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Abstract: Purpose of review: In this review, we discuss the importance of digital health equity and

how social determinants of health (and intersectionality with race, ethnicity, and gender) affect
cardiovascular health-related outcomes in digital health trials. We propose strategies to improve
digital health equity as we move to a digitally-connected world for healthcare applications and
beyond. Recent findings: Digital health has immense promise to improve population health by
reaching individuals in their homes, at their preferred times. However, initial data demonstrate

decreased patient engagement and worse cardiovascular outcomes for racial and ethnic minorities,
leading to unequal uptake of digital health technologies. In addition, while women generally have
higher uptake of technology, they are less likely to be referred by clinicians for digital health
interventions. We highlight several exemplar trials and analyze their methodology for replication
in future digital health research. Summary: The promise of digital health equity has not been
reached due to exclusionary practices. Specific focus must be placed on societal/governmental
policies that enable digital inclusion, particularly of racial and ethnic minority populations and
women, to ensure that the expansion of digital health technologies does not exacerbate existing
health disparities.

Keywords: digital health equity; health disparities; digital health; digital accessibility; digital divide;
cardiovascular disease

Introduction

Cardiovascular medicine is presently undergoing a digital revolution, with the rapid
development and integration of digital health technologies throughout the continuum of health (see
Figure 1) [1,2]. Digital health technologies comprise a wide variety of physical and software-based
tools such as wearable sensors (e.g., smartwatches and continuous glucose monitors) [3,4], WiFi
enabled remote-health monitoring (e.g., blood pressure and weight) [5,6], artificial intelligence
algorithms and software applications that incorporate digital therapeutics (e.g., the My Heart Counts
app and digital coaching prompts to increase physical activity) [7,8], and telemedicine/mobile health
[9,10]. These digital health technologies are generally aimed at decentralizing care from the
clinic/hospital setting to the homes and communities of the patients. Given the persistence of
cardiovascular disease as the leading cause of morbidity and mortality in the developed world [11],
these advancements in digital health technologies are welcome, as they offer clinicians increased
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quality and quantity of data to improve decision making. However, despite the promise of digital
health technologies to improve equity in clinical care (by meeting patients in their own homes, at
their own time), there is emerging evidence of widening disparities in clinical care, influenced by
social determinants of health.
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Figure 1. Digital health for cardiovascular medicine across the lifespan. Digital health spans
numerous digital technologies, including but not limited to, smartphone applications (apps),
smartwatches/wearable devices, telemedicine/telehealth, remote monitoring via connected devices,

and virtual cardiac rehabilitation. Through the theoretical lifespan of an individual and their relative
cardiovascular health, some proposed uses of digital health technologies are presented.

Social determinants of health refer to nonmedical factors that influence the conditions in which
an individual is born, grows, works, lives, and ages [12]. Social determinants of health affect
healthcare outcomes due to unequal distribution of resources and opportunities, which in turn result
in health disparities [13]. Social determinants of health broadly fall into five categories: healthcare
access and quality, education access and quality, social and community context, economic stability
and the neighborhood, and the built environment [13]. Specific examples at the individual-level
affecting cardiovascular health include (but are not limited to): gender identity, race, ethnicity,
education, and employment.

Within digital health, it is well established that both the efficacy of digital interventions and the
uptake of digital health technologies are influenced by the social determinants of health [14,15]. As
new innovations and technologies are frequently adopted first by wealthier individuals, an “inverse
care law” has been noted, whereby well-resourced individuals are both more likely to be aware of
digital health technologies and incorporate these interventions to improve their health, with a
resultant widening gap in health-related outcomes [16]. This limits the ability of digital health
technologies to make a population-level impact by decreasing their reach to individuals and
communities who would benefit the most from these innovations [17]. As a result, there remains a
need to further improve the design and implementation of digital health technologies to ensure
health equity.

In this review, we will discuss the importance of digital health equity in cardiovascular medicine
in light of rapid technological developments over the past decade. We will also specifically discuss
how race, ethnicity, and gender identity, as social determinants of health, affect outcomes in studies
of digital health trials in cardiovascular medicine. Finally, we will propose several potential action
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items for future research and implementation to attempt to bridge the current gap in digital health
equity.

Components of Digital Health Equity:

Digital inclusion was coined as the “activities necessary to ensure equitable access to and use of
information and communication technologies” in a seminal paper by Sieck et al [18]. Implicit in the
concept of digital inclusion are two components: first, digital accessibility, or the ability of a patient
to access the digital health technology (whether by smartphone or computer and including the
potential need for broadband Internet service) [15,18]. Second, digital literacy, or the ability of a
patient to use the digital health technology effectively (e.g., the ability to use a smartphone
application effectively or connect their WiFi-enabled remote monitoring system to their home
network) [15,18]. Due to the ubiquity of the internet in daily life — including housing, employment,
and day-to-day functioning — digital inclusion was termed a “super social determinant of health,” as
the ability to use and access online technologies influences all other social determinants of health [18].

The related concept of digital health equity arose at approximately the same time [14,15,19,20],
with community recognition expanding rapidly as the SARS-CoV2 pandemic revealed inequity in
health-related outcomes as much of the world adopted to a fully-digital healthcare environment [21-
24]. Aligned with the ideal of health equity — where all people have the same opportunity to attain
optimal health regardless of their social determinants of health — digital health equity strives to ensure
that all digital technologies 1) improve health outcomes for all, 2) mitigate or reduce digital inequity,
and 3) are equitably designed, developed, and implemented [25].

Within this context, digital determinants of health are an emerging concept that refers to the
various factors within the digital environment that impacts individuals’ health outcomes, healthcare
experiences and quality of life. While the precise definitions of digital determinants of health may
vary, they share common elements: access to digital technologies, digital literacy, and the supporting
infrastructure (broadband internet). These determinants also operate at multiple levels- individual,
interpersonal, community and societal- and interact with the social determinants of health to
influence how effectively individuals and communities are able to interact with digital health
solutions [19,25,26]. Ultimately, the various definitions of digital determinants of health agree that
they play a crucial role in enhancing or exacerbating health equity, depending on how they are
addressed within the healthcare system (see Figure 2).
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Figure 2. Elements of digital health equity by domain, their modifying social determinants of health,
and proposed solutions to improve digital health equity. With the inverted pyramid structure, each
domain influences those that are downstream (e.g., societal solutions will have effects at the

community, interpersonal, and individual levels). Bolded text are highlighted in the body of our
review.

Although there is consensus on the broad definition of digital determinants of health, the
definitions differ in their emphasis on specific elements. Some focus on technological factors like
usability, personalization and algorithms as key drivers of health disparities [19]. Others emphasize
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social and communal aspects such as cultural beliefs, trust and digital bias that help shape
interactions with digital technologies [25]. Additionally, some definitions include biological traits,
though less commonly emphasized, as social constructs such as racism and ageism play a more
significant role in health disparities [26]. Despite these differences, the definitions recognize the
critical role of digital determinants of health in health equity, each through a slightly different lens.

We conceptualize digital health equity as having different interconnected domains, represented
by an inverted pyramid (see Figure 2), whereby each domain is affected by those “above” it (e.g.,
societal changes will have effects at the community, interpersonal, and individual level). Within this
conceptualization, there are modifying social determinants of health at each domain level (though
they too can affect downstream domains). We further propose solutions at each domain level
(elaborated on in the Future Directions/Recommendations section to follow).

Social Determinants of Health Affect Health Outcomes in Cardiovascular Digital Health
Studies:

Online Patient Portals and Telemedicine:

Based on cross-sectional data of 253,829 patients from the National Health Interview Survey
from 2011-2018, the use of telemedicine or patient portals for medical care increased from 12.5% to
27.5% in the United States (US) [27]. However, non-Hispanic Black (thereafter referred to as “Black”)
and Hispanic/Latinx patients were approximately 25% less likely to use online patient portals or
telemedicine than White or Asian patients [27]. Correlated demographic factors were also associated
with decreased online patient portal or telemedicine use: being born in a country other than the US,
lower family income, lower education attainment, and lack of insurance were all associated with
significantly decreased online patient portal or telemedicine use [27]. Interestingly, women were
approximately 50% more likely to use online patient portals or telemedicine as compared with men
[27]. Regarding cardiovascular disease, patients with obesity (+6%), prior atherosclerotic disease
(+7%), diabetes (+27%), and hypertension (+35%) were more likely to use online patient portals or
telemedicine, likely reflecting the need for intensive biomarker monitoring and clinical follow-up (see
Figure 1) [27].

During the SARS-CoV2 pandemic, a cross-sectional study of telemedicine use in 90,991 patients
at a tertiary care center in New York was performed, finding that Black and Hispanic/Latinx patients
were approximately 40% and 20%, respectively, less likely to use telemedicine as compared to White
patients [21]. The multivariable regression model also found that having Spanish as the preferred
language was associated with a 54% decrease in telemedicine use [21]. Similar to the aforementioned
trends across the US in 2011-2018 [27], women were 45% more likely to use telemedicine as compared
with men, and those with a history of cardiac disease were 18% more likely to use telemedicine [21].
A separate analysis of the 2021 California Health Interview Survey participants found that patients
with limited English proficiency were 37% less likely to use telemedicine and were 42% more likely
to report a worse experience with video visits specifically, as compared with in-person visits [10].

Remote Monitoring of Cardiovascular Disease:

The rapid proliferation of WiFi-enabled devices that can send home-measurements of blood
pressure, weight, and glucose levels to clinicians can lead to improved control of associated chronic
conditions and decreased morbidity and mortality [1]. However, despite the increased prevalence
and morbidity/mortality of cardiovascular disease in Black and Hispanic/Latinx patients, few digital
health trials have reported or included diverse populations and fewer have been performed in racial
and ethnic minority groups [28].

Continuous glucose monitors for management of diabetes largely eliminate the need for
fingersticks and can lead to increased glycemic control [29]. However, prescription and use of
continuous glucose monitors are uneven, with users typically younger and more likely to have
private health insurance [30]. Cross-sectional analyses of patients with type 1 diabetes demonstrate
that Black patients are less likely to use continuous glucose monitors even after adjustment for
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insurance status and type [31]. In addition, healthcare providers recommended digital health
technologies at a significantly decreased rate to racial and ethnic minorities and those on public
insurance [32]. Similarly, despite continuous glucose monitors now being recommended by major
endocrinology societies for type 2 diabetes, prescription rates are significantly lower for Black and
Hispanic/Latinx patients as compared with White patients [33]. Finally, despite the benefit of
continuous glucose monitors for pregnant women with type 1 diabetes, the majority of women are
not prescribed devices [34]. Moreover, in trials of pregnant women with type 1 diabetes referred to
continuous glucose monitors that demonstrated superior maternal/fetal outcomes with tighter
glucose control, the majority of patients were of European ancestry [35].

Hypertension affects a large proportion of US adults, with studies showing that Black and
Hispanic/Latinx adults have lower awareness and control of their blood pressure [36]. A recent meta-
analysis of 28 studies (representing 8,257 participants) of digital health technologies and
hypertension management that emphasized recruitment of racial and ethnic minorities found
significant decreases in systolic blood pressure at both 6- (-4.30 mmHg) and 12-months (-4.24 mmHg)
of follow-up [6], in line with prior meta-analyses of randomized clinical trials [37]. Notably, 60% of
the meta-analyzed participants were women, and subgroup analysis of studies that only recruited
either Black or Hispanic/Latinx individuals did not find an effect on statistical heterogeneity,
suggesting that digital health technologies improve hypertension management across all genders and
racial and ethnic subgroups [6].

Heart failure affects >6.7 million people in the US, yet despite significant improvements in
medication and device therapies, there remains a significant risk of rehospitalization and an overall
decreased quality of life [38]. Despite the theoretical benefit of telemedicine in heart failure (managing
volume status to prevent rehospitalization), large randomized trials have failed to demonstrate
benefit in reducing heart failure hospitalizations [39-41]. Recent meta-analysis of 10,981 patients from
28 trials did demonstrate a modest improvement of telemedicine in reducing heart failure
hospitalizations and improving quality of life [42]. However, this meta-analysis did not consider
sensitivity analyses by race, ethnicity, or gender [42]. Due to the SARS-CoV2 pandemic, care of heart
failure patients shifted toward telemedicine, with telemedicine visits showing similar efficacy to in-
person visits in reducing mortality and hospitalization [43]. However, visual contact (e.g., video
visits) were found to be significantly superior to telephone visits for the prevention of both
Emergency Department visits and death [43]. While no direct sensitivity analyses by race, ethnicity,
or gender were included, we note that White (>81%) men (>65%) comprised the majority of the
analyzed cohort and that Black patients had a higher proportion of telephone versus in-person visits
(18.5% versus 15.2%) [43]. Moreover, Hispanic/Latinx patients only comprised 1.6-1.9% of the studied
cohort [43].

Given that weight changes have only a 10-20% sensitivity for episodes of heart failure
exacerbation [44], there has been a shift toward devices that can assess ambulatory cardiac pressures.
One of the best studied devices is CardioMEMS, an implantable pulmonary artery pressure monitor
that has shown efficacy in reducing heart failure hospitalizations [45]. In a follow-up randomized
trial that was affected by the SARS-CoV2 pandemic, there were significant interactions between
CardioMEMS use among women and Black patients, with both groups deriving greater
cardiovascular benefit as compared with men and White patients, respectively [46]. This has been
hypothesized to be due to implicit bias, whereby women and Black patients are referred to trials for
heart failure at greater symptom stages and hence, derive greater benefit from the intervention [47].
Post-approval studies have noted a consistent effect by gender and race/ethnicity [48,49], with one
analysis of a national registry redemonstrating a potentially greater benefit of CardioMEMS in
women as compared with men [50]. However, despite these benefits, the national registry data
indicates that there is significantly lower utilization of CardioMEMS in women compared with men,
with no significant differences observed by race and ethnicity [50]. These findings highlight the
ongoing disparities in adoption of heart failure technologies, warranting further investigation and
more targeted interventions.

Smartphone Applications and Wearables:
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Based on 2023 surveys of US adults, smartphone use has rapidly proliferated throughout the
country, with >90% of women (compared with >91% of men), >84% and >91% of Black and
Hispanic/Latinx adults (compared with >91% of White adults) owning such a device [51]. Trends of
decreased smartphone ownership were associated with lower educational attainment and income
[51]. The use of smartphones and associated wearable devices to track and monitor health was
assessed in a recent national survey, finding that 46% and 42% of the general population and those
with or at-risk for cardiovascular disease, respectively, tracked their health goals with smartphones
and/or wearable devices [52]. Younger patients of higher socioeconomic status and educational
attainment were more likely to use smartphones and/or wearable devices [52]. Notably, both women
and Black adults were also more likely to use their smartphones and/or wearable devices to track
their health goals [52]. When accounting for socioeconomic differences, Black individuals reported
higher usage of smart devices for health tracking compared to White individuals, despite no
significant difference when only demographic factors were considered. Barriers to adoption included
cost, lack of knowledge about the devices and reluctance to commit to usage. Majority of patients
expressed interest in using digital health devices and learning how it could improve their health,
however, cost and understanding were significant barriers that prevented them from realizing the
full benefits of wearable digital devices [53].

Early studies into the use of smartphone applications have shown that they can increase short-
term physical activity [8], with personalized text-prompts demonstrating superiority to a one-size-
fits-all approach [7]. However, numerous other studies of smartphone-based interventions have
shown no significant improvements [54] or waning effects over-time, likely due to decreased user
engagement [55]. Moreover, we note that the vast majority of the studies in this field are catered
primarily to a highly-educated and tech-savvy population, highlighting the importance of
recognizing the inverse care law [16].

Challenges and Barriers:

Currently, digital health lacks a unified nomenclature for digital health equity. This is perhaps
best exemplified by the digital determinants of health, of which we found at least three different
definitions [19,25,26]. Moreover, what is meant by digital health varies from group to group, with
some including only smartphone applications and wearables and others referring to patient portals
and telehealth/telemedicine. As a result, a codified statement from the field clearly defining
nomenclature is necessary to advance the field.

Separately, with the rapid technological development and shift of clinical care to the digital
realm, there is a rising concern for data security and privacy issues [56]. The diversity and volume of
health-related data make it an attractive target for cyber-attacks. Data breaches not only erode patient
trust and confidence in healthcare systems and providers, but also have deleterious individual-level
effects. As we continue to transition to ever-more digital environments for clinical care, the
integration of robust cybersecurity strategies will be of high priority to ensure patient privacy and
data security [56].

Future Directions/Recommendations:

Digital Accessibility through Societal and Governmental Policy:

Given the importance of digital inclusion in our modern, highly-connected society, it is
imperative that governments and regulatory agencies act to ensure digital accessibility for all. This is
primarily achieved at the societal domain (see Figure 2) via policies that enable digital health equity:
nationwide high-speed internet access and subsidized device ownership. Digital redlining, or the
preferential installation of high-speed internet in high-income communities thereby limiting digital
accessibility in lower income and higher racial and ethnic minority neighborhoods, continues to be
prevalent in the US [57]. To combeat this, the US government allows those on federal assistance to
obtain discounted smartphones and internet service through the Lifeline program; however, service
is often unreliable and there is a cap on data and minutes, limiting usefulness to low-income
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individuals [58]. We note that the federal Affordable Connectivity Program was passed in 2022,
which will provide discounted high-speed internet and devices in conjunction with a renewal and
broadening of eligibility for the Lifeline program in the US. However, given the known problems
with the Lifeline program and ongoing digital redlining, we believe that further legislation is needed
to ensure digital accessibility for all within the US and ensure digital health equity.

Community Co-Design of Digital Health Interventions:

Community co-design, or the engagement and integration of the specific preferences of the
intended audience prior to and during the design of a digital health intervention, is a common theme
in trials that demonstrated efficacy in improving cardiovascular health [59-61]. Community co-
design improves usability, acceptability, and adoption among targeted populations and is especially
important when engaging with communities historically marginalized by clinical research (see
Figure 2) [62]. As an example, the Fostering African American Improvement in Total Health (FAITH!)
trial developed a digital health intervention to improve overall cardiovascular health by engaging
with local churches, creating a diverse advisory board for oversight, and frequently engaging in social
events to overcome barriers caused by social determinants of health [59].

Additional benefits of community-based interventions, as highlighted in the MOYO study and
through the usage of Community-Based Participatory Research, include a focus on addressing
community-identified social, structural, environmental, and policy priorities. By centering the design
and implementation of digital health technologies around the specific needs and challenges of the
community, this approach ensures that interventions are directly relevant and effective. This co-
design methodology not only enhances the effectiveness of the technology but also provides a deeper
understanding of the potential barriers and facilitators to community adoption, ultimately
supporting more successful and sustainable health outcomes[60].

Focus on Digital Inclusion:

At the individual level, there is a need to prioritize specific groups that suffer health-related
disparities to ensure digital inclusion of all peoples; in our review, we focus on women and racial
and ethnic minorities, but this includes the elderly, among many other potential patient populations.
Moving forward, it is crucial to over-represent and specifically recruit these groups in trials of digital
health technologies to ensure that the inverse care law does not become a self-fulfilling prophecy.

Women are more likely to use digital health technologies, but their cardiovascular health
symptoms are often minimized leading to delays in diagnostics and lower levels of evidence-based
referrals and therapeutics [63-66]. Even in cases with clear inclusion criteria and strong evidence of
benefit (e.g., continuous glucose monitors for pregnant women with type 1 diabetes), provider
awareness and prompt referral is lacking, leading to continued health-related disparities [34]. These
gaps in recognizing cardiovascular symptoms and risks in women across the lifespan may explain
the consistent benefit that is observed with CardioMEMS implantation. Combined with the lower
referral rate in women, this suggests that women are often referred for the device only when their
symptoms are more advanced as compared with men [47,50].

Similarly, although the majority of digital health studies demonstrated worse health-related
outcomes in Black and Hispanic/Latinx patients, trials that specifically attempted to recruit a diverse
population demonstrated consistent benefit of their digital interventions across racial and ethnic
groups [6,50]. This in part reflects the community co-design of individual trials [59,67], but also
emphasizes the importance of creating a broad evidence base in clinical trials that can then be
extrapolated into clinical practice. As an example, in part due to over-recruitment of racial and ethnic
minority populations during the trial phase of CardioMEMS, post-approval analyses have not found
significant differences in referrals for either Black or Hispanic/Latinx patients for the device [48-50].

The evidence from federally qualified health centers strongly supports the need to address
barriers that prevent the adoption of digital health technologies among underserved populations.
While patients in these settings expressed a clear motivation to use digital health tools, factors such
as cost, lack of information, and the need for targeted education and support were obstacles. These
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findings emphasize the importance of providing accessible educational materials and high-touch
methods such as personalized guidance on using fitness trackers, language support, and assistance
[53]. Addressing these barriers is crucial to ensuring that patients from disadvantaged communities
can fully benefit from digital health innovations.

Multilingual Digital Health Technology Development:

We note that for the vast majority of digital health trials, being able to read/communicate in
English was an inclusion criteria [68], explicitly excluding a large proportion of potential
Hispanic/Latinx patients (among numerous other racial and ethnic minorities). One potential
solution is to employ community health workers that are fluent in Spanish and culturally sensitive
to the targeted Hispanic/Latinx population, which have been shown to improve uptake and
acceptability of digital health interventions in prior work [69]. However, a more inclusive approach
would involve developing multilingual digital health technologies and incorporating elements of the
community co-design method described above. As an example, an early trial of physical activity
promotion in the Hispanic/Latinx community tested Carmen, a virtual Spanish-speaking coach that
could only be interacted with at libraries that participants would commute to/from, versus trained
community health workers, finding that both approaches significantly increased physical activity
levels [70-72]. With the rapid advances in large language models fluent in Spanish, similar
approaches of designing fluent and culturally-sensitive digital health technologies should be possible
in the near future.

Moreover, ensuring that the nomenclature used in the field and in studies is culturally nuanced
is vitally important. Various studies have highlighted how terminology, particularly in relation to
devices, can create barriers to adoption among marginalized populations. For example, Spanish-
speaking patients expressed hesitation toward using "fitness trackers" due to concerns about
potential surveillance or tracking of their movements [53]. This not only reduces adoption rates but
also poses challenges for recruiting these populations into studies, as such concerns can deter
participation.

Conclusions:

Digital health technologies have the potential to transform cardiovascular medicine by
incorporating vast amounts of health-related data to better inform and personalize clinical decision
making to each individual patient. However, the promise of digital health must be tempered with
early data that suggests that it may worsen existing health disparities, particularly in racial and ethnic
minorities and women. By being mindful of how the social determinants of health can affect
cardiovascular outcomes in trials of digital health technologies, clinicians and researchers will be
better equipped to navigate the complex pathways of societal, community, interpersonal, and
individual factors, on the quest to strive for digital health equity.
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