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Purpose: Genomic newborn screening raises practical and ethical
issues. Evidence is required to build a framework to introduce this
technology safely and effectively. We investigated the choices made
by a diverse group of parents with newborns when offered tiered
genomic information from exome sequencing.

Methods: This population-derived cohort comprised infants with
congenital deafness. Parents were offered exome sequencing and
choice regarding the scope of analysis. Options were choice A,
diagnostic analysis only; choice B, diagnostic analysis plus
childhood-onset diseases with medical actionability; or choice C,
diagnostic analysis plus childhood-onset diseases with or without
medical actionability.

Results: Of the 106 participants, 72 (68%) consented to receive
additional findings with 29 (27.4%) selecting choice B and 43
(40.6%) opting for choice C. Family size, ethnicity, and age of infant

at time of recruitment were the significant predictors of choice.
Parents who opted to have additional findings analysis demon-
strated less anxiety and decisional conflict.

Conclusions: These data provide evidence from a culturally
diverse population that choice around additional findings is
important and the age of the infant when this choice is offered
impacts on their decision. We found no evidence that offering
different levels of genomic information to parents of newborns has
a negative psychological impact.
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INTRODUCTION
Genomic sequencing has become the gold standard for the
investigation and diagnosis of monogenic diseases.1 Sequen-
cing generates a large amount of “off target” data that may be
relevant to future health and there is significant variability in
how these data are managed.2 Recommendations have been
developed for reporting additional or secondary findings in a
defined list of genes3 in an attempt to standardize practice.
With the ability to understand and interpret this genetic
information, there is emerging potential for its use as a public
health tool. An additional layer of complexity exists when the
tested individual is a child.4,5

As the use of genomic tests for disease prediction and
precision medicine is realized, genomic newborn screening
becomes a possibility. There is a dichotomy of opinions
around public health genomics and genomic newborn screen-
ing (NBS). One view recommends liberal testing and
augmentation of current NBS protocols with genomics,
reasoning that the information is wanted by families6,7 and
is of benefit to screened individuals.8 Significant research is
underway to investigate and provide evidence to underpin this

approach.9 A more conservative view is that the complexity of
consent, cost, and interpretation are still significant barriers to
genomic newborn screening and that the public health benefit
has not been rigorously demonstrated.10,11 In addition, there is
a gap in the knowledge around what parents with newborns
want out of genomic testing and what impact genomic
newborn screening could have when it is offered as a test
rather than as a hypothetical concept.
Current practice in Australia is for all newborns to have

bloodspot screening for 24 serious and treatable diseases.12

Additionally, there is state-based newborn hearing screening
that covers all birthing hospitals.13 Here we describe the Baby
Beyond Hearing project, offering parents who have already
consented to exome sequencing to investigate the cause of
their child’s hearing impairment a choice with respect to the
amount and type of additional genetic information they
wished to receive. The aims were to investigate the choices
made by parents and the potential predictors of choice when
different levels of genomic information from exome sequen-
cing are offered, and to determine if there was any associated
adverse psychosocial impact.
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MATERIALS AND METHODS
The methods are described in detail in the protocol
publication14 and are summarized below. This study was part
of the Melbourne Genomics Health Alliance program and
received Human Research Ethics Committee approval from
Melbourne Health, 2013.245. Informed written consent was
obtained from all participants.

Study design and participants
Infants born in the state of Victoria, Australia in 2016 or
2017 and diagnosed with bilateral moderate, severe, or
profound hearing impairment following newborn hearing
screening were eligible to participate. Participants were
recruited during clinical care at pediatrician-run deafness
clinics at the Royal Children’s Hospital and Monash
Children’s Hospitals in Melbourne, as well as in regional
genetics outreach clinics across the state. The deafness clinics
had different models of care with one offering a single visit
service following diagnosis of congenital deafness and the
other running as an ongoing management clinic, which
affected waiting times and therefore age at recruitment.
Sample size was opportunistic, based on how many babies
were born in the two-year time frame who fitted the study
inclusion criteria for the primary project investigating the
genetic causes of congenital deafness.15 All participants
received a decision support tool and genetic counseling. If
parents consented to exome sequencing to investigate the
cause of their child’s hearing impairment, they were offered
three choices, as outlined in Fig. 1 and explained further
below.

Decision support tool
A decision support tool (see Supplementary S1) was modeled
from one developed for prenatal diagnostic testing using
chromosome microarrays, and offering different levels of
genetic information.16 It explained exome sequencing, the
possible outcomes of having diagnostic testing, and the option
of receiving additional findings in addition to diagnostic
information. Worksheets were included to guide discussion
and help parents weigh the personal advantages and
disadvantages of receiving different levels of information.
The decision support tool was provided to parents by post or
email prior to a genetic counseling session. Both parents were
encouraged to read and consider the information together,
particularly if only one parent was available to attend face-to-
face genetic counseling.

Genetic counseling
All genetic counselors attended a one-day workshop con-
ducted by senior genetic counselors. The workshop focused
on the differences between counseling for a medically
indicated clinical test versus that for additional findings. Role
plays were designed to allow counselors to practice potential
hurdles that may be faced in these clinical encounters, for
example, a couple that had different views about how much
information they wanted for their child.

Exome sequencing, gene list analysis, and reporting
Exome sequencing was performed at the Victorian Clinical
Genetics Services clinically accredited laboratory. Partici-
pants had analysis of genes according to the consent
provided as described below. Standard practice in the
laboratory is to mask all variants not selected for analysis.
Gene lists offered to parents for analysis are summarized in
Fig. 1 and provided in full in Table S2. Choice A was
analysis of a deafness gene list15 with expanded analysis if
there was a clinical indication as determined by the clinical
geneticist. Choice B comprised choice A genes plus
additional analysis of genes associated with conditions that
have onset in childhood that are considered medically
actionable.17 Choice C was choice B plus additional analysis
of genes that were not necessarily medically actionable but
had definitive gene disease association,18 onset of symptoms
prior to the age of 16 years the majority of the time, and a
validation method available, such as biochemical test or
clinical examination, to confirm diagnosis at the time of
testing. The validation method was included to minimize
potential harms from providing predictive genetic informa-
tion that included a large degree of uncertainty. After
genetic counseling, parents provided written informed
consent for testing, but could change their choice of gene
list analysis at any time during the study period if the
additional findings report had not been issued. Only one
parent was required to sign the consent; however, joint
decision-making was strongly encouraged. Counselors
offered a follow-up phone call if the family felt undecided
at the time of appointment or if a parent had not been
present for the session and required further consultation.
Variants were classified according to the principles outlined

in the American College of Medical Genetics and Genomics
(ACMG) and Association for Molecular Pathology (AMP)
standards for interpretation of sequence variants.19 Variant
classification was reviewed in a multidisciplinary team
meeting attended by clinical geneticists, medical subspecia-
lists, genetic counselors, medical scientists, and bioinforma-
ticians. Only variants classified as pathogenic or likely
pathogenic were reported for choice B and choice C analysis.
If a pathogenic or likely pathogenic variant for an autosomal
recessive condition was reported, a variant of uncertain
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Fig. 1 Choices presented for parents receiving results from exome
sequencing in their infants with congenital hearing impairment.
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significance (VUS) in the same gene was reportable. This
component of analysis was conducted separately from
diagnostic analysis and a separate report was issued. This
was done intentionally to allow differences in diagnostic
versus predictive analysis to be outlined. Results of the
diagnostic analysis of deafness genes in the cohort are
reported elsewhere.15

Return of results
Return of diagnostic results (choice A) was at a face-to-face
appointment with a clinical geneticist and genetic counselor.
If results of additional findings analysis were available, these
were provided simultaneously. If not available, these results
were provided either over the phone (negative results only) or
at a face-to-face appointment. Where possible, the face-to-
face appointment was incorporated into the pediatrician
follow up at the deafness clinic.

Outcomes
The primary outcome measure was the proportion of
participants choosing each of the three analysis options. The
secondary measures were predictors of choice and the
psychological impact of the process on parents of infants.
Data collection and surveys were administered at four
timepoints (Fig. 2).

Data collection
Families were asked to complete a questionnaire for data
collection prior to or during the first clinic visit. Surveys were
also provided to families after consent for testing, after
receiving results for diagnostic testing, and after receiving
results for additional findings (Fig. 2). The surveys included
questions on demographics such as postcode, parental
education and family income and scales to measure medical
literacy,20 anxiety,21 decisional conflict and regret,22,23 and
intolerance of uncertainty.24

Data analysis
Survey data were analyzed using Stata version 14 (StataCorp
LLC, TX, USA). Comparisons between the three outcome
groups, representing choice of analysis, were undertaken
using chi2 tests for categorical variables and analysis of
variance (ANOVA) or independent t tests for normally
distributed continuous predictor variables.
Multivariable analyses to determine the independent

predictors of choice were undertaken using logistic regression.
Variables with p values ≤0.2 in the univariable analysis were
included in the adjusted model to account for their possible
confounding effect. Results were reported as odds ratios
(ORs) and adjusted OR with 95% confidence intervals (CIs)
and p values.

RESULTS
One hundred seventy (170) patients were identified as eligible
for the project, of whom 156 were able to be contacted and

invited to participate. Of the 106 participants who consented
to having diagnostic exome sequencing for their child’s
hearing impairment, 72 (68%) consented to receiving
additional findings with 29 (27.4%) opting for choice B
(medically actionable childhood-onset conditions) and 43
(40.6%) opting for choice C (including non–medically
actionable childhood-onset conditions).
The decision support tool was utilized by 63/106 (59%) of

participants. Thirty families (28%) had made a choice prior to
the genetic counseling appointment but eight of these
changed their choice following a face-to-face genetic counsel-
ing session. Fifteen families (14%) changed their decision at
some time after the face-to-face appointment: ten families
signed consent for choice A and then opted into additional
findings, three families opted out of additional findings
following initial consent, and two families altered the amount
of additional findings information they chose to receive (both
went from choice B to C). One family declined to receive the
results of additional findings after the report had been issued.

Data collection
The initial data collection questionnaire was completed in
clinic and therefore had 100% response rate. Survey 1,
administered after consent to participate and choice of A, B,
or C gene list analysis was made, was completed by 63/106
families. Survey 2, which was taken after results for diagnostic
analysis were provided, was completed by 52/106. For those
that opted in to receive additional findings, 47/72 completed
survey 3 after results were disclosed.

Participant characteristics within each choice group
Characteristics of the 106 participants were collected in the
initial questionnaire and are summarized in Table 1. Table 1
shows differences in characteristics between those who chose
A, B, or C and between those who chose A (declined
additional findings) versus those who chose either B or C
(consented to additional findings). There was no difference in
the mean maternal or paternal age, sex of the baby, use of
assisted reproduction, or gestation at delivery between groups.
The majority of families were recruited when their infants
were between 3 and 9 months of age. In the families who were
approached before their infant was 3 months old, there was a
lower uptake of additional findings. Those with two children
showed a tendency toward seeking medically actionable
additional findings (choice B) compared with first-time
parents or those with larger families. Parents who stated
their child was Australian or New Zealander were more likely
to request additional genomic information than all other
ethnic groups. If the infant had a medical problem in addition
to hearing impairment, there was a preference for parents to
opt for all available information (choice C). Use of the
decision support tool was higher in those who opted for
additional findings, with 64% of those who chose additional
findings (choice B/C) using the tool compared with 50% of
those who opted for diagnostic analysis only (choice A).
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Additional sociodemographic information was collected in
survey 1, which was completed by 63 parents of participants.
These data are presented in Table 1. Education, medical
literacy, and family income were not different between
groups.

Predictors of choice: multivariable analysis
Table 2 shows results of univariable and multivariable
analyses, comparing those who declined additional findings
(choice A) with those who consented to additional findings
(choices B and C combined). Covariates included in all
multivariable analyses were those with a p value ≤0.2 in either
ANOVA or t test: family size, ethnicity of child, age at
recruitment, other medical problems, and use of the decision
aid. There was an almost fivefold increased likelihood that
there would be a choice of additional findings in families with
two children, compared with those with one child. Likewise,
when parents identified their child as Australian or New
Zealander they were four times more likely to choose
additional findings compared with other identified ethnicities
for the child, no matter whether adjustments for covariates
were made or not. Families approached prior to the infant
being 3 months of age compared with those with infants
greater than 3 months were markedly less likely to consent to
additional findings (adjusted OR 0.06, 95% CI: 0.01–0.35, p=
0.002), again independent of adjusting for the covariates.

Impact of choice on psychosocial measures
State anxiety, decisional conflict, and intolerance of uncer-
tainty were measured in survey 1. Table 3 shows that
participants who sought additional findings had less anxiety
at the time of decision-making, less conflict around their
decision, and were more tolerant of uncertainty. Decisional
regret was low across all groups.

Reportable findings
From the choice A gene list (diagnostic analysis), 56% of
participants received a genetic diagnosis, the details of which
are published elsewhere.15 Four infants had reportable
variants identified in the additional findings analysis. All
reported variants were in genes in the choice B gene list
(actionable childhood-onset conditions). Two of these
participants required further investigation and follow up.
Two participants had a heterozygous variant in MEFV

c.228G>A classified as pathogenic. MEFV is associated with
familial Mediterranean fever (FMF), which is generally
considered an autosomal recessive condition; however, some
heterozygotes show an incomplete or atypical form of the
disease.25 For this reason, variants in this gene were
considered for both dominant and recessive inheritance and
heterozygous likely pathogenic or pathogenic variants were
reported. The c.228G>A variant has not been associated with
autosomal dominant inheritance in the literature and the
families were counseled that the result was likely to represent
carrier status, although they were informed about the
symptoms and signs of FMF. No further investigations or
follow up were organized.
In one participant, two variants were identified in the APOB

gene: c.10190del, (pathogenic) and c.12635C>G (variant of
uncertain significance [VUS]). Two allelic diseases can occur
due to variants in APOB: familial hypercholesterolemia is the
result of missense variants and results in high levels of high
density lipoprotein and cholesterol predisposing the indivi-
dual to early and severe coronary artery disease,26 whereas
truncating variants cause hypobetalipoprotinemia with resul-
tant reduced absorption of fat soluble vitamins, failure to
thrive, and vitamin deficiencies.27 This participant had
normal cholesterol and fat soluble vitamin levels, and no
further referral or follow up was planned.

Participants identified Opt out

Data collection timepoints

Questionnaire

Opt outInformed

Consent and choice

Diagnostic analysis

Additional findings analysis

Choice A

Results

Results

Survey 1

Survey 2

Survey 3

Choice CChoice B

Fig. 2 Flowchart of patient recruitment and data collection timepoints.
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In another participant, a heterozygous variant was reported
in the VWF gene, c.7390C>T (pathogenic), which has been
associated with von Willebrand disease. There was a history of
easy bruising in the proband and a family history of a sibling
and maternal grandmother with frequent nosebleeds. The
infant had von Willebrand factor testing, which was in the
low normal range. The family is awaiting further hematology
assessment. Parents sought cascade testing for themselves and
four other children.

DISCUSSION
While evidence is mounting for the utility and cost effectiveness
of genomic sequencing in the newborn period for diagnostic
purposes28,29 there is still limited knowledge of the scope of

findings that should be offered and reported to parents in a
real-world setting. The Baby Beyond Hearing project provides
insight into parents’ choices, predictors of these choices, and
the psychosocial impact of offering additional findings from
genomic sequencing to parents of newborns. Overall, approxi-
mately two-thirds of parents elected to receive additional
information from their infant’s exome sequencing, but a sizable
32% did not want to receive additional findings. Of particular
relevance to newborn screening was the finding that parents
with an infant less than 3 months of age were the least likely to
elect to receive additional findings compared with parents with
infants older than 3 months.
Our results highlight that people seek different levels of

information from genomic sequencing according to their

Table 1 Participant characteristics and choice.
Aa

N= 34 (32.1%)
Ba

N= 29 (27.4%)
Ca

N= 43 (40.6%)
ANOVA, p value B/C

N= 72 (68%)
t test, p value

Maternal age: mean (SD) 32.9 (5.5) 33.5 (4.0) 31.7 (5.9) 0.94, p= 0.39 32.5 (5.2) 0.34, p= 0.73
Paternal age: mean (SD) 35.2 (7.1) 36.7 (5.6) 34.5 (6.4) 0.9, p= 0.40 35.5 (6.1) 0.20, p= 0.83

Chi2, p value Chi2, p value

Sex of baby
Male 18 (52.9) 16 (55.2) 23 (53.5) 0.03, p= 0.98 39 (68.4) 0.01, p= 0.90
Female 16 (47.1) 13 (44.8) 20 (56.5) 33 (67.4)

Assisted reproductionb

Yes 3 (9.4) 4 (13.8) 7 (16.3) 2.12, p= 0.71 11 (15.3) 0.96, p= 0.62
Gestation at delivery
>36 weeks (term) 26 (76.5) 25 (86.2) 34 (79.1) 1.01, p= 0.91 59 (81.9) 0.44, p= 0.80
32–36 weeks 6 (17.7) 3 (10.3) 7 (16.3) 10 (13.9)
<32 weeks 2 (5.9) 1 (3.5) 2 (4.7) 3 (4.2)

Age at recruitment
<3 months 7 (20.6) 2 (6.9) 2 (4.7) 12.70, p= 0.05 4 (5.6) 11.90, p= 0.008
3–6 months 8 (23.5) 14 (48.3) 24 (55.8) 38 (52.8)
6–9 months 9 (26.5) 9 (31) 10 (23.3) 19 (26.4)
>9 months 10 (29.4) 4 (13.8) 7 (16.3) 11 (15.3)

Family size
1 16 (47.1) 8 (27.6) 20 (46.5) 9.51, p= 0.05 28 (38.9) 3.64, p= 0.16
2 7 (20.6) 16 (55.2) 12 (27.9) 28 (38.9)
>2 11 (32.4) 5 (17.2) 11 (25.6) 16 (22.2)

Stated child’s ethnicity
Australian/New Zealand 7 (20.6) 13 (44.8) 25 (58.1) 13.18, p= 0.04 38 (52.8) 11.20, p= 0.01
European 10 (29.4) 6 (20.7) 5 (11.6) 11 (15.3)
Asian 6 (17.7) 6 (20.7) 6 (14.0) 12 (16.7)
Other 11 (32.4) 4 (13.8) 7 (16.3) 11 (15.3)

Family history
Yes 7 (20.6) 7 (24.1) 4 (9.3) 3.17, p= 0.21 11 (15.3) 0.46, p= 0.50

Other medical problems in babyc

Yes 6 (17.7) 3 (10.3) 14 (32.6) 5.50, p= 0.06 17 (23.6) 0.48, p= 0.49
Use of decision support tool
Yes 17 (50.0) 20 (69.0) 26 (60.5) 2.37, p= 0.31 46 (63.9) 1.85, p= 0.17

A
N= 19

B
N= 21

C
N= 23

Chi2, p value B/C
N= 44

Chi2, p value

Parental educationd

Secondary school 4 (21.1) 4 (20.0) 1 (4.4) 4.15, p= 0.39 5 (11.6) 1.04, p= 0.60
Certificate/diploma 5 (26.3) 6 (30.0) 5 (21.7) 11 (25.6)
University 10 (52.6) 10 (50.0) 17 (73.9) 27 (62.8)

Family income (AUD)
<$19,999 1 (5.6) 0 (0.0) 0 (0.0) 3.73, p= 0.71 0 2.59, p= 0.46
$20,000–59,999 3 (16.7) 3 (15.6) 1 (5.6) 4 (10.8)
$60,000–119,999 6 (33.3) 8 (42.1) 7 (38.9) 15 (40.5)
$120,000+ 8 (44.4) 8 (42.1) 10 (55.6) 18 (48.7)

Medical literacye

High 12 (66.7) 13 (61.9) 19 (82.6) 4.76, p= 0.31 32 (72.7) 1.44, p= 0.49
Moderate 5 (27.8) 4 (19.1) 3 (13.0) 7 (15.9)
Low 1 (5.6) 4 (19.1) 1 (4.4) 5 (11.4)

aA/B/C refers to gene lists selected for analysis by parents of children undergoing exome sequencing.
bAssisted reproduction refers to any use of medical treatment, fertility drug, or in vitro fertilization (IVF) to conceive.
cOther medical problem was any other condition, in addition to hearing impairment, noted by the doctor assessing the participant.
dParental education indicates the person who filled out questionnaire (83% mother).
e 20 Low ≥9, moderate = 6–8, high ≤5.
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personal values and circumstances. Our findings are con-
sistent with quantitative and qualitative studies offering
parents hypothetical choices in relation to genomic newborn
screening in which there is no consensus on how much
information people seek.30 The approximately 70:30 ratio of
seeking broader, predictive genetic information versus
targeted information is mirrored in other studies of parents
having genetic testing prenatally or for their newborn, despite
variations in study design and population.16,31,32

The lower rate of uptake by parents to seek predictive
genomic information when their infant was less than 3 months
old has been replicated in other research32 and may be a
significant barrier when considering using this technology to
complement or expand traditional newborn screening. It is
possible this is confounded by a disinclination of new parents
to participate in research generally. A further practical barrier
to public health implementation of genomic newborn
screening is the fragility of parents’ decision-making. The
high rate of participants who changed their decision over the
the study time period emphasizes the lack of assurance in the
decision and the importance of ongoing genetic counselor
support that provides flexible consent.

Qualitative studies in a hypothetical setting suggest indivi-
dualized support is required for people to make a choice about
genomic testing for their infants33 and highlight the important
impact of social context and cultural difference in making these
choices. A strength of this study is the diversity of the
population included. Having access to a population cohort and
interpreter services makes these data unique among research
into newborn genomic screening, which often reflects a more
limited population subset.32 Cultural orientation, which
influences life experiences, has an impact on desires and
expectations around additional findings.33 Our results support
this premise in a real-world setting, with those identifying as
Australian or New Zealander being much more likely to seek
additional genomic information than all other ethnic groups.
This may reflect greater confidence in the health-care system or
a higher value and understanding placed on Western medicine.
Similarly, family size impacts on parents’ decision-making,

and this may be linked to social context and cultural factors.34

One possibility is that a smaller and therefore “younger”
family may seek broader genetic information to inform
further reproductive decisions. This will be explored further
in planned qualitative analysis.

Table 3 Psychosocial measures (N= 63).

Tool: mean (SD) Aa

N= 19

Ba

N= 21

Ca

N= 23

ANOVA, p value B/C

N= 44

t test, p value

STAI state score 44.1 (12.4) 34.2 (10.6) 35.3 (10.5) 4.54, p= 0.01 35.1 (10.3) 8.51, p= 0.005

Decisional conflict 20.2 (17.6) 13.3 (12) 12.1 (12.1) 1.97, p= 0.15 12.7 (11.9) 1.98, p= 0.05

Intolerance of uncertainty 32.2 (8.5) 28.5 (7.1) 29.3 (8.8) 1.08, p= 0.35 29 (7.9) 1.44, p= 0.15

Decisional regretsb 13.8 (10.8) 10.8 (14.1) 6.7 (10.0) 1.63, p= 0.20 8.2 (12.3) 1.50, p= 0.14
ANOVA analysis of variance, STAI State Anxiety Trait Inventory.
aA/B/C refers to gene lists selected for analysis by parents of children undergoing exome sequencing.
bN= 47 responses included in the decisional regret scale.

Table 2 Predictors of choice: multivariable analysis.

OR (95% CI) p value Adjusted OR (CI) p value

Family size

1 Reference

2 2.29 (0.82–6.41) 0.12 4.62 (1.22–17.44) 0.02

>2 0.83 (0.31–2.21) 0.71 1.49 (0.39–5.67) 0.56

Stated child’s ethnicity

Other Reference

Australian/NZ 4.31 (1.66–11.16) 0.003 3.96 (1.40–11.22) 0.01

Age at recruitment

3–6 months Reference

<3 months 0.12 (0.03–0.51) 0.004 0.06 (0.01–0.35) 0.002

6–9 months 0.44 (0.15–1.34) 0.15 0.23 (0.05–0.96) 0.04

>9 months 0.23 (0.07–0.73) 0.01 0.17 (0.04–0.65) 0.01

Other medical problems

Yes 1.44 (0.51–4.06) 0.49 1.47 (0.44–4.93) 0.53

Use of decision aid

Yes 1.77 (0.77–4.04) 0.18 2.58 (0.92–7.29) 0.07
CI confidence interval, OR odds ratio.
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These results provide the first published quantitative data
on the psychosocial impact of offering genomic newborn
screening to parents. Data from similar projects are likely to
follow35,36 and will provide further insight into cultural and
social preferences across continents. While hypothetical
surveys have demonstrated concern from health professionals
about the psychosocial impact on families,37 our results
demonstrate overall low levels of anxiety and feelings of
conflict and regret around the decision to have genomic
newborn screening. Participants who sought additional
findings had significantly less anxiety at the time of
decision-making, less conflict around their decision, and were
more tolerant of uncertainty. Decisional regret scores were
very low among all groups, reflecting that people were
comfortable with the decisions they made, although survey
completion rates fell and therefore these data are incomplete.
These findings could reflect the optimism parents feel around
having newborn genomic screening for childhood-onset
conditions38 and appear to contrast with the ambivalence
described in studies offering parents screening of their
children for adult-onset treatable conditions.39 Qualitative
analysis of surveys and participant interviews are underway
and this will provide further insight into the psychosocial
impact and personal utility of offering genomic newborn
screening and essential information about longer-term impact
of these decisions for parents.
The scope of gene lists analyzed may influence parental

choices and should be carefully considered when offering
predictive genomic information. Increased availability of
sequencing data in healthy individuals will strengthen
understanding of penetrance and improve the robustness of
selection of genes for inclusion in the future. With incomplete
penetrance data we deemed it appropriate to provide a second
validation method for genes included for choice C. This
reduced the potential for harm that could arise from giving
parents information with a high degree of uncertainty about
their child's future health. It is possible that this made parents
more likely to select choice C; however, our results indicate
that these individuals were more tolerant of uncertainty and
therefore may have made this choice without a validation
method available.
A limitation of this study in terms of generalizability is that

this cohort was derived from a population of hearing
impaired infants and therefore results cannot necessarily
inform predictive genomic sequencing on healthy newborns.
Likewise it is not necessarily applicable if offering additional
findings to infants having sequencing for a clinical indication
that has made them critically unwell. In addition, we focused
this study on parental choice and did not have sufficient
reportable findings to comment on the clinical utility of
genomic sequencing in newborns; however, studies looking at
utility have already been published.8,40

As the use of exome and genome sequencing increases,
there is a critical need to better understand what and how
much information should be offered, analyzed, and reported
in these tests. Due to significant cultural and geographical

differences in the use of this technology it is essential to have
diverse population-based evidence to support practice. This
study provides the first level of evidence on which to build an
ethically sound framework for offering additional findings
from genomic sequencing to parents of newborns. It also
provides invaluable world-first data showing that genomic
newborn screening does not have a negative psychosocial
impact on parents.
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