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 Introduction

Whole genome and exome sequencing (WGS/WES) techniques raise hope for a new scale of 

prediction, prevention, and diagnosis of genetic conditions, and improved care for children. 

Although still in its early stages, the increased investment in pediatric genomic research, the 

rapid progress in powerful data analysis technologies, and the plummeting costs associated 

with DNA sequencing are promising indicators of future introduction of WGS/WES into 

routine clinical practice. However, the use of WGS/WES in pediatric research settings raises 

considerable challenges for families, researchers, and policy makers. In particular, the 

possibility that these techniques will generate genetic findings of medical and nonmedical 

relevance unrelated to the primary goal of sequencing has stirred intense debate about 

whether, which, how, and when these secondary or incidental findings (SFs) should be 

returned to parents and minors.1

Scholarly work to date has focused largely on adults’ perspectives on return of SFs in 

pediatric research settings. This attention resonates with the traditional presumptions that 

parents and other adults know what is in their children’s “best interests,” and that minors 

lack the capacity to provide informed consent. However, these presumptions do not easily 

apply to adolescents (ages >13). Adolescents constitute a developmental category that is 

separate from children,2 and their competence to make genetic-related decisions may 

resemble that of adults’ more than is commonly assumed (see below). Moreover, adolescents 

Contact information: Maya Sabatello, LL.B., Ph.D., Mailing address: NY State Psychiatric Institute, 1051 Riverside Drive, Unit 122, 
New York, NY, 10032. Phone: work- 646-774-8616, fax- 212-543-6752, ms4075@columbia.edu. 
1R. Abdul-Karim, et al., “Disclosure of Incidental Findings from Next-Generation Sequencing in Pediatric Genomic Research,” 
Pediatrics 131, no. 3 (Mar 2013): 564-71; K. Hens, E. Levesque, and K. Dierickx, “Children and Biobanks: A Review of the Ethical 
and Legal Discussion,” Human Genetics 130, no. 3 (Sep 2011): 403-13; K. Hens, et al., “Genetic Research on Stored Tissue Samples 
from Minors: A Systematic Review of the Ethical Literature,” American Journal of Medical Genetics A 149a, no. 10 (Oct 2009): 
2346-58.
2M. Goodwin and N. Duke, “Capacity and Autonomy: A Thought Experiment on Minors’ Access to Assisted Reproductive 
Technology,” Harvard Journal of Law and Gender 34, no. 2 (2011): 503-52 at 534.
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are more likely than younger children to develop health preferences and views about their 

“best interests,” perspectives that may be different than those of their parents.3

How to balance these potentially conflicting views is challenging; however, given that 

parental authority is not unlimited and that adolescents will bear the long-term consequences 

of decisions about return of SFs, consideration of adolescents’ preferences is important. We 

suggest that the growth of WGS/WES research on pediatric conditions should lead to the 

emergence of what we term “genomic citizenship.” This concept – which originated in 

sociological scholarship but evolved into a not-yet-fully-defined set of normative 

expectations – builds on the intersection among science, medicine, social movements and 

policy-making. It merges finance, governance, technoscience, and stakeholder engagement,4 

and, importantly, it vests individuals with genomic rights and responsibilities to information 

and participation in decision making that extend beyond themselves and their families to the 

community and nation at large. Indeed, the presidential Precision Medicine Initiative rests 

on an appeal for citizens’ sharing of genetic, environmental, and lifestyle data in exchange 

for partnership and engagement to further advance individual, community, and population 

health.5 As adolescents are genomic citizens in the making, their involvement in decisions 

about return of genomic SFs is worth consideration.

In this article, we consider the complexities of return of genomic SFs to adolescents in 

research settings. After discussing the rise of genomic citizenship and its significance for 

adolescents, we consider the challenges that arise. Recognizing that the scarcity of studies of 

adolescents limits the database on which discussion of these issues can draw, we highlight 

areas for future research. We argue that adolescents’ involvement in decisions about return 

of secondary findings acknowledges their status as valuable stakeholders, without detracting 

from broader familial interests, and promotes more informed genomic citizens.

 Genomic Citizenship

The discussion about genetics and citizenship is not new: it emerged from the social sciences 

in the 1990s and reflects the intersection of 2 developments. The first development is the 

social reconceptualization of citizenship within the paradigms of the feminist, children’s, 

and disability rights movements. Accordingly, citizenship is increasingly understood as 

encompassing not only public activity but also involvement in the private sphere,6 and as 

contingent not on rigid and fixed degrees of participation but on individual capacity and 

lived experiences.7 This concept of citizenship is further recognized for its valuing of a 

plurality of viewpoints in decision-making processes and its expectation that stakeholders 

3B. S. Wilfond and K. J. Carpenter, “Incidental Findings in Pediatric Research,” Journal of Law, Medicine and Ethics 36, no. 2 (2008): 
332-40, 213 at 334.
4D. Heath, R. Rapp, and K.S. Taussig, “Genetic Citizenship,” in D. Nugent and L. Vincent, eds., Companion to the Anthropology of 
Politics (MA, USA: Wiley-Blackwell 2008): 152-67.
5The White House, “Fact Sheet: President Obama’s Precision Medicine Initiative,” January 30, 2015, available at <https://
www.whitehouse.gov/the-press-office/2015/01/30/fact-sheet-president-obama-s-precision-medicine-initiative> (last accesed Feb. 24, 
2016); The Precision Medicine Initiative Working Group, “The Precision Medicine Initiative Cohort Program – Building a Research 
Foundation for the 21st Century Medicine,” Sep. 17, 2015, pg 1-5, available at <http://www.himss.org/News/NewsDetail.aspx?
ItemNumber=44601> (last accessed Feb. 24, 2016).
6J. Spinner, The Boundaries of Citizenship: Race, Ethnicity, and Nationality in the Liberal State (Baltimore & London: John Hopkins 
University Press, 1994): 46-47.
7M. Jans, “Children as Citizens: Towards a Contemporary Notion of Child Participation,” Childhood 11, no. 1 (2004): 27-44 at 30-31.
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participate in and share the benefits arising from the programming, planning and 

implementation of relevant policies.8 This reconceptualization subsequently extended the 

recognition that “science is politics by other means” to molecular genetics9 and enabled the 

conception of minors’ interactions and negotiation of their positions in various spaces 

(family, medical treatment, etc.) as a form of citizenship.10

The second development is the upsurge of scientific knowledge of genetics. As sociological 

and anthropological scholars have observed, since the inception of the Human Genome 

Project, both medical practice and popular perception are increasingly “geneticized.”11 

Advances in genetic testing have led to the much-debated notion of “genetic identity” as an 

individual and collective attribute,12 and to the emergence of voluntary networks of 

individuals with genetic conditions (and their families) as key partners in scientific 

endeavors and policy-making. Although these patient- and family-based associations 

originated to provide members with education and support, they began to engage with 

lobbying for additional funding for research about their conditions and with efforts to find 

treatments and cures.13 The combined effect of these processes transformed patients’ 

empowerment and collective mobilization into a “genetic citizenship” that encompasses 

rights and obligations.14 Although informed consent and free choice remain the 

cornerstones of the decision-making process, individuals increasingly have been expected to 

engage in testing and adopt self-surveillance methods if they are at-risk for a genetic 

condition.15

The extent of the obligations associated with genetic citizenship, as well as the normative 

basis on which the concept rests, have not been definitively articulated. However, the use of 

WGS/WES modifies the discussion on genetic citizenship in 3 important ways. First, it 

shifts from the traditional research focus on individuals with a diagnosed genetic condition 

to multi-gene clinical diagnostic and population-based preventive screening programs,16 

which are likely to generate far more extensive data relevant to the health of the adults and 

children involved. Concurrently, because sequencing produces a great deal of data with 

unknown or varying degrees of significance as well as potentially yielding nonmedical data 

(e.g., regarding predispositions to behavioral traits), it encourages a broader inquiry into 

which genomic findings individuals have a right, and a responsibility, to know. Moreover, 

the increase of genomic data underscores the complexity at stake. Post-sequencing, it is clear 

that the phenomenon of one gene encoding one genetic product is the exception and not the 

8See Jans, supra note 7, at 38-9; R. Kayess and P. French, “Out of Darkness into Light? Introducing the Convention on the Rights of 
Persons with Disabilities,” Human Rights Law Review 8 no. 1 (2008): 1-34 at 11-2, 16.
9See Heath, Rapp, and Taussig, supra note 4, at 153.
10See Jans, supra note 7, at 38-9.
11See Heath, Rapp, and Taussig, supra note 4, at 152.
12M. Sabatello, Children’s Bioethics: The International Biopolitical Discourse on Harmful Traditional Practices and the Right of the 
Child to Cultural Identity (Leiden; Boston: Martinus Nijhoff Publishers, 2009): 215-220.
13See Heath, Rapp, and Taussig, supra note 4, at 154-5; D. C. Landy, et al., “How Disease Advocacy Organizations Participate in 
Clinical Research: A Survey of Genetic Organizations,” Genetics in Medicine 14, no. 2 (2012): 223-8 at 226-7.
14P. Wehling, “The “Technoscientization” of Medicine and Its Limits: Technoscientific Identities, Biosocialities, and Rare Disease 
Patient Organizations,” Poiesis Prax 8, no. 2-3 (Dec 2011): 67-82 at 72-74.
15A. Kerr, “Genetics and Citizenship,” Society 40, no. 6 (2003): 44-50, at 45-46.
16C. J. Saunders, et al., “Rapid Whole-Genome Sequencing for Genetic Disease Diagnosis in Neonatal Intensive Care Units,” Science 
Translational Medicine 4, no. 154 (2012): 154ra35; G. Lazaro-Munoz, et al., “Looking for Trouble: Preventive Genomic Sequencing 
in the General Population and the Role of Patient Choice,” American Journal of Bioethics 15, no. 7 (2015): 3-14, at 3-5.
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rule for genetic expression, and that expression of individual genes is the result of multiple 

epistatic, gene-environment, and epigenetic processes and interactions that are extremely 

difficult to decode. Thus, delineating the emerging rights and responsibilities of genomic 

citizens with regard to a given set of findings, is particularly challenging.

Second, the landscape of activism has been transformed from patient and family-based 

associations, usually focused on rare disorders attributable to variations in single genes,17 to 

a much broader range of stakeholders.18 In addition to patients and their family members, 

stakeholders in WGS/WES research initiatives include, among others, researchers, 

technologists, healthy volunteers, an increased volume of “patients-in-waiting,”19 and 

customers of direct-to-consumer (DTC) genetic testing companies who may utilize these 

services for nonmedical reasons (e.g., ancestry) and whose genetic data may be used to 

promote research endeavors (e.g., 23andMe,20 Gene By Gene, Ltd.21). For these reasons, 

the value of informed stakeholders’ engagement in developing genomic-related clinical and 

research policies has been uniquely recognized in the context of WGS/WES.22 Importantly, 

the shift from an exclusive quest for genomic knowledge as part of bedside medicine to 

include genome sequencing as an educational or recreational activity also reflects the more 

mundane experience (at least among those who already have utilized these services and the 

plethora of scholars, journalists, and bloggers who are invested in this issue) of genomic 

citizenship.

Finally, WGS/WES shifts the focus of work from small clinically based research programs 

to larger-scale research conducted through biobanks. Although biobanks have existed for a 

long time, advances in genomics and bioinformatics have led to a steep rise in the number of 

biobanks23 and noticeable changes have occurred in their design, operation, and practices. 

Today, most biobanks generate and store genome-scale sequencing data and their research 

mission is notably broader than interest in only one particular disorder.24 Moreover, because 

biobanks are viewed as a powerful resource in the effort to advance precision medicine, 

recruitment across age, sex, and racial groups has become a major goal of researchers, 

governments, private corporations, and advocacy groups (e.g., Genetic Alliance).25 

Although public voluntarism remains key for participation, the potential benefit of 

WGS/WES for public health outcomes may lead to an evolution in individuals’ perceived 

genetic obligations to encompass broader societal interests. As an example, most of the 752 

participants in a genetic epidemiology study of colon cancer risk factors endorsed a concept 

17See Wehling, supra note 14, at 72-75.
18A. A. Lemke and J. N. Harris-Wai, “Stakeholder Engagement in Policy Development: Challenges and Opportunities for Human 
Genomics,” Genetics in Medicine 17, no. 3 (2015):, at 1-2.
19S. Timmermans and M. Buchbinder, “Patients-in-Waiting: Living between Sickness and Health in the Genomics Era,” Journal of 
Health and Socical Behavior 51, no. 4 (2010): 408-23.
2023andMe, “The 23andme Research Portal,” available at <https://www.23andme.com/23andMeResearchPortal/> (last accessed Sep. 
25, 2015)
21Gene by Gene, “We Are Genetics – Research,” available at https://www.genebygene.com (last accessed on Sep. 26, 2015).
22See Lemke and Harris-Wai, supra note 18, at 1-2.
23G. E. Henderson, et al., “Characterizing Biobank Organizations in the U.S.: Results from a National Survey,” Genome Medicine 5, 
no. 1 (2013): 1-12 at 9.
24K. B. Brothers, et al., “Practical Guidance on Informed Consent for Pediatric Participants in a Biorepository,” Mayo Clinic 
Proceedings 89, no. 11 (2014): 1471-80 at 1471.
25A. K. Hawkins, “Biobanks: Importance, Implications and Opportunities for Genetic Counselors,” Journal of Genetic Counseling 19, 
no. 5 (2010): 423-9 at 428; J. L. Ridgeway, et al., “Potential Bias in the Bank: What Distinguishes Refusers, Nonresponders and 
Participants in a Clinic-Based Biobank?” Public Health Genomics 16, no. 3 (2013): 118-26 at 124-5.
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of genomic responsibility that embraces individuals regardless of their risk status. They 

embraced a belief that their contributions to the genomic effort are part of a reciprocal 

exchange aimed at benefiting closer and distant kin and the community at large.26 Although 

the concept of genomic citizenship remains to be fully developed, at a minimum it suggests 

a responsibility to become educated about issues related to the use of genomic data and, 

when possible, to participate in shaping policy.

President Obama’s announcement of the Precision Medicine Initiative epitomizes this 

development, and the possible range of obligations associated with genomic citizenship. The 

Initiative’s explicit aim is to “[develop a] new research effort to revolutionize how we 

improve health and treat disease.”27 It calls for a “national, patient-powered research cohort 

of one million or more Americans who volunteer to participate in research,” and who will be 

involved in the design of the Initiative and “have the opportunity” to contribute, among other 

data, full medical and genetic profiles.28 The national interest embodied in the Initiative and 

the need for a “coordinated and sustained national effort”29 to translate initial success to a 

larger scale are highlighted. These include a budgetary allocation, collaborative public/

private efforts to leverage advances in genomics, engagement of stakeholders from multiple 

scientific, medical, and advocacy groups, and a commitment to develop regulatory 

frameworks “to ensure secure data exchange with patients’ consent, to empower patients and 

clinicians and advance individual, community, and population health.”30 The Initiative’s 

reliance on next generation sequencing and its rhetoric of empowerment, individual choice, 

blurred public-private boundaries, and an (implicit) obligation of the citizenry to contribute 

to the genomic effort to advance the national interest suggest an effort to frame a new 

rhetoric of participation in genomic research. Even if it falls short of calling for mandatory 

participation, the language of the PMI highlights the evolving normative expectations of the 

public to become informed and engaged “genomic citizens.”

 Adolescents: Genomic Citizens in the Making

Adolescents are particularly poised to fulfill the role of informed and engaged genomic 

citizens. Unlike young children, adolescents are increasingly recognized for their growing 

autonomy and right to have a voice in medical (and other) decisions relating to them.31 

Notwithstanding some criticism,32 there is agreement that adolescents’ evolving capacity 

requires nurturing and an opportunity to be exercised before decision-making can be fully 

developed.33 Moreover, this trend is supported by empirical research with minors and 

studies of brain development showing that when given sufficient time and information upon 

26M. Michie, et al., ““If I Could in a Small Way Help”: Motivations for and Beliefs About Sample Donation for Genetic Research,” 
Journal of Empirical Research on Human Research Ethics 6, no. 2 (2011): 57-70 at 65-7.
27See The White House, “Fact Sheet,” supra note 5.
28Id.
29Id.
30Id.
31Convention on the Rights of the Child, G.A. Res. 44/25, annex, 44th Sess., 61st plenary meeting. U.N. GAOR Supp. (No. 49) at 
167, U.N. Doc. A/44/49 (1989), entered into force Sept. 2, 1990, reprinted in 28 I.LAWM. 1448 (1989); Society for Adolescent 
Medicine, “Access to health care for adolescents and young adults,” Journal of Adolescent Health, 35 (2004): 342-344.
32Brian C. Partridge, “The Decisional Capacity of the Adolescent: An Introduction to a Critical Reconsideration of the Doctrine of the 
Mature Minor,” Journal of Medicine and Philosophy 38, no. 3 (2013): 249-55; P. Boddington and M. Gregory, “Adolescent Carrier 
Testing in Practice: The Impact of Legal Rulings and Problems with “Gillick Competence”,” Journal of Genetic Counseling 17, no. 6 
(2008): 509-21, at 517-18.
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which to reflect, adolescents’ (>13 years old) medical decision-making capacity is 

comparable to adults.34

Insofar as there is a preference for decisions about return of genomic SFs to be made by 

informed patients, adolescents’ disposition is ever more promising. Not only do studies 

show that adolescents’ knowledge of genetics is at least as good as adults’,35 but they are 

also more likely than any other age group to be exposed to genomic information in 

schools36 and to access it online. As ubiquitous surfers of the Internet37 and seekers of 

health information online,38 adolescents are prone to encounter the surge of news, blogs, 

and others websites about advances in genomic sequencing. Adolescents are also heavy 

users of mobile devices and other new technological gadgets39 and may be more likely to 

come across mobile health apps, including those on genomic data. Illumina Inc., e.g., 

developed an iPad and iPhone app allowing users to explore a real human genome,40 and 

23andMe Inc. created a mobile app that gives people access to their DNA and other related 

educational material “at people’s fingertips.”41

In addition, adolescents are a growing group of genomic consumers. Studies of single-gene 

testing have found that genetic testing of minors is becoming increasingly common42 and 

that many adolescents wish to learn about their genetic status.43 Three recent studies with 

small samples of adolescents (mostly in clinical settings) support tese findings also with 

regard to WGS/WES.44 The burgeoning of DTC genetic testing is likely to further increase 

33J. Fortin, Children’s Rights and the Developing Law (UK & NY: Cambridge University Press, 2009): 84; B. C. Partridge, 
“Adolescent Psychological Development, Parenting Styles, and Pediatric Decision Making,” Journal of Medical Philosophy 35, no. 5 
(2010): 518-25 at 522-23.
34L. Steinberg, “Does Recent Research on Adolescent Brain Development Inform the Mature Minor Doctrine?” Journal of Medical 
Philosophy 38, no. 3 (2013): 256-67, at 264; J. S. Santelli, et al., “Guidelines for Adolescent Health Research. A Position Paper of the 
Society for Adolescent Medicine,” Journal of Adolescent Health 33, no. 5 (2003): 396-409; L. A. Weithorn and S. B. Campbell, “The 
Competency of Children and Adolescents to Make Informed Treatment Decisions,” Child Development 53, no. 6 (1982): 1589-98, at 
1595.
35L. Rew, M. Mackert, and D. Bonevac, “Cool, but Is It Credible? Adolescents’ and Parents’ Approaches to Genetic Testing,” 
Western Journal of Nursing Research 32, no. 5 (2010): 610-27 at 621.
36J. McQueen, J. J. Wright, and J. A. Fox, “Design and Implementation of a Genomics Field Trip Program Aimed at Secondary 
School Students,” PLoS Computational Biololgy 8, no. 8 (2012): e1002636.
37A. Lenhart, et al., “Teens, Social Media & Technology Overview 2015,” available at <http://www.pewinternet.org/files/2015/04/
PI_TeensandTech_Update2015_0409151.pdf> (last accessed on Sep. 25, 2015).
38D. G. Borzekowski and V. I. Rickert, “Adolescent Cybersurfing for Health Information: A New Resource That Crosses Barriers,” 
Archives of Pediatrics & Adolescent Medicine 155, no. 7 (2001): 813-17 at 816-7; S. Jones and Fox S., “Generations Online in 2009,” 
available at <http://www.pewinternet.org/2009/01/28/generations-online-in-2009/> (last accessed Sep 25, 2015).
39See Lenhart, et al., supra note 37, at 8-9.
40Illumina Inc., “Illumina Launches Mygenome(R) App for Ipad(R)First Tool of Its Kind for Visualizing the Human,” available at 
<Genomehttp://investor.illumina.com/phoenix.zhtml?c=121127&p=irol-newsArticle&ID=1686310> (last accessed Sep. 25, 2015); 
Illumina Inc., “Mygenome,” available at <https://itunes.apple.com/us/app/mygenome/id516405838?mt=8> (last accessed Sep. 25, 
2015)
41H. Scott, “23 a Go-Go,” available at <http://blog.23andme.com/news/23-a-go-go/> (last accessed on Sep. 25, 2015).
42R. E. Duncan, et al., “An International Survey of Predictive Genetic Testing in Children for Adult Onset Conditions,” Genetics in 
Medicine 7, no. 6 (2005): 390-6, at 394-5.
43R. M. Wehbe, et al., “When to Tell and Test for Genetic Carrier Status: Perspectives of Adolescents and Young Adults from Fragile 
X Families,” American Journal of Medical Genetics A 149a, no. 6 (2009): 1190-9, at 1197-8; C. Mand, et al., ““It Was the Missing 
Piece”: Adolescent Experiences of Predictive Genetic Testing for Adult-Onset Conditions,” Genetics in Medicine 15, no. 8 (2013): 
643-9 at 647; K. P. Tercyak, et al., “Interest of Adolescents in Genetic Testing for Nicotine Addiction Susceptibility,” Preventive 
Medicine 42, no. 1 (2006): 60-5 at 62; A. R. Bradbury, et al., “Learning of Your Parent’s BRCA Mutation During Adolescence or 
Early Adulthood: A Study of Offspring Experiences,” Psychooncology 18, no. 2 (2009): 200-8 at 205.
44B. L. Levenseller, et al., “Stakeholders’ Opinions on the Implementation of Pediatric Whole Exome Sequencing: Implications for 
Informed Consent,” Journal of Genetic Counseling 23, no. 4 (2014): 552-65; Hens K. at al., “The Storage and Use of Biological 
Tissue Samples from Minors for Research: A Focus Group Study,” Public Health Genomics 14, no. 2 (2011): 68-76; A. N. Tomlinson, 
et al., ““I Want to Know, but I Don’t”: Adolescent Involvement in Sequencing Incidental Finding Decisions,” abstract from 
presentation at Society of Behavioral Medicine, Texas, April 22–25, 2015.
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the number of adolescents who undergo WGS/WES. A study of social networkers found that 

most believe that parents should be able to test their children through DTC companies and 

are considering it themselves,45 and, in reality, once parents/legal guardians provide consent, 

these companies rarely limit the age of their customers.46 In fact, some DTC companies 

specifically target young consumers. The services of 23andMe Inc., for example, are 

“designed for, intended to attract, and directed toward” children over the age of 13, and more 

generally, the company aims to “pump up” people’s education about the science around 

genetics … in a way that is “fun and engaging.”47 Besides the likely attraction of 

adolescents to services that are marketed as “fun,”48 DTC companies create a unique niche 

and may be particularly appealing for adolescents who want genomic testing done without 

parental knowledge.49 Thus, although there is currently a freeze on the health-oriented 

services provided by American DTC companies,50 adolescents are increasingly likely to 

access this market as WGS/WES techniques produce more accurate results at lower costs.

Adolescents are also the most vulnerable link in the familial chain of return of genomic SFs 

in research settings. Although adolescents may benefit from increased knowledge of their 

genetic propensities, they are typically not the ones to decide about genetic testing or access 

to results; that power resides with their parents/legal guardians. This may be particularly 

challenging for adolescents. Adolescence is characterized by a natural shift away from 

family- to peer-centered interactions,51 and viewing adolescents merely as embedded within 

families may subject them to unwanted and unwarranted familial dynamics regarding 

genomic decisions. These include biased parental determinations of the minor’s 

(im)maturity52 and “best interests,” and broad dissemination of adolescents’ genomic data 

without their permission.53 The latter also makes adolescents more likely to experience 

negative personal and social repercussions (e.g., stigma, discrimination, identity-related 

issues) with the majority of their lives still ahead of them. Thus, although parents are vested 

with the legal authority to make genetic-related decisions for their children, consideration of 

adolescents’ preferences is important.

Finally, adolescents’ genomic data are already widely available for research. A national 

survey found that 44% of biobanks in the US store specimens from children under the age of 

18 and that 2% are exclusively dedicated to pediatric specimens.54 In addition, private 

45A. L. McGuire, et al., “Social Networkers’ Attitudes toward Direct-to-Consumer Personal Genome Testing,” American Journal of 
Bioethics 9, no. 6-7 (2009): 3-10 at 9.
46P. Borry, et al., “Health-realted direct-to-consumer genetic testing: a reivew of companies’ policies with regard to genetic testing in 
minors,” Familial Cancer 9(2010): 51-59, at 52, 54, 56-8.
4723andMe Inc., “Full Privacy Statement,” available at <https://www.23andme.com/about/privacy/> (last accessed on Sep. 25, 2015); 
Scott, H., 23 A Go-Go, available at <http://blog.23andme.com/news/23-a-go-go/> (last accessed on May 9, 2016).
48B. Perbal, “Communication Is the Key. Part 2: Direct to Consumer Genetics in Our Future Daily Life?” Journal of Cell 
Communication and Signaling 8, no. 4 (2014): 275-87 at 275.
49E. Wright Clayton, “How Much Control Do Children and Adolescents Have over Genomic Testing, Parental Access to Their 
Results, and Parental Communication of Those Results to Others?,” Journal of Law, Medicine and Ethics Fall (2015)(in press).
50BusinessWire, “23andme, Inc. Provides Update on FDA Regulatory Review,” available at <http://www.businesswire.com/news/
home/20131205006550/en/23andMe-Update-FDA-Regulatory-Review-.Vao7dqYmanc> (last accessed on Sep. 25, 2015)
51J. G. Smetana, N. Campione-Barr, and A. Metzger, “Adolescent Development in Interpersonal and Societal Contexts,” Annual 
Review of Psychollogy 57 (2006): 255-84.
52See Fortin, supra note 33, at 90.
53H. K. Tabor and M. Kelley, “Challenges in the Use of Direct-to-Consumer Personal Genome Testing in Children,” American 
Journal of Bioethics 9, no. 6-7 (2009): 32-4,at 33.
54See Henderson, et al., supra note 23, at 6.
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companies conduct research using pediatric DNA samples obtained independently through 

parental consent55 or in collaboration with researchers and medical institutions (e.g., 

Regeneron Pharmaceuticals, Inc.56). As biobanks frequently share biosamples and data –

indeed, federal regulations may require them to do so – pediatric genomic specimens are 

likely to be disseminated widely. As a matter of rights and justice, adolescents should have a 

voice in decisions about their genomic SFs.

 Key challenges

The increasing use of WGS/WES in pediatric clinical57 and research settings58 raises a 

number of legal and ethical challenges for families, researchers and policy-makers. The 

issues are closely interwoven and reflect the components of the emerging concept of 

genomic citizenship.

 Adolescents’ decision-making role

Notwithstanding the growing recognition of adolescents’ medical decision-making capacity, 

their involvement in return of SFs or genetic results more generally to date has been limited. 

There is no specific guidance about how adolescents should be engaged in clinical genetics 

and genetic counseling settings, and the few published articles on this issue do not document 

the prevalence of adolescent involvement.59 In the US, laws and policies provide little 

protection for adolescents’ involvement in genomic clinical and research settings. Rather, 

parental prerogatives of giving consent are maintained and adolescents are merely requested 

to acquiesce or assent.60

Arguably, the general medical and genomic contexts are different. As scholars have 

observed, adolescents’ expanded role in medical decision-making in the US has not been 

based on notions of children’s rights as much as on societal interests in avoiding negative 

long-term consequences (e.g., higher risk for adolescent pregnancy if parental consent is 

required for sexual healthcare).61 Although genomic knowledge may increase adolescents’ 

sense of control over their lives and ability to make long-term plans,62 genomic testing often 

lacks the urgency that characterizes other medical contexts. Also, the nature of the data 

differs. Unlike other adolescent-friendly medical contexts, which are temporary if addressed 

and predominantly individual-centered, genomic data have long-term consequences63 and 

may have implications for other family members. Professionals’ satisfaction with the 

existing policy of acquiescence and assent, and parents’ desire to manage their children’s 

genomic data64 may be grounded in these differences.

55See Borry, et al., supra note 46, at 54-55.
56Regeneron Pharmaceuticals, Inc., “Regeneron Genetics Center,” available at <http://www.regeneron.com/Regeneron-Genetics-
Center> (last accessed Sep. 25, 2015).
57See Saunders, et al., supra note 16.
58J. R. Downing, et al., “The Pediatric Cancer Genome Project,” Nature Genetics 44, no. 6 (2012): 619-22.
59R. E. Duncan and M.-A. Young, “Tricky Teens: Are They Really Tricky or Do Genetic Health Professionals Simply Require More 
Training in Adolescent Health?” Personalized Medicine 10, no. 6 (2013): 589-600 at 592-4.
60See Wright Clayton, supra note 49.
61See Goodwin and Duke, supra note 2, at 532.
62R. E. Duncan, et al., ““Holding Your Breath”: Interviews with Young People Who Have Undergone Predictive Genetic Testing for 
Huntington Disease,” American Journal of Medical Genetics A 143a, no. 17 (2007): 1984-9 at 1986-7.
63Amy L. McGuire, et al., “Confidentiality, Privacy, and Security of Genetic and Genomic Test Information in Electronic Health 
Records: Points to Consider,” Genetics in Medicine 10, no. 7 (2008): 495-9 at 497.
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Although these rationales make sense for young children, they are weaker, and fail to justify 

the consent/assent distinction, when applied to adolescents in genomic research. As scholars 

point out, the scope of assent is unsettled (i.e., is it quasi-consent or does it only require 

respect for children as subjects?); nor is it stipulated in federal guidelines what procedures 

are required for obtaining assent or how to determine capacity to assent.65 Scholars thus 

criticize assent for its ambiguity and dependence on individual judgments of adult decision-

makers.66 Others decry assent for its arbitrary age threshold and disregard of minors’ 

competence, which develops through direct social and personal experiences rather than mere 

age and physical growth.67 They suggest that assent be tailored to the individual child 

(“personalized”) or that it be abandoned in favor of full consent by competent adolescents.68 

Some even charge that debates about consent/assent are ultimately merely reflective of a 

concern about the loss of adult prerogatives to control their children rather than about 

protection of children’s interests.69

A few small studies of adolescents indicate that a more nuanced approach is required. 

Although a common strand in these studies is adolescents’ desire to engage in the decision-

making process –in effect, supporting the participatory role envisioned in the concept of 

genomic citizenship – more research is needed to understand its various components. For 

instance, studies of healthy (n=11)70 and at-risk adolescents found that they believe they 

should be able to decide about diagnostic single-gene testing.71 However, adolescents’ 

views may differ for genomic testing, especially as the scope of results to be returned in 

WGS/WES may be unpredictable. And although studies show that adolescents want greater 

control over their participation in genomic research,72 whether and at what age they want to 

play a determinative role in decisions about return of genomic SFs is unclear. A recent (not 

genomic-related) study of a diverse group of adolescent participants in clinical research 

(n=177) found that the majority expressed overall satisfaction with their assent and parental 

64See Levenseller, et al., supra note 44, at 557, 560; P. S. Appelbaum, et al., “Informed Consent for Return of Incidental Findings in 
Genomic Research,” Genetics in Medicine 16, no. 5 (2014): 367-73 at 371; K. A. Strong, et al., “Views of Primary Care Providers 
Regarding the Return of Genome Sequencing Incidental Findings,” Clinical Genetics 86, no. 5 (2014): 461-8 at 463-5; D. Kaufman, et 
al., “Ethical Implications of Including Children in a Large Biobank for Genetic-Epidemiologic Research: A Qualitative Study of 
Public Opinion,” American Journal of Medical Genetics C 148c, no. 1 (2008): 31-9 at 36; A. Townsend, et al., ““I Want to Know 
What’s in Pandora’s Box”: Comparing Stakeholder Perspectives on Incidental Findings in Clinical Whole Genomic Sequencing,” 
American Journal of Medical Genetics A 158a, no. 10 (2012): 2519-25 at 2522-3; E. Kleiderman, et al., “Returning Incidental 
Findings from Genetic Research to Children: Views of Parents of Children Affected by Rare Diseases,” Journal of Medical Ethics 40, 
no. 10 (2014): 691-6 at 693; J. C. Sapp, et al., “Parental Attitudes, Values, and Beliefs toward the Return of Results from Exome 
Sequencing in Children,” Clinical Genetics 85, no. 2 (2014): 120-6 at 125; C. V. Fernandez, et al., “Attitudes of Parents toward the 
Return of Targeted and Incidental Genomic Research Findings in Children,” Genetics in Medicine 16, no. 8 (2014): 633-40 at 635.
65C. Grady, et al., “Assent in Research: The Voices of Adolescents,” Journal of Adolescent Health 54, no. 5 (2014): 515-20 at 561; M. 
Waligora, V. Dranseika, and J. Piasecki, “Child’s Assent in Research: Age Threshold or Personalisation?” BMC Medical Ethics 15 no. 
44 (2014): 1-7, at 1-2.
66B. S. Wilfond and D. S. Diekema, “Engaging Children in Genomics Research: Decoding the Meaning of Assent in Research,” 
Genetics in Medicine 14, no. 4 (2012): 437-43 at 439-440.
67P. Borry, et al., “Genetic Testing in Asymptomatic Minors: Background Considerations Towards Eshg Recommendations,” 
European Journal of Human Genetics 17, no. 6 (2009): 711-9 at 712.
68See Fortin, supra note 33 at 147; Santelli et al., supra note 34, at 400; P. Alderson, “Competent Children? Minors’ Consent to Health 
Care Treatment and Research,” Social Science & Medicine 65, no. 11 (2007): 2272-83 at 2276-7.
69See Alderson, id., at 2273, 2277.
70See Rew, Mackert, and Bonevac, supra note 35, at 618-19.
71See Wehbe, et al., supra note 43, at 1197-8.
72T. Goodenough, E. Williamson, and R. Aschroft, “Ethical Protection in Research: Including Children in the Debate,” in M. Smyth 
and C. Bond, eds., Researchers and Their ‘Subjects’: Ethics, Power, Knowledge and Consent (Policy Press, 2004): 55-70, at 67; E. 
Williamson, et al., “Children’s Participation in Genetic Epidemiology: Consent and Control,” in O. Corrigan and R. Tutton, eds., 
Genetic Databses: Socio-Ethical Issues in the Collection and Use of DNA (NY & Canada: Routledge, 2004): 139-60 at 157.
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permission, and were generally reliant on and positive about their parents’ support and 

judgment.73 In the genomic context, a Belgian study about storage and use of biological 

tissue from pediatric research conducted 5 focus groups with adults and 5 with adolescents 

ages 15–19 year-olds.74 It found that adolescents viewed their parents as the most suitable 

people to decide about participation in research. Adolescents also proposed a generally 

higher age threshold for consent compared to their parents (16 vs. a range of 10–18), 

although they often thought themselves capable of making the relevant decisions and 

preferred to receive “medically important information” together with their parents. A second 

focus-group study of 7 adolescents diagnosed with disorders that may have had a genetic 

cause found that they strongly preferred shared decisions regarding both participation in 

WGS/WES and return of genomic SFs.75

These few studies suggest, first, that adolescents’ expectations of involvement in the 

decision-making process may be context-dependent. Adolescents may be more willing to 

relinquish responsibility in decisions about participation in genomic research, which may be 

viewed as harmless and as having less direct bearing on their lives,76 but more invested in 

medically-related decisions, where they are the primary beneficiaries and can assume greater 

responsibility for their healthcare. Second, although adolescents want to be involved in 

genomically relevant decisions, they may not want to make such decisions on their own.77 

Indeed, the small-scale studies of adolescents and WGS/WES indicate that they prefer a 

shared – not an independent – decisional role, and that some adolescents look to parents for 

guidance and support.78 Possibly, these views reflect adolescents’ recognition of the role of 

parents in their lives, and the interdependence of family members in making complex 

medical decisions. However, further research will be needed to establish whether these 

suggestions are correct and what adolescents’ rationales are for these preferences.

With regard to a shared decision-making process, there are yet other issues to consider. As 

shown in other medical contexts, such a process may be beneficial, as it is associated with 

improved familial communication, treatment adherence and outcomes.79 This may be 

critical, for example, in returning genomic results related to cardiac conduction disorders, 

which are low-penetrance and typically inherited in a dominant fashion, but present the risk 

of (rare) fatal outcomes that require significant restrictions on adolescents’ daily activities.80 

But even if a shared decision-making process is adopted, disagreements among parents, 

adolescents, and physicians/researchers may arise. Parents’ expectation of receiving SFs 

before their children – found in studies of parents with children of all ages81 and specifically 

with adolescents with medical conditions who participated in genomic research82 – may 

73See Grady, et al., supra note 65, at 519.
74See Hens et al., supra note 44, at 72, 73.
75See Levenseller et al., supra note 44, at 557, 561.
76See Hens et al., supra note 44, at 75.
77Id., at 74-5.
78Id., at 75; A. Tomlinson, et al., “Informed Consent for Pediatric Full Genome Sequencing Research: Challenges for Adolescents and 
Opportunities for Social Work,” abstract from presentation at Society for Social Work and Research, January 14-18, 2015, available at 
< https://sswr.confex.com/sswr/2015/webprogram/Paper23372.html>
79R. E. Drake, D. Cimpean, and W. C. Torrey, “Shared Decision Making in Mental Health: Prospects for Personalized Medicine,” 
Dialogues in Clinical Neurosciences 11, no. 4 (2009): 455-63 at 460.
80E. M. Smets, et al., “Health-Related Quality of Life of Children with a Positive Carrier Status for Inherited Cardiovascular 
Diseases,” American Journal of Medical Genetics A 146a, no. 6 (2008): 700-7 at 701.
81See Kleiderman et al., supra note 64, at pg. 692.
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conflict with adolescents’ preference for receiving the results together with their parents. 

Parents and adolescents may also disagree about which SFs should be returned or to whom 

these data should be disclosed (see below). Although encouraging parents to engage in 

genomic-related conversations with their children could be a first step in addressing this 

challenge, a skillful conflict-resolution process that provides optimal care and privacy for 

adolescents and recognizes the interdependence of family members will be needed.

 Types of genomic SFs to be returned

As WGS/WES techniques generate extensive medical and nonmedical data with varying 

levels of significance, scholars have increasingly emphasized that knowing one’s genetic 

makeup should be a matter of choice. This is especially true for decisions about return of 

genomic SFs in research settings, where the findings are unsolicited. The right (not) to know 

is thus grounded in notions of individual autonomy and privacy, and the fiduciary duty of 

physicians to respect the person’s right to decide what information to receive.83

The challenge for adolescents, however, is that although they are the subjects of research, 

they are not the decision makers. Although parents commonly make decisions for their 

children, the return of genomic SFs – which can comprise not only immediately relevant 

medical information but also predictive, carrier, and nonmedical data – is unique. First, 

parental decisions to receive predictive and nonmedically relevant SFs (e.g., Huntington 

disease and behavioral traits, respectively) may limit adolescents’ options in the future and 

hamper their right based in anticipatory autonomy to decide which genetic data to receive 

(the “right to an open future”).84 Experts also caution that the knowledge of carrier status 

and genetic propensity for disorders (rather than presence of a medical diagnosis) may 

adversely affect adolescents’ life planning, family relations, and sense of identity and self-

worth that are being formed in this period.85 Finally, lack of adolescents’ involvement raises 

the risk that parents will conflate their interests and their adolescent’s interests, leading to 

SF-related decisions that reflect parents’ preferences (and anxieties) rather than those of the 

adolescent. Even if parents’ decisions about the return of immediately relevant medical SFs 

relating to their child may resemble those made in conventional pediatric medical contexts, 

decisions about other SFs may not. The difficulty is thus in determining which among the 

types of pediatric genomic SFs should be returned.

Although law, professional guidelines and principles of medical ethics require that decisions 

about return of SFs be “driven by the best interests of the child,”86 this concept is 

82See Levenseller et al., supra note 44, at 560, 563.
83See Lazaro—Munoz et al., supra note 16, at 10.
84I. A. Holm, et al., “Guidelines for Return of Research Results from Pediatric Genomic Studies: Deliberations of the Boston 
Children’s Hospital Gene Partnership Informed Cohort Oversight Board,” Genetics in Medicine 16, no. 7 (2014): 547-52 at 551; A. L. 
Bredenoord, M. C. de Vries, and J. J. van Delden, “Next-Generation Sequencing: Does the Next Generation Still Have a Right to an 
Open Future?” Nature Review Genetics 14, no. 5 (2013): 306; K. Hens, et al., “Developing a Policy for Paediatric Biobanks: 
Principles for Good Practice,” European Journal of Human Genetics 21, no. 1 (2013): 2-7 at 6.
85B. M. Knoppers, et al., “Return of Whole-Genome Sequencing Results in Paediatric Research: A Statement of the P3G 
International Paediatrics Platform,” European Journal of Human Genetics 22, no. 1 (2014): 3-5 at 3; L. F. Ross, et al., “Technical 
Report: Ethical and Policy Issues in Genetic Testing and Screening of Children,” Genetics in Medicine 15, no. 3 (2013): 234-45 at 
237; R. Klitzman, P. S. Appelbaum, and W. Chung, “Return of Secondary Genomic Findings vs Patient Autonomy: Implications for 
Medical Care,” JAMA 310, no. 4 (2013): 369-70 at 369; Smetana, Campione-Barr and Metzger, supra note 51, at 256.
86American College of Medical Genetics and Genomics, “Incidental Findings in Clinical Genomics: A Clarification,” Genetics in 
Medicine 15, no. 8 (2013): 664-6 at 664.
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notoriously malleable. The result is that both parents and professionals may view their 

decisions as promoting the child’s best interests, but hold fundamentally different 

understandings of what it means and of their corresponding responsibilities. In particular, 

parents’ desires to receive their adolescents’ genomic information for conditions that are 

treatable during childhood are undisputed. It is commonly viewed as integral to parents’ 

right to care for their children and generally broad freedom to decide how to raise them.87 

Some also suggest that it is a parental duty with a corresponding physician obligation to 

disclose such data even against parents’ own preferences.88

Opinions are split, however, about returning SFs for carrier status with reproductive 

implications (e.g., carrier state for cystic fibrosis), disorders for which interventions will be 

deferred to adulthood (e.g., BRCA1/2), and adult-onset conditions without treatments that 

offer clear clinical benefit (e.g., Alzheimer disease). Whereas expert panels and professional 

guidelines generally suggest that these be deferred until adolescents reach maturity and can 

decide for themselves,89 studies indicate that many parents desire to learn all about their 

children’s genetic makeup.90 Although parents believe that it is their right and duty to 

access and manage their children’s genomic data,91 professionals often view themselves as 

the guardians of adolescents’ genomic-related rights in decisions that are intrinsically 

family-oriented.92 And whereas professionals call for distinctions based on medical utility 

and scientific validity, studies indicate that parents’ rationales may include not only personal 

and familial medical interests but also mere curiosity.93 Even if we assume that most parents 

(and professionals) strive to make decisions that promote children’s best interests, there is a 

risk that adolescents’ right (not) to know will not only be in conflict with familial interests, 

but also subjugated to parents’ (or others’) rights, interests and whims.

Given this controversy, it may be useful to consider adolescents’ preferences and rationales. 

However, only 3 small-scale studies have explored this issue,94 and only 2 of them 

distinguished among types of results. The first study involved a focus group with 7 

adolescents diagnosed with disorders that may have a genetic cause. It found that most 

adolescents wanted to receive all medically relevant SFs from clinical sequencing, including 

those relating to their current conditions, carrier status and adult-onset conditions even if 

untreatable.95 The second study recorded consent sessions of families with children with 

unexplained cardiac arrhythmias or mitochondrial disease who were offered WES and return 

of actionable SFs in a research setting. It found that adolescents aged 12–14 generally 

focused on concrete details (e.g., blood draws). However, adolescents aged 15 and older 

typically appeared to understand the implications of learning SFs for the present (e.g., 

87See Wright Clayton, supra note 49.
88K. Hens et al., “The Return of Individual Research Findings in Paediatric Genetic Research,” Journal of Medical Ethics 37, no. 3 
(2011): 179-83 at 180; Hens et al., supra note 84, at 6.
89See Holm, et al., supra note 84, at 550; Knoppers, et al., supra note 85, at 5; ACMG, supra note 86, at 664-5; Ross et al., supra note 
85, at 238.
90See Levenseller et al., supra note 44, at 558; Kleiderman et al., supra note 64, at 693.
91See Levenseller et al., supra note 44, at 560; Townsend, et al., supra note 64, at 2522-3; Kaufman, et al., supra note 64, at 36; Sapp 
et al., supra note 64, at 125; Fernandez, et al., supra note 64, at 635.
92See Levenseller et al., supra note 44, at 560, 563; Appelbaum et al., supra note 64, at 371; P. Borry, et al., “Minors and Informed 
Consent in Carrier Testing: A Survey of European Clinical Geneticists,” Journal of Medical Ethics 34, no. 5 (2008): 370-4 at 373-4.
93See McGuire et al., supra note 45, at 4, 5-6.
94See Hens et al., supra note 44; Tomlinson et al., supra note 78; Levenseller et al., supra note 44.
95See Levenseller, et al., supra note 44, at 558.
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sports, medical treatment) and for the future (e.g., reproductive decisions), but some of these 

older adolescents were uncertain about their readiness to receive results.96

Although these studies indicate that adolescents may be interested in more information 

about SFs than currently recommended by professional guidelines, the data are insufficient 

to establish adolescents’ preferences and to develop policy guidelines. Adolescents in these 

studies were symptomatic and may hold views that are different than the general adolescent 

population that is likely to be included in genomic studies.97 Moreover, these studies 

focused only on medical, mostly actionable, genomic findings, which do not capture the 

scope of information WGS/WES produces. Further research should thus explore 

adolescents’ preferences about return of medically and non-medically relevant genomic SFs 

and the extent to which their views coincide with those of parents and professionals.

A further complicating factor is that while both parents and professionals may raise 

protection-based claims to justify their respective positions, there are very limited empirical 

data to support either view. One such claim is the concern that knowledge of genomic risks 

will negatively impact adolescents’ psychosocial wellbeing and family relations.98 As a 

result, parents often wish to shield their children from receiving genomic data (but to receive 

the data themselves), and professionals want to shield children from their parents’ knowing 

this information.99

To date, the few small-scale studies that examined this question focused on clinical, single-

gene testing for specific conditions (e.g., cancer, Huntington disease) among adolescents at 

risk and their findings did not substantiate the concerns.100 Moreover, qualitative studies 

with at-risk 14–25 year-olds who underwent predictive single-gene testing for adult onset 

conditions (e.g., BRCA1, Huntington disease, familial adenomatous polyposis (FAP)) call 

attention to potential benefits from this knowledge.101 Recognizing the complexity of the 

information, many participants nonetheless considered the pre-testing uncertainty to be a 

major burden on their psychosocial wellbeing and expressed relief post-testing, regardless of 

the results. Participants also identified both positive and negative impacts on the family, 

including improved family relationships, notwithstanding the experience of stress on the 

family as a whole.102 Clearly, these findings are not immediately applicable to WGS/WES 

scenarios involving SFs, where adolescents do not expect the findings and may not have the 

lived experience of growing up in a family with a genetic condition. However, they highlight 

the need for further research in this area, including explorations of the short- and long-term 

implications of adolescents’ knowledge of their genomic risks for their wellbeing and family 

relations.

96See Tomlinson et al., supra note 78.
97See The Precision Medicine Initiative Working Group, supra note 5, at 26-7.
98See Knoppers et al., supra note 85, at 3; Ross et al., supra note 85, at 237.
99See Levenseller et al., supra note 44, at 560; Townsend et al., supra note 64, at 2523.
100A. M. Codori, et al., “Genetic Testing for Hereditary Colorectal Cancer in Children: Long-Term Psychological Effects,” American 
Jouranl of Medical Genetics A 116a, no. 2 (2003): 117-28 at 124-7; S. Michie, M. Bobrow, and T. M. Marteau, “Predictive Genetic 
Testing in Children and Adults: A Study of Emotional Impact,” Journal of Medical Genetics 38, no. 8 (2001): 519-26 at 524-5.
101R. E. Duncan, et al., ““You’re One of Us Now”: Young People Describe Their Experiences of Predictive Genetic Testing for 
Huntington Disease (HD) and Familial Adenomatous Polyposis (FAP),” American Journal of Medical Genetics C 148c, no. 1 (2008): 
47-55 at 50-53.
102Id.
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Another related issue is whether adolescents’ knowledge of their genomic risks will motivate 

them to engage in preventive behaviors – an issue that is at the heart of genetic and genomic 

citizenship. In this regard, a few studies of healthy adolescents about single-gene testing for 

breast cancer, heart disease, hypercholesterolemia and Tay-Sachs disease give hope: they 

found that many adolescents, especially those with a family history, report that they are 

willing to make behavioral changes if the condition is actionable.103 But it is hard to assess 

whether adolescents will translate genetic risk information into action.

Studies suggest that behavioral changes in response to genetic data depend on various 

factors, including an individual’s risk assessment, belief in one’s ability to mitigate the risk, 

perceived costs of that behavior, and others,104 but there is very little research with 

adolescents on any of these facets. Several studies with adults at risk for genetic conditions 

(e.g., diabetes) do not offer much reason for optimism: their findings mostly suggest that 

genetic data has little or no effect on health-risk behaviors.105 Nonetheless, engaging 

adolescents in decisions about return of genomic SFs may be fruitful. Because genomic SFs 

are unexpected, adolescents may not feel “doomed,” as those with a family history of a 

disorder may feel,106 and they may have greater motivation to act on these data. Also, 

because adolescents are in the process of developing their health habits, they may be more 

amenable to changes in health practices than adults who need to alter long-standing 

behaviors. Still, as multiple sources influence adolescents’ health practices (including 

parents, peers, social media, and health professionals),107 empirical studies will be needed 

to establish which sources of influence are particularly critical and whether the promise of 

genomically informed practices will materialize.

 Genomic Privacy

The issue of genomic privacy has generated considerable public debate. In particular, 

scholars have argued that genetic information is uniquely sensitive and personal, as it may 

reveal attributes of individuals and family members that are immutable and beyond anyone’s 

control.108 Others have raised the concern that knowledge of individuals’ genetic proclivity 

to disorders may lead to stigma and discrimination.109 This concern finds support in a 

history of misuse of genetic knowledge (e.g., eugenics) and current research on the impact 

of the geneticization of various conditions, such as epilepsy110 and psychiatric disorders.111 

Still others cautioned that without unique privacy protection measures, individuals will be 

103A. Harel, D. Abuelo, and A. Kazura, “Adolescents and Genetic Testing: What Do They Think About It?” Journal of Adolescent 
Health 33, no. 6 (2003): 489-94 at 493; Rew, Mackert and Bonevac, supra note 35, at 621; Bradbury et al., supra note 43, at 204-207; 
B. A. Bernhardt, et al., “Parents’ and Children’s Attitudes toward the Enrollment of Minors in Genetic Susceptibility Research: 
Implications for Informed Consent,” American Journal of Medical Genetics A 116a, no. 4 (2003): 315-23 at 319-22.
104T. HG Webster, S. J. Beal, and K. B. Brothers, “Motivation in the Age of Genomics: Why Genetic Findings of Disease 
Susceptibility Might Not Motivate Behavior Change,” Life Sciences, Society and Policy 9, no. 8 (2013): 1-15 at 3-4.
105J. L. Vassy, “Can Genetic Information Change Patient Behavior to Reduce Type 2 Diabetes Risk?” Personlized Medicine 10, no. 1 
(2013): 1-4 at 3; T. Marteau, et al., “Effects of Communicating DNA-Based Disease Risk Estimates on Risk-Reducing Behaviours,” 
Cochrane Database of Systematic Reviews, no. 10 (2010): 1-77 at 19; S. Chao, et al., “Health Behavior Changes after Genetic Risk 
Assessment for Alzheimer Disease: The Reveal Study,” Alzheimer Disease and Associated Disorders 22, no. 1 (2008): 94-7.
106See Duncan et al., supra note 62, at 1985-7. Mand et al., supra note 43, at 664-5.
107I. M. Lipkus, “Conveying Genetic Risk to Teenagers,” in K. P. Tercyak, ed., Handbook of Genomics and the Family, Issues in 
Clinical Child Psychology (NY; Springer, 2010): 191-217 at 208.
108See McGuire et al., supra note 63, at 497. 
109Id.
110M. Sabatello, et al., “Genetic Causal Attribution of Epilepsy and Its Implications for Felt Stigma,” Epilepsia 56 no. 10 (2015): 
1542–1550 at 1548-9.
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discouraged from genetic testing,112 thus effectively undermining the goal of precision 

medicine. Thus, the federal government adopted the Genetic Information Nondiscrimination 

Act of 2008 (GINA),113 which standardized a ban on genetic-based discrimination in 

employment and health insurance across US states. Although some have challenged the 

justifications for this “genetic exceptionalism,”114 the Presidential Commission for the 

Study of Bioethical Issues concluded in 2012 that to realize the “enormous promise” that 

WGS holds for advancing clinical care and the greater public good, “individual interests in 

privacy must be respected and secured.”115

Although risks to genomic privacy arise for all research participants, they are magnified for 

adolescents. A part of the challenge is that the collective feature of genomic data may blur 

the boundaries between individual and family privacy. Studies regarding pediatric genomic 

SFs show that although parents often worry that their children’s participation in research 

will lead to loss of privacy (and possible stigma and discrimination),116 they do not view 

their own access to their children’s genomic information as a privacy concern.117 Many 

parents in fact disclose genetic data about their children to extended family members, 

friends, neighbors, and others,118 suggesting a sense of ownership.

Even if we accept blurred genomic privacy boundaries as natural, adolescents may draw 

lines around private information differently than their parents. A study of 10–17 year-olds at 

risk for breast cancer and heart disease explored their attitudes toward enrollment in research 

and genetic testing.119 It found that they wanted parents and doctors to know their genetic 

results, but were concerned about sharing the results with others and wanted to have control 

over who knew their results.120 These preferences may conflict with parents’ disclosure 

behaviors, especially when adolescents’ rationales for selective disclosure are ignored. The 

genomic context is further complex because minors may be selective about which genetic 

findings they would prefer to share with parents. 8–11 year-olds enrolled in a genetic 

epidemiology study since birth viewed some data as more personal, and less acceptable for 

sharing, and defined “personal” differently than their parents.121 Similarly, as the Belgian 

study on adolescents’ participation in genomic research found, although adolescents 

approved of sharing “medically important information” with parents (the category was not 

further defined), they were more reluctant with regard to other information.122 Given the 

111J. C. Phelan, “Geneticization of Deviant Behavior and Consequences for Stigma: The Case of Mental Illness,” Journal of Health 
and Social Behavior 46, no. 4 (2005): 307-22 at 317-8; J. Koschade and R Lynd-Stevenson, “The Stigma of Having a Parent with 
Mental Illness: Genetic Attributions and Associative Stigma,” Australian Journal of Psychology 63 (2011): 93-99 at 93-4.
112S. Ziskind, “The Genetic Information Nondiscrmination Act: A New Look at an Old Problem,” Rutgers Computer and Technology 
Law Journal 25, no. 2 (2008-9): 163-202 at 172, 177-8.
113Genetic Information Nondiscrimination Act, Pub.L. 110–233, 122 Stat. 881 (2008).
114J. P. Evan and W. Burke. “Genetic Exceptionalism. Too Much of a Good Thing?” Genetics in Medicine 10, no. 7 (2008): 500-1.
115Presidential Commission for the Study of Bioethical Issues, “Privacy and Progress in Whole Genome Sequencing,” pg 23-25, 
quote at 2, available at <http://bioethics.gov/sites/default/files/PrivacyProgress508_1.pdf, 2012> (last visited at 9 October, 2015).
116See Levenseller et al., supra note 44, at 558.
117H. K. Tabor, et al., “Informed Consent for Whole Genome Sequencing: A Qualitative Analysis of Participant Expectations and 
Perceptions of Risks, Benefits, and Harms,” American Journal of Medical Genetics A 158a, no. 6 (2012): 1310-9 at 1317.
118A. M. Gallo, et al., “Parents’ Concerns About Issues Related to Their Children’s Genetic Conditions,” Journal of Specialists in 
Pediatric Nursing 13, no. 1 (2008): 4-14 at 7.
119See Bernhardt et al., supra note 103.
120Id., at 320.
121See Williamson et al., supra note 72, at 155-6.
122See Hens et al., supra note 44, at 72.
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vast medical and non-medical information WGS/WES techniques are likely to produce, 

where and for what reasons adolescents draw the line of genomic privacy is an important 

area for inquiry.

Other issues relate to genomic data-sharing by professionals, especially in the context of 

new informational technologies. One such issue is the increasing incorporation of genomic 

data in electronic medical records. This development has been intensely debated, given that 

these records may optimize personalized care, but their “multi-owner and multi-user 

nature”123 may increase the risks of privacy breaches and misuses of genomic data.124 This 

may be pivotal for adolescents: genomic data may be disseminated to a wide range of 

caregivers and released to insurers and others who may require access to such records.125 In 

reality, advances in technology, regulatory requirements and support by health professionals 

and the Federal government126 make it likely that the use of e-medical records will increase 

in the future. But as there are ongoing efforts to redesign the existing e-health record system 

and to craft regulations that will curtail the risks,127 exploring adolescents’ views may be 

important. Studies indicate (and professional guidelines recognize128) that adolescents have 

privacy concerns relating to professionals’ data sharing in healthcare and research settings.
129 Knowing whether adolescents view genomic SFs as part of their medical data and how 

they want such data to be used (and by whom) will assist in protecting adolescents’ privacy 

interests as they mature into adulthood and advance the crafting of privacy regulatory 

frameworks that are attuned to the preferences of adolescent research participants.

Another issue is the practice of biobanks sharing biological specimens, which may increase 

the risk of adolescents’ re-identification. Since 2008, a few researchers have managed to 

identify people randomly selected from a research database using only their DNA, and in 

2013, this re-identification was extended to family members using only participants’ DNA, 

ages, and states of residence.130 Even if it is accepted that full protection of research 

participants’ anonymity cannot be guaranteed, parents may not be best at mitigating the risk. 

Studies suggest that many adults have difficulty grasping what genomic data sharing means, 

tend to underestimate associated risks, and, in any case, that their actual data sharing 

decisions are significantly less restrictive than their reported preferences and privacy 

concerns.131

123V. Koufi, et al., “A Framework for Privacy-Preserving Access to Next-Generation EHRs,” Studies in Health Technology and 
Informatics 205 (2014): 740-4 at 741.
124R. Hazin, et al., “Ethical, Legal, and Social Implications of Incorporating Genomic Information into Electronic Health Records,” 
Genetics in Medicine 15, no. 10 (2013): 810-16 at 812-13.
125See McGuire et al., supra note 63, at 497;
126See Precision Medicine Initiative Working Group, supra note 5, at 28.
127See Koufi et al., supra note 123, at 741-44.
128See Santelli et al., supra note 34, at 398-9.
129M. T. Britto, T. L. Tivorsak, and G. B. Slap, “Adolescents’ Needs for Health Care Privacy,” Pediatrics 126, no. 6 (2010): e1469-76 
at e1472; J. E. McDonagh and B. Bateman, “‘Nothing About Us without Us’: Considerations for Research Involving Young People,” 
Archives of Disease in Childhood – Education and Practice 97, no. 2 (2012): 55-60 at 56.
130M. Gymrek, et al., “Identifying Personal Genomes by Surnames Inference,” Science 339 no. 6117 (2013): 321-24, at 324; G. 
Kolata, “Poking Holes in Genetic Privacy,” New York Times, June 16, 2013, available at http://www.nytimes.com/2013/06/18/science/
poking-holes-in-the-privacy-of-dna.html?pagewanted=all&_r=2&.
131J. M. Oliver, et al., “Balancing the Risks and Benefits of Genomic Data Sharing: Genome Research Participants’ Perspectives,” 
Public Health Genomics 15, no. 2 (2012): 106-14 at 112; A. B. Neidich, et al., “Empirical Data About Women’s Attitudes Towards a 
Hypothetical Pediatric Biobank,” American Journal of Medical Genetics A 146a, no. 3 (2008): 297-304 at 301.
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Insofar as parents seek DTC testing for their children or adolescents utilize it independently, 

the risks to adolescents’ genomic privacy are particularly alarming. These companies 

encourage the sharing of genomic data with all interested parties as part of their claimed 

agenda to accelerate population-based genomic research through the democratization of 

information, while conveying the message that individuals should have control over their 

genomic data.132 23andMe, Inc., for example, allows consumers to use an online tool to 

transfer their genomic data to many individuals at once and promotes a company-sponsored 

blog and virtual space for discussions among consumers.133 The company also sells 

customers’ genetic data to other for-profit entities for medical research and product 

development.134 The challenge, as these services gain popularity (a study of adult 

consumers (n=80) found that most shared their genetic data on the company’s website or 

other social networking platforms135), is that there are very few measures in place to 

facilitate consumers’ balancing of risks and benefits. Although consumers must give 

permission to share and sell their genetic data, there is no informed consent process to 

ensure that parents and adolescents comprehend the implications of their decisions.136 As 

the national cohort and its public-private partnerships gain traction, this should be a concern.

This observation highlights the broader issue of protecting adolescents’ genomic privacy in 

the era of social networking. Undoubtedly, today’s adolescents are “growing up wired.”137 

Over 95% of adolescents ages 12–17 access the Internet daily, 81% visit social networking 

sites (predominantly Facebook but also others, e.g., Instagram, Snapchat, and Twitter), and 

71% report using more than one social media site.138 Because these online forums are 

viewed as a means of communication with their peers, adolescents use them to express who 

they are, to form and maintain social relations, and to self-identify.139 In these processes, 

adolescents share a wide range of personal information about themselves, including photos, 

interests, messages about risky behavior, and often identifying information (e.g., name).140

Although these practices may challenge the traditional distinctions between private and 

public information,141 their implications for adolescents’ genomic privacy are unclear. 

Studies suggest that most adolescents do not embrace a full public approach to social media 

and that they take measures to restrict and manage their profiles, reputations, and social 

interactions.142 However, no study to date has explored how adolescents construct genomic 

132S. Soo-Jin Lee and L. Crawley, “Research 2.0: Social Networking and Direct-to-Consumer (DTC) Genomics,” American Journal 
of Bioethics 9, no. 6-7 (2009): 35-44 at 38, 39-40.
133Id., at 37.
134T. West, “23andme: See How This Company Is Making Millions Selling Customers DNA Information to Big Pharma,” available at 
<http://www.inquisitr.com/1739794/23andme-see-how-this-company-is-making-millions-selling-customer-dna-information-to-big-
pharma/> (last accessed Sep. 25, 2015).
135S. Soo-Jin Lee and E. Borgelt, “Protecting Posted Genes: Social Networking and the Limits of GINA,” American Journal of 
Bioethics 14, no. 11 (2014): 32-44 at 35.
136Soo-Jin Lee and Crawley, supra note 132, at 37.
137L. A. Spies Shapiro and G. Margolin, “Growing up Wired: Social Networking Sites and Adolescent Psychosocial Development,” 
Clinical Child and Family Psychology Review 17, no. 1 (2014): 1-18 at 1.
138M. Madden et al., “Teens, Social Media, and Privacy,” pg 19-21, available at <http://www.pewinternet.org/2013/05/21/teens-
social-media-and-privacy/> (last accessed Sep. 25, 2015); A. Lehnhart, et al., “Teens, Social Media and Technology Overview 2015,” 
pg. 25, available at <http://www.pewinternet.org/2015/04/09/teens-social-media-technology-2015/> (last accessed Sep. 25, 2015).
139Spies Shapiro and Margolin, supra note 137, at 2.
140A. L. Williams and M. J. Merten, “A Review of Online Social Networking Profiles by Adolescents: Implications for Future 
Research and Intervention,” Adolescence 43, no. 170 (2008): 253-74 at 254-5, 262-67.
141See Soo-Jin Lee and Borgelt, supra note 135, at 34.
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privacy in the informational age. When parents have access to their children’s genomic data, 

they may post messages about SFs on social networks or join online support groups, which 

may effectively broadcast adolescents’ genetic status.143 Given the limits of GINA in 

protecting against genetic discrimination,144 this sharing may increase the risk for misuse of 

adolescents’ genetic information by school officials, future employers, insurers, and others, 

while undermining adolescents’ sense of control over their online profiles and social 

interactions.

 Communication of SFs

Communication is key to tackling the challenges for adolescents described so far –decision-

making role, types of genomic SFs to be returned, and genomic privacy. Indeed, the 

expectation of genomically informed and responsible behavior (as embodied in the concept 

of genomic citizenship) can only be fulfilled when individuals are provided the opportunity 

to understand and reflect on their genomic risks. However, there are conceptual and practical 

communication-related challenges that adolescents face in decisions about the return of SFs.

First, adolescents have to overcome the barrier of being perceived by professionals and 

parents as lacking decision-making capacity. Although not all adolescents’ may be equally 

capable, the starting point of presumed incapacity greatly disadvantages them: it is harder to 

demonstrate competence than incompetence and to prevail over adults, especially parents, 

who are more powerful actors in the decision-making process.145 As mentioned, an 

individualized assessment of capacity may be a better way to approach adolescents in 

genomic research, and there is a growing literature about how to assess adolescents 

effectively.146 But adolescents’ competence to make decisions is also greatly dependent on 

the support of competent adults.147

One intuitive option is for parents to be entrusted with the role of communicating genetic 

risk information to their children. Support for this position can be found in the little research 

that exists on parent-child communication of single-gene testing results among at-risk 

families. Although rates of disclosure vary by context and type of disorder, many parents 

who are carriers of genetic mutations (e.g., BRCA) feel obliged to and, indeed, do share this 

information with their adolescents long before preventive interventions are recommended.
148 The Belgian study and one US-based study of WGS/WES further indicate that 

adolescents expect parents to share SFs with them and are concerned about parents not fully 

informing or even misleading them about their genomic data.149

142See Madden et al., supra note 138, at 30-35; S. Youn, “Teenagers’ Perceptions of Online Privacy and Coping Behaviors: A Risk–
Benefit Appraisal Approach.” Journal of Broadcasting and Electronic Media 49, no. 1 (2005): 86-110 at 104-5.
143See Tabor and Kelley, supra note 53, at 33; Soo-Jin Lee and Crawlwy, supra note 132, at 38.
144See Soo-Jin Lee and Borgelt, supra note 135, at 35-41.
145See Alderson, supra note 68, at 2279.
146J. Goldenring and D. Rosen, “Getting into Adolescent Heads: An Essential Update,” Contemporary Pediatrics, 21 no. 1 (2004): 
64-90 at 64-66.
147See Alderson, supra note 68, at 2281-2.
148A. R. Bradbury, et al., “How Often Do BRCA Mutation Carriers Tell Their Young Children of the Family’s Risk for Cancer? A 
Study of Parental Disclosure of Brca Mutations to Minors and Young Adults,” Journal of Clinical Oncology 25, no. 24 (2007): 
3705-11 at 3707-8.
149See Levenseller et al., supra note 44, at 561; Hens et al., supra note 44, at 72.
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Although parents may be a natural choice to communicate SFs to their children, this 

expectation is fraught with difficulties. Parents may not be the best judges of their children’s 

maturity to understand genomic data,150 and they may be reluctant to disclose genomic 

information.151 Studies also show that adults’ understanding of genetic testing and its risks 

and benefits is limited.152 Parents may thus lack sufficient medical and genetic knowledge 

to convey the implications of the findings accurately, and will need professional guidance 

about how and when to disclose genomic findings to their children.153 Moreover, there is 

some evidence from studies about single-gene testing that family discussions about genetic 

risk are influenced by individual, familial, cultural, and socio-economic factors, including 

the nature of relationships among family members and the familial communicative style.154 

How these will play out in decisions about return of genomic SFs in research settings is 

currently unknown, but given the barriers and the fact that styles of interaction in some 

families may be less conducive to such conversations, it is important to consider other 

venues in which information about genomic SFs can be conveyed.

Perhaps the most straightforward alternative is for professionals to assume this role. As in 

other areas of adolescent-friendly medicine, this would require researchers and healthcare 

providers who are skilled in engaging with adolescents, who can effectively convey the 

information to them, and, importantly, who believe in the value of this communication with 

adolescents.155 In practice, these professionals may not have the skills, time, or 

understanding for such SF-related discussions.156 Indeed, studies indicate that, 

notwithstanding efforts to adopt adolescent-friendly strategies, some genetic counselors still 

feel that they lack the relevant skills to work with adolescents.157 Beside the clear need for 

additional training for professionals and addressing more systemic issues (e.g., need for 

longer interactions and more psychosocial support than adults), these limitations circle back 

to parents’ weakness as communicators of genomic SFs. In the lack of professional 

proficiency, parents may not have the support and guidance they may need, and adolescents 

are more likely to be left in a communicational vacuum.

Finally, since increased access of individuals to their genomic data underscores the 

informational barriers that patients and research subjects experience, efforts are ongoing to 

make genomic data and the return of SFs more patient-friendly. Measures to this effect 

include suggestions to revise the existing model of informed consent,158 changes in the 

format and presentation of genetic reports (e.g., avoiding scientific jargon), and 

150G. Geller, et al., “Informed Consent for Enrolling Minors in Genetic Susceptibility Research: A Qualitative Study of at-Risk 
Children’s and Parents’ Views About Children’s Role in Decision-Making,” Journal of Adolescent Health 32, no. 4 (2003): 260-71 at 
261.
151See Levenseller et al., supra note 44, at 560; Bernhardt et al., supra note 103, at 322.
152See Rew, Mackert and Bonevac, supra note 35, at 621; K. P. Tercyak, et al., “Parents’ Attitudes toward Pediatric Genetic Testing 
for Common Disease Risk,” Pediatrics 127, no. 5 (2011): e1288-95 at e1293; Borry et al., supra note 67, at 713.
153See Levenseller et al., supra note 44, at 561-2; A. Metcalfe, et al., “Family Communication between Children and Their Parents 
About Inherited Genetic Conditions: A Meta-Synthesis of the Research,” European Journal of Human Genetics 16, no. 10 (2008): 
1193-200 at 1199.
154B. Wilson and Holly Etchegary, “Family Communication of Genomic Information,” in K. P. Tercyak, ed., Handbook of Genomics 
and the Family - Issues in Clinical Child Psychology (NY: Springer, 2010): 163-89, at 166-177.
155See Duncan and Young, supra note 59, at 595-6.
156See Appelbaum et al., supra note 64, at 372; Alderson, supra note 68, at 2281-2.
157See Duncan and Young, supra note 59, at 595.
158P. S. Appelbaum, et al., “Models of Consent to Return of Incidental Findings in Genomic Research,” Hastings Center Report 44, 
no. 4 (2014): 22-32 at 25-29.
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augmentation of verbal communication of results by access to e-medical records and 

interactive patient portals.159 However, these discussions so far have only focused on 

parents or adult research participants. Once adolescents are acknowledged as consumers and 

valuable contributors of genomic data, it is critical that adolescent-friendly communication 

protocols be developed in consultation with them. For instance, studies should investigate 

which means of communicating SFs adolescents believe are most effective (e.g., email, in 

person), with whom adolescents are most comfortable interacting (e.g., parents, researcher, 

genetic counselors), their preferences for follow up,160 and the educational material and 

formats that would be most useful for them. Given that today’s adolescents are the first 

generation to live in the intersection of the genomic and informational eras, their views may 

be significantly different than those of adults. Learning about these preferences will be 

important to developing tailored guidelines about communication of genomic SFs with 

adolescents.

 Genomic Citizens Across the Board

An overarching limitation in the literature on return of pediatric genomic SFs (and minors’ 

genetic testing in general161) is sample bias, that is, existing data are based largely on 

females, Caucasians, and except for the Belgian study,162 only patients enrolled in genomic 

research,163 whose views may not reflect those of asymptomatic adolescents.

However, a few recent studies with adults found that race, gender, and social class influence 

parents’ views on who should be involved in the decision-making process, the role they want 

to take in this process, the type of SFs to be returned, and expectations for medical or other 

benefits from participation in genomic research.164 Studies also indicate that genomic 

responsibility is gendered. Women are more likely to undergo predictive genetic testing and 

to view themselves as the guardians of their families’ genetic health.165 Thus, women 

collect genetic data about their (and their partner’s) families, negotiate with healthcare 

providers, disclose their and their children’s genetic data to other relatives, and communicate 

the data to their children.

Moreover, studies of adolescents in interfacing areas indicate that sex- and race-based 

differences exist from early age. For example, a study exploring the views of 10–12 graders 

159S. B. Haga, et al., “Developing Patient-Friendly Genetic and Genomic Test Reports: Formats to Promote Patient Engagement and 
Understanding,” Genome Medicine 6, no. 7 (2014): 58; J. H. Yu, et al., “Self-Guided Management of Exome and Whole-Genome 
Sequencing Results: Changing the Results Return Model,” Genetics in Medicine 15, no. 9 (2013): 684-90 at 687.
160See Townsend et al., supra note 64, at 2522.
161L. Rew, M. Mackert, and D. Bonevac, “A Systematic Review of Literature About the Genetic Testing of Adolescents,” Journal for 
Specialists in Pediatric Nursing 14 (2009): 284-294 at 286-7.
162See Hens et al., supra note 44, at 69-70.
163See Levenseller et al., supra note 44, at 554; Tomlinson et al., supra note 78.
164See Michie et al., supra note 26, at 67; D. J. Kaufman, et al., “Public Opinion About the Importance of Privacy in Biobank 
Research,” American Journal of Human Genetics 85, no. 5 (2009): 643-54 at 650; J. H. Yu, et al., “Attitudes of African Americans 
toward Return of Results from Exome and Whole Genome Sequencing,” American Journal of Medical Genetics A 161a, no. 5 (2013): 
1064-72 at 1067-9; K. D. Lakes, et al., “Maternal Perspectives on the Return of Genetic Results: Context Matters,” American Journal 
of Medical Genetics A 161a, no. 1 (2013): 38-47 at 43-4; N. Hallowell, et al., “Balancing Autonomy and Responsibility: The Ethics of 
Generating and Disclosing Genetic Information,” Journal of Medical Ethics 29, no. 2 (2003): 74-9 at 66-7; W. Levinson, et al., “Not 
All Patients Want to Participate in Decision Making. A National Study of Public Preferences,” Journal of General Internal Medicine 
20, no. 6 (2005): 531-5.
165L. d’Agincourt-Canning and P. Baird, “Genetic Testing for Hereditary Cancers: The Impact of Gender on Interest, Uptake and 
Ethical Considerations,” Critical Review in Oncology/Hematology 58, no. 2 (2006): 114-23.
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(mean age 17±1 years) about single-gene testing for familial breast cancer, Tay-Sachs 

disease and hypercholesterolemia found that girls are more interested than boys in learning 

about their genetic status and making behavioral changes to mitigate the genetic risk, but 

also more concerned that test results would produce anxiety.166 A study with adolescents in 

treatment for substance and conduct disorders167 and another one with young adults who 

participated in research relating to mental health and substance use168 found that minorities 

are less likely than whites to consent to sharing their DNA with other investigators and more 

likely to restrict use of their DNA to genetic research about their condition or related 

medical issues. Similarly, studies found sex and race-based differences in adolescents’ use of 

social media sites and types of data they post online. For instance, girls are more protective 

of their privacy than boys and African Americans are less likely to provide names and 

identifying information than whites.169 Whether and how the findings from these studies 

will hold with regard to return of genomic SFs has yet to be explored. But given that health 

and health risks are cultural constructs170 and that adolescents grow up in different 

environments and self-identify by sex, race, and ethnicity, exploring how these factors 

interact with adolescents’ preferences about return of SFs will be instrumental for enhancing 

genomic literacy and responsibility among these rising genomic citizens.

 Conclusions

There is much hope that WGS/WES will serve as a game-changer in pediatric clinical care. 

Next-generation sequencing is also a central component of the Precision Medicine Initiative, 

which calls for a strong partnership between government and civil society, upholds 

stakeholders’ active engagement as a mark of democratic notions of informed citizenry,171 

and encompasses the newly emerging, if not yet fully defined, rights and responsibilities of 

genomic citizenry.

As WGS/WES increasingly enter pediatric research settings, adolescents are likely to be an 

ever-expanding group of research participants. Dilemmas about return of genomic SFs to 

parents and minors are likely to occur, with the complexities of the decision-making process 

increasing as minors approach adulthood. Indeed, adolescents are a unique group to 

investigate. No longer children but not yet adults, they may hold health-related preferences 

and be cognitively competent decision-makers but have little legal control over decisions 

about return of genomic SFs. Although adolescents are likely to be greatly impacted by 

these decisions, there are too few measures in place to protect their genomic privacy from 

the multiple sources of risk (including parents, professionals, and themselves) while 

enabling them progressively to assume the responsibilities of genomic citizens.

166See Harel, supra note 103, at 491-2.
167M. Coors, et al., “Directives for Retained DNA: Preferences of Adolescent Patients with Substance and Conduct Problems and 
Their Siblings,” American Journal of Bioethics 8, no. 10 (2008): 77-9 at 78.
168C. L. Storr, et al., “Genetic Research Participation in a Young Adult Community Sample,” Journal of Community Genetics 5, no. 4 
(2014): 363-75 at 371.
169See Madden, et al., supra note 138, at 31,33; M. Pujazon-Zazik and M. J. Park, “To Tweet, or Not to Tweet: Gender Differences 
and Potential Positive and Negative Health Outcomes of Adolescents’ Social Internet Use,” American Journal of Mens’ Health 4, no. 
1 (2010): 77-85 at 78-80; Youn, supra note 142, 105.
170See Wilson and Etchegary, supra note 154, at 177; Lipkus, supra note 107, at 208-9.
171See Precision Medicine Initiative Working Group, supra note 5, at 1-5, 17-20, 38-40, 81-83, 85-6.
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Whether adolescents will succeed in this goal depends on how well they are nurtured in the 

genomic era. Emerging studies are indicative of the interest of adolescents in being part of 

the genomic conversation, but also of the challenges ahead. However, there is a need for a 

more targeted, systematic, and comparative approach to learn about adolescents’ views on 

return of genomic SFs.

There are many intersecting areas for research that could be helpful in advancing this field. 

These include qualitative and quantitative data on adolescents’ preferred decision-making 

roles and the implications for family relations, treatment adherence, and the parents/

professionals/adolescent triad in delivering genomic care. Studies should also explore the 

types of SFs adolescents would want to have returned, how adolescents understand the 

notion of genomic risk, their rationales for their decisions, and the short and long-term 

behavioral and psychosocial impacts of genomic knowledge. In addition, studies about 

adolescents’ conceptualization of genomic privacy are needed, especially in intersection 

with informational technologies. Another area to explore is how a culture of adolescent-

friendly genomic care can be cultivated, including effective parent-adolescent 

communication, informed professional engagement, and increased genomic literacy. Finally, 

research should be mindful of the possible impact of age, sex, and race on each of these 

aspects of return of genomic SFs to ensure that procedures are tailored to adolescents’ 

characteristics.

Empirical data about adolescents’ views on return of genomic SFs can play an important 

role in policy deliberations and development of professional guidelines.172 They can 

highlight areas of concord and discord among relevant stakeholders, contextualize the 

rationales for adolescents’ preferences, and offer alternative policy approaches tailored to 

this age group.173 Although the immutable and collective nature of genomic data inherently 

calls for balancing stakeholders’ competing interests, learning about adolescents’ views may 

mitigate the potential harms arising from SF decisions and provide them the opportunity to 

begin exercising their genomic citizenship.

172S. C. Hull, et al., “Patients’ Views on Identifiability of Samples and Informed Consent for Genetic Research,” American Journal of 
Bioethics 8, no. 10 (2008): 62-70 at 68-9.
173Id.
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