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Abstract Whole exome sequencing (WES) is an integral tool
in the diagnosis of genetic conditions in pediatric patients, but
concerns have been expressed about the complexity of the
information and the possibility for secondary findings that
need to be conveyed to those deciding about WES.
Currently, there is no validated tool to assess parental under-
standing of WES. We developed and implemented a survey to
assess perceived and actual understanding of WES in parents
who consented to clinical WES for their child between
July 2013 and May 2015. Fifty-three eligible surveys were
returned (57% response rate). Areas with both low perceived
and actual understanding about WES included how genes are
analyzed and lack of protection against life insurance discrim-
ination. Parents also had low actual understanding for two
questions related to secondary findings – reporting of second-
ary findings in a parent (if tested) and whether secondary
findings can be related to traits such as height and hair color.
Further work to develop a validated tool to assess understand-
ing of WES would be beneficial as WES is integrated more
frequently into clinical care.
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Introduction

Whole exome sequencing is rapidly becoming an integral tool
for the diagnosis of genetic disorders in patients, especially
after a genetic cause cannot be identified by more targeted
methods (Yang et al.). With approximately 85% of disease-
causing mutations found in the exome, there are high hopes
for WES to find new genetic origins of disease (Grody et al.
2013; Rabbani et al. 2014). WES primarily benefits patients
with rare diseases with unknown etiologies, atypical clinical
presentations, or more than one genetic etiology contributing
to the phenotype (Johansen Taber et al. 2014; Kingsmore and
Saunders 2011; Pinxten and Howard 2014). Recent data sug-
gests WES has a diagnostic yield of 25–35% (Farwell et al.
2014; Lee et al. 2014; Valencia et al. 2015; Yang et al. 2014).
Currently, pediatric patients represent the majority of patients
undergoingWES (Yang et al. 2013). Therefore, parents are the
primary population consenting to this test.

Until recently, genetic testing was hypothesis-driven, with
health care providers ordering testing for specific genes based
on phenotype; therefore, the consent discussion was limited to
these specific genes and their possible implications (Bunnik
et al. 2014; Rigter et al. 2014). WES generates more data and
potential results, making it unrealistic to explain each potential
finding and implication (Bradbury et al. 2015) and unreason-
able to expect a patient to understand and retain such infor-
mation (Bunnik et al. 2014; Ormond 2013). Although facili-
tating understanding about WES is essential, it can be difficult
to find the balance between too much information that may
overwhelm a family and not enough information to make an
informed decision (Appelbaum et al. 2014; Ormond 2013;
Pinxten and Howard 2014; Rigter et al. 2013; Rigter et al.
2014).

An additional barrier to facilitating understanding about
WES is the possibility of incidental or secondary findings.
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Incidental findings are unanticipated results unrelated to the
primary indication for testing that are found after completion
of filtering and segregation analysis (Weiner 2014).
Secondary findings are also unrelated to the primary indica-
tion, but they are purposely sought out during the analysis of
the test results. Although both incidental and secondary find-
ings may have health, reproductive or personal importance for
the patient and his/her family, more time may be spent
informing patients about the possibility of secondary findings,
particularly the American College of Medical Genetics and
Genomics (ACMG) 56 genes, since these possible results
are more tangible (Allyse and Michie 2013; Bowdin et al.
2014; Bunnik et al. 2014; Burke et al. 2013; Green et al.
2013; Pinxten and Howard 2014).

As the use of WES expands into specialties outside of
genetics, such as immunology, it is not clear if each clinic is
equipped with the resources, knowledge, or personnel to pro-
vide pre-test counseling about WES (Bowdin et al. 2014;
Kingsmore and Saunders 2011; Rigter et al. 2013).
Additionally, patients in various specialty clinics may be in
very different situations: somemay be on a diagnostic odyssey
and searching for answers to their condition, whereas others
may be facing a life-threatening health crisis (such as cancer or
a severe immunodeficiency) and may be more focused on
recovering. Whether differences in clinic personnel and health
status of the patient impact the understanding of those
consenting to WES is yet to be explored.

In response to concerns about providing informed consent
for whole genome and whole exome sequencing, Ayuso et al.
(2013) reviewed consent documents and expert opinions to
propose a list of necessary elements in clinical consent for
these tests. However, simply including these recommended
elements does not ensure that patients actually understand
the information. There are five commonly accepted require-
ments for informed consent: 1) information disclosure, 2)
competence, 3) voluntariness, 4) comprehension, and 5) con-
sent (Beauchamp and Faden 1995). Since genetic counselors
and research coordinators experienced in obtaining informed
consent for genomic sequencing have previously identified
participant understanding as one of the primary challenges to
the informed consent process (Tomlinson et al. 2016), we
chose to focus on the requirement of comprehension in our
study. Comprehension itself may be viewed as two separate
elements: perceived understanding (the person must feel that
they comprehend the information) and actual understanding
(they must have correct knowledge of the information) (Joffe
et al. 2001). Assessment of patients’ perceived and actual
understanding of WES and identification of any gaps in un-
derstanding, could allow providers to address these gaps.

Since there is currently no validated tool to assess understand-
ing of exome/genome sequencing, we developed and adminis-
tered a survey to measure the two essential elements of compre-
hension, perceived and actual understanding. These elements

have been previously used to assess understanding of informed
consent for other medical tests and procedures (Joffe et al. 2001;
Klima et al. 2014; Miller et al. 1996; Noll et al. 2001). The
primary purpose of this study was to identify gaps in areas of
perceived and actual understanding among parents who
consented to WES for their children. The secondary purpose
was to compare understanding of WES among parents of pa-
tients seen in genetics and non-genetics specialty clinics.

Materials and Methods

WES Consent Process

Families considering clinical WES were routinely given two
documents prior to testing, a consent form and a patient bro-
chure about WES. Information in the consent form included
the purpose of WES, a description of the test process, techni-
cal and clinical limitations of the test, what information will
and will not be returned to the patient, the option to receive
secondary findings, how information will be kept confidential,
storage and future use of the data, and the voluntary nature of
the test. Information in the WES patient brochure included
basic genetic information (e.g. genes, exons, and mutations),
the purpose of WES, how WES is performed and interpreted,
the diagnostic yield of WES, benefits and limitations of WES,
the types of results that might be returned (positive, negative,
uncertain, and primary or secondary), additional information
that might be learned (biological relationships, risks for family
members, secondary finding if desired), insurance and em-
ployment protections and concerns, storage of the sample
and results, costs, and information about meeting with
a genetic counselor/geneticist. These documents follow
the Bgeneric model^ of consent where general informa-
tion about WES and possible results are provided in
pre-test counseling, and families’ specific results are
discussed after the test is performed (Bunnik et al.
2014; Elias and Annas 1994; Rigter et al. 2013).

At the time of this study, most patients offered WES
through the genetics clinical met with a genetic counselor
for pre-test counseling and review of the consent form.
Families offered WES in non-genetics specialty clinics met
with a genetic counselor or other health care provider in the
specialty clinic for pre-test counseling. Regardless of clinic,
all families received and signed the same consent form prior to
testing. The patient brochure was routinely provided to par-
ents by genetic counselors during or prior to the pre-test
counseling. Other health care providers had access to the pa-
tient brochure, but may or may not have provided it to their
patients. Both the patient brochure and the consent form are
publicly available on the CCHMC website (https://www.
cincinnatichildrens.org/service/d/diagnostic-labs/molecular-
genetics/whole-exome-sequencing).
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Participants

The Cincinnati Children’s Hospital Medical Center
(CCHMC) Institutional Review Board approved the study.
Only one parent or guardian who consented to clinical WES
for their child at CCHMC from July 1, 2013 through May 14,
2015 was eligible to participate. We identified potential par-
ticipants using the CCHMCMolecular Genetics Laboratory’s
Clinical Exome Tracking System. Parents/guardians from the
United States whose child, ages 0–18 years, had submitted a
sample for WES in this timeframe were eligible to participate,
regardless of whether or not they had received results. We
included patients seen in genetics clinics and four non-
genetics specialty clinics: allergy and immunology, bone mar-
row and immunology, cardiology, and neurology.

Recruitment and Data Collection

We mailed pre-notification letters to inform potential partici-
pants about the study and that a paper survey would be mailed
to them within a few weeks. They were also given the option to
opt out of the study. Three weeks later, we mailed a cover letter,
a paper copy of survey and a $5 gift card to potential partici-
pants. The cover letter also included a URL and a unique study
identification number to allow completion of the survey online.
Follow-up reminders and surveys were bothmailed and emailed
(if an email was included in the electronic medical record) to
non-responders three and six weeks after the initial mailing.

All participants were given the option to complete the survey
by mail or online. The online version of the survey was created
in REDCap (Research Electronic Data Capture), a secure, web-
based application designed to support data capture for research
studies (Harris et al. 2009). The responses from paper surveys
were entered into REDCap by the first author, and data was
managed using REDCap hosted at CCHMC.

Survey Development

We modelled our survey after the Quality of Informed Consent
(QuIC) questionnaire developed by Joffe et al. (2001), which
compared perceived and actual understanding of the purpose,
risks, and possible outcomes related to cancer clinical trials. We
(the authors) modified the questions to be applicable to a clin-
ical population undergoing WES. The final survey consisted of
four sections and a total of 63 questions. The surveywas written
below an 8th grade reading level (Flesch-Kincaid Grade Level:
7.9). We provided definitions in the survey instructions for
whole exome sequencing, exon, and genome.

The first section included seventeen questions to assess
parents’ perceived understanding ofWES and secondary find-
ings. These questions were based on the content within the ten
minimum elements of informed consent proposed by Ayuso
et al. (2013): scope, description, benefits, risks, voluntary,

refusal, alternative test, confidentiality, future use, and second-
ary findings. Each of these questions addressed a specific
aspect of Ayuso et al.’s (2013) elements of informed consent.
For each of the perceived understanding questions, parents
were asked how well they felt they understood specific infor-
mation about WES. Responses options included Bvery well^,
Bmostly ,̂ Bsomewhat^, Bbarely ,̂ and Bnot at all^.

The second and third sections assessed parents’ actual un-
derstanding. The second section included twenty-one ques-
tions aboutWES in general and the third section included nine
questions about secondary findings that could be learned from
WES. Actual understanding questions were written by the
authors and were based on the information about WES pro-
vided to families in the consent form and the patient brochure.
When writing the questions, we used the same terminol-
ogy (e.g. mutation, genetic cause, positive/negative re-
sults) as that used in the patient consent form and pa-
tient brochure. All but two questions on the survey were
specifically addressed in the consent form and/or the
patient brochure. The two questions not specifically ad-
dressed were: Breceiving negative results from WES
means that the patient will not need any genetic testing
in the future^, and Ba positive result for a secondary
finding means the patient will develop that condition^.
These questions were written to assess the parent’s com-
prehension of positive and negative results. The actual
understanding questions were similar to true/false ques-
tions in that each had a correct answer. Response op-
tions were agree, disagree or unsure.

The fourth section of the survey focused on demographic
information, including age, gender, race, education level, ex-
perience in a healthcare profession, number of children, date
the parent provided consent for WES, results of WES, and
information about the child (the patient). The final question
was an open-ended question about what parents felt was most
important to tell families about WES.

We pre-tested the perceived and actual understanding sec-
tions of the survey by administering it to four parents of pa-
tients undergoing WES at CCHMC after May 14, 2015. Pre-
testing participants were instructed to answer all questions on
the survey and highlight any questions or terminology they
found confusing. They were then asked to explain what they
found confusing and how the question could be made clearer.
For example, one participant commented that a few questions
were framed in the negative voice (e.g. WES does not test
every exon in the patient’s DNA) which they found hard to
interpret. Participants were also asked questions about
questions/terminology onwhich wewanted specific feedback.
For example, we asked participants what Bpositive^ and
Bnegative^ results meant to them to ensure that participants
consistently interpreted these terms in the same way. We mod-
ified the survey based on the feedback we received, such as
reframing questions from a negative to positive voice.
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Scoring and Data Analysis

To assess possible differences between clinics where patients
were seen, we compared perceived and actual understanding
scores between genetics and non-genetics specialty clinics.
Parents’ answers to the perceived understanding questions
were converted to a score from 1 to 5 (1 = BNot at all^,
2 = BBarely ,̂ 3 = BSomewhat^, 4 = BMostly ,̂ 5 = BVery
well^) and median scores were compared between clinics
using the Wilcoxon rank-sum test. The proportion of correct,
incorrect, and Bunsure^ answers to the actual understanding
questions were compared between clinics using Fisher’s exact
test. We used p ≤ 0.05 to indicate the statistical significance
due to the exploratory nature of the study.

Results

Study Population

Information about our cohort is provided in Fig. 1. We re-
ceived 53 eligible completed surveys, giving a response rate
of 57%. Demographic information of the parents/guardians is
presented in Table 1. All participants were parents of
the patient except one, who was the legal guardian.

We refer to participants as Bparents^ from this point
forward. The majority of the parents were Caucasian
(96%), female (91%), and had some post-secondary ed-
ucation (83%). Demographics did not show differences
between parents consenting to WES in the genetics clinic
versus a non-genetics speciality clinic. We had limited infor-
mation on non-responders but were able to obtain ethnicities
for 24 of the 42 non-responders: 88% identified as Caucasian
or Caucasian plus another ethnicity, 8% identify as African
American, and 4% identify as Bother^ (Nepalese).

We received responses from parents seen for WES in ge-
netics clinic (n = 41) and two non-genetics specialty clinics
(bone marrow and immunology (n = 11), and allergy and
immunology (n = 1)). All parents consenting to WES through
the genetics clinic received pre- and post-test counseling from
a genetic counselor and/or geneticist. Based on documentation
provided to the molecular laboratory whenWES was ordered,
nine of the twelve parents (75%) consenting toWES through a
non-genetics specialty clinic received pre-test counseling from
a genetic counselor. Of these nine parents, seven also received
post-test counseling from a genetic counselor. One parent re-
ceived pre-test counseling from a specialist but was referred to
genetics for post-test counseling. The remaining two parents
received pre- and post-test counseling from their specialist
without a genetic counselor or geneticist involved.

Fig. 1 Overview of participant
cohort who returned completed
surveys
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Perceived Understanding

General Information about WES

For each of the 13 perceived understanding questions,
more than 50% of parents felt that they had a good
understanding of the information (responses of
BMostly^ or BVery well^; Table 2). Parents reported
the highest perceived understanding for B…it is [their]
choice to have WES^ (100% good understanding),
BWho will be tested^ (98% good understanding), and
BThe benefits of WES^ (93% good understanding).
Parents reported the least perceived understanding of
BThe possible discrimination based on WES results^
(53% good understanding) and BHow genes are ana-
lyzed by WES^ (55% good understanding).

Secondary Findings

Regarding perceived understanding about secondary findings,
parents reported highest perceived understanding for B…it is
[their] choice to learn about secondary findings^ (93% good
understanding) and least perceived understanding of BThe im-
plications of secondary findings^ (74% good understanding;
Table 2).

Actual Understanding

General Information about WES

Eighteen of the 21 questions evaluating actual understanding
of WES were answered correctly by more than half of the
parents. The questions with the highest proportion of correct

Table 1 Demographics
Genetics Clinic
[N = 41] n (%)

Specialty Clinic
[N = 12] n (%)

p value

Parent age, median yearsa 37.5 (8.0) 38.5 (7.5) 0.72

Gender

Male 5 (12.2) 0 (0) 0.577

Female 36 (87.8) 12 (100)

Race/Ethnicity

White or Caucasian 39 (95.1) 12 (100) 1.000

Non-white 2 (4.9) 0 (0)

Education

High school graduate or less 1 (2.4) 1 (8.3) 0.315

Post high school, other than college 6 (14.6) 1 (8.3)

Some college 14 (34.2) 2 (16.7)

Bachelor’s degree or equivalent 10 (24.4) 6 (50)

Graduate or professional degree 10 (24.4) 2 (16.7)

Healthcare professional 14 (35) 3 (25) 0.729

Number of children 2.0 (1.0) 2.0 (1.0)

Date of consent

July to December 2013 15 (37.5) 6 (50) 0.249

January to June 2014 10 (25) 0 (0)

July to December 2014 10 (25) 4 (33.3)

January to June 2015 5 (12.5) 2 (16.7)

Results received

Positive 10 (24.4) 4 (33.3) 0.803

Negative 25 (61.0) 7 (58.3)

Don’t know 2 (4.9) 0 (0)

Have not received results 4 (9.8) 1 (8.3)

Child age, median yearsa 7 (8.0) 4 (8.5) 0.57

Child Gender

Male 19 (47.5) 5 (41.7) 0.754

Female 21 (52.5) 7 (58.3)

aAge of the parent and the child, and the number of children were shown as median (Interquartile Range), and
compared between clinics using Wilcoxon rank sum tests; the rest of the variables were shown as n (proportion)
and compared using Fisher’s exact test
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answers were BWES may find a genetic cause for the patient’s
condition, even when other genetic tests could not^ (98%),
BResults fromWESmay help guide the patient’s medical care^
(98%), and BWES might find genetic changes (mutations) that
we do not fully understand yet^ (98%). Less than half of parents
correctly answered BWES analyzes genes one at a time^ (21%),
BLife insurance companies can use the results of WES to dis-
criminate against who to cover^ (36%), and BWES tests every
exon in a patient’s DNA^ (40%) (Table 3).

Secondary Findings

Seven of the nine questions about actual understanding of
secondary findings were answered correctly by more than half
of the parents. The questions with the highest proportion of
correct answers were BSecondary findings may reveal that
other family members are at risk for a genetic condition^
(89%), BA positive result for secondary findings means the
patient will develop that condition^ (87%), and BSecondary
findings are genetic changes that may impact the patient’s
health^ (83%). There were two questions that less than half
of the parents answered correctly: BIf a parent was also tested,
secondary findings in the parent will only be reported if they
were also found in the patient^ (43%), and BSecondary find-
ings can be related to personal traits, such as height and hair
color^ (48%) (Table 3).

Comparison of Understanding Based on Clinic of Referral

To examine whether understanding varied by clinic, we com-
pared the understanding scores (perceived understanding) and
the proportion of correct/incorrect/unsure responses (actual
understanding) between parents who consented to WES
through a genetics clinic and a non-genetics specialty clinic.
The only significant difference was in perceived understand-
ing about Bre-analysis of the results in the future, if new infor-
mation is found.^ Parents from a genetics clinic perceived
their understanding to be higher than parents from a specialty
clinic (p = 0.045; Table 2). There were no significant differ-
ences detected in actual understanding between parents from
the two different clinic settings (Table 3).

Secondary Findings

Overall, 70% of parents (genetics: n = 30; specialty: n = 7)
reported that they asked to receive secondary findings and
15% (genetics: n = 6; specialty: n = 2) reported that they had
received positive results for secondary findings. There was no
significant difference in the proportion of participants
requesting secondary findings in genetics compared to spe-
cialty clinics (p = 0.652). Thirteen percent of parents (genet-
ics: n = 5; specialty: n = 2) reported they did not know if they
had asked to receive secondary findings. One parent from a

specialty clinic did not indicate whether they had requested
secondary findings or not.

Parents Report about What Is most Important to Tell
Families about WES

Forty-six parents answered the open-ended question about
what they felt was most important to tell families about
WES (16 received positive WES or secondary findings, 25
received negative WES or secondary findings, and 5 had not
yet received results). The most common response (n = 15)
provided by participants regardless of their test status, was
that it was important for providers to tell families that WES
may not find a diagnosis for their child. Parents receiving
positive results also commented on the importance of
discussing the implications of secondary findings, that WES
could end a diagnostic odyssey, and that the results may
change medical management. Of those who received negative
results, many indicated that WES did not meet their expecta-
tions. One parent commented that negative results can nega-
tively impact the care their child receives. BThe quality of care
that my child now receives from a negative result is a lot lower
now. Health concerns and complaints aren’t being listened
to… Medical issues that were being addressed before the test
were being treated. After the test they are being ignored.^
(Parent 2015-BIM-020).

Discussion

Until the wide-spread use of next-generation sequencing, ge-
netic testing targeted one gene at a time. The pre-test consent
process for single-gene testing was simpler and more specific:
explain the rationale behind testing, which gene was being
analyzed, and the possible results and implications.
However, to apply this same model of consent to WES could
take as many as eight hours (Bick and Dimmock 2011).
Therefore, when obtaining consent for WES, the Bspecific
model^ of informed consent has widely been replaced with
the Bgeneric model^ in which broad information about WES
is discussed during pre-test counseling and more specific infor-
mation is discussed once results have been received (Bunnik
et al. 2014; Elias and Annas 1994; Rigter et al. 2013).
Whether the generic model of consent for WES is effective at
sufficiently informing parents about WES has been largely un-
studied. Our findings suggest that the genericmodel of informed
consent for WES is effective with regards to parental compre-
hension, as parents scored high on both perceived and actual
understanding.

While both perceived and actual understanding were gen-
erally high in this sample, we identified several areas with
lower understanding. Parents reported lower actual under-
standing about whether the purpose of WES is to find every
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Table 3 Actual understanding

Actual Understanding Questions Correct Answer Response Overall
Sample
[N = 53]
n (%)

Genetics
Clinic
[N = 41]
n (%)

Specialty
Clinic
[N = 12]
n (%)

P valuea

General WES questions

WES may find a genetic cause for the patient’s
condition, even when other genetic
tests could not.

Agree Correct 52 (98.1) 40 (97.6) 12 (100.0) 1.000

Incorrect 0 (0) 0 (0.0) 0 (0.0)

Unsure 1 (1.9) 1 (2.44) 0 (0.0)

Results from WES may help guide the
patient’s medical care.

Agree Correct 52 (98.1) 40 (97.6) 12 (100.0) 1.000

Incorrect 0 (0) 0 (0.0) 0 (0.0)

Unsure 1 (1.9) 1 (2.4) 0 (0.0)

WES might find genetic changes (mutations)
that we do not fully understand yet.

Agree Correct 52 (98.1) 40 (97.6) 12 (100.0) 1.000

Incorrect 0 (0) 0 (0.0) 0 (0.0)

Unsure 1 (1.9) 1 (2.44) 0 (0.0)

DNA from other family members may be needed
to help with the interpretation.

Agree Correct 51 (96.2) 39 (95.1) 12 (100.0) 1.000

Incorrect 1 (1.9) 1 (2.4) 0 (0.0)

Unsure 1 (1.9) 1 (2.4) 0 (0.0)

WES can be refused. Agree Correct 51 (96.2) 39 (95.1) 12 (100.0) 1.000

Incorrect 1 (1.9) 1 (2.4) 0 (0.0)

Unsure 1 (1.9) 1 (2.4) 0 (0.0)

The results from WES may be re-examined
in the future if new information that may
affect your child’s medical care is discovered.

Agree Correct 50 (94.3) 39 (95.1) 11 (96.7) 0.545

Incorrect 0 (0) 0 (0.0) 0 (0.0)

Unsure 3 (5.7) 2 (4.9) 1 (8.3)

WES looks at more genes than most other
genetic tests available.b

Agree Correct 49 (94.2) 39 (97.5) 10 (83.3) 0.129

Incorrect 2 (3.8) 1 (2.5) 1 (8.3)

Unsure 1 (1.9) 0 (0.0) 1 (8.3)

Receiving negative results from WES means
that the patient will not need any genetic
testing in the future.

Disagree Correct 49 (92.5) 38 (92.7) 11 (91.7) 0.654

Incorrect 1 (1.9) 1 (2.44) 0 (0.0)

Unsure 3 (5.7) 2 (4.88) 1 (8.3)

The results from WES will become a part
of the patient’s medical record.

Agree Correct 43 (81.1) 35 (85.4) 8 (66.7) 0.275

Incorrect 2 (3.8) 1 (2.4) 1 (8.3)

Unsure 8 (15.1) 5 (12.2) 3 (25.0)

WES may give information about biological
relationships in the family.

Agree Correct 42 (79.2) 31 (75.6) 11 (91.7) 0.589

Incorrect 4 (7.5) 4 (9.8) 0 (0.0)

Unsure 7 (13.2) 6 (14.6) 1 (8.3)

Results from WES will tell us how severe
the condition will be.

Disagree Correct 41 (77.4) 32 (78.1) 9 (75.0) 0.593

Incorrect 3 (5.7) 3 (7.3) 0 (0.0)

Unsure 9 (17.0) 6 (14.6) 3 (25.0)

Employers can use the results of WES to
discriminate against who to hire.

Disagree Correct 41 (77.4) 33 (80.5) 8 (66.7) 0.612

Incorrect 6 (11.3) 4 (9.8) 2 (16.7)

Unsure 6 (11.3) 4 (9.8) 2 (16.7)

Disagree Correct 40 (75.5) 30 (73.2) 10 (83.3) 0.299
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Table 3 (continued)

Actual Understanding Questions Correct Answer Response Overall
Sample
[N = 53]
n (%)

Genetics
Clinic
[N = 41]
n (%)

Specialty
Clinic
[N = 12]
n (%)

P valuea

The results from WES may be shared with
researchers without your permission.

Incorrect 7 (13.2) 7 (17.1) 0 (0.0)

Unsure 6 (11.3) 4 (9.8) 2 (16.7)

Less than half of patients who undergo
WES receive a diagnosis.

Agree Correct 37 (69.8) 29 (70.7) 8 (66.7) 0.830

Incorrect 2 (3.8) 2 (4.88) 0 (0.0)

Unsure 14 (26.4) 10 (24.4) 4 (33.3)

A negative result for WES means the patient
does not have a genetic condition.

Disagree Correct 37 (69.8) 29 (70.7) 8 (66.7) 0.484

Incorrect 12 (22.6) 8 (19.5) 4 (33.3)

Unsure 4 (7.5) 4 (9.8) 0 (0.0)

WES can detect all types of genetic
changes (mutations).

Disagree Correct 32 (60.4) 26 (63.4) 6 (50.0) 0.369

Incorrect 13 (24.5) 8 (19.5) 5 (41.7)

Unsure 8 (15.1) 7 (17.1) 1 (8.3)

Health insurance companies can use the
results of WES to discriminate against.

Disagree Correct 31 (58.5) 24 (58.5) 7 (58.3) 0.815

Incorrect 10 (18.9) 7 (17.1) 3 (25.0)

Unsure 12 (22.6) 10 (24.4) 2 (16.7)

The purpose of WES is to find every genetic
change (mutation) in a patient.

Disagree Correct 29 (54.7) 21 (51.2) 8 (66.7) 0.653

Incorrect 17 (32.1) 14 (34.2) 3 (25.0)

Unsure 7 (13.2) 6 (14.6) 1 (8.3)

WES tests every exon in a patient’s DNA. Disagree Correct 21 (39.6) 14 (34.2) 7 (58.3) 0.275

Incorrect 21 (39.6) 17 (41.5) 4 (33.3)

Unsure 11 (20.8) 10 (24.4) 1 (8.3)

Life insurance companies can use the results
of WES to discriminate against who to cover.

Agree Correct 19 (35.8) 14 (34.2) 5 (41.7) 0.771

Incorrect 20 (37.7) 15 (36.6) 5 (41.7)

Unsure 14 (26.4) 12 (29.3) 2 (16.7)

WES analyzes genes one at a time. Disagree Correct 11 (20.8) 10 (24.4) 1 (8.3) 0.351

Incorrect 27 (50.9) 21 (51.2) 6 (50.0)

Unsure 15 (28.3) 10 (24.4) 5 (41.7)

Secondary findings questions

Secondary findings may reveal that other family
members are at risk for a genetic condition.

Agree Correct 47 (88.7) 35 (85.4) 12 (100.0) 0.739

Incorrect 2 (3.8) 2 (4.9) 0 (0.0)

Unsure 4 (7.5) 4 (9.8) 0 (0.0)

A positive result for a secondary finding means
the patient will develop that condition.c

Disagree Correct 45 (86.5) 34 (85.0) 11 (91.7) 0.091

Incorrect 1 (1.9) 0 (0.0) 1 (8.3)

Unsure 6 (11.5) 6 (15.0) 0 (0.0)

Secondary findings are genetic changes that
may impact the patient’s health.

Agree Correct 44 (83.0) 34 (82.9) 10 (83.3) 0.282

Incorrect 1 (1.9) 0 (0.0) 1 (8.3)

Unsure 8 (15.1) 7 (17.1) 1 (8.3)

Secondary findings can be related to cancer syndromes.c Agree Correct 41 (78.8) 30 (75.0) 11 (91.7) 0.421

Incorrect 0 (0) 0 (0.0) 0 (0.0)

Unsure 11 (21.2) 10 (25.0) 1 (8.3)

Secondary findings can be related to heart disease.c Agree Correct 39 (75.0) 27 (67.5) 12 (100.0) 0.111
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genetic change in a patient. A limitation ofWES is that the test
is not able to detect every type of mutation. For example,
WES cannot detect trinucleotide repeat expansions, intronic
mutations, mitochondrial mutations, and large insertions/
deletions (O’Daniel and Lee 2012). It is not clear if perhaps
parents understood the limitations of WES, but still agreed
that the purpose of WES is to identify every mutation because
of the genome-wide approach aimed at finding disease-
causing mutations. However, the lower perceived understand-
ingmay reflect parents’ higher expectations to find a diagnosis
through WES than is possible with this technology. In fact, in
the final question of our survey, multiple parents whose chil-
dren did not receive a diagnosis from WES said that they felt
that the test did not meet their expectations while no parents
who had received a diagnosis felt this way. Genetics profes-
sionals with experience obtaining informed consent for WES
have previously raised concerns about patients/families hav-
ing unrealistic expectations about the results of exome/
genome sequencing and have highlighted the importance of
helping patients develop realistic expectations (Bernhardt
et al. 2015; Tomlinson et al. 2016).

Lower scores for the actual understanding questions BWES
analyzes genes one at a time^ and BWES tests every exon in a
patient’s DNA^ suggest that parents do not consistently un-
derstand how the results ofWES are generated. In fact, parents
seemed to recognize their lack of familiarity with this subject,

as only 55% of parents felt they had a good understanding of
how genes are analyzed byWES. It is possible that less time is
spent during the consent process describing the technical as-
pects of WES. Alternatively, the technical aspects may be less
salient to parents and therefore not retained. Among all the
information presented about WES, one could argue that the
method of analysis may be less important than the implica-
tions of the results. Indeed, genetic counselors and research
coordinators experienced in obtaining informed consent for
genome/exome sequencing report focusing less on technolog-
ical aspects of sequencing and more on the types and impli-
cations of possible results (Bernhardt et al. 2015).
Additionally, the ACMG Board of Directors recommend that
counseling for genome and exome sequencing focus on ex-
pected outcomes of testing, types of results that may be gen-
erated and will be returned, the benefits and risks, limitations
of testing, implications for family members, and alternatives
to testing; however, they do not mention emphasizing the
technical aspects of the sequencing procedure in the consent
discussion (ACMG Board of Directors 2013).

Both perceived and actual understanding of the possibility
of discrimination based onWES results were low. Parents had
the best understanding of their protection against discrimina-
tion by employers, followed by protection against discrimina-
tion by health insurance companies. However, only about one
third of parents correctly reported that life insurance

Table 3 (continued)

Actual Understanding Questions Correct Answer Response Overall
Sample
[N = 53]
n (%)

Genetics
Clinic
[N = 41]
n (%)

Specialty
Clinic
[N = 12]
n (%)

P valuea

Incorrect 2 (3.8) 2 (5.0) 0 (0.0)

Unsure 11 (21.2) 11 (27.5) 0 (0.0)

Secondary findings are related to the patient’s
current symptoms.

Disagree Correct 35 (66.0) 25 (61.0) 10 (83.3) 0.488

Incorrect 7 (13.2) 6 (14.6) 1 (8.3)

Unsure 11 (20.8) 10 (24.4) 1 (8.3)

Secondary findings must be looked for in everyone
who undergoes WES.

Disagree Correct 34 (64.2) 26 (63.4) 8 (66.7) 0.106

Incorrect 9 (17.0) 9 (22.0) 0 (0.0)

Unsure 10 (18.9) 6 (14.6) 4 (33.3)

Secondary findings can be related to personal
traits, such as height and hair color.c

Disagree Correct 25 (48.1) 20 (50.0) 5 (41.7) 0.728

Incorrect 6 (11.5) 4 (10.0) 2 (16.7)

Unsure 21 (40.4) 16 (40.0) 5 (41.7)

If a parent was also tested, secondary findings in the
parent will only be reported if they were also
found in the patient.

Agree Correct 23 (43.4) 17 (41.5) 6 (50.0) 0.136

Incorrect 14 (26.4) 9 (22.0) 5 (41.7)

Unsure 16 (30.2) 15 (36.6) 1 (8.3)

a p-value is based on comparing the data from Genetics clinic and Specialty Clinic
b One participant from genetics did not provide a response to this question
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companies could use these results to discriminate against who
to cover. The low proportion of correct responses to insurance
questions may be related to lack of familiarity with protections
against insurance discrimination. Indeed, research suggests
that less than 1 in 5 American adults are familiar with laws
protecting their genetic information (Parkman et al. 2015). In
the United States, the Genetic Information Non-
discrimination Act of 2008 protects against health and em-
ployment discrimination based on genetic information, but life
insurance is not afforded the same protections. Insurance dis-
cussions during the consent process for WES may not be
extensive enough to familiarize every parent with the differ-
ences in health and life insurance protections.

Alternatively, information about life insurance may not be
a salient issue for parents of young children, particularly if the
child has chronic health issues that could prevent them from
accessing life insurance in the future regardless of genetic
testing results, or if parents prioritize the child’s current health
issues over potential life insurance discrimination in the fu-
ture. Although it is not clear how salient parents in our study
found insurance discrimination, previous research suggests
that insurance and employment discrimination due to the re-
sults of whole exome or whole genome sequencing are a sig-
nificant concern in both parents of children with and without
health concerns (Bergner et al. 2014; Goldenberg et al. 2014;
Joseph et al. 2016; Oberg et al. 2015). In practice, however,
while there are reports of specific cases in which genetic in-
formation is used by life insurance companies to make policy
decisions, such as application outcomes and premium costs
(Barlow-Stewart et al. 2009; Joly et al. 2013), there is limited
evidence of routine genetic discrimination by these companies
(Armstrong et al. 2003; Joly et al. 2013). Still, concerns about
insurance discrimination may be particularly heightened when
considering secondary findings since they provide informa-
tion on predisposition to disease in the future as opposed to
a diagnosis for an existing condition.

Although nearly all parents felt they had good understand-
ing about it being a choice to learn secondary findings, fewer
(64%) correctly responded to the question BSecondary find-
ings must be looked for in everyone who undergoes WES.^
The differences in responses to these similar questions could
be due to the wording of the two questions: parents may be-
lieve that the laboratory looks for secondary findings in ev-
erybody but that the parents then have the choice whether they
want to learn about the results or not. Further work to validate
this questionnaire in an independent population would be use-
ful to help clarify parents’ interpretation of these questions.

There also appeared to be some confusion about the types of
information that secondary findings can reveal. Less than half
of parents correctly identified that secondary findings are not
related to personal traits, such as height and hair color, and only
two thirds of parents correctly identified that secondary findings
are not related to the patient’s current symptoms. More parents

understood that secondary findings could be related to cancer
and heart disease, perhaps because discussions during the con-
sent process focused on what secondary findings could reveal
as opposed to what they could not reveal.

There was only one difference in perceived understanding
(re-analysis of results) and no differences in actual under-
standing between parents whose children were offered WES
in genetics clinics vs. non-genetics speciality clinics.
However, nearly all parents who responded to our survey re-
ceived pre-test counseling from a genetic counselor, including
75% of the parents who were seen in a non-genetics speciality
clinic. Specialists in other medical centers may not have the
same access to genetic counselors and/or geneticists when
ordering WES. Additional research is needed to determine
whether access and previous exposure to genetic specialists
impacts understanding of WES, as well as whether reasons
that patients present to different clinics impacts understanding.
For example, research suggests that health status of the patient
may impact parental understanding of WES because parents
of patients on a diagnostic odyssey, frequently presenting to
genetics clinics, may be more familiar with genetic concepts
due to previous attempts to find a diagnosis through genetic
testing, more motivated to independently research testing op-
tions for their child, and less concerned about the implications
for secondary findings than parents of patients in a health
crisis (Bergner et al. 2014; Levenseller et al. 2014; Oberg
et al. 2015; Sapp et al. 2014; Shahmirzadi et al. 2014).
Parents of patients facing an acute health crisis, frequently
presenting to non-genetics speciality clinics, have expressed
that they were too overwhelmed at the time of their child’s
health crisis to be able to concentrate on the information given
to them about WES (Oberg et al. 2015).

We were also interested in determining whether parents
differed in their desire to receive secondary findings depend-
ing on the clinic in which they were treated. While there was
no significant difference in the proportion of parents
requesting secondary findings in the genetics versus specialty
clinics, our sample size was small and further investigation
into these populations’ desire for secondary findings is war-
ranted. Parents of children on a diagnostic odyssey in a genet-
ics clinic may have been searching for a cause for their child’s
condition for years and may view any information available as
useful; therefore, they may be more likely to request second-
ary findings (Bergner et al. 2014; Sapp et al. 2014).
Additionally, many children with chronic health issues pre-
senting for WES in the genetics clinic had a developmental
or intellectual disability and their parents may feel that they
will be caring for them into their child’s adult years (Bigby
1996; Essex et al. 1999; Seltzer et al. 2011). Parents in this
situation may want to know about future health issues so they
know what types of health concerns they should be watching
for as their child ages (Sapp et al. 2014). Conversely, parents
of children in an immediate health crisis report being primarily
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focused on helping their child recover from the immediate
situation, feeling overwhelmed by the diagnosis, and wanting
to feel in control of their child’s health (Kai 1996; Scollon
et al. 2014). They may not be considering future health prob-
lems or may not feel mentally prepared to receive such infor-
mation if it will not help guide the immediate care of their
child (McCullough et al. 2016). These children are also more
likely to have typical intelligence and therefore are more likely
to take control of their own health as an adult; there is current
debate surrounding whether testing minors for secondary find-
ings infringes upon their autonomy to decide for themselves
as adults (Burke et al. 2013; Johnson and Gehlert 2014;
Levenseller et al. 2014; van El et al. 2013; Yu et al. 2014).

Study Limitations

Our study was limited by the lack of a validated tool to mea-
sure informed consent forWES. The validated tool we used as
a model when designing our survey was originally developed
to assess informed consent among parents enrolled in cancer
research trials (Joffe et al. 2001); therefore, many of the ques-
tions were not applicable to the goals of our investigation.
Further work to create a validated tool to measure understand-
ing of WES would benefit future research and may help in-
form the consent process for WES.

Our study was also limited by the number of parents whose
children had undergoneWES at the time of the survey and the
demographic homogeneity of the respondents. Based on edu-
cational attainment, the health literacy of our study population
is likely higher than the health literacy of the general popula-
tion, which may have an impact on understanding and recall
of information aboutWES. It would be beneficial to assess the
validity of this survey in independent populations with varied
demographic factors.

Practice Implications

Although understanding of the possibility of insurance discrim-
ination was limited in our study, the length of time available to
discuss WES in the genetic counseling session may preclude
lengthy discussions about the legal implications of WES re-
sults. Insurance information could be provided as supplemental
material, perhaps included in the informed consent document or
in a patient brochure, for the parents to review at a later time.

Our findings also highlight the importance of providers help-
ing parents manage their expectations of WES. It may be benefi-
cial to emphasize the lowprobability of a diagnosis and to provide
anticipatory guidance that they may feel disappointed if they do
not receive a diagnosis. Indeed, parents, regardless of whether
they had received positive results, negative results, or were still
waiting for the results, felt that one of themost important things to
communicate to parents during the consent is that WES may not
find a diagnosis for their child. Explaining the probability of a

diagnosis through WES (tailored to the specific indication, if
possible), the fact that WES does not test all genes and cannot
find all mutations, the method in which genes are selected for
interrogation, and the process inwhich negative results or variants
of uncertain significance may be re-examined in the future may
also help foster more realistic expectations.

Research Recommendations

The majority of our parents had pre- and/or post-test counseling
with a genetic counselor. However, as the use of WES continues
to expand into non-genetics speciality clinics, genetic counselors
or geneticists may not always be involved in discussing the test
with the patients. Therefore, further research is needed to deter-
minewhether there is a difference in understanding ofWESwhen
a genetic specialist is not involved in the consent process in order
to guide recommendations for the informed consent process for
WES in specialty clinics. Further investigation into whether par-
ents’ choice to receive or decline secondary findings is influenced
by the clinic in which they consented to WES is also warranted.
Finally, future research should assess the validity of this survey in
independent populations with varied demographic factors.

Conclusions

We found that parents’ perceived and actual understanding of
WES was high, with some notable areas for improvement. We
identified several areas in which understanding of WES could
be improved, including how and which genes are analyzed,
insurance implications, and information about secondary find-
ings. The findings also suggest that providers of WES could
be more active in helping parents manage their expectations of
the test, especially since WES currently results in a clinical
diagnosis in less than 30% of patients. Parents who received
negative results expressed frustration that WES did not meet
their expectations; therefore, providing anticipatory guidance
that parents may be disappointed with the results of WES
along with the probability of a diagnosis may be useful to
manage expectations. Finally, although the clinic in which
parents were seen for clinical care and offered WES (i.e. ge-
netics versus non-genetics specialty) did not significantly im-
pact understanding, a genetic counselor was involved in al-
most all of the parents’ pre-test counseling sessions.
Therefore, there is an ongoing need to determine whether
understanding of WES differs among those who consent to
WES when a genetics professional is and is not involved in
pretest counseling. In conclusion, this study represents a novel
exploration of parental understanding of WES. Development
of a validated tool to assess understanding of elements of
informed consent for WES would be beneficial for future
research.
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