© American College of Medical Genetics and Genomics

ARTICLE
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M. Ragan Hart, MS, PhD10, Ida Griesemer, MSPH 11, Donald L. Patrick, MSPH, PhD12,
Christine Rini, PhD13,14, David Veenstra, PharmD, PhD15,16, Angel M. Cronin, MS17 and
Stacy W. Gray, MD, AM 18,19

Purpose: As exome and genome sequencing (ES/GS) enters the
clinic, there is an urgent need to understand the psychological
effects of test result disclosure. Through a Clinical Sequencing
Exploratory Research (CSER), phase 1 (CSER1) Consortium
collaboration, we evaluated participants’ psychological outcomes
across multiple clinical settings.
Methods: We conducted a random effects meta-analysis of state
anxiety (Hospital Anxiety and Depression Scale [HADS]/Generalized Anxiety Disorder 7-item), depressive symptoms (HADS/
Personal Health Questionnaire 9-item), and multidimensional
impact (i.e., test-related distress, uncertainty and positive impact:
modified Multidimensional Impact of Cancer Risk Assessment/
Feelings About Genomic Testing Results scale).
Results: Anxiety and depression did not increase significantly
following test result disclosure. Meta-analyses examining mean

INTRODUCTION
Exome and genome sequencing (ES/GS) promises to transform
clinical research and health care. ES and GS can enable
researchers and clinicians to identify disease causes, tailor
treatments, determine carrier status, and refine disease risk
estimates. However, ES/GS presents novel challenges in research
and clinical care because it generates vast amounts of data that
are, at times, highly uncertain and can reveal information that

differences from pre- to postdisclosure revealed an overall trend for
a decrease in participants’ anxiety. We observed low levels of testrelated distress and perceptions of uncertainty in some populations
(e.g., pediatric patients) and a wide range of positive responses.
Conclusion: Our findings across multiple clinical settings suggest
no clinically significant psychological harms from the return of ES/
GS results. Some populations may experience low levels of testrelated distress or greater positive psychological effects. Future
research should further investigate the reasons for test-related
psychological response variation.
Genetics in Medicine (2019) https://doi.org/10.1038/s41436-0190565-3
Keywords: exome sequencing; genome sequencing; return of
results; patient-reported outcomes; psychological effect

may or may not have direct bearing on the clinical context in
which the sequencing is being performed. While studies have
shown that most participants want to learn ES/GS information,
there are concerns within the research community about the
potential effects that this type of information may have on
individuals.1–6 It is unclear whether the benefits and utility of
returning genomic information to individuals outweigh the
potential risks of psychological harms.7
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Previous systematic reviews on the psychological outcomes
of genetic testing in the context of adult and pediatric single
or multigene testing for diseases such as cancer, Alzheimer
disease, and Huntington disease have shown that, in general,
test result disclosure does not cause depression or anxiety.8–11
When negative psychological effects are observed, they are
often short-lived.8,11 Limited data are available on the
psychological effects of the disclosure of ES/GS results.
However, several studies have found that there may be a
subset of individuals who may be more likely to experience
higher test-related distress. A study of parents whose children
had diagnostic ES (n = 192) demonstrated that parents of
tested children experienced psychological responses to testing
including worry, fear, and relief with test-related distress and
uncertainty higher among those whose children received a
genetic diagnosis.12 A longitudinal cohort study of individuals
undergoing GS (n = 35) noted that test distress was low and
that most participants were happy or relieved about their
results.13
To more completely explore the effects of the clinical
integration of ES/GS across multiple clinical contexts and
patient populations, the National Human Genome Research
Institute (NHGRI) launched the Clinical Sequencing Exploratory Research (phase 1; CSER1) Consortium.14 The CSER1
Consortium studies returned results from ES/GS to a range of
participants including parents of children with rare diseases,
suspected genetic conditions, and cancer; healthy adults
(including those at high risk of developing cancer); and
adults with diseases such as cancer and cardiomyopathy.
CSER1 investigators identified high priority areas of investigation at the consortium’s inception and coordinated outcome measurement across sites to facilitate cross-consortium
analyses.15 Within the psychosocial impact domain, investigators coordinated the measurement of anxiety, depression,
and multidimensional psychological impact across several
sites, as these outcomes have been commonly assessed in
prior studies of genetic testing.16 Our overarching objective
was to conduct a meta-analysis across CSER1 studies to assess
state anxiety, depressive symptoms, and multidimensional
test-related outcomes following the return of ES/GS results.

MATERIALS AND METHODS
CSER study sites

Participating CSER studies14 included Brigham and Women’s
Hospital and Harvard Medical School’s MedSeq Project,
Children’s Hospital of Philadelphia’s PediSeq study, Columbia
University Medical Center, Dana-Farber Cancer Institute and
Broad Institute’s (DFCI) CanSeq study, NHGRI’s ClinSeq®
study, the University of North Carolina’s NCGENES study,
and the University of Washington’s New EXome Technology
in (NEXT) Medicine study. A detailed description of the
individual study protocols can be found in primary publications from each site and a summary is presented in
Table 1.14,15 Informed consent was obtained from all
participants and each site gathered and shared data with
local Institutional Review Board (IRB) approval. Each CSER
2

ROBINSON et al

site developed policies and frameworks for the disclosure of
primary diagnostic and secondary findings, thus the type of
results disclosed differed across sites.17 Sites conducted
disclosure sessions in person, with the exception of Columbia,
which conducted disclosures both in person and via video
conference. Sequencing, variant interpretation, disclosure of
results, and administration of participant questionnaires were
performed at individual CSER sites from June 2015 to August
2017, and the collected data were combined for post hoc
analyses.
Measures

State anxiety and depressive symptoms were measured preand post-ES/GS results disclosure using the Hospital Anxiety
and Depression Scale (HADS)18 (three sites), the Personal
Health Questionnaire 9-item (PHQ-9)19 (three sites), and the
Generalized Anxiety Disorder 7-item (GAD-7)20 (two sites).
The multidimensional impact of receiving ES/GS results was
measured following results disclosure using a modified
version of the Multidimensional Impact of Cancer Risk
Assessment (MICRA)21 (six sites) or the Feelings About
genomiC Testing Results (FACToR)22 (two sites). These
scales are similar, with comparable subscales assessing the
same time period (past week). The measures differ somewhat
in terms of the question stems and subscale wording. The
MICRA evaluates test-related distress (“Feeling upset about
my test results”), uncertainty (“Being uncertain about what
my test result means about my cancer risk”), and positive
experiences (reverse scored) (“Feeling relieved about my test
results”) while the comparable subscales in the FACToR
assess negative emotions (“How upset did you feel about your
genetic test result?”), uncertainty (“How uncertain did you
feel about what your genetic test results mean for you?”), and
positive feelings (“How happy did you feel about your genetic
test results?”). The wording for the MICRA relates to
frequency while the FACToR relates to intensity. Response
option anchors ranged from “Never” to “Often” for the
MICRA and “Not at all” to “A great deal” for the FACToR.
The MICRA scale was not uniformly modified across the six
sites administering it. The original scale used the phrase “my
test results” and some sites differed in how they made
modifications to identify the specific results in their study
such as “my genomic screening results” or “my genetic test
results.” Additionally, five questions in the original scale
specifically referenced cancer and modification of these
questions to address ES/GS was variable across sites. Finally,
one site dropped an item in the MICRA that queried
participants about “having difficulty making decisions about
cancer screening or prevention” as such items are not relevant
to participants living with advanced cancer. Responses on the
baseline and the first completed postdisclosure survey were
analyzed. Missing data were imputed using the last observation carrier backward; if a participant completed a survey at
the time of the second postdisclosure survey, but not at the
time of the first postdisclosure survey, then the participant’s
responses at the time of the second postdisclosure survey were
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Various conditions included the following: at NCGENES: hereditary cancer susceptibility, genetic heart disorders, neurogenetic disorders, and congenital malformations; at PediSeq: bilateral sensorineural hearing loss, intellectual disability, nuclear-encoded mitochondrial respiratory chain disorders, platelet function disorders, and sudden cardiac arrest and/or death.
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included. Median time between return of results to first
postdisclosure survey was 24 days (interquartile range [IQR]
14–37 days, range 1–396 days), and median time between
return of results to second postdisclosure survey was 184 days
(IQR 142–206 days, range 54–445 days). The majority of
participants’ (96%) responses included in this analysis are
from the first postdisclosure survey. Participants who dropped
out of the study prior to results disclosure were omitted from
analyses.
Statistical methods

For state anxiety (HADS-Anxiety [A] and GAD-7) and
depressive symptoms (HADS-Depression [D] and PHQ-9),
we described the site-specific predisclosure and postdisclosure
values and absolute change (postdisclosure minus predisclosure). For the multidimensional impact of testing (MICRA
and FACToR), we described the site-specific postdisclosure
values for each subscale. For all outcomes, we conducted
random effects meta-analyses using the method of DerSimonian and Laird.23 We specified the random effects model a
priori, since we expected the effect size to vary between sites
due to the heterogeneity in study designs and participant
characteristics by site. In a random effects model, the weight
of each study is derived from both (1) within-study variability
(i.e., the number of participants in the study) and (2)
between-study variability (i.e., the difference in effects
between the studies). Thus, the combined effect size is not
dominated by a single study with a large number of
participants. For the meta-analyses, we calculated standardized mean differences in pre- and post–results disclosure
state anxiety (HADS-A and GAD-7) and depressive symptoms (HADS-D and PHQ-9). To examine responses from the
different measures and across studies, we rescaled the subscale
scores of the multidimensional impact of testing (MICRA and
FACToR) to a 0–100 point scale, where 0 represents “Not at
all” or “Never” and 100 represents “A great deal” or “Often.”
Given the variations of modifications made to the MICRA
and FACToR scales, as well as differences in study populations and sequencing goals, we focused the meta-analyses on
identifying broad trends rather than statistical comparisons.
In exploratory analyses, we evaluated the differences in
postdisclosure outcomes for (1) those participants who had
and had not received any type of genetic results returned as
part of the study, (2) those participants who received primary
results, and (3) those participants who received carrier and/or
pharmacogenetic results. Statistical analyses were conducted
with Stata version 13.1.24

RESULTS
Across seven CSER1 studies, 2876 participants were
sequenced, and 1300 participants reported at least one
postdisclosure outcome that was included in this metaanalysis (multidimensional impact n = 1299, anxiety n = 741,
and depressive symptoms n = 850, Table 1). Participant
characteristics and information about types of ES/GS results
returned by site are shown in Table 2. Studies varied by
4

whether the testing was used for diagnostic purposes, and all
sites returned at least some secondary findings to participants.
Anxiety and depressive symptoms

Figure 1 displays the pre- and postdisclosure anxiety (HADS
and GAD-7) and depressive symptoms (HADS and PHQ-9)
responses, as well as the absolute change over time. The
majority of participants across sites were below the threshold
for clinical anxiety and depression at baseline, using validated
cutoffs for the measures.18–20 We observed no statistically
significant changes in anxiety and depressive symptoms
following return of ES/GS results, or in the absolute change
(postdisclosure minus predisclosure) (Fig. 1a, b, d, e).
Random effects meta-analyses examining mean differences
from pre- to postdisclosure revealed an overall trend of
decrease in anxiety among participants, with the greatest
decreases noted in participants from NCGENES and MedSeq
(effect [95% CI]: −0.36 [−0.45, −0.26], −0.52 [−0.73,
−0.30], respectively, Fig. 1c). We identified a similar trend
of decrease in depressive symptoms across sites, with the
greatest decrease noted among participants at Columbia,
MedSeq, and NCGENES (effect [95% CI]: −0.33 [−0.53,
−0.13], −0.22 [−0.40, −0.04], −0.16 [−0.26, −0.07],
respectively, Fig. 1f).
Negative emotional impact and uncertainty

Using two measures to assess the multidimensional impact of
receiving ES/GS results (MICRA and FACToR), in general, we
identified low levels of postdisclosure test-related negative
emotions and uncertainty, although there was some variation
across sites (Fig. 2a–f). Negative emotions and distress were
generally infrequent, with more variability and somewhat
greater reported distress among participants at the two sites
that included pediatric populations, PediSeq and NCGENES,
relative to the other sites (Fig. 2a, b). Lowest levels of distress
were observed in Columbia, MedSeq, and ClinSeq® (effect
[95% CI]: 1.46 [0.41, 2.50], 2.27 [1.18, 3.37], 4.26 [3.33, 5.18],
respectively, Fig. 2c), all of which enrolled seemingly healthy
adults or adults with cardiovascular disease.
Responses to the test-related uncertainty subscale varied
across studies, with participants overall reporting low levels of
postdisclosure uncertainty. Uncertainty was higher among the
studies that included parents of pediatric patients (PediSeq,
effect [(95% CI]: 23.22 [17.11, 29.34] and NCGENES, 22.17
[20.31, 24.03]) compared with the studies of mostly healthy
adults (effect [95% CI]: Columbia, 3.58 [1.98, 5.17]; MedSeq,
6.72 [3.97, 9.47], ClinSeq®, 7.99 [6.89, 9.09]), while uncertainty was more intermediate for NEXT Medicine (effect
[95% CI]: 15.89 [12.69, 19.08]), a study of adults with colon
polyps or cancer (Fig. 2f).
Positive emotional impact

Across sites we saw the widest range of responses to the
positive emotions subscales (Fig. 2g–i). Descriptive analyses
showed that PediSeq reported positive responses from all
participants (n = 38), whereas all other studies had much
Volume 0 | Number 0 | Month
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Table 2 Participant characteristics by CSER study site
CanSeq
N = 36
Age
Median
58
IQR
51–63
Range
31–81
Gender, %
Male
44
Female
56
Ethnicity, %
Non-Hispanic
97
Hispanic
3
Unknown
0
Race, %
White
81
Black
8
a
Other
6
Unknown
6
Surrogate, %b
No
100
Yes
0
Unknown or NA
0
Marital status, %
Married
72
Not married (adult)
28
Unknown or NA
0
Education, %
High school or less
17
Some college
22
College degree
25
More than college
33
Unknown
3
Sequencing, %
Germline only
0
Germline + somatic
100
Return of any result, %
No
0
Yes
100
Return of secondary findings, %
No
83
Yes
17
Diagnostic category, %
Healthy individuals
–
Cardiovascular
–
disease
DD/ID
–
Hereditary cancer
–
Neuromuscular
–
Ophtho/retina
–
Cancer
100
Other
–

ClinSeq®
N = 426

Columbia
N = 97

MedSeq
N = 99

NCGENES
N = 463

NEXT
Medicine
N = 141

PediSeq
N = 38

57
53–61
45–65

47
38–58
20–82

56
48–63
18–84

33
9–53
0–84

55
44–61
24–82

37
32–40
24–41

53
47

30
70

47
53

40
60

47
53

61
39

98
2
0

95
5
0

93
5
2

93
6
1

98
2
0

97
3
0

92
1
5
1

89
3
4
4

91
3
4
2

83
12
1
3

85
0
15
0

76
5
13
5

100
0
0

100
0
0

100
0
0

61
39
0

100
0
0

0
21
79

75
21
4

91
9
0

68
32
0

67
33
0

68
32
0

11
11
79

4
6
26
60
3

8
20
31
41
0

6
10
33
51
0

18
40
25
16
0

16
22
39
23
0

8
5
5
3
79

100
0

100
0

100
0

100
0

96
4

100
0

15
85

0
100

0
100

58
42

25
75

16
84

15
85

0
100

0
100

91
9

30
70

34
66

80
20

100
–

51
49

–
9

–
–

–
26

–
–
–
–
–
–

–
–
–
–
–
–

–
–
–
–
–
–

28
21
20
8
–
13

–
100
–
–
–
–

16
–
5
–
–
53

CSER Clinical Sequencing Exploratory Research Consortium, DD developmental delay, ID intellectual disability, IQR interquartile range, Ophtho ophthalmology disorder.
a
Other includes Asian, n = 26; Native American, n = 3; and multiracial, n = 19.
b
Surrogate = parent or guardian of pediatric patient providing survey responses.

more variability, with responses ranging from 0 to the higher
end of the scale (Fig. 2g, h). Aligned with the descriptive data,
the random effects meta-analysis revealed a large range of
positive experiences across sites. There was no pattern to the
frequency of positive responses by study type, with the most
positive responses observed among participants at the
PediSeq, MedSeq, and Columbia sites (effect [95% CI]:
58.92 [50.94, 66.89], 56.45 [50.26, 62.63], 56.29 [49.54,
63.04], respectively) and least positive responses observed at
NCGENES, ClinSeq®, and DFCI (effect [95% CI]: 32.38
[30.01, 34.75], 38.50 [35.73, 41.27], 39.85 [28.01, 51.69],
respectively, Fig. 2i).
In exploratory meta-analyses, comparing participants who
had received any type of result (e.g., primary, secondary, or
carrier) returned in the study and those who did not receive
GENETICS in MEDICINE | Volume 0 | Number 0 | Month

any study results, we did not observe differences in
psychological outcomes (Supplemental Figs. 1–6). When
examining outcomes by result group (primary or carrier/
pharmacogenetic; Supplemental Figs. 7–26), mean differences
from pre- to postdisclosure revealed an overall trend of
decrease in anxiety and depression among participants of
both groups (Supplemental Figs 7, 8). However, among
participants who received primary findings, as compared with
carrier/pharmacogenetic findings, there was higher testrelated distress (10.47 [3.33, 17.62]: 3.61 [1.98, 5.24]
respectively) and uncertainty (22.92 [9.59, 36.26]: 10.44
[6.77, 14.11] respectively). We did not perform an analysis
of the group of participants who only received secondary
results because the return of secondary results without the
return of primary results was uncommon.
5
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a

b
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%
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GAD-7: PediSeq (N=38)

MedSeq (N=99)

GAD-7: NextMed (N=117)
HADS: DFCI (N=35)

22.23
15.34
20.76

0.
4

0.
2

.2

0.
0

.6

–0

–

0.
4

–0.20 (–0.40, -0.01) 100.00

.8

25.77

Overall (I-squared = 79.2%)

NOTE: Weights are from random-effects model

HADS anxiety

GAD-7 anxiety

15.89

0.09 (–0.24, 0.42)
–0.36 (–0.45, -0.26)

–0

Post-disclosure

Post-disclosure

0.02 (–0.30, 0.34)
–0.10 (–0.28, 0.08)
–0.52 (–0.73, -0.30)

HADS: NCGENES (N=452)

21

15

18

9

12

3

6

0
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–3

5
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2
–9
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18
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12
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6

9

0

3

–3

–1

5
–1
2
–9

Pre-disclosure
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NCGENES (N=452)

Weight

HADS: MedSeq (N=99)

–0

PediSeq (N=38)

Effect (95% CI)

Absolute change

Absolute change

d

e

f
%

Post-disclosure

Post-disclosure

PHQ-9 depression

0.07 (–0.25, 0.38)

10.94

PHQ-9: Columbia (N=97)

–0.33 (–0.53, –0.13)

17.29

PHQ-9: NextMed (N=129)

0.00 (–0.17, 0.17)

19.02

HADS: DFCI (N=35)

0.29 (–0.04, 0.62)

10.41
18.17
100.00

–0

0.
6

24.18

–0.10 (–0.24, 0.04)

0.
4

–0.16 (–0.26, –0.07)

Overall (I-squared = 67.2%)

0.
2

HADS: NCGENES (N=452)

0.
0

–0.22 (–0.40, –0.04)

.6

HADS: MedSeq (N=99)

21

18

15

9

12

6

0

3

–3

–6

–9

5

2
–1

Pre-disclosure

–1

27

24

21

18

15

9
12

3

6

0

–3

2
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–6

–1

8
–1

–1

Pre-disclosure

NCGENES (N=452)

5

NextMed (N=129)

PHQ-9: PediSeq (N=38)

.2

MedSeq (N=99)

Weight

–0

Columbia (N=97)

Effect (95% CI)

Site

.4

DFCI (N=35)

–0

PediSeq (N=38)

NOTE: Weights are from random-effects model

HADS depression

Absolute change

Absolute change

Fig. 1 Box and whisker plots of participants' anxiety (a GAD-7; b HADS) and depressive symptoms (d PHQ-9; e HADS) before (pre) and after (post)
disclosure of genome sequencing results, as well as forest plots for absolute change over time (c change in GAD-7/HADS anxiety; f change in PHQ-9/HADS
depression). Clinical level of anxiety and depression is shown with the green line. GAD-7 Generalized Anxiety Disorder 7-item, HADS Hospital Anxiety and
Depression Scale, PHQ-9 Personal Health Questionnaire 9-item.

a

b

c
%

ClinSeq (N=426)
Columbia (N=97)
DFCI (N=36)
NCGENES (N=463)
PediSeq (N=38)

MedSeq (N=99)
NextMed (N=140)

0

10

20

30

0

MICRA distress subscale
(6 items; potential range 0–30)

2

4

6

8

10

12

Site

Effect (95% CI)

Weight

FACToR: MedSeq (N=99)

2.27 (1.18, 3.37)

16.28

FACToR: NextMed (N=140)

5.36 (3.45, 7.27)

15.47

MICRA: ClinSeq (N=426)

4.26 (3.33, 5.18)

16.40

MICRA: Columbia (N=97)

1.46 (0.41, 2.50)

16.32

MICRA: DFCI (N=36)

5.65 (2.14, 9.16)

MICRA: NCGENES (N=463)

11.80 (10.16, 13.45) 15.77

MICRA: PediSeq (N=38)

18.02 (9.71, 26.32)
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DISCUSSION
Our meta-analysis of psychological outcomes from seven
CSER1 Consortium studies with a total of 1300 sequenced
participants who reported at least one postdisclosure outcome
represents, to our knowledge, the largest examination of
psychological responses following receipt of ES/GS information to date. The majority of participants in the represented
CSER1 studies did not experience a significant increase in
state anxiety or depression following ES/GS test result
6

disclosure. Additionally, most participants scored below the
thresholds for clinically significant anxiety and depression
both before and after testing. Meta-analyses examining mean
differences from pre- to postdisclosure also revealed an overall
trend of a decrease in participants’ anxiety. Furthermore,
when examining test-related psychological outcomes specifically, participants’ responses were generally neutral to
positive. However, we also identified modest levels of testrelated distress and uncertainty in some populations. Our
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findings are consistent with other studies and strengthen the
evidence that, for the majority of participants, there are
negligible to no psychological harms related to receiving
results from ES/GS.13,25,26
Despite the fact that overall psychological distress was
minimal for participants receiving ES/GS results, we observed
some variation in psychological responses for different patient
populations following test result disclosure and there are
several trends in the data worth investigating in future studies.
First, we saw that test-related uncertainty and distress were
lower in studies that included healthy adults (ClinSeq®,
Columbia, and MedSeq), intermediate in studies of adults
with known disease (NextMed, DCFI), and greatest among
studies of children with known disease (PediSeq, and
NCGENES, the latter of which also included adults with
known disease). These data raise the question of whether
adults with a known disease, and particularly parents of
children with a known disease, may be more prone to negative
test-related psychological experiences following ES/GS than
healthy individuals. Healthy adults may also have demonstrated lower distress or uncertainty because they were
relatively healthy, voluntary participants of a sequencing
study where they would learn their genomic health risk
information and few received secondary findings indicating
disease risk. Furthermore, although the small number of
patients reporting postdisclosure outcomes in the DFCI
cohort limits generalizability and may reflect ascertainment
bias (lower postdisclosure survey completion rates due, in
part, to illness or death), it was notable that the psychological
responses to ES observed at this site were somewhat more
modest, and less distressed, than the PediSeq and NCGENES
cohorts. One might hypothesize that the relative lack of testrelated distress among this population may be reflective of the
severity of the participants’ disease and the fact that germline
disease related genetic testing results infrequently have
medical implications for the tested proband and secondary
results may be less relevant for someone with advanced
cancer. A similar pattern has been reported among women
undergoing genetic testing for breast cancer. Studies have
demonstrated lower negative experiences (uncertainty or
distress) and greater positive responses related to identification of a pathogenic variant among women with a cancer
diagnosis compared with those unaffected with cancer.27,28
Data from some CSER1 sites also suggested a mixed
response to sequencing information, particularly in pediatric
contexts. For example, in addition to slightly higher levels of
test-related distress and uncertainty, PediSeq study participants also had the highest level of positive experiences.
Previous qualitative studies of parents whose children have
undergone diagnostic genome sequencing have similarly
identified mixed reactions following testing.12,29,30 Some
parents experience a loss of hope with a new genetic diagnosis
and, at the same time, experience positive feelings related to
the value of the genetic testing potentially providing the
ability to pursue more tailored health care or pursue specific
research pathways. Additionally, a qualitative study of parents
GENETICS in MEDICINE | Volume 0 | Number 0 | Month

ARTICLE
of pediatric cancer patients from a CSER1 study not included
in this analysis found that some parents valued ES information even when it did not provide diagnostic information or
impact clinical care. Parents described experiencing psychological benefit because they felt that a lack of diagnostic
information provided peace of mind that there was less
concern of increased risk for other conditions for their child
or others in their family.31 These mixed responses could also
reflect the complexity of the parental role of an ill child, which
may lead one to seek out and value their child’s genetic
information regardless of any personal negative psychological
impact it could bring.30,32
Another interesting finding was that, although the Columbia, MedSeq, and ClinSeq® studies had similar populations
(i.e., adults who are seemingly healthy or have cardiovascular
disease) findings from the multidimensional measures
differed in their positive experiences. Columbia and MedSeq
participants expressed higher positive experiences than
participants in ClinSeq®. One potential explanation for these
findings could relate to study design. In the Columbia and
MedSeq studies, participants were recruited through and
received results from their personal physicians, rather than
study staff, as in ClinSeq®. Little is known about how
responses to ES/GS outcomes may differ based on the context
in which the results are being disclosed or if they differ based
on who is delivering ES/GS information.
We identified several factors that we hypothesize may
influence the emotional impact of ES/GS results, whether
positive, negative, uncertain or mixed. Because of the
heterogeneity of our study designs and populations, and
measurement strategies, we were limited in our ability to
statistically compare across the factors identified, including,
but not limited to (1) the probands’ disease or condition, (2)
the age of the proband and where they are in the trajectory of
their disease, (3) whether the result ends a diagnostic odyssey,
(4) if the result has direct clinical utility for the proband, (5) if
the individual reporting outcomes is the proband or
surrogate, (6) the mode of result disclosure (e.g., in person,
by phone), (7) the relationship between the proband and the
person disclosing ES/GS results, and (8) the type of findings
that are reported (e.g., primary, secondary, pharmacogenetic,
carrier status). Further research exploring these observed
differences will help inform both research and clinical care.
For example, how people construe results in the context of
their own health or illness may reflect their hopes and
expectations, which may ultimately impact feelings of
disappointment, happiness, or relief in the wake of testing.
Similarly, some ES/GS results may have relatively less of a
psychological impact if delivered in person by an individual’s
health-care provider as compared with delivered by phone by
someone on the care team who does not have an existing
relationship with the patient.
Given the fact that our data revealed more variation in
participants’ test-related emotions than it did in state anxiety
or depression, future work on psychological outcomes may be
most revealing if it focuses on the multidimensional impact of
7
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sequencing rather than on test-independent state psychological measures. In fact, multiple experts are advocating for a
more nuanced, or multidimensional, assessment of outcomes.
For example, Biesecker and colleagues have argued that
commonly used assessments of psychological wellbeing may
not be the most appropriate way to assess a recipient’s ability
to manage genetic and genomic risk information.33 Specifically, state anxiety is context dependent, transient, and not
necessarily an indicator of poor psychological wellbeing.
Furthermore, although depressive symptoms can signal
patient vulnerability and depression, such symptoms may
also be an expected part of the process of adapting to learning
health information. Many providers concur that if a patient
receives a test result revealing an increased risk for a disease, it
may be appropriate for them to experience anxiety and that
this response may be an indication of engagement and
understanding of an existent health threat.34 Moreover, mild
negative psychological responses, as well as positive responses,
could be strong motivators to initiate necessary health
behavior change.15,35 Given all of these considerations, there
is a need to assess subtle, in addition to obvious, psychological
impact. One of the most important areas of investigation
going forward is the need to continue to develop and refine
tools to assess test-related outcomes such as test-specific
distress, perceptions of uncertainty, and positive responses.
Qualitative research methods are likely to be useful for
addressing this challenge, because of their ability to provide
rich insight into people’s lived experiences and
understandings.
Limitations

One of the greatest strengths and limitations of this study is
that it draws on data from multiple studies of ES/GS that were
implemented in different clinical contexts with different
participant populations. The pooling of participants across
seven CSER1 studies resulted in one of the largest studies of
psychological responses following receipt of genomic results.
However, differences in study design, the timing of survey
administration, and variation in outcome measurement
limited our ability to pinpoint sources of variation across
studies. While validated measures were used, the scales that
were used differed across sites. Furthermore, the MICRA scale
was modified by most sites, and the modifications were not
harmonized because the participant population frequently
called for context-specific adaptations. Additionally, the
MICRA and FACToR differed in how they assessed the
multidimensional impact, both in question wording and
response options. These differences limited our ability to
interpret the cross-site comparison and may have impacted
the reliability and validity of the measures. Therefore we
cannot eliminate the possibility that our results may be, in
part, a function of variations in outcome measurement rather
than the actual impact of the results. Additionally, all
participants, particularly those who were affected or had a
child affected, may have experienced psychological distress or
anxiety unrelated to the study protocol, affecting the ability to
8
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measure changes specific to the return of ES/GS results.
Furthermore, the harmonized instruments may not have
captured subtle psychological changes following receipt of
genomic results. While the majority of participants did not
experience adverse psychological impacts, some sites
described rare instances of a distressed or upset participant.
Future studies of these rare negative experiences may help to
identify risk factors, which could include a history of or
existing psychological condition, that may predict poor
outcomes and create interventions to prevent this, as well as
provide better evidence to define patient concerns surrounding receipt of this information. Although we included baseline
measures of clinical anxiety and depressive symptoms, for
which the majority of participants were below the clinical
threshold, we did not have information about participants’
history of clinical anxiety or depression. Moreover, our
exploratory analyses are limited in that we combined
participants who received any type of result (e.g., primary
diagnostic, secondary, and carrier). Given that there may be
substantive psychological differences across different types of
results received, these findings need to be interpreted with
caution. Finally, the generalizability of study findings is
limited by the fact that the studies enrolled predominantly
white non-Latino/a, well-educated, and English speaking
participants and that many participants had prior experience
with genetics through clinical care or prior research
participation.

CONCLUSIONS
Results from our meta-analyses of psychological outcomes
from genomic sequencing exemplify the ability of consortium
studies to create large samples across multiple clinical
contexts and study populations. Although there are limitations to our approach, these findings offer strong evidence for
the absence of significant psychological harms following
receipt of ES/GS results in the studied populations. To more
definitively conclude that any psychological harm associated
with ES/GS disclosure is outweighed by the benefits,
investigators will need to evaluate psychological outcomes in
longitudinal, very large, and diverse (in terms of participant
demographics, study setting, and disease status and type)
populations. Such efforts are underway through multiple large
US-based consortiums including the current phase 2 CSER,36
Electronic Medical Records and Genomics (eMERGE),37 All
of US,38 and Newborn Sequencing in Genomic medicine and
public HealTh (NSIGHT).39 Furthermore, investigators
should aim to elucidate the causes of variation in psychological outcomes following ES/GS results disclosure. Importantly, there is a great need for tools that will enable
researchers and clinicians to prospectively identify individuals
who may be at highest risk of clinically significant distress
following testing. Individuals at high risk for test-related
distress may need additional genetic counseling and support
through the testing process to mitigate harm. In addition,
investigators will need to more completely explore the full
range of positive psychological responses to receiving ES/GS
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information and evaluate for more nuanced emotional states.
To accomplish these goals, the research community will need
to continue to develop and standardize sequencing-related
tools and outcome measures. Only through continued
outcome measure standardization, harmonization, and rigorous assessment will we be able to fully understand the
psychological effects of ES/GS results disclosure on research
participants and patients.
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