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Purpose: As genomic screening is incorporated into a wider array
of clinical settings, it is critical that we understand how patients
may respond to a various screening results. Although multiple
studies have examined how patients understand positive genomic
screening results, few data exist regarding patient engagement with
negative screening results.

Methods: An 82-item survey was administered to 1712 individuals
who received negative genomic screening results by mail following
evaluation of 109 medically actionable genes. Genetic counselors
were available to assist with the interpretation of screening results.

Results: One thousand four hundred forty-two participants
completed the survey (84.2%). The vast majority of respondents
valued the information they received, with 98% of respondents
reporting that negative genomic screening results were valuable and
72% indicating they would recommend genomic screening to
others. Nonetheless, many respondents had questions about their

genomic screening results (28%) and would have preferred to
receive their screening results in person (18%).

Conclusion: These data suggest most patients value receiving
negative genomic screening results and are comfortable receiving
their results by mail. Nevertheless, a significant proportion of
patients also reported difficulty understanding some aspects of their
results. This finding challenges the idea that communicating
genomic screening results by mail alone is sufficient to meet
patients’ needs.
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INTRODUCTION
Tens of thousands of individuals are offered some type of
genomic screening each year.1 Although the hope is that
patients with undetected genetic risk factors will be identified
through these efforts, the vast majority of these individuals
will receive a finding that does not suggest a need for any
behavioral change or medical intervention.2 It is unclear to
what extent patients value receiving these types of results,
often called “negative” genomic screening results.3 Given the
labor-intensiveness and cost associated with returning
negative results from large scale screening, it is important to
evaluate whether and how much patients value receiving such
results to address questions of whether negative results should
be returned. In addition, it is unclear how patients may
understand the medical implications of a negative genomic
screening result given the many misconceptions surrounding
the predictive power of genetic information.4

Of particular concern is the possibility that patients may
draw inappropriate conclusions about their likelihood of
developing a health condition in the future or may be less
likely to adopt risk reduction strategies based on their
interpretation of negative genomic screening results. These
concerns are especially salient given the potential ambiguity of

a negative genomic screening result. While such results could
imply that no genetic risk factors are present, negative
findings should be interpreted with caution in light of current
limitations with reference data sets and other knowledge gaps
in our understanding of variant pathogenicity.5 These
interpretive nuances may be difficult to convey to patients
in brief communications, resulting in some patients declining
to pursue other medically appropriate screening or preventive
interventions as a result of a mistaken belief that they have a
“clean bill of health” are not at risk of developing disease.
Currently, very few data are available describing how

patients engage with negative genomic screening results,
especially when those results are reported outside of in-person
genetic counseling sessions. Although prior studies have
examined the effectiveness of different methods of returning
genomic results,6–9 these studies have focused largely on the
reporting of positive screening results or variants of uncertain
significance (VUS). Additionally, few studies have examined
the effectiveness of communication approaches that do not
involve reporting genomic screening results through a genetic
counselor or other trained heath professionals.10,11

This study examined patient experiences receiving negative
genomic screening results by mail, including patient
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understandings of these results and their assessments of the
value of a negative genomic screening result. This work is
well-timed considering the rapid expansion of genomic
screening12 and large numbers of patients who will receive a
negative screening result in the future. The results we report
can inform the design of scalable alternatives to reporting
genomic results to patients during an in-person genetic
counseling appointment.

MATERIALS AND METHODS
Ethics statement
This study was approved by the Mayo Clinic IRB #15-005013.
Informed consent was obtained from all participants. This
study adhered to the principles set out in the Declaration of
Helsinki.

Setting and participants
We surveyed individuals receiving negative genomic screen-
ing results in the context of a large genomic implementation
study. Though genomic sequencing was a clinical test, the
study we report here is a translational research study designed
to simulate the contexts in which patients might be offered
genomic screening in the future. Our findings apply to both
the research and clinical settings due to the nature of the
study. Participants of this study were members of the Mayo
Clinic biobank who had a phenotype of hyperlipidemia and/
or colon polyps. This study was part of the eMERGE
consortium funded by the US National Institutes of Health
and provided genomic sequencing of 109 medically actionable
genes.13 To participate in the study, participants must have
been willing to receive their results. Pretest genetic counseling
was available to participants at no cost but was not a
requirement for participation.14 A study flow diagram can be
found in Kullo et al.13

Clinical laboratory reports were generated for each study
participant and placed in participants’ electronic medical
record. Genetic results suggesting a need for medical follow
up (i.e., “positive screening results”) were communicated to
participants in person or by telephone by a licensed genetic
counselor. Genomic results that did not have any known
health implications (i.e., “negative screening results”) were
returned to patients by postal mail. All participants received
results between 21 and 25 months after the time of consent.
Materials included in this mailed communication included a
one-page letter summarizing test results (available upon
request) and a copy of the laboratory report that was entered
into the patient’s electronic medical record. The letter
explained the results, the limitations of the results, and
recommended participants share the result with their
provider. The laboratory report included each gene listed
with a brief description. Variants of uncertain significance
were not returned. Free genetic counseling support was also
available to participants who had questions about their
screening results, and participants were informed of this
support in the results letter, which also listed a phone number
for accessing such services.

Survey
We developed an 82-item survey consisting mostly of de novo
items developed by the research team. Survey items examined
motivations for pursuing genomic screening, expectations
about screening results, initial reactions to receiving negative
genomic screening results, self-reported comprehension of
screening results, perceived value of screening results,
perceived risk of disease, familiarity with family history,
previous experiences with genetic testing, plans to share
screening results with others, and overall reflections on the
experience of genomic screening.
Participants who received negative genomic screening

results from the 109-gene panel had previously completed a
baseline psychosocial questionnaire following their initial
enrollment in the genomic implementation study.15 This
survey collected demographic information on participants, as
well as data on multiple independent variables of interest,
including health literacy, health-care access, financial stability,
insurance coverage, and knowledge about genomic sequen-
cing. Not all survey data are presented in this paper.

Data collection
This study was approved by the Mayo Clinic Institutional
Review Board (#15-005013). Surveys were mailed to partici-
pants approximately 14 days after they received the letter and
lab report informing them of their negative genomic screen-
ing result. Screening results were mailed to participants
beginning in April 2018, with the first wave of surveys
following in early May 2018. Nonresponders to the survey
received a reminder and an additional survey approximately
30 days after the first mailing.
Trained staff from the Mayo Clinic Survey Research Center

monitored survey completion. Each returned survey was date-
stamped and documented in a tracking database. Data from
completed surveys were doubled-entered by data entry staff,
and research staff conducted periodic quality checks.
Individual responses to survey items that were unclear to
data entry personnel were flagged and the paper surveys
reviewed by a research team member. Flagged responses for
which participant intent could be reasonably ascertained by
research staff were updated in the data set; ambiguous
responses were marked as missing.

Data analysis
Data were analyzed using JMP Pro 14 (2018 SAS Institute
Inc). Means, medians, standard deviations, and ranges were
calculated for continuous variables, and frequencies and
percentages were calculated for categorical variables. Bivariate
associations were calculated using chi-square, Wilcoxon rank
sum, and Fisher's exact test, as appropriate. P values of 0.05 or
lower were considered statistically significant.
The primary outcomes of interest for the analysis reported

here are (1) patient interest in receiving negative genomic
screening results, (2) patient reactions to receiving negative
genomic screening results by mail, and (3) patient perceived
understanding of results. Patient interest in receiving negative
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genomic screening results was assessed by responses to the
survey item “How valuable was it to learn that you have no
genetic variants indicating increased risk of disease?”
answered with the response options of Extremely Valuable,
Quite Valuable, Slightly Valuable, and Not At All Valuable.
Patient reactions to receiving negative genomic screening
results by mail were assessed by three survey items answered
on a 5-point Likert scale of agreement (Strongly Agree, Agree,
Neither Agree Nor Disagree, Disagree, Strongly Disagree): (1)
“I would go for the same choice to participate in the RAVE
study if I had to do it over again,” (2) “I would recommend
the genetic testing I received as part of the RAVE study to my
friends and family,” and (3) “I wish I had received my genetic
test results in person.” Patient reactions were also assessed by
the following two survey items assessing disappointment,
which had the following response options: Very Disappointed,
Somewhat Disappointed, and Not Disappointed At All: (1)
“How disappointed were you that researchers did not find in
your DNA any genetic variants that indicate increased risk of
disease” and (2) “How disappointed were you that researchers
did not find in your DNA any genetic variants that contribute
to a disease you already have.” Patient perceived under-
standing of results was assessed by responses to the following
three survey items answered on a 5-point Likert scale of
agreement (Strongly Agree, Agree, Neither Agree Nor
Disagree, Disagree, Strongly Disagree): (1) “When I first read
the letter describing my test results, it was difficult to
understand,” (2) “I felt the lab report was difficult to
understand,” and (3) “I still have questions about what my
genetic test results mean.”
Genetic knowledge scores were computed by summing

correct responses to an 11-item measure administered at
baseline that was developed and published by another
research group.16 Responses were answered on a 5-point
Likert scale of agreement (Strongly Agree, Agree, Neither
Agree Nor Disagree, Disagree, Strongly Disagree). Illustrative
questions include “Genome sequencing may find variants in a
person’s genes that will increase their chance of developing a
disease in their lifetime” and “Even if a person has a variant in
a gene that affects their risk of a disease, they may not develop
that disease.”
Familiarity with study procedures scores were computed by

summing correct responses to nine knowledge questions with
response options of True, False, and I Do Not Know.
Illustrative questions include “My genetic test results from the
RAVE study have been placed in my electronic health record”
and “The genetic testing done as part of the RAVE study
cannot detect all genetic variants that may eventually be
known to cause disease.” Missing data for individual items
were scored as “incorrect.”
Difficulty understanding results scores were computed from

responses to the following three survey items answered on a
5-point Likert scale of agreement (Strongly Agree, Agree,
Neither Agree Nor Disagree, Disagree, Strongly Disagree): (1)
“When I first read the letter describing my test results, it was
difficult to understand,” (2) “I felt the lab report was difficult

to understand,” and (3) “I still have questions about what my
genetic test results mean.”
Questions answered on a 5-point Likert scale were

dichotomized Agree against Not Agree/Disagree. If they did
not clearly agree with the statement (i.e., the Neither Agree
nor Disagree option), we took them as not agreeing and
lumped them in with those who disagreed.
To standardize the difficulty understanding results score

with the familiarity with study procedures score described
above (range of 0 to 9), we scored agreement (Strongly Agree/
Agree) to each perception question as 0, neutral responses
(Neither Agree Nor Disagree) were coded as 1.5, and
disagreement (Disagree/Strongly Disagree) was coded as 3.
Recoded scores for each question were summed, resulting in a
single score of difficulty understanding results ranging from
0 to 9.

RESULTS
Of the 5110 participants who met eligibility criteria and were
invited to participate in the genomic implementation study,
2538 responded to the study invitation, consented to
participate, and elected to pursue genomic screening.13 Of
the 5110 individuals who were invited to participate, only 8
individuals elected to have pretest genetic counseling.13 A
total of 118 individuals (4.6%) received a “positive” genomic
screening result and 2416 individuals (95.2%) were informed
that no clinically actionable results were found (4 individuals
withdrew from the study). Although genetic counseling
services were available to participants who had questions
about their results at no cost, just four participants requested
to speak with a genetic counselor after receiving a negative
genomic screening result.
After a first pilot cohort of negative result recipients

received their results, a mailed survey was sent to the
remaining 1712 individuals who received a negative genomic
screening result and had previously completed the baseline
demographic survey. Of these individuals, 1442 completed the
survey (84.2% completion rate). Table 1 summarizes demo-
graphic characteristics of individuals who pursued genomic
screening and completed the survey after receiving a negative
result. Our sample was comprised largely of white (96.5%)
and older (mean age= 60.8) individuals, with more women
(57.6%) represented than men (42.2%). We include demo-
graphic variables in each table because we sought to assess
potential associations between demographic variables and
specific patient responses to receiving genomic screening
results by mail.
Table 2 compares respondent demographics across vari-

ables indicative of a favorable experience receiving genomic
screening results by mail. Ninety-eight percent of individuals
reported that it was valuable to learn that they have no genetic
variants indicating increased risk of disease. Nearly all
respondents indicated that they found their results valuable
(98.0%) and indicated that they would participate in the study
again (95.1%). Most reported that they would recommend
this type of screening to others (72.2%). Individuals who
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reported at least one favorable experience were more likely to
have higher genetic knowledge, more familiarity with study
procedures, and less difficulty understanding results. Indivi-
duals who reported favorable experiences were also more
likely to have adequate health literacy and private insurance
coverage.
Of note, higher genetic knowledge scores, higher levels of

education, and adequate health literacy were associated

with individuals reporting they would participate in the
study again, but were not associated with reporting that the
results received were valuable or with recommending study
participation to others. Those with private insurance
coverage were also more likely to recommend the
study to others, though insurance coverage was not
associated with individuals reporting the results received
were valuable or with individuals reporting they would
participate in the study again. Sex, age, race, ethnicity,
marital status, inability to access a physician due to cost,
and income were not statistically associated with any
favorable responses.
Table 3 summarizes demographic characteristics across

survey items assessing patient dissatisfaction with receiving
negative genomic screening results. In our sample, 12.6% of
individuals were disappointed with results and 17.8% would
have preferred that their genomic screening results were
returned in person. Individuals who were dissatisfied with
the results they received and those who would have
preferred that their results be returned in person were
more likely to have lower genetic knowledge and higher
difficulty understanding results scores. Individuals who
were dissatisfied with results were more likely to have less
education, inadequate health literacy, less income, and be
insured through a public program. While age, lower levels of
education, less income, and insurance coverage through a
public program were associated with individuals reporting
that they would have preferred to receive their genomic
screening results in person, these variables were not
associated with individuals reporting that they were
disappointed with their results. Sex, race, ethnicity, marital
status, inability to access a physician due to cost, and
income were not statistically associated with any unfavor-
able responses.
Finally, Table 4 presents results on perceived understanding

of negative genomic screening results across sample demo-
graphics. A total of 29.5% of individuals reported that the
letter was difficult to understand, 46.6% of individuals
reported the lab report was difficult to understand, and
28.0% reported that the results left them with questions.
Individuals who reported difficulty understanding the letter,
difficulty understanding the lab report, and who had
unanswered questions about their results were more likely
to be older and have lower genetic knowledge. Additionally,
individuals who reported that the letter was difficult to
understand were more likely to have lower levels of education,
lower health literacy, less income, and be insured by a public
program. Individuals who reported that the lab report was
difficult to understand were also more likely to be insured by
a public program.

DISCUSSION
This is the first study to examine patient experiences receiving
negative genomic screening results by mail. Our results
support four broad findings that should inform the develop-
ment of future genomic screening activities.

Table 1 Demographic characteristics of patients who pur-
sued genomic screening.

Characteristic n= 1442 N (%)

Sex

Male 601 (42.4)

Female 817 (57.6)

Age (years) at study invitation

Mean, SD 60.8, 7.3

Range 27–71

Race

White 1392 (96.5)

Other 50 (3.5)

Ethnicity

Non-Hispanic 1413 (99.7)

Hispanic 4 (0.3)

Marital status

Married/partnered 1185 (83.6)

Not married/partnered 233 (16.4)

Genetic knowledge

Mean, SD 8.3, 2.2

Range 0–11

Familiarity with study procedures

Mean, SD 4.1, 2.1

Range 0–9

Difficulty understanding results

Mean, SD 4.5, 3.0

Range 0–9

Education

Grades 9–11 1 (0.1)

Grade 12/GED 167 (11.7)

College 1–3 years 502 (35.3)

College 4+ years 405 (28.4)

Grad/professional school 349 (24.5)

Adequate health literacy 1338 (94.1)

Inadequate health literacy 84 (5.9)

Unable to access physician due to cost 28 (2.0)

Financial situation (income)

More than enough 1162 (82.3)

Just enough 201 (14.2)

Have to cut back 40 (2.8)

Difficulty paying bills 9 (0.6)

Insurance coverage

None 9 (0.6)

Private 1107 (77.8)

Public program 307 (21.6)
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Table 2 Demographic characteristics of survey respondents and comparison across variables indicative of a favorable
experience with regard to study participation.

My results were valuablea I would participate againa Recommend to othersa

Yes No Yes No Yes No

Characteristic 1398 (98.0) 28 (2.0) 1357 (95.1) 70 (4.9) 1033 (72.2) 398 (27.8)

Sexb

Male 580 (42.1) 13 (50.0) 568 (42.6) 30 (43.5) 453 (44.6) 146 (37.2)

Female 799 (57.9) 13 (50.0) 767 (57.5) 39 (56.5) 562 (55.4) 247 (62.9)

Age (years) at study invitec

Mean (SD) 60.7 (7.4) 61.8 (6.1) 60.7 (7.3) 60.8 (8.2) 60.6 (7.5) 61.0 (6.9)

Range 27–71 50 - 70 27–71 29–71 28–71 27–71

Raced

White 1353 (96.8) 26 (92.9) 1311 (96.6) 67 (95.8) 997 (96.5) 385 (96.7)

Other 45 (3.2) 2 (7.1) 46 (3.4) 3 (4.3) 36 (3.5) 13 (3.3)

Ethnicityc

Non-Hispanic 1374 (99.7) 26 (100.0) 1330 (99.7) 69 (100.0) 1011 (99.7) 392 (99.8)

Hispanic 4 (0.3) 0 (0.0) 4 (0.3) 0 (0.0) 3 (0.3) 1 (0.3)

Marital statusb

Married/partnered 1153 (83.6) 20 (76.9) 1118 (83.8) 57 (82.6) 847 (83.5) 331 (84.2)

Not married/partnered 226 (16.4) 6 (23.1) 217 (16.3) 12 (17.4) 168 (16.6) 62 (15.8)

Genetic knowledgec

Mean (SD) 8.3 (2.2) 7.4 (2.8) 8.4 (2.1) 6.5 (2.8) 8.3 (2.2) 8.3 (2.2)

Range 0–11 0–11 0–11 0–11 0–11 0–11

Familiarity with study proceduresc

Mean (SD) 4.2 (2.0) 2.8 (2.4) 4.2 (2.0) 2.8 (2.3) 4.3 (2.0) 3.9 (2.2)

Range 0–9 0–8 0–9 0–8 0–9 0–9

Difficulty understanding resultsc

Mean (SD) 4.5 (3.0) 3.1 (2.9) 4.5 (3.0) 3.6 (2.8) 4.7 (3.0) 3.8 (2.7)

Range 0–9 0–9 0–9 0–9 0–9 0–9

Educationb

Grades 9–11 1 (0.1) 0 (0.0) 1 (0.1) 0 (0.0) 1 (0.1) 0 (0.0)

Grade 12/GED 163 (11.8) 3 (11.1) 148 (11.0) 18 (26.1) 130 (12.7) 37 (9.4)

College 1–3 years 477 (34.5) 16 (59.3) 463 (34.6) 30 (43.5) 362 (35.5) 133 (33.9)

College 4+ years 398 (28.8) 3 (11.1) 389 (29.0) 14 (20.3) 291 (28.5) 112 (28.6)

Grad/professional school 342 (24.8) 5 (18.5) 339 (25.3) 7 (10.1) 237 (23.2) 110 (29.1)

Health literacyd

Adequate health literacy 1299 (94.1) 27 (100) 1272 (95.0) 54 (78.3) 964 (94.5) 365 (93.4)

Inadequate health literacy 81 (5.9) 0 (0.0) 67 (5.0) 15 (21.7) 56 (5.5) 26 (6.7)

Unable to access physician due to costd 27 (2.0) 0 (0.0) 24 (1.8) 3 (4.4) 17 (1.7) 10 (2.6)

Financial situation (income)b

More than enough 1132 (82.4) 20 (76.9) 1104 (83.0) 50 (72.5) 832 (82.3) 324 (82.7)

Just enough 194 (14.1) 6 (23.1) 185 (13.9) 13 (18.8) 144 (14.2) 55 (14.0)

Have to cut back 40 (2.9) 0 (0.0) 36 (2.7) 3 (4.4) 29 (2.9) 10 (2.6)

Difficulty paying bills 8 (0.6) 0 (0.0) 6 (0.5) 3 (4.4) 6 (0.6) 3 (0.8)

Insurance coverageb

None 9 (0.7) 0 (0.0) 8 (0.6) 1 (1.5) 9 (0.9) 0 (0.0)

Private 1074 (77.8) 22 (81.5) 1045 (78.0) 50 (72.5) 795 (77.9) 304 (77.6)

Public program 297 (21.5) 5 (18.5) 286 (21.4) 18 (26.1) 216 (21.2) 88 (22.5)
Differences across demographic types that are statically significant (p ≤ 0.05) appear in bold.
aValues are N (%) unless otherwise noted.
bChi-square.
cWilcoxon rank sum.
dFisher's exact test.
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Table 3 Demographic characteristics of survey respondents and comparison across variables suggestive of an unfavorable
experience receiving genomic screening results by mail.

I was disappointed with results I would prefer results in person

Yes No Yes No

Characteristic 177 (12.6) 1228 (87.4) 253 (17.8) 1171 (82.2)

Sexb

Male 78 (44.6) 508 (42.1) 102 (41.3) 492 (42.6)

Female 97 (55.4) 699 (57.9) 145 (58.7) 662 (57.4)

Age (years) at study invitec

Mean (SD) 60.1 (8.3) 60.8 (7.2) 62.0 (6.8) 60.5 (7.4)

Range 29–71 27–71 35–71 27–71

Raceb

White 170 (96.1) 1186 (96.6) 243 (96.0) 1132 (96.7)

Other 7 (4.0) 42 (3.4) 10 (4.0) 39 (3.3)

Ethnicityd

Non-Hispanic 174 (99.4) 1203 (99.8) 245 (99.2) 1151 (99.8)

Hispanic 1 (0.6) 3 (0.3) 2 (0.8) 2 (0.2)

Marital statusb

Married/partnered 149 (85.1) 1003 (83.1) 198 (80.2) 971 (84.1)

Not married/partnered 26 (14.9) 204 (16.9) 49 (19.8) 183 (15.9)

Genetic knowledgec

Mean (SD) 7.7 (2.4) 8.4 (2.1) 7.7 (2.4) 8.4 (2.1)

Range 0–11 0–11 0–11 0–11

Familiarity with study proceduresc

Mean (SD) 3.9 (2.2) 4.2 (2.0) 3.7 (2.1) 4.3 (2.0)

Range 0–9 0–9 0–9 0–9

Difficulty understanding resultsc

Mean (SD) 3.6 (2.9) 4.6 (3.0) 1.6 (2.2) 5.1 (2.7)

Range 0–9 0–9 0–9 0–9

Educationb

Grades 9–11 0 (0.0) 1 (0.1) 0 (0.0) 1 (0.1)

Grade 12/GED 22 (12.4) 145 (12.0) 43 (17.2) 124 (10.7)

College 1–3 years 66 (37.3) 415 (34.3) 99 (39.6) 393 (34.0)

College 4+ years 47 (26.6) 348 (28.7) 54 (21.6) 346 (29.9)

Grad/professional school 42 (23.7) 302 (24.9) 54 (21.6) 292 (25.3)

Health literacyb

Adequate health literacy 161 (91.0) 1146 (94.7) 228 (91.2) 1093 (94.7)

Inadequate health literacy 16 (9.0) 64 (5.3) 22 (8.8) 62 (5.3)

Unable to access physician due to costd 5 (2.8) 23 (1.9) 9 (3.6) 19 (1.6)

Financial situation (income)b

More than enough 134 (76.6) 998 (83.0) 183 (74.4) 965 (83.8)

Just enough 37 (21.1) 161 (3.4) 47 (19.1) 153 (13.3)

Have to cut back 3 (1.7) 36 (3.0) 11 (4.5) 29 (2.5)

Difficulty paying bills 1 (0.6) 8 (0.7) 5 (2.0) 4 (0.4)

Insurance coverageb

None 1 (0.6) 8 (0.7) 1 (0.4) 8 (0.7)

Private 135 (76.3) 943 (77.9) 180 (72.3) 913 (79.0)

Public program 41 (23.2) 259 (21.4) 68 (27.3) 235 (20.3)
Differences across demographic types that are statically significant (p < 0.05) appear in bold.
aValues are N (%) unless otherwise noted.
bChi-square.
cWilcoxon rank sum.
dFisher's exact test.
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First, our data offer clear evidence that patients desire and
value receiving negative genomic screening results. The vast
majority of patients reported value in receiving negative
screening results and were satisfied with their overall
experience. Although negative screening results are typically
returned in diagnostic settings, there is considerable diversity
regarding whether and how negative genetic test results are
returned in research settings.17 A limited genetic counseling
workforce and rapidly growing need for counseling services
combine to challenge the practicality of returning genomic
screening results that have limited implications for ongoing
care or future health.18,19 Given the limited availability of
licensed genetic counselors, prioritization of counseling
services might focus on the reporting of medically actionable
findings, particularly results that may be difficult to
interpret.14 Our data suggest that alternative communication
strategies may need to be developed to meet the needs of

patients, many of whom will want to receive their genomic
screening results, even when those results may not require a
medical response.
Second, in contrast to various concerns that have been

voiced about the disruptive potential of genomic screening to
the health-care system,20–22 or in particular, the potential of
genomic screening to place a large burden on genetic
counselors and other providers to answer patient questions
about results, we did not find evidence of widespread
disruption with the communication of negative genomic
screening results by mail. Very few patients requested
assistance from a genetic counselor in the interpretation of
their results. Our data suggest that reporting negative genomic
screening results by mail is unlikely to trigger widespread
disruptions in the health-care system.
Third, although patient interest in receiving negative

screening results was high and very few patients requested

Table 4 Characteristics of participants who reported difficulty understanding genomic screening results received by mail.

Letter was difficult to

understand

Lab report was difficult to

understand

My results left me with

unanswered questions

Yes No Yes No Yes No

Characteristic 434 (30.4) 994 (69.6) 685 (46.6) 736 (51.8) 410 (29.0) 1006 (71.1)

Sexb

Male 167 (39.3) 428 (43.7) 272 (40.5) 321 (44.2) 169 (41.8) 422 (42.5)

Female 258 (60.7) 552 (56.3) 400 (59.5) 405 (55.8) 235 (58.2) 570 (57.5)

Age (years) at study invitec

Mean (SD) 61.9 (6.8) 60.2 (7.5) 61.6 (6.9) 59.9 (7.7) 61.5 (7.1) 60.4 (7.5)

Range 30–71 27–71 30–71 27–71 30–71 27–71

Genetic knowledgec

Mean (SD) 7.8 (2.4) 8.5 (2.1) 8.1 (2.3) 8.5 (2.1) 7.9 (2.4) 8.5 (2.1)

Range 0–11 0–11 0–11 0–11 0–11 0–11

Educationb

Grades 9–11 0 (0.0) 1 (0.1) 1 (0.2) 0 (0.0) 0 (0.0) 1 (0.1)

Grade 12/GED 74 (17.3) 93 (9.5) 94 (14.0) 73 (10.0) 59 (14.5) 106 (10.7)

College 1–3 years 163 (38.1) 331 (33.7) 230 (34.1) 264 (36.2) 146 (36.0) 344 (34.6)

College 4+ years 107 (25.0) 295 (30.0) 190 (28.2) 206 (28.3) 113 (27.8) 284 (28.6)

Grad/professional school 84 (19.6) 262 (26.7) 159 (23.6) 186 (25.5) 88 (21.7) 258 (26.0)

Health literacyb

Adequate health literacy 388 (90.7) 937 (95.6) 626 (92.9) 692 (95.2) 377 (92.9) 942 (95.0)

Inadequate health literacy 40 (9.4) 43 (4.4) 48 (7.1) 35 (4.8) 29 (7.1) 50 (5.0)

Unable to access physician due to costb 9 (2.1) 19 (1.9) 11 (1.6) 16 (2.2) 10 (2.5) 16 (1.6)

Financial situation (income)b

More than enough 320 (75.8) 830 (84.9) 548 (81.8) 599 (82.9) 321 (79.7) 827 (83.6)

Just enough 81 (19.2) 120 (12.3) 102 (15.2) 97 (13.4) 63 (15.6) 135 (13.7)

Have to cut back 16 (3.8) 24 (2.5) 16 (2.4) 23 (3.2) 15 (3.7) 23 (2.3)

Difficulty paying bills 5 (1.2) 4 (0.4) 4 (0.6) 4 (0.6) 4 (1.0) 4 (0.4)

Insurance coverageb

None 2 (0.5) 7 (0.7) 3 (0.4) 6 (0.8) 3 (0.7) 6 (0.6)

Private 312 (73.1) 785 (79.9) 502 (74.6) 590 (80.9) 302 (74.6) 786 (79.2)

Public program 113 (26.5) 190 (19.4) 168 (25.0) 133 (18.2) 100 (24.7) 201 (20.2)
Differences across demographic types that are statically significant (p < 0.05) appear in bold.
aValues are N (%) unless otherwise noted.
bChi-square.
cWilcoxon rank sum.
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assistance from a genetic counselor in interpreting their
results, many patients reported difficulty understanding the
letter they received and indicated that they had unanswered
questions about their results. It is noteworthy that approxi-
mately half of all participants reported difficulty under-
standing the clinical laboratory report they received.
These data suggest that the inclusion of a clinical

laboratory lab report may contribute to more difficulty for
patients to understand negative genomic screening results.
One option is for such reports to be made available to those
who are interested but not routinely included in the
communication of negative screening results. In other
settings, nongenetic laboratory reports have been shown to
cause confusion and anxiety and may not be provided to
patients routinely in some health systems.23 Alternatively, it
may be helpful to develop ancillary patient support materials
that focus on the interpretation of the clinical laboratory
report. These ancillary materials could take many forms and
might include a frequently asked questions document or
web-based interfaces, which have been shown to be effective
in improving patient comprehension of genetic results in
other contexts.11,16 These materials could provide additional
information about specific types of screening results, clarify
the implications of genomic screening results for other health
screening services, and clarify how patients who wish to
follow up with a medical professional should proceed. To be
clear, we are not suggesting that our data indicate with-
holding the lab report. Rather, our findings support that if
you return the lab report, doing so responsibly would mean
including other materials. The letter used here did not
translate the lab report well to the participant, so we are
suggesting a more effective “translating material” used to
explain the lab report to the patient.
Fourth, while the process of returning negative genomic

screening results by mail was generally effective, our data
suggest that mailed communications will not be optimal for
all patients. Approximately one in five participants reported
that they would have preferred that their results be returned
in person. Many of these patients as well as individuals with
demographic characteristics, such as less education or lower
health literacy, which were associated with more difficulty
in understanding the letter, might benefit from meeting
with a genetic counselor or other appropriate medical
specialist to discuss their results in greater detail. Additional
research is needed to identify individuals who might benefit
from a referral to a genetic counselor. Future screening
activities might also benefit from the inclusion of alternative
patient education and support strategies, such as group
counseling sessions, online decision aids, or e-counseling
tools.14

Additional research is also needed to determine if, and in
what situations, mailed letters may not be appropriate for
communicating certain kinds of negative genomic screening
results. Previous data indicate that patients with a positive
family history are more motivated to participate in genomic
screening studies, which may lead these patients to interpret

their screening results in a manner that is more consistent
with diagnostic settings. For example, patients with a higher
prior probability of disease due to a known family history may
be more likely to interpret a negative genomic screening result
as a negative diagnostic result, perhaps believing that the
screening methods that were used had evaluated the specific
genetic risk factor associated with their family history, which
may not be an accurate assumption.24,25 Patients with a
positive family history may also have difficulty integrating
knowledge of a negative genomic screening result into
ongoing disease management strategies and personal under-
standings of disease risk.26 These and other situational
considerations highlight the potential need to communicate
some negative genomic screening results in person. The
impact a screening result has on one’s health is dependent on
the severity of the condition(s) being assessed, the potential
harms associated with misinterpreting the result, and the
ancillary health beliefs that influence how that result is
understood.

Study limitations
This study returned genomic screening results in a transla-
tional research study conducted at a single academic health
center. We were unable to know whether participants actually
read the mailed letter and laboratory report. Participants were
older (mean age= 60.8 years) and predominantly white
(96.5%). As a result, the findings we report may not be
typical of patients receiving care elsewhere. More work
examining return of negative results in minorities and
participants with lower education levels is needed. We were
not able to explore the reasons behind participant responses
since data were collected via a mailed survey. Moreover, we
were not able to clarify the reasons that participants had a
high level of value but a limited understanding of results.
Finally, there was a significant delay between the time patients
were recruited for the genomic screening study and their
receipt of individual screening results. This delay may have
affected patient recall of their reasons for pursuing genomic
screening as well as their opinions regarding the overall value
of the results they received.
Our study also was not able to compare the reporting of

negative screening results by mail to other communication
approaches, such as in-person reporting of screening results
by a health-care professional. In addition, our study returned
results by mail using a single version of a results letter and
did not compare alternative methods of communicating
negative results in writing, which might have included
different versions of the results letter or supplemental
materials, such a frequently asked questions document. Our
study also did not compare mailed communication to
electronic communication of genomic screening results.
Finally, were not able to assess how patients act based on
the negative genomic screening results they receive. This is an
important area for future research as it is unclear how the
receipt of negative genomic screening impacts actual health
behaviors.
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Conclusion
Our data show that most patients value receiving negative
genomic screening results and are comfortable receiving such
results by mail. However, given the number of participants
who reported difficulty understanding some aspect of their
genomic screening results or were left with questions, it
should not be assumed that mailing screening results to
patients is sufficient to meet their needs. It is critical that
future plans to implement genomic screening include
resources for in-person genetic counseling to support those
patients who would benefit from receiving their results in
person. Given the large numbers of patients who will be
offered some form of genomic screening in the future, future
research should seek to clarify best practices for commu-
nicating negative genomic screening results and determine
what ancillary educational materials patients find helpful.
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