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INTRODUCTION
Genome-scale analysis is rapidly being incorporated into 
clinical genetic practice.1,2 According to a recent American 
College of Medical Genetics and Genomics (ACMG) policy 
statement, exome or genome sequencing should be consid-
ered for diagnostic purposes when a genetic etiology is likely 
but targeted testing is not available; a patient’s disorder has 
high genetic heterogeneity; targeted testing resulted in no 
diagnosis; or a fetus has a disorder that is likely genetic but 
remains undiagnosed.3

Next-generation sequencing offers the advantages of speed 
and efficiency relative to Sanger sequencing of individual genes. 
It can also characterize new diseases or genetic syndromes by 
identifying pathogenic variants in novel or candidate genes 
and further define phenotypic aspects of genetic disorders.4–6 
However, as is true with Sanger (or single-gene) sequencing, 
massively parallel sequencing has limitations; certain patho-
genic variants are missed and variants of uncertain signifi-
cance often are detected.7 As with other broad genetic tests, 

when sequencing the exome or genome, findings unrelated to 
the original indication for testing are identified. Occasionally, 
pathogenic variants are identifiable that could alert patients 
and providers to important medical conditions not previously 
suspected in the individual. Such findings have been variously 
labeled as medically actionable “incidental” or “secondary” 
findings, and precisely how to deal with them in terms of analy-
sis and reporting has been a matter of considerable debate.8–10 
For the purposes of this article, we follow the recommendation 
of the Presidential Commission on Bioethical Issues and use 
the term “secondary finding,” which is defined as a result that 
is not the primary target of the test but an additional result that 
is actively sought, as recommended by an expert body or by a 
consensus of practitioners.11

An ACMG working group was launched in 2012 to evaluate 
the need for, and the principles that would govern, recommen-
dations for analyzing and reporting secondary findings from 
exome or genome sequencing in the clinical context and to gen-
erate an initial list of genes and categories of variants that should 
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Purpose: The aim of this study was to survey American College of 
Medical Genetics and Genomics members about secondary findings 
from clinical genome-scale sequencing.
Methods: A Web-based survey was mailed to 1,687 members of the 
American College of Medical Genetics and Genomics. Exploratory 
factor analysis identified underlying factors assessed by survey items. 
Linear regression assessed associations between factor scores and 
respondent characteristics.
Results: The response rate was 29%. Four factors explained 51% of 
the survey variance: best practices, patient preferences, guidance, and 
informed consent. Most agreed with “best practice” items describing 
seeking and reporting of secondary findings as consistent with medi-
cal standards, having sufficient evidence, and, for adults, the benefits 
generally outweighing potential harms. There was lack of agreement 
regarding benefits versus harms for children and impact on health-

care resources. The majority agreed that patient preferences should 
be considered, including ability to opt out, and that informed consent 
was feasible and critical. Characteristics significantly associated with 
factor scores included country of residence, sequencing experience, 
and years in practice.

Conclusion: The American College of Medical Genetics and 
Genomics should update a list of genes to be assessed when clini-
cal genome-scale sequencing is performed. Informed consent is 
necessary, and reporting of secondary findings should be optional. 
Research on implementation of secondary findings reporting is 
needed.
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be reported as secondary findings based on the general con-
cept of medical action ability.12 The working group considered 
a number of issues in their deliberations, including the clini-
cal utility of secondary findings, the limitations of interpreting 
such findings, patient preferences, and special considerations 
when sequencing children. Moreover, they excluded from their 
deliberations certain issues, including sequencing for precon-
ception testing, prenatal testing, and newborn screening, and 
sequencing of healthy children and adults.

In March 2013 the working group published five recom-
mendations regarding the analysis and reporting of medi-
cally actionable secondary findings from clinical exome and 
genome sequencing. The working group recommended that 
sequencing laboratories routinely detect and report second-
ary findings in a minimal list of “medically actionable” genes 
that are known to cause a disorder, regardless of the indica-
tion for sequencing and regardless of the age of the patient, 
without offering the opportunity for patients to opt out of such 
analysis. Furthermore, they recommended that this subset of 
secondary findings be sought and reported for any normal 
sequenced germline tissue, including normal tissue from a 
tumor–normal dyad, and for unaffected members of a fam-
ily trio. These recommendations were an attempt “to strike a 
balance between the positions of genetic libertarians and the 
genetic empiricists, guided by the currently available scientific 
literature, clinical experience, the consensus of [the] Working 
Group members, and the traditions of clinical medicine.”12 
The working group also recommended that the ordering clini-
cian or team provide comprehensive counseling to the patient 
before and after testing, and that the ACMG, together with 
content experts and other professional organizations, refine 
and update annually the minimal list of medically actionable 
genes and their respective conditions.

Response from the genetics community to these recommen-
dations was mixed. In July 2013 the ACMG Board of Directors 
agreed that additional information from the ACMG member-
ship was needed to ensure that the working group recommen-
dations would be in keeping with a consensus of membership. 
A plan to survey the opinions of ACMG’s membership was 
made, the results of which would inform further ACMG rec-
ommendations regarding these issues.

MATeRIALs AND MeTHODs
survey development
A survey team comprising members of the ACMG Board of 
Directors and staff with expertise in clinical and molecular 
genetics and survey development was assembled. The ACMG 
director of public relations identified 26 information sources 
published between 21 March 2013 and 24 July 2013 in response 
to the ACMG recommendations issued on 21 March 2013. 
Only written documents were included for review; audio inter-
views and webinars without transcripts were excluded. The sur-
vey team reviewed these information sources and concluded 
that reactions to the ACMG recommendations were mostly 
grounded in one or more ethical arguments. As a result, one 

reviewer (M.T.S.) categorized reaction statements according to 
the four principles of medical ethics13: autonomy, beneficence, 
nonmaleficence, and justice (including distributive, rights-
based, and legal justice). Quotes from published sources were 
entered into a matrix for rapid thematic analysis. One team 
member (M.T.S.) identified themes within each ethical con-
struct, which were then reviewed and discussed by other team 
members until consensus was reached. A draft version of the 
survey was developed using Research Electronic Data Capture 
software (http://www.project-redcap.org). Pilot testing, includ-
ing cognitive and usability testing, was then conducted with 
nine individuals including two trainees and seven medical 
geneticists with expertise in clinical genetics (n = 4), molecular 
genetics (n = 2), cytogenetics (n = 2), and genetic counseling  
(n = 1) (some had more than one area of expertise). Revisions 
to the survey resulted in 11 survey items describing respondent 
characteristics, an open-ended item asking about tools and 
resources needed, and 33 items addressing the themes identi-
fied, each with a five-point scaled response assessing level of 
agreement (ranging from 1 = strongly disagree to 5 = strongly 
agree).

sample and data collection
All ACMG members were eligible to complete the survey. An 
announcement regarding the survey was included in the ACMG 
e-zine sent to all ACMG members with an e-mail address, and 
information about the survey was available at the ACMG booth 
at the American Society of Human Genetics annual meeting 
in October 2013. In addition, just before launching the survey, 
an introductory e-mail from the ACMG president was sent 
to all ACMG members to encourage participation. An e-mail 
with a survey link was delivered to 1,687 ACMG members on 
7 January 2014, with up to five reminder e-mails sent to nonre-
sponders. Data collection closed on 7 March 2014.

Data analysis
Descriptive statistics summarized the responses, exploratory 
factor analysis identified the most relevant underlying topics 
(factors) assessed by the items, and linear regression analysis 
assessed associations between each factor score and respon-
dent characteristics. Negatively worded items were reverse 
coded.

Principal factor component methods initially yielded a nine-
factor solution. Scree plot and parallel factor analysis best sup-
ported a six- or four-factor solution. Review of factor loadings 
resulted in the selection of a four-factor solution. The mini-
mum amount of data for factor analysis was satisfied, with a 
final sample size of 432 (using listwise deletion), providing a 
ratio of 15 cases per variable. Survey items with absolute cor-
relation values <0.4 were suppressed; as a result, three items 
were dropped because of nonloading. In addition, two items 
that loaded across multiple factors were dropped. The factor-
ability of the 28 remaining items was examined using a corre-
lation matrix and was determined to be suitable based on the 
following criteria: (i) all items had a correlation of at least 0.3 
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Table 1 Characteristics of 492 survey respondents

Characteristic

Respondents

n %

Sex

  Male 198 40.2

  Female 274 55.7

  Transgender 1 0.2

  Not reported 19 3.9

Specialty

  Clinical geneticista 185 37.6

  Laboratory geneticistb 234 47.6

  Genetic counselor and PhD geneticists 45 9.1

  Otherc 28 5.7

Trainee/student

  Yes 35 7.1

  No 457 92.9

Country

  United States 441 89.6

  Canada 15 3.0

  Otherd 19 3.9

  Not reported 17 3.5

Years in clinical practice

  0–10 128 26.0

  11–20 101 20.5

  21–30 128 26.0

  >30 97 19.7

  Not applicable, no clinical practice 28 5.7

  Not reported 10 2.0

Percentage of time in direct patient care

  0 127 25.8

  1–50 164 33.3

  51–100 201 40.9

Read ACMG report on incidental findings

  All of the report 275 55.9

  Some of the report 180 36.6

  No 31 6.3

  Not reported 6 1.2

Familiar with ACMG’s minimal list of genes

  Yes 459 93.3

  No 24 4.9

  Don’t know 4 0.8

  Not reported 5 1.0

Number of exome or genome sequencing tests ordered or 
performed in past 12 months

  0 210 42.7

  1–5 125 25.4

  6–20 93 18.9

  >20 64 13.0

ACMG membership as of 31 December 2013 included 42% men and 58% women (based on a sample of 1,693). The specialties (based on a sample of 1,258) included 
clinical geneticist (45%); laboratory geneticist (37%); genetic counselor or PhD geneticist (10%); and not provided (8%), with 9% trainees and students and 4% of members 
from outside North America.

ACMG, American College of Medical Genetics and Genomics.
aClinical geneticist includes respondents who indicated clinical genetics was their specialty even when they listed another specialty. bLaboratory geneticist includes 
respondents who indicated that their specialty was at least one of the laboratory specialties and not clinical genetics. None was a genetic counselor or PhD geneticist, and 
none chose “other.” cOther specialties included obstetrics and perinatal medicine (n = 4), neurology (n = 3), student/trainee (n = 3), policy and ethics (n = 2), administration 
(n = 1), bioinformatics (n = 1), epidemiology (n = 1), internal medicine (n = 1), ophthalmology (n = 1), pediatrics (n = 1), and not specified (n = 1). dOther countries included 
Australia (n = 3), Brazil (n = 1), China (n = 1), India (n = 2), Ireland (n = 1), Japan (n = 1), Mexico (n = 2), Peru (n = 1), Romania (n = 1), Saudi Arabia (n = 1), Singapore (n = 1), 
Spain (n = 2), United Kingdom (n = 1), and the Middle East (n = 1).
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with at least one other item, suggesting reasonable factorabil-
ity; (ii) the Kaiser–Meyer–Olkin measure of sampling adequacy 
was 0.85, much above the commonly recommended value of 
0.6; and (iii) Bartlett’s test of sphericity was significant (χ2(378) 
= 5,757.3; P < 0.05). Two investigators (M.T.S. and J.P.) labeled 
factors according to the themes that emerged from the items. 
For each of the four factors, the statistical software program gen-
erated a score for each respondent that reflected the aggregate 
mean score of survey items loading in each factor. Higher scores 
indicated greater agreement or endorsement. Factor scores were 
used for linear regression analysis to assess associations between 
each factor and respondent characteristics. All statistical analy-
ses were performed using STATA statistical software version 
13.1 (StataCorp, College Station, TX; http://www.stata.com).

ResULTs
Characteristics of survey respondents
There were 492 respondents (29% response rate). The charac-
teristics of respondents are shown in Table 1. The gender of the 
survey respondents (40% men and 56% women) was similar to 
that of the ACMG membership as of 31 December 2013 (42% 
men and 58% women). Compared with the ACMG member-
ship, more laboratory geneticists (48 vs. 37%; P < 0.01) and 
fewer clinical geneticists (38 vs. 45%; P < 0.01) responded to 
the survey. The frequencies of trainees and students respond-
ing to the survey were similar to those of the ACMG member-
ship (7 and 9%, respectively), as were the frequencies of survey 
respondents from outside the United States and Canada (both 
4%). Most of the respondents had read the ACMG recommen-
dations and were familiar with the ACMG minimal list of genes 
to be analyzed and reported with clinical exome or genome 
sequencing. In addition, 57% had ordered or performed exome 
or genome sequencing at least once in the past 12 months.

Factor analysis
Exploratory factor analysis identified four factors that 
explained 51% of the survey variance. The interpretation of the 

exploratory factor analysis is shown in Table 2, including the 
characterization of each factor based on the survey items iden-
tified and the percentage of the variance of survey responses 
explained by each factor. Survey items included in each factor 
and frequencies of item responses are shown in Table 3. For 
each item, a small percentage of respondents, ranging from 0.6 
to 3%, did not respond.

The 16 survey items contributing to factor 1 address “clinical 
and laboratory best practices,” that is, what should and should 
not be done and what could and could not happen as a result 
of seeking and reporting secondary findings. Most respon-
dents agreed that seeking and reporting secondary findings 
for medically actionable genes is consistent with medical 
standards and that there is sufficient evidence to report these 
variants; in addition, most respondents agreed that the ben-
efits of seeking and reporting secondary findings for medi-
cally actionable genes generally outweigh potential harms for 
adults. There was, however, lack of agreement on this issue 
for children. A small percentage of respondents were neutral 
to the idea of seeking and reporting secondary findings for 
adults and children, and a minority thought it should never 
be done. Responses about the potential impact of seeking and 
reporting secondary findings on health-care resources were 
mixed, with 26–33% neutral on the matter; similar percent-
ages of respondents agreed and disagreed that there would be 
an impact.

Factor 2 consists of six survey items that describe “patient 
preferences.” The majority agreed that patients should be able 
to opt out of receiving secondary findings; that not consenting 
to receiving secondary findings should not influence whether 
a patient is offered clinical exome or genome sequencing; and 
that denying exome or genome sequencing if a patient declines 
to receive secondary findings is coercive. About half believed 
patients should be able to customize which of the genes on the 
ACMG list are included in their report, and about half also 
believed that a laboratory should customize the report accord-
ing to patient preferences regarding the genes on the ACMG 

Table 2 Interpretation of exploratory factor analysis results

Factor Factor characterization
ethical constructs and themes represented 

by factors (number of survey items)a

Percentage 
of total 

varianceb

1 Clinical and laboratory 
best practice

Nonmaleficence, evidence base (3)

25

Nonmaleficence, harms suffered (2)

Nonmaleficence, harms committed (2)

Beneficence, patient (2)

Beneficence, family (2)

Justice, rights-based (2)

Justice, distributive (3)

2 Patient preferences Autonomy, patients (5)
11

Autonomy, laboratories (1)

3 Guidance for practice Beneficence, for clinicians and laboratories (3) 9

4 Informed consent Autonomy, patient (2)
6

Autonomy, clinician (1)
aFive items were excluded because of nonloading or cross-loading of items. bTotal variance explained = 51%.
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Table 3 Survey item responses according to identified factors (n = 492)
strongly 
disagree 

(%)
Disagree 

(%)

Neither agree 
nor disagree 

(%)
Agree 

(%)

strongly 
agree 
(%)

Factor 1: Clinical and laboratory best practice

  1.   Analyzing and reporting pathogenic variants unrelated to a patient’s 
indication for testing is consistent with existing medical standards of care.

4.5 19.9 17.9 38.0 17.9

  2.   Scientific evidence regarding medical benefits is sufficient to support 
analyzing the ACMG list of 56 genes and reporting pathogenic variants 
identified in adults undergoing clinical exome/genome sequencing.

2.9 9.6 14.4 54.5 16.5

  3.   Scientific evidence regarding medical benefits is sufficient to support 
analyzing the ACMG list of 56 genes and reporting pathogenic variants 
identified in children (age <18 years) undergoing clinical exome/genome 
sequencing.

7.5 22.0 22.8 38.0 8.5

  4.   The risks conferred by the pathogenic variants in the 56 genes on the ACMG 
list are not well characterized in the general population.

5.5 36.0 26.0 25.8 4.5

  5.   If we report pathogenic variants found with clinical exome/genome 
sequencing of the ACMG list of 56 genes, more individuals will be harmed by 
clinical interventions performed for diseases that might never have developed 
than will benefit from diseases prevented.

11.0 41.9 35.0 8.7 1.8

  6.   Pathogenic variants found with clinical exome/genome sequencing of the 
ACMG list of 56 genes should be reported for patients of all ages because 
they could have implications for other family members.

5.3 20.9 18.7 39.2 14.2

  7.   Pathogenic variants found with clinical exome/genome sequencing of the 
ACMG list of 56 genes should not be reported for minor children (age <18 
years) because of the potential for harmful psychosocial implications, such as 
stigmatization, discrimination, change in family dynamics, or loss of autonomy.

9.2 37.4 24.6 21.5 5.1

  8.   NOT analyzing the ACMG list of 56 genes for pathogenic variants that cause a 
high risk of an adverse yet potentially preventable medical outcome in an adult 
patient undergoing clinical exome/genome sequencing would be unethical.

6.3 25.2 20.3 31.1 14.2

  9.   Exome/genome sequencing laboratories should intentionally look for 
pathogenic variants in the ACMG list of 56 genes and report identified 
pathogenic variants when the patient is an adult.

7.3 17.1 22.8 35.4 15.5

  10.  Exome/genome sequencing laboratories should intentionally look for 
pathogenic variants in the ACMG list of 56 genes and report identified 
pathogenic variants when the patient is a minor child (age <18 years).

12.6 22.4 24.6 29.3 9.4

  11.  When clinical exome/genome sequencing is performed for an adult, 
pathogenic variants that do not pertain to the specific indication for the test 
should never be sought or reported by the laboratory.

24.8 50.4 13.0 5.7 3.7

  12.  When clinical exome/genome sequencing is performed for a minor child (age 
<18 years), pathogenic variants that do not pertain to the specific indication 
for the test should never be sought or reported by the laboratory.

20.1 47.8 15.0 9.2 4.7

  13.  When clinical exome/genome sequencing is performed for a minor child (age 
<18 years) and testing is also performed in the parents to inform the child’s 
results, the laboratory should intentionally look in the parents’ samples for 
pathogenic variants in the ACMG list of 56 genes and report them when 
found in the parents.

12.2 25.2 22.8 29.1 8.5

  14.  Analyzing the list of 56 genes and reporting pathogenic variants identified 
with clinical exome/genome sequencing will lead to increased health-care 
costs due to subsequent unnecessary diagnostic testing, surveillance, and 
interventions.

6.3 26.6 31.5 27.2 6.1

  15.  Medical genetics/genomics resources will be overwhelmed if clinical exome/
genome sequencing laboratories are required to analyze the 56 genes on the 
ACMG list and report results.

7.1 36.6 26.4 22.4 5.7

  16.  Additional costs related to analyzing the ACMG list of 56 genes and reporting 
pathogenic variants found for patients undergoing clinical exome/genome 
sequencing will create greater disparities in access to genetic services, 
increasing the gap between those with financial resources and those without.

5.1 23.0 32.7 30.1 6.9

Five items were excluded because of nonloading or cross-loading of items. Items with a negative orientation were reversed for factor analysis, specifically items 4, 5, 7, 11, 
12, 19, and 26. No-response rate per item ranged from 0.6 to 3%.

ACMG, American College of Medical Genetics and Genomics.

Table 3 Continued on next page
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list. Only 7–17% of respondents were neutral regarding these 
items.

Three survey items included in factor 3 relate to “guidance 
for practice”; these items describe the benefit of maintaining a 
list of genes that should be included when reporting second-
ary findings when exome or genome sequencing is performed. 
Few respondents were neutral on these items, and most agreed it 
would be beneficial to have and update a minimal list of genes for 
which medically actionable secondary findings should be sought 

and reported if experts deem the associated conditions medically 
actionable.

Factor 4 includes three survey items that address “informed con-
sent.” A large majority believed the ordering clinician is responsible 
for pre- and posttest counseling and education regarding second-
ary findings that could be identified in one or more of the genes 
on the ACMG minimal list and that informed consent to seek and 
report such secondary findings is feasible (75%) and critical (79%); 
only 9–12% of respondents were neutral on these items.

Factor 2: Patient preferences

  17.  When clinical exome/genome sequencing is performed, the patient (or his/
her guardian) should be able to opt out of laboratory analysis of the 56 genes 
on the ACMG list.

3.3 7.5 7.1 42.9 37.8

  18.  When clinical exome/genome sequencing is performed, the patient (or his/
her guardian) should be able to decide which genes will be analyzed for 
pathogenic variants among the 56 genes on the ACMG list.

10.0 24.8 17.3 34.8 11.4

  19.  A patient (or his/her guardian) who does not consent to the return of 
pathogenic variants identified in the ACMG list of 56 genes should not be 
offered clinical exome/genome sequencing.

37.8 40.2 8.5 8.1 3.7

  20.  Denying a patient clinical exome/genome sequencing, if he/she declines to 
receive information about pathogenic variants identified in the ACMG list of 
56 genes, is coercive.

4.9 8.1 9.2 42.1 34.2

  21.  A patient has a right not to receive the report generated by the laboratory 
containing information regarding pathogenic variants identified with clinical 
exome/genome sequencing of the 56 genes on the ACMG list.

2.0 6.5 8.7 50.4 30.5

  22.  Laboratories interpreting exome/genome sequences should customize their 
reporting of pathogenic variants identified on the ACMG list of 56 genes to 
match the preferences of individual patients.

11.2 18.7 16.3 36.2 15.2

Factor 3: Guidance for practice

  23.  Developing and maintaining a list of clinically actionable genetic conditions 
and their respective genes is useful to clinicians and exome/genome 
sequencing laboratories. (By clinically actionable, we mean medical 
interventions are available that have a strong evidence base of clinical validity 
and utility.)

2.9 2.0 2.9 41.1 50.6

  24.  The ACMG, together with content experts and other professional 
organizations, should periodically refine and update a minimum list of 
clinically actionable genes/genetic conditions that could be found with 
clinical exome/genome sequencing.

2.6 2.2 2.6 34.6 57.3

  25.  Exome/genome sequencing laboratories need guidance about which 
genes unrelated to a patient’s indication for testing should be analyzed and 
reported.

2.6 4.9 12.4 41.9 36.6

Factor 4: Informed consent

  26.  An informed consent process that reviews the benefits, risks, and limitations 
of pathogenic variants that could be identified with clinical exome/genome 
sequencing that includes the 56 genes on the ACMG list is not feasible.

20.9 53.7 8.7 10.2 4.7

  27.  An informed consent process that reviews the benefits, risks, and limitations 
of pathogenic variants that could be identified with clinical exome/genome 
sequencing that includes the 56 genes on the ACMG list is critical.

2.0 5.3 12.0 42.3 36.8

  28.  It is the responsibility of the ordering clinician/clinical team ordering clinical 
exome/genome sequencing to provide comprehensive pre- and post-test 
counseling to the patient (or his/her guardian) regarding the possibility that 
pathogenic variants will be identified.

1.6 1.6 2.2 42.1 50.4

Five items were excluded because of nonloading or cross-loading of items. Items with a negative orientation were reversed for factor analysis, specifically items 4, 5, 7, 11, 
12, 19, and 26. No-response rate per item ranged from 0.6 to 3%.

ACMG, American College of Medical Genetics and Genomics.
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Regression analysis
There were no significant associations between any of the factor 
scores and respondent characteristics of sex, specialty, trainee 
status, or percentage of time spent in direct patient care. There 
were also no significant differences between respondents who 
had read the ACMG recommendations or were familiar with 
the ACMG minimal list of genes for secondary findings and 
those who had not/were not, but few had not read the report or 
were not familiar with the minimal list of genes.

Country of residence was the only characteristic significantly 
associated with level of agreement regarding best practice items 
(factor 1). Compared with respondents living or working in the 
United States, those from a different country were significantly 
less likely to agree with best practice items (b = −0.51; t(388) = 
−2.51; P = 0.012).

The most significant associations with respondent character-
istics were observed for items addressing patient preferences 
(factor 2). Experience with ordering or performing exome or 
genome sequencing was significantly and inversely associ-
ated with the level of agreement regarding such preferences. 
Compared with respondents who had never ordered or per-
formed sequencing, respondents who had ordered a few (1–5) 
or many (>20) such tests in the past year had significantly lower 
scores supporting patient preferences (b = −0.44; t(388) = −2.93; 
P = 0.004 and b = −0.43; t(388) = −2.41; P = 0.016, respectively). 
They were less likely to agree that the patient should be able 
to opt out of receiving a report with secondary findings, that 
the patient should have the ability to choose which genes are 
included in the report of secondary findings, or that the labo-
ratory should customize the reporting of secondary findings 
based on patient preferences. On the other hand, working at 
or using a sequencing laboratory that provides an option for 
receipt of secondary findings was positively associated with 
patient preferences (b = 0.46; t(388) = 3.24; P = 0.001).

The number of years in practice (a surrogate for the respon-
dent’s age) was the only characteristic significantly associated 
with level of agreement regarding informed consent items (fac-
tor 4). Compared with respondents with no clinical experience, 
we saw a significant increase in the level of agreement regarding 
the necessity of informed consent for the possibility of second-
ary findings among the youngest practitioners (1–10 years of 
experience; b = 0.60; t(388) = 2.47; P = 0.014), with a statisti-
cally nonsignificant decreasing trend in agreement as years of 
experience increased.

There were no significant associations between respondent 
characteristics and the level of agreement with survey items 
related to guidance for clinical practice (factor 3). However, 
we did observe a statistically nonsignificant trend: as the num-
ber of sequencing tests ordered or performed in the past year 
increased, respondents were less likely to agree with the need 
for practice guidance.

DIsCUssION
This survey of the ACMG membership corroborates many 
of the recommendations formulated by the ACMG working 

group.12 Namely, clinical exome or genome sequencing labora-
tories should seek and report secondary findings for genes con-
sidered to be medically actionable; the ACMG, together with 
content experts and other professional organizations, should 
refine and update this list; and clinicians ordering these tests 
should provide pre- and posttest counseling and education 
for the possibility of secondary findings. However, contrary 
to the ACMG recommendations, the majority of respondents 
believed that patient preferences regarding seeking and report-
ing of secondary findings should be considered when clinical 
exome or genome sequencing is pursued, including the ability 
of patients to opt out of receiving a sequencing report with such 
findings. A similar survey of genetics professionals also found 
that, “The vast majority (81%) thought that individual prefer-
ences should guide return [of secondary findings].”10

Analysis of survey items that were informed by medical 
ethical principles revealed four factors or underlying topics of 
importance to ACMG members, including (i) best practices 
surrounding clinical exome or genome sequencing; (ii) respect 
for patient preferences regarding secondary findings when per-
forming exome or genome sequencing; (iii) the need for clini-
cian and laboratory guidance regarding secondary findings; and 
(iv) the informed consent process for secondary findings. These 
constructs should be considered as the ACMG and other orga-
nizations address issues pertaining to analysis and reporting of 
secondary findings from exome or genome sequencing. In this 
study none of the factor scores was significantly associated with 
respondent specialty, sex, trainee status, or time spent in direct 
patient care. The lack of association with specialty is particu-
larly important because the ACMG recommendation placed 
different responsibilities on clinical and laboratory geneticists 
with respect to seeking and reporting secondary findings from 
clinical genome-scale sequencing.12

Lack of agreement among survey items identified topics that 
would benefit from additional investigation and the generation 
of empirical data to inform practice and policy. The National 
Human Genome Research Institute of the National Institutes 
of Health is already funding clinical sequencing exploratory 
research centers that are conducting multidisciplinary inves-
tigations of clinical and health services issues arising from 
the return of sequencing results in both clinical and research 
settings.14

Within the “best practice” construct, there was no con-
sensus regarding seeking and reporting of secondary find-
ings when exome or genome sequencing is performed on 
children or on parents when trio testing is done. Of note, 
the Presidential Commission on Bioethical Issues did not 
address the reporting of secondary findings in children.11 
In addition, there was no consensus regarding the impact 
of seeking and reporting secondary findings on health-
care resources, including the clinical workforce and access 
to genetic services. These, unlike many other issues sur-
rounding the recommendations, are essentially empirical 
questions. ACMG members working outside of the United 
States were significantly less likely to agree with the best 
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practice items compared with those working in the United 
States.  This may reflect differences in health-care systems, 
including regulations governing genetic and genomic test-
ing, health professional genetics education and training, 
and access to genetic health care and other health-care 
resources.15 Therefore these external and organizational fac-
tors should be considered when planning the implementa-
tion of reporting secondary findings from exome or genome 
sequencing.

Concerning the “patient preference” construct, although 
there was overwhelming agreement that patients should be able 
to opt out of receiving a report with secondary findings, there 
was no consensus regarding customization of a secondary find-
ings list of genes according to patient preferences. Interestingly, 
increasing experience with exome or genome sequencing was 
inversely associated with deferring to patient preferences. 
Perhaps those with more experience recognize the nuances and 
potential difficulties of customizing a list, particularly one that 
is likely to grow and change over time.

A substantial majority of respondents agreed that the pro-
cess of informed consent for secondary findings from exome 
or genome sequencing is critical and feasible. Individuals 
with fewer years of clinical practice, who are presumably 
younger, were significantly more likely to agree that informed 
consent was necessary. The reasons for this finding are likely 
multiple but may, in part, be a consequence of differences in 
training—emphasis on informed consent and ethical issues 
has become more prominent in recent years16—or perhaps 
clinicians and laboratorians with more years of experience 
may perceive informed consent for possible secondary find-
ings as impractical. Understanding these differences could 
be important to successfully developing and implementing 
informed consent for secondary findings. Tools and tem-
plates that assist clinicians in performing and documenting 
the informed consent process for secondary findings likely 
would be useful.

The survey response rate was 29%, and in many respects 
the characteristics of respondents were similar to those of the 
ACMG membership, supporting good representation of mem-
bership views. Furthermore, survey results were consistent 
with the results of other recent surveys of genetics professionals 
regarding the reporting of medically actionable secondary find-
ings when exome or genome sequencing is performed.10,17,18 In 
addition, the response rate was more than adequate to perform 
the exploratory factor analysis that identified the four major 
topics revealed by the survey items and that can inform future 
studies and policy development in this area. Indeed, based on 
these survey results, the ACMG has updated its position on the 
issue of opting out of receiving a report containing secondary 
findings.19

In summary, survey results indicate that the ACMG mem-
bership generally believes that the ACMG should continue 
to update a minimal list of medically actionable genes and 
conditions that should be considered when clinical exome 
or genome sequencing is performed. However, reporting 

of secondary findings should be optional and included in 
exome or genome sequencing reports only with the consent 
of the patient or the patient’s guardian. Survey results also 
identified items for consideration regarding best practices 
for the laboratory and clinician. Moreover, survey results 
identified gaps where research is needed to understand mul-
tilevel factors, including patient, provider, organizational, 
and external factors that may influence successful imple-
mentation of seeking and reporting secondary findings 
when clinical exome or genome sequencing is performed. 
Such gaps include the impact of reporting secondary find-
ings on health and psychosocial outcomes (particularly for 
children), as well as on health-care outcomes, including uti-
lization of health-care resources and resulting consequences 
for the health-care workforce and access to genetic services.
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