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Abstract

The University of Arkansas for Medical Sciences (UAMS), like many rural states, faces clinical
and research obstacles to which digital innovation is seen as a promising solution. To imple-
ment digital technology, a mobile health interest group was established to lay the foundation for
an enterprise-wide digital health innovation platform. To create a foundation, an interprofes-
sional team was established, and a series of formal networking events was conducted. Three
online digital health training models were developed, and a full-day regional conference was
held featuring nationally recognized speakers and panel discussions with clinicians, researchers,
and patient advocates involved in digital health programs at UAMS. Finally, an institution-wide
survey exploring the interest in and knowledge of digital health technologies was distributed.
The networking events averaged 35-45 attendees. About 100 individuals attended the regional
conference with positive feedback from participants. To evaluate mHealth knowledge at the
institution, a survey was completed by 257 UAMS clinicians, researchers, and staff. It revealed
that there are opportunities to increase training, communication, and collaboration for digital
health implementation. The inclusion of the mobile health working group in the newly formed
Institute for Digital Health and Innovation provides a nexus for healthcare providers and
researches to facilitate translational research.

Introduction

Digital health, including technologies from telehealth to wearables, is seen as an important
aspect of modern healthcare [1]. This reflects an interest in decreasing costs by providing both
interventional and preventative care, a shift from hospital and clinic-based care to home-based
care, and the need to serve populations in areas remote from standard hospital or clinic-based
care. While deployed in both urban and rural areas, these technologies may have the most sig-
nificant impact in rural and medically underserved areas. Rural populations are commonly
medically underserved due to rural hospital closures, few physicians, and even fewer specialists
[2]. Furthermore, these populations are generally faced with barriers to access due to transpor-
tation challenges, distance from medical centers, and lack of insurance that limits their ability to
access care centered in more urban areas. In the USA, residents of rural counties are more likely
to exhibit poor heath behaviors (e.g., higher rates of smoking), greater all-cause morbidity and
mortality, lower socioeconomic status, and lower levels of clinical care than in urban counties
[3]. These problems are further exacerbated by low levels of health literacy, which make it more
difficult for individuals to access publicly available health information [4]. The promise of digital
health is in improving access to care, providing preventative healthcare to individuals with envi-
ronmental, economic, and health literacy barriers to access, and improving research in new
digital health technologies that can further increase the health span in a chronically underserved
population. To achieve these goals, academic medical centers (AMCs) will be the bridge to the
future in the digital transformation of medical practice [5,6].

New and practical methods of real-world data collection and exchange can facilitate trans-
lational research to bridge the gap between research, clinical care, the community, and the indi-
vidual patient [5, 7]. AMCs have the leadership and technical capabilities to influence and drive
these changes, while serving as test beds for new innovations [8, 9]. However, both digital health
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research and the integration of digital technology into the health-
care delivery system are complex, requiring skilled and experi-
enced personnel, and the knowledge of regulatory requirements
[10]. To successfully evaluate and implement emerging platforms,
AMCs need a visionary, structured, systematic framework [11]
supported by cross-disciplinary teams that cover multiple aspects
of digital health to meet institutional and areal goals. This is par-
ticularly true where the focus is on rural areas, and logistical
hurdles to implementation are often extensive. Several AMCs have
recognized these needs and have established digital institutes or
centers that foster education, skill building, and cross-disciplinary
team building to support quality care delivery solutions and
research [12, 13].

The University of Arkansas for Medical Sciences (UAMS), the
state’s only AMC, provides health services to a rural state that ranks
47th in health status [14]. UAMS has had a strong presence in digital
health since the development of a statewide telehealth program in
2003 [15-18]. This initial telehealth program is a statewide consulta-
tive service for family practitioners, obstetricians, neonatologists,
and pediatricians with the mission to improve treatment of high-risk
pregnancies through a Medicaid-funded, patient-centered approach
that brings high-risk obstetrical services to rural hospitals through
real-time, telehealth technologies [15, 17]. This program, the
Antenatal and Neonatal Guidelines, Education and Learning System
(ANGELS) program, has consulted high-risk pregnant women at 44
rural sites, decreased postpartum complications, and contributed to
a decrease in the 60-day infant mortality rate in Arkansas [15, 18].
Since then, the state has made tremendous progress in telehealth
programs focused on stroke, spinal cord, and traumatic brain injury
[18]. In stroke, the Arkansas Stroke Assistance through Virtual
Emergency Support (AR-SAVES) program is a Medicaid-funded
effort that connects potential stroke victims in rural emergency
departments with neurologists at urban hospitals in Arkansas [18].
In 2019, these telemedicine programs were formally rolled into the
Institute for Digital Health and Innovation (IDHI) (idhi.uams.edu).

As aleader in the deployment of telehealth to rural and under-
served populations, to take full advantage of current digital health
technologies, there was a need to incorporate new methods such as
mobile technology, social media, remote-based monitoring, wear-
ables, and other innovative solutions to improve access to care and
research. To address this need, a mobile health multi-disciplinary
interest group formed in 2016 that consisted primarily of UAMS
clinicians and researchers. Their purpose was to identify the cur-
rent use of digital technology within the institution and to establish
an enterprise-wide foundation for a digital health innovation plat-
form to implement and support digital innovations. This group
pursued the goal of fostering cross-stakeholder collaboration, pro-
viding educational opportunities and supporting researchers and
clinicians interested in adopting meaningful, secure, and quality
digital health efforts. Early efforts led to the clear realization that
researchers and clinicians often lacked the expertise to successfully
implement these technologies. Barriers to development of new dig-
ital health technologies included data access, ownership of data
when working with external vendors, and challenges with imple-
mentation and validation.

This paper describes the process which one AMC provided the
groundwork for development of an enterprise-wide digital health
innovation platform to serve researchers, clinicians, and patients in
a rural state. We describe the methods and approaches used to
determine the degree to which digital health technologies were
needed or currently utilized at UAMS, the degree to which entre-
preneurs and the UAMS community interacted to develop such
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technologies, and the level of interest in the clinical, technological,
and research communities in the development and deployment of
these technologies.

Approach
Mobile Health (mHealth) Interest Group

An initial group of four collaborators from the Departments of
Biomedical Informatics, Psychiatry, the Center for Distance
Health and Radiation Oncology at UAMS met to build on the suc-
cess of the statewide UAMS telemedicine programs to explore the
use of cutting-edge digital technologies in a rural state. The group
was supported by member departments and the UAMS
Translational Research Institute. The focus of the group was to
develop and implement an institutional framework of collabora-
tion, education and training, information sharing, and process
development.

Interprofessional Collaboration

To establish the framework, it was important to identify, bring
together, and harmonize efforts of those with an interest in using
digital technology. The interest group formed an interprofessional
team of clinicians, researchers, informaticists, a bioethicist, law-
yers, technology investment experts, and educators from UAMS
and area universities to accomplish that goal. The initial task
was to identify those using or with an interest in using digital tech-
nology, foster collaboration, and provide an avenue for connecting
with other technologists in the community.

Education and Outreach

Four approaches to education and outreach were implemented:
(1) three networking events designed to support collaborations
between community technology innovators, the UAMS technol-
ogy transfer office (Bioventures), and UAMS faculty in develop-
ment of digital health technologies; (2) development and
deployment of three online training modules covering commer-
cialization, design, and execution of validation studies, and
relevant regulatory, legal, and security considerations; (3) a full-
day regional conference featuring nationally recognized speakers
and panel discussions between clinicians, researchers, and patient
advocates involved in digital health programs at UAMS; and (4) an
institution-wide survey on digital health technology familiarity
and use.

Networking Events

To launch institutional awareness of the newly formed mobile
health working group, a poster was presented at a UAMS event
showcasing medical discoveries. This was followed by two formal
networking events, called mHealth Mingles, that were hosted by
the local office for technology transfers at UAMS (BioVentures).
Brief presentations from clinicians and researchers using digital
health technologies at UAMS and local technology developers
seeking collaborative development or clinical validation partners
provided brief presentations followed by open question periods
for participants. These events provided a critically important
opportunity to promote collaborative development and validation
projects between UAMS clinicians or researchers and local tech-
nology developers.
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Online Training Modules

Three online learning modules were developed by the mHealth
working group that provided didactic content on relevant aspects
of designing, developing, and validating digital health technologies
and intellectual property. Working in collaborations with the
UAMS Center for Distance Health (CDH) and the South
Central Telehealth Resource Center, provided the resources for
final deployment of these online modules, which are described
below (https://learntelehealth.org/course/digital-health-training-
module).

1. Commercialization as a Catalyst for Innovations in Digital
Health: This training module provides healthcare entities
and individuals with information on how commercialization
can serve as a catalyst for digital health innovation. The target
audience includes healthcare administrators, researchers, and
providers. The specific learning objectives are to (A) under-
stand the need for the healthcare industry to adapt to the
changing demands of healthcare consumers by developing
and/or leveraging new technologies to efficiently transform
patient-centric data sources into clinically meaningful infor-
mation that optimizes treatment outcomes, supports shared
clinical decisions, and/or decreases costs of care; (B) recognize
the potential of funding the development, validation, and
clinical implementation of mobile health and wearable bio-
monitoring technologies using private and public sources of
support for small business ventures; and (C) identify local
support services to help protect intellectual property, articu-
late the specific use-case scenario and value proposition to rel-
evant stakeholders, and execute well-designed validation field
studies to demonstrate that value.

2. Clinical Validation and Testing in Digital Health: The purpose
of this training module is to help healthcare entities and indi-
viduals using digital health and wearable technologies with
validation and field testing prior to implementation in their
research and clinical programs. The target audience for this
module includes healthcare administration, researchers, and
providers. The specific learning objectives are to (A) identify
three types of measurable outcomes for evaluating clinical
utility and effectiveness of digital health tools and technolo-
gies; (B) determine optimal contexts for the validation of dig-
ital health tools; and (C) distinguish relevant regulatory
factors related to the clinical validation and implementation
of digital health tools.

3. Regulatory Considerations in Digital Health: The purpose of
this training module is to help healthcare entities and individ-
uals using digital health and wearable technologies in their
research and clinical programs to recognize the relevant regu-
latory and security issues that must be taken into consideration.
The target audience for this module includes healthcare admin-
istration, researchers, and providers. The specific learning
objectives are to (A) understand how to apply Health
Insurance Portability and Accountability Act regulations to
cloud technologies; (B) identify allowable prerequisites of
patient health identifiers when using digital health technologies
in clinical and research settings; (C) develop techniques to
evaluate and apply technical, practical, and legal solutions when
working with patient data in the context of digital health tech-
nology applications.

Each of the online training modules includes a brief content
quiz to assess retention of the information presented.
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Full-Day Digital Health Conference

A full-day Digital Health Conference was organized to share ideas
and experiences pertaining to digital health innovation in research
and clinical settings. Presenters included nationally recognized
speakers from funding agencies (e.g., Patient-Centered Outcomes
Research Institute), local experts in the use of technologies to reach
rural or underserved populations, and panel discussions featuring
clinicians, researchers, and patient advocates from the local commu-
nity. Attendees to the Digital Health Conference completed a brief
survey regarding their perceptions of the events in which they par-
ticipated. An additional survey was distributed to all UAMS faculty
and researchers to assess interest in and overall experience with
digital health technologies.

Metrics and Outcomes
Integration of MHealth Interest Group

In 2019, UAMS created the IDHI Creation of this Institute
acknowledged the strong presence of telehealth at UAMS and
pointed to the institutional commitment to expand its digital
health footprint. The mHealth interest group joined the IDHI soon
after its inception, where it will continue to serve the institution
and community in research, education, and development of digital
health technologies.

Networking Events

The two mHealth mingles attracted 35-45 attendees, including fac-
ulty and staff from across the University of Arkansas system, tech-
nology vendors from the community, city agencies, and technology
incubators. The events were well received and, as hoped, resulted in
a clearer understanding of the current uses of these technologies as
well as areas in which clinical and research faculty and staff hoped
to innovate. Evaluations indicated that attendees would like to gain
greater technical assistance or expertise in the development of dig-
ital health technologies for their applications.

Online Training Modules

At present, no information on module use is available. Learning
objectives are clearly stated for each module, and test questions
assessing comprehension of the information provided are
included. These assessments are for self-learning only and are
not tracked.

Conference Survey

A conference was held to introduce the topic of Digital Health and
mHealth and to provide information concerning funding oppor-
tunities, reimbursement policies, and current research taking place
around campus. Patients from the community were also invited to
participate to share their stories and thoughts about the use of dig-
ital health. A total of 99 individuals attended the Digital Health
Conference. Attendees included researchers, clinicians, patients,
study coordinators, informaticists, research assistants, and pro-
grammers. Of these, 31 completed a brief survey regarding their
perceptions of each of the sessions at the conference. A total of
97% of the attendees said that the session objectives were met
and 98% said that they learned something new by attending the
conference. Additional comments were solicited and indicated that
attendees would like to have another conference that addressed
medical care more directly and felt that their participation had
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Table 1. Opportunities for resources and training

Opportunities for resources and training

+ Training on digital devices and communication methods,
implementation, and deployment

+ More information on wearables and apps use in research and clinical care

+ Approaches to selecting the best device on method

« Opportunities for collaboration

» List of tools and devices others have used

+ Practical approaches to starting a digital health project

+ How to implement technologies to rural clinical practice and legal
aspects?

» How to address use of digital technologies for clinical specialties?

+ Skills needed to be successful

+ Resources for funding digital health research and clinical projects

46.69%
53.31%

B ves B No

Fig. 1. Currently using digital technologies.

stimulated an interest in digital health technologies in their
domains of interest. Patient attendees noted a strong interest in
increased digital health solutions for rural areas, and more collabo-
ration with the health system on approaches.

Questionnaire Assessing Digital Health Use at UAMS

After over a year of establishing the foundation for a digital health
platform that would systematically assist research teams and clini-
cian, the mHealth working group sent out a questionnaire to evalu-
ate their progress. The Assessing Digital Health Use UAMS
Questionnaire was distributed to faculty and staff across UAMS.
There were 20 questions that covered use of digital health at
UAMS, awareness of digital health programs and resources, and
barriers to implementation and needs. Two-hundred and fifty-
seven individuals responded. Almost half of respondents have uti-
lized digital technologies (Fig. 1).

The majority of individuals (99%) who responded to the survey
were unaware of the multi-stakeholder synergy opportunities
called mHealth Mingles, and 93% were unaware of the UAMS
Digital Health Conference.

Based on the responses concerning barriers to implementation
and needs, many respondents were interested in information on
practical approaches to implementation in rural settings as well
as opportunities to collaborate (Table 1).

Discussion

Healthcare services in the USA healthcare show strong disparities
in rural locations. Between 2004 and 2014, 179 rural US counties
lost hospital obstetric services, resulting in increased preterm and
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out-of-hospital births [19, 20]. The lack of obstetric services
impacts over 27 million women and infants in the USA and rep-
resents significant resource and financial burdens. Arkansas
addressed this problem using a telemedicine approach, developing
video-based obstetrical consultations via the ANGELS program
[18]. The program successfully reduced 60-day infant mortality
rates in the state by 0.5% between 2003 and 2004. These successes
led to the establishment of the CDH in 2006, which continued to
expand telehealth services to underserved populations [18].

Arkansas, as a largely rural state, is a fitting location to enhance
innovative and personalized remote healthcare services. With an
age-adjusted stroke mortality rate of 53.7/100,000 in 2009, among
the highest in the nation [21], in 2008 UAMS developed the AR-
SAVES telestroke program. The purpose was to improve transport
times to medical facilities qualified for stroke care and, as a result,
to decrease time to treat. Two primary arms of the program are (1)
development of telestroke centers in rural hospitals and (2) provi-
sion of information on qualified stroke centers to emergency ser-
vices paramedics transporting patients [21-23]. Its success is
reflected in the approximately 2000 patients treated, a treatment
rate increase of >30%, and improved transport times to qualified
stroke centers [21, 24].

Taking advantage of the strong telehealth presence in the IDHI,
the mHealth working group was formed to provide a platform for
collaborations between health professionals and technology spe-
cialists to both take advantage of current mobile health technolo-
gies and create new ones. The success of these early efforts will be
enhanced by the integration of the mHealth working group and the
IDHI, which together will provide a platform to develop, evaluate,
and deploy new mobile digital health modalities to underserved
communities in the state.

Information obtained from participants in the mHealth Mingles,
the mHealth Conference, and the institutional survey showed that,
institution-wide, surprisingly few healthcare professionals were
aware of the educational mechanisms provided to assist them in
implementation and use of digital health solutions. This suggests
that stronger efforts are needed to increase awareness of the need
for MHealth technologies and the educational opportunities avail-
able to aid in their development. There was a strong interest in the
development of new, easy-to-use, and readily available mHealth
technologies, with an equally strong need to provide training
platforms for their development, testing, and deployment. This is
in keeping with a global assessment by the World Health
Organization [25], where one of the four primary barriers to the
use of digital health technologies was the lack technical knowledge.

The need for methods that provide high-quality health care to
underserved communities while reducing overall costs is well rec-
ognized [9]. Despite this clear need, and efforts by several AMCs to
implement appropriate programs, such methods are not well inte-
grated with current medical practices in the USA. As we found at
our institution, the lack of a clear path to develop digital health
technologies beyond telehealth was reflected in uncoordinated
and siloed development largely unknown outside of the depart-
ment or clinic that implemented it. This issue is one that all
AMCs must tackle [13] if we are to realize the promise of these
technologies to the health of our citizens.

The hope is that these technologies will improve education,
research, and delivery of care by enabling data sharing and
team-based care approaches across healthcare settings while pro-
moting translation of technologies from bench-to-bedside. This
translation will provide an opportunity to deliver health care in
low-health resource settings where there is often a lack of
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diagnostic and monitoring technologies. These goals are needs
driven and largely focused on the design of technically advanced
health systems where communication of health information is fre-
quently not considered [4]. Two important aspects of communi-
cation that were not addressed in our study, but represent a
critical component of the utilization of these technologies, are
interprofessional education (IPE) for providers and health literacy
for communities and patients. IPE is a transformative educational
program that creates active learning experiences for learners from
diverse health professions to learn new skills, such as digital health
[26,27]. Health literacy, which requires both basic reading, writing,
and numeracy skills and the ability to acquire and understand rel-
evant health information, is an important component of the ability
to make informed health-related choices [28]. Low health literacy
can result in more hospitalizations, poorer overall health, and
increased mortality as well as increased medical costs [29, 30].
Thus, incorporation of best practices for health literacy into all dig-
ital health technologies is a critical component of their success.

The results of our work suggest that centralizing the informa-
tional, research, and practical aspects of digital health technologies
is a necessary first step toward creating an environment in which
innovative uses of digital health technologies can be discussed,
developed, and deployed for the purpose of providing better and
less expensive health care to the underserved citizens of largely
rural states such as Arkansas.

Conclusion

A medical center serving a rural state leveraged its strengths in tele-
medicine to include mHealth technologies in the newly established
IDHI. Feedback from the community showed is a need and a desire
for education, training and better dissemination of information to
successfully implement and manage digital health technology in
health care and research. The new institute will address those needs
and provide an environment to foster the use of digital health inno-
vation supporting translational research and quality clinical care
across a rural state.
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