Offering participants aggregate results is typically assumed to be a
good thing, and studies have found that a significant majority of biobank research participants,
when asked about their interest in aggregate results, say that access to such information would be
important. Even so, return of aggregate results remains a relatively uncommon practice.

In this paper, we explore the opportunities involved in communicating aggregate results to
participants in genomic research, including affirming the value of research participation,
informing participants about research being conducted based on broad consent for future
unspecified research, educating participants and the public about the research process, and
building trust in the research enterprise. We also explore some of the challenges, including the
complex intersection between individual and aggregate results, as well as practical hurdles. We
conclude by offering our preliminary recommendations concerning the provision of aggregate
results and an agenda for much-needed future research.
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INTRODUCTION
Although issues involved in offering individual results to participants in genomic research
have received considerable attention1–3, communication of aggregate results has been the
subject of relatively little ethical analysis. Offering participants aggregate results—the
overall study findings or conclusions drawn from the population of research participants—is
typically assumed to be a good thing. For instance, guidelines on reporting genetic research
results to study participants issued by a National Heart, Lung, and Blood Institute Working
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Group4 suggest that aggregate results should always be returned. The European Union’s
Organisation for Economic Co-operation and Development5 recommends that “Summary
results arising from research conducted using [human biobank and genetic research
database] resources should be made available in easily accessible forms, such as through a
newsletter or website” (p.203). An influential report from the Rand Corporation6 similarly
concluded that, “a best practice for repositories is to provide feedback to tissue sources and
physicians about generalized findings from research with repository resources, through the
Internet, sessions at scientific meetings, newsletters, or other outreach venues” (p.191).
Certainly, studies have shown that when prospective biobank participants are asked about
their interest in aggregate results, a significant majority say that access to such information
would be important7,8.

Even so, return of aggregate results remains a relatively uncommon practice2,6. Studies of
biobank participants’ reactions to actual communication of aggregate results are lacking4,
and there is little evidence or consensus regarding the best approaches to offering such
results9.

In this paper, we explore the opportunities for strengthening the research process made
possible by communication of aggregate results to participants in genomic research. We also
explore some of the practical challenges involved, as well as the complex intersection
between returning aggregate findings, participants’ perceptions of the implications of the
findings for themselves, and researchers’ continuing obligations with regard to individual
results. We conclude by offering our recommendations concerning the provision of
aggregate results and an agenda for much-needed future research.

OPPORTUNITIES IN OFFERING AGGREGATE RESULTS
Discussions about returning genomic research results are often framed in terms of personal
benefits or risks to participants. Debates tend to focus on individual results and competing
claims about the obligations researchers may have to provide results—e.g., because of
associated health care benefits that receipt of results may impart to participants4,10–12—and
the potential for harm or misunderstanding associated with providing provisional research
data13,14. Framing return of results only around individual interests, however, misses the
opportunities afforded by offering participants information about the overall study findings.
Providing aggregate results, although not a substitute for meeting obligations concerning
individual results, can be a manifest recognition of participants’ altruism and perhaps satisfy
the curiosity of participants who are eager to know whether their contribution helped to
address important scientific questions. Providing aggregate results also serves to convey
information about the research actually conducted when this was not specified during the
initial informed consent process, and may help to de-mystify an otherwise largely
inscrutable research process for participants and the public alike. Together, these effects
have the potential to increase trust in the research enterprise, with implications for
recruitment, retention, and public support for genomic research more broadly.

Affirming the Value of Research Participation
From the perspective of relational ethics15,16, offering information about the outcomes of
genomic research to participants is a way of demonstrating respect and reciprocity—an
expression of gratitude for their charity in providing their biological materials and personal
information that make research possible.

The rationale for offering aggregate results as a matter of ‘recognition’ is an easy case to
make for research studies or repositories that involve on-going contact between researchers
and participants. For example, the National Center for Healthcare Ethics argued that it is
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especially appropriate to share aggregate results of projects that make onerous or intimate
demands on participants, or where participants are involved through multiple contacts or for
an extended time9. Not coincidentally, ongoing communication of aggregate findings is a
prominent feature of community-based participatory research, where research volunteers are
engaged as partners in the advancement of science17,18.

Even in research contexts involving less intensive engagement, however, offering aggregate
results could be a powerful and effective means for letting participants know that their
contribution is valued. In one study of a proposed biobank, for example, over two-thirds of
interviewees said it would be important or very important to receive general news about
studies being done using stored specimens and data7. The most frequently mentioned
motivations were a desire to stay updated about studies being conducted and to know the
outcome or contribution of their participation (e.g., whether their samples were put to ‘good
use’); other common reasons included themes of reciprocity, mutual benefit, and the
perception of aggregate results as a kind of ‘compensation’19. Communities participating in
the International Haplotype Map project also expressed a strong interest in knowing how
samples would be used; this feedback led to procedures to ensure that investigators reported
on study goals, as well as quarterly publication of sample use and resulting publications20.
The Marshfield Clinic, responding to similar requests from the Community Advisory Group
for its population-based biobank, has utilized a twice-yearly newsletter, community talks,
and media coverage to provide information about biobank-related research21.

Some researchers may view participant interest in knowing about sample use and research
outcomes as a burden, because of the time and other resources needed to prepare materials
that are easily accessible to audiences with varying levels of scientific knowledge. However,
participant interest could also be viewed as an indicator that they perceive a stake in the
research process22; thus, efforts to provide information have the potential to kindle increased
willingness to support and participate in research.

In addition, it is possible that offering aggregate results could sometimes fulfill participants’
stated interest in receiving individual results. We are not suggesting that return of aggregate
results obviates any obligation researchers may have to offer individual results. However,
when participants say they want results because they would like to know what researchers
learned, providing aggregate results may be sufficient to satisfy this commonly stated
interest19,22. Information about how their participation contributed to scientific progress
may provide participants with the feedback they are seeking, and also represents a
perceptible return, particularly when individual results are too provisional to provide
meaningful information. This is, however, an empirical question; research is needed to
determine whether and in what situations general information about study outcomes might
adequately address participants’ interest in receiving results.

Providing Information Beyond Broad Initial Consent
For many biobanks, the storage and widespread sharing of biospecimens and data make it
impossible to describe in detail or even to foresee all of the future research for which these
materials might be used at the time they are collected23. The participant experience often
involves an initial research interaction where biological specimens and various forms of
physiological, clinical, and/or self-reported data are collected. While participants may have
high hopes for the kinds of research advances that will be enabled by their contribution, they
typically sign a broadly worded consent form and thus may have very little practical idea of
the types of questions that will be asked, and answered, using stored specimens and data.
Instead, they trust that researchers will use the materials wisely and hope that someone may
eventually benefit.
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Although some question the sufficiency of this kind of broad consent24–26, others suggest
that such consent is acceptable if two conditions are fulfilled: the approval of future projects
by a research ethics committee and participants’ continuing right to discontinue participation
at any time27,28. Offering aggregate research results may help address some of these
concerns and conditions by letting participants know whether and how their contributions
are serving social goals they support, and by making participants’ opportunity to withdraw
“real”23. In other words, access to aggregate results would provide participants a mechanism
by which they can learn about the research actually being conducted—without which the
option of withdrawing if they object to the research is relatively meaningless.

Studies have documented some participants’ keen interest in knowing how specimens or
data stored in a repository might be used and by whom29–31 and suggested that certain uses
may generate mixed feelings. For instance, in focus groups on data-sharing, some
participants expressed concern about sharing data with pharmaceutical companies or other
entities that would result in participants’ altruistic contributions being used to generate
private profits. However, participants in the same discussions also acknowledged that new
drug development reflected a successful outcome for health research29,31. Thus, providing
descriptions of the kinds of studies being conducted and the kinds of researchers who are
accessing stored materials may fulfill an important informational need, in addition to the
return of aggregate study findings.

Finally, offering aggregate results may serve as a useful first step in the longer term process
of communicating individual research findings. Return of aggregate results can alert
participants to the possibility of new findings and encourage those who may be interested in
learning more to reexamine their personal preferences about receiving individual results.
Where appropriate, this approach could remind participants of a prospect that may have
originally appeared unlikely and reconnect them with investigators. This may be especially
important in circumstances where preferences about the receipt of individual results—which
participants may have been asked to express at the time of initial consent—may have
changed over time.

Education about the Research Process
Disseminating aggregate results could serve as an important educational tool for research
participants and for the general public. Although many people have high expectations for
biomedical research, they often have a limited understanding of the incremental steps
involved in generating new knowledge. One widely underestimated aspect of the research
process is the amount of time required to translate a specific research observation into
generalizable knowledge of sufficient validity and reliability to inform a medical test or
other health intervention32,33. Routine dissemination of aggregate results from studies of
stored biospecimens and data could help to de-mystify the process, particularly if the
information is provided in a format and language accessible to audiences with a range of
scientific literacy, and placed within an overall context of research progress. Repositories
might even want to borrow from marketing strategies that promote customer loyalty or
“stickiness”34, including features such as general information about current research,
opportunities to ask questions and give feedback, and/or hosting online interactive
discussions.

Building Trust in the Research Enterprise
Ultimately, scientists who create and maintain genomic biobanks are stewards of those
materials and the trust that is essential to their continued existence. Like all researchers,
genomic scientists should consider how their interactions with participants—even those
research volunteers that they may never meet in person—can affect trust in biomedical
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research as a whole and the institutions engaged in this work. That trust will become even
more critical to the long-term sustainability of biobanks that aim to support a variety of
research through the ongoing collection of detailed medical and health information, as well
as those that plan to share stored materials with a diverse array of distant secondary
investigators who are unknown to participants.

Regular communication of aggregate results could foster participant trust in genomic
research by reporting outcomes, explaining how a particular study is positioned in the
translational pathway, and potentially soliciting participant feedback on questions of
importance to effective research (e.g., procedures intended to foster recruitment and
retention). Regular updates about research progress—including the inevitable setbacks and
challenges—can help to forge the types of relationships that are critical to informed trust in
the research enterprise.

Using dissemination strategies that are accessible to the general public, as well as
participants, can provide the added value of enhancing public interest in research and
demonstrating trustworthy practices. For example, biobanks could create a web site and
possibly even make use of new forms of social networking to communicate about research
accomplished using stored materials. Although public trust is affected by many
considerations that fall outside the scope of an individual investigator’s control, long-term
confidence in the integrity of research requires that members of the public appreciate both
the aspirations and limitations of biomedical research35.

CHALLENGES IN OFFERING AGGREGATE RESULTS
The considerations above highlight the need for ongoing, bi-directional communication with
participants about the aggregate results of genomic research. Through such communication,
investigators demonstrate respect for the contributions of research volunteers, respond to
participants’ interests in receiving information about research outcomes and the research
enterprise in general, and create an opportunity for both participant and public feedback.
These measures promote the type of informed public trust that is essential to the long-term
success of genomic research. Achieving these aims can be more difficult than it might
appear, however, and there are a number of challenges that must be overcome for
investigators to make aggregate results available to interested participants.

One significant challenge is that aggregate results may have individual implications and thus
provoke a wide range of reactions—from intellectual interest without a particular
assignment of personal meaning, to surprise, anger, fear, or anxiety with regard to his or her
individual status relative to the overall findings. In some cases, sharing aggregate results
could lead to negative psychosocial repercussions and possibly create unintended demand
for individual results that otherwise do not meet agreed-upon thresholds for disclosure.

As noted, there is little empirical evidence regarding biobank participants’ reactions to
actual communication of aggregate results. However, studies in the context of epidemiologic
research indicate that some of these concerns may be warranted. For example, Bunin and
colleagues36 sent a letter to parents who participated in a case-control study of pediatric
brain tumors summarizing the results of the study, along with a questionnaire. Respondents
rated the information as both important and clear, although nearly half commented on the
inconclusiveness of the findings. The authors characterized respondents’ comments about
this as including resignation, sadness, surprise, frustration, or anger. More patient mothers
than control mothers felt that the results applied to their child, and patient mothers were
more likely to want additional information and a phone number to call with questions.
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In a clinical trial setting, Dixon-Woods and colleagues interviewed participants about their
responses to receiving a summary of the results of a study of antibiotics for preterm labor37.
Reactions to the summary were generally positive or neutral; half of the women found the
information clear, and half expressed feelings of pleasure on receiving the information,
including feeling that taking part had been worthwhile. However, several pointed to
particular parts of the summary that were difficult to understand, and several found it
difficult to understand in general. Many attempted to interpret the results in terms of their
own pregnancy, and others were disappointed that the trial had not revealed the causes of
pre-term birth and treatments to prevent it. These observations led the authors to conclude
(p.208), “Providing results to participants in research studies is not straightforward; it
constitutes an intervention in its own right and requires more rigorous evaluation than it has
previously received.”37

These kinds of outcomes suggest that when aggregate results are returned, attention should
be paid both to the nature of the results and to way they are communicated. Researchers will
need to consider the implications of the findings for individuals as well as their contribution
to scientific knowledge in crafting the message describing the aggregate results (Table 1).
When results have little significance for individuals, that message may be fairly
straightforward. When results have potential implications for individual participants,
however, researchers will need to consider whether they have an ethical obligation to return
individual as well as aggregate results. Such an obligation could depend on a variety of
contextual factors, including intensity and duration of researcher-participant relationships
and the degree of participant vulnerability to and dependence on researchers38. In general,
available guidelines for the return of individual research results or incidental findings
suggest that results that are provisional or inconclusive should not be returned4,39,40. In
contrast, summaries of aggregate results might be accompanied by an explanation of the
additional research needed to validate the results and to understand their implications for
disease risk, inheritance, diagnosis, prognosis, and treatment41. Again, this type of
explanation provides an opportunity to increase understanding of the incremental nature of
research, potentially shedding light on what is for many a foreign and unfamiliar activity.

Although there is potential for unanticipated harm, these possibilities do not justify
withholding aggregate results. ‘Protecting’ people from information that may be of personal
interest or that may be seen as relevant to their health is neither feasible nor defensible,
given that such information—including reports about research discoveries—is broadly
available from many sources to participants and non-participants alike. Instead, the
challenges posed by return of aggregate results point to important ethical considerations
about how they are communicated.

To share aggregate results responsibly, a number of practical impediments must be
addressed. First, time and resources must be dedicated to preparing and disseminating a lay
summary of aggregate results9,42. This may include obtaining Institutional Review Board
(IRB) input on the plans and materials. Second, the potential impact on other stakeholders
must be considered, including the possible burden on treating physicians if the aggregate
results generate significant questions or confusion. Investigators must be sensitive to this
possible blurring between research and medical care, and emphasize the research context in
their communication of aggregate results. Achieving this goal may be easier if aggregate
results are combined with general information about research, including explanations of
what is known now, both from the study and other research, and what remains to be
determined. Finally, many empirical questions remain about the communication process
itself, such as which dissemination strategies are most effective; defining optimal
dissemination approaches is a critical topic for further study in the research context, as it is
more generally in public health43.
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CONCLUSIONS AND FUTURE DIRECTIONS
Offering aggregate results of genomic research is an important way to demonstrate respect
for persons and gratitude for their help in generating the data needed to address the study’s
research questions44. Wide dissemination of aggregate research results in lay language
brings a number of crucial benefits to researchers, participants, and the public. We argue that
these benefits outweigh any concerns about such dissemination. Communicating aggregate
results to biobank participants may not rise to the level of an ethical obligation, but it should
be considered good research practice and the default expectation. A researcher who believes
dissemination of aggregate results is not possible should be prepared to justify this position
to IRBs, funding agencies, and the general public.

The primary justifications for not offering aggregate results are cost and feasibility. At this
point in time, there are a number issues related to the availability of resources to
communicate results. Aggregate results may not be fully known until years after the close of
a research study, for example. The financial resources for the study may have ended by that
time, with limited options available to investigators wishing to return key findings to
research volunteers. In addition, it may be unclear how best to communicate results. In the
context of research linked to biorepository collections, some of these concerns may be
addressed by biobanks’ adoption of explicit communication strategies to inform participants
and the public about biobank-enabled discoveries. In other cases, concerns must be
addressed at the research system level (either by the institution with which the biobank is
affiliated, or perhaps by national funding agencies or similar), not seen as a responsibility
solely of investigators. It is against this background that we offer the following
recommendations, as well as an agenda for future research.

Recommendations
1. Researchers should communicate clearly with participants and the public about

research conducted and its outcomes. As a matter of transparency and
accountability, biobanks and genomic researchers should devise ways to
communicate clearly with participants and the general public about the research
being conducted and what is being learned7. This communication is important even
when the results are inconclusive or do not have potential health implications for
research participants.

2. Results should be made as accessible as possible and communicated in lay
language that identifies both major findings and study limitations. Summaries of
research results should be available in lay language and emphasize the ‘research’
(provisional) nature of the results in order to minimize confusion and therapeutic
misconception. Secondary researchers’ responsibilities to provide the biobank with
such a summary should be made clear (e.g., in material transfer agreements).
Biobanks and genomic researchers should work with health communications
experts and representatives of the biobank population whenever possible to develop
such summaries. Links could also be provided to scientific literature for those who
are interested.

3. Funding agencies should support the return of aggregate results as matter of good
research practice. Research funders should support the communication of aggregate
results to participants and the general public as a matter of good research practice.
Investigators should also strive to include personnel and financial resources to
facilitate these activities in their requests for research support. To the extent that
such support may be difficult to arrange using traditional funding mechanisms,
funders should develop supplemental support mechanisms that can accommodate
the more extended timelines associated with return of aggregate results.
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4. Moving forward, plans for return of aggregate results should be described in grant
applications and IRB protocols and should be disclosed at the time consent is
sought from research participants. Plans for the communication of aggregate results
should be described in IRB protocols and disclosed during the informed consent
process. In circumstances where the optimal communication mechanism is not
known at the outset of the study, researchers should still allow for this possibility in
study protocols, potentially including measures and resources to seek input from
participants regarding their preferences.

5. Return of aggregate results should not be used as a way to avoid an obligation to
offer individual findings. If the information generated from research meets the
accepted threshold for return of individual results4,12,39, researchers should not
return aggregate results alone with the expectation that participants will recognize
the potential personal importance and follow up on their own.

6. National policies should be developed to promote the routine and widespread
communication of aggregate results, particularly in the context of large, highly
visible, publicly-funded studies. National policy should be developed to address the
roles and responsibilities of biobanks—particularly large population-based efforts
that produce findings of potential importance to public health, and larger
amalgamated collections (e.g., dbGaP) that are many steps removed from the point
of initial recruitment and consent—with regard to the return of aggregate results
and especially the communication of findings to the public at large.

We also suggest the following ‘points to consider’ that may apply in particular
circumstances and that would benefit from further discussion and dialog:

• If aggregate results are conveyed actively (e.g., via direct mailing), participants
should be given a choice about receiving such results at the time that they consent
to participate.

• Making aggregate results of limited significance easily yet passively available (e.g.,
via a web site) may be a way to avoid the appearance of assigning unwarranted
importance or creating confusion among research participants regarding their
salience.

Future Research Agenda
Implementing these recommendations will not be straightforward42. Research is needed
(Table 2) to better understanding participant and researcher needs and preferences,
systematically assess the positive and negative outcomes of sharing such results, develop
strategies for increasing participant understanding of aggregate results from genomic
research, and develop best practices by which results can be shared responsibly.
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TABLE 1

Implications of research topic and message to participants: Hypothetical examples

Study Main findings Implications for participants Main message in return of aggregate
results

Genome-wide
association study
(GWAS) to identify
gene variants
associated with height

Multiple common
gene variants
identified, each with
small effect; findings
together explain only a
small portion of
heritability of height

No medical significance; results unlikely to
generate anxiety

Provide clear explanation of small effect of
identified variants, and likelihood that other
genetic factors will be found. Explain how
this knowledge contributes to better
scientific understanding of genetic
contribution to physical traits.

GWAS to identify
gene variants
associated with type 2
diabetes (T2DM)

Multiple common
gene variants
identified, each with
small effect; findings
together explain 20%
of heritability of
T2DM

Participants (particularly those not
currently affected by T2DM but who may
be at increased risk of future disease) may
be interested in personal results

Provide clear explanation of small effect of
variants; in addition, explain preventive
measures for T2DM, and that current
medical recommendations would not
change based on results. Explain next steps,
e.g., to determine whether genetic
information would have clinical utility if
added to established risk assessment
techniques such as family history.

Candidate variant
study to determine
predictive value of
gene variant
associated with
adverse drug effect.
All participants have
been on drug in
question sufficiently
long to know whether
or not they will have
adverse reaction

Study suggests
moderate positive
predictive value and
high negative
predictive value of
genotype for adverse
drug reaction

Participants may wish to know their
genetic status for use in clinical care;
however, clinical utility of the information
for study participants is low because they
have already been treated and their reaction
status is known

As relevant, explain need to replicate and
need to develop test protocol for clinical
lab, prior to clinical use. Also explain
limited relevance to study participants. This
study represents an example where
researcher may consider returning
individual results, depending on status of
test validation and potential to inform
future drug prescribing

Family-based study
using whole exome
sequencing, to
identify gene
associated with rare,
untreatable X-linked
recessive genetic
disease

Gene and causative
mutations identified

Some family members, in particular sisters
of affected, may benefit from testing based
on study results, to determine whether they
are carriers for the disorder

Explain results, emphasizing that they do
not have any immediate treatment
implications, but will assist researchers to
understand the disease better, with potential
clinical benefits in the future (likely a long
time lag).This is an example where
researchers are likely also to feel an
obligation to return individual results.
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TABLE 2

Key research questions for communication of aggregate results

• HOW: Effectiveness, feasibility, financial costs, and participant satisfaction associated with various communication methods (e.g.,
newsletters, web sites, community presentations, media coverage, social networking tools) for different study populations and study
designs

• WHAT: Which aspects of aggregate results to focus on (e.g., in the context of biobanks, should communication include general
descriptions of how stored materials were used, by whom, and for what kinds of studies; communication of results from individual
studies; or both? Should participants be able to access information about the specific studies in which their samples and data were
actually used? What additional information would participants or the general public like to have?)

• WHEN: When to report findings relative to scientific publication/dissemination; need for updates as more knowledge accumulates

• WHO: Responsibilities for preparing and communicating aggregate result summaries when researcher has no direct relationship
with participants
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