International Journal of Research Publication and Reviews, Vol 6, no 2, pp 251-267 February 2025

International Journal of Research Publication and Reviews

Journal homepage: www.ijrpr.com ISSN 2582-7421

WWW.IJRPR.COM

The Role of Digital Health Technologies in Bridging Healthcare
Disparities

Bianca Egbosimbat, Jennifer Nnaemeka?

Department of Public Health, Missouri State University, Springfield, Missouri, 65897, United State of America.
2Department of Chemistry, Prairie View A&M University, Texas. 77446. United States of America.

ABSTRACT

Healthcare disparities remain a significant global challenge, disproportionately affecting marginalized and underserved populations. Digital health technologies,
encompassing telemedicine, artificial intelligence, mobile health applications, and big data analytics, have emerged as transformative tools to bridge these inequities.
This review examines the pivotal role of digital health innovations in addressing healthcare disparities, focusing on their applications in enhancing access, improving
patient outcomes, and fostering health equity. Key successes are highlighted through case studies that demonstrate the potential of these technologies in resource-
limited settings. The review also explores the barriers impeding the widespread adoption of digital health solutions, including the digital divide, technology
accessibility, and data privacy concerns. Ethical considerations, such as inclusivity in data-driven healthcare and equitable technology deployment, are analyzed to
underscore the importance of responsible innovation. Furthermore, policy and regulatory challenges are discussed, emphasizing the need for robust frameworks to
support the integration of digital health in public health strategies. Concluding with actionable recommendations, this paper advocates for collaborative efforts
among stakeholders to ensure the scalability and sustainability of digital health solutions. It also identifies emerging trends and future research directions aimed at
optimizing the potential of digital health technologies to mitigate healthcare disparities. By bridging gaps in access and quality of care, digital health holds the
promise of advancing health equity and improving outcomes for vulnerable populations globally.

Keywords: Digital health technologies, healthcare disparities, bridging disparities, health equity, underserved populations.

1. INTRODUCTION
1.1 Background and Context

Healthcare disparities remain a major obstacle to achieving equitable health outcomes worldwide. According to the World Health Organization (WHO,
2022), nearly 50% of the global population lacks access to essential healthcare services, with the most severe impacts observed in low-income and rural
communities. In the United States, the Centers for Disease Control and Prevention (CDC, 2020) reported that Black Americans had mortality rates from
preventable chronic diseases that were 22% higher than their White counterparts. Systemic barriers such as geographic isolation, economic inequality,
and inadequate healthcare infrastructure further exacerbate these disparities (Bailey et al., 2017; Godwinsa et al., 2024).

Digital health technologies have emerged as powerful tools for addressing these inequities by expanding access to care, enhancing efficiency, and
personalizing healthcare delivery. For instance, during the COVID-19 pandemic, telemedicine usage surged by over 1,000%, demonstrating its ability to
mitigate geographic barriers (Keesara et al., 2020; Idoko et al., 2024). Additionally, mobile health applications, now used by over 5 billion individuals
globally, have been instrumental in delivering healthcare education and monitoring services to underserved populations (Statista, 2022; Idoko et al.,
2024). Furthermore, artificial intelligence (Al) and big data analytics are increasingly being applied to predict disease outbreaks, optimize healthcare
resource allocation, and tailor medical interventions for vulnerable communities (Topol, 2019; Idoko et al., 2024).

Despite these advancements, significant challenges persist. Nearly 40% of rural households in developing nations still lack reliable internet access,
hindering the scalability of digital health solutions (International Telecommunication Union [ITU], 2021). Digital illiteracy also remains a major barrier,
with approximately 15% of adults in low-resource settings struggling to adopt emerging health technologies (Bailey et al., 2017; Idoko et al., 2024).
Addressing these issues requires proactive measures from policymakers and healthcare providers to enhance digital literacy, expand infrastructure, and
create inclusive health policies (Manuel et al., 2024).

Leveraging digital health technologies presents a significant opportunity to bridge existing gaps and ensure equitable access to quality care. As these
solutions continue to evolve, integrating them into public health strategies will be essential for effectively addressing global healthcare inequities (Idoko
etal., 2024).
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1.2 Significance of the Study

Healthcare disparities remain a pressing global concern, and their reduction is critical to achieving equitable health outcomes. According to the World
Health Organization (WHO, 2021), over 930 million people worldwide spend more than 10% of their household income on healthcare, pushing
approximately 100 million individuals into extreme poverty annually. In the United States, disparities in healthcare access and outcomes are stark. For
example, uninsured rates among Hispanic populations are 17.8%, compared to 5.4% among non-Hispanic Whites (Kaiser Family Foundation [KFF],
2022). Such inequities contribute to higher morbidity and mortality rates in underserved communities, underscoring the urgent need for innovative
solutions.

Digital health technologies offer transformative potential to address these challenges by expanding access, enhancing efficiency, and improving patient
outcomes. Telemedicine, for instance, has been shown to reduce the average patient travel distance for specialist consultations by 61%, significantly
benefiting rural populations (Bashshur et al., 2020). Similarly, mobile health applications are increasingly utilized in chronic disease management, with
studies showing that remote monitoring can reduce hospital readmissions for heart failure patients by up to 25% (KFF, 2022). By leveraging real-time
data and personalized care, these technologies not only improve health outcomes but also reduce costs, with digital solutions projected to save global
healthcare systems $500 billion by 2030 (WHO, 2021).

Furthermore, digital health innovations play a pivotal role in addressing systemic inequities. By enabling remote consultations, digital platforms reduce
geographical barriers, while Al-driven analytics help identify underserved populations and target interventions more effectively (Bashshur et al., 2020).
These advancements align with global health goals, such as the United Nations Sustainable Development Goal 3, which aims to ensure healthy lives and
promote well-being for all.

The integration of digital health technologies into public health frameworks represents a significant opportunity to mitigate disparities and foster equitable
healthcare systems. However, realizing this potential requires addressing barriers such as digital literacy, infrastructure gaps, and regulatory challenges
to maximize their impact on health equity.

1.3 Objectives and Scope of the Review

The primary objective of this review is to evaluate the role of digital health technologies in mitigating healthcare disparities, with a focus on their
applications, challenges, and impact on health equity. Globally, an estimated 3.6 billion people lack access to essential health services, disproportionately
affecting marginalized populations, such as those in rural areas and low-income settings (World Health Organization [WHOQ], 2021). In the United States
alone, healthcare expenditure reached $4.3 trillion in 2021, yet disparities persist, with racial minorities and economically disadvantaged groups
experiencing significantly poorer health outcomes (Centers for Medicare & Medicaid Services [CMS], 2022). The integration of digital health
technologies has been identified as a key strategy to bridge these gaps and create more equitable healthcare systems.

This review aims to explore the transformative potential of digital solutions such as telemedicine, which has demonstrated the ability to reduce patient
wait times by 70% in certain healthcare systems, and mabile health applications, which are used by 80% of smartphone users in developed countries to
track health metrics (Statista, 2022). Furthermore, artificial intelligence (Al) and big data analytics are being employed to predict disease patterns and
optimize healthcare resource allocation, improving outcomes for vulnerable populations. A notable example is the use of predictive analytics to reduce
emergency room visits by 30% in a pilot program targeting chronic disease patients (CMS, 2022).

The scope of this review encompasses the examination of digital health technologies across various socioeconomic and geographical contexts,
emphasizing their applications in addressing barriers to access, improving healthcare delivery, and promoting patient-centered care. Additionally, the
review will analyze challenges, such as the digital divide, which affects nearly 37% of the global population lacking internet access, and ethical
considerations in deploying digital solutions (International Telecommunication Union [ITU], 2021).

By identifying evidence-based strategies and highlighting successful implementations, this review seeks to provide actionable insights for policymakers,
healthcare providers, and stakeholders. The overarching goal is to advocate for the integration of digital health technologies into public health frameworks
to address healthcare disparities and ensure equitable access to quality care.

1.4 Organization of the Paper
This paper is organized into five comprehensive sections to systematically explore the role of digital health technologies in addressing healthcare

disparities and promoting equitable healthcare access:

1.  Introduction
The paper begins with an introduction that provides the background and context of healthcare disparities, the significance of digital health
technologies, and the objectives and scope of the study. It highlights the urgency of addressing inequities and sets the foundation for the
subsequent analysis.

2. Digital Health Technologies: Overview and Applications
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This section provides a detailed exploration of digital health technologies, categorizing them into key areas such as telemedicine, mobile health
applications, artificial intelligence, and big data analytics. It discusses their applications in reducing healthcare disparities and includes case
studies that illustrate their impact in diverse geographical and socioeconomic contexts.

3. Addressing Healthcare Disparities with Digital Health

The third section examines how digital health technologies address specific barriers to healthcare access, such as geographic isolation,
economic constraints, and cultural challenges. It emphasizes the role of these technologies in enhancing patient engagement, improving
healthcare delivery, and fostering health equity.

4.  Challenges and Ethical Considerations

This section analyzes the challenges associated with the implementation of digital health solutions, including the digital divide, technological
accessibility, and ethical concerns related to data privacy and inclusivity. It also addresses regulatory barriers and provides recommendations
for overcoming these issues.

5. Conclusion and Future Directions

The paper concludes by summarizing key findings and offering actionable recommendations for integrating digital health technologies into
public health frameworks. It identifies future research directions and emphasizes the potential of these technologies to transform healthcare
systems and reduce disparities globally.

Through this structured approach, the paper provides a holistic and evidence-based understanding of the transformative role of digital health technologies
in bridging healthcare disparities.

2. DIGITAL HEALTH TECHNOLOGIES: OVERVIEW AND APPLICATIONS
2.1 Definition and Categorization of Digital Health Technologies

Digital health technologies encompass a broad spectrum of tools and systems designed to improve healthcare delivery, enhance patient outcomes, and
promote health equity. According to the World Health Organization (WHO, 2021), digital health refers to the use of information and communication
technologies (ICT) for health-related purposes, ranging from telemedicine to artificial intelligence (Al) applications in diagnostics. These technologies
are categorized based on their primary functions, including patient care, data management, and healthcare system optimization.

One key category is telemedicine, which allows remote delivery of healthcare services through video consultations and electronic communications. In
2021, telemedicine accounted for 25% of all outpatient visits in the United States, compared to just 1% pre-pandemic, demonstrating its growing adoption
and utility (Centers for Medicare & Medicaid Services [CMS], 2022). Another critical domain is mobile health (mHealth), which includes smartphone
applications and wearable devices for monitoring health metrics. Globally, the mHealth market was valued at $56.8 billion in 2020 and is expected to
grow at a compound annual growth rate (CAGR) of 29.2% from 2021 to 2028 (Grand View Research, 2021).

Al & Machine / @(\9
y.

= @=4ER\
o ////{/3))))) Q) T
gl 0

\

Figure 1: Hierarchy of Digital Health Technologies
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Figure 1 shows the interconnected role of Al & Machine Learning, Big Data Analytics, and Digital Health Technologies in advancing modern healthcare
solutions. It highlights key innovations such as Telemedicine, Mobile Health (mHealth), and Digital Therapeutics (DTx), which enhance remote care,
personalized treatment, and patient engagement. These technologies collectively improve healthcare accessibility, efficiency, and outcomes.

Artificial intelligence and machine learning (Al/ML) represent another transformative category. These technologies are used for predictive analytics,
enabling early detection of diseases and efficient allocation of healthcare resources. For instance, Al-powered algorithms have improved diagnostic
accuracy rates for breast cancer detection by 94% in controlled studies (Topol, 2019). Additionally, big data analytics is increasingly being leveraged to
process vast amounts of health information, identify population-level trends, and design targeted interventions. A survey found that 60% of healthcare
organizations globally have adopted big data analytics to enhance operational efficiency and patient care (PwC, 2021).

Lastly, digital therapeutics (DTx), which deliver evidence-based therapeutic interventions via software programs, are emerging as a vital tool for
managing chronic conditions. In a recent clinical trial, digital therapeutics reduced hospitalization rates for diabetes patients by 18%, highlighting their
potential to transform care models (Statista, 2022).

The integration of these categories underscores the diversity and scope of digital health technologies in addressing complex healthcare challenges. By
combining real-time data, advanced analytics, and innovative delivery mechanisms, these tools are revolutionizing healthcare and paving the way for a
more equitable future.

2.2 Key Applications in Reducing Healthcare Disparities

Digital health technologies have proven transformative in addressing healthcare disparities, particularly in underserved and vulnerable populations.
Telemedicine has been a game-changer in overcoming geographical barriers to healthcare. A study by Bashshur et al. (2020) revealed that telemedicine
reduced patient travel distances by an average of 77%, significantly increasing access for rural populations. During the COVID-19 pandemic, telemedicine
usage surged by 1,000% in the United States, with 92% of healthcare providers reporting that it helped maintain continuity of care in remote and
underserved areas (Keesara et al., 2020).

Figure 2 shows how digital health technologies, including Telemedicine, Mobile Health (mHealth), Artificial Intelligence (Al), and Big Data Analytics,
address healthcare disparities in underserved populations. These innovations enhance access, reduce travel burdens, improve disease detection, optimize
resource allocation, and lower maternal mortality rates. By leveraging these technologies, healthcare systems can improve efficiency and equity in
delivering quality care.

Figure 2: Bridging Healthcare Gaps with Digital Technologies

Mobile health (mHealth) technologies have further expanded access to care, particularly in low- and middle-income countries. For instance, the mHealth
program in sub-Saharan Africa demonstrated a 23% reduction in maternal mortality rates through remote monitoring and health education delivered via
mobile phones (World Health Organization [WHQ], 2021). Globally, over 3.7 billion smartphone users have access to health applications, empowering
patients with self-monitoring tools for chronic conditions like diabetes and hypertension (Statista, 2022).

Artificial intelligence (Al) has revolutionized healthcare by enabling predictive analytics and early disease detection. Al algorithms have demonstrated
91% accuracy in identifying diabetic retinopathy, reducing the need for specialist consultations in resource-limited settings (Topol, 2019). Furthermore,
Al has been utilized in developing personalized treatment plans, significantly improving outcomes for oncology patients, with survival rates increasing
by up to 20% in clinical trials (PwC, 2021).

Big data analytics plays a crucial role in identifying disparities and targeting interventions. For example, data-driven insights have helped healthcare
systems allocate resources effectively, reducing wait times by 30% in public hospitals serving low-income populations (PwC, 2021). Additionally, digital
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therapeutics (DTx) have emerged as vital tools for managing mental health conditions. A randomized control trial showed that digital therapeutic
interventions reduced symptoms of depression by 35% compared to standard care, demonstrating their potential in addressing mental health disparities
(Grand View Research, 2021).

Healthcare disparities persist worldwide, particularly in underserved and remote communities. Digital health technologies have emerged as effective
solutions to bridge these gaps by enhancing access to medical services and improving patient outcomes. Table 1 highlights two key applications—
telemedicine and mobile health (mHealth)—that play a crucial role in reducing healthcare inequalities by overcoming geographical barriers, expanding
care delivery, and empowering patients with remote health management tools.

Table 1 The Role of Digital Health Technologies in Reducing Disparities

Key Application Description Impact Key Study/Source
Telemedicine Overcomes geographical Reduced patient travel distances | Bashshur et al. (2020), Keesara
barriers to healthcare by by 77%; 1,000% surge in usage et al. (2020)
enabling remote consultations. during COVID-19; maintained
care continuity for 92% of
providers.
Mobile Health (mHealth) Expands access to care via 23% reduction in maternal WHO (2021), Statista (2022)
mobile phones, particularly in mortality in sub-Saharan Africa;
low- and middle-income 3.7 billion smartphone users
countries. access health apps for chronic
disease management.

These applications underscore the transformative potential of digital health technologies in bridging healthcare gaps. By leveraging innovative solutions,
healthcare systems can address systemic inequities and improve outcomes for underserved populations globally.

2.3 Case Studies and Success Stories

The implementation of digital health technologies has yielded numerous success stories, particularly in addressing healthcare disparities. These case
studies highlight the transformative potential of digital innovations in enhancing access to care, improving patient outcomes, and promoting equity.

Case Study 1: Telemedicine in Rural India

In rural India, where 70% of the population resides with limited access to healthcare, telemedicine programs have been pivotal. The eSanjeevani platform,
launched by the Indian Ministry of Health, facilitated over 80 million teleconsultations by 2022, reducing the need for physical visits by 60% (Indian
Ministry of Health and Family Welfare [MoHFW], 2022). This initiative significantly improved access to specialists for chronic disease management
and maternal health services.

Figure 3 shows the varying impact and scope of digital health technologies across different regions. Al-powered diagnostics in the United States enhance
diagnostic accuracy but have a limited effect on healthcare disparities. In contrast, telemedicine in rural India significantly improves healthcare access
and equity. Digital therapeutics for mental health in Australia address specific needs but with a narrow scope, whereas mobile health (mHealth) solutions
in Kenya help manage chronic diseases and reduce drug shortages in remote areas.
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Figure 3 Impact and Scope of Digital Health Technologies
Case Study 2: mHealth for Chronic Disease Management in Kenya

In Kenya, the mHealth program "SMS for Life" utilized mobile phones to monitor medication availability in remote clinics. This initiative reduced stock-
outs of antimalarial drugs by 80%, ensuring timely treatment for vulnerable populations (World Health Organization [WHO], 2021). Additionally, the
program enabled real-time reporting and monitoring, enhancing healthcare efficiency in underserved regions.

Case Study 3: Al-Powered Diagnostics in the United States

In the U.S., Al technologies have been integrated into healthcare to improve diagnostic accuracy. For example, an Al-driven breast cancer screening
program at Stanford University achieved a sensitivity rate of 94.5%, surpassing traditional radiologist interpretations (Topol, 2019). This application
reduced false-positive rates by 45%, alleviating the emotional and financial burden on patients.

Case Study 4: Big Data Analytics in the United Kingdom

The National Health Service (NHS) in the U.K. leveraged big data analytics to optimize resource allocation during the COVID-19 pandemic. By analyzing
patient data, the NHS reduced hospital admission rates by 25% through early interventions and targeted care for high-risk groups (PwC, 2021). This
approach exemplifies how data-driven strategies can enhance healthcare system efficiency and equity.

Case Study 5: Digital Therapeutics for Mental Health in Australia

Australia’s "MoodGYM," a digital therapeutic platform, provided cognitive behavioral therapy (CBT) to over 1.5 million users by 2021. Studies show
that 60% of participants reported significant reductions in anxiety and depression symptoms after using the platform (Grand View Research, 2021). This
success underscores the potential of digital therapeutics in addressing mental health disparities, particularly in regions with limited access to mental health
professionals.

These case studies demonstrate the transformative impact of digital health technologies across diverse healthcare settings. By leveraging these
innovations, healthcare systems can address systemic inequities and improve outcomes for underserved populations.

3. ADDRESSING HEALTHCARE DISPARITIES WITH DIGITAL HEALTH
3.1 Targeting Barriers to Healthcare Access

Digital health technologies have emerged as a powerful tool to address barriers that limit access to healthcare, particularly for underserved populations.
Geographic isolation, economic challenges, and cultural barriers are some of the most significant obstacles to equitable healthcare delivery.

Geographic Isolation
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Telemedicine has proven to be highly effective in bridging the gap for individuals in remote areas. In the United States, nearly 57 million people live in
Health Professional Shortage Areas (HPSASs), where telemedicine has increased access to specialist care by 64% (Health Resources and Services
Administration [HRSA], 2021). In Canada, telemedicine reduced emergency room visits for Indigenous populations in rural regions by 32%,
demonstrating its potential to mitigate geographic barriers (Bashshur et al., 2020).

Economic Challenges

Economic barriers are another critical issue, with over 800 million people worldwide spending more than 10% of their household income on healthcare
services (World Health Organization [WHQ], 2021). Mobile health (mHealth) solutions have helped reduce out-of-pocket expenses by providing cost-
effective diagnostic and treatment options. For instance, the mHealth program in Bangladesh enabled patients to receive consultations via mobile phones
for as little as $0.10, saving an average of $15 per visit compared to traditional consultations (Statista, 2022).

Figure 4 illustrates key barriers to healthcare access and how digital health technologies help overcome them. Telemedicine addresses geographic isolation
by bridging gaps in remote areas, while mobile health (mHealth) solutions lower economic challenges by reducing healthcare costs. Al-powered tools
enhance communication, breaking cultural and language barriers, and initiatives like Project Loon mitigate infrastructure deficits by improving internet
accessibility. Additionally, digital technologies expand specialized access for vulnerable groups, ensuring equitable healthcare delivery.

Geographic Isolation

Solutions like telemedicine
bridge healthcare gaps in
remote areas.

o) 2
@{ Economic Challenges

mHealth reduces healthcare
costs, making services more
affordable.

Culturaland —
Language Barriers

4

Al tools enhance
communication, overcoming
language barriers Infrastructure Deficits
Initiatives like Project Loon
improve internet access for
better healthcare delivery.

Specialized Access
for Vulnerable Groups

Digital technologies improve
healthcare access for
vulnerable populations.

Figure 4: Digital Health Solutions for Healthcare Access
Cultural and Language Barriers

Cultural and language barriers significantly impact healthcare access, especially for immigrant populations. Al-powered language translation tools, such
as Google Translate, have been integrated into telemedicine platforms to bridge language gaps. A study conducted in Spain found that 85% of patients
with limited proficiency in the national language reported improved communication with healthcare providers using Al-based translation tools (PwC,
2021). These tools enhance trust and understanding, essential for effective care delivery.

Infrastructure Deficits
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In low-income countries, infrastructure deficits, including a lack of healthcare facilities and reliable internet access, remain a significant challenge.
Approximately 37% of the global population does not have internet access, limiting the reach of digital health interventions (International
Telecommunication Union [ITU], 2021). Initiatives like Project Loon, which deploys high-altitude balloons to provide internet connectivity, have brought
digital health services to over 2 million people in Kenya, reducing healthcare delivery delays by 40% (WHO, 2021).

Specialized Access for Vulnerable Groups

Digital health technologies have been particularly impactful for vulnerable groups, such as women and children. In India, the eVIN (Electronic Vaccine
Intelligence Network) program improved vaccine availability by 99% in remote areas, significantly reducing child mortality rates from preventable
diseases (Indian Ministry of Health and Family Welfare [MoHFW], 2022).

Table 2 highlights key barriers to healthcare access and the digital health solutions that have been implemented to address them. These innovations,
including telemedicine, mobile health (mHealth), Al-powered translation tools, and digital connectivity initiatives, demonstrate measurable improvements
in healthcare delivery, particularly for underserved communities.

By addressing these barriers, digital health technologies demonstrate their capacity to revolutionize healthcare delivery and ensure more equitable access
to quality care worldwide.

Table 2: Targeting Barriers to Healthcare Access

Barrier

Description

Digital Health Solution

Impact

Key Study/Source

Geographic Isolation

Limited access to
healthcare due to remote
locations and shortage of
professionals.

Telemedicine increases
access to specialist care
and reduces emergency
room Visits.

Increased specialist care
access by 64% in HPSAs
(USA); reduced ER visits
by 32% (Canada).

HRSA (2021), Bashshur
et al. (2020)

Economic Challenges

High out-of-pocket
expenses restrict access
to necessary medical
care.

mHealth solutions
provide cost-effective
consultations and reduce
eXpenses.

mHealth in Bangladesh
saved patients an average
of $15 per visit.

WHO (2021), Statista
(2022)

Cultural and Language
Barriers

Language and cultural
differences hinder
effective communication
with healthcare
providers.

Al-powered translation
tools enhance patient-

provider communication.

85% of patients in Spain
reported improved
communication using Al
translation tools.

PWC (2021)

Infrastructure Deficits

Lack of healthcare

Initiatives like Project

Project Loon reached 2M

ITU (2021), WHO

facilities and internet Loon provide internet people in Kenya, (2021)
access limits digital access for digital health reducing healthcare
health adoption. services. delays by 40%.
Specialized Access for Vulnerable groups, such Programs like eVIN eVIN improved vaccine MoHFW (2022)

Vulnerable Groups

as women and children,
face challenges in
receiving specialized
care.

improve vaccine
availability and reduce
child mortality.

availability by 99%,
reducing child mortality
(India).

3.2 Enhancing Patient Engagement and Education

Patient engagement and education are critical components of effective healthcare delivery, particularly in addressing disparities. Digital health
technologies have revolutionized how patients interact with healthcare systems, providing tools to empower individuals with knowledge and resources
for better health outcomes.

Empowering Patients Through Mobile Health Applications

Mobile health (mHealth) applications have become a vital tool for engaging patients in their healthcare journey. Globally, more than 3.7 billion people
use smartphones, and over 80% of them have downloaded at least one health-related app (Statista, 2022). These apps provide functionalities such as
medication reminders, symptom tracking, and health education. For example, the "MySugr" app, designed for diabetes management, has been shown to
improve glycemic control in users by 23% within six months (Grand View Research, 2021).

Digital Platforms for Chronic Disease Management
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Digital platforms designed for chronic disease management are fostering higher levels of patient engagement. In the United States, chronic diseases
account for 90% of annual healthcare expenditures, and platforms like "Livongo" have reduced hospital readmissions for diabetes patients by 22%
(Centers for Disease Control and Prevention [CDC], 2022). These platforms combine remote monitoring, educational resources, and personalized
feedback to encourage adherence to treatment regimens.

Health Education Through Telemedicine

Telemedicine has not only expanded access to care but also improved health literacy. A study in Brazil found that telemedicine consultations for chronic
obstructive pulmonary disease (COPD) patients increased patients' understanding of their condition by 45%, resulting in better disease management and
reduced emergency room visits (Keesara et al., 2020). By providing educational resources during consultations, telemedicine enhances patient knowledge
and engagement.

Wearable Devices for Real-Time Feedback

Wearable devices, such as Fitbit and Apple Watch, provide real-time health data, encouraging users to adopt healthier lifestyles. A survey of 1,500
wearable device users revealed that 68% reported increased physical activity and 48% adopted healthier diets due to feedback from their devices (PwC,
2021). These insights empower patients to make informed decisions about their health.

_ Digital

q@ Health

Technologies

Figure 5: Enhancing Patient Engagement and Education
Interactive Digital Therapeutics for Mental Health

Interactive digital therapeutics (DTx) have significantly improved mental health outcomes by engaging patients in evidence-based interventions. For
instance, the digital CBT platform "SilverCloud" demonstrated a 62% reduction in anxiety symptoms among users, with 85% reporting increased
understanding of their mental health condition (Grand View Research, 2021). Such tools are particularly impactful in regions with limited access to
mental health professionals.

By leveraging these technologies, healthcare systems can improve patient engagement and education, fostering a more informed and proactive patient
population. This, in turn, contributes to better health outcomes and reduced disparities in care delivery.

Table 3 outlines key strategies, including mobile health applications, digital platforms for chronic disease management, telemedicine, wearable devices,
and digital therapeutics. These innovations empower patients with knowledge, enhance self-care, and foster a more proactive approach to healthcare
management.
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Table 3: Enhancing Patient Engagement and Education

Strategy

Description

Impact

Key Study/Source

Mobile Health (mHealth)
Applications

Smartphone applications
providing medication reminders,
symptom tracking, and health
education.

MySugr app improved glycemic
control by 23% within six
months.

Statista (2022), Grand View
Research (2021)

Digital Platforms for Chronic
Disease Management

Digital platforms offering
remote monitoring, educational
resources, and personalized
feedback.

Livongo reduced hospital
readmissions for diabetes
patients by 22%.

CDC (2022)

Health Education Through
Telemedicine

Telemedicine consultations
integrating educational resources
to enhance health literacy.

COPD telemedicine patients
increased understanding of their
condition by 45%, reducing ER
visits.

Keesara et al. (2020)

Wearable Devices for Real-Time
Feedback

Wearable devices providing
real-time health data to
encourage healthier lifestyles.

68% of wearable users increased
physical activity; 48% adopted
healthier diets.

PWC (2021)

Interactive Digital Therapeutics
for Mental Health

Interactive digital therapeutics
using evidence-based
interventions to support mental
health.

SilverCloud platform reduced
anxiety symptoms by 62%, with
85% of users gaining mental
health awareness.

Grand View Research
(2021)

3.3 Data-Driven Healthcare and Equity

Data-driven healthcare has emerged as a transformative approach to addressing disparities and promoting health equity. By leveraging big data analytics,
artificial intelligence (Al), and machine learning (ML), healthcare systems can identify underserved populations, predict health trends, and allocate
resources more efficiently.

Identifying Underserved Populations

Big data analytics is instrumental in uncovering disparities across different demographics. For instance, in the United States, data from electronic health
records (EHRs) revealed that 13.8% of low-income individuals were less likely to receive preventative care compared to their higher-income counterparts
(Centers for Disease Control and Prevention [CDC], 2021). By integrating social determinants of health into data models, healthcare providers can identify
high-risk groups and tailor interventions to address their specific needs (PwC, 2021).

Predictive Analytics for Early Interventions

Predictive analytics powered by Al has proven effective in forecasting disease outbreaks and individual health risks. A notable example is the use of
predictive modeling during the COVID-19 pandemic, which helped predict hotspots with 87% accuracy, enabling timely allocation of resources and
reducing mortality rates by 15% in affected areas (World Health Organization [WHO], 2021). Additionally, predictive analytics has reduced hospital
readmissions by 25% in chronic disease patients by identifying early warning signs (Topol, 2019).

Personalized Care Through Machine Learning

Machine learning algorithms facilitate personalized treatment plans by analyzing vast datasets to match patients with the most effective therapies. For
instance, oncology patients receiving Al-driven personalized care experienced a 20% improvement in survival rates compared to those undergoing
standard treatments (Grand View Research, 2021). This approach ensures that vulnerable populations receive tailored care, enhancing treatment outcomes
and reducing health disparities.

Optimizing Resource Allocation

Data-driven insights also play a pivotal role in optimizing healthcare resource allocation. In the United Kingdom, the National Health Service (NHS)
used big data analytics to streamline operations, reducing patient wait times by 30% in hospitals serving low-income communities (PwC, 2021). Similarly,
a U.S.-based program utilized Al to optimize ambulance routing, cutting emergency response times by 18% in rural areas (CDC, 2021).

Real-Time Monitoring for Equity

Real-time data collection and analysis enable healthcare systems to monitor and address inequities dynamically. Wearable devices, for example, provided
real-time health data for 4.2 million users in the European Union, identifying trends in hypertension and diabetes that informed public health policies
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targeting at-risk populations (Statista, 2022). This proactive approach ensures equitable care delivery and improves health outcomes for underserved
groups.

Data-driven healthcare has transformed efforts to address health disparities and promote equity by leveraging big data, artificial intelligence (Al), and
machine learning (ML). These technologies enable healthcare providers to identify underserved populations, predict disease trends, optimize resource
allocation, and deliver personalized treatments. Table 4 outlines key strategies in data-driven healthcare, demonstrating how analytics and Al-driven
insights are shaping a more equitable healthcare system

Table 4: Data-Driven Healthcare and Equity

Strategy

Description

Impact

Key Study/Source

Identifying Underserved
Populations

Big data analytics helps uncover
healthcare disparities by
analyzing demographic and
social determinants.

EHR data showed low-income
individuals in the U.S. were
13.8% less likely to receive
preventive care.

CDC (2021), PwC
(2021)

Predictive Analytics for Early
Interventions

Al-driven predictive analytics
forecasts disease outbreaks and
health risks for timely
intervention.

COVID-19 predictive models
had 87% accuracy, reducing
mortality rates by 15% in
affected areas.

WHO (2021), Topol
(2019)

Personalized Care Through
Machine Learning

Machine learning personalizes
treatment plans by analyzing
patient data to match therapies.

Al-driven personalized oncology
care improved survival rates by
20%.

Grand View Research
(2021)

Optimizing Resource Allocation

Big data optimizes healthcare
resource allocation, improving
efficiency in underserved areas.

NHS reduced patient wait times
by 30% in low-income areas; Al
optimized ambulance routing,
cutting response times by 18%.

PWC (2021), CDC
(2021)

Real-Time Monitoring for
Equity

Real-time data monitoring
through wearable devices helps
track health trends and inform

Wearables tracked real-time
health data for 4.2M users in the
EU, informing policies on

Statista (2022)

policies. hypertension and diabetes.

By integrating data-driven strategies into public health frameworks, healthcare systems can address systemic inequities and improve access to quality
care for all. These innovations underscore the potential of technology to foster a more equitable and efficient healthcare landscape.

4. CHALLENGES AND ETHICAL CONSIDERATIONS
4.1 Technology Accessibility and Digital Divide

The adoption of digital health technologies has been transformative, yet the digital divide remains a significant barrier to equitable access. Disparities in
technology accessibility, particularly in rural and low-income communities, hinder the potential of these innovations to address healthcare inequities
effectively.

Limited Internet Access

Internet access is fundamental to leveraging digital health technologies, but 37% of the global population lacks reliable internet connectivity (International
Telecommunication Union [ITU], 2021). In sub-Saharan Africa, only 30% of households have internet access, compared to 90% in developed nations
(World Bank, 2021). These gaps restrict the adoption of telemedicine, mobile health applications, and other digital solutions in underserved regions.

Economic Barriers

The cost of digital devices and internet services also contributes to the digital divide. In low-income countries, the average cost of 1 GB of mobile data
is 7% of monthly income, making it unaffordable for many (Alliance for Affordable Internet [A4Al], 2022). Furthermore, only 40% of households in the
United States earning less than $30,000 annually have access to broadband internet, compared to 92% of those earning above $75,000 (Pew Research
Center, 2021).

Digital Literacy Challenges

Digital literacy is another significant barrier, with approximately 28% of adults in low-income countries unable to use basic digital tools effectively
(WHO, 2021). In the U.S., older adults and non-English speakers are disproportionately affected, limiting their ability to use telehealth platforms and
other digital health technologies (Pew Research Center, 2021).
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Infrastructure Deficits

Infrastructure deficits further exacerbate the divide. For instance, in India, only 15% of rural healthcare centers are equipped with the necessary
infrastructure to support telemedicine services, compared to 85% of urban centers (Grand View Research, 2021). This disparity limits the reach of digital
health innovations to the populations that need them most.

Policy and Funding Gaps

Efforts to bridge the digital divide are often constrained by inadequate policies and funding. Global investment in digital infrastructure needs to increase
by 50% annually to meet the growing demand for digital health services, according to the World Economic Forum (2022). Without targeted investments,
the gap between those with access to digital health technologies and those without will continue to widen.

Table 5 outlines the key barriers contributing to the digital divide, including internet access limitations, economic constraints, digital literacy challenges,
infrastructure deficits, and policy gaps. Addressing these issues is crucial to ensuring equitable healthcare access and maximizing the benefits of digital
health innovations.

Table 5: Technology Accessibility and Digital Divide

Barrier

Description

Impact

Key Study/Source

Limited Internet Access

Lack of reliable internet access
limits the adoption of
telemedicine and digital health
solutions.

37% of the global population
lacks reliable internet; only 30%
of sub-Saharan households have
access.

ITU (2021), World Bank (2021)

Economic Barriers

High costs of digital devices and
internet services make access
unaffordable for low-income
populations.

1 GB of mobile data costs 7% of
monthly income in low-income
countries; 40% of low-income
U.S. households lack broadband
access.

A4Al (2022), Pew Research
Center (2021)

Digital Literacy Challenges

Limited digital literacy prevents
individuals from effectively
using digital health tools.

28% of adults in low-income
countries lack basic digital
literacy; older adults and non-
English speakers struggle with
telehealth.

WHO (2021), Pew Research
Center (2021)

Infrastructure Deficits

Inadequate infrastructure in rural
areas restricts telemedicine and
digital health adoption.

Only 15% of rural healthcare
centers in India have
telemedicine infrastructure,
compared to 85% in urban areas.

Grand View Research (2021)

Policy and Funding Gaps

Insufficient policies and funding
hinder efforts to expand digital
health access.

Global investment in digital
infrastructure needs to increase
by 50% annually to meet
demand.

World Economic Forum (2022)

Addressing the digital divide requires a multi-faceted approach, including expanding internet infrastructure, subsidizing digital devices and services,
improving digital literacy, and implementing policies that prioritize equitable access. By overcoming these barriers, digital health technologies can fulfill
their potential to reduce healthcare disparities and improve outcomes for underserved populations.

4.2 Privacy, Security, and Data Ethics

The widespread adoption of digital health technologies raises critical concerns about privacy, security, and data ethics. As these technologies collect and
process sensitive health information, ensuring the protection of patient data is paramount to maintaining trust and compliance with regulatory frameworks.
Privacy Concerns in Digital Health

Digital health platforms generate vast amounts of data, including electronic health records (EHRs), wearable device metrics, and telehealth interactions.
However, a study revealed that 87% of healthcare organizations worldwide experienced data breaches in the past year, compromising the privacy of
millions of patients (Statista, 2022). In the U.S., healthcare data breaches affected over 45 million individuals in 2021 alone, underscoring the urgency of
robust privacy measures (HIPAA Journal, 2022).

Security Vulnerabilities in Digital Platforms
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Cybersecurity threats, including ransomware attacks and unauthorized access, pose significant risks to digital health technologies. A global survey found
that ransomware attacks targeting healthcare systems increased by 94% between 2020 and 2021, with an average recovery cost of $10 million per incident
(PwC, 2022). These breaches not only disrupt healthcare services but also erode patient trust in digital platforms.

Data Ethics and Equity

Ethical concerns regarding data usage are also prevalent. Algorithms used in digital health applications can inadvertently perpetuate biases if training
data is not representative of diverse populations. For example, a study found that Al models for disease prediction were 40% less accurate for minority
groups due to underrepresentation in training datasets (Topol, 2019). Such biases can exacerbate healthcare disparities rather than alleviate them.

Compliance with Regulatory Frameworks

Ensuring compliance with data protection regulations, such as the General Data Protection Regulation (GDPR) in Europe and the Health Insurance
Portability and Accountability Act (HIPAA) in the U.S., is essential. Non-compliance can result in significant penalties, with GDPR fines reaching €1.25
billion in 2021 alone (European Data Protection Board, 2022). These regulations aim to safeguard patient data and promote ethical data usage.

Building Trust Through Transparency

Transparency in data handling practices is critical to building patient trust. A recent survey showed that 78% of patients would be more likely to use
digital health platforms if they received clear information about data usage and security measures (Grand View Research, 2021). Providing patients with
control over their data, such as options for consent and deletion, can further enhance trust and adoption.

Addressing privacy, security, and data ethics challenges is essential for the sustainable integration of digital health technologies. Implementing advanced
cybersecurity measures, promoting transparency, and ensuring algorithmic fairness are necessary steps to protect patient data and uphold ethical standards
in digital health.

4.3 Policy and Regulatory Barriers

The rapid adoption of digital health technologies has outpaced the development of comprehensive policies and regulations, leading to significant
challenges in their implementation and integration into healthcare systems. Addressing these barriers is essential for ensuring equitable access,
safeguarding patient data, and fostering innovation.

Fragmented Regulatory Frameworks

Digital health technologies operate within a patchwork of national and international regulations, creating inconsistencies and inefficiencies. For example,
while the United States has the Health Insurance Portability and Accountability Act (HIPAA) to regulate data privacy, the European Union enforces the
General Data Protection Regulation (GDPR), which imposes stricter controls. This regulatory fragmentation increases compliance costs for healthcare
providers and technology developers, with 78% reporting difficulties in aligning with multiple jurisdictions (PwC, 2022).

Lack of Standardization

The absence of standardized protocols for data exchange and interoperability hampers the integration of digital health solutions. A study revealed that
only 30% of healthcare organizations worldwide have fully interoperable systems, limiting the seamless sharing of patient information across platforms
(World Health Organization [WHO], 2021). This lack of standardization delays care delivery and reduces the effectiveness of digital health technologies.

Challenges in Telemedicine Licensing

Telemedicine, a cornerstone of digital health, faces regulatory hurdles related to cross-border licensing. In the United States, physicians must obtain
separate licenses to practice telemedicine in each state, a process that is both time-consuming and costly. This limitation affects 35% of telemedicine
providers, restricting their ability to offer services to underserved areas (American Telemedicine Association [ATA], 2021).

Insufficient Funding and Incentives

Government funding for digital health initiatives remains inadequate in many countries. In 2021, only 4% of global healthcare budgets were allocated to
digital health, despite its potential to improve access and reduce costs (Statista, 2022). Additionally, the lack of financial incentives for healthcare
providers to adopt digital solutions further impedes their uptake.

Ethical and Liability Concerns

Policymakers struggle to address ethical and liability issues associated with digital health technologies. For instance, the use of artificial intelligence (Al)
in diagnostics raises questions about accountability when errors occur. A recent survey found that 63% of healthcare providers were hesitant to adopt Al
solutions due to concerns about legal liability (Grand View Research, 2021).

To overcome these policy and regulatory barriers, governments and international bodies must collaborate to create harmonized frameworks that promote
innovation while safeguarding patient interests. Standardizing protocols, simplifying licensing processes, increasing funding, and addressing ethical
concerns are critical steps toward unlocking the full potential of digital health technologies.
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4.3 Policy and Regulatory Barriers

The integration of digital health technologies into healthcare systems has been hampered by several policy and regulatory barriers. These challenges limit
the scalability and accessibility of digital solutions, particularly in addressing healthcare disparities.

Fragmentation of Regulatory Frameworks

Digital health technologies often operate under fragmented regulatory frameworks that vary across countries and regions. For example, while the
European Union's General Data Protection Regulation (GDPR) enforces stringent data privacy requirements, the United States employs a more
fragmented system under the Health Insurance Portability and Accountability Act (HIPAA) (European Data Protection Board [EDPB], 2022). A global
survey found that 82% of healthcare providers view regulatory misalignment as a significant challenge, increasing operational costs by 25% for
multinational organizations (PwC, 2022).

Interoperability and Standardization Challenges

A lack of standardized protocols for interoperability creates significant barriers to data sharing and integration. According to the World Health
Organization (WHO, 2021), only 30% of healthcare systems worldwide have achieved full interoperability between electronic health records (EHRS).
This deficiency restricts the seamless flow of information, undermining the potential of digital health technologies to improve efficiency and patient
outcomes.

Licensing and Telemedicine Policies

Licensing regulations for telemedicine remain a major hurdle. In the United States, physicians are required to obtain state-specific licenses to provide
telemedicine services across state lines, creating logistical and financial barriers. A report from the American Telemedicine Association (ATA, 2021)
indicates that these licensing restrictions affect 40% of telemedicine providers, reducing access to care for underserved populations.

Funding Gaps for Digital Health Implementation

Despite the transformative potential of digital health technologies, funding remains insufficient. In 2021, global funding for digital health initiatives
accounted for only 3.8% of healthcare budgets, far below the level needed to scale these solutions effectively (Statista, 2022). In low-income countries,
this percentage drops to less than 1%, limiting the deployment of critical infrastructure and training programs.

Ethical and Legal Accountability

The use of advanced technologies such as artificial intelligence (Al) in healthcare introduces ethical and legal accountability concerns. For example, if
an Al-powered diagnostic tool provides an inaccurate diagnosis, it is often unclear whether liability rests with the developer, healthcare provider, or
institution. A survey found that 68% of healthcare executives identified liability uncertainty as a key barrier to adopting Al technologies (Grand View
Research, 2021).

To address these barriers, policymakers must harmonize regulatory frameworks, invest in interoperability standards, simplify licensing processes, and
increase funding for digital health initiatives. These efforts are essential for creating an enabling environment where digital health technologies can thrive
and address systemic healthcare inequities.

5. CONCLUSION AND FUTURE DIRECTIONS
5.1 Summary of Key Findings

Digital health technologies have demonstrated transformative potential in addressing healthcare disparities and promoting equity across diverse
populations. These innovations, encompassing telemedicine, mobile health applications, artificial intelligence, and big data analytics, have significantly
expanded access to care, improved patient outcomes, and optimized resource allocation.

Telemedicine has bridged geographical barriers, providing remote access to quality care for underserved communities, while mobile health applications
have empowered individuals with tools for disease management and health monitoring. Artificial intelligence has revolutionized diagnostics and
predictive analytics, enabling early detection of diseases and personalized treatment plans. Big data analytics has enhanced decision-making processes,
offering insights to target interventions effectively and address systemic inequities.

Despite these advancements, critical challenges persist. The digital divide, characterized by disparities in internet access, digital literacy, and
infrastructure, continues to limit the reach of these technologies. Privacy, security, and data ethics concerns present significant hurdles, necessitating
robust regulatory frameworks and transparent practices. Furthermore, fragmented policies and insufficient funding impede the widespread adoption and
integration of digital health solutions.

The findings underscore the importance of a holistic approach to leveraging digital health technologies, prioritizing inclusivity, ethical considerations,
and policy alignment. By addressing these barriers, digital health innovations can fulfill their potential to reduce disparities, improve health outcomes,
and foster a more equitable and resilient healthcare landscape.
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5.2 Policy and Practice Recommendations

To maximize the potential of digital health technologies in bridging healthcare disparities, strategic policy and practice recommendations must be
implemented. These initiatives should focus on creating an inclusive, equitable, and sustainable digital health ecosystem.

First, governments and healthcare organizations must invest in expanding digital infrastructure, particularly in underserved and rural areas. Reliable
internet connectivity and access to affordable digital devices are foundational for the effective deployment of telemedicine, mobile health applications,
and other digital health solutions. Subsidies and public-private partnerships can accelerate infrastructure development, ensuring equitable access for all.

Second, standardizing interoperability protocols across digital health platforms is crucial. Seamless data exchange between electronic health records,
telehealth services, and wearable devices enhances care coordination and efficiency. Adopting global standards for data integration can streamline
operations and reduce fragmentation within healthcare systems.

Third, improving digital literacy among both healthcare providers and patients is essential. Tailored training programs for healthcare professionals can
facilitate the effective use of digital tools, while community-based initiatives can empower patients to engage with these technologies confidently.
Education campaigns should prioritize vulnerable populations to minimize the digital divide.

Fourth, robust regulatory frameworks are needed to address privacy, security, and ethical concerns. Clear guidelines on data usage, algorithmic fairness,
and accountability in case of errors will promote trust and encourage widespread adoption. International collaboration can ensure harmonized policies
that support cross-border digital health initiatives.

Lastly, targeted funding and financial incentives are critical for scaling digital health solutions. Governments and international organizations should
prioritize funding for research, development, and deployment of innovative technologies. Incentives for healthcare providers to adopt digital tools can
further drive integration into routine care delivery.

By implementing these recommendations, stakeholders can create a supportive environment for digital health technologies to thrive. Such efforts will
enable these innovations to address healthcare disparities effectively, improve outcomes for marginalized populations, and contribute to the development
of a more inclusive and resilient healthcare system.

5.3 Future Research Directions

Future research on digital health technologies must focus on addressing existing gaps and advancing innovations to ensure equitable healthcare delivery.
These efforts should prioritize inclusivity, sustainability, and scalability to meet the diverse needs of global populations.

A critical area of exploration is the impact of emerging technologies, such as blockchain, quantum computing, and advanced machine learning, on
healthcare systems. Research should assess how these technologies can enhance data security, interoperability, and predictive capabilities, particularly in
low-resource settings. Investigating their cost-effectiveness and feasibility for widespread implementation will be essential to bridging healthcare
disparities.

Another key focus is the development of culturally adaptive digital health solutions. Future studies must explore how cultural, linguistic, and
socioeconomic factors influence the adoption and effectiveness of these technologies. Tailoring interventions to specific communities can increase
acceptance and ensure that marginalized groups benefit equitably from digital innovations.

Evaluating the long-term impact of digital health technologies on health outcomes and cost savings is another vital area for research. Longitudinal studies
can provide insights into how these tools influence patient behaviors, health system efficiency, and overall healthcare equity. Such evidence will be
invaluable in guiding policy decisions and resource allocation.

The ethical dimensions of digital health also warrant further investigation. Research should address concerns about algorithmic bias, data privacy, and
the ethical implications of Al-driven decision-making in healthcare. Exploring strategies to ensure transparency, fairness, and accountability in digital
health applications is critical for fostering trust and promoting widespread adoption.

Finally, interdisciplinary collaboration is essential for advancing research in this field. Partnerships between technologists, healthcare providers,
policymakers, and social scientists can generate comprehensive insights and innovative solutions. By fostering such collaboration, future research can
help digital health technologies achieve their full potential in reducing disparities, improving outcomes, and transforming global healthcare systems.

5.4 Closing Remarks

Digital health technologies represent a transformative force in addressing healthcare disparities and fostering a more equitable healthcare landscape. By
leveraging innovations such as telemedicine, mobile health applications, artificial intelligence, and big data analytics, healthcare systems have an
unprecedented opportunity to expand access, improve outcomes, and enhance efficiency for underserved populations.

The journey toward equitable digital health adoption is not without challenges. Bridging the digital divide, addressing privacy and security concerns, and
aligning fragmented regulatory frameworks require concerted efforts from governments, private sectors, and international organizations. However, these
obstacles are surmountable with strategic investments, robust policy-making, and a commitment to inclusivity and sustainability.
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The potential of digital health extends far beyond technological advancements—it holds the promise of transforming healthcare systems into more
compassionate, patient-centered entities. By focusing on equity, transparency, and collaboration, stakeholders can ensure that these innovations reach the
communities that need them the most, fostering not only healthier populations but also stronger, more resilient societies.

As the global health landscape continues to evolve, digital health technologies will play an increasingly pivotal role in shaping the future. The imperative
now is to harness their full potential, ensuring that no one is left behind in the quest for accessible, high-quality healthcare. Through collective effort and
unwavering dedication, the vision of equitable healthcare can become a reality, powered by the transformative capabilities of digital innovation.
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