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Summary

Digital health solutions, with apps, virtual care, and electronic medical records, are gaining momentum across all medical disciplines,
and their adoption has been accelerated, in part, by the COVID-19 pandemic. Personal wearables, sensors, and mobile technologies are
increasingly being used to identify health risks and assist in diagnosis, treatment, and monitoring of health and disease. Genomics is a
vanguard of digital healthcare as we witness a convergence of the fields of genomic and digital medicine. Spurred by the acute need to
increase health literacy, empower patients’ preference-sensitive decisions, or integrate vast amounts of complex genomic data into the
clinical workflow, there has been an emergence of digital support tools in genomics-enabled care. We present three use cases that
demonstrate the application of these converging technologies: digital genomics decision support tools, conversational chatbots to scale
the genetic counseling process, and the digital delivery of comprehensive genetic services. These digital solutions are important to facil-
itate patient-centered care delivery, improve patient outcomes, and increase healthcare efficiencies in genomic medicine. Yet the devel-
opment of these innovative digital genomic technologies also reveals strategic challenges that need to be addressed before genomic
digital health can be broadly adopted. Alongside key evidentiary gaps in clinical and cost-effectiveness, there is a paucity of clinical
guidelines, policy, and regulatory frameworks that incorporate digital health. We propose a research agenda, guided by learning
healthcare systems, to realize the vision of digital health-enabled genomics to ensure its sustainable and equitable deployment in
clinical care.

levels of satisfaction with these tools.” > While patient-
centered care is important, it is not often used to support
reimbursement by healthcare insurance providers. Instead,
clinical outcomes and service efficiency are often consid-

The current landscape for digital health-enabled
genomics

Digital health is gaining momentum across all medical dis-

ciplines and has been accelerated, in part, by the COVID-
19 pandemic. Digital health apps, virtual care, personal
wearables, sensors, and mobile technologies are increas-
ingly being used to identify health risks and assist with
diagnosis, treatment, and monitoring of health and disease
across cardiology, internal medicine, and infectious
disease.

In many respects, genomics is a vanguard of digital
healthcare, as we witness a convergence of the fields of
genomic and digital medicine. Spurred by the acute need
to increase health literacy, empower patients’ preference-
sensitive decisions, fill critical genetics workforce short-
ages, or integrate vast amounts of complex genomic data
into the clinical workflow, there has been an emergence
of digital tools in genomic medicine. We review the current
landscape and evidence base as it pertains to our use cases
of digital support tools, chatbots, portals, and platforms in
genomics-enabled care.'

Evidence of the value of digital health-enabled genomics
is beginning to emerge. Current evidence on patient exp-
erience suggests a relatively high level of acceptability of
pre-test counseling tools from a range of contexts, with
majorities of patients recommending and reporting high

ered the gold-standard for coverage decisions. The evi-
dence is mixed: a review of interactive e-counselling tools
for genetic pre-test decisions found that across most
studies, participants who used the e-counselling tools
experienced equivalent or lower decisional conflict,
distress, or anxiety as compared to those who did not use
a digital tool.”®? Tool users who were initially undecided
about taking a test or receiving cancer treatment were
also more likely to reach a decision compared to those
who did not use digital tools.”” Further, a number of
studies reported that knowledge acquisition about genetics
was equivalent or greater in users of digital tools as
compared to the control cohort.”'*"'® There are limited
data about service efficiency, but most studies indicate
that participants that used digital tools spend 10-40 min
less with clinicians as compared to participants who
received standard pre-test counseling.®”'*

Here, we present three use cases that demonstrate the
potential opportunity of these converging technologies:
digital genomics decision support tools, conversational
chatbots to scale the genetic counseling (GC) process,
and the digital delivery of comprehensive genetic services.
These use cases highlight leading digital innovations
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developed to address clinical needs and challenges that
arise across the continuum of care in genomics—from
pre-test and post-testing counseling to the full spectrum
of genomic service delivery (Figure 1)—including digital
decision aids, chatbots, and digital portals.

Digital genomics decision support tools

One of the fundamental functions of genomic counseling
is to provide patient-centered decisional support for ge-
netic testing; decision support tools advance this goal.

Digital decision aids have been increasingly used to sup-
port pre-test counseling, education, and decision making
in light of the workforce shortages in genomics. Decision
support tools are best suited to meet this challenge because
they improve knowledge,”'*'* support shared decision
making,” promote decisions congruent with patients’
values, and reduce decisional conflict.!” Better decision
quality'’ translates into improved health outcomes'®'’
and patient-centered care.”” The Genomics ADVISER pro-
vides a leading example of a digital decision aid.

The Genomics ADVISER is a freely available web-based
interactive decision aid to guide patients’ selection of sec-
ondary findings (SFs).”" Based on the Ottawa Decision Sup-
port Framework,”” this tool is intended for adult patients
and/or for parents of pediatric patients to promote their
involvement in clinical decision making about which of
their SFs they want to learn when they have their genomes
sequenced. All clinically relevant SFs are included: medi-
cally actionable and non-medically actionable conditions,
pharmacogenomic variants, polygenic risks/SNPs, and car-
rier results.”>?* The Genomics ADVISER consists of an
educational whiteboard video that reviews key concepts
of genomic sequencing and the risks and benefits of
learning SFs. The video is followed by a values-clarification
exercise to obtain feedback about the preferences of the
user and a knowledge quiz to reinforce key concepts
(with correct answers provided afterwards). The tool ends
by asking participants to select among five categories of
SFs, consistent with frameworks that “bin” SFs into cate-
gories based on medical actionability and potential
distress.?>%®

The Genomics ADVISER was found to be highly accept-
able”! and effective’ and enhanced patient-centered care
in the delivery of genomic counseling.”’ The prototype
was evaluated in a usability study with adult cancer
patients. It demonstrated strong face validity, acceptability,
and high content comprehension.?' Patients found the
length and amount of information “just right,” clear, and
balanced. All participants liked the educational video, felt
that the prototype provided enough information to make
a decision, and would recommend the tool to others. The
Genomics ADVISER was also found to provide quality pa-
tient-centered care through a secondary analysis of pre-
test GC sessions that were conducted over the course of a
randomized controlled trial evaluating the effectiveness

of the Genomics ADVISER with adult cancer patients. In
the delivery of genomic counseling, the Genomics
ADVISER contributed to enhancing counseling by (1) pro-
moting informed dialogue, (2) facilitating preference-sen-
sitive deliberation, and (3) deepening personalization of
decisions, all of which represent fundamental principles
of patient-centered care: providing clear, high-quality in-
formation; respecting patients’ values, preferences, and ex-
pressed needs; and providing emotional support.”’ In a
subsequent clinical trial, the intervention group (using
the Genomics ADvVISER) had higher knowledge scores
(mean difference: 0.39, 95% CI 0.18-0.59; p < 0.001)
and spent less time talking to a genetic counselor (mean
difference: 24.40 min, 95% CI 27.72-21.07; p < 0.001),°
suggesting that the Genomics ADVISER is an effective
educational tool, reducing in-clinic time and, potentially,
costs.

As part of the trial, a qualitative study identified patient
profiles—hypothetical representations of target users—
based on shared characteristics, preferences, and/or atti-
tudes in an effort to tailor information to match the needs
of specific clinical populations. Five profiles were identi-
fied:* “Information enthusiasts” self-identified as “plan-
ners” and valued learning most or all SFs to enable plan-
ning and disease prevention. “Concerned individuals”
were reluctant to learn SFs, anticipating negative psycho-
logical impacts from SFs. “Contemplators” weighed health
benefits with the impacts of not being able to “un-know”
information. “Individuals of advanced life stage” primarily
considered their implications for family members. “Reas-
surance seekers” were reassured by previous negative ge-
netic test results, which shaped their expectations for
receiving no SFs. These profiles can help target counseling
and inform other digital tools aimed at tailoring support by
providing a framework to address common values, con-
cerns, and misconceptions.

Overall, the evidence demonstrated that the Genomics
ADVISER digital tool enhanced patient-centered care and
was an effective and potentially cost-effective tool for
genomic counseling. However, some key lessons and po-
tential pitfalls were also revealed through the evaluative
studies. For example, despite the enthusiasm and recom-
mendation the Genomics ADVISER received, some patients
still wanted to speak with a clinician to check their deci-
sions,”! indicating a need for further decision support
structures. Others wanted more robust decisional support
features, such as the ability to provide personalized
feedback tailored to their preferences and characteristics.
Incorporating patient profiles up front can make the user
experience more patient centered. Further, building in
conversational entities, like chatbots, to answer questions
in real time can be used to simulate a more interactive
user experience. There was a desire to make the tool
more adaptable so that clinicians could turn on or turn
off certain SF categories to align the options with their spe-
cific lab and clinical capabilities. These lessons learned pro-
vided opportunities to iterate and improve the tool. The
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Figure 1. Digital technologies across the clinical genomics pathway
Genomics ADVISER has been transformed into the "Ge- providers.”” Multiple industries use chatbots, including

netics Adviser," an interactive, patient-centered digital
interface that integrates the genetics service pathway
from pre-test, waiting period, and post-test return of re-
sults, providing continuity of care that is fully adaptable
to any testing platform, population, indication, and lab
or clinical setting (Figure 1) (www.geneticsadviser.com).
Although the original Genomics ADVISER significantly
reduced counseling times without compromising patient-
centered care, it is unclear whether these benefits translate
to downstream healthcare cost savings, reduced wait
times, and improved accessibility and uptake of genetics
services. Research is underway to examine service effi-
ciencies, accessibility, and equity by evaluating whether
the Genetics Adviser increases access and addresses literacy
and a diversity of ethnocultural perspectives. Further out-
comes research is needed to provide evidence of utility
and cost-effectiveness for adoption, as described in the
research agenda below.

Conversational chatbots to scale the genetic
counseling process

Diverse and innovative service-delivery models have been
created and implemented to increase patient access to
genetics expertise and to increase the overall efficiency of
GC practice. One of the relatively newer innovations
that has been developed and tested is that of chatbots.
Chatbots are technology-based, simulated conversational
tools used in scaling communications. Some chatbots use
artificial intelligence (AI) and natural language processing
to answer simple questions, increase and maintain con-
sumer engagement, promote products and services, and pro-
vide convenient, easy access between consumers and service

banking, insurance, retail, airlines, and hotels, among
others.?' Chatbots have also been used in healthcare to pro-
mote fertility education and preconception health,** collect
and triage symptoms,** provide cognitive behavioral ther-
apy,”* promote weight loss and other health behaviors
related to diabetes prevention,® and educate teens on risky
health behaviors.® These conversational digital tools have
specific benefits, including deploying by link, with no app
download required, and work on multiple device types.
They can also be personalized to the end user, with name,
pronoun(s), speed of messaging, and specific health and
medical information such as genetic risk variant. Back-end
analytics can also be accessed to measure utilization, and
chatbots can also be integrated into the electronic health re-
cord (EHR) for both automation and documentation.

In genetics service delivery, chatbots are being developed
and utilized to collect family health history,”” identify
individuals at increased risk for hereditary cancer syn-
dromes,*®*’ provide education about genetic condi-
tions,*” and support informed decision-making regarding
receipt of secondary genomic findings,*’ among other
use cases. An overarching goal of these chatbots is to free
genetic counselors’ and GC assistants’ time for higher-level
patient care duties by having the chatbots serve as virtual
GC assistants.

In the MyCode Community Health Initiative’s Genomic
Screening and Counseling Program (MyCode GSC) at Gei-
singer, actionable genetic results are returned to patient-
participants, with >2,700 results returned to date.”” There
are multiple touchpoints with these individuals, which has
historically required extensive time and effort on behalf of
all of the staff and healthcare providers for the program. To
increase efficiency and potentially decrease cost, the GSC
program leadership decided to collaborate and co-develop
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chatbots with Clear Genetics, since acquired by Invitae.
Clear Genetics developed “Gia,” the Genetic Information
Assistant. The first use cases the team developed were My-
Code consent, a family sharing tool (FST) and cascade
testing chatbot, and a one-month follow-up chatbot. In
addition to developing these first use cases, MyCode ge-
netic counselors also worked with Clear Genetics to build
a library of responses for a “SMART FAQ” feature. This Al
technology enables chatbots to reply to user-entered ques-
tions from a library of programmed responses that learns
over time. If the question is new or doesn’t match with a
response with high certainty, it is forwarded to the My-
Code team. There are also scripted questions and answers
throughout the bots in addition to these SMART FAQs.

Diverse stakeholders were engaged in the collaborative
development of these chatbots. At Geisinger, the team in-
terfaced with the Information Security Office, legal teams,
IT, the IRB, and the in-house digital team to ensure “best
practice” standards were followed in the build and deploy-
ment of digital health technology. Input was sought from
the GC and medical geneticist teams, Ethics Advisory
Council, and front-line care providers, as well as two pa-
tient advisory boards. In collaboration with Clear Genetics,
initial pilot testing was done via usertesting.com. Amazon
Mechanical Turk comprehension testing of the consent
bot was also conducted. Sixty-two individuals in MyCode
participated in six total focus groups to explore accept-
ability, usability, functionality, and understanding of the
initial chatbot use cases.*’

MyCode GSC initiated clinical deployment of the chat-
bots and began obtaining consent from individuals to
receive “electronic communications” in August 2018. To
date, approximately 60% of patients receiving results
from the MyCode GSC Program have opted to utilize the
bots. Since Geisinger provides care to individuals located
in a largely rural area in central Pennsylvania, and since
the median age of individuals receiving results is 63 years,
the uptake in this relatively older, rural population is
encouraging. Most patients prefer to access the chatbots
via the EHR portal (52.1%), followed by e-mail (28.6%),
and then text (19.3%). EHR integration includes popu-
lating the chatbot with certain patient demographics, ge-
netic variants, and disease risk, as well as automated import
of the patient’s chat transcript into their chart (Figure 1).

The engagement with the FST, cascade chatbot, and
follow-up bots have also been evaluated. Preliminary data
indicate that individuals who consented to be sent the FST
generated more completed cascade tests in their families
than those who declined this tool. As part of the NHLBI-
funded RO1 IMPACT-FH (Identification Methods, Patient
Activation, and Cascade Testing for Familial Hypercholes-
terolemia), dyadic interviews and surveys have been con-
ducted with individuals and their family members with FH
to optimize the FSTand cascade chatbot for use in a prospec-
tive, pragmatic trial to determine whether an optimized
chatbot improved based on patient input can increase
cascade genetic testing for FH.** Enhancements have also

been made to our follow-up chatbot with the goal of
increasing engagement, including shortening the bot over-
all while adding new response language for common bar-
riers that patients have indicated to us keep them from
scheduling GC (i.e., plans to follow-up with doctor instead,
no time, can't afford screening and visits, anxious/scared,
result isn’t important to me, other health issues to focus
on, etc.). In response to these indicated barriers, Gia now
provides a scripted response whose goal is to help the indi-
vidual understand why scheduling a GC appointment could
still be beneficial to them and their family.

Overall, initial data indicate chatbots may have utility
across many aspects of genomics service delivery,
including use cases to augment GC.***> Multiple addi-
tional potential use cases exist, including point-of-care
triage based on testing and/or referral criteria for a wider
array of hereditary conditions, pre-visit data collection
and risk assessment, informed consent, results return,
and the provision of longitudinal surveillance
recommendations, among others. However, in the devel-
opment and deployment of chatbots in the practice of
GC, there are multiple issues to consider. Previous chatbot
service research has identified potential concerns
regarding accuracy, cyber-security, and the inability of Al-
led services to empathize, with acceptability correlated
negatively with poorer IT skills.*®

In addition, what impact will chatbots have on practice
in both positive and, potentially, negative ways? Do ge-
netic counselors have angst about being replaced by
bots? Is there wariness regarding certain use cases, such
as return of genomic risk results? How might the use of
chatbots impact the patient-provider relationship?
Further, what languages are available? Will chatbots be
accessible to underserved and underrepresented popula-
tions? Patient-centered user design, incorporation of
health communication theories, ongoing iterations based
on user feedback, and effectiveness and implementation
research are necessary to ensure the development of chat-
bots accessible to broad, diverse populations and effective
in facilitating genomics service delivery and GC, as
described in the research agenda below.

Digital delivery of comprehensive genetic services

“Genome-first” testing, wherein a clinical genetic test may
be deployed as a screening tool to identify otherwise
healthy individuals who are at increased risk for specific
hereditary conditions, has necessitated a different model
for the generation and delivery of clinical genetic test re-
sults. Specifically, the process of returning genetic results
by a genetic counselor, or trained care provider, needs to
be robust and efficient in order to scale with the demand.

Previous analyses of time-based effort have determined
that clinical genetic services are time consuming and labor
intensive, with as little as 25%-41% of a genetic coun-
selor’s time spent on direct patient care and up to 3.5-7
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total hours spent per client in certain types of clinical en-
counters.*’ ! Since 2015, Color Health has implemented
a digitally enabled novel service-delivery model that uti-
lizes a software and technology platform to deliver stream-
lined and efficient GC services to its clinical genetic-testing
patients. The platform includes an online health history
collection tool, an automated pedigree creation tool, an
automated risk model calculation tool, online scheduling
and rescheduling tools, and templatized summary notes.
This service model and platform has been used to deliver
results to >250,000 patients, has been utilized within
health system populations®* and family member cascade
testing programs,”® and will be leveraged to deliver the
GC services for the All of Us Research Program (https://
grantome.com/grant/NIH/OT2-OD028251-01).

Implementation assessment survey findings of 70 pri-
mary care providers and over 1,600 patients in one health
system revealed that both providers and patients found
value in utility in returning/receiving results via this type
of testing model.”*** Through this platform, genetic coun-
selors spend much less time than industry averages con-
ducting non-direct patient care activities—such as patient
scheduling, clinical history intake, pedigree generation,
and session note logging—thus increasing the proportion
of time spent on direct care. The Color digitally enabled
GC platform implements custom software tools to create
time savings. As part of this platform, one major area of
time savings is the replacement of the pre-test GC session
with a series of web-based educational modules and a pre-
test educational video that cover many of these concepts
in a self-paced way. In addition, a novel protocol was im-
plemented through the platform, in which telephone-
based GC is offered as an optional service to individuals
who receive negative clinical genetic results, but in which
GC is required for individuals who receive a positive ge-
netic result.

In order to quantify the time-savings of implementing
this digital-tool-enhanced GC service, genetic counselors
tracked time spent conducting direct and non-direct pa-
tient care activities over a period of 8 months. During
this time, the team conducted over 1,800 post-test tele-
phone GC sessions for patients who received a multi-
gene panel for hereditary cancer risk. More than 50% of
the genetic counselors’ time spent with a patient was
used to provide direct care—the average total time spent
per patient was 37 minutes. In order to quantify the impact
of these sessions, post-counseling surveys were deployed to
assess patient comprehension and satisfaction with their
GC sessions. Overall, satisfaction with the GC, as delivered
through the digitally enabled GC platform, was high for
individuals who received both a positive (4.8 out of 5)
and negative result (4.9 out of 5). Responses ranged from
4.9 to 5.0 for questions that addressed patient comprehen-
sion of their results. In addition, the use of a digital sched-
uling tool achieved a missed-appointment rate below the
industry average. One study of failed-appointment rates,
including no-shows and cancellations, at genetics clinics

found the average failed-appointment rate to be 12%.°°
The rate of missed appointments measured in this study
was 3.1%. Allowing patients to schedule and reschedule
appointments, as well as the flexibility inherent to tele-
phone-based counseling, likely contributed to this low
no-show rate. Broader implementation of similar software
tools for all genetic counselors providing clinical care may
improve efficiency and time available for both direct and
non-direct patient care.

It should be noted that this study was conducted as a
retrospective description of the processes and practices uti-
lized by genetic counselors in a commercial setting. As
such, no direct comparative analyses of time savings were
possible. This digitally enabled GC platform has been
used to deliver genetic testing results to patients, largely
in patient cohorts that are composed mostly of healthy in-
dividuals. Further, it should be noted that a more in-depth
series of follow-up GC encounters are necessary for patients
who are found to carry a pathogenic or likely pathogenic
variant, which is not delivered through this platform.
These follow-up sessions often need to be traditional in-
person appointments, since there are additional tests and
screens that must be performed for such patients. As
such, this digitally enabled GC platform is less well suited
for the delivery of GC in high-risk clinical settings, where
many patients are likely to be found to carry a pathogenic
or likely pathogenic variant. Indeed, one of the biggest gaps
that must be closed for digitally enabled GC delivery is how
to ensure that patients who carry an actionable variant are
actually seen in-person for their follow-up care and are not
lost to follow-up. This is an area that is currently not ad-
dressed through the platform.

The digital GC platform has aided the return of GC results
to many patients; however, additional studies are necessary
to understand the long-term health outcomes and efficacy
of GC delivery in this fashion. In addition, studies are
needed to understand the cost-effectiveness of this type of
delivery. Finally, to ensure that digital platform-enabled
GC is able to serve a diverse demographic population equi-
tably, translation of the digital experience and availability
of real-time medical translation for the GC sessions should
be implemented. Non-digital workflows should also be
made available to ensure equitable delivery of services for in-
dividuals with lower digital literacy. As described in the
research agenda below, user-centered design with a focus to-
ward equitable access is an important factor towards
ensuring adoption across a diverse population.

A research agenda for digital health-enabled
genomics

The case studies above highlight key gaps in the current
path for digital health technologies to enable genomic
medicine. Here we highlight the imperative for a strategic
approach to the development and delivery of these highly
specialized digital health tools. To become mainstream in
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Box 1. A research agenda for digital health-enabled
genomics

e Design: Use biodesign principles in developing
research programs—understand the problem we
are trying to solve

e Clinical: Utilize implementation science princi-
ples to guide digital health tool integration and
evaluation in healthcare systems

o Data science: Apply FAIR principles to the data;
ensure that technology is validated against an
acceptable clinical standard

e Policy: Conduct outcomes research to establish
utility and economic justification for adoption;
understand what safeguards on privacy and cyber-
security should be deployed to assure trust

o Equity: To close the digital divide, address access,
literacy, awareness, ethnocultural, and knowledge
gaps in the application of digital health
technologies

the application of genomics to medicine, a robust digital
health research agenda is necessary across the translational
continuum to demonstrate effectiveness and fill knowl-
edge gaps. For optimal implementation and adoption of
digital health tools in genomic medicine, these technolo-
gies will need to be supported by the payer community.
In concert with technical, clinical, and data science consid-
erations, a policy agenda that considers the challenges
from participants to health systems will be a critical success
factor (Box 1).

Design
Digital technology developers often ideate in the absence
of the end user. We recommend that biodesign principles
be rigorously applied as product developers consider the
technology by asking up front: "what is the problem we
are trying to solve?" Needs-driven approaches are vital,
and early engagement of the consumer, participant, pa-
tients, and provider communities—who are all end
users—will ensure that features that are most desired by
diverse users are considered for the product up front.*’
Key technical and research questions for genomic digital
health tool and platform development are: (1) Does the
technology reproduce across a range of diverse populations
(ancestry, ethnicity, age, sex, gender, socioeconomic sta-
tus, language)? (2) Do the measures correlate with “ground
truth” (clinically accepted benchmarks or standards; for
example, correlating a smart watch that measures heart
rate over time with a Holter monitor)? That is, can we be
certain about the phenomena or phenotypes that the de-
vice is reporting? (3) How can these data be interoperable
with other data streams? (4) What human-factors research
and implementation research is needed to sustain user
engagement with apps and devices?

Clinical

For digital health technologies to be fully integrated into
healthcare systems using genomics, an understanding of
the workflows and data flows of systems is necessary. An im-
plementation science strategy will enable understanding of
(1) the environments in which the technology is being
considered for use, (2) how the end user wishes to interact
with the technology, (3) how best to deliver the information
from the technology, and (4) how toiteratively integrate the
technology into workflows to ensure its sustainable use.

To be acceptable to the clinical community, these tech-
nologies will require a clear agenda to validate the technol-
ogy’s accuracy (analytic validity), its ability to reproducibly
measure the clinical features of phenotype it purports to
measure (clinical validity), and that it provides value by
delivering information that changes behaviors or out-
comes (clinical utility).

Data science

Digital health data are computationally intense and con-
stitute “big data.” As such, increasing machine actionabil-
ity by human users will be required. In 2016, FAIR princi-
ples (findable, accessible, interoperable, and reusable)
were published and are now being widely adopted to pro-
mote optimal quality and reuse of data. Reuse and reanal-
ysis should be the norm given the inherently noisy nature
of digital health data, particularly from wearable devices;
therefore, multiple and diverse data science strategies
should be applied to optimize abilities to detect signals
from noise.

Policy

Paramount to the utility of digital health is the evidence
that it favorably changes health outcomes and the eco-
nomics of healthcare. Research on the cost benefit and
effectiveness of these technologies in concert with the
payer community will enable adoption.

A significant challenge to digital health is privacy and cy-
bersecurity. End users will have varying degrees of tolerance
for data sharing and fears of data breaches. These issues will
need to be better understood such that the infrastructures
and protections at various levels, depending on tolerance,
can be established for regular and sustainable use.

The regulatory pathways for digital devices and algo-
rithms will need clear definition, particularly as developers
and investors will require an understanding of what it will
take for regulatory approval. Risk categories for digital de-
vices and the care decisions they impact will likely deter-
mine aspects of the regulatory approval pathway.

Equity

Digital tools are not equitably accessible and affordable.
Research and policy agendas will need to address digital
and data literacy, the languages the devices use, awareness,
and knowledge as well as how to create low-cost
options and provide for universal access. Learning how
best to achieve the trust, engagement, and value that
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digital health technologies bring to underserved and un-
derrepresented communities should be of paramount
importance for the ongoing research agenda for digital
health and genomics.

While many of these areas of research apply more
broadly to digital health and healthcare delivery, it is
imperative that the genomic medicine community
develop this agenda in the context of optimizing the use,
integration, and interpretation of genomic data to opti-
mize the health of individuals and their treatment.

Conclusions

Digital health applications have shown great promise in
terms of improving outcomes of genetic healthcare, as
well as improving access, quality, and efficiency of genetic
services. Yet digital tools can also exacerbate disparities if
digital models do not represent broad populations or fail
to be used by diverse groups. The call to action for the ge-
netics community includes not only developing scalable
and efficient tools, but also designing equitable digital
genomic solutions accessible for all potential users, con-
ducting comparative effectiveness research, and address-
ing the policy agenda that will enable the evidence-based
use of digital genomics in medical practice.
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