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T he Mayo Clinic center for digital
health (CDH) employs nearly 700 in-
dividuals, bringing solutions and

expertise to enable Mayo Clinic’s digital trans-
formation. Leaders and their respective teams
provide critical digital expertise in areas such
as agile business methodology, artificial intelli-
gence and machine learning, data and ana-
lytics strategy and governance, digital
product and platform strategy and manage-
ment, digital practice enablement, and user
experience and customer support. Mayo Clinic
established the predecessor to CDH (the
Center for Connected Care) in 2012 to
provide expertise, knowledge, and strategic
direction for telehealth and virtual care
services, bringing together efforts that had
previously been spread throughout sites,
divisions, and departments across the
organization.1 In 2019, CDH was established,
bringing together the Center for Connected
Care with other teams across the organization
that were focused on data and analytics,
artificial intelligence and machine learning,
knowledge and content management, and
digital user experience.

Mayo Clinic offers an entire suite of ready-
to use solutions that clinicians, care teams,
patients, and consumers use today. These so-
lutions span patient engagement and access,
virtual care, care guidance, platforms, and an-
alytics.1 Patient engagement and access solu-
tions include patient self-scheduling, digital
check-in, secure access to personal medical
records, secure messaging with care team
members, and wayfinding. Virtual care solu-
tions include home hospitals, remote patient
monitoring, and virtual visits (video, phone,
and e-consult). Care guidance solutions
include knowledge delivery assets like
AskMayoExpert and clinical calculators.
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Platform solutions include public-facing web-
sites and authenticated patient platforms
such as the patient web and the Mayo Clinic
mobile application. Analytics solutions include
tools such as the COVID-19 response dash-
boards and tools to reduce bias. With partners
across Mayo Clinic, CDH enables the pro-
grammatic, operational, infrastructure, and
administrative support for these digital health
products and services. In addition, it provides
subject matter expertise and guidance on dig-
ital health-specific regulatory, legal or adher-
ence, contracting, licensing, credentialing,
revenue or billing, information technology,
product (selection, deployment, and support),
government relations, public affairs, training,
education, and research needs.2

As Mayo Clinic established itself as a digital
health care organization, there was a realization
that research must remain central to this
transformation effort. The core of this model
is the ability to understand the value and
outcomes of our digital health products and
services in a meaningful, intentional, system-
atic, and perpetual way. This approach includes
the development of leading indicators of per-
formance, with insights from these indicators
regularly integrated into the product or service
lifecycle. Mayo Clinic Center for Digital Health
Research and Outcomes Unit was established
in April 2021, to support and encourage the
clinical scientific investigation of digital health
care and its delivery within Mayo Clinic prac-
tice. The unit’s mission is to advance digital
health care through meaningful study of the
reliability, validity, efficacy, safety, effectiveness,
quality, service, and clinical and economic
value of digital health practice in the context
of overall health care delivery.

In service of this mission, the unit aims to
foster and support multidisciplinary teams in
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delivering the necessary insights for the appli-
cation and advancement of digital health care.
To this end, it aims to intentionally define,
measure, and communicate how these digital
health products have affected our patients,
care teams, and practices. These aims are
accomplished through operational, analytical,
and medical subject matter expertise in digital
health care delivery to define relevant digital
health outcome measures, conduct value anal-
ysis, integrate value measurement into the dig-
ital product lifecycle, and provide study
development and management support for in-
tegrated, coordinated, and prioritized digital
health evaluation and research. The unit lever-
ages a value framework to provide a holistic
view of potential measures across a variety of
outcomes of interestdhealth outcomes, expe-
rience, economics, and system or process
functiondgrounded in equity and safety
(Figure 1). This framework has been adapted
from existing quality models,3 and progres-
sively refined over time. The appropriate eval-
uative methods are chosen depending on the
type, goals, objectives, and effect of the initia-
tive, the available resources, and the research
question being addressed. The approaches
range from ongoing and routine measurement
that is scalable and flexible, to highly struc-
tured evaluations that ask and answer specific
questions in a way that generates generalizable
knowledge. Example means of evaluation
include randomized controlled trials, prepost
studies, observational studies, quasi-
experimental studies, cost-effectiveness or
cost-benefit analysis, qualitative studies, health
impact analysis, and dashboards or scorecards.
With that, the unit has 3 primary focus areas
to support efforts across that continuum:

(1) Continuous product value and effect mea-
surement that is focused on supporting
our CDH product teams directly in contin-
ually defining and assessing the key perfor-
mance indicators for their products and
portfolios. This information is then used
to enhance product capabilities and to
drive ongoing investment decisions (ie,
support ongoing investment planning to
inform if Mayo Clinic should continue to
invest in each product at current levels, in-
crease levels, evolve the product value
proposition, or narrow its investment).
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The key areas under this domain are
cost-effectiveness and cost-utility analysis,
process evaluation, quasi-experimental an-
alyses of outcomes, dashboards, and score-
cards. A recent example is the contribution
to quality and value frameworks for virtual
care.3

(2) Digital health research and insights that is
focused on applying systematic methods
to evaluate opportunities for enhanced
clinical effect through digital means. These
findings are also translated into tangible
practice recommendations to help inform
practice change on the basis of evidence.
Foundational elements of structured,
systematic evaluation include supporting
qualitative, observational, and prepost
studies and real-world prospective
(randomized and pragmatic) trials both
within CDH and from across the clinical
practice. In addition, the unit helps to
define and prioritize key topics for investi-
gation, coordinate and facilitate the
conduct of studies, communicate findings
to facilitate practice insights, and translate
discoveries into practice recommenda-
tions. A recent example is the video tele-
medicine diagnostic accuracy study.4

(3) Scholarly advancement that funding that is
focused on supporting academic pursuits
in the digital health care space and helps
to provide visibility into Mayo Clinic’s
work across the practice. Research
personnel screen for external and internal
grant funding, match funding with proto-
cols, and offer digital health research
awards. Moreover, the unit provides
mentorship opportunities for clinicians,
scientists, and allied health staffs to build
digital domain expertise and to provide a
means of organic collaboration to accel-
erate research. Opportunities are also pro-
vided for medical students and
postgraduate medical trainees to engage
in scholarly digital health research. A
recent example is the contribution to pro-
fessional medical education and virtual
care.5

To accomplish these goals, the unit main-
tains a collaborative infrastructure that en-
hances institutional capacity to effectively
perform studies involving digital health care
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Clinical outcomes, quality, and safety: Mortality, functional status, HEDIS
scores, readmission rates, inpatient length of stay, ED visit rates, adverse
event rates, PROs

Patient and family experience: Net promoter score, patient activation
measure, HCAPS, medical literacy (understanding treatment instructions),
self efficacy�

Clinician experience: Satisfaction, ease of use/obtaining clinical
information, annual staff turnover, duration of visit, visits conducted annually�

Financial, operational, and reach: Revenue (payments of
professional/technical services, subscriptions, new patient acquisition,
patient retention, increased capacity), cost savings (program expense, care
expense), market share, length of stay, no-show rate, inpatient/ED
throughput rate, panel size, number of users, engagement rate (usage)�

Complexity and risk: Clinical complexity, operational complexity, technology
complexity, risk to brand, regulatory/compliance risk

Availability of care: Time to next appointment, travel time to care per patient,
care team burden (number/frequency of patient touchpoints), patient
transfers, cancellations, capacity

Clinical process: Medication adherence, adherence to care plans or
discharge instructions, adherence to evidence-based guidelines, disease
detection, cognitive burden, receipt of optimal care
�

Clinical
outcomes

Clinical
outcomes

Experience
Have pleasant

interactions and
sensations

Economics
Save or make money

while providing
quality care

Function
Fulfill a purpose with
the appropriate level

of effort

Experience

Equity

Economics

Function

Care teams

Practice
leadership

Payors

Employers

CDH &
administrative

leadership

Patients/caregivers
(current and

potential)

FIGURE 1. Mayo Clinic digital health value framework.
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delivery. Skills development among interested
collaborators and partners is advanced
through individual investigator assistance and
mentorship in protocol development, grant
acquisition, study conduct, analysis, publica-
tion, and results dissemination. Resources
include those to facilitate the design, develop-
ment, implementation, conduct, analysis,
publication, and dissemination of digital
health-based research and research-related
projects relevant to departments and centers
across Mayo Clinic, Mayo Clinic health sys-
tem, Mayo Clinic college of medicine and sci-
ence, and partner and affiliate organizations.
This model allows for effective administration
and coordination of research through a
centralized team, serving as a trusted resource
for investigators across the Mayo Clinic orga-
nization. The unit partners associated closely
with Mayo Clinic center for the science of
health care delivery that provides robust
access to expertise across numerous fields
(applied clinical informatics, data science,
dissemination and implementation science,
economics, engineering, ergonomics, human
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factors, experiential learning, health care pol-
icy, health services and outcomes research,
health economic analysis, human-centered
design, information technology, knowledge
synthesis, population health, qualitative
research, and social and behavioral science).
Additional resources are available through
active collaborations with Mayo Clinic center
for clinical and translational science activities
(CCaTS), one of the 50 medical research insti-
tutions funded through the National Institutes
of Health Center for Translation Science Activ-
ities awards. Through MC CCaTS, collabora-
tors have access to educational resources
(certificate, masters, and PhD programs) and
research resources (including a clinical research
unit and core facilities, and consultative re-
sources in biostatistics, epidemiology, and
research design). Additional resources available
either directly through the unit or through in-
ternal partnerships include study coordination
and study personnel for the efficient manage-
ment of patient screening, subject recruitment,
regulatory adherence, fiscal oversight, data
integrity, and data safety monitoring.
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Develop a digital health
research agenda to focus
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greatest need and impact.�
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FIGURE 2. High-level initiatives undertaken by the Mayo Clinic digital health research and outcomes unit.
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Proactive communication about the effect
of digital health products is vital to inform
future implementation and product develop-
ment. Research discoveries are regularly shared
through presentations at regional, national, and
international digital health and clinical confer-
ences, peer-reviewed research publications,
and CME conferences, seminars, and proceed-
ings. In the 24 months since the unit’s incep-
tion, it has helped to initiate and conduct
over 30 studies and contributed to over 70
manuscripts spanning topics such as clinical
effectiveness, clinical access, and the effect of
new care, staffing, and training models. To
accelerate these efforts, the unit is establishing
a digital health research agenda, a 5-year
research agenda to focus and align research
efforts.6 This approach helps to proactively
identify critical areas for evaluation and ensures
that evidence is available to inform key conver-
sations and decisions. In addition, it targets
resources devoted to digital health research to
arenas with the greatest perceived effect and
establishes a balanced research portfolio. The
key themes identified through this process
include clinical appropriateness, parity, equity
or access, and economics. Modestly prioritized
themes were related to licensing, legal and
adherence, and patient engagement. The lesser
prioritized themes were digital scalability, the
Mayo Clin Proc Digital Health n September 2
potential for fragmentation in the health care
system, team dynamics, and potential issues
of waste, fraud, and abuse. Figure 2 shows
the relationship between different initiatives
across the unit’s focus areas.

The unit is directed and overseen by a
highly qualified staff and is guided by a multi-
disciplinary steering team (Figure 3). The unit
is led by a medical director, who oversees and
directs the continued planning, development,
and operations of the unit and engages physi-
cians and other health care providers in the
research process, assisting them in the devel-
opment and selection of digital health-related
study ideas and projects and serving as a
mentor to investigators as appropriate. The
unit’s ongoing operations are coordinated
and managed centrally by a director and a
team within the unit that acts as liaisons, con-
necting collaborators with internal and partner
resources. These resources provide assistance
for study design, biostatistics, ethics, subject
advocacy, volunteer recruitment resources,
general research education and training, and
study-specific conduct needs. They also
ensure that all necessary administrative and
financial processes are in place before con-
ducting the study.

The steering team is comprised of a multi-
disciplinary team of physicians, career
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FIGURE 3. Governance structure for the Mayo Clinic digital health research and outcomes unit.
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scientists, and administrative leaders. This
team is responsible for providing guidance
on the governance and direction necessary
for the development and maintenance of qual-
ity research and outcomes programs. They
inform the overall direction for the develop-
ment of program goals, objectives, and stan-
dards set by the unit’s leadership team and
ensure the delivery of such activities are coor-
dinated and managed appropriately, effec-
tively, and efficiently. To affect these goals,
the steering team endorses the unit’s compre-
hensive strategy and roadmap for the ongoing
study and evaluation; provides guidance on
roadmap activities across teams and stake-
holders; provides guidance on the prioritiza-
tion of incoming requests and new
development (roadmap items); and endorses
the recommended staging of projects pro-
posed by the leadership team.

A literature review did not present other
published examples of digital health research
centers to allow for comparison. However,
through personal communication, other
similar centers are in various stages of develop-
ment at Thomas Jefferson University, Emory
University School of Medicine, University of
Washington, Geisel School of Medicine,
Dartmouth-Hitchcock Medical School, Stan-
ford University, School of Medicine, Univer-
sity of Pittsburgh, Massachusetts General
Hospital and Harvard University.
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CONCLUSION
More research in digital health is needed to
answer critical questions during the next
several years that could help satisfy patients,
providers, payers, and politicians, and lay the
foundation for permanent telemedicine pol-
icy.7 The formulation of centers for digital
health research at academic institutions of
health care with personnel and resources to
advance digital health care through meaning-
ful study of reliability, validity, efficacy, safety,
effectiveness, quality, service, and clinical and
economic outcomes may be one solution.
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