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Purpose: Secondary findings from genomic sequencing are
becoming more common. We compared how health-care providers
with and without specialized genetics training anticipated respond-
ing to different types of secondary findings.

Methods: Providers with genomic sequencing experience reviewed
five secondary-findings reports and reported attitudes and potential
clinical follow-up. Analyses compared genetic specialists and
physicians without specialized genetics training, and examined
how responses varied by secondary finding.

Results: Genetic specialists scored higher than other providers on
four-point scales assessing understandings of reports (3.89 vs. 3.42,
p = 0.0002), and lower on scales assessing reporting obligations
(2.60 vs. 3.51, po 0.0001) and burdens of responding (1.73 vs.
2.70, po 0.0001). Nearly all attitudes differed between findings,
although genetic specialists were more likely to assert that

laboratories had no obligations when findings had less-established
actionability (po 0.0001 in interaction tests). The importance of
reviewing personal and family histories, documenting findings,
learning more about the variant, and recommending familial
discussions also varied according to finding (all po 0.0001).

Conclusion: Genetic specialists felt better prepared to respond to
secondary findings than providers without specialized genetics
training, but perceived fewer obligations for laboratories to report
them, and the two groups anticipated similar clinical responses.
Findings may inform development of targeted education and
support.
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INTRODUCTION
The use of genomic sequencing in patient care is increasing
in a variety of settings, raising questions about whether and
how to report secondary findings.1–6 The American College
of Medical Genetics and Genomics (ACMG) currently
recommends that laboratories offer screening of at least 59
genes for pathogenic variants whenever genome-scale sequen-
cing is ordered, regardless of indication.7,8 Some laboratories
will offer to screen hundreds of additional genes for
monogenic disease risks, and provide other types of secondary
results such as carrier status for autosomal recessive
conditions. Advocates assert that screening for genomic
secondary findings is a low-cost opportunity to identify
life-threatening risk factors that might never be identified

otherwise.7,9 Opponents raise concerns that health-care
providers, especially those without specialized genomics
training, may be unprepared to respond to unsolicited
findings,10 or may be unsure about their obligations to
respond.11–15 These concerns are especially relevant regarding
variants where evidence is lacking about the implications for
asymptomatic patients.16

Data to inform these issues from the provider perspective
are lacking. To help fill this gap, in an exploratory study, we
presented five secondary finding reports to health-care
providers with experience disclosing genomic sequencing
results, and asked them how they anticipated responding. The
goal of this study was to provide data from early adopters
of genomic sequencing about how their attitudes toward
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secondary findings and the follow-up services they might
order in response vary according to the type of findings
identified and providers’ training.

MATERIALS AND METHODS
Participants and study design
In 2011, the National Institutes of Health convened the
Clinical Sequencing Exploratory Research (CSER) Consor-
tium to investigate the application of genome-scale sequen-
cing in different clinical settings.17 The CSER Consortium
provided a unique opportunity to collect data from a group of
providers with genomic sequencing experience. Coordinators
and investigators from the 19 consortium studies helped to
recruit a convenience sample of providers who were
associated with their studies and had experience disclosing
genomic sequencing results. Invitation emails provided an
overview of the study and presented a link to a web-based
survey hosted by Qualtrics software (Qualtrics, Provo, UT),
with reminders sent approximately two weeks apart. The first
page of the survey described the study, survey procedures, and
potential risks and benefits, and provided information about
how participants could ask the investigative team questions or
express concerns. Consent was implied by survey completion.
The study protocol was developed by a multidisciplinary team
with experience in clinical genetics, molecular genetics,
psychology, and social science, and was reviewed by the
Institutional Review Board of Partners HealthCare (protocol
2016P002564).

Development of the survey instrument
The survey instrument, including five hypothetical reports
and the survey questions, was informed by a review of
laboratory reports at participating CSER Consortium sites and
related literature,18–22 and adapted from questionnaires
administered to primary care physicians about supporting
infrastructure needs and responses to genomic findings,

including secondary findings.22,23 The survey was pilot tested
to ensure ease-of-use and clarity of questions prior to
administration on a convenience sample of 10 research
assistants and providers, including two genetic counselors and
two nongenetic specialists. All individuals who pilot tested the
survey were familiar with genomic testing and unaffiliated
with the study.
Surveys first defined important terms (e.g., “genomic

sequencing,” “variant,” and “secondary findings”), and asked
participants to report demographic and practice information.
Participants then reviewed five secondary finding reports.
Each report was followed by a series of questions to which
participants reported resources they might consult, their
attitudes about reporting, the importance of other clinical
information, and the importance of specific follow-up actions.
Closed-ended survey items were used to minimize participant
burdens, and topics such as the role of clinical evidence in
decision making were omitted given the length of the survey
(average completion time: 50 minutes) and the absence of
incentives for completion.

Presenting scenarios and reports
We developed presenting scenarios and genomic sequencing
reports to represent prototypical examples of five types of
secondary findings as summarized in Table 1. Secondary
finding types included a pathogenic variant in RYR1, a gene
included in ACMG recommendations for screening; a
pathogenic variant in PALB2, a gene that was omitted from
the ACMG list, but for which the ClinGen Actionability
Working Group had developed an evidence-based summary
of guidelines or recommendations;24 a pathogenic variant in
CHEK2, a gene for which a ClinGen evidence-based summary
was not yet available; a variant of uncertain significance
(VUS) in BRCA1, a gene associated with a breast and ovarian
cancer in a patient with a strong associated family history of
disease (maternal or paternal lineage was unspecified); and

Table 1 Overview of secondary findings presented to survey participants
Report number and
study name

Gene Condition as reported On
ACMG
list?

ClinGen
actionability
summary?

Classification Inheritance

1: “ACMG list” RYR1 Malignant hyperthermia

susceptibility type 1

Yes Yes Pathogenic AD

2: “Has ClinGen summary” PALB2 PALB2-related breast cancer risk No Yes Pathogenic AD

3: “No ClinGen summary” CHEK2 CHEK2-related cancer No No Pathogenic AD

4: “VUS with family history” BRCA1 BRCA1-related breast cancer

risk

Yes Yes VUSa AD

5: “Carrier status” HFE Hereditary

hemochromatosis

No Yesb Pathogenic AR

MUTYH MUTYH-associated polyposis Yesc Yesb Pathogenic AR

SPG7 Spastic paraplegia type 7 No No Pathogenic AR

ACMG, American College of Medical Genetics and Genomics; AD, autosomal dominant; AR, autosomal recessive; VUS, variant of uncertain significance.
aThe introduction to this report also stated that the patient’s mother and aunt had both been diagnosed with ovarian cancer. bClinGen Actionability Working Group
evidence-based summaries were developed for biallelic HFE and MUTYH variants, rather than single heterozygous variants as presented in the study report. cACMG
recommends return of biallelic findings, rather than heterozygous findings, as presented in the study report.
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carrier status in three genes, HFE, MUTYH, and SPG7,
associated with autosomal recessive disorders. We selected
RYR1, PALB2, and CHEK2 based on the existence or absence
of ACMG recommendations and/or ClinGen evidence-based
summaries to reflect expert opinion about the degree to which
variants were considered actionable (ACMG list > ClinGen
evidence-based summary > no ClinGen evidence-based
summary). The design of reports was based on clinical
reports used in CSER Consortium studies and modified per
consensus of the study team. Although the study team chose
many variants to report based on the existence or absence of
ClinGen evidence-based summaries, reports deliberately
omitted mention of these resources to mimic current clinical
practice. An example of a report is presented in
Supplementary Appendix 1 online.
We introduced each of the secondary finding reports with a

presenting scenario tailored according to participants’ spe-
cialties, with pediatricians receiving reports about an 18-year-
old female patient and all other participants receiving reports
about a 30-year-old female patient. Presenting scenarios read,
“During an encounter with you, a [30/18]-year-old female
patient with a serious health condition tells you that she
received genomic sequencing. A physician confirmed that no
variants were identified related to her condition, and then
gave her a copy of the report. Only after the appointment did
she notice that a secondary finding was identified in [gene of
interest]. She shares the report below with you.” The
conclusion to the presenting scenario for the BRCA1 VUS
added information stating, “Her mother and an aunt had both
been diagnosed with ovarian cancer.”

Outcome measures
Attitudes
Participants rated how strongly they agreed with seven
statements, such as “The information in this report would
be important to this patient’s health and health care” and
“Genomic sequencing laboratories should be obligated to
report findings like these to the ordering physician, regardless
of why sequencing was ordered.” Response options on four-
point scales ranged from “strongly disagree” to “strongly
agree,” and a fifth “don’t know” option was provided. Survey
items were adapted from a prior survey of primary care
physicians.23

Clinical follow-up
Participants rated the importance of a universal set of nine
possible responses, such as “Document this finding in the
patient’s medical record” and “Recommend genetic testing of
family members.” Cancer-related reports (PALB2, CHEK2,
and BRCA1) had three additional actions about discussing
screening, chemoprevention, and prophylactic surgery. The
section related to malignant hyperthermia (RYR1) also asked
about recommending that the patient carry identification of
the susceptibility, and the section about carrier findings also
asked about discussing reproductive plans, referral to a
reproductive specialist, and testing of the patient’s partner. To

facilitate comparisons by finding type and respondent
training, most actions were presented because we felt that
they were relevant across variants and conditions. Response
options on four-point scales ranged from “not at all
important” to “extremely important,” and a fifth “don’t
know” option was provided. Participants were also asked to
indicate whether they, another provider, or both had
obligations to initiate each action. Participants were allowed
to write in additional actions they would consider initiating.

Information to interpret reports
A series of six items asked participants to rate the importance
of different clinical information for “interpreting the report,”
such as the patient’s family health history and previous
laboratory results. Response options on four-point scales
ranged from “not at all important” to “extremely important,”
and a fifth “don’t know” option was provided. Participants
could also write in additional information they would want.
Items were adapted from prior work on secondary-findings
disclosure about Lynch syndrome.23 The same six items were
displayed following each report, regardless of whether they
were relevant the presenting scenario or report, to minimize
the potential for survey items to cause providers to consider
clinical information they might have ignored otherwise.

Resources consulted
Surveys presented a list of nine common genetics reference
sources, per the judgment of the investigative team, and asked
participants to check the ones they might consult to help
“understand and respond to the report.” Participants were
also allowed to write in additional sources they would consult.

Data analysis and code availability
Participants’ data were analyzed if they completed at least one
survey item about a secondary finding report. A priori
enrollment goals were not established given the exploratory
nature of this study. Primary analyses examined whether
attitudes and the importance of clinical follow-up differed
between genetic specialists and nongenetic specialists or by
the type of finding (i.e., pathogenic variant in an ACMG-list
gene, pathogenic variant in a gene with a ClinGen summary
of guidelines and recommendations, pathogenic variant in a
gene without a ClinGen summary of guidelines and
recommendations, VUS when family history suggested a
genetic syndrome, or carrier status for autosomal recessive
conditions). Statistical models used generalized linear models
fit with generalized estimating equations, and used an
exchangeable working correlation structure to account for
the repeated measures within participant. Analyses of
attitudes treated outcomes as continuous variables.25 Analyses
of the importance of clinical follow-up dichotomized
responses to compare “very important” responses against
“not at all important,” “somewhat unimportant,” and “some-
what important” responses because distributions were highly
skewed, and used a logit link and binomial distribution. In
addition to a term for genetic specialists and nongenetic
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specialists, models included terms for the different reports
(i.e., “ACMG list,” “Has ClinGen summary,” “No ClinGen
summary,” “VUS with family history,” and “carrier status”).
We examined whether differences between genetic specialists
and nongenetic specialists depended on the specific report by
including an interaction term and comparing models.
Statistical significance was set at p = 0.0008, per a Bonferroni
correction, to account for 58 primary analyses at a type 1
error rate of 0.05. All statistical tests were two-sided. The
study protocol, statistical code, and data set are available upon
request from the corresponding author.
We also performed exploratory analyses that examined

whether attitudes differed between sites or between pediatri-
cians and other types of providers by adding site or status as a
pediatrician as additional terms to statistical models. We also
performed exploratory analyses to examine whether the
importance of clinical follow-up differed by site or pediatri-
cian status by summing number of actions that participants
rated as “very important” and running linear regression
models that included site or pediatrician status, as relevant;
and an additional term for genetic specialist/nongenetic
specialist. Given observed differences between genetic specia-
lists and nongenetic specialists on the item asking about
understandings of reports (p = 0.0002), we created a
summary understanding-of-report score equal to the mean
of finding-specific understanding-of-report scores, and exam-
ined whether the new variable confounded findings. Finally,
we conducted subanalyses restricted to genetic specialists that
compared responses of medical geneticists and genetic
counselors.
Secondary analyses examined the likelihood that partici-

pants perceived personal responsibilities to initiate clinical
follow-up, and focused on the proportion of actions that
participants rated as “extremely important.” Secondary
analyses also examined the resources that participants
anticipated consulting. Secondary analyses are presented
descriptively.
Available-case analyses were conducted using R version

3.4.2. We report on analyses that omitted “don’t know”
responses and missing data. Additional analyses were
conducted by classifying “don’t know” as missing data,
assuming survey data were missing at random, and imputing
missing data with fully conditional specification using R
package mice 2.25 (ref. 26) running 20 iterations to create
each of 100 imputed data sets. Findings are highlighted in this
report only when analyses of both available-case and imputed
data achieved statistical significance.

RESULTS
Participant characteristics
Characteristics of the 54 of 108 invited providers (51%) who
were eligible for analyses are summarized in Table 2. Thirty-
seven participants (69%) were genetic specialists and 20 (43%)
were investigators on CSER Consortium studies. Just over half
of participants (n = 29, 54%) rated their training in genetics
as “more than sufficient,” and the vast majority had prior

experience ordering or discussing genetic test results (93%)
and sequencing results (94%).

Attitudes
Respondents’ attitudes about reports are summarized in
Figure 1. The large majority of both genetic specialists and
nongenetic specialists (99% and 90% across finding types,
respectively) reported that they understood the information in
the report, that a medical professional should initiate follow-
up (89% and 90% across finding types, respectively), and that
it was not appropriate for a physician to give the report to the
patient without addressing the secondary finding (92% and

Table 2 Participant characteristics
Characteristic N (%) Characteristic N (%)

Age (years) CSER investigator 20 (43%)

20–29 4 (7%)

30–39 18 (33%) CSER study affiliationa

40–49 10 (19%) BASIC3 7 (13%)

50–59 14 (26%) ClinSeq 6 (11%)

60–69 7 (13%) HudsonAlpha 4 (7%)

70+ 1 (2%) MedSeq 7 (13%)

MI-ONCOSEQ 6 (11%)

Gender NCGENES 8 (15%)

Male 25 (46%) NEXT Medicine 4 (7%)

Female 29 (54%) NextGen 3 (6%)

PediSeq 6 (11%)

Race Other 4 (7%)

White non-

Hispanic

43 (80%)

Asian 7 (13%) Rating of genetics

training

Other 4 (7%) Not at all sufficient 2 (4%)

Somewhat insufficient 5 (9%)

Neutral 3 (6%)

Specialtya Somewhat sufficient 15 (28%)

Genetic

counseling

21 (39%) More than sufficient 29 (54%)

Medical genetics 17 (31%)

Pediatrics 14 (26%) Tests ordered/disclosed

within 12 months

Oncology 11 (20%) Genetic test 50 (93%)

Internal medicine 6 (11%) Genomic sequencing 51 (94%)

Cardiology 4 (7%)

Otherb 9 (17%) Practice settinga

Hospital 41 (76%)

Clinic 16 (30%)

Other 12 (22%)

BASIC3, Baylor Advancing Sequencing into Childhood Cancer Care; CSER, Clinical
Sequencing Exploratory Research Consortium; MI-ONCOSEQ, Michigan Oncology
Sequencing Center; NCGENES, North Carolina Clinical Genomic Evaluation by
NextGen Exome Sequencing.
aParticipants could endorse more than one response option. bOpen-ended respon-
ses included neurology/neurogenetics (4), hematology (2), clinical genetics (1), bio-
chemical genetics (1), and “pediatric, preconception, prenatal and cancer” (1).
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Finding
Nongenetic

specialists (n=13–17)
Genetic

specialists (n=32–37)
p

values

I understand the information in this report

A medical professional should initiate follow-up in response to this report

The information in this report would be important to this patient’s health / health care

Genomic sequencing laboratories should be obligated to report findings like these

This information might lead to patient harm through unnecessary follow-up

Responding to this report would be a burden to me

It was appropriate for the physician to give this report to the patient w/o addressing

ACMG list
Has ClinGen summary
No ClinGen summary
VUS w family history

Carrier status

ACMG list
Has ClinGen summary
No ClinGen summary
VUS w family history

Carrier status

ACMG list
Has ClinGen summary
No ClinGen summary
VUS w family history

Carrier status

ACMG list
Has ClinGen summary
No ClinGen summary
VUS w family history

Carrier status

ACMG list
Has ClinGen summary
No ClinGen summary
VUS w family history

Carrier status

ACMG list
Has ClinGen summary
No ClinGen summary
VUS w family history

Carrier status

ACMG list
Has ClinGen summary
No ClinGen summary
VUS w family history

Carrier status

Specialty: 0.0002
Finding: 0.3187
Interaction: 0.2502

Specialty: 0.5934
Finding: <0.0001
Interaction: 0.0922

Specialty: 0.2080
Finding: <0.0001
Interaction: 0.0016

Specialty: <0.0001
Finding: <0.0001
Interaction: <0.0001

Specialty: 0.4504
Finding: <0.0001
Interaction: 0.0998

Specialty: <0.0001
Finding: <0.0001
Interaction: 0.4557

Specialty: 0.2503
Finding: 0.0001
Interaction: 0.7049

Strongly disagree Disagree Agree Strongly agree

12%

8%

7%
0%

8%

88%

92%

93%
92%

83%
Disagree Agree Disagree Agree

0%

3%

0%
0%

3%

100%

97%

100%
100%

97%

97%

91%

94%
85%

78%

AgreeDisagree

3%

3%

6%
12%

22%

Disagree Agree

18%

0%

0%
0%

8%

76%

100%

100%
92%

83%

Disagree Agree

6%

0%
7%

15%

17%

94%

100%
93%

77%

75%
AgreeDisagree

3%

3%
3%

15%

44%

95%

91%
94%

70%

50%

AgreeDisagree

24%

0%
7%

8%
25%

76%

100%
93%

85%
67%

AgreeDisagree

16%

24%
33%

70%
69%

78%

70%
58%

24%
25%

71%
25%

47%

31%
33%

29%
75%

53%

62%
58%

86%
52%
48%

18%
34%

42%
45%

11%

76%
59%

AgreeDisagreeAgreeDisagree

AgreeDisagree AgreeDisagree

AgreeDisagree AgreeDisagree

33%
33%

31%

17%

65% 35%

67%
67%

62%

75%

95%

82%
79%

70%

66% 34%

30%

21%
18%

5%

94%

92%
87%

69%
67%

6%

8%
13%

23%
25%

0%

9%
6%

9%
16%

100%

91%
94%

91%
84%

Figure 1 Attitudes about reporting, by specialty and finding. Findings include a pathogenic RYR1 variant associated with risk for malignant
hyperthermia (“ACMG list”), a pathogenic PALB2 variant associated with risk for breast cancer risk (“Has ClinGen summary”), a pathogenic CHEK2
variant associated with risk for cancer (“No ClinGen summary”), a BRCA1 variant of uncertain significance in a patient with a family history of ovarian
cancer (“VUS w family history”), and carrier status for three autosomal recessive conditions. P values summarize tests for nonequivalence comparing
genetic specialists and nongenetic specialists (“specialty”) and comparing findings (“finding”), and include a test for interaction between specialty and
finding (“interaction”). ACMG, American College of Medical Genetics and Genomics.

ORIGINAL RESEARCH ARTICLE CHRISTENSEN et al | Unsolicited genomic secondary findings

1190 Volume 20 | Number 10 | October 2018 | GENETICS in MEDICINE



Finding
Nongenetic

specialists (n=13–17)
Genetic

specialists (n=32–37)
p

values

Review the patient’s family history of the reported condition(s)

Review the patient’s personal medical history for symptoms of the reported condition(s)

Document the finding(s) in the patient’s medical record

Recommend that the patient discuss the finding(s) with family members

Find more information about the reported varient(s)

Find more information about the reported condition(s)

Recommend gentic testing of family members

Order gentic testing of the reported gene(s) to confirm the variant(s)

Referral to a genetics specialist††

Discuss increased cancer screening

Discuss risks and benefits of chemoprevention options

Discuss risks and benefits of prophylactic surgery

Recommend that the patient carry identification of susceptibility to malignant hyperthermia

Discuss the patient’s reproductive plans

Recommend genetic testing of the patient’s partner

Refer to a reproductive specialist
Carrier status 27%

Carrier status

Carrier status

ACMG list
Has ClinGen summary
No ClinGen summary
VUS w family history

Carrier status

ACMG list
Has ClinGen summary
No ClinGen summary
VUS w family history

Carrier status

ACMG list
Has ClinGen summary
No ClinGen summary
VUS w family history

Carrier status

ACMG list
Has ClinGen summary
No ClinGen summary
VUS w family history

Carrier status

ACMG list
Has ClinGen summary
No ClinGen summary
VUS w family history

Carrier status

ACMG list
Has ClinGen summary
No ClinGen summary
VUS w family history

Carrier status

ACMG list
Has ClinGen summary
No ClinGen summary
VUS w family history

Carrier status

ACMG list
Has ClinGen summary
No ClinGen summary
VUS w family history

Carrier status

ACMG list
Has ClinGen summary
No ClinGen summary
VUS w family history

Carrier status

Has ClinGen summary
No ClinGen summary
VUS w family history

Has ClinGen summary
No ClinGen summary
VUS w family history

Has ClinGen summary
No ClinGen summary
VUS w family history

ACMG list

Specialty: 0.1049
Finding: 0.0003
Interaction: >0.9999

Specialty: 0.1038
Finding: 0.0002
Interaction: 0.1302

Specialty: 0.3146
Finding: <0.0001
Interaction: 0.0003*

Specialty: 0.3692
Finding: <0.0001
Interaction: 0.0050

Specialty: 0.1301
Finding: <0.0001
Interaction: 0.1097

Specialty: 0.0305
Finding: 0.1144
Interaction: 0.5234

Specialty: 0.4188
Finding: 0.0021
Interaction: 0.0267

Specialty: 0.0900
Finding: 0.0032
Interaction: 0.3602

Specialty: 0.3115
Finding: 0.0033
Interaction: 0.0572

Specialty: 0.1523
Finding: 0.0534
Interaction: 0.0538

Specialty: 0.1385
Finding: 0.6279
Interaction: 0.0111

Specialty: 0.7998

Specialty: 0.6359

Specialty: p>0.9999

Specialty: 0.2358

Finding: 0.3268

75%
82%
87%

92%
73%

75%
64%

80%
75%

64%

81%
67%

73%
67%

64%

69%
50%

60%
58%

55%

44%
50%

60%
83%

55%

67%
67%

56%

50%
55%

50%
42%
40%

58%
45%

25%
33%

27%
25%

18%

67%
80%

56%

58%
55%

50%
60%

50%

50%
53%

42%

50%
53%

33%

50%

64%

45%

13%

47%

75%

69%

36%
24%
24%

33%
39%

19%

42%
79%

76%

12%
12%

3%

9%
15%

12%
41%

48%
55%

69%

41%
25%

42%
44%

50%

22%
67%

53%
45%

34%

42%
55%

73%
79%

94%

34%
42%

76%
82%

97%

17%
73%
76%

73%
71%

50%
94%

91%
88%

69%
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83% across finding types, respectively). Across reports, mean
agreement scores were higher among genetic specialists than
nongenetic specialists on items about understanding the
report information (3.89 vs. 3.42, respectively, po 0.001), but
lower on items about laboratories’ obligations to report these
findings (2.60 vs. 3.51, respectively, po 0.001) and whether
responding to the findings would be a burden (1.73 vs. 2.70,
respectively, po 0.001). We also observed differences in all
attitudes by the finding that was reported (all po 0.001), with
the exception of whether participants believed they under-
stood the report (p = 0.319). Notably, we saw an interaction
effect regarding obligations to report, where differences by
finding type were observed among genetic specialists, but not
nongenetic specialists (po 0.0001 on test for interaction).
Secondary analyses by site showed differences by site on

items that collected data about whether a professional should
initiate follow-up, whether the information was important to
the patient’s health or health care, and whether information
might lead to patient harm (all po 0.0004). Participants from
the ClinSeq Study and MedSeq Project had the highest scores,
indicating stronger agreement, on the statements about
initiating follow-up and the importance of the information.
In contrast, participants from the Baylor Advancing Sequen-
cing into Childhood Cancer Care (BASIC3) and Michigan
Oncology Sequencing Center (MI-ONCOSEQ) studies had
higher agreement scores on the statement about potential
harms. No differences were observed on any attitudes in
models that compared pediatricians and nonpediatricians (all
p ≥ 0.14) or in subanalyses comparing genetic counselors and
medical geneticists (all p ≥ 0.02). We found no evidence that
site, pediatrician status, or understanding of reports con-
founded findings from analyses that compared genetic
specialists and nongenetic specialists.

Clinical follow-up and obligations to initiate
Respondents’ ratings about the importance of clinical follow-
up are summarized in Figure 2. Across findings and
combining genetic specialists and nongenetic specialists,
participants were most likely to consider reviewing patients’
family histories and personal medical histories (79% and 66%,
respectively) and least likely to rate confirmatory genetic
testing and genetic testing of family members (15% and 46%,
respectively) as extremely important. No comparisons
between genetic specialists and nongenetic specialists
achieved statistical significance. However, whether or not
participants rated reviewing family histories of disease,
reviewing personal medical histories, documenting findings

in medical records, getting more information about the
variant, and recommending that the patient discuss findings
with family members as extremely important differed
according to the finding (all po 0.001). Analyses that
considered all response options (Supplementary Appendix
2) additionally showed that the importance assigned to
recommending genetic testing for family members varied by
finding type.
Secondary analyses that compared whether there were

differences in the total number of actions that providers rated
“very important” showed no differences by site (p = 0.0359)
or between pediatricians and other provider types
(p = 0.2254). Similarly, no differences were observed between
genetic counselors and medical geneticists in subanalyses of
genetic specialists (p = 0.4458). However, additional analyses
showed that genetic specialists perceived stronger obligations
to initiate follow-up than nongenetic specialists. Genetic
specialists perceived personal obligations to initiate follow-up
in 718 of 802 instances (90%) where they rated an action as
very important. In contrast, nongenetic specialists perceived
personal obligations to initiate follow-up in 226 of 403
instances (56%) where they rated an action as very important.
Nongenetic specialists were also likely to perceive personal
obligations to initiate referrals to genetics specialists when
they deemed it important (30 of 42 instances; 71%).

Information to interpret reports
The importance that providers assigned to other clinical
information for interpreting the reports is summarized in
Figure 3. Across finding types and specialties, participants
were most likely to consider patients’ personal and family
health histories as extremely important (66% and 62%,
respectively). Differences between genetic specialists and
nongenetic specialists did not achieve significance on any
items, although specialty did affect the association between
finding type and importance of exposures (po 0.0001 in test
for interaction). Sixty percent of genetic specialists and 59% of
nongenetic specialists rated exposures as very important to
consider when considering the RYR1 variant associated with
malignant hyperthermia, but genetic specialists tended to
consider exposures as less important for all other reported
variants. Independent effects of finding type were also
observed for exposures (p ≤ 0.0001). Analyses that con-
sidered all response options (Supplementary Appendix 3)
did show nongenetic specialists assigned greater importance
than genetic specialists to personal histories of disease
(p = 0.0002), with open-ended responses suggesting that

Figure 2 Percentage of participants rating clinical actions as “very important,” by specialty and finding. Findings include a pathogenic RYR1
variant associated with risk for malignant hyperthermia (“ACMG list”), a pathogenic PALB2 variant associated with risk for breast cancer risk (“Has
ClinGen summary”), a pathogenic CHEK2 variant associated with risk for cancer (“No ClinGen summary”), a BRCA1 variant of uncertain significance in
a patient with a family history of ovarian cancer (“VUS w family history”), and carrier status for three autosomal recessive conditions. P values
summarize tests for nonequivalence comparing genetic specialists and nongenetic specialists (“specialty”) and comparing findings (“finding”), and
include a test for interaction between specialty and finding (“interaction”). *p = 0.02733 in analyses with imputed data. †Genetic specialists were not
presented this item. ACMG, American College of Medical Genetics and Genomics.
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some genetic specialists were familiar with the specific
variants that were presented and did not feel additional
clinical information would be necessary to help them interpret
the reports. Those analyses additionally showed that, while
genetic specialists and nongenetic specialists assigned similar
importance to imaging results when cancer-related variants
(PALB2, CHEK2, BRCA1) and malignant hyperthemia
(RYR1) variants were reported, genetic specialists assigned
less importance to imaging results than nongenetic specialists
when carrier findings were reported (po 0.0001 in interac-
tion tests).

Resources consulted
Respondents generally anticipated the need to consult
resources to help them understand and respond to the reports

(Supplementary Appendix 4). Nongenetic specialists favored
discussions with colleagues/specialists (endorsed for 76% of
reports) and citations in the report (endorsed for 71% of
reports). Genetic specialists also favored citations in the report
(endorsed for 82% of reports), but additionally anticipated
using GeneReviews heavily (endorsed for 82% of reports).
Open-ended responses included ClinVar, ExAC, the National
Comprehensive Cancer Network, and PubMed, suggesting
that some participants might conduct an independent
evaluation of the reported findings.

DISCUSSION
Our study provides novel insight about how genetic specialists
and nongenetic specialists with genomic sequencing experi-
ence anticipate they would respond to secondary finding
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Figure 3 Additional clinical information rated “very important” for interpreting the report, by specialty and finding. Findings include a
pathogenic RYR1 variant associated with risk for malignant hyperthermia (“ACMG list”), a pathogenic PALB2 variant associated with risk for breast
cancer risk (“Has ClinGen summary”), a pathogenic CHEK2 variant associated with risk for cancer (“No ClinGen summary”), a BRCA1 variant of
uncertain significance in a patient with a family history of ovarian cancer (“VUS with family history”), and carrier status for three autosomal recessive
conditions. P values summarize tests for nonequivalence comparing genetic specialists and nongenetic specialists (“specialty”) and comparing findings
(“finding”), and include a test for interaction between specialty and finding (“interaction”). ACMG, American College of Medical Genetics and
Genomics.
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reports. We found that genetic specialists were more likely to
report understanding reports and less likely to perceive
responding to them as a burden than nongenetic specialists.
Genetic specialists were also more likely than nongenetic
specialists to assert that laboratories had no obligations to
report certain types of findings, such as VUSs or carrier status.
Many of these findings were expected given the differences in
training and job demands of genetic specialists compared with
nongenetic specialists. However, these findings also highlight
the challenges of integrating sequencing into medical care
more broadly. The nongenetic specialists who completed this
survey are likely to have been more familiar with genomics
than nongenetic specialists at large and more motivated to see
genomics incorporated into clinical care. It is possible that the
differences we observed between groups would have been
even greater if a population-based sample of nongenetic
specialists had been enrolled. Our findings add urgency to
calls to ensure physicians are prepared to appropriately
respond to genomic sequencing reports through education
and by enhancing the infrastructure supporting genomic
medicine.27–30 With genomic sequencing becoming more
common in primary care and other settings, current
approaches to make resources such as decision support sheets
available through genetics-centric repositories may not be
sufficient. The genomics field will need to take steps to ensure
the availability and accessibility of understandable informa-
tion and resources to nongenetic specialists.
Our study also provides insight about how secondary

findings with varying levels of supporting evidence are
likely to be received by genetic specialists and nongenetic
specialists. In the case of variants for which the evidence
base about actionability was more developed, respondents
were more likely to report that findings were important or
that follow-up should be initiated, and less likely to report
that follow-up might harm patients, that responding to the
reports would be a burden, and that it was inappropriate
for a physician to have provided the secondary finding
report without addressing its findings. In addition, for
findings with a stronger evidence base about actionability,
respondents assigned more importance to documenting
findings and recommending family discussions and less
importance to reviewing personal and family history
information and to learning about the variant. Whether
these trends reflect sensitivity of respondents to the
assumed actionability of the gene–disease combinations,
the quantity of existing guidance, or both is unclear.
Findings in our study about carrier status merit special

consideration. Even though scenarios deliberately presented
women of reproductive age, participants were least enthu-
siastic about the value of learning about carrier status, and
least likely to assign importance to clinical follow-up in
response. The majority of participants reported discussing
patients’ reproductive plans as very important, and it may be
that participants’ responses are highly contingent to that
information. Whatever the reason, providers may need to be
prepared for carrier status findings, despite their reluctance,

given that substantial numbers of patients are likely to request
this information if offered.31–33

Of additional note, genetic specialists were more likely than
nongenetic specialists to perceive personal obligations to
initiate follow-up even though many of them (i.e., genetic
counselors) often lack ordering privileges. The majority of our
items that collected data about clinical follow-up addressed
actions to gain more information, such as learning more
about the diseases and reviewing family history. It is possible
that nongenetic specialists in our study felt that other
specialists (though not necessarily specialists in genetics)
would be better suited to collect and interpret such
information when the findings were not within the partici-
pants’ specialty. In the large majority of cases for which
nongenetic specialists rated a referral to a genetic specialist as
important, they reported that they would initiate that referral.
Unfortunately, we did not collect data about referrals to other
types of specialties.
Limitations to our study include enrollment of a small

convenience sample of providers experienced with genomics.
Findings provide little insight about how physicians with no
prior exposure to genomic sequencing would respond. The
reports we presented are only one of many formats that are
currently being used, and variants were a single exemplar for
each category of secondary finding. It is possible that
responses are sensitive to the specific diseases being presented
rather than presence/absence of evidence summaries or the
actionability of the information. A limited number of genes
were presented, and biases and confounding may have been
introduced by including genes that may be familiar to all
providers (e.g., BRCA1 and HFE), genes that are likely to be
more familiar among particular specialists (e.g., cancer-
specific variants and oncologists), and genes that are likely
to only be familiar to genetic specialists. Outcome measures
were not validated instruments and represent hypothetical
responses, and differences between groups that would be
considered clinically significant were not specified.
Nevertheless, we provide important early insight about the

responses of providers to genomic secondary findings that can
help sequencing programs and policymakers anticipate provi-
ders’ responses and improve approaches to education and
support. Such improvements will be critical as genome-scale
sequencing moves beyond limited applications in subspecialty
settings and becomes a more common part of medical care.

SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the
paper at http://www.nature.com/gim
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