Remya Gayathri. S / Afr.J.Bio.Sc. 6(6) (2024) ISSN: 2663-2187

https://doi.org/10.33472/AF|BS.6.6.2024.1246-1256

FJBS

ResearchPaper

OpenAccess

A Review of Feature-Rich Digital Health Interventions for Enhanced
Hypertension Management

*Remya Gayathri. S !, Dr. V. Muruganantham?, Dr. R. Margret Chandira®Dr.Suja Abraham*

YResearch Scholar: Department of Pharmacy, Vinayaka Mission's Research Foundation, Salem, India
2Professor, Department of Pharmaceutics, Vinayaka Mission's College of Pharmacy, Salem, India.
*Professor & head, Department of Pharmaceutics, Vinayaka Mission's College of Pharmacy, Salem,

India.

*Professor ,Department of Pharmacy ,Nirmala College of Pharmacy Muvattupuzha, India

Article History

Volume 6,Issue 6, 2024

Received:20 Feb 2024

Accepted : 28 Mar 2024

doi: 10.33472/AFJBS.6.6.2024.1246-1256

“Corresponding author: remyagayathri@gmail.com

Abstract: Hypertension, a global health crisis, demands innovative solutions. This review
explores the potential of feature-rich digital health interventions (DHIs) to revolutionize
patient empowerment and blood pressure control. We conducted a systematic search,
analyzing the impact of advanced DHls.

These DHIs go beyond basic monitoring, equipping patients with self-management tools
like personalized goals, dietary/lifestyle trackers, and educational resources. They also
improve medication adherence through automated reminders and secure messaging with
healthcare professionals.

Furthermore, DHIs facilitate remote blood pressure monitoring and data collection,
enabling personalized treatment strategies and early intervention. This data-driven
approach can potentially reduce healthcare costs associated with uncontrolled
hypertension.

Our findings suggest that feature rich DHIs hold immense promise for transforming
hypertension management. We propose recommendations for stakeholders to facilitate
further exploration and integration of these advanced DHIs into routine care. This paves
the way for empowered patients, improved self-management, and ultimately, reduced
hypertension-related complications.

Keywords:Hypertension management, Tele monitoring, Digital health Intervention,
Mobile
Applications, Gamification, Patient Empowerment
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1. Introduction
1.1 Hypertension: A Global Challenge with Limited Success

Chronic diseases like hypertension (high blood pressure) pose a significant global burden.
Despite the availability of effective treatments, a substantial proportion of hypertensive
individuals fail to achieve optimal blood pressure control (Preston, 2010). This uncontrolled
hypertension can lead to life-threatening complications, highlighting the need for improved
prevention and management strategies (World Health Organization [WHQO], 2019).

1.2 Traditional Approaches and Their Limitations

Traditional approaches to hypertension management often rely on integrated primary care
programs that address multiple risk factors alongside medication adherence initiatives (Kowatsch
et al., 2019; Ardielli, 2020; Kadakia et al., 2020). While these strategies are essential, achieving
optimal outcomes requires a multifaceted approach (Band et al., 2017).

1.3 Technology as a Powerful Tool in Healthcare

Technology has emerged as a powerful tool in healthcare, offering opportunities to overcome
limitations and enhance decision-making and communication for healthcare professionals (Bohr
&Memarzadeh, 2020).

1.4 The Rise of Digital Health Interventions (DHIs)

The WHO recognizes the potential of DHIs to address various healthcare needs. Telehealth, for
example, can improve access to care in remote areas, while SMS reminders can enhance patient
engagement (Gopalakrishnan et al., 2020; Jandoo, 2020). In 2018, the WHO published the DHI
classification (version 1.0) and recommendations for strengthening health systems through
digital interventions (Parati et al., 2019; lbrahim et al.,, 2022). These recommendations
encompass interventions for healthcare providers, patients, health system managers, and data
services, emphasizing the importance of monitoring DHI quality and effectiveness (Bradbury et
al., 2018; Wang et al., 2017).

1.5 Potential and Challenges of DHIs

While DHIs hold immense promise for improving health outcomes and reaching underserved
populations, research suggests they may also exacerbate existing disparities in access and
utilization (Young et al., 2008). Socioeconomic factors like food availability and cost can limit
the effectiveness of dietary interventions delivered via DHIs (Band et al., 2017). Figure 1 shows
various DHI technologies.
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Figure: 1 Different DHI Technologies

1.6 Focus of this Review

This review aims to explore the current evidence on how DHIs can be utilized to prevent and
manage hypertension (Parati et al., 2019). We will examine various DHI technologies (mobile
apps, web-based tools, wearable devices) and their potential to improve hypertension

management based on existing research (as shown in Figure 2) (Ibrahim et al., 2022).
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Figure 2: Digital Health Interventions and Review Counts for Quality Improvement

1.7 Addressing Ethical Considerations

The safe and responsible implementation of DHIs is crucial. The WHO highlights the need for
further research on potential unintended consequences associated with digital health
interventions (Jandoo, 2020). Additionally, ensuring compliance with data privacy regulations
like HIPAA (Health Insurance Portability and Accountability Act), GDPR (General Data



Remya Gayathri. S / Afr.J.Bio.Sc. 6(6) (2024) Page 1248 of 12

Protection Regulation), and ISO 27001 is essential (Miller, 2010; Greene et al., 2019; ISO
27799: 2008).

1.8 Patient-Centered Approach

User experience and patient input are critical for the development and adoption of DHIs. Aligned
with the patient-centered approach in clinical research, DHIs can empower individuals to take
control of their health (Robbins et al., 2013; Brookman-May, 2019).

1.9 Looking Ahead: The Future of DHIs in Hypertension Management

This review will delve deeper into the diverse range of DHIs available for hypertension
management and analyze their effectiveness in improving health outcomes. We will explore the
potential of these interventions to contribute to a future where hypertension is effectively
managed, leading to improved quality of life and reduced healthcare burden.

1.10 Current Approaches to Hypertension Management Using Digital Health Interventions

Wearable Devices: Wearable gadgets, such as smartwatches and fitness trackers, enable
continuous monitoring of blood pressure, offering round-the-clock tracking, seamless data
synchronization with accompanying apps, and real-time alerts. Notable devices in this category
include the Apple Watch and Fitbit (Dalton, 1992; Germann & Grewal, 2015).

Telemedicine in Hypertension Management:Telemedicine platforms facilitate virtual
consultations with healthcare professionals, providing easy access to medical advice, reducing
the need for extensive travel, and allowing for flexible appointment scheduling. Prominent
telemedicine platforms like "Teladoc” and "Doctor On Demand" exemplify this mode of care
(Cavenagh&Ramadurai, 2017).

1.11 Comparing Current Digital Health Intervention Practices
Evaluation of Digital Health Interventions:

Mobile Apps vs. Wearable Devices: Mobile apps offer convenience through accessible
information, while wearable devices ensure continuous monitoring of blood pressure levels
(Germann et al., 2015).

Telemedicine vs. In-Person Visits: Telemedicine offers flexibility and convenience, allowing
consultations from home, whereas in-person visits permit physical examinations and hands-on
assessments (Cavenagh&Ramadurai, 2017).

Online Support vs. Peer Support Groups: Online support communities offer anonymity and
information sharing, whereas peer support groups foster personal connections and shared
experiences among individuals managing hypertension (Band et al., 2017).

2. Literature Review

The rising burden of hypertension, a significant risk factor for cardiovascular disease, poses a
major public health challenge in low- and middle-income countries (LMICs). Traditional
healthcare delivery systems in these settings often struggle with resource constraints, limited
infrastructure, and workforce limitations, hindering effective management of hypertension.
Digital health (mHealth) interventions offer a promising solution by leveraging mobile
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technologies to empower patients and healthcare professionals in their fight against high blood
pressure. This section explores existing research on mHealth interventions tailored to address the
specific needs of LMICs.

2.1 Economic Considerations: Beyond Initial Costs

Unlike high-income countries, LMICs face a different financial landscape when implementing
mHealth programs. While cost-effectiveness remains crucial, as emphasized by LeFevre et al.
(2017) and the World Health Organization (2006), economic evaluations need to go beyond
simply considering initial program launch costs. A comprehensive financial analysis should
encompass ongoing maintenance costs (data storage, software updates, technical support),
potential scalability costs as the program expands geographically, and the cost savings accrued
through improved blood pressure control and reduced cardiovascular complications.

2.2 Financial Planning for Long-Term Sustainability

Kéllander et al. (2013) and Free et al. (2013) highlight the importance of comprehensive
financial planning throughout the entire program lifecycle. This includes factoring in launch
costs associated with technology infrastructure development, training for healthcare workers and
patients, and ongoing operational costs. By considering potential cost savings from improved
health outcomes, LMICs can make informed resource allocation decisions, as emphasized by the
National Institute for Health and Clinical Excellence (2011). This financial planning ensures
mHealth interventions have a long-term sustainable impact on strengthening healthcare delivery
systems in LMICs.

2.3 Successful Implementation Strategies: Tailoring for Context

Effective implementation of mHealth interventions in LMICs goes beyond cost-effectiveness. It
requires careful planning and adaptation to the specific context of each setting. Ross et al.
(2018) advocate for selecting appropriate theoretical frameworks to guide program development
and implementation. These frameworks can address factors like behavior change specific to
LMIC populations, patient motivation within these contexts, and adherence to medication
regimens considering local healthcare systems and cultural norms.

Clear and specific terminology for intervention components, as advocated by Kellermann &
Jones (2013) and Proctor et al. (2013), facilitates communication and evaluation across diverse
healthcare settings within LMICs. Standardized terminology minimizes confusion and ensures
all stakeholders, from healthcare workers to patients, understand the program's goals and
functionalities. Furthermore, May (2006) emphasizes the need for flexible implementation plans
that can adapt to unforeseen challenges. This flexibility might involve adapting the intervention
based on user feedback, addressing limited internet connectivity in some regions, or overcoming
low device literacy among target populations.

2.4 Addressing Challenges and Opportunities: Learning from User Experiences

Insights from healthcare workers using mHealth interventions in LMICs provide valuable
information for program development and improvement. For example, Gopalakrishnan et al.'s
(unpublished data) qualitative study revealed potential barriers faced by Community Health
Workers (CHWSs) implementing a new mHealth program, including mistrust within communities
regarding data privacy or program effectiveness, cultural differences in health beliefs and



Remya Gayathri. S / Afr.J.Bio.Sc. 6(6) (2024) Page 1250 of 12

practices that might influence intervention adoption, and technological difficulties encountered
by CHWs or patients. ldentifying and addressing these challenges through culturally sensitive
design, appropriate training for CHWSs on program usage and addressing user concerns, and user-
friendly technology with local language support are crucial for successful implementation.

2.5 Clinical Efficacy and User-Centered Design: A Powerful Combination

Research demonstrates the effectiveness of well-designed mHealth interventions in improving
hypertension management in LMICs. Stogios et al.'s (2020) systematic review and meta-
analysis, supported by studies like Liu et al. (2013), Logan et al. (2012), and McKinstry et al.
(2013), found that digital interventions significantly improve the efficacy of medication in
lowering blood pressure. These interventions can provide medication reminders, offer
educational content on hypertension management, and facilitate communication between patients
and healthcare providers.

Additionally, interventions promoting lifestyle changes, such as Steinberg et al.'s (2019) program
that encouraged weight loss and adherence to the DASH dietary pattern, can contribute to better
blood pressure control. However, to maximize impact, Band et al. (2017) emphasize the
importance of user-centered design and theory-driven development of mHealth interventions.
This ensures programs are tailored to individual needs and preferences within the LMIC context,
promoting self-management skills and long-term engagement. This approach is crucial for
promoting user adoption and maximizing the program's impact on improving health outcomes.

2.6 Evidence from Randomized Controlled Trials: Supporting Real-World Effectiveness

Leupold et al.'s (2023) cluster-randomized controlled trial provides further evidence for the
effectiveness of mHealth interventions in LMICs. Their study demonstrated significant
improvements in blood pressure control following the implementation of PIA-ICT and
eLearning, a computer-supported program for general practices in India. These findings align
with prior research by Margolis et al. (2013), highlighting the potential of mHealth interventions
to improve healthcare delivery for hypertension management in LMICs by empowering
healthcare professionals and facilitating patient engagement in their own health.

2.7 Ensuring Equitable Access: Leaving No One Behind

Krukowski et al. (2024) emphasize the importance of inclusivity throughout the mHealth
intervention research process. This ensures equitable access for all populations within LMICs —
regardless of socioeconomic status, gender, geographic location, age, or literacy levels. Process
evaluation methodologies, as recommended by Moore et al. (2015), can be valuable tools for
assessing the implementation fidelity of mHealth programs. This involves evaluating whether the
program is being delivered as intended and identifying potential barriers to access faced by
specific subgroups within the target population. By employing these methods, researchers and
program developers can identify and address these access barriers, promoting inclusivity and
maximizing the public health impact of mHealth interventions in LMICs,

The growing body of research on mHealth interventions for hypertension management in LMICs
paints a promising picture. These interventions have the potential to address the challenges faced
by traditional healthcare systems, improve medication adherence, promote healthy lifestyle
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changes, and ultimately contribute to better blood pressure control. However, successful
implementation requires careful consideration of economic factors, context-specific design
strategies, user-centered approaches, and ensuring equitable access for all populations. By
building upon this existing research and addressing these considerations, future mHealth
interventions can play a significant role in improving cardiovascular health outcomes and
strengthening healthcare delivery systems in LMICs.

3. Methodology

This review employed a multi-methodological approach to comprehensively assess current
limitations in digital health interventions (DHIs) for hypertension management and identify
strategies for improvement. The aim was to bridge the gap between existing practices and
optimal DHI implementation by drawing insights from diverse sources.

3.1. Systematic Literature Review: Building a Foundation

The foundation for this review was established through a comprehensive search of the Scopus
database. Search terms were carefully chosen to identify relevant research on DHIs for
hypertension management, with a particular focus on studies exploring challenges and
limitations in key areas:

Patient Engagement: How effectively do current DHIs engage patients in self-management
behaviors crucial for hypertension control, such as medication adherence and adopting healthy
lifestyle changes?

Technological Feasibility: Are existing DHIs accessible and user-friendly for the target
population? This analysis considered factors like literacy levels, technological skills, and
potential cultural barriers to using the technology.

Data Privacy: A critical aspect of building trust with users. The review examined how DHIs
address user concerns regarding data security and privacy, particularly when handling sensitive
health information.

Accessibility: Do current DHIs consider the diverse needs of the target population? This included
affordability of technology, internet connectivity in the target regions, and cultural
appropriateness of the DHI content and design.

By analyzing existing research, this review gained a strong understanding of current DHI
practices and their effectiveness in addressing the multifaceted challenges of hypertension
management.

3.2. Expert Consultation: Bridging the Knowledge Gap

To complement the academic literature and gain valuable real-world perspectives, consultations
were conducted with specialists in digital health and healthcare delivery. Discussions centered
on key areas critical to improving DHI effectiveness:

Emerging Trends in DHI Development: What are the latest advancements in DHI design and
functionality that can improve hypertension management? These might include:
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Gamification elements to make using the DHI more engaging and motivating for patients.

Integration with wearable devices for real-time health data collection (blood pressure, heart rate)
and monitoring, providing patients with a more holistic view of their health.

Artificial intelligence-powered chatbots for personalized health coaching, medication adherence
support, and tailored educational content based on individual patient needs.

Best Practices for Implementation: What are the key considerations and proven strategies for
successful DHI implementation in diverse healthcare settings? This analysis considered factors
like resource allocation within healthcare systems, training for healthcare workers on effectively
utilizing the DHI for patient care, and efficient patient onboarding processes to ensure user
adoption.

Crucial Areas for Improvement: Based on their experience, what aspects of DHI design,
implementation, and evaluation require the most attention? This might include tailoring
interventions to specific patient subgroups with unique needs or addressing sustainability
concerns to ensure the DHI can be maintained and integrated into long-term healthcare delivery
strategies.

This expert input ensured the review considered practical considerations and addressed the
evolving landscape of digital health in relation to hypertension management.

3.3. Stakeholder Engagement: Capturing a Holistic View

To capture a holistic understanding of DHI challenges and opportunities, stakeholder
engagement sessions were conducted. These sessions involved participation from a diverse range
of stakeholders, each with a unique perspective on DHI implementation:

Healthcare providers: Physicians, nurses, and other healthcare professionals who would be
involved in implementing and recommending DHIs to patients. Their insights were crucial for
understanding the feasibility of integrating DHIs into existing workflows and ensuring effective
patient-provider communication regarding DHI use.

Technology developers: Individuals and companies involved in designing and developing DHI
platforms. Their participation provided valuable insights into current technological capabilities
and potential future advancements in DHI design and functionality.

Policymakers: Public health officials and policymakers who influence the adoption and
integration of DHIs within healthcare systems. Their input was essential for understanding the
regulatory landscape and developing strategies for broader DHI implementation.

End-users (patients with hypertension): The most crucial stakeholder group. Patients with
hypertension who would be directly using the DHI for managing their condition provided
invaluable insights into their needs, preferences, and potential challenges associated with using
the technology.

This diverse perspective allowed for a comprehensive analysis of DHI implementation from
various angles, considering the needs of all parties involved in the successful design,
implementation, and use of DHIs for hypertension management.
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The following sections detail how the insights gathered from these initial steps were utilized to
develop a comprehensive framework for improved DHI practices.

4. Results and Discussion

Building upon the multi-pronged methodology, this section presents the key findings and their
implications for improving DHI practices in hypertension management.

4.1 Challenges and Opportunities Revealed

The combined analysis from the literature review, expert consultations, and stakeholder
engagement sessions revealed several key challenges hindering the effectiveness of existing
DHIs. A prominent concern was maintaining long-term user engagement, as initial enthusiasm
can wane over time. Data privacy emerged as another critical issue, with users requiring
assurances that their sensitive health information is protected. Ensuring accessibility for diverse
populations was also a challenge, considering factors like literacy levels, affordability of
technology, and potential cultural barriers. Finally, the long-term sustainability of DHI
programs, particularly regarding ongoing costs and resource allocation, requires careful
consideration. Addressing these challenges is crucial for maximizing the impact of DHIs in
hypertension management.

4.2 A Framework for Enhanced DHI Practices

Informed by the identified challenges, a comprehensive framework was developed to guide the
improvement of DHI practices. This framework outlines specific strategies tailored to address
key areas of concern. For instance, it emphasizes the importance of incorporating evidence-
based strategies to enhance patient engagement and motivation. Robust data security measures
are also crucial to build user trust and address privacy concerns. The framework promotes
inclusivity through accessible design features that cater to diverse user needs and literacy levels.
Additionally, it outlines strategies for long-term program sustainability, considering factors like
cost-effectiveness and securing ongoing support from stakeholders.

4.3 Pilot Testing and Initial Validation

The pilot testing phase assessed the feasibility and effectiveness of the framework in addressing
the identified challenges. Feedback from stakeholders involved in the pilot testing across
different healthcare settings indicated a positive reception towards the framework. Participants
highlighted its potential to significantly improve current DHI practices by providing a structured
approach to design, implementation, and evaluation. This initial validation serves as a promising
starting point for the framework's role in guiding future DHI development and implementation.
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4.4 Implications for Practice and Future Directions

The developed framework offers actionable guidance for all stakeholders involved in DHIs for
hypertension management. Healthcare providers can leverage it to design patient-centered
interventions with high engagement potential, leading to improved adherence and self-
management behaviors. Technology developers can utilize the framework to build secure and
accessible DHI platforms that cater to diverse user needs. Policymakers can employ it to create
supportive policies that promote DHI adoption and integration into healthcare systems,
facilitating broader implementation. This collaborative effort, guided by the framework, has the
potential to revolutionize the way hypertension is managed, making DHIs a cornerstone of
effective and accessible care for all.

While the initial validation is encouraging, further research is necessary. Future studies should
aim to validate the framework's effectiveness across a wider range of healthcare settings and with
more diverse patient populations. The long-term impact and sustainability of DHIs implemented
using the framework require continuous monitoring and evaluation. This ongoing process of
research and improvement will be crucial in paving the way for a future where DHIs become a
powerful tool for managing hypertension and improving cardiovascular health outcomes.

5. Conclusion

This review highlights the immense potential of feature-rich digital health interventions (DHIs)
to revolutionize hypertension management. DHIs empower patients through a comprehensive
and patient-centered approach, fostering self-management through personalized goal setting,
medication reminders, and educational resources. Secure messaging functionalities enhance
communication with healthcare providers, promoting adherence and timely interventions.

Furthermore, DHIs facilitate remote blood pressure monitoring, enabling data-driven care
tailored to individual needs. This approach has the potential to reduce healthcare burdens by
promoting preventive care and early intervention, ultimately lowering costs associated with
uncontrolled hypertension.

However, further research is necessary to explore the long-term efficacy of DHIs and address
challenges like data privacy, user engagement, and personalization. Overcoming these hurdles is
crucial for user safety, sustained participation, and ultimately, successful blood pressure control.
By embracing continuous innovation and improvement, DHIs have the potential to become a
cornerstone of hypertension management, offering accessible, personalized, and effective
solutions for patients worldwide.
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