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Abstract

Cardiovascular disease (CVD) remains a leading cause of morbidity and mortality worldwide, creating substantial
pressure on healthcare systems and communities. Although evidence supports structured cardiac rehabilitation (CR),
medication adherence, and preventive cardiovascular strategies, major implementation gaps remain, particularly in
community settings where access and continuity of care are limited. The increasing use of wearable technology and
remote patient monitoring (RPM) platforms presents an opportunity to address these challenges. This review examines
current evidence regarding the integration of wearable devices and RPM into cardiovascular rehabilitation, medication
adherence support, and preventive cardiovascular care in community environments. It discusses the technological

landscape, clinical applications, barriers to implementation, equity concerns, and emerging innovations such as artificial
intelligence-driven analytics and integrated digital care models. Current evidence indicates that wearable-enabled RPM
may improve exercise participation, physiological monitoring, medication adherence, and early identification of
cardiovascular deterioration outside traditional healthcare settings. Wider adoption of these technologies, supported
by effective clinical workflows and equitable access strategies, may contribute to improved cardiovascular outcomes
and reduced disease burden.

Keywords: Wearable Technology; Remote Patient Monitoring; Cardiac Rehabilitation; Medication Adherence;
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1. Introduction

Cardiovascular disease remains one of the most significant causes of death globally and continues to impose a major
burden on healthcare systems. Structured cardiac rehabilitation programs have consistently been associated with
improved cardiovascular outcomes and reduced mortality among patients recovering from myocardial infarction, heart
failure, and coronary revascularization procedures[1]. Despite these benefits, participation in traditional center-based
cardiac rehabilitation programs remains low in many regions due to barriers such as transportation difficulties,
geographic distance, occupational commitments, physical disability, and limited access to specialized centers.

Medication non-adherence following cardiovascular events also contributes significantly to recurrent cardiovascular
complications and hospitalizations[2]. Patients recovering from myocardial infarction or living with chronic
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cardiovascular disease frequently discontinue prescribed medications because of side effects, financial constraints, poor
health literacy, inadequate follow-up, or psychosocial challenges. These gaps in long-term adherence reduce the
effectiveness of evidence-based secondary prevention strategies.

The growing availability of wearable technologies, including smartwatches, ambulatory electrocardiography (ECG)
patches, connected blood pressure devices, and fitness trackers, has introduced new possibilities for continuous
physiological monitoring outside conventional healthcare environments. When integrated with remote patient
monitoring platforms, these technologies enable clinicians to assess patient status between visits, support rehabilitation
programs, monitor adherence behaviors, and identify early signs of cardiovascular deterioration.

This review examines current evidence on wearable technology and RPM in cardiovascular rehabilitation, medication
adherence, and preventive cardiovascular care within community settings, while also discussing implementation
challenges and future directions.

2. The Technological Landscape: Wearable Devices and Remote Monitoring Platforms

2.1. Classification of Wearable Technologies

Wearable cardiovascular monitoring technologies may be categorized according to regulatory status and anatomical
placement. Consumer-grade devices such as the Apple Watch, Fitbit, Samsung Galaxy Watch, and Garmin products
commonly measure heart rate, physical activity, sleep patterns, oxygen saturation, and, increasingly, single-lead ECG
recordings[3]. These devices are widely available and generally acceptable to patients, although concerns remain
regarding the consistency of certain measurements across populations and clinical conditions.

Medical-grade wearable devices include ambulatory ECG patches, continuous blood pressure monitors, wearable
cardiac defibrillators, and biosensor-integrated garments. These devices are typically subject to regulatory review and
are designed to provide clinically reliable measurements for cardiovascular assessment and monitoring.

Implantable monitoring technologies, including loop recorders and cardiac implantable electronic devices with
telemetry capability, provide continuous long-term monitoring in higher-risk cardiovascular populations and are
increasingly integrated into remote monitoring systems[4].

2.2. 2Remote Patient Monitoring Platforms

RPM platforms function as the interface between patient-generated health data and healthcare teams[5]. These systems
collect and organize information from wearable devices, support clinician review, facilitate communication with
patients, and increasingly integrate with electronic health record systems. Interoperability through standards such as
HL7 FHIR is becoming important for ensuring that wearable-generated data can be incorporated into routine clinical
workflows.

2.3. Artificial Intelligence and Machine Learning Integration

Artificial intelligence (AlI) and machine learning are increasingly being integrated into wearable and RPM ecosystems.
These technologies can assist in identifying clinically relevant patterns in continuous physiological data, including
arrhythmias and signs of cardiovascular deterioration. Studies involving wearable-based atrial fibrillation detection
algorithms have demonstrated promising diagnostic performance, while machine learning approaches applied to
wearable ECG data continue to show potential in arrhythmia classification and predictive cardiovascular analytics[6,7].

3. Wearable Technology in Cardiovascular Rehabilitation

3.1. Limitations of Traditional Center-Based Cardiac Rehabilitation

Traditional center-based cardiac rehabilitation programs have a strong evidence base but face important limitations
related to accessibility and scalability[8]. Many programs are concentrated in urban healthcare centers, creating
barriers for rural populations and individuals with transportation or occupational limitations. In addition, patients
remain unsupervised outside scheduled rehabilitation sessions, limiting opportunities for continuous monitoring and
individualized feedback.
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3.2. Home-Based and Hybrid Cardiac Rehabilitation

Home-based cardiac rehabilitation supported by wearable technologies has emerged as an alternative or
complementary model to traditional center-based rehabilitation. Research suggests that home-based rehabilitation
programs can achieve outcomes comparable to center-based programs for exercise capacity and quality of life when
appropriate monitoring and support systems are in place[9].

Wearable devices enable patients to monitor exercise intensity, physical activity levels, heart rate trends, and other
physiological parameters in real time. Clinicians can remotely review these data to support individualized exercise
prescription, monitor rehabilitation adherence, and identify potential safety concerns[10]. ECG-enabled wearable
devices may also assist in detecting exercise-related arrhythmias in selected patients.

Hybrid rehabilitation models combining periodic in-person assessment with remote wearable monitoring are
increasingly viewed as practical approaches for expanding access while maintaining clinical oversight[11]. Effective
implementation of these models depends on structured workflows, clear escalation protocols, and appropriate
interpretation of wearable-derived data.

3.3. Exercise Prescription and Personalized Rehabilitation

Continuous wearable monitoring may contribute to more individualized rehabilitation strategies by allowing clinicians
to adjust exercise recommendations according to patient-specific physiological responses and recovery patterns.
Parameters such as resting heart rate, heart rate variability, activity trends, oxygen saturation, and sleep quality may
provide additional context for tailoring rehabilitation intensity and monitoring patient progress over time[12].

4. Remote Patient Monitoring and Medication Adherence

4.1. Medication Adherence Challenges in Cardiovascular Disease

Long-term adherence to cardiovascular medications remains a major challenge in secondary prevention. Antiplatelet
agents, statins, beta-blockers, and renin-angiotensin system inhibitors are well established in reducing recurrent
cardiovascular events, yet adherence often declines over time because of financial limitations, medication complexity,
adverse effects, and psychosocial factors.

4.2. Digital Interventions for Medication Adherence

Digital health tools such as medication reminder applications, smart pill dispensers, and connected monitoring systems
have been explored as methods to improve adherence[13]. Studies evaluating text-message reminders and mobile
health interventions generally report modest improvements in medication-taking behavior[14]. Integration of
medication adherence information with wearable physiological data may also allow clinicians to identify patterns
suggestive of non-adherence and provide targeted interventions.

Emerging approaches combine wearable monitoring with patient education, motivational messaging, and pharmacist
or nurse-led follow-up[15]. These multidimensional interventions appear more effective than isolated reminder
systems alone because they address behavioral, educational, and clinical aspects of adherence simultaneously.

4.3. Pharmacist and Nursing Roles in RPM Programs

Pharmacists and nurses play important roles in RPM-supported cardiovascular care. Remote follow-up programs
involving medication reconciliation, counseling, refill support, and monitoring of patient-generated data have
demonstrated benefits in chronic cardiovascular disease management[16]. Team-based approaches supported by RPM
may improve continuity of care and facilitate earlier intervention when adherence or clinical concerns arise.

5. Preventive Cardiovascular Health Strategies in Community Settings

5.1. Risk Factor Surveillance and Early Detection

Wearable technology has growing applications in community-based cardiovascular prevention. Connected blood
pressure monitors, wearable ECG devices, and activity trackers can support early detection and monitoring of
hypertension, atrial fibrillation, and sedentary behavior[17]. Home blood pressure monitoring integrated with RPM
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systems may improve long-term blood pressure management and support more individualized treatment
adjustments[18,19].

Wearable ECG technologies have also demonstrated usefulness in opportunistic atrial fibrillation screening, particularly
in older adults and higher-risk populations. Earlier identification of atrial fibrillation may facilitate timely
anticoagulation and stroke prevention interventions[20].

5.2. Physical Activity Promotion

Wearable activity trackers support physical activity promotion by enabling self-monitoring, goal-setting, and behavioral
feedback. Research suggests that wearable devices may increase daily physical activity levels and reduce sedentary
behavior in some populations[21]. Features such as reminders, activity goals, and social engagement mechanisms may
enhance motivation and long-term participation in exercise programs.

5.3. Weight Management and Lifestyle Modification

Connected scales, dietary tracking applications, and wearable activity monitors are increasingly integrated into lifestyle
modification programs targeting obesity and cardiometabolic risk[22]. Although wearable estimates of caloric
expenditure may have limitations, these tools can still support behavioral awareness and self-management when
combined with dietary counseling and clinical support.

5.4. Tobacco Cessation Support

Emerging wearable technologies are also being explored for smoking cessation support. Experimental systems capable
of identifying smoking-related behaviors through motion or physiological sensing may allow delivery of real-time
behavioral interventions through linked mobile applications[23]. While many of these approaches remain
investigational, they represent a potential future direction in preventive cardiovascular care.

6. Implementation in Community Settings

6.1. Community Health Center-Based Programs

Community health centers and primary care facilities may serve as important settings for RPM-supported
cardiovascular programs, particularly for underserved populations[24]. Programs involving community health workers
and technology support services may improve patient engagement and facilitate use of wearable monitoring systems
among populations with limited digital literacy[25,26].

6.2. Pharmacy-Based Monitoring Programs

Community pharmacies represent accessible environments for cardiovascular monitoring and preventive care.
Pharmacist-led RPM programs have demonstrated potential benefits in hypertension management, medication
counseling, and cardiovascular risk monitoring through regular patient contact and remote follow-up systems[27].

6.3. Workplace and Employer-Based Wellness Programs

Employer-sponsored wearable wellness initiatives have expanded in recent years and may contribute to increased
physical activity and cardiovascular risk awareness among working-age adults[28]. Some programs combine wearable
monitoring with health coaching, telehealth services, and preventive screening strategies.

6.4. Telehealth-Integrated Care Models

The expansion of telehealth infrastructure has accelerated integration between wearable technologies, RPM systems,
and virtual cardiovascular care[29]. Telehealth-supported RPM models may improve follow-up for patients with
chronic cardiovascular disease, particularly in rural or underserved communities where specialist access is
limited[30,31].
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7. Barriers to Adoption and Implementation Challenges

7.1. Digital Divide and Health Equity

One of the most significant concerns surrounding wearable and RPM implementation is the risk of widening existing
healthcare disparities. Populations with high cardiovascular disease burden, including low-income, elderly, rural, and
underserved groups, may also face limited access to smartphones, internet connectivity, and digital health literacy
resources[32]. Equity-focused implementation strategies should therefore include affordable device access,
multilingual support, and community-based technology assistance[33].

7.2. Data Privacy and Security

Wearable technologies generate large volumes of sensitive personal health data. Concerns regarding privacy, data
sharing, and unauthorized access may reduce patient willingness to participate in RPM programs[34]. Strong regulatory
protections, transparent data governance practices, and patient-centered privacy controls are important for
maintaining trust in digital cardiovascular care systems[35,36].

7.3. Clinical Workflow Integration

Successful integration of wearable-generated data into healthcare systems requires clear clinical workflows, staff
training, and appropriate alert management systems[37]. Excessive or poorly calibrated alerts may contribute to
clinician burden and reduce responsiveness to clinically significant findings[38].

7.4. Reimbursement and Regulatory Challenges

Although reimbursement mechanisms for RPM have expanded in some healthcare systems, administrative complexity
and inconsistent payer coverage continue to limit scalability[39,40]. Regulatory standards and reimbursement
structures also vary considerably across countries, contributing to differences in access and adoption.

7.5. Device Accuracy and Reliability

The clinical usefulness of wearable-generated data depends on measurement accuracy and reliability. Some studies
have reported variability in consumer-grade device performance across different patient populations and clinical
conditions. Clinicians must therefore interpret wearable-derived data cautiously and consider device limitations when
making clinical decisions[41].

8. Emerging Technologies and Future Directions

8.1. Multi-Parameter Wearable Systems

Future wearable technologies are expected to integrate multiple physiological sensors into single devices capable of
monitoring ECG, blood pressure trends, activity patterns, temperature, and metabolic indicators simultaneously[42].
Such systems may provide a more comprehensive understanding of cardiovascular and metabolic health in real-world
settings.

8.2. Artificial Intelligence and Predictive Analytics

Al-driven predictive models applied to longitudinal wearable data may improve early identification of cardiovascular
deterioration and support preventive interventions[43]. Ongoing research is exploring how combinations of
physiological and behavioral data can be used to predict hospitalization risk and guide individualized care[44,45].

8.3. Digital Therapeutics

Digital therapeutics are emerging as software-based interventions designed to support cardiovascular risk reduction,
rehabilitation participation, and chronic disease self management[46]. Some platforms are currently undergoing
regulatory evaluation and clinical validation for cardiovascular applications.

8.4. Integration with Social Determinants of Health

Future RPM systems may increasingly incorporate social determinants of health, including transportation access, food
security, and housing stability, alongside physiological monitoring data[47]. Integrating these broader contextual
factors may support more comprehensive cardiovascular risk management and improve health equity.
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8.5. Large-Scale Digital Cardiovascular Research

Large decentralized clinical studies using wearable technologies have demonstrated the feasibility of conducting
cardiovascular research at scale using remote data collection and monitoring approaches[48]. These models may
accelerate evidence generation and improve understanding of real-world cardiovascular health behaviors and
outcomes.

9. Conclusion

Wearable technology and remote patient monitoring are reshaping approaches to cardiovascular rehabilitation,
medication adherence support, and preventive cardiovascular care in community settings. Current evidence suggests
that these technologies may improve patient engagement, support continuous monitoring, expand access to
rehabilitation services, and facilitate earlier identification of clinical deterioration. However, successful implementation
requires careful attention to health equity, data privacy, device accuracy, workflow integration, and sustainable
reimbursement structures.

As wearable technologies, artificial intelligence systems, and telehealth infrastructures continue to evolve, digital
cardiovascular care models are likely to become increasingly integrated into routine healthcare delivery. With
appropriate validation, equitable implementation strategies, and multidisciplinary collaboration, wearable-enabled
cardiovascular care may contribute meaningfully to improved cardiovascular outcomes and reduced disease burden
across diverse populations.
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