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Abstract

Purpose of Review In this review, we define health equity, disparities, and social determinants of health; the different com-
ponents of digital health; the barriers to digital health equity; and cardiovascular digital health trials and possible solutions
to improve health equity through digital health.

Recent Findings Digital health interventions show incredible potential to improve cardiovascular diseases by obtaining
longitudinal, continuous, and actionable patient data; increasing access to care; and by decreasing delivery barriers and cost.
However, certain populations have experienced decreased access to digital health innovations and decreased representation
in cardiovascular digital health trials.

Summary Special efforts will need to be made to expand access to the different elements of digital health, ensuring that the
digital divide does not exacerbate health disparities. As the expansion of digital health technologies continues, it is vital to
increase representation of minoritized groups in all stages of the process: product development (needs findings and screen-
ing, concept generation, product creation, and testing), clinical research (pilot studies, feasibility studies, and randomized

control trials), and finally health services deployment.

Introduction

Intentional and targeted use of digital health innovations can
advance and promote health equity. The COVID-19 pan-
demic drove an increased uptake of telemedicine services
of up to 1.5x that of the pre-pandemic period [1]. However,
certain populations experienced barriers to telemedicine
access [2, 3]. These disparities are rooted in structural ineq-
uities that can in term impact how individuals can benefit
from the promise of digital health. However, during the
COVID-19, we also witnessed an increased collaboration
between technology and health industry to expand access
to transportation services, educational programs in digital
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health, and cloud programs to aid with vaccine distribution
to historically marginalized groups [4]; federal funded pro-
grams increased access to broadband internet, digital health
education, and devices [5]. Special efforts will need to be
made to expand access to the different elements of digi-
tal health, ensuring that the digital divide (the economic,
educational, and social inequalities between those that have
or do not have access to information and communication
technology) does not exacerbate health disparities [6]. In
this review, we define health equity, disparities, and social
determinants of health; the different components of digital
health; the barriers to digital health equity; and cardiovas-
cular digital health trials and possible solutions to improve
health equity through digital health.

Health Equity

In 1985, the Department of Health and Human Services
published the Heckler Report on Black and Minority
Health, exposing for one of the first times that race and
ethnicity may be an independent contributor to health out-
comes [7]. Specifically for cardiovascular care, it was clear
that Black Americans had fewer office visits, diagnosis
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and interventions for coronary artery disease than White
individuals. Subsequently, ample research has elucidated
the inequities in cardiovascular care for racial and ethnic
minorities [8]. The National Institute on Minority Health
and Health Disparities defines a health disparity as a health
difference that adversely affects disadvantaged populations,
based on one or more health outcomes: higher incidence,
prevalence or earlier onset of disease, higher prevalence of
risk factors, higher rates of condition-specific symptoms,
premature or excessive mortality, and greater global bur-
den of disease [9]. In order to reduce health disparities, we
need to understand the different social determinants of an
individual’s health or the conditions in which individuals
live work and play that impact their health. Many of these
factors are outside of the health care systems and include
housing, income, and education. Not everyone has the same
opportunity to be healthy [10]. To properly address these
disparities, we should strive for health equity, not equal-
ity. Equality entails the distribution of the same resources
and opportunities to every individual across a population—
regardless of achieving the same outcome. Equity, on the
other hand, is delivering these resources and opportunities
tailored to the specific needs of a group to achieve equal
outcome in the population [11]. Black individuals have
higher rates of uncontrolled cardiovascular risk factors
and higher age-adjusted death from cardiovascular disease
compared with the general US population [12]. Improving
health equity involves directing resources to communities
that are underrepresented in research. For instance, Brewer
et al. partnered with Black communities in all phases of
product development to create and test a digital health
cardiovascular disease prevention program that led to an
improvement in the intervention Heart Association (AHA)
Life-Simple 7 score (components: smoking, healthy diet,
physical activity, BMI, blood pressure, cholesterol, and
glucose) [13, 14].

Digital Health Elements

To better understand how digital health could address health
inequities, we first need to define the different components
involved in the use of information and communication tech-
nology for the delivery of health care:

¢ Digital health: commonly referred as eHealth, is the use
of information and communication technology to man-
age patients and their health [15]. Digital health includes
consumer products such as smart devices or connected
equipment that have not undergone rigorous clinical stud-
ies [16].

e Digital medicine: the subset of digital health that pertains
to high-quality hardware and software products devel-
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oped through evidence-based clinical studies for medical
care and treatment [17].

e Telemedicine: the specific use of information and com-
munication technologies to deliver health care, clinical
and administrative services, and medical education,
remotely, from one site to another.

e mHealth: the use of mobile communication devices
to exchange data or information between doctors and
patients [18].

e Remote patient monitoring: the use of digital health
devices to capture and serially monitor vital signs and
biometrics with upload of such patient generated data
to a digital platform for review by patients and clinical
teams [18].

e Wearable and consumer technologies: such as com-
mercially available activity tracking, sleep monitoring
devices, smartwatches [18].

Barriers to Digital Health Inclusion

The COVID-19 pandemic propelled the use of digital health
throughout the world, predominantly through telemedicine
and remote patient monitoring [19]. But due to lack of pre-
paredness, many historically marginalized groups were left
with less access to care from the lack of infrastructure to
support digital health care delivery in these communities [3].
Telemedicine has the ability to decrease health inequities by
surpassing the limitations of access to care such as the cost
of transportation, inability to leave the house due to dis-
ability, and loss of time at work. But in order for patients to
benefit from telemedicine services, patients require internet
or broadband access, a device (smartphone, computer, or
tablet), applications, and a minimum digital health literacy.

In general terms, broadband refers to a set of networked
data transmission technologies which permit internet com-
munication and access to digital information. In the USA,
15% of households do not have internet service [20]. The
states with majority Black residents or lowest median
incomes had the lowest broadband adoption rates. For
example, areas with majority White residents had an average
adoption rate of 84% compared with 67% of majority-Black
residential areas [20]. Decreased access to broadband inter-
net use has been linked to decreased patient portal access.
An observational study from a large tertiary-care center
hospital showed that Black and Hispanic individuals had
lowers odds of initiating a patient portal account or mes-
saging their providers related to their decreased access to
the internet [21]. Federal, state, and local programs specifi-
cally targeted at underserved communities have the ability to
increase access to broadband. The Rural Digital Opportunity
Fund program established in 2019 will award a total of $9.2
billion dollars over 10 years. In its 2021 report, the number
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of Americans without broadband access decreased from 30%
in 2016 to 16% in 2019. Additionally, three-quarters of those
with new access to broadband lived in rural areas [22].

Gaps remain in computer ownership, with just 69% of
Black adults and 67% of Hispanic adults owning a computer
as compared with 80% of White individuals [23]. On the
other hand, smartphone ownership has steadily increased
over the years and data from a 2021 Pew Research survey
demonstrates that gaps in smartphone ownership by race
are decreasing. Still, nearly one-half of older adults and
30% of those earning less than $30,000 own a smartphone
and many low-income households share devices [24]. As an
example, home-based cardiac rehabilitation programs can
decrease health disparities by expanding care to patients
with difficulties attending specialized rehabilitation centers.
But if patients from low socioeconomic status, older adults
or minoritized groups continue to lack access to comput-
ers, broadband, or digital health literacy, then such inter-
ventions will continue to exacerbate the digital divide. We
need programs that increase access to device ownership and
education. If passed, The Device Access for Every Ameri-
can Act introduced at the end of 2021 has the potential to
reduce disparities by increasing access to a connected device
(desktop, laptop, tablet) by providing a $400 voucher to low-
income individuals [25]. In addition, we should extend fed-
eral programs enacted during the COVID-19 pandemic to
help schools and libraries increase access to devices and
education [26].

With regard to wearable ownership, survey data from the
Pew Research Center (65% White participants and annual
income above 30,000) revealed that in 2020, 21% of US
adults report regular use of a smartwatch [24]. Ownership
was similar between participants of different ethnic back-
grounds, but Black and Hispanic individuals were less likely
to approve sharing of their data for heart disease research.
On the other hand, surveys performed in Federally Quali-
fied Health Centers with predominantly underrepresented
population (70% nonwhite, 70% learning less than 30,000)
report lower wearable ownership of 21% [27]. Cost was the
main barriers for those who did not own a fitness tracker
but would like to own one. With multiple imbedded sensors
(accelerometers, photoplethysmography, electrocardiogra-
phy, etc.), wearable devices can collect a plethora of data for
the prevention, diagnosis, and treatment of cardiovascular
diseases. Researchers and device companies should con-
tinue to collaborate to improve device accuracy and define
meaningful use criteria. To increase access, device compa-
nies should lower costs; insurance companies must expand
reimbursement for biometric data collection and develop
programs that increase access to wearable devices [28].

Universal design principles have been present at least
since the 1990s to aid designers in developing products for
the widest possible range of individuals [29]. The equitable

use principle states that products should “Provide the same
means of use for all users: identical whenever possible;
equivalent when not” and to “avoid segregating or stigmatiz-
ing any users” [30]. Unfortunately, the COVID-19 pandemic
provided important insight in the gaps in the design of prod-
ucts for people from different cultural, social, educational
backgrounds. Most of the apps were available only in Eng-
lish (65%) and 69% had a readability above 9th grade [31].
Several design standards and guides are now available aimed
specifically at digital health tools [32]. Two commonly used
design processes include the Universal Design Principles
and User-Centered Design. While these approaches possess
important differences, both aim at maximizing the usability
of products to a diverse group of users [33]. Community-
based participatory research is another approach that aims
to create partnerships between intended end users from the
community, academic, and research institutions across all
the design stages [34].

Digital Health Interventions
for Cardiovascular Care

Hypertension

Hypertension affects close to a third of the adult population
worldwide [35]. Black individuals have a higher prevalence
of hypertension and lower levels of hypertension awareness
and control [36]. Additionally, low-middle-income countries
and racial and ethnic minorities in high-income countries
tend to have decreased awareness, control, and worse out-
comes [35]. Some of the barriers in hypertension control
are related to frequent follow up visits, cost of multiple fol-
low-up appointments, the cost transportation, and in certain
places the distance required to reach a health care institution.
With telemedicine the health care system has the ability to
obtain more blood pressure readings that are transferable to
the health care team (nurse, pharmacist, physician, etc.) to
allow more frequent medication titration without the need
for time or cost spent in transportation or additional follow
up appointments.

Randomized trials have tested different ways to improve
hypertension treatment and control before and after the
internet era, with a few trials specifically targeting low-
resource setting and diverse patient populations (Table 1).
In the Effects of Nurse-Managed Telemonitoring on Blood
Pressure at 12-Month Follow-Up Among Urban African
Americans study, a nurse-managed telemonitoring inter-
vention (telephonically transmitted BP measurements, nurse
intervention, and counseling) showed greater reduction in
systolic blood pressure at 12 months compared with usual
care alone (13 vs 7.5 mm Hg) [37]. Blood pressure reduction
was also achieved with a similar intervention in a subgroup
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analysis of uncontrolled patients in the Durham VA internal
medicine clinics (49% black) [38]. The “Nurse-led Disease
Management for Hypertension Control in a Diverse Urban
Community” Randomized Controlled Trial (RCT) looked
at the response to different levels of intervention (HBPM
alone, HBPM + nurse telephone counseling and usual care).
At 9 months, systolic blood pressure was —7.0 mm Hg lower
(confidence interval [CI] —13.4 to—0.6) in the nurse man-
agement plus home blood pressure monitor arm relative to
usual care. There was no statistical difference in the home
blood pressure only arm versus usual care [39]. Bove et al.
studied a telemedicine plus physician intervention versus
usual care in a predominantly African American population
with 53% at or below the poverty line. Blood pressure con-
trol was similar in both groups at 6-month follow-up (52.3%
intervention versus 54.5% usual care, P=0.43) [40].

The “Counseling African Americans to Control Hyper-
tension” trial enrolled 1039 patients from 30 community
health centers in the New York City area. In the intervention
arm, patients received computerized education, behavioral
counseling sessions, and HBMP-validated devices; clini-
cians received monthly on-site education, hypertension
case rounds, and quarterly chart audits of their patient office
blood pressure readings. The BP control rate was similar in
intervention (49.3%) versus control (44.5%) groups. In pre-
specified subgroup analyses, the intervention was associated
with greater BP control in patients without diabetes melli-
tus (intervention 54.0% versus usual care 44.7%; odds ratio,
1.45 [CI, 1.02-2.06]); and small-sized community health
centers (intervention 51.1% versus usual care 39.6%; odds
ratio, 1.45 [CI, 1.04-2.45]) [53].

Researchers and companies developing patient-facing
platforms should collaborate with communities throughout
the entire design process, test and validate these technolo-
gies, and integrate them into the electronic health record
for seamless transfer of data. Insurers should expand cover-
age of home blood pressure monitors and reimburse clini-
cians for using digital health technology to deliver care.
Developing provider-facing platforms for low-resource set-
tings, imbedding tools into regular clinician workflow, and
providing concise and actionable data aiming at improv-
ing care with no added cost or effort should be national
priorities.

Cardiovascular Health

The use of digital health to improve cardiovascular risk
factors such as dyslipidemia by improving adherence or
promoting lifestyle changes is an important public health
intervention, both for primary and secondary prevention of
cardiovascular diseases. Unfortunately, there is paucity of
data regarding the benefits of digital health interventions
targeted specifically at lower socioeconomic status, elderly,

Black, or Hispanic populations for risk factor modification
in cardiovascular health (Table 2). Furthermore, studies have
shown that patients with a self-reported history of athero-
sclerotic cardiovascular disease are less likely to use health
information technology to manage their health [59].

Bae et al. randomized 879 patients with a history of coro-
nary heart disease who underwent percutaneous coronary
intervention to a semi-personalized support website and a
short message service (SMS) with lifestyle modifications
versus usual care (regular clinic follow-up without text mes-
sages). At 6 months, there was no significant difference in
the cardiometabolic risk profiles between the groups [71].
A higher intensity intervention in a Turkish population that
remotely monitored patients’ diet, weight, steps, and blood
pressure with additional motivational messages to improve
healthy lifestyle showed a significant reduction in ASCVD
score of —2.7% (adjusted treatment effect —2.7, 95% CI—2.2
to—3.3, P<0.0001) [70]. Brewer et al. randomized churches
with predominantly African American adults to test an app-
based cardiovascular health promotion intervention. The
FAITH! App provided educational models, diet, and physi-
cal activity self-monitoring and social networking. Educa-
tional material focused on all American Heart Association
(AHA) Life-Simple 7 components: smoking, healthy diet,
physical activity, BMI, blood pressure, cholesterol, and
glucose. The primary outcome was the average change in
mean AHA Life-Simple 7 score between the immediate and
delayed intervention groups. At 6 months, the mean AHA
Life-Simple 7 score of the intervention group increased by
1.9 (SD 1.9) points compared with 0.7 (SD 1.7) point in the
control group (P <0.0001) [14].

Cardiac rehabilitation programs are important compo-
nents in cardiovascular health and secondary prevention.
It is a Class Ia recommendation for secondary prevention
after myocardial infarction (MI), percutaneous coronary
intervention (PCI), coronary artery bypass graft (CABQG),
stable angina, or symptomatic peripheral arterial disease
[72-75]. Uptake continues to be low, especially in minor-
itized groups. An observational study from the Veterans
Affairs Health Care System and Medicare administrative
data showed that cardiac rehabilitation after MI, PCI, or
CABG in Medicare patients was 16.3% and in VA patients
was 10.3%. In Medicare, participation rates were 17.6%
Whites, 7.3% Blacks, and 3.8% Hispanics, whereas in VA,
participation rates were 10.4% Whites, 8.9% Blacks, and
12.0% Hispanics [76]. Some of the barriers to access cardiac
rehabilitation include lack of insurance coverage or high co-
payments [77], language barriers [78], and transportation
[79]. However, home-based cardiac rehabilitation has the
potential to improve participation across all population by
addressing these barriers.

Virtual world technology can support home-based car-
diac rehabilitation with programs not only tailored to the
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= patient’s comorbidity but also to the patient’s social, cul-
Q .
% g tural, and language background [80]. In China, Peng et al.
= g randomized 98 participants to receive home-based cardiac
;‘3 &’g g S rehabilitation versus usual care that included education and
- regular clinic follow-up. At 4 months, there was a statisti-
g o g 8= cally significant change in QoL scores, 6-min walk distance,
g =% 5 . T .
- g8 § o) §§ E g and heart rate [68]. In a single-arm feasibility study in a US
§ '?) é § = 3 é L dc::o i< Veterans Affairs Center, Harzand et al. evaluated the change
28§ » 5o . . .
% 5 Z E =1 § % a 522 from baseline in blood pressure metabolic equivalent of an
k] g=°z goTESS asynchronous home-based cardiac rehabilitation program.
At 12 weeks, participants (50% Black) showed improvement
2B & ) in metabolic equivalent (5.3 to 6.3, P=0.008) and mean
Q= = . .
° é g E % systolic blood pressure (140.1 to 130.5, P=0.039). Studies
g £ e
b 2 E 5 g have demonstrated non-inferiority when compared to center-
A 2 « based cardiac rehabilitation, but with limited representation
e s - ©ze 2=, of minorities groups [65, 66, 69, 81]. Home-based cardiac
2gfon LEELZZE rehabilitation shows potential for the future of cardiac reha-
52888 A s2REELZ p
2 - =22 <3'| 5 b E) §§ % bilitation; nevertheless, data in minoritized patient popula-
= b5 on . . . . .
é 2 252 2a = €35 es tions are limited and we should strive for increased repre-
. . sentation in future trials.
S o b % 2 &
' = 0 = > =}
s |2<322 & .
S | w32ES 9 Heart Failure
.| 58852 sz
EE|l=sB838s83 28
£8|837T 57 % Heart failure is one of the leading causes of death worldwide
. [82]. There is a higher prevalence and increased mortality
g % § in Black and Hispanic individuals compared with White
£ g Tods individuals [83, 84]. Racial and ethnic minoritized groups
g & § % E E’* are less likely to receive appropriate medical therapy and to
S 3 éé’ = A be included in cardiovascular trials [85, 86]. Digital health
2] = o oy . .
= E 3 g g § tools have the ability to improve heart failure management
= < A by obtaining important health-related information such as
- P " blood pressure, heart rate, EKGs, weight, and symptoms. It
S £ . - o
% g < can also address health disparities by remotely monitoring
A E 3 data, thereby decreasing time lost from work or travel, and
expenses in travel or follow up visits. Unfortunately, only
> .. . . . .
5 2 2 a few clinical trials report or include diverse populations
% g g and even fewer have been done specifically in minoritized
3 fg’ g groups (Table 3).
~ z Z o Koehler et al. randomized 1571 participants in Ger-
o 5 E many to a telemedicine intervention versus usual care.
=) .. . . . .
g articipants in the intervention arm received an
= | = S Participants in the int t d an EKG
é § device, HBPM, weight scales, oximeter, and smartphone
E Cq; that provided daily transmission of data to a telemedicine
g = ) % center where algorithms aided clinicians in patient care.
f-t’b E E E The primary outcome, the percentage of days lost due to
% unplanned cardiovascular hospital admissions, and all-
LE 5 o < cause death was 4.88% (95% CI 4.55-5.23) in the remote
=} = : i
5|3 5 = & patient management group and 6.64% (6.19-7.13) in the
o | O n @) en .
E g usual care group (ratio 0.80, 95% CI 0-65-1.00; P=0.0460)
g - = = [92]. Chen et al. evaluated mortality 180 days after dis-
S g = =3 2 charge in participants randomized to a two-telemedicine
Y |3 0 D ~
2 = £3 % ) £ telephone support system versus usual care. The first-level
e | s~ S8 = intervention group received education and reminders via
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a SMS; the second group received SMS plus structured
telephone support system managed by research nurses who
called patients every 30 days and allowed patients to call
nurses on an as needed basis. The 180-day composite event
rate was significantly lower in the SMS and STS groups
(50.4 vs 41.3% and 36.5%, both P <0.05) than in the usual
care group, but no difference was observed between the two
phone-based intervention groups (P =0.268) [94].

Unfortunately, there are a lack of on the distribution of
racial and ethnic populations in heart failure RCTs. There
are limited data on Hispanic, Black, and other minoritized
populations and the few studies available did not evaluate hard
clinical outcomes. The “Mobile Phone Intervention for Heart
Failure in a Minority Urban County Hospital Population™ was
a feasibility study in Hispanic (76%) and Black (21%) indi-
viduals that evaluated a mobile phone intervention to test the
system’s usability (ease of use, navigation, readability, confi-
dence, and motivation). The study team provided patients with
a telemonitoring program (mobile phone, data usage and free
30-min calls per month) for participants to provide daily heart
failure symptoms and weight. At 3 months, participant satis-
faction scores was excellent, with a mean score of 6.84 +0.46
(rating scale of 1-7); 94% of participants thought that the
program was easy to use and 84% thought that navigating the
system was not complicated [91].

Arrhythmia Detection

Over the last few years, there has been a growing interest in
the use of wearables or home ECG devices as an adjunct to
usual care for the detection of arrythmias, most commonly
atrial fibrillation. Wearables have the ability to detect irregular
rhythm such as atrial fibrillation through continuous monitor-
ing of irregular pulse variation with the use of photoplethys-
mography or on-demand ECG recording. There is a growing
interest in the medical field to test commercially available
remote patient monitors in multiple clinical or real-world set-
tings for the detection of cardiac arrhythmias (Table 4).

The Huawei Heart Study screened for atrial fibrillation
using a PPG monitoring app on a smartphone and or smart-
watch in adults across China (mean age 35 years, 86.7% male).
In total, 424 participants (mean age 54 years, 87.0% male)
received a “suspected AF” notification, which was confirmed
in 227 individuals (positive predictive value of PPG signals
being 91.6%, CI 91.5 to 91.8%) [97]. The Apple Heart Study
enrolled 219,297 participants with average age of 41 years
(£ 13 years) (68% White, 12% Hispanic, 7.7% Black, and 6.2%
Asian) to evaluate the efficacy of the Apple Watch detect atrial
fibrillation in a real-world setting. Over a median monitoring
time of 117 days, irregular pulse notifications were received by
2161 participants (0.52%), ranging from 3.1% of those 65 years
of age or older to 0.16% of those 22 to 40 years of age. Of the

@ Springer

2089 irregular tachograms sampled from participants who had
received a notification for analysis, 1489 showed simultane-
ous atrial fibrillation on ECG patch monitoring, resulting in a
positive predictive value of the individual tachogram of 0.71
(97.5% CI, 0.69 to 0.74) [98].

Currently, there are less data in the Hispanic or Black
populations. Lubitz et al. looked at the ability of the Kar-
diaMobile device to screen for atrial fibrillation in patients
older than 65 years of age without prevalent atrial fibrilla-
tion attending a primary care visit [101]. The KardiaMobile
was not superior to usual care in the detection of new onset
atrial fibrillation. Data are also lacking for other racial or eth-
nic populations. The “Mobile Health Intervention for Rural
Atrial Fibrillation” study aims to test the efficacy of a mobile
health application virtual coach coupled to a heart rhythm
monitor (Kardia) in patients with atrial fibrillation to improve
adherence to oral anticoagulation in a rural population of
Western Pennsylvania. This will be one of the first studies
using commercially available heart rate and rhythm monitors
to be tested in rural underserved populations. The Fitbit Heart
Study will be the largest study to date, enrolling 450,000
participants across the USA [102]. Part of the inclusion cri-
teria include ownership of a Fitbit and smartphone device.
Large-scale studies that include a greater number of diverse
participants could provide important information regarding
the accuracy of wearable devices for the detection of atrial
fibrillation in across all racial and ethnic populations. If a dif-
ference exists, further studies should be aimed at determining
how we can improve the accuracy in hardware or software.

There has been an increase in the use of wearable devices
such as fitness trackers and smart watches (e.g., Fitbit, Apple
Watch) to track activity, sleep, oxygenation, and heart rate.
As we expand the use of wearables into clinical practice, it
is crucial that we provide access to wearable devices to all
communities who may benefit from early arrythmia detec-
tion and guideline directed treatments.

Technology companies and the medical community devel-
oping and testing these devices with its algorithms should
ensure they provide reliable information in patients of all skin
tones and age groups. The accuracy of wearables to detect cer-
tain metrics, such as oxygenation or heart rate, continues to be
an issue. Oxygen saturation and heart rate in fitness trackers
are measured by photoplethysmography green light signal-
ing. Research in the last decade revealed that dark brown skin
type showed significantly lower modulation, perhaps due to
absorption of the light by melanin [103]. Wearables devices
have been shown to be less accurate in darker skin tones [104].
Unfortunately, recent data show that this issue is not restricted
to fitness trackers. A retrospective multi-center study in the
Veterans Health Administration showed that Black patients
had higher probability of having occult hypoxemia in the inpa-
tient setting when oxygen saturation is measured by pulse oxi-
meter [105]. It is important for fitness tracking companies to
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be forthcoming with the limitations present to measure certain
metrics in population with darker skin tones [106].

Digital Inclusion
The National Digital Inclusion Alliance (NDIA) defines

digital inclusion as the “activities necessary to ensure
that all individuals and communities, including the most

Economic
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Employment

Medical Bills

disadvantaged, have access to and use of Information and
Communication Technologies.” It is clear that the elderly,
certain racial and ethnic, and lower socioeconomic popula-
tions continue to be underrepresented in clinical trials of
digital health interventions in cardiovascular disease. There
is a continued need to test digital health solutions in under-
represented communities to better understand which inter-
ventions provide the most benefit. Beyond clinical trials,
there also continues to be a gap in the access to key digital
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Fig. 1 Digital literacies and social determinants of health. Digital lit-
eracy and access, including skills, connectivity, devices, and training
and technical support, relate to all other domains of social determi-
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nants of health. With permission from Sieck et al., with no changes
made [91]. https://creativecommons.org/licenses/by/4.0/
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infrastructure in these populations. Attaining digital health
equity in cardiovascular care not only requires increased rep-
resentation of vulnerable populations in clinical trials but
also ensured access to the different component of informa-
tion and communication technologies. In order to improve
our current state, proposed solutions should involve mul-
tilevel interventions at the individual, family, community,
services, and policy level (Fig. 1) [107].

At the individual level, patients require access to afford-
able devices (smartphone, computer, tablets, etc.), continued
access to digital health literacy education, and applications
to be created to their level of education, cultural, racial, and
ethnic background. The Affordable Connectivity Program,
which replaces the Emergency Broadband Benefit, provides
the Federal Communications Commission with funds to pro-
vide broadband monthly discounts to eligible households in the
hopes to improve internet access to communities in need [108].
It is crucial to provide continued, affordable, and easy to access
digital education in settings where an individual feels comfort-
able to address the skills and knowledge gaps in digital health.
The American Library Association Digital Literacy Task Force
has provided recommendations and online resources to aid
schools, academic, and public libraries increase the access to
digital health education in their respective communities [109].

Technology companies should partner with communities
starting with the inception of the design process. Involve-
ment of these key stakeholders from underrepresented com-
munities in product design and software development will
ensure that products are made for and used by a broader
audience [110]. Additionally, there needs to be increased
representation of diverse employees in the tech sector; in
many if the big technology companies, less than 5% iden-
tify as Hispanic or Black [111, 112]. Increased representa-
tion can not only increase trust when engaging underrepre-
sented communities but enrich the design team’s knowledge
of the environment where these products are expected to
be deployed. In order to advance digital health equity, we
should design and develop products aimed at including
underrepresented communities with consideration to social
determinant of health—based on where people are born,
grow, live, work and age.

Perhaps one of the most important domains in order to
effect change across all levels is policy changes. Existing
programs have expanded the access to devices and broad-
band internet coverage in low-income communities. The
Emergency Connectivity Fund (ECF) is a $7 billion program
targeted at helping schools and libraries acquire devices and
broadband equipment. Since its first cycle in 2021, the ECF
has funded close to 12 million devices and over 7 million
broadband connections [26]. Additionally, the Digital Inclu-
sion Act programs not only aim to increase internet access,
but support programs to provide underrepresented commu-
nities with skills and training necessary to successfully use

@ Springer

the internet [113]. To accelerate health equity, we should
continue to collaborate with policy makers to renew and
expand available programs [5].

Conclusion

Digital health interventions show incredible potential to
improve cardiovascular disease detection, prevention and
management by obtaining longitudinal, continuous, and
actionable patient data; increasing access to care; and
decreasing delivery barriers and cost. As the expansion of
digital health technologies continues, it is vital to increase
representation of minoritized groups in all stages of the pro-
cess: product development (needs findings and screening,
concept generation, product creation and testing), clinical
research (pilot studies, feasibility studies, and randomized
control trials), and finally health services deployment.
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