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Purpose: Three genetic conditions—hereditary breast and ovarian
cancer syndrome, Lynch syndrome, and familial hypercholester-
olemia—have tier 1 evidence for interventions that reduce
morbidity and mortality, prompting proposals to screen unselected
populations for these conditions. We examined the impact of
genomic screening on risk management and early detection in an
unselected population.

Methods: Observational study of electronic health records
(EHR) among individuals in whom a pathogenic/likely patho-
genic variant in a tier 1 gene was discovered through Geisinger’s
MyCode project. EHR of all eligible participants was evaluated
for a prior genetic diagnosis and, among participants without
such a diagnosis, relevant personal/family history, postdisclosure
clinical diagnoses, and postdisclosure risk management.

Results: Eighty-seven percent of participants (305/351) did not
have a prior genetic diagnosis of their tier 1 result. Of these, 65%

had EHR evidence of relevant personal and/or family history of
disease. Of 255 individuals eligible to have risk management,
70% (n= 179) had a recommended risk management procedure
after results disclosure. Thirteen percent of participants (41/305)
received a relevant clinical diagnosis after results disclosure.

Conclusion: Genomic screening programs can identify pre-
viously unrecognized individuals at increased risk of cancer and
heart disease and facilitate risk management and early cancer
detection.

Genetics inMedicine (2020) 22:1874–1882; https://doi.org/10.1038/s41436-
020-0876-4
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INTRODUCTION
Population screening for disease-causing genetic variants can
identify individuals at risk for preventable cancers, heart disease,
and other diseases who otherwise would not come to clinical
attention. For example, our group and others have found that
screening unselected cohorts for pathogenic/likely pathogenic
BRCA1/2 variants can lead to improved ascertainment of
individuals with these variants, 50% of whom did not have a
personal or family history indicating their increased cancer
risk.1–3 Further, genomic screening programs can identify
individuals with early-onset cancers4 and improve medication
management in individuals with high cholesterol levels.5

Three genetic conditions—hereditary breast and ovarian
cancer (HBOC) syndrome (BRCA1 and BRCA2 genes), Lynch
syndrome (MLH1, MSH2, MSH6, and PMS2 genes), and
familial hypercholesterolemia (FH) (LDLR, APOB, and PCSK9
genes)—are recognized by the Centers for Disease Control and
Prevention as having tier 1 evidence for interventions that

reduce morbidity and mortality in individuals with certain
personal and family history indications.6 At least 1% of the US
population is thought to have genetic risk for these condi-
tions,1,7–9 yet only a small minority of these individuals have
been ascertained.10–12 Experts in clinical genetics, public health,
and bioethics have highlighted these conditions as meeting
criteria for a genomics-based screening program and noted the
importance of gathering health outcomes data within such
programs.13 Such outcomes include the rate of risk management
among individuals with genetic results identified through a
screening program and the degree to which genetic risk
facilitates disease prevention and early detection.13

We sought to address these questions in an observational
study that reviewed clinical data in a genomic screening
program involving participants in Geisinger’s MyCode
Community Health Initiative.14 We report outcomes of adult
participants who received a report of a pathogenic/likely
pathogenic variant in a gene that can cause one of the tier
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1 genetic conditions. We focus on the degree to which the
program identified individuals whose genetic status was
previously unknown and on what care these participants
had after receiving their genetic result. Findings from this
study provide early evidence on the clinical utility of
population screening for tier 1 genetic conditions and
highlight opportunities to translate genetic information into
clinical care.

MATERIALS AND METHODS
Setting and sample population
As detailed elsewhere,4,14 MyCode participants were enrolled
throughout the Geisinger clinical enterprise without selection
for disease risk (see Supplementary Fig. 1 for MyCode
recruitment brochure). A subset of MyCode participants have
undergone exome sequencing through the DiscovEHR
collaboration with Regeneron Genetics Center15 and had
sequence data analyzed for pathogenic/likely pathogenic
variants in genes meeting the definition of actionability
proposed by the American College of Medical Genetics and
Genomics.16 Decisions on which genes to analyze were
informed by interviews with patient and clinician stake-
holders;17 review of genes’ actionability occurs annually using
input from the Clinical Genome Resource (clinicalgenome.
org), Geisinger clinicians, and genomic screening program
leaders. All sequenced individuals had the same genes
reviewed absent any knowledge of prior clinical genetic
testing or diagnoses.
As a screening program that seeks to limit participant

anxiety and health-care overutilization,18 we do not report
variants of uncertain significance. We use a bioinformatic
filtering process to select variants in genes of interest with the
highest likelihood to be pathogenic/likely pathogenic. A
variant scientist reviews all filtered variants to exclude
variants of uncertain significance and likely benign/benign
variants. To increase specificity and decrease the likelihood of
reporting a variant with a classification discrepancy among
clinical laboratories, we only clinically confirm variants
classified in ClinVar as pathogenic/likely pathogenic by
multiple laboratories without disagreements (2* status) or
by an expert panel (3* status) or predicted loss-of-function
variants in genes in which haploinsufficiency is an established
mechanism of disease.
Variants selected by this process were independently

classified in a CLIA-certified clinical laboratory19 and, if
confirmed as pathogenic/likely pathogenic, disclosed to
participants and their primary care clinicians.4,20 Program
staff called each participant to discuss the medical and familial
implications of their result and coordinate genetic counseling,
medical evaluation, and risk management in accord with
published guidelines.21–24 The same risk management guide-
lines were discussed with all participants, including those with
a personal or family history of cancer or hypercholesterole-
mia, and were personalized as indicated according to current
disease status (e.g., active treatment for cancer or hyperch-
olesterolemia). For individuals already undergoing some risk

management due to average-risk screening guidelines or
personal or family history of disease, differences in surveil-
lance or treatment informed by the presence of their genetic
variant were highlighted as part of the disclosure and
consultation (e.g., even in those with known hypercholester-
olemia, the genetic diagnosis of FH would trigger a
recommendation to achieve a lower LDL-C goal).23

Participants
This paper focuses on all individuals with a tier 1 genetic
result disclosed between May 2015 and February 2018,
thereby allowing participants sufficient time to have the
recommended disease risk management.

Ethics statement
The Geisinger Institutional Review Board approved the
protocols for MyCode and for the research described below.
Informed consent was obtained from all participants.

Outcomes
We assessed the percentage of all MyCode participants with a
tier 1 genetic result disclosed during the study period who
were not aware of their pathogenic/likely pathogenic variant
via previous clinical genetic testing. To assess the impact of
the genomic screening program in a group naïve to the
medical implications of a genetic result, we also assessed the
percentage of participants without previous clinical tier 1
genetic testing who had the following:

1. EHR evidence of a personal or family history of relevant
disease prior to results disclosure.

2. A guideline-based risk management procedure21–24 post-
disclosure (among those eligible by age, sex, and previous
treatment to have risk management).

3. A relevant diagnosis postdisclosure.

We also assessed the association between participants’
characteristics and postdisclosure risk management.

Data sources and measurement
We reviewed the Geisinger electronic health record (EHR) in
June–July 2018 for data on personal and family history,
diagnoses post–results disclosure, and guidelines-based risk
management procedures for each genetic condition.21–24 The
Geisinger EHR includes records back to 1997. Review of
predisclosure risk management procedures focused on the
procedure closest to the disclosure date. Study clinicians
logged data in a spreadsheet with defined fields. A second
study clinician independently reviewed each chart in
October–December 2018. All discrepancies between reviewers
were resolved through joint review and consensus.
Supplementary Table 1 lists diagnoses, risk management

procedures, and family history considered to be relevant for
HBOC syndrome,25 Lynch syndrome,26 and FH.27 The EHR
was reviewed for a clinical diagnosis of FH or Lynch
syndrome (there are no clinical diagnostic criteria for HBOC
syndrome). To be considered as having a prior genetic
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diagnosis of the relevant genetic condition, an individual’s
record needed to have a genetic testing report showing the
same pathogenic/likely pathogenic variant that was detected
via MyCode genomic screening or a chart note that listed the
same variant. Individuals with a HBOC-associated or Lynch-
associated result were considered to have related family
history if there was documentation of one first-degree relative
or two second-degree relatives with relevant cancer, elements
of cancer genetic counseling referral guidelines that are easily
assessed in most EHRs. Participants with a FH-associated
result were considered to have related family history if they
had one first- or two second-degree relatives with high
cholesterol or coronary artery disease. Family history analysis
only included history recorded in the EHR prior to results
disclosure. To determine whether postdisclosure diagnoses
could be attributed to results disclosure, we reviewed
documentation for the procedures that facilitated diagnoses.

Statistical methods
All data were summarized to assess for outliers and missing
data. Data were described for all participants and stratified by
tier 1 condition and by whether participants had a risk
management behavior postdisclosure. Categorical variables
were described using frequency and percentage; continuous
variables were reported as median and interquartile ranges.
To determine how representative study participants were of
MyCode participants overall and of Geisinger patients overall,
we used Pearson’s chi-square and Wilcoxon rank-sum tests to
compare study participants’ characteristics to those of adult
MyCode participants and to adult, active Geisinger patients
(i.e., those with one or more clinical encounters in the last
24 months). Bivariate comparisons between those who had
versus did not have any recommended risk management
postdisclosure were calculated using Fisher’s exact and
Wilcoxon rank-sum tests. These comparisons were performed
among those who were eligible for risk management based on
applicable guidelines.21–24 Participants whose EHR noted a
predisclosure procedure (e.g., mammogram) but did not list
the date of the procedure were counted as eligible to have that
procedure postdisclosure. We fitted a multivariable logistic
regression model that included variables with significant
bivariate associations with postdisclosure risk management.
Model results are reported as odds ratios (OR) and 95%
confidence intervals (CI). All analyses were conducted using
SAS v9.4 (SAS Institute Inc., Cary, NC). Computer code used
to generate results can be obtained from the corresponding
author.

RESULTS
Participant characteristics
Summary information is in Table 1. A pathogenic/likely
pathogenic variant in a tier 1 gene was discovered in 349
participants during the analysis period (Supplementary Fig. 2).
Two of these individuals had a variant in two tier 1 genes; all
analyses below were performed separately for each tier 1
condition (i.e., resulting in N= 351). Participants were 54%

female, 99% self-reported European ancestry, 99% self-
reported non-Hispanic ethnicity, and had a median age of
63 years. Compared with adult MyCode participants and with
active Geisinger patients, study participants had significantly
higher rates of European ancestry and non-Hispanic ethnicity,
older median age, and higher comorbidity index. Median time
from results disclosure to EHR review was 21.8 months (range
0.6–43.4 months).
Eighty-seven percent of participants (305/351) were una-

ware of their genetic result via clinical genetic testing that
occurred prior to MyCode results disclosure. None of the
participants with a FH-associated variant identified by
MyCode were already aware of it. Individuals with a prior
genetic diagnosis (n= 46) were excluded from further
analyses.

Clinical outcomes
Among the 305 participants without prior knowledge of their
genetic result, 42% had EHR evidence of a personal history of
relevant disease prior to results disclosure and 50% had EHR
evidence of a family history of relevant disease, for a total of
65% who had EHR evidence of a personal and/or family
history of relevant disease (Fig. 1). None of the participants
with a FH or Lynch syndrome variant had a prior clinical
diagnosis of FH or Lynch syndrome. Relevant personal and
family history were significantly more common among those
with a FH result than among those with a HBOC or Lynch
syndrome result (p < 0.001 for personal and family history of
FH vs. HBOC and FH vs. Lynch).
Eighty-four percent (255/305) of participants were eligible

by age, sex, and prior treatment to have recommended disease
risk management during the postdisclosure analysis period
(Table 2). Seventy percent of these (179/255) had at least one
recommended risk management procedure (e.g., breast
magnetic resonance imaging [MRI], colonoscopy, lipid panel)
after results disclosure (Tables 2 and 3). Of those who had a
risk management procedure, 59% (105/179) had at least one
such procedure within the syndrome-recommended interval
prior to results disclosure (e.g., breast MRI within past
year).21–24 Among the 132 eligible participants who had not
had any recommended risk management in the risk-based
interval prior to disclosure, 56% (n= 75) had a recommended
risk management procedure postdisclosure.
Thirteen percent of participants (41/305) without prior

knowledge of their genetic result had a relevant clinical
diagnosis added to their EHR after results disclosure (Table 2).
Nine of the ten participants diagnosed with a HBOC-
associated lesion postdisclosure had stage 0, I, or II disease
(Supplementary Table 2); the other had a serous tubal
intraepithelial carcinoma, a precursor lesion for HBOC-
associated ovarian cancer.28 All five participants diagnosed
with Lynch-associated findings postdisclosure had adenomas
(four with colon adenomas and one with sebaceous
adenomas). Eight of these 15 participants with a HBOC- or
Lynch-associated variant (53%) had EHR documentation of
the diagnosis being attributed to results disclosure. The others
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were diagnosed due to symptoms (e.g., a participant with an
ampulla of Vater cancer) or did not have documentation that
attributed the diagnosis to results disclosure.
Of the 26 participants with a FH variant who had a

postdisclosure diagnosis, 20 were diagnosed with a LDL-C
>190 mg/dL, 5 were diagnosed with atherosclerosis, 4 with
claudication and/or peripheral vascular disease, 2 with a
cerebrovascular accident, and 7 with physical features of FH
(3 with xanthoma/xanthelasma; 4 with corneal arcus).
Seventeen of these individuals (65%) had EHR documentation
of the diagnosis being attributed to results disclosure.
On bivariate analyses, personal and family history of

relevant disease, postdisclosure genetic counseling, genetic
condition (higher performance among those with a FH
variant and lower performance among those with a Lynch
variant, compared with performance among those with a
HBOC variant), and having a recommended risk

management procedure within the recommended time
interval prior to disclosure were each significantly associated
with having one or more recommended risk management
procedures postdisclosure (Table 4). On logistic regression
analysis including each of these variables plus age and female
sex, postdisclosure genetic counseling (OR= 2.90 [95% CI=
1.52, 5.56], p= 0.001), genetic condition (HBOC set as
reference, FH OR= 1.68 [95% CI= 0.59, 4.80], p= 0.33;

27%

15%

22%

35%

0%

5%

10%

15%

20%

25%

30%

35%

40%

a b

10%

0%

20%

30%

40%

50%

60%

70%

80%

Personal & family
history

Personal history only Family history only Neither personal nor
family history

Personal & family
history

Personal history only Family history only Neither personal nor
family history

All participants (n=305)

68%

28%

0% 4%9% 6%

33%

52%

12%

20%

29%

40%

By Condition

FH (n=93) HBOC (n=163) Lynch (n=49)

Fig. 1 Relevant personal and family history among participants without prior genetic diagnosis. a Relevant personal and family history in cohort.
b Relevant personal and family history by genetic condition. FH familial hypercholesterolemia, HBOC hereditary breast and ovarian cancer syndrome, Hx history.

Table 2 Risk management performance and postdisclosure
diagnoses among eligible participants without prior genetic
diagnosis.

FH

(n= 93)

HBOC

(n= 163)

Lynch (n

= 49)

All

(n= 305)

Risk management

eligiblea
93/93

(100%)

114/163

(69.9%)

48/49

(98.0%)

255/305

(83.6%)

Risk management

predisclosureb
69/93

(74.2%)

43/114

(37.7%)

11/48

(22.9%)

123/255

(48.2%)

Risk management

postdisclosurec
78/93

(83.9%)

82/114

(71.9%)

19/48

(39.5%)

179/255

(70.2%)

New diagnosis

postdisclosured
26/93

(28.0%)

10/163

(6.1%)

5/49

(10.2%)

41/305

(13.4%)
FH familial hypercholesterolemia, HBOC hereditary breast and ovarian cancer syn-
drome.
aEligible by age, sex, and prior treatment to have risk management per published
guidelines during postdisclosure analysis period.
bHad at least one risk management procedure within recommended time period
prior to genetic results disclosure.
cHad at least one risk management procedure during postdisclosure follow-up
period.
dDiagnosis of relevant disease or clinical finding during postdisclosure follow-up
period.

Table 3 Type of postdisclosure risk management among
eligible participants, by genetic condition.
Condition (participants who
performed risk management)

Risk management
procedure

Number of
participants per
procedure

Familial hypercholesterolemia (78) LDL-C measurement (via
lipid panel or LDL-direct)

78

Cardiology appointment 37
Changed existing lipid-
lowering therapy

22

Stress echocardiogram 12
Carotid ultrasound 11
Initiated lipid-lowering
therapy

7

Pharmacy visita 3
Coronary artery bypass
graft (CABG)

2

Carotid endarterectomy 2
Percutaneous coronary
intervention (PCI)

2

Lipoprotein (a) measurement 2
Cardiac magnetic resonance
imaging (MRI)

0

Calcium scoring 0
Hereditary breast and ovarian cancer
syndrome (82)

Females
(n= 52)

Males
(n= 30)

Mammogram 48 3
Breast magnetic resonance
imaging (MRI)

28 N/A

Risk-reducing salpingo-
oophorectomy

16 N/A

Inherited risk breast clinic
appointment

23 1

CA-125 testing 13 N/A
Transvaginal ultrasound 10 N/A
Risk-reducing mastectomy 9 N/A
Chemoprevention
(tamoxifen or raloxifene)

5 N/A

Prostate specific antigen
(PSA) testing

N/A 29

Lynch syndrome (19) Females
(n= 11)

Males
(n= 8)

Colonoscopy 11 8
Inherited risk gastrointestinal
clinic appointment

7 3

Upper endoscopy 7 5
Risk-reducing salpingo-
oophorectomy

2 N/A

Prophylactic hysterectomy 1 N/A
aFor familial hypercholesterolemia medication management.
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Lynch OR= 0.25 [95% CI= 0.12, 0.56], p < 0.001), and prior
risk management (OR= 3.36 [95% CI= 1.64, 6.87], p <
0.001) remained significantly associated with having a
recommended risk management procedure after results
disclosure.

DISCUSSION
This observational study of clinical outcomes of individuals
with a pathogenic/likely pathogenic variant in a tier 1 gene
disclosed via a population genomic screening program
highlights the program’s ability to identify at-risk individuals
previously unaware of their variant and facilitate disease risk
management. The study demonstrates the promise of more
comprehensive ascertainment of individuals with genetic risk
for actionable conditions,12 and serves as a foundation for
further research that is necessary prior to routine implemen-
tation of genomic screening in clinical care.
While nearly 90% of participants were not ascertained

through prior clinical genetic testing, lack of previous
ascertainment did not mean that they were not at increased
disease risk. Indeed, two-thirds of participants without prior
ascertainment had EHR evidence of a personal and/or family
history of relevant disease, a rate similar to that in a smaller
study that performed more comprehensive phenotyping.29

Importantly, more than 10% had a relevant clinical diagnosis
added to their EHR between results disclosure and chart
review, highlighting the potential of genomic screening
programs to reduce morbidity and mortality through early
cancer detection or initiation of lipid-lowering therapy.
The preponderance of personal history and postdisclosure

diagnoses in participants with a FH result compared with
those with a hereditary cancer result suggests that genomic
screening programs may best achieve clinical benefits if they
screen for different conditions at different ages.13 While none
of the participants with a FH result were previously aware of
the result or had a clinical diagnosis of FH, nearly all had a
personal history of relevant diagnoses (e.g., hypercholester-
olemia, coronary artery disease, physical exam findings of
cholesterol accumulation), and more than a quarter had a
relevant diagnosis postdisclosure (e.g., new notation of LDL-C
>190 mg/dL, new diagnosis of atherosclerosis). These missed
opportunities to prevent atherosclerotic disease highlight the
importance of beginning genomic screening for FH in
childhood23,24,30 so that parents and children can adopt
healthy lifestyles and initiate statin therapy when indicated. In
contrast, those with a HBOC or Lynch result had a
significantly lower rate of relevant personal history, yet still
had several early-stage cancers and preinvasive lesions
diagnosed postdisclosure, suggesting that genomic screening
for these conditions can begin at a later age.
The finding that more than two-thirds of eligible partici-

pants across all three conditions chose to participate in some
postdisclosure risk management suggests that genetic infor-
mation can guide patient care in an unselected population.
However, it is challenging to unambiguously attribute a
specific health behavior to the disclosure of the genetic result

in this unselected population in which some participants have
already had risk management procedures due to average-risk
screening guidelines or personal or family history of disease.
This raises the possibility of misattribution of a health
behavior (i.e., attributing a health behavior to the genetic
result when it occurred for other reasons or attributing a
health behavior to a previously established care plan when the
behavior occurred due to the genetic result).
In spite of this uncertainty, several factors support an

association between results disclosure and undergoing
recommended risk management. A conservative approach
to assignment of attribution based on explicit EHR doc-
umentation found that 61% (25/41) of postdisclosure
diagnoses of cancer, adenomas, and FH features could be
attributed to the genetic result. Additionally, more than half of
those without prior risk-based management before disclosure
had a recommended risk management procedure after
disclosure. Further, postdisclosure risk management was not
limited to individuals with personal or family history of
relevant disease (which were not significantly associated with
postdisclosure risk management in the logistic regression
model). Finally, participants underwent several risk manage-
ment procedures that would be uncommon among average-
risk individuals but are recommended for those with a genetic
diagnosis (see Table 3 for rates of participants with an FH
variant who changed lipid-lowering therapy; females with an
HBOC variant who had a breast MRI, risk-reducing salpingo-
oophorectomy, or risk-reducing mastectomy; and participants
with a Lynch syndrome variant who had an upper endoscopy
or inherited risk clinic appointment).
The rates of postdisclosure risk management and diagnoses

we observed highlight opportunities to increase the popula-
tion health impact of a genomic screening program.
Interventions that improve the rate of recommended risk
management could lead to increased diagnoses of early-stage
disease, particularly if the lower rate of risk management we
observed among individuals with a Lynch syndrome variant
persists in future studies. Our findings suggest that embed-
ding genomic screening programs in health-care systems with
ready access to genetic counselors can be associated with
adherence. We found that having genetic counseling postdi-
sclosure was significantly associated with undergoing recom-
mended risk management. This finding, which is consistent
with previous research on the role of genetics professionals in
motivating cancer risk management,31 occurred even in a
logistic regression model that included prior recommended
risk management.
Our study’s limitations indicate that much research remains

to be done before genomic screening can be deemed to have
clinical utility. Although diagnosing cancer at earlier stages is
associated with higher 5-year survival than at later stages,32

diagnosing a disease post–results disclosure will not necessa-
rily lead to improved health outcomes in that individual and
can introduce confounders such as lead time bias that inflate
estimates of benefit. Longer-term studies of health outcomes
in individuals with risk identified via genomic screening are
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required for a more thorough assessment of clinical utility.
Additionally, our study was conducted within a racially and
ethnically homogeneous population in a single health-care
system. This may limit the generalizability of our findings and
calls for evaluation of outcomes of genomic screening
programs, like the one in All of Us,33 that occur under
different conditions than ours, including those in more
racially and ethnically diverse cohorts, younger cohorts with
fewer comorbidities, and that occur outside of a health-care
system (e.g., via a direct-to-consumer genomic screening test).
Similarly, we acknowledge that by enrolling in MyCode,
participants may have been inclined to value the utility of
genomic screening results.
Although our process of double-coding charts and resolving

discrepancies via consensus decreased the likelihood of
missing or miscoding relevant data, the EHR has limitations
as a data source. It fails to capture diagnoses and behaviors
that occur outside our health-care system and can have
incomplete reporting of relevant family history.1 Such
incompleteness could lead to underestimates of the rates of
individuals with prior genetic diagnoses, relevant clinical
diagnoses before or after disclosure, and relevant risk
management before or after disclosure. Further, the indication
for a particular procedure is not always clearly documented,
obscuring the clinical impact of the genetic result. Thus, it
may be most useful to consider our reported rates of
diagnoses and risk management as a floor on which future
studies that include multiple data sources, including patient-
reported outcomes, will build.
Finally, a comprehensive assessment of disease risk in

participants was beyond the scope of this study. It is possible,
given the higher comorbidity index in study participants
compared with MyCode participants overall and with the
overall Geisinger patient population (Table 1), that fewer
postdisclosure diagnoses would occur in a healthier popula-
tion. Future studies that include a comparison group and
more thoroughly assess participants’ nongenetic disease risk
may better address this question.
The classic World Health Organization principles for

screening for disease,34 since updated for genomic technol-
ogies,35 can inform research that ensures the benefits of risk
reduction outweigh the risks of health-care overutilization
and the attendant financial and psychosocial costs. Although
early evidence suggests that these costs will be modest,36,37

further research is required.38 Additionally, the prevalence
and penetrance of pathogenic/likely pathogenic variants in
clinically actionable genes in diverse, unselected populations
are still being defined.1,29,36,39,40

Population genomic screening programs can identify
previously unrecognized individuals at increased genetic risk
of cancer and heart disease and facilitate risk management
and early cancer detection, as evidenced by our study of
clinical outcomes in individuals with a tier 1 genetic result.
This study also highlights the need to determine optimal
statistical methods for addressing the underlying uncertainties
in EHR data analysis. Future longitudinal, pragmatic trials

that include patient-reported outcomes and health-care
utilization in diverse cohorts will further elucidate the clinical
utility of genomic screening in unselected populations.
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