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Cardiovascular diseases (CVDs) remain the leading cause of death and disability worldwide. Digital health technologies are
important public health interventions for addressing the burden of cardiovascular disease. In this article, we discuss the
importance of translating digital innovations in research-funded projects to low-resource settings globally to advance global
cardiovascular health equity. We also discuss current global cardiovascular health inequities and the digital health divide within
and between countries. We present various considerations for translating digital innovations across different settings across
the globe, including reciprocal innovation, a “bidirectional, co-constituted, and iterative exchange of ideas, resources, and
innovations to address shared health challenges across diverse global settings.” In this case, afferent reciprocal innovations
may flow from high-income countries toward low- and middle-income countries, and efferent reciprocal innovations may be
exported to high-income countries from low- and middle-income countries with adaptation. Finally, we discuss opportunities
for bidirectional learning between local and global institutions and highlight examples of projects funded through the American
Heart Association Health and Innovation Strategically Funded Research Network that have been adapted to lower-resource
settings or have the potential to be adapted to lower-resource settings.

Key Words: cardiovascular disease ®m disparities B health equity B machine learning and artificial intelligence m translational studies

ardiovascular diseases (CVDs) remain the leading
cause of death and disability worldwide." In 2020,
an estimated 523 million people had CVD; ~32%
of all global deaths were attributable to CVD."? The
burden of CVD and barriers to its prevention and man-
agement are unequally distributed among various seg-
ments of populations within and between countries.
For instance, in the United States, Black and Hispanic
adults bear a disparate burden of CVD.2 Globally,
compared with high-income countries (HICs), it is esti-
mated that >80% of persons with CVD live in low- and
middle-income countries (LMICs), where more than
three-quarters of CVD deaths occur.?
Digital health interventions (DHIs), including dig-
ital health technology, digital medicine, telemedicine,

mobile health, remote monitoring, and wearable and
consumer technologies, are important public health
and clinical interventions for improving adherence,
promoting lifestyle changes for preventing and treating
CVD.* However, DHIs applied to cardiovascular health
have a greater chance of success if equity is centered.
Equity is the absence of unfair, avoidable, or remedi-
able differences among groups of people, whether
those groups are defined socially, economically, de-
mographically, geographically, or by other dimensions
of inequality.® DHIs can improve health care access,
use, timeliness of care, and health outcomes and ad-
vance health equity by addressing barriers to care and
facilitating evidence-informed strategies such as team-
based care.®
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Nonstandard Abbreviations and Acronyms

ADD-RHD Active Case Detection and
Decentralized Dynamic Registry to
Improve the Uptake of Rheumatic

Heart Disease Secondary Prevention
DHI digital health intervention

GDMT guideline-directed medical therapy
HICs high-income countries

HCD human-centered design

LMICs low- and middle-income countries
RHD rheumatic heart disease

DHIs usher in great benefits but may expose, ex-
acerbate, or drive inequities across multiple domains,
including socioeconomic status, age, literacy, and geo-
graphic location.” To ensure equity in the development
and use of DHIs and improvements in health and social
determinants globally, particular attention must be de-
voted to the technology itself and aspects of design,
technical development, integration of the technology
into health care, and evaluation. This includes the digi-
tal health tools’ relationship and interaction with various
end users, including individual patients and with partic-
ular attention to historically excluded and marginalized
populations globally, technology proprietors and devel-
opers, the health system, policymakers, governments,
regional/international organizations and transnational
organizations, and other stakeholders.®

GLOBAL CARDIOVASCULAR HEALTH
DISPARITIES

The burden of CVD in LMICs has dramatically in-
creased recently due to rapid epidemiologic transi-
tions,® characterized by changes in diet, tobacco use,
sedentary lifestyle, and socioeconomic changes. At
least three quarters of CVD deaths occur in LMICs.®
Yet screening and surveillance systems and highly ef-
fective evidence strategies to control and prevent CVD,
such as lifestyle interventions, blood pressure— and
cholesterol-lowering therapy, and novel therapeutics,
have not been equally translated in LMICs. Moreover,
the cardiovascular workforce needed to curb the in-
creasing trend of CVD in LMICs is suboptimal.’® Rapid
innovations in diagnostic procedures and imaging mo-
dalities that facilitate accurate diagnosis and appropri-
ate treatment of CVD have occurred in HICs. However,
access to these innovative diagnoses and treatment
procedures is not equitable across the globe, with
LMICs experiencing these disparities on a larger scale.
Factors driving these include disparity in broadband
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and Internet access across countries; despite the
Internet spike experienced during the pandemic, about
2.7 million people (about a third of the work popula-
tion) did not have Internet or high-speed broadband
access in 2022,"" impacting DHI access. Gaps in digital
literacy (competencies in using digital tools, processing
information, and engaging with media) also present a
major challenge; many education systems across the
world are not equipped to teach digital skills due to
lack of proper infrastructure, technological equipment,
teacher training, curriculum, or learning benchmarks.'?
The digital divide, in which technology and Internet ac-
cess and use patterns differ due to many of the factors
mentioned above, extends beyond a divide between
populations with access to the Internet or mobile de-
vices and those without but includes overlapping
divides in digital skills, digital use, quality of infrastruc-
ture, access to content, and so on."" Additionally, there
are also gaps in translation, access, and adoption of
DHIs and in conducting implementation of science-
based principles which may facilitate translation of DHI
tools into practice.

Digital Health Inequities

Digital health inequities permeate health care systems
within and across countries. There are deeply rooted
inequities in health care, and despite the technology
ownership improvements, digital access continues
to be low among underserved people.”® Access to
DHls is often limited to various groups, such as peo-
ple who live in rural areas, are low-income, belong to
racial and ethnic minority groups, have a disability,
or are older. Linguistic and immigration barriers may
also drive the digital divide within countries. Digital
tools and smartphone applications are often designed
for English speakers and can be exclusionary to im-
migrants, refugees, and people from other cultural
backgrounds whose native language is not English.'
People living in poverty typically reside in areas with
limited Internet connectivity, broadband access, and
access to computers and other digital devices. These
populations may also experience limited digital literacy.
Health system payment structures and regulatory hur-
dles also drive issues with access to and use of DHIs.
For instance, in the United States, digital therapeutics
are approved by the US Food and Drug Administration
within the software-as-a-medical-device category, with
some coverage through private insurance, federal and
state programs like Medicaid and Veterans Affairs, and
out-of-pocket spending.’® To address this limited cov-
erage, the Access to Prescription Digital Therapeutics
Act of 2023 bill was recently introduced in the US
Senate to expand Medicare coverage to prescription
digital therapeutics.'® There are also disparities in tel-
ehealth access, use, and coverage of telehealth visits.
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To further compound this, people who are not insured
are additionally excluded. Eligibility restrictions that ex-
clude segments of people, including undocumented
individuals, from accessing health care also limit their
access to digital health technologies.

RECIPROCAL INNOVATION

In global health partnerships, there is a tendency to
assume and adopt a unidirectional flow of innova-
tions, where DHIs developed in HICs are exported to
LMICs.!® This practice is rooted in a colonialist per-
spective that associates innovation with HICs while
discounting the potential of LMICs to develop innova-
tions that may benefit HICs. Thus, Sors and colleagues
coined the term reciprocal innovation as the “bidirec-
tional, co-constituted, and iterative exchange of ideas,
resources, and innovations to address shared health
challenges across diverse global settings.”” From the
LMIC perspective, afferent reciprocal innovations flow
from HICs toward LMICs, and efferent reciprocal in-
novations may be exported to HICs with adaptation.
A common category of efferent innovations is frugal
innovations, which are cost-effective technologies or
strategies arising from LMICs out of the need to do
more with fewer resources.”” For instance, there is
DHI diagnostic equipment developed and adjusted to
LMICs, sometimes cheaper than their equivalent high-
end products, with high-quality compliance for use not
only in LMICs but also in HICs. Mobile health linked
with team-based care remote patient monitoring ap-
proaches, which have also been championed in many
LMICs and are being adapted for use in HICs.'® These
frugal innovations have the potential to reduce health
inequities in HICs at scale. Similarly, afferent digital in-
novations developed to reduce inequities in HICs may
also have great potential for cost-effective impact in
LMICs by reducing the need for human resources that
are so scarce and valuable in these settings (Figure).
Reciprocal innovation has 3 main features': (1) global
health partnership, which is ingrained in the values of
reciprocity, mutual learning, and equity across partner
institutions in HICs and LMICs; (2) a bidirectional and
co-constituted approach to identifying shared health
challenges across settings in long-term engagements;
and (3) identification of high-quality innovations from
global health partnerships for demonstration, replica-
tion, and dissemination in diverse settings.

TRANSLATING DIGITAL INNOVATIONS
ACROSS DIFFERENT SETTINGS

Translating DHIs between high- and low-resource set-
tings is crucial for advancing global cardiovascular
health equity. Digital innovations have the potential to
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revolutionize health care delivery by improving access,
delivery efficiency, and quality of care.'® However, as-
sessing the impact of the delivery of DHIs has often
been limited to high-resource settings, leaving low-
resource settings behind. It is essential to bridge this
gap and ensure that digital innovations are accessi-
ble, can be applied across different settings, and can
subsequently address the disparities in cardiovascular
health outcomes.

Low-resource settings often face significant health
care delivery challenges. These challenges include
limited health care infrastructure and resources and
a shortage of health care professionals. However, by
leveraging DHIs that high-resource areas benefit from,
low-resource settings can overcome these barriers.
This, in turn, can improve cardiovascular care delivery
and outcomes. For example, telemedicine and mobile
health applications can enable remote patient moni-
toring, timely consultations and referrals, and health
education, thus reaching persons in remote or under-
served areas.

Translating DHIs from high- to low-resource set-
tings also presents bidirectional learning opportunities
between local and global institutions. While local in-
stitutions in the United States and many other HICs
may have access to cutting-edge technologies and re-
search expertise, global institutions, particularly those
in low-resource settings, possess invaluable knowl-
edge about their region’s context, cultural norms, and
healthcare challenges. By fostering collaboration and
knowledge exchange, both sides can learn from each
other and co-create innovative solutions that are effec-
tive, culturally appropriate, and sustainable. This bidi-
rectional learning approach ensures that DHIs are not
simply imposed but are adapted and tailored to the
global context and vice versa, increasing their chances
of success and impact.

Several factors need to be considered to facilitate
the successful translation of DHIs between settings.
First, it is critical to involve local partners, including
policymakers, regulatory bodies, health care provid-
ers, and patients, from the early stages of innovation
development. Their input and feedback can guide the
design and implementation of digital or other solu-
tions that align with local needs and priorities. Second,
capacity-building and training programs should be
established to ensure that health care professionals in
low-resource settings are equipped with the necessary
skills to use digital innovations efficiently and maximize
their benefits. Third, exploring and implementing DHIs
prepared for offline use is expeditious, especially in
areas without a reliable power supply and high-speed
Internet. Finally, infrastructure and resource limitations
must be addressed. For example, to support the ef-
fective integration of DHIs into health care systems, it is
important to ensure that reliable Internet connectivity, a
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Figure. Reciprocal innovations in digital health to advance global

cardiovascular health equity.

A, Two specific examples of afferent and efferent reciprocal innovation loops in the
American Heart Association Health Technology and Innovation Strategically Focused
Research Network. Cincinnati Children’s is training nurses to screen for rheumatic
heart disease using artificial intelligence-assisted echocardiography acquisition. The
team is adapting this approach to screen for structural heart disease at Indian Health
Service sites in Arizona. The Digital Optimization Toolkit to Improve Heart Failure
Care collaborative project is adapting a patient engagement application for patients
with heart failure developed at Stanford for use in Brazil. The Brazil team is testing
low-cost remote patient monitoring solutions that could be useful in low-resource
settings of the United States. B, Reciprocal innovation can occur along multiple axes
of context, for example, global to local, urban to rural, or academia to practice. C,
Table showing potential reciprocal innovations of all AHA Health Technology and
Innovation SFRN projects. Al indicates artificial intelligence; GDMT, guideline-
directed medical therapy; LMICs, low- and middle-income countries; mHealth,
mobile health; and HTI SFRN, American Heart Association Health Technology and
Innovation Strategically Focused Research Network.

sustainable power supply, and the access or ability to
acquire affordable devices are available.

PARTNERING TO ENSURE
EFFECTIVE AND APPROPRIATE
IMPLEMENTATION AND ADAPTATION

Effective adaptation and uptake of DHIs between set-
tings require careful consideration of the culture and
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context where the technology will be used. This is best
achieved through partnership with the health interven-
tion’s target patient population and the team that will
support the rollout of the technology locally. While strat-
egies for stakeholder engagement can vary widely, there
are some best practices for design and implementation
and digital technology transfer that can help these tech-
nologies reach their full potential across settings.

First, human-centered design (HCD) may be ad-
opted during technology development to develop and
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evaluate products alongside rather than for the likely
end users. Done skillfully, HCD can save time and re-
sources for the development team and results in prod-
ucts that are more creative, inclusive, and effective
for the target population. HCD techniques have been
increasingly used in the global health context,?® and
new monitoring and evaluation frameworks are being
developed to capture these impacts.?! First, during the
technology development process, HCD is an approach
that aims to develop and evaluate products alongside
rather than for the likely end users. Done skillfully, HCD
can save time and resources for the development team
and results in products that are more creative, inclusive,
and effective for the target population. HCD techniques
have been increasingly used in the global health con-
text and new monitoring and evaluation frameworks are
being developed to capture these impacts.?’

Building on HCD is the equity-centered design ap-
proach, which specifically aims to understand and
account for variables that can lead to inequitable tech-
nology benefits among minoritized populations.?? Equity-
centered design ensures that minoritized communities
are engaged as codesigners to ensure solutions meet
community needs and overcome systemic barriers to
digital technology uptake. While HCD can encompass
approaches emphasized in equity-centered design, mi-
nority voices may not be adequately represented when
combined with those in the majority.

There are best practices based on real-life case
studies of scaling digital health in LMICs and early im-
plementation of DHIs in LMICs to address infectious
disease. Five key focus areas identified as being criti-
cal for success include the following:?® (1) The intrinsic
characteristics of the DHI must offer tangible benefits
to address an unmet need, with early end-user input
from the outset; (2) all stakeholders must be engaged,
trained, and motivated to implement a new initiative;
(3) the technical profile of the DHI should be driven
by simplicity, interoperability, and adaptability; (4) The
DHI should be aligned with the policy environment in
which it is intended to function, including engaging the
private sector; and (5) the extrinsic ecosystem should
be considered, including the existence of appropriate
infrastructure to support the DHI at scale.

Finally, when bringing proven technology to a new
setting, there are also approaches that can ensure
that the application of that technology is acceptable,
feasible, and appropriate for a new population or con-
text. Here, community-based participatory research
can be of benefit, empowering community voices and
cultural perspectives that result in an authentic under-
standing of groups that are often underrepresented in
research.?* Just as importantly, roll out of any mobile
health technology should include rigorous implementa-
tion of science measures as well as clinical outcomes
measures to ensure scalability and sustainability of the
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new approach.?® Some examples of academic and
nonprofit-led digital health interventions are provided
below; there are several private sector-led DHIs, such
as McKinsey and the Exemplars in Global Health, a re-
search collaboration focused on assessing digital tools
for primary health care in LMICs?%; a Novartis-supported
telemedicine project in Ghana; and the like.?

EXEMPLAR DIGITAL TECHNOLOGY
PROJECTS ADAPTABLE TO LOWER-
RESOURCE SETTINGS

Below are examples of projects funded through the
American Heart Association Health Technologies and
Innovation Strategically Focused Research Networks
that have been adapted to lower-resource settings or
have the potential to adapt to lower-resource settings.

Exemplar Project 1

Tele-Visits Using Secure Health Insurance
Portability and Accountability Act-Compliant
Patient Mobile Video

Stroke is a leading cause of death and disability glob-
ally.?” The burden of stroke globally is unevenly dis-
tributed. The burden of stroke globally is not evenly
distributed. The timely and accurate diagnosis of
stroke is a major public health challenge. Too many
strokes are missed, misdiagnosed, or diagnosed too
late.?® Strokes are not misdiagnosed when they pre-
sent with typical neurologic symptoms such as hemi-
paresis and aphasia; rather, they are missed when they
present with atypical or nonspecific symptoms that
mimic more benign disorders, such as isolated dizzi-
ness or vertigo.?® It is estimated that roughly half of
the >100000 missed strokes each year in the United
States occur in this clinical population. The Vestibular
Neurology team at Johns Hopkins has developed in-
novative eye movement-based diagnostic approaches
to diagnose stroke in these patients with greater ac-
curacy than the gold standard of magnetic resonance
imaging with diffusion-weighted imaging.2°

This program involves designing a web-based mo-
bile application that connects patient-recorded eye
movement videos to a Health Insurance Portability and
Accountability Act—secured TeleDizzy data warehouse
known as Vision. This project is developing a smart-
phone application that accurately measures nystagmus
velocity and direction. This project is part of the Johns
Hopkins Center for Mobile Technologies to Reduce
Disparities in Cardiovascular Health, which seeks to
leverage mobile and wearable technologies that directly
empower patients and providers to enhance quality, in-
crease value, and reduce health disparities in the diag-
nosis and management of CVD and stroke.
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Accurate eye movement evaluation is central to the
timely diagnosis of vestibular strokes, often presenting
with dizziness, thought to be innocuous by patients
and caregivers.®® However, the lack of expertise in
evaluating eye movements and infrequent use of eye-
tracking technology in emergency departments and
urgent care facilities hamper the accurate, timely di-
agnosis of vestibular strokes.3' While more advanced
medical centers could minimize the harm by using ex-
pert providers, lack of such human resources would
render other medical centers, more specifically, rural
hospitals and those located in areas of the world with
a low neurologist-to-population ratio, to be more sus-
ceptible to adverse consequences of a delayed or in-
accurate diagnosis of vestibular strokes.

Improving access to advanced eye movement
evaluation and timely stroke diagnosis is the prevail-
ing vision in developing the EyePhone application.
Eliminating the need for expensive devices and expert
clinicians to obtain accurate measurements of different
eye examination components expands this technol-
ogy’s global reach. Currently, the data regarding the
proof of the concept and the accuracy and precision
of different measurements of the application have
been published. The data regarding the accuracy of
nystagmus measurements, as an important compo-
nent in stroke diagnosis, are published in this issue of
the Journal of the American Heart Association (JAHA),
indicating a high correlation between EyePhone mea-
surements and standard reference in 10 healthy vol-
unteers. This technology is currently being tested on
different patient populations with an array of eye move-
ment abnormalities, providing real-world measures of
the application’s performance. Moreover, the team be-
hind the application is constantly evaluating its techni-
cal and usability aspects to maximize its usability in a
wide range of clinical settings.

Exemplar Project 2

Active Case Detection and Decentralized
Dynamic Registry to Improve the Uptake of
Rheumatic Heart Disease Secondary Prevention

Rheumatic heart disease (RHD), the result of auto-
immune response to recurrent untreated group A
streptococcal infection, affects =40.5million people
worldwide and results in 305000 deaths annually.3233
However, the distribution of RHD is inequitable, with the
highest prevalence in LMICs and marginalized popu-
lations in HICs.3> RHD is a progressive disease, and
patients often present late in the disease process with
severe valvular dysfunction, heart failure, and stroke.®*
Echocardiographic screening can identify RHD before
development of clinical symptoms (latent period), but
LMICs often lack the resources and trained experts to
implement widespread screening echocardiography.
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ADD-RHD (Active Case Detection and Decentralized
Dynamic Registry to Improve the Uptake of Rheumatic
Heart Disease Secondary Prevention) is a multi-
pronged program using novel technologies to increase
RHD detection and improve RHD management in
Uganda.®® One strategy uses echocardiographic ar-
tificial intelligence to further latent RHD detection.3®
Designed in the United States, software integrated
into hand-held devices (Caption Health) aids users in
image acquisition and automated diagnosis. This ap-
proach aided novice providers in Uganda to success-
fully obtain screening echocardiograms for RHD after
minimal training (efferent reciprocal innovation).3¢ With
anticipated success from this approach, there is a high
potential to scale use of echocardiographic artificial
intelligence to more rural settings in Uganda and to
adapt this technology for diagnoses and management
of other CVD and chronic conditions. This addresses
barriers of transportation to specialist facilities, inabil-
ity to see a specialist due to shortages of health care
professionals, and so on.

Within the United States, American Indian popula-
tions have been found to have rates of RHD 7 times
that of the general population, and a recent study
within an American Indian population in eastern
Arizona found rates of invasive group A Streptococcus
over 30 times higher than those in the general popu-
lation.®® This same American Indian population faces
multiple barriers to care,®® including geographic iso-
lation with limited transportation, with patients often
having to travel 3 or 4hours for echocardiograms
and cardiology care. In an effort to improve access to
echocardiography for American Indians, the American
Indian Structural Heart Disease Partnership adapted
approaches such as task-shifting*®4' and artificial in-
telligence used by ADD-RHD to integrate echocardio-
graphic screening into the primary care setting. The
American Indian Structural Heart Disease Partnership
used methods effective in LMICs to develop a low-cost
strategy to address a resource gap within the United
States (afferent reciprocal innovation).

Exemplar Project 3

The Digital Optimization Toolkit to Improve
Heart Failure Care

Heart failure is a rapidly increasing public health prob-
lem, primarily due to aging populations globally.*
Guideline-directed medical therapy (GDMT) for heart
failure with reduced ejection fraction reduces morbidity
and death, yet there is a gap in implementing GDMT
in clinical practice, with stark disparities in GDMT use
across diverse global populations.*® Shared barriers
to GDMT optimization in HICs and LMICs are an op-
portunity to codevelop DHIs to promote GDMT imple-
mentation. Barriers include(1) reduced access to care,
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(2) clinician inertia, and (3) patients’ inadequate knowl-
edge about the disease and treatment.*?

The Digital Optimization Toolkit to Improve Heart
Failure Care toolkit was first developed for the United
States and consists of a patient engagement applica-
tion integrated with a clinician-facing dashboard. Core
elements of the toolkit were developed using HCD*
and include assessment of patients’ health status,
medication adherence, and vitals through remote mon-
itoring tools (Bluetooth-enabled scale and blood pres-
sure cuff). When communicated efficiently to clinicians,
these data may promote timely and safe GDMT optimi-
zation and patient empowerment, which has increased
GDMT optimization by nearly 20% in prior studies.*®

Building on a previous heart failure intervention in
Brazil,*® the Digital Optimization Toolkit to Improve
Heart Failure Care toolkit was adapted using HCD.
New context-specific challenges to GDMT optimiza-
tion in Brazil were considered, including (1) lower in-
come, education, and digital literacy of the Brazilian
population; (2) restricted access to specialty care (car-
diologists) and newer drugs (sodium-glucose cotrans-
porter-2 inhibitors and angiotensin receptor-neprilysin
inhibitor); and (3) cultural specificities. Some clinician
tasks were shifted to nurses, and centralized cardiol-
ogy consultations were integrated into the workflow.
To address digital literacy, videos were developed for
caregivers, and a chat function was added to promote
human interaction.
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