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Summary

Polygenic risk scores (PRSs) hold promise for disease risk assessment and prevention. The Genomic Medicine at Veterans Affairs
(GenoVA) Study is addressing three main challenges to the clinical implementation of PRSs in preventive care: defining and determining
their clinical utility, implementing them in time-constrained primary care settings, and countering their potential to exacerbate health-
care disparities. The study processes used to test patients, report their PRS results to them and their primary care providers (PCPs), and
promote the use of those results in clinical decision-making are modeled on common practices in primary care. The following diseases
were chosen for their prevalence and familiarity to PCPs: coronary artery disease; type 2 diabetes; atrial fibrillation; and breast, colorectal,
and prostate cancers. A randomized clinical trial (RCT) design and primary outcome of time-to-new-diagnosis of a target disease bring
methodological rigor to the question of the clinical utility of PRS implementation. The study’s pragmatic RCT design enhances its rele-
vance to how PRS might reasonably be implemented in primary care. Steps the study has taken to promote health equity include the
thoughtful handling of genetic ancestry in PRS construction and reporting and enhanced recruitment strategies to address underrepre-
sentation in research participation. To date, enhanced recruitment efforts have been both necessary and successful: participants of un-
derrepresented race and ethnicity groups have been less likely to enroll in the study than expected but ultimately achieved proportional
representation through targeted efforts. The GenoVA Study experience to date offers insights for evaluating the clinical utility of equi-
table PRS implementation in adult primary care.

Introduction improve healthcare and health outcomes. First, how to

define and determine the clinical utility of PRSs remains

A pressing question in genomics today is the clinical utility of
polygenic risk scores (PRSs).'™ PRSs combine information
from hundreds to millions of genetic loci, each with a very
small association with the risk of common complex disease.
The resultis a continuous and quantitative measure of an in-
dividual’s genetic susceptibility to conditions such as coro-
nary artery disease and type 2 diabetes. Compared to rarer
monogenic disease variants, PRSs might have greater trans-
formative potential for public health and preventive medi-
cine in their ability to identify larger proportions of the pop-
ulation at significantly elevated risk for disease, potentially
facilitating evidence-based prevention and management.
Although the associations between PRSs and dozens of
common diseases have been firmly established, at least
three primary challenges impede the ability of PRSs to

uncertain, although there is some consensus that prospec-
tively collected patient outcomes data are needed to
demonstrate their clinical utility and yet are lacking.”*°
Second, because most preventive care is discussed and
delivered in primary-care settings, PRS-based prevention
strategies will need to be implemented within this time-
and resource-constrained context. Third, despite increas-
ingly large and more diverse discovery and validation co-
horts and methodological improvements in trans-ancestry
analysis,” " concerns remain that PRS-based prediction
models are less valid in underrepresented populations
and that their clinical implementation might exacerbate
existing healthcare disparities. "

Addressing these three overarching challenges to the
evidence-based, equitable implementation of PRSs in
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preventive care, the Genomic Medicine at Veterans Affairs
(GenoVA) Study is a pragmatic randomized controlled trial
(RCT) of PRS testing and reporting for six common diseases
screened for by primary-care providers (PCPs).'” Here we
describe how the design, processes, and lessons learned in
the study illustrate potential solutions for the equitable im-
plementation of PRSs and for informing their clinical utility
in adult primary care.

Study overview and conceptual model

The goal of the GenoVA Study is to model how PRSs might
be equitably integrated into the busy primary-care context
while using a randomized trial design to rigorously
compare the impact of PRS implementation versus usual
care on patient outcomes. In the conceptual model for
the study (adapted from Vassy 2018"%), polygenic-risk in-
formation acts through both patients and providers to
improve preventive health outcomes when linked to spe-
cific actionable recommendations, such as tailored
screening strategies or targeted preventive therapy.

The trial protocol is registered on Clinicaltrials.gov
(identifier NCT04331535) and is fully described in Note
S1. The study is conducted at the VA Boston Healthcare
System (VABHS), an integrated healthcare system within
the U.S. Department of Veterans Affairs (VA) comprising
eight facilities in eastern Massachusetts. Figure 1 illus-
trates the GenoVA Study processes from recruitment
through results reporting. In brief, patients aged 50 to
70 years without known diagnoses of six target diseases
(atrial fibrillation, coronary artery disease, type 2 diabetes,
colorectal cancer, breast cancer, and prostate cancer; see
full eligibility criteria in Table S1) are recruited and com-
plete genotyping and a baseline survey on enrollment
(Note S2). Genotyping categorizes each participant into
one of three groups: participants with an actionable
monogenic disease result, as defined by the American
College of Medicine Genetics and Genomics (ACMG),"*
participants with at least one high-risk PRS result, and par-
ticipants with no high-risk PRS results, a group we term
“average risk.” Participants with an ACMG finding receive
their monogenic and PRS results from a genetic counselor.
All other participants undergo randomization to the PRS
intervention or usual-care arm and are stratified by sex
and either high-risk or average-risk status. The PRS int-
ervention consists of a PRS laboratory report, targeted
genetic counseling for high-risk individuals, commu-
nication with each participant’s PCP, and patient- and
provider-oriented materials to support decision-making
around high-risk PRS results. End-of-study data collection
from the EHR and surveys (Note S3) occurs 24 months
after randomization, after which participants in the
usual-care arm receive their results. The primary outcome
compares the time to new diagnosis of the six target dis-
eases for high-risk participants randomized to the PRS
intervention or usual-care arms. The GenoVA Study has

been approved by the VABHS institutional review board
(IRB #3241), and all participants provide informed con-
sent to participate.

Modeling clinical polygenic-risk-score testing and
reporting

We have previously described our development of the
GenoVA Study clinical PRS assay and reporting work-
flows.'” In brief, we accessed publicly available genetic
loci and weights for PRSs for the six target diseases, devel-
oped an assay and bioinformatics pipeline to calculate
these PRSs from Illumina Global Diversity Array genotype
data in a CLIA-certified laboratory, and confirmed the dis-
ease associations of the six PRSs from this assay in an inde-
pendent cohort, the Mass General Brigham Biobank.
Figure S1 illustrates the format and content of the resulting
PRS report.

The choices made in how to report PRSs to participants
and PCPs reflect the study’s conceptual model and focus
on actionability. That is, the study chose to report dichot-
omous PRS categories (“high risk” vs. “average risk”)
instead of continuous scores to simplify interpretability
for patients and providers.'>'® In the GenoVA Study, we
defined a high-risk PRS as one associated with a published
odds ratio (OR) of >2 for the target disease, as compared to
the median PRS value. Although estimating absolute risk
may be considered the gold standard for risk stratification
for certain diseases (e.g., the pooled cohort equations for
atherosclerotic cardiovascular disease and the BOADICEA
model for breast cancer),'®!” validated absolute risk
models are not available for most diseases screened for in
primary care. The OR > 2 threshold approximates the ef-
fect sizes considered significant in Mendelian genetics'®
and of other risk factors, such as family history or body-
mass index, considered clinically important for risk strati-
fication for the target diseases.'”** We also chose to report
ACMG actionable monogenic findings separately from the
PRS results. Despite evidence that PRS might modulate
the penetrance of monogenic variants associated with
the same diseases,”* integrated models are not yet robustly
validated for clinical use in diverse populations and should
not be used to lessen the significance of the monogenic
findings, which have more established guidelines govern-
ing their management.”>*” The PRS report itself models
the format and content of a traditional laboratory report
(Figure S1). That is, it reports the individual patient’s PRS
results but does not contextualize those results amidst
any other clinical risk factors (e.g., smoking status for car-
diovascular disease) or protective factors (e.g., recent nega-
tive colonoscopy for colorectal cancer) the patient might
have, information often unavailable to a clinical labora-
tory. On the other hand, the overall delivery of the PRS
report back to the primary care context was designed to
support its use in clinical decision-making, as described
below.
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Figure 1. Processes and geographic catchment in the GenoVA Study

A flow diagram of the GenoVA Study process (A) illustrates how eligible participants are identified from an electronic health record (EHR)
query and recruited via mailings, emails, and phone calls. Enhanced recruitment efforts target underrepresented gender, race, and
ethnicity patient populations. Consent documents are signed remotely prior to baseline survey completion and collection of either
blood or saliva. Genotyping identifies the subset of participants with an actionable monogenic disease result, as defined by the American
College of Medicine Genetics and Genomics. These participants receive their monogenic and PRS results from a genetic counselor, who
refers them to appropriate care. All other participants undergo randomization to the PRS intervention or usual-care arm and are stratified
by risk status (at least one high-risk PRS versus only average-risk PRS results). In the intervention arm, any participant with at least one
high-risk PRS result receives their results by phone or video from a genetic counselor; participants with only average-risk PRS results
receive their results by mail or e-mail. PCPs are notified of results and recommendations by e-mail and through the EHR. End-of-study
data collection from the EHR and surveys occurs 24 months after randomization. Participants in the usual-care arm receive their PRS
results and recommendations through the same procedures as the intervention arm at the end of study. (B) State-level area deprivation
index (ADI) values and relative geolocation of GenoVA Study participants across Massachusetts. ADI is a census block group level neigh-
borhood disadvantage measure composed of 17 factors, including income, education, employment, and housing quality factors derived
from American Community Survey data; values range from 1 to 10. Also shown are the eight healthcare facility locations of the VA Bos-
ton Health System. Abbreviations: PCP, primary care provider; PRS, polygenic risk score; VABHS, Veterans Affairs Boston Healthcare
System.

Modeling the primary preventive-care context occur in adult primary care.'”** Second, eligible patients

have no known diagnoses of the target diseases, presenting
Given that most preventive care is delivered in primary- the opportunity for primary prevention or early detection.
care settings, we aimed to model the GenoVA Study PRS The study does not, therefore, model the scenario where
intervention and processes on how they might plausibly patients receive PRS results for diseases they are already
be introduced within this constrained clinical context. known to have, an increasingly likely occurrence if PRSs
The following elements of the GenoVA Study reflect this for multiple diseases are more widely implemented.”®
goal. First, eligible patients are 50-70 years of age, a win- Third, we chose six target diseases that are seen commonly
dow during which many common preventive screenings in adult primary care and for which PCPs have established
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guidelines or practice for their prevention, screening, and
diagnosis. These choices allow an examination of PRSs as
a complementary tool for PCPs’ preventive practices, as
opposed to as an isolated technology without familiar clin-
ical anchoring. A high-risk PRS result for a disease is pre-
sented as an additional risk factor for the PCP to consider.
The choice of familiar diseases also lessens the concern
that unprepared PCPs will overinterpret PRS results and or-
der unnecessary, costly, or even harmful follow-up tests or
procedures; any test a PCP might recommend upon
learning of a high-risk PRS result is likely to fall within
guideline-recommended care (e.g.,, hemoglobin Alc
testing for diabetes screening or mammography for breast
cancer screening) and simply be an addition to currently
used risk-stratification tools. Fourth, the GenoVA Study
supports PRS test ordering by removing PRS consent and
order entry from the PCP’s responsibilities but still reports
the PRS results back to them, similar to other clinical-deci-
sion support or population-management programs health-
care systems often use to promote the systematic use of
established preventive-care interventions, such as EHR
alerts to prompt cholesterol test ordering and nurse-led
lung cancer screening programs to identify and consent
eligible primary-care patients for computed tomography.”’

While the content of GenoVA Study PRS report itself fo-
cuses on the technical and laboratory aspects of the results,
how the PRS reports and accompanying supportive infor-
mation are delivered to the patient and PCP supported
the interpretation of the individual patient’s PRS results,
contextualization amidst other clinical factors, and clinical
decision-making. The PRS results are sent to both the PCP
and the patient, in addition to being entered in the EHR,
both as a portable document format (pdf) report and as
structured data in the laboratory information-manage-
ment system (Figure S2).'> Any patient with at least one
high-risk PRS is also contacted by a genetic counselor to
discuss the results, potential implications for the patient’s
health and health care, and recommendations for next
steps in talking about the results with their PCPs. A dis-
ease-specific layperson information sheet is provided to
the patient and outlines potential clinical management
options.'” Similarly, the PCP is sent a provider-oriented
disease-specific information sheet with details about the
PRS, its limitations, recommendations for contextualizing
the results among other patient characteristics and risk fac-
tors, and management suggestions, including information
about current screening guidelines. In contrast, any pa-
tient with no high-risk results simply receives their report
and a brief letter stating that none of their PRS results indi-
cated high risk. This delivery was modeled on common pri-
mary-care practices in lab-results reporting: patients with
abnormal results often receive phone calls or have
follow-up visits to discuss the results and next steps in
management, whereas patients with normal results often
receive their results via brief letters or notifications via pa-
tient portal.

Determining clinical utility

There is no clear agreement on how to define the clinical
utility of PRSs in the preventive medicine setting, nor
how to measure that utility. Proponents of PRSs argue
that, because scores in the upper tail of the normal distri-
bution can indicate risk comparable to rare variants associ-
ated with monogenic forms of disease, PRSs could similarly
influence clinical screening, prevention, and management
strategies."”*>" Critics argue that PRSs achieve similar
discrimination for disease risk as other risk factors already
used in clinical care (e.g., body-mass index, family history,
and smoking) or readily available without additional
testing (e.g., socioeconomic status).’'*? Thus, for some
diseases, it is not clear whether PRSs improve current clin-
ical standards of care in disease prediction and prevention.
As a concept, the clinical utility of genetic testing in gen-
eral and PRSs specifically have been variably defined on a
spectrum from narrow to expansive, depending on the
context and purpose of the definition. The clinical utility
of PRSs most often refers to their ability to improve patient
outcomes, often through the prevention or amelioration
of mortality, morbidity, or disability through the adoption
of effective interventions based on the test results."***

In the GenoVA Study context, we define clinical utility
as the ability of a PRS test to result in earlier diagnosis of
clinically significant cases of the target diseases; earlier
diagnosis and treatment are associated with the improved
outcomes of lower morbidity and mortality.***’ The trial’s
primary outcome operationalizes the measurement of that
utility: time to diagnosis of both undiagnosed prevalent
cases of the six diseases and incident cases during the
24-month observation period after randomization. Despite
the apparent paradox that the use of PRSs in preventive
medicine might accelerate the diagnosis of disease instead
of preventing disease onset, the trial’s primary hypothesis
is that, among participants with at least one high-risk PRS
result, the time to diagnosis will be shorter for participants
receiving PRS results than for those receiving usual care.
This choice of outcome best fits the population of 50- to
70-year-old adults, given their baseline annual diagnosis
rate of 6.2% (Note S1) and likely high proportion of undi-
agnosed prevalent cases. On the basis of a priori assump-
tions that 33% of participants would have at least one
high-risk PRS result and that 12% of high-risk patients in
the usual-care arm will receive a new target diagnosis dur-
ing the 24-month observation period, the GenoVA Study
has 80% power at a two-tailed a = 0.05 to detect a 2-fold
increase in new diagnoses among high-risk patients
receiving the PRS intervention.

Participants and their PCPs are not blinded to partici-
pant allocation to the intervention or study arms.
Although essential for drug trials, blinding is impossible
for a trial whose aim is to determine whether participants
and their PCPs act on PRS results in a way that improves
health outcomes. Indeed, the study hypotheses assume
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that this unblinded, differential knowledge about disease
risk will lead to increased surveillance and disease diag-
nosis among high-risk patients. This does not represent a
detection bias but, rather, the intention of the PRS inter-
vention. The primary threat to study validity from this
lack of blinding, then, would be differential outcomes
assessment at the end of the trial. The GenoVA Study min-
imizes the risk of detection bias by including in the pri-
mary outcome only strictly defined clinically significant
cases (e.g., only prostate cancer cases classified as interme-
diate risk or higher by National Comprehensive Cancer
Network guidelines®® and only cases of atrial fibrillation
meeting guidelines for clinical management®), as adjudi-
cated by expert reviewers blinded to randomization status
or PRS results. This measure minimizes the overdetection
of clinically insignificant disease, the diagnosis of which
is less certain to be associated with improved outcomes.

In choosing new diagnoses of clinically significant disease
as its primary outcome, the GenoVA Study has adopted a
narrow definition of clinical utility. An even narrower defi-
nition might require demonstration of reduced mortality
or morbidity, often measured with quality-adjusted life
years; rigorous trials powered to detect meaningful differ-
ences in these outcomes will require longer follow-up.
Although narrow definitions of clinical utility are most
often used by evidence-based guidelines and healthcare
payers,***! broader definitions of the clinical utility of PRS
include their ability to inform clinical decision-making, a
type of clinical actionability.*” Absent evidence for nar-
rower-sense clinical utility, actionability is an admittedly
subjective term, despite efforts to generate expert-informed
consensus around its definition and quantification.**** In
the GenoVA Study, the secondary outcome of diagnostic
testing ordered by treating clinicians reflects ameasurement
of actionability. In its broadest sense, clinical utility can also
refer to the ability of a test to improve any outcomes consid-
ered important to individuals and families; such outcomes
might include psychosocial wellbeing and reproductive de-
cision-making and are often termed personal utility."*®
Additional GenoVA Study outcomes including patient acti-
vation in their healthcare, self-assessed health status, and
quality of life capture this broader scope of the utility pa-
tients might derive from PRS testing. Table S2 shows the sec-
ondary and exploratory outcomes, including follow-up
diagnostic testing, patient medication adherence, health-
care costs, and quality of life, each representing process
and implementation outcomes relevant to determining
the value and costs of integrating PRS into adult preventive
medicine. Note S4 includes the GenoVA Study statistical
analysis plan, which provides greater detail about outcomes
measurement and statistical approach.

The choice of a pragmatic randomized clinical trial

There is also no agreement on the type of study design and
evidence needed to demonstrate the clinical utility of PRSs.

Although observational studies provide valuable evidence
when RCTs are not feasible, RCTs remain at the top of
the evidence hierarchy, given their ability to minimize
bias and confounding.*® However, RCTs have their own
limitations, namely that controlled experimental condi-
tions limit the generalizability of the findings to real-world
contexts. Whether RCT evidence is needed to demonstrate
the clinical utility of PRSs is an unsettled question. On one
hand, RCTs are generally accepted as the gold standard for
determining the effectiveness of interventions. On the
other hand, most laboratory tests used routinely in clinical
medicine, such as kidney function testing and complete
blood counts, are not supported by RCT evidence.*’**
The question of appropriate study design, then, might
hinge on whether a PRS is considered a laboratory test or
as one component of a preventive genomics intervention.
The GenoVA Study models PRS testing as the latter, the first
step of an intervention that also includes interpreted PRS
reporting, targeted genetic counseling for high-risk indi-
viduals, communication with each participant’s PCP, and
patient- and provider-oriented materials to support deci-
sion-making around PRS results. An RCT design is thus
appropriate for the GenoVA Study in this context. It is
worth noting that the ultimate outcomes of the GenoVA
Study RCT will need to be interpreted in the setting of
this overall intervention, not in terms of a PRS in isolation.

Moreover, a pragmatic design is appropriate, given the
study aim to determine the clinical effectiveness of PRS
testing in a real-world primary-care context and the multi-
faceted, preventive nature of the intervention.*’ This con-
trasts with a treatment trial warranting a more explanatory
trial design to demonstrate biological impact.*’ The prag-
matic design also affords the opportunity to collect imple-
mentation outcomes relevant to stakeholders interested in
the adoption of PRSs in clinical care; such outcomes
include healthcare costs and participant- and provider-re-
ported outcomes.*”°" Pragmatic design elements of the
GenoVA Study include embedding into existing clinical
workflows the PRS test ordering, the send-out to a refer-
ence laboratory, and results reporting. Another pragmatic
element is the collection of trial-outcome EHR data, sup-
plemented with end-of-study survey data. Figure S3 dis-
plays a pragmatic explanatory continuum indicator sum-
mary 2 (PRECIS-2) wheel illustrating the degree to which
the GenoVA Study design is considered pragmatic versus
explanatory.” Table S3 further elucidates each of the trial’s
design features and pragmatic elements. Our intention is
that the pragmatic design will increase the likelihood
that the RCT results are relevant to how PRSs might reason-
ably be implemented into routine primary care.

Promoting health equity in clinical PRS
implementation

The GenoVA Study affords the opportunity to address a
pressing ethical challenge to the clinical implementation
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of PRS: the risk of exacerbating health disparities among
populations already at higher risk of poor health out-
comes. The associations between PRSs and disease risk
are most robustly validated for populations descended
from European continental ancestry groups.''>' Despite
advances in dataset diversity, statistical methods, and
trans-ancestry PRS development and validation, this
disparity in PRS performance is reduced, but not
eliminated.” "’

Challenges addressed

We have taken several specific actions to leverage the
GenoVA Study as an opportunity to promote health equity
in the clinical implementation of PRSs. First, recognizing
that most data from genome-wide association studues are
derived from European-ancestry populations, we paid sig-
nificant attention to the handling of genetic ancestry in
constructing the PRSs and in validating our proposed PRS
in the multiracial Mass General Brigham Biobank.'” As
described previously, instead of developing multiple popu-
lation-specific PRSs (e.g., by continental genetic ancestry
group or self-reported racial or ethnic group), we chose to
validate a single, genetic principal-components-adjusted
PRS for each disease for application across populations.
At the same time, we transparently include in our PRS lab-
oratory report a description of the populations in which
the PRSs were developed and validated, highlighting the
limited population diversity for some PRSs. In these efforts,
we are intentional in how we use population descriptors
such as racial categories and genetic ancestry groups so as
not to conflate biological and social constructs or suggest
that racial categories have biological meaning.*

Second, we developed recruitment strategies to address
underrepresentation in biomedical research. Even if PRSs
of equal accuracy across all populations are developed, ex-
isting healthcare inequities, including disparate access to
care and legacies of untrustworthy healthcare systems,
are still likely to impede equitable implementation. The
learning healthcare system of the Veterans Health Admin-
istration offers a unique setting in which to address these
challenges. Although racial and ethnic disparities in
healthcare and health outcomes persist, VA as an “equal-
access” healthcare system outperforms other systems on
several disparity measures.”*>* Even within this setting,
the GenoVA Study implemented enhanced recruitment
measures to increase representation of patient populations
less likely to participate in biomedical research. That is, we
preferentially directed recruitment efforts (e.g., mailings
and phone calls) to VABHS patients identified as non-
white, Hispanic or Latino, or female, all minority popula-
tions at VABHS.

Third, we promote gender identity equity in allowing
participants to describe their sex assigned at birth and
gender identity and use inclusive, specific language to
describe which participants may receive PRS results for
prostate cancer risk (i.e., those born with a prostate) and
breast cancer risk (i.e., those born of natal female sex, given

that the validation of breast cancer PRSs has been limited
to this population).

Equitable implementation outcomes

Analysis of recruitment and enrollment data to date illus-
trates these efforts. From June 17, 2020 to May 10, 2023,
a total of 10,036 patients across VABHS were deemed
eligible for study participation by a computable eligibility
classifier described previously (Table 1).> Among this
eligible population, VABHS administrative data categorize
15.5% as having a race other than white, 3.4% as having
Hispanic or Latino ethnicity, and 12.2% as female. Figure
S4 shows the GenoVA Study recruitment and enrollment
efforts as of May 10, 2023. Among the 2,083 participants
who actively declined participation, 1,165 (56%) indi-
viduals offered a reason. Common reasons included time
constraints (n = 407, 35%); ethical, legal, and social con-
siderations (n = 173, 15%); lack of interest (n = 162,
14%); health reasons (n = 114, 9.8%); dislike of research
(n = 60, 5.2%); and VA- or government-related reasons
(n = 38, 3.2%).

We observed that our enhanced recruitment efforts were
necessary—as we did observe that participants of non-
white race or Hispanic ethnicity were less likely to enroll
than expected—and successful, in that they ultimately
yielded proportional or higher representation of women
and non-white or Hispanic participants from the VABHS
population overall. Table S4 shows overall observed and
expected rates of study acceptance (defined as agreement
to receive a consent packet among eligible phone call re-
spondents, n = 3,855) and enrollment (defined as return
of consent documents among those who agreed to receive
a consent packet, n = 2,107). Overall, women accepted
study participation (p < 0.001, Cramer’s V 0.072) and
enrolled (p < 0.046, Cramer’s V 0.039) in slightly greater
proportions than would be expected if acceptance and
enrollment were proportional across demographic cate-
gories.’® Non-white or Hispanic participants accepted
study participation (p < 0.001, Cramer’s V 0.087) in
slightly greater proportions than expected but were less
likely to enroll (p < 0.001, Cramer’s V 0.104) by returning
consent documents than expected. Table 1 shows baseline
demographic and clinical characteristics of the 966 par-
ticipants who have enrolled and provided a viable bio-
specimen, in comparison to the overall eligible VABHS
patient population who did not enroll. The study achieved
overrepresentation of women and Hispanic/Latino enroll-
ees. Among enrollees, 182 (19%) identify as women,
including three transgender women, compared to 12.8%
of the overall eligible VABHS population (p < 0.001,
Cramer’s V 0.058), and 53 (5.5%) report Hispanic/Latino
ethnicity (p < 0.001, Cramer’s V 0.042), in comparison
to 3.6% of the overall eligible VABHS population. Racial
representation was achieved: 144 (14.9%) of enrollees
report one or more racial identities other than white, in
comparison to 15.4% of the overall eligible population
(p = 0.149, Cramer’s V 0.019).
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Table 1. Baseline demographic and clinical characteristics of first 966 GenoVA Study participants with collected biospecimens and the
remaining 9,070 eligible members of the VABHS patient population

GenoVA patients with collected

GenoVA eligible patients

biospecimens (n = 966) (n =9,070)
Mean sD Mean sD
Age (50-70 years) 60.47 5.65 60.68 5.83
Body mass index (BMI) 30.37 6.30 29.65 5.95
Systolic blood pressure (SBP) 130.1 14.45 131.03 16.22
Diastolic blood pressure (DBP) 79.74 8.73 80.00 9.49
Low-density lipoprotein 110.65 33.09 112.69 34.67
cholesterol (LDL-C)
n % N %
Gender
Female® 182 18.5 1,106 12.2
Male 784 81.5 7,964 87.8
Race
American Indian/Alaskan Native 3 0.3 35 0.4
Asian 9 0.9 46 0.5
Black/African American 112 11.6 1,120 12.4
Native Hawaiian/Pacific Islander 5 0.5 34 0.4
White 766 79.3 6,965 76.8
Multiracial 15 1.6 162 1.8
Unknown or declined 56 5.8 708 7.8
Ethnicity
Hispanic of Latino 53 5.5 306 3.4
Not Hispanic or Latino 824 85.3 7,616 84.0
Unknown or declined 89 9.2 1,148 12.7
Rurality”
Rural 48 5.0 796 8.8
Urban 917 95.0 8,269 91.2
Area deprivation index® category (ADJ; state rank)
Least disadvantaged (ADI 1-3) 228 23.6 2,109 23.3
Moderately disadvantaged (ADI 4-6) 359 37.2 3,363 37.1
Most disadvantaged (ADI 7-10) 364 37.7 3,466 38.2
Unknown or suppressed 15 1.5 132 1.5

Including three transgender women with male biological sex.

PRural or urban designation is attributed to geocoded patient location data as validated by the VA Geospatial Service Support Center. Rural status includes “rural”

1

and “highly rura

designations from VA data. Six individuals included in the total cohort (n = 10,036) have undesignated rurality status.

“Area deprivation index (ADI) derived via 2020 FIPS-level ADI, 2020 US Census Block Group shapefile boundaries, and VA Boston Healthcare System (station 523)
geocoded patient location data as validated by the VA Geospatial Service Support Center. State rank is based on validated geolocated state of residence. 84.16% of
the total cohort (n = 8,446) and 95.24% of participants with collected biospecimens (n = 920) were designated as Massachusetts residents. 147 individuals in the
total cohort have missing geolocation data or suppressed ADI designations of high group quarters, low population or housing, both high group quarters and low

population or housing, or questionable data integrity.

We also examined differences in expected and observed
recruitment and enrollment outcomes by neighborhood
disadvantage, as measured with the state-level area depri-
vation index (ADI; 1 = least deprived to 10 = most
deprived). ADI is a census block group-level neighborhood
disadvantage measure composed of 17 factors, including

income, education, employment, and housing quality fac-
tors derived from American Community Survey (ACS)
data.”” Similar proportions of participants within each
ADI category were as likely to accept study participation
(p = 0.241, Cramer’s V 0.015) and enroll (p = 0.982,
Cramer’s V < 0.001) as expected (Table S4). Among
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enrollees with available data (n = 951), large proportions
reside in highly disadvantaged (ADI 7-10, 38.7%) and
moderately disadvantaged (ADI 4-6, 37.6%) areas. Figure 1
maps the ADI and relative geolocation of GenoVA Study
enrollees across Massachusetts. In contrast, fewer rural par-
ticipants have enrolled, in comparison to the remainder of
the eligible patient cohort (5.0% versus 8.8%, respec-
tively); rural status was defined by the VA Geospatial Ser-
vice Support Center.”® We did not implement enhanced ef-
forts to recruit participants from rural areas and did in fact
observe lower representation of rural enrollees. Although
rural participants were as likely to accept study participa-
tion as expected (p = 0.243, Cramer’s V 0.012), they were
ultimately slightly less likely to enroll than expected
(p = 0.031, Cramer’s V 0.044). Recruitment and retention
of socioeconomically deprived and rural populations is a
well-known challenge in clinical research, including
among Veterans,””®" but our success in targeted recruit-
ment from other underrepresented populations gives
hope that similar efforts would help reach these groups.

As of May 10, 2023, study staff have received interpreted
PRS reports for 840 participants. Thirteen (2%) of these had
at least one positive result from the current ACMG action-
able secondary findings gene list (Table S5).'* Table S6
shows the distribution of all 840 PRS results received as
of May 10, 2023; 307 (37.1%) participants have at least
one high-risk PRS result, and 54 (6.5%) of these have two
or more high-risk PRS results, consistent with expected re-
sults.'? Of these 307 high-risk participants with available
demographic data, 238 are white (77.5%) and 60 are
non-white or Hispanic (19.5%); this racial and ethnic de-
mographic composition is consistent with overall recruit-
ment percentages and is not significantly different from
participants with average-risk results (p = 0.483, Cramer’s
V < 0.001).

Enrolled participants are now being followed for
24 months for the study outcomes, including disease di-
agnoses (primary outcome) and diagnostic testing (sec-
ondary outcome). We will report these outcomes in aggre-
gate and stratified by gender; race and ethnicity;
neighborhood deprivation; and rural status.®' Planned an-
alyses of primary and secondary outcomes will include
participant sex as a covariate because of the study’s sex-
stratified randomization (Note S4). We will also perform
exploratory analyses to investigate whether heteroge-
neous effects of the PRS intervention exist among diff-
erent demographic groups. For example, we will include
participant race, ethnicity, ADI, and rurality separately
and in combination as factor variables in our statistical
models for the pre-specified outcomes to identify be-
tween-group differences and generate hypotheses for
how the introduction of PRSs in primary care might
differentially impact certain groups. These analyses of
GenoVA Study process and outcome measures will facili-
tate the identification of points in the PRS clinical-imple-
mentation pathway where disparities might exist and
should be addressed.

Conclusions

The clinical implementation of PRSs is moving forward
through clinical programs, research projects, and commer-
cial laboratory and direct-to-consumer offerings,”®°*°*
and a limited number of important RCTs have or will
inform the clinical utility of PRS in single-disease set-
tings.®>’? As a pragmatic RCT implementing a multi-dis-
ease PRS intervention, the GenoVA Study makes a unique
contribution to informing the equitable implementation
of PRSs for preventive medicine in the time-constrained
primary-care context. Its design as a pragmatic trial en-
hances the generalizability of its ultimate findings, and
its RCT design adds rigor to hypothesis-testing about the
impact of PRS testing on preventive-medicine processes
and outcomes. The VA is the largest healthcare system in
the United States. Although this setting limits the general-
izability of the GenoVA Study’s findings to other settings in
some respects, lessons learned from the study still offer po-
tential solutions for assessing the clinical utility of imple-
menting PRSs into adult primary care while attending to
the potential of that implementation to hinder or promote
health equity.

Supplemental information

Supplemental information can be found online at https://doi.org/
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