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Abstract

Background To protect minors' future autonomy, professional organizations have historically discouraged returning
predictive adult-onset genetic test results and carrier status to children. Recent clinical guidance diverges from this
norm, suggesting that when minors have genomic sequencing performed for clinical purposes, parents and children
should have the opportunity to learn secondary findings, including for some adult-onset conditions. While parents
can currently opt in or out of receiving their child’s secondary findings, the American Society of Human Genetics
Workgroup on Pediatric Genetic and Genomic Testing suggests including adolescents in the decision-making process.
However, it is not clear what factors young people consider when given the opportunity to learn genetic findings for
themselves. In this manuscript, we report on the methods for a clinical trial that examines adolescents, young adults,
and their parents' decisions about learning genomic information for the adolescent or young adult.

Methods \We are enrolling assenting (ages 13-17) adolescents and consenting (ages 18-21) young adults in a
prospective genomic screening study to assess the choices they make about receiving individual genomic results.
Participants use an online tool to indicate whether they want to learn their personal genetic risk for specific
preventable, treatable, and adult-onset conditions, as well as carrier status for autosomal recessive conditions. We

are examining (1) how choices differ between adolescent and young adult cohorts (as well as between adolescents/
young adults and parents) and (2) decisional conflict and stability across study timepoints. Results are returned based
on participants’ choices. Qualitative interviews with a subset of participants explore decisional stability, adolescent/
young adult engagement with parents in decision-making, and the impact of learning pathogenic/likely pathogenic
and autosomal recessive carrier results.

Discussion This study explores decision making and decision stability between adolescents and parents (where
applicable), as well as the ethical implications and impact of return of clinical-grade genetic research results to
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adolescents and young adults. The results of this study will contribute empirical evidence to support best practices
and guidance on engaging young people in genomic research studies and clinical care that offer return of results.

Trial registration ClinicalTrials.gov Identifier: NCT04481061. Registered 22 July 2020.
Keywords Adolescents, Young adults, Parents, Decision making, Genomic testing, Genetic testing, Genomic

screening, Return of results, Decisional conflict, Clinical trial

Background

To protect children’s future autonomy, professional
organizations have historically recommended against
predictive genetic testing of minors for conditions that
would not affect medical management in childhood [1,
2]. Arguments in favor of protecting future autonomy
typically claim there is a need to protect a child’s “open
future” from decisions by parents that could foreclose the
child’s future choices and undermine the child’s right to
self-determination [3, 4]. Recent scholarship has argued
future autonomy is not an absolute bar against return-
ing results, but is one interest among others, including
the minor’s ability to express their interests and assent to
learning adult-onset and carrier status results [5]. Guid-
ance from the American College of Medical Genetics
and Genomics (ACMG) suggests that when minors have
sequencing performed for clinical purposes, parents
should have the opportunity to learn their child’s second-
ary findings, including for some adult-onset conditions
[6, 7]. These recommendations are based on the idea of
best interest for both the child and the parent, as second-
ary findings (SFs) may be the only chance to identify a
genetic risk factor in the parents [6, 7]. The health of the
parent is in the best interest of the child and returning
secondary findings in a pediatric setting may be the only
way to identify a pre-symptomatic parent with a variant
as well.

Returning genetic risk information for adult-onset
conditions in clinical pediatric settings remains con-
troversial, particularly given adolescents’ limited legal
and privacy rights to their personal genomic informa-
tion [8]. ACMG currently recommends sequencing an
expert-reviewed set of genes for opportunistic analysis
when clinical sequencing is performed, regardless of the
patient’s age, with the option for the parent of a pediat-
ric patient to opt out of learning these secondary findings
[7]. However, the ACMG guidance is specific to sequenc-
ing performed based on clinical indication and does not
apply to research settings. Opting in to learning second-
ary findings affords the parent the ability to learn more
information on the child’s behalf. However, it places the
parent at the center of decision-making, which may be
incongruent with other professional society guidance
that promotes increasingly involving adolescents and
young adults in genetic decision-making as they mature

[1].

Despite advocacy for engaging adolescents in this deci-
sion-making process for genetic testing [1, 7, 9, 10], best
practices are unclear. There are increasing opportunities
for minors to participate in predictive genomic screen-
ing research with parental permission [11, 12]. Research
with adolescents indicates that they want to be involved
in decision-making about enrollment in genomic and
biobank research studies and return of medically action-
able findings [13—15]. Parents and adolescents have sug-
gested that involvement in the decision-making process
about genomic research may depend on the adolescent’s
age, maturity level, and personality [13, 16]. However,
parents and adolescents have varying perceptions as to
the amount of decisional autonomy they would like each
other to have when making decisions regarding learning
genomic information [6, 7, 16—19]. Additionally, studies
have shown that adolescents and parents often differ in
the amount and type of genomic screening information
they desire to learn [17-19].

Our preliminary research suggests that adolescents
often make different choices about learning genomic
information than their parents. Furthermore, parents
do not always agree with adolescents about who should
be involved in the decision-making process [14, 18].
In the Electronic Medical Records and Genomics Net-
work Phase III (eMERGE III) study, 163 adolescent
participants at Cincinnati Children’s Hospital Medical
Center (CCHMC) and their parents made joint decisions
to learn predictive genetic testing results about the ado-
lescent. Overall, adolescents wanted to learn less than
their parents, and adolescents had higher decisional con-
flict scores than their parents, suggesting higher rates of
uncertainty in their choices [17, 19].

Building on these findings, we developed the “Engag-
ing Adolescents in Decisions about Return of Genomic
Research Results” clinical trial to engage assenting ado-
lescents (13—-17 vyears) and consenting young adults
(18-21 years) in decisions about learning personal
genomic information and to evaluate the factors that
influence their decisions, the stability of their decisions
over time, and the impact of learning genetic results
that reflect their choices. Our recruitment and enroll-
ment approaches ensure a diverse study population that
includes a wide age range of adolescents (assenting ado-
lescents between 13 and 17 years of age who must involve
a parent or legal guardian, as well as consenting young
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adults between 18 and 21 years of age who have the
option of involving a parent or legal guardian). Further,
we partner with community-engaged researchers and
community pediatrics clinics to recruit participants with
backgrounds that have been underrepresented in popula-
tion genomic research. In this manuscript, we report on
the methods developed for the clinical trial.

Methods

We are enrolling assenting adolescents’ (13—17 year olds)
and consenting young adults’ (18-21 year olds) and a
parent or legal guardian (optional for 18-21 year olds)
in a National Human Genome Research Institute-funded
clinical trial (Clinical Trials.gov Identifier: NCT04481061)
to utilize an electronic decision-making tool to learn
genomic research results for preventable, treatable, and
adult-onset conditions as well as carrier status for some
autosomal recessive conditions. Results are returned that
match participants’ choices, and reactions to learning
positive and negative results are accessed qualitatively
and quantitatively.

Development of electronic decision-making tool

During the first year of the project, we modified a paper-
based decision tool and video used in eMERGE III [17].
We used an iterative process to develop an online deci-
sion-making tool and videos to facilitate informed deci-
sion making about learning genomic information [20],
with the assistance of community-based research par-
ticipants and the CCHMC Biomedical Informatics team.
Based on focus group feedback, we created a series of
short videos and shared video modifications with focus
group participants to evaluate modifications and solicit
recommendations to further improve understandability
and usefulness for a broader audience [20]. While users
can view all portions of the video on YouTube, two of
the videos are embedded in the tool and are required to
view before making decisions in the clinical trial. Short
segments of the other videos are also embedded within
the final electronic version of the decision tool to provide
just-in-time information about available choices. The
electronic tool provides dynamic feedback to the user,
indicating genetic conditions that would be included or
excluded based on their choices regarding preventability,
treatability, adult-onset, and carrier status. Participants
can also select specific conditions for inclusion or exclu-
sion. All responses are immediately captured and trans-
mitted to REDCap (Research Electronic Data Capture), a
secure, web-based software platform designed to support
data capture for research studies [21, 22].

Participants
Upon finalization of the educational videos and elec-
tronic decision tool, we began recruiting participants
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from communities within the greater Cincinnati area,
pediatric hospital-affiliated clinics, and a pediatric hospi-
tal’s institutional biobank. We aim to enroll 440 adoles-
cents and young adults, with a goal of no more than 65%
of participants self-identifying as White. We established
this goal after findings from our previous study suggested
higher rates of parent-adolescent choice discordance
among the Black/African American participants [17].
However, in our previous study, less than 17% of partici-
pants self-identified as Black or African American; there-
fore, a larger sample proportion may help to generate
more insight or generalizable results in the current study.

Recruitment & enrollment

Participants are recruited via IRB-approved materi-
als and avenues, such as phone, letter, flyer, community
health fairs, social media, snowball sampling, institu-
tional research websites, community events, and trained
community research advocates. Letters are also mailed
to eligible families from the pediatric hospital’s institu-
tional biobank who gave permission to be contacted for
future research studies, and to families with an adoles-
cent between the ages of 13—17 years seen in a CCHMC
primary care clinic since 2021. Envelopes are addressed
to parents of adolescents aged 13—17 years, or directly
to young adults aged 18-21 years who provided consent
to participate in the biobank as an adult. If a participant
transitions from a minor to consenting young adult dur-
ing the study, they are reconsented into the study as an
adult.

The research team has engaged several methods to pro-
mote participation among populations that have histori-
cally been underrepresented in genomic research. One
example is our partnership with the We Engage 4 Health
(WE4H) program (National Institute of General Medical
Sciences (NIGMS) R25GM129808). The WE4H program
is a community health project in the greater Cincinnati
area that aims to improve health and science-related
knowledge in the community. WE4H disseminates infor-
mation through community research advocates-volun-
teers trained in communication and outreach to discuss
health challenges and promote health and science within
communities [23]. The WE4H program study team uti-
lizes short educational graphical stories at community
centers and local community events such as health fairs
and school functions to help inform the community of
research opportunities.

Inclusion & exclusion criteria

Inclusion criteria for the study include assenting adoles-
cents ages 13—17 years and a parent or legal guardian of
the assenting adolescent. Consenting young adults ages
18-21 years can choose whether to invite a parent or



Blumling et al. BMC Medical Informatics and Decision Making

legal guardian to participate with them. Only one parent
is eligible to participate.

Exclusion criteria for the study include individuals with
limited English proficiency, participants whose perma-
nent address is greater than 100 miles from CCHMC,
individuals with developmental disabilities that inter-
fere with their ability to make decisions for themselves,
and individuals who are regularly followed in clinic for a
known or suspected genetic condition or have received a
molecular diagnosis for a genetic condition. Full biologi-
cal siblings of adolescent and young adult participants
are not eligible to participate.

Facilities & performance sites

To reduce selection bias and better facilitate participa-
tion by those with and without access to reliable trans-
portation, participants can select to participate in a
virtual study visit via Zoom or an in-person study visit at
CCHMC. Return of results occurs by mail, secure email,
web conference, or phone. Completion of surveys occurs
via mail, electronically, or over the phone. Interviews
occur in-person at CCHMC, remotely via web confer-
encing, or over the phone.

Data collection

Specific aim 1 - genetic testing choices by assenting
adolescents vs. consenting young adults

Specific Aim 1 (SA1): To compare choices about learning
genetic results, decisional conflict, and decision stabil-
ity between assenting adolescents and consenting young
adults. Participants use the digital decision tool devel-
oped for the study (https://demo.mygenechoices.com)
to indicate preferences for learning personal genetic
testing results for 75 genes related to 32 groups of condi-
tions. Genes selected for analysis were informed by the
ACMG [6, 24] recommendations for secondary analysis
when sequencing is performed for clinical purposes and
by the American College of Obstetricians and Gynecolo-
gists (ACOGQG) 2017 recommendations for carrier screen-
ing [25]. A full list of genes and associated conditions is
available in Supplement 1.

Procedures & data collection

Methods and types of data collected throughout the
study are listed below. Table 1 lays out the questionnaires
and time points for the tools used during this study. Fig-
ure 1 provides a visual representation of the study visit
and data collection timeline. Study visits range from 30
to 120 min depending on whether participants have com-
pleted baseline surveys in advance.

Timepoint 1 (T1) — independent choices After provid-
ing informed consent, adolescent and parent participants
are directed to six short videos about genetic testing,
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including pros and cons of testing and common thoughts
and questions adolescents and young adults may have
when deciding whether to learn genetic testing results
about themselves (https://www.youtube.com/playlist?lis
t=PLzQyg0rzF53S8S3fdyyko5Wr2ZKi2NdM-).  Partici-
pants then complete baseline surveys prior to or at the
beginning of the study visit. During the study visit ado-
lescent and young adult participants make independent
decisions about learning four categories of conditions
(preventable, treatable, adult-onset, and carrier) for them-
selves utilizing the electronic decision-making tool devel-
oped by the study team. Parent participants make their
own decisions about which categories of results they want
to learn about the adolescent or young adult. Participants
can also make granular decisions by excluding or includ-
ing one or more specific conditions. After making inde-
pendent choices, the participants complete an additional
survey measuring decisional conflict (Table 1).

Timepoint 2 (T2) —joint discussion and joint choices A
joint decision-making discussion immediately follows
T1, during which participants discuss their independent
choices. The joint discussion is facilitated by a study team
member with clinical genetics or shared decision-mak-
ing experience. Participants discuss the reasons for their
choices, ask questions, and change or confirm their choices
as part of the joint decision-making discussion (T2). If, at
the end of the joint discussion, an assenting adolescent-
parent dyad disagrees on learning certain categories of
information, only choices where agreement overlaps are
returned. In contrast, if at the end of the joint discussion a
consenting adolescent—invited parent dyad disagrees, the
consenting adolescent’s choices inform returned results.
After making joint decisions, participants indepen-
dently complete additional survey measures, including a
repeat decisional conflict scale (Table 1). Participants are
informed that they will receive a survey two weeks later
(Decision Change Survey) providing the option to main-
tain or change the choices they made at T2.

At the conclusion of the study visit, adolescents or
young adults who decide to learn at least one genomic
result provide a saliva or blood sample (their preference)
for DNA collection and sequencing. Sample collection
occurs immediately after in-person study visits. If par-
ticipating remotely, adolescents and young adults who
choose to learn results can either schedule an appoint-
ment for a blood draw at any CCHMC lab location, or
return a saliva sample via FedEx (collection kits are sent
via FedEx in advance of, or immediately after, the study
visit along with sample collection instructions and FedEx
return instructions). Up to five follow-up contacts are
made if samples are not returned within one week of the
study visit. Samples are sent directly to the institutional


https://demo.mygenechoices.com
https://www.youtube.com/playlist?list=PLzQyg0rzF53S8S3fdyyko5Wr2ZKi2NdM-
https://www.youtube.com/playlist?list=PLzQyg0rzF53S8S3fdyyko5Wr2ZKi2NdM-

Page 5 of 12

(2024) 24:391

Blumling et al. BMC Medical Informatics and Decision Making

s1Insal d1/d Buialddal syuedidiried 1oy A|UO D4 SUINSEIW G| 4y

PaAI9321 3 NSl 3Y] 01 paje|as syuswiujodde
|eaipaw dn-mojjo) pue ‘bullsa) apedsed ‘siaquiaw Ajiwey ysl-1e YIMm s3nsai jo buueys buipnppul ‘synsal Jo uin}al Jslje sasuodsal |elolreyaq ssasse bullsa] Ajlwe4 pue synsay jo bulieys ‘ssadoid 3nsal Jo uinlai pue
UOI1_WIOJUI } NS JO UINI3J BY) JO Ssaujnyasn paAladsad syuedidiyied sainseaw A)j13N PaAIRdIRd 3|Iym ‘Buidadxa aiam A3yl 1eym ydlew paAladal synsal oy} 994 syuedidipied Jaylaym sainseaw AouUsnibuod syNsay 4y

uondQ abuey) uolsiddQ ul s}Nsal burlsal dJlwouab uiea| 03 s3J10Yd 419y} abueyd 01 S9A $193[3s Juedidinied Ji €] Je painseaw A|uo SO

(Juddsajope Hunuasuod 10y [euoindo Juadsajope Bunuasse 10y palinbail) Juaied=d Juadsajopy =Yy

MIIAIDIU
Jo EM%M i AJlwie) PaPUIX3 PUE JUJed JUSISI|OPER UO 2INSO|ISIP S3NSSI JaLIRD JO 47/d JO 10edwii 03 paje|al suolsanD 0d 03 suodsay wEE:ij,
dVAY  Slexx L }INsal d7/d saAl@da4 Juedpiped Ji Ajiuey Ul Builsa) apedsed 03 paiejal SUosaNY :@inseapy padojsnag bunss] Ajiweq
dVANY  Slexx 7L s}nsai Bulieys Jou Jo bulleys jo buiuoseas 03 paiejal SUolsany :2inseajy padojaaag s3nsay Jo buileys
d VAV i 4Oy JO A3|13N %9 UOIIDRJSIIES 01 PIlR[D) SUONSIND) :DINSeal padoPasg AN|IIN pPaAIRDIRd L Aaning
d VANV vl SUOI1B}DadXD NS3I 0} PIR|2I SUOISINY INses|y padojeaag Aousnibuo) synsay SAIEMY
d VAV il 9|B2G 12169y UOISII9( :2INSEIN PI1epl|eA 12163y uoisPaQ -uenp
s}nsaJ yd4easal diwouab Huialedai 03 sasuodsal [eiolneyaq pue [eosoydAsd :zys
YAV vl-€l
40135gng VEETUNETS] Jua/ed e 3}IAUI JOU JO S}AUI 0} UOISIIDP JUSDS3|0pe BUUSSUOD 0} Paje|al SUCISIND JUSWISA|OAU| |elUlRd
YAV vL-€l MBIAISIU|
40 1950NS VEETNNELS] €1 pue 7] 1e sabueyd pue ssad0id Bupew-UoISIDaP 0} Paie|al SUCISIND AJ|IqeIS [euoIsidag  dAIRIEND
d VAV €le ¢l Il (SDQ) 3[e3S IPYUOD [euoIsIdSQ :2UNSeS|\ PalepljeA PIPUOT [euoIsid>ad
AdAINS
U0JISaND-3UO B Ul ON 40 S3A BUII9[9s Ag Sa210UD [eulbLIO JIay) sbueyd 03 uoido ue UaAID aJe synpe bunoA
VAV €l pUE S1U33S3|0PR ‘(71) UOISIDaP [eulbIIO 150d SY99Mm 0M] 1y (UORSIND ON/SIA - UoidQ abueyd uoisag abueyd uoisag
uoneusl|y
VAV L JUSWYDRHY 193 PUE JUIed JO AIOJUDAU| DY :2UNSEI|\ PAIEPIeA pUE ‘UOIIeDIUNWIWOD) ‘ISNJ| 1UJed
d VAV i L S95EISIP JO SaL0H1LD BUIdODASP JO YSII 0 PIle[RJ SUONSINY) :DINSeal padojPasg uondaniad sy
d VAV 1l uoleWIOUI DlWoUab BujuIes| UYm S30UI4a1d [013U0D 0} Pa3e[al sUoiSaND :ainsealy padojansg SIDUIIRRIJ |03U0D)
d VAV vL IL W04 1LOYS WaN-9 (11S) AI01USAU| A13IXUY 11e1]-1R1S :2INSea|\ Pa1epljeA AdIxuy yel]/21e1s
d VAV Yl L1l s2132uab Jo BuipuelSISpUN 0} Pa1e|a) SUOISINY :BINseapy padojanag suoisanD abpsjmouy Apnis
pupunodsiq
VAV L 9]e2S UORIUSIQ 3ININ4 :2INSe|N PAlepIeA Ke|oa@ 3 UOIBIUSLO 24NIN4
d VAV 11 Al3saoue pue ‘yyesy ‘sdiysuonejas buipnpul ‘AI0isiy Ajiwed :a1nsesjy padojeasg KI03SIH AJiwie
d VAV L 3]e2S UONRUIWLDSIQ ARPAISAT :2InSeIN PalepIeA uoleulwasIqg
d VAV LL (£-QVD) Way-/ 3|25 19pIosid AIBIXUY PaZI[eIaudD) :BINSEIIN P3IepI|eA A)3ixuy pazielsusn
(d)us
-led (VA/Y) ERUEIIEleNE]
}INpy Bunox SD139USb puUE ‘YdIeasal PUB 31Dy} eay Ul 3SNJ3 'S92IN0SaI ‘'SNjels Yieay ‘SIaquusl pjoyasnoy ‘ualpjiyd jo ASAING A1
/IUS253|0pY |1 J9quinu ‘1edy3[eay Ul Jaquiaw Ajiude) ‘|9A3] UoeINPa ‘A1DIUY3S ‘9del1 ‘abe ‘Xas Japuab :ainsea|y padojaaag sojydelbowsg  -e3uEND
s)inpe bunoA Huiuasuod pue sjpuddsIjope BuUIsse UIIMII] ID1JUOD [RUOISIDAP pue ‘A}IjIge)s UOISIdAP ‘s NSl djwouab Bujuies| Jnoge sadIoYD L YS
Poyis
Ag uoid3||0)
paia|dwo) (G-11) Syu10d swi] sainseal ulewoq ejeq

julodawn Apnis AQ sainsesy L ajqeL



Blumling et al. BMC Medical Informatics and Decision Making

(2024) 24:391

Page 6 of 12

* Baseline surveys prior to or during study visit
* Independent choices in electronic decision-making tool
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* Interviews with subset of participants:
* Decisional stability interview
* Parental involvement interview
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* Interviews with individuals who received positive results
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=

S

Fig. 1 Study timepoints

biobank upon receipt, and DNA is extracted by biobank
staff and stored for this study’s purposes.

Timepoint 3 (T3) — optional decision change two
weeks after study visit Two weeks after the study visit
(T3), participants are asked if they want to change or keep
their choices (Table 1). A single item “Decision Change
Survey” is emailed or sent via text to participants who
chose to learn results at T2. Those who do not wish to
make changes or who do not respond within one week
to the Decision Change Survey, have their DNA sample
shipped to the Broad Institute for sequencing and then to
the Laboratory of Molecular Medicine (LMM) for variant
analysis based on T2 choices.

Adolescent and young adult participants who want
to change their choices at T3, and their parent (if appli-
cable), are reengaged in a joint decision-making conver-
sation where they communicate their new choices, the
rationale for the change, ask questions, and change or
confirm their new choices. Revised choices are entered

into a new joint electronic decision-making tool. Par-
ticipants’ DNA samples are shipped after completing the
new joint decision tool, and the T3 choices are used to
ensure that reported results match those choices.

Joint decision-making discussions at T2 and T3 are
audio recorded and a subset transcribed for analysis.
Topics being explored include whether participants
found it helpful to make decisions individually prior to
the joint decision-making discussion [26] and whether
parents communicate different reasons for wanting to
learn “some” results for assenting adolescents vs. young
adults.

All sample collection, sequencing, analysis, and result
reporting maintain CLIA chain of custody requirements.
All results are clinical-grade results, returnable to partici-
pants, their providers, their electronic health records, or
any combination of the three. The final choices made by
each dyad/consenting adolescent are used by LMM to
customize reports as needed. Results are returned first to
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study staff and then to participants, as outlined in Return
of Results.

SA1 quantitative measures: choices by assenting adolescents
vs. consenting young adults

The primary outcomes for SA1 are examining adoles-
cent categorical choices on the decision tool (T1), deci-
sional conflict (T2), and decision stability (T3) (whether
adolescents’ or young adults’ choices stay consistent or
change across the three time points). Prior to making
choices about which genetic testing results they would
like to learn, adolescent and parent participants com-
plete a series of baseline measures as outlined in Table 1.
Baseline measures not specific to the primary aims are
described in more detail in Supplement 2.

The Decisional Conflict Scale (DCS) is administered to
all participants at T1 and T2 and those who change their
choices at T3. The DCS measures personal perceptions of
uncertainty in choosing options and modifiable factors
contributing to uncertainty, such as feeling uninformed
or unsupported [27]. The DCS has been modified in this
study to examine personal perceptions of uncertainty
when participants make decisions about which condi-
tions to learn (Table 1). Decision stability is measured by
whether choices change at T2 or T3.

SAT1 qualitative measures: choices by assenting adolescents
vs. consenting young adults

A subset of all adolescents and young adults (13-21
years) who indicate the full range of preferences for
return of genetic research results available (all results,
some results, no results) are invited to participate in a
qualitative interview with a member of the study team
to explore decision-making, decisional stability, and/or
young adults’ choice about whether to involve a parent in
the study [28]. We are purposely sampling interviewees
to maximize variation in participant age and other demo-
graphics, choices, and decision stability. Bioethicists have
argued that adolescents nearing or recently afforded the
autonomy to make independent choices regarding partic-
ipation in research are the most appropriate population
to assess adolescents’ “genomic citizenship” claims [10].
Thus, individuals just on either side of the age of major-
ity are well-positioned to elucidate the ethical and social
dimensions of genomic knowledge seeking in the tem-
poral and developmental space between childhood and
adulthood.

Decision stability interviews Decision stability inter-
views occur after adolescents and young adults are given
the opportunity to change or maintain their choices at
T3. Topics include factors that informed adolescents’ and
young adults’ decisional preferences regarding learning
genetic testing results, reasons for maintaining or chang-
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ing their choices, confidence in initial decisions and any
change in decisions, perceived potential impacts of main-
taining or changing choices, and other personal factors
that may impact the stability of their decisions.

Parental involvement interviews Consenting partici-
pants who either choose to involve a parent in their study
visit or participate alone are purposively selected after
T3 based on variability in sociodemographic factors to
participate in an interview. Topics include the decisional
involvement adolescents’ and young adults’ feel parents
ought to have when enrolling in genomic research and
reasons they did or did not want to engage their parents
in their current decision process [28].

Specific aim 2 - responses to genetic testing results
Specific Aim 2 (SA2): To examine participants’ psycho-
social and behavioral responses to receiving genetic
research results that reflect their choices. After genomic
sequencing of adolescent participants’ samples collected
in SA1, pathogenic/likely pathogenic (P/LP) and negative
results that correspond to participants’ final choices from
T3 are returned at timepoint 4 (T4) (Table 1). A positive
result is defined as having a pathogenic/likely pathogenic
variant in a gene that causes or increases the risk of an
autosomal dominant or X-linked disease or as being het-
erozygous for a pathogenic/likely pathogenic variant in a
pair of genes associated with autosomal recessive disease
(carrier result). X-linked results are returned as disease-
risk results regardless of sex since female carriers may
express some symptoms of X-linked conditions.

Return of results

Adolescents and young adults who receive negative
results are sent copies of their reports via secure email or
the US postal service. A cover letter is addressed to the
parent of assenting adolescent participants, or directly to
consenting adolescent participants. We include a written
explanation about what negative results mean, the limi-
tations of negative results, and links to online resources
that include audio or video information about negative
results. Participants are also given the option to contact
the study genetic counselor if they have questions about
their results.

Adolescents and young adults who have one or more
positive result(s) are invited to participate in a scheduled
telephone or video disclosure session with their parent
(optional for young adults 18-21 years) and a genetic
counselor or advanced practice nurse in genetics. After
counseling, a paper copy of the laboratory report which
meets CLIA/CAP standards, a summary of the counsel-
ing session with relevant referral contact information,
and links to useful online resources are mailed to the
participants.
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During the informed consent process, participants
are informed that positive results will be placed in par-
ticipants’ CCHMC electronic health record (as a CLIA-
compliant PDF report) and shared with the adolescent’s
primary care provider (PCP). Participants may opt in or
out of sending negative results to the adolescent’s PCP.
Those who opt in designate the health care professional
to whom a copy of the laboratory report and cover letter
should be mailed.

Procedures & data collection

Timepoint 4 (T4) — return of results (RoR) and 1 week
post-RoR Following return of results, all adolescents and
young adults receiving positive or negative results and
their enrolled parents are contacted to complete follow-
up surveys one week after result disclosure/anticipated
receipt of mailed results to assess psychosocial responses
to receiving results at T4. Surveys administered at T4 are
listed in Table 1.

Timepoint 5 (T5) — one-year post-RoR for partici-
pants receiving positive results Those receiving posi-
tive results are invited to participate in a qualitative inter-
view at least three months after receiving their results and
complete surveys twelve months after receiving results
(T5) to assess behavioral responses, including healthcare
utilization, sharing of results, and cascade testing. We
will also interview participants who indicated in surveys
that they thought they would receive at least one positive
result but received only negative results to get a better
understanding of reactions to receiving negative results.
From our previous research [29] and based on the cur-
rent rate of positive results, we expect 15% of participants
will receive carrier results for autosomal recessive condi-
tions and 3.5% will receive positive results for disease risk.
The latter percentage is consistent with detection rates in
other research and clinical settings [30, 31]. Figure 1 pro-
vides a flowchart of the study process.

SA2 quantitative measures: response to results
Quantitative psychosocial and behavioral survey mea-
sures collected at one week after return of results (T4) are
listed in Table 1. Decision regret is a primary outcome of
SA2 and is measured with the Decision Regret Scale and
a repeat measure of State Trait Anxiety Inventory (STAI).
The STAI measures anxiety as both a current “state” and
as a longer term, personal “trait”; we are using the “state”
questions throughout this study. Decision regret mea-
sures distress or remorse after a healthcare decision [32].
Four additional questionnaires developed or adapted
by the study team, including Perceived Utility, Results
Congruency, Sharing of Results, and Family Testing [33],
are also administered at T4 and described in Table 1.
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Follow-up surveys at 12 months (T5) for participants
receiving positive results include repeat measures of
sharing of results and family cascade testing (Table 1).

SA2 qualitative measures: response to results

Qualitative interviews at least three months after return
of positive results focus on an in-depth exploration of
participants’ reactions to, perceived utility, risks, benefits,
and implications of learning results. Interviews are audio
recorded and transcribed. We invite all participants who
receive a pathogenic/likely pathogenic disease risk result,
and a subset (based on results, age, sex and race/ethnic-
ity) who receive a carrier result, to participate in an inter-
view. We ask participants whether and how they might
answer any portion of the decision tool differently now
that they have received positive results. This information
will contribute to our understanding of decision stabil-
ity, the reliability of the electronic decision-making tool,
and the impact of specific types of results on decisional
preferences. We also ask whether desired parent or ado-
lescent involvement in the decision-making process has
changed after receiving results, and if so, how. Finally,
we ask participants about intended and actual behavioral
responses to genomic test results, including sharing of
results, medical appointments related to returned test
results, and future reproductive or life plans.

Quantitative data analysis

SA1 - choices by assenting adolescents vs. consenting
young adults

Data analysis for the quantitative portion of SA1 will
explore categorical choices about learning genomic
results, decisional conflict, and decision stability. Choices
will be operationalized for analytic purposes as the deci-
sion to receive all results, some results, or no results. If
numbers permit, we will further stratify by categories of
choices (preventable, treatable, adult-onset, and carrier).
We will explore all outcomes (choices, decisional conflict,
and decision stability) between assenting adolescents and
consenting young adults.

To examine the relationship among choices, deci-
sional conflict, and decisional stability, we will use logis-
tic regression and include covariates as appropriate with
choices (all or some) as the outcome variable and deci-
sional conflict scores at T1 and decision stability as inde-
pendent predictors. Similar analyses will be performed
with decision stability as the outcome. These analyses
will be performed separately within assenting adolescents
and consenting young adults, as well as within parents.
We will also examine whether overall DCS scores change
for all participants between T1 and T2.
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Sample size

We plan to enroll a total sample of 240 assenting adoles-
cent/parent dyads and 200 consenting adolescents and
young adults from all recruitment avenues to maximize
our ability to achieve near equal numbers of participants
representing each year of age from 13 to 21. While pri-
mary quantitative analyses for SA1 would be sufficiently
powered with smaller sample sizes, these numbers
will permit us to more closely examine age effects and
account for covariates in the analyses. For all sample size
calculations, alpha=0.05.

SA2 - response to results

Data analysis for the quantitative portion of SA2 will
initially explore psychosocial and behavioral responses
to receiving chosen genomic research results for adoles-
cents and young adults. We will test whether there are
relationships between result type and scores on the STAI
and Decision Regret Scale surveys. STAI is also measured
at T1, and we will explore variations in survey scores over
time and by result received. We will also examine behav-
ioral actions in surveys of Sharing of Results and Family
Testing by result received. Finally, we will examine Per-
ceived Utility, Results Congruency, and changes in Risk
Perceptions or Study Knowledge questions after receiving
results. Risk Perceptions and Study Knowledge questions
are measured at multiple timepoints, and we will explore
variations in scores over time and by result received. We
will test whether covariates (e.g., age, sex, race, income,
education, etc.) are associated with psychosocial and
behavioral responses and type of result returned.

Analysis will continue with examination of decision
regret after return of results and its relationship to deci-
sional instability by type of participant choice. Decisional
conflict scores were skewed in our preliminary findings
from the eMERGE III study [19], and we anticipate that
decision regret will also be skewed in the current study.
Thus, we will use the nonparametric Wilcoxon rank sum
test to test whether decision regret is associated with
decision instability. Analyses will be performed sepa-
rately for those receiving positive and negative results as
well as by assenting adolescents and consenting young
adults.

We will also test whether covariates (e.g., adolescent
age when results are returned, sex, race, income, knowl-
edge, and change in state anxiety from baseline) are asso-
ciated with decision regret. If covariates are associated
with regret, we will use generalized estimating equations
(GEE) so that the appropriate data distribution may be
specified, and covariates included. To test whether a pos-
itive result modifies the relationship between regret and
instability, we will use GEE with an interaction term to
evaluate whether the relationship is modified.
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Qualitative data analysis

SA1 - choices by assenting adolescents vs. consenting
young adults & SA2 - response to results

Interview transcripts and joint decision-making tran-
scripts will be predominantly analyzed using the general
principles of grounded theory [34, 35]. Grounded theory
approaches seek to inductively uncover social processes
and conditions that underlie phenomena and unravel
their consequences. This method is especially suited
to studies where the general phenomenon and its pro-
cesses are emerging, and in which constant comparisons
between data from multiple samples and sources are a
critical part of the research agenda [36]. This inductive
analytic method is also effective for revealing embedded
normative assumptions and values implicit in partici-
pants’ worldviews [37, 38].

Once transcribed, we will begin inductive open coding
of segments of text with a handful of transcripts. Spe-
cific codes will be derived using both deductive strate-
gies (built on existing scholarship and then applied to
the transcripts) and inductive strategies (built directly
from the transcript text). A coding manual will be devel-
oped with definitions and illustrations of each code.
These coded transcripts will be carefully reviewed to
clarify the meaning of particular codes and create clear
decision-making rules related to coding processes. A
constant comparison approach will be used to code the
transcripts. The strategy of making constant comparison
of codes and themes within and between sets of inter-
views is necessary for generating sensitive analyses and
nuanced theories of how participants understand the
value of genomic information for themselves and their
families [35]. Analysis of qualitative interviews will utilize
these same procedures and methods for both SA1 and
SA2.

Discussion
We are conducting a mixed-methods longitudinal clinical
trial to explore adolescent, young adult, and parent joint
decision-making when participants aged 13-21 are given
the opportunity to learn genetic research results about
themselves. We will investigate best practices for engag-
ing diverse cohorts of adolescents and young adults in
decisions to learn genetic research results, as opposed to
relying solely on parents to make decisions for the ado-
lescents. Additionally, we will investigate the impact on
adolescents and young adults of learning genetic research
results. Results from this study will also help inform the
process of returning genomic research results on a large-
scale basis to a range of populations recruited from a
variety of settings.

While previous studies have begun or are poised to
return genomic research results to pediatric populations
[29, 39, 40], we believe this current study has unique
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factors that will contribute to supporting best practices
and ethical considerations when engaging adolescents
and young adults in genetic testing decisions. One of the
strengths of our study is the electronic decision-making
tool and its associated educational videos, which fea-
ture options for adolescents, young adults, and parents
to make informed, customizable choices about learn-
ing genetic research results for the adolescent that are
aligned with their values. With the tool being readily
accessible online, it has the potential to be scaled up for
use in decision-making scenarios in other settings.

Additionally, we are actively engaging local primary
care clinic patients and community research advocates
to generate interest and refer individuals who identify as
members of racial minority groups that have been his-
torically underrepresented in genomic research [41-43].
Research conducted with these groups may be more criti-
cal to the moral imperative for bidirectional development
and translation of participant-researcher relationships
[44]. Promoting informed decision-making among young
research participants is one of the benefits of the current
study methods. Study participants are heavily involved
in the decision-making process, which offers a unique
method for choosing which research results they desire
to learn about themselves; thus, promoting their inde-
pendence and emerging autonomy in research. While
only results that overlap between an assenting adolescent
and their parent are returned due to legal constraints, we
conduct a facilitated discussion between adolescent-par-
ent dyads to encourage sharing of thoughts, desires, and
questions related to genetic research result choices. This
enables us to ensure that the adolescent voice is noted
and considered by the parent prior to making any final
choices that may impact the adolescent’s health going
forward.

Finally, this study offers a unique opportunity for par-
ticipants to select their preference for two methods of
study visit and sample collection. Participants can select
either an in-person or virtual study visit, which may be
especially helpful for individuals who may live farther
from the study sites or have transportation barriers.
Additionally, participants may contribute their perspec-
tives while opting out of providing a DNA sample and
they can select whether they want to provide a blood or a
saliva sample for testing, which may alleviate stressors for
some participants associated with a standard blood draw.
This flexibility may help with recruitment and engage-
ment with communities with historic mistrust of medical
research. We believe that the information learned from
utilization of our electronic decision-making tool, com-
munity engagement, and emphasis on joint decision-
making will fill a significant gap in current knowledge.
Additionally, we expect to make a significant contribu-
tion to the ethical and policy debates about predictive
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pediatric genetic testing, and in particular, adolescents’
and young adults’ preferences and involvement in the
return of genomic sequencing results, particularly for
adult-onset disorders and carrier status.

Limitations

We are actively recruiting and enrolling participants
who identify as members of racial minority populations
to maximize generalizability of findings. Health status
is not an eligibility criterion. However, participants are
not eligible if they have a developmental disability that
interferes with their ability to make decisions, are fol-
lowed regularly in a genetics clinic, or have a molecular
diagnosis. Thus, participants are not representative of
individuals presenting for clinical genetic testing. Addi-
tionally, those who choose to participate may be more
likely to want to learn results than those who do not par-
ticipate. This study is being performed in a single metro-
politan region in the Midwest and participation is limited
to those with English proficiency. Future studies with a
larger sample size from a broader geographic range will
be necessary to validate findings from our current study.

Conclusion

The Engaging Adolescents in Decisions About Return
of Genomic Research Results study offers adolescents,
young adults, and their parents the opportunity to make
decisions about learning genetic testing results about
the adolescent/young adult. Our study will add a unique
contribution to the small body of literature on pediatric
and emerging adult decision making regarding learning
personal genomic information. We will expand prior lit-
erature primarily focused on genetic testing in healthy
at-risk adolescents with a known family history of a sin-
gle gene disorder. Filling a glaring gap in the literature,
we will be able to address differences before, during and
after the pivotal age of 18 when making decisions about
genomic screening and learning results for adult-onset
disease risk and carrier status.
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