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Abstract

:

Background/Objectives: The aim of the narrative review is to identify information on the impact of technological interventions (such as telehealth and mobile health) on the health promotion of cardiac patients from diverse populations. Methods: The online databases of PubMed and the Cochrane Library were searched for articles in the English language regarding technological interventions for health promotion in cardiac patients. In addition, a methodological quality control process was conducted. Exclusion was based on first reading the abstract, and then the full manuscript was scanned to confirm that the content was not related to cardiac patients and technological interventions. Results: In all, 11 studies were included in this review after quality control analysis. The sample size reported in these studies ranged from 12 to 1424 subjects. In eight studies mobile phones, smartphones, and apps were used as mHealth interventions with tracking and texting components; two studies used videoconferencing as a digital intervention program, while three studies focused on using physical activity trackers. Conclusions: This review highlights the positive aspects of patient satisfaction with the technological interventions including, but not limited to, accessibility to health care providers, sense of security, and well-being. The digital divide becomes apparent in the articles reviewed, as individuals with limited eHealth literacy and lack of technological knowledge are not motivated or able participate in these interventions. Finding methods to overcome these barriers is important and can be solved to some extent by providing the technology and technical support.
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1. Introduction


Cardiovascular disease is responsible for nearly 30% of all deaths globally and is deemed the leading cause of death and disease worldwide [1]. Self-monitoring for signs of emerging complications and better self-care in between face-to-face health care provider office visits can contribute to improved cardiovascular outcomes in this patient population [1,2,3]. Due to the complexity of medication regimens, comorbidities, and lack of caregiver support, self-management of the patient, adequate home care, and cardiac rehabilitation (CR) are often challenging. At the same time, there is a need for health promotion and preventive measures consisting of lifestyle behavior modifications including healthy diet, increased physical activity, weight loss, and smoking cessation [1,2]. Further challenges exist due to the limited interaction of the health care providers in resource-constrained settings, such as rural areas, impoverished neighborhoods, and low-income populations [3,4,5]. The use of telecommunications technology to provide health care from a distance, also called telehealth, is very popular and is implemented in medical care for a variety of chronic diseases, including cardiovascular diseases [1,2,4]. The effective use of telehealth interventions and patient-centered mobile health technology helps extend the reach of health systems to provide continuous support to the cardiovascular patient population belonging to all age groups and demographics [4,5,6].



Starting in utero, cardiovascular monitoring of maternal and fetal health is essential and implemented through regular visits with the health care provider along with prenatal ultrasounds conducted at the recommended timelines [6]. The health outcomes of mothers and infants can be improved through trustworthy guidance and regular monitoring of parameters such as weight, physical activity, and nutrition. This can be achieved through mobile health (mHealth) tools such as mobile applications (apps) targeted for maternal use during pregnancy and postpartum [6,7,8]. Understanding the implementation of successful mHealth interventions in cardiovascular disease management and their use in a wide variety of populations is important. The unequal access and use of information technology based on social and geographical characteristics is generally referred to as the digital divide. This divide contributes to some of the disparities while implementing technological interventions amongst diverse communities [5,6,7]. Digital studies generally consist of adult male populations owning smartphones; however, cardiovascular disease is present in all age groups regardless of gender, race, or socioeconomic status [4,6,7,8]. Additionally, the congenital heart disease population remains underrepresented in many studies [5,6,7]. This review aims to address the limitations and explore the status of mobile health (mHealth) strategies, in cardiovascular patients in real clinical and community settings, consisting of diverse populations and demographics.




2. Methods


We conducted a broad search in PubMed and the Cochrane library aligned with the goals for narrative reviews. To capture the updated literature on the efficacy of these technological interventions, we limited studies to publications between 2014 and 2024. In addition, a methodological quality control process was conducted [9]. Due to heterogeneity in the nature of the studies and implementation of the technologies, we did not conduct a meta-analysis and, therefore, report results narratively.



Search strategy: The medical subject heading (MeSH) terms of “cardiovascular”, “cardiac”, “telehealth” or “telemedicine”, “health promotion”, and “technology” were used (search terms: cardiology (Cardiac* OR cardiovascular); telehealth, telemedicine; technology, and health promotion). The reference lists from the articles included were searched for additional relevant articles.



Inclusion and exclusion criteria: The articles identified in the literature search were thoroughly reviewed in order to meet the inclusion and exclusion criteria and appropriateness for the objective of the narrative review. The articles included in this review were qualitatively synthesized to meet the requirements from the checklist [9]. The criteria for inclusion were publications (i) available in the English language; (ii) pertaining to technological interventions; and (iii) including the cardiac population (for example, telemedicine or mobile health’s role in health promotion, cardiac rehabilitation, etc.) (Table 1). This review was not limited by the study design of the articles. Exclusion was based on reading the abstract first and then going through the full manuscript to confirm that content was not related to the cardiac population and electronic technology.



Quality control: The methodological quality examination of every article was conducted using the methodological checklist “Critical review form quantitative studies” [9] (Table 2). The articles were analyzed for technological interventions in the cardiac population. The findings, limitations, and proposed solutions presented in these studies were summarized.




3. Results


The chosen search yielded 37 articles, which were narrowed down to 11 pieces relevant to the topic (Table 1). Articles that were unrelated to cardiology patients or other pathological conditions such as neurological or endocrine disorders, as well as those that did not include technology, were not included in this review. In general, the papers included design, sample size, and proper analysis (Table 2); therefore, we included all 11 articles in this review after a quality control analysis.



3.1. Descriptive Analysis


The outcomes with respect to the technological intervention type, if reported, and patient population are described in this review. Table 1 describes the content of the included studies. The studies included a variety of research methods and design strategies including, but not limited to, randomized trials and qualitative and quantitative studies. The sample size reported in these studies ranged from 12 to 1424 subjects [10,11,12,13,14,15,16,17,18,19,20].




3.2. Types of Technological Intervention and Patient Population


In eight studies mobile phones, smartphones, and apps were used as the mHealth intervention with a tracking and texting component [10,11,12,13,14,15,16,19]; two studies used videoconferencing (telehealth) as a digital intervention program [18,19]; while three studies focused on using physical activity trackers [11,17,20]. The summaries of the interventions presented in these studies and an outline of the results are described below.



	
Text messages and medication adherence [10]: In the study called “Text Messages to Improve Medication Adherence (TextMeds) and Secondary Prevention after Acute Coronary Syndrome (ACS) [10]”, the effects of text-message-delivered cardiac education, support, and adherence to medication schedules were studied after ACS. Providing supportive and consistent care to ACS patients after discharge remains an implementation challenge for many hospitals and health systems [10,20]. It is important to reduce the burden of readmissions and provide the post-discharge care needed through the implementation of best-practice secondary prevention strategies such as healthy living, appropriate medication, and emotional well-being [20,21]. The intervention consisted of a personalized and customized text message-based program for one year, which required minimal central staff support. Intervention participants were more motivated to eat the recommended servings of fruit and vegetables and normalize their body mass index. However, the study found that among the participants there were no significant effects on the primary outcomes of blood pressure, low-density lipoprotein cholesterol, and medication adherence. In contrast, there were high levels of acceptability of the intervention, program engagement, and usefulness in being a credible source of information and support to the patients after discharge [10].



	
A mobile application for technology-facilitated home cardiac rehabilitation [11]: In Smart HEART (Health Education and Rehabilitation Technology), direct communication between the patient and a health coach was provided through a mobile smart phone app to encourage self-monitoring. A wrist-worn activity tracker encouraged regular exercise [11]. Remote CR enhanced with a digital health intervention (DHI) was provided to patients to check usability and to determine whether the intervention improved CR access, patient-reported outcomes, and cardiac risk factors [11]. After the in-person baseline visit, the participants received a 3-month, remote CR program that consisted of structured home exercise enhanced with the Movn smartphone app (Movn Health, Irvine, CA, USA) and a wearable fitness tracking device. The data were shared with a dedicated health coach [11,12]. The results indicated that the DHI-enhanced remote CR program was associated with enhanced CR access, improvement in the markers of cardiovascular risk, and healthy behaviors.



	
A patient-centered digital health intervention for cardiac rehabilitation [12]: The study consisted of 258 patients enrolled in remote CR enhanced with a DHI. In order to participate in the DHI arm of the cardiac rehabilitation program at the Veteran Health Administration (VHA) or VA medical center, the participants were required to own an Android or an iOS smartphone, enabled with access to Wi-Fi or a data plan. The DHI intervention consisted of remote CR with a structured, 3-month home exercise program partnered with multi-component coaching, a commercial smartphone app, and a wearable activity tracker. Patient-reported outcomes from pre- to post-intervention were measured along with changes in 6-min walk distance, cardiovascular risk factors, and intervention completion rates. The results showed the intervention was associated with enhanced CR access, improved markers of cardiovascular risk, high completion rates, and healthy behaviors.



	
A smartphone application after cardiac rehabilitation improves exercise capacity with long term follow-up [13]: In this study conducted in Norway, the intervention group received an app that was developed to guide and help patients change their behavior and maintain habits, after cardiac rehabilitation. A physiotherapist was the supervisor of the group for a year, and the patients could submit questions and receive feedback via email regularly as well as receiving short, tailored, motivational feedback regularly [13]. The results indicated that, compared with a control group post-CR, improvements were seen in VO2peak, exercise performance, and exercise habits, as well as self-perceived goal achievement.



	
Mobile health and implantable cardiac devices: patients’ expectations [14]: Remote monitoring systems in patients with implantable cardioverter defibrillators (ICDs) are a common area of implementation of mHealth in clinical practice. In this study conducted in an outpatient clinic in Italy, the patients’ perspectives on and interest in receiving data from their implantable cardiac devices and clinical and health related advice via remote monitoring were studied. The ICD patients showed interest in receiving information pertaining to the technical functioning of the device, but there was a lack of interest regarding the role of these tools in self-management of the disease. The presence of caregiver support as well as higher education were associated with a greater interest in receiving information via the mobile phone [14]. These results were limited by being conducted in a single center and should be expanded to other centers to achieve an impact in the future development of novel, mHealth patient-centered devices.



	
Participation of young African American females in an mHealth study in cardiovascular disease reduction [15]: In the study, 40 Black female participants with cardiovascular disease (CVD) risk factors, age 25 to 45 years, participated in a 4-week (two hours per week) intervention consisting of self-management educational classes and six months of wireless coaching and monitoring. The women responded to a semiqualitative online survey assessing the user-friendliness and perceived helpfulness of the intervention at follow-up.



The results were favorable, with positive implications for practice. Most of the participants did not encounter barriers to participation, which suggests that mobile health interventions can be effective tools to improve health behavior patterns and provide helpful support in the prevention of cardiovascular disease. Targeting women provided indirect benefits for other family members, especially children. The women mentioned their family members were more inclined to participate in healthy habits. This study had a few limitations, including being conducted on a small sample size in urban Southern California and, therefore, cannot be generalized to other African American communities. In order to help bridge some of the disparities in access to health care in this population, a larger-scale multicenter trial would be helpful and help validate the findings of the study [15].



	
Evaluation of the impact of the HeartHab application on motivation, physical activity, quality of life, and risk factors of patients with cardiovascular disease [16]: The aim of this Belgian study was to investigate the impact of the HeartHab application on the patients’ motivation, physical activity, exercise target fulfilment, QoL, and modifiable risk factors in those with coronary artery disease (CAD) during telerehabilitation. In total, 32 CAD patients were randomized on a 1:1 ratio to telerehabilitation or usual care. The persuasive design techniques integrated in HeartHab and the tailoring of exercise targets were effective in motivating patients to reach their telerehabilitation targets. The results demonstrated positive improvements in VO2max, glucose, HDL cholesterol, weight, and quality of life [16]. A larger sample size and longer evaluation would be beneficial and shed more light on these results.



	
An automated mHealth intervention for physical activity promotion [17]: Smartphone users aged 18 to 69 years were enrolled in the mobile active (mActive) study at an ambulatory cardiology center in Baltimore, Maryland. In this study, smart texts through a smartphone delivered coaching three times a day aimed at individual encouragement. The participants used their own smartphones, and feedback loops were created by a fully automated, physician-written, theoretical algorithm, which used patient real-time activity data, 16 personal factors and, as a goal, 10,000 steps per day. Digital physical activity tracking was performed using a wearable, display-free, triaxial accelerometer that paired with low-energy Bluetooth and compatible smartphones. Smart texts with activity tracking led to the best physical activity outcomes, such as increased daily steps (better outcomes than tracking alone).



The mHealth intervention with the smart text component and digital tracking significantly increased physical activity. Despite positive results, this was considered a pilot study. Future steps of including human coaches and increasing the sample size will be beneficial in understanding the impact of this mActive study [17].



	
A live videoconferencing intervention in pediatric heart transplant recipients [18]: In this study, the feasibility and impact of a supervised exercise and diet intervention delivered via videoconferencing was tested at least one year after transplant in subjects recruited from one center located in the San Francisco Bay Area [18]. The lifestyle intervention in the study’s pediatric heart transplant recipients resulted in excellent adherence and improvements in cardiac, vascular, functional, and nutritional health. After transitioning to the maintenance phase, several of the health indices were sustained. The researchers aim to shift the clinical focus from “exercise restrictions to exercise prescriptions” in a vulnerable pediatric population.



	
Physical activity trackers and pediatric patients with Marfan syndrome [19]: In this clinical intervention, 24 pediatric patients with Marfan syndrome between 8 and 19 years of age participated, and their physical activity was tracked. They were instructed to take 10,000 steps per day for 8 months. The aortic outflow and root (AoR) dimension, arterial stiffness, endothelial function, physical activity indices, inflammatory biomarkers, and coping scores were measured at baseline and at 6 months. This study demonstrated the feasibility of a physical activity intervention in pediatric patients with Marfan syndrome and the potential to decrease the AoR dilation rate [19]. The focus has been more toward exercise restrictions than toward promotion in this patient population; the researchers hope that the study results might help shift the paradigm [21]. Additional, similar studies can help provide guidelines on how supervised exercise therapy can be further explored in a multicenter study with a larger sample size.



	
Virtual cardiac fitness training in pediatric heart transplant patients [20]: Participants between 10 and 20 years old underwent an intervention that consisted of exercise sessions twice a week for 30 min under the supervision of a trained exercise physiologist over a virtual platform for 16 weeks. The patients wore a FitBit accelerometer to monitor daily activity levels throughout the duration of the study. At the conclusion of the intervention, the participants repeated the strength and flexibility assessment, a 6MWT, and quality of life parameter measurements to compare with the baseline measurements. The results of the study showed successful implementation of the intervention with excellent adherence and improvement in physical fitness and quality of life.



In general, the articles included in this review mention patient satisfaction with the technological interventions and access to health care providers [10,11,12,13,14,15,16,17,18,19,20]. These modalities provide cardiac patients with a sense of security and well-being. While these studies mention that the enrolled patients found the technological interventions easy to implement, the issue of the digital divide is voiced in the studies [10,11,12,13,14,15,16,19]. This issue is discussed in more detail in the sections below.








4. Discussion


The evidence based on the above literature search suggests that the implementation of technological interventions including text messages, smart phone apps, physical activity interventions, video conferencing, telehealth, and other methods mentioned in these articles is feasible and accepted by diverse cardiac patient populations [15,16,17,18,19,20]. These studies are important in laying the groundwork for improving cardiac patients’ health and providing positive reinforcements [10,11,12,13,14,15,16,17,18]. Patients with heart disease can receive proper support and education from the implementation of digital health strategies [21,22,23,24,25]. Reassuringly, cardiac patients seem to be seeking information from helpful organizations and other credible sources including health professionals such as cardiologists, primary care physicians and staff, and nursing and allied health care providers [26,27,28]. Family engagement and caregiver support are improved with these technologies, and the parents of pediatric cardiac patients find this category of methods useful and acceptable, yielding positive results [18,19,20].



The studies conducted through the Veteran Health Administration mention that larger studies consisting of a wider variety of long-duration research are needed to understand the role of their program by comparing with other centers. This step will help in creating an understanding of the impact on long-term health outcomes and hospital readmissions due to coronary diseases [12,23]. Overall, digital health interventions in the cardiac population at the VHA had positive results, despite focusing on a high-risk patient population with generally low socioeconomic status and also factoring in that many such studies are challenging to implement because of VA-specific privacy requirements.



In the study conducted by Kathuria-Prakash et al., smartphones were the main source of Internet access in the African American female population and the barriers mentioned stemmed from providing an additional phone [15]. Some participants forgot to charge the device and experienced technical difficulties while using the device in the smartphone studies [12,15,23]. These issues can be resolved by implementing minor changes to the study design, such as using a different fitness tracking modality or wearable device [15]. For example, in another study, a lithium battery was provided with the device and did not need recharging for the study duration [17]. Our results provided findings similar to other studies that show that diverse populations with heart disease benefit from mHealth and technological interventions, including those who have suboptimal access to health care resources, transportation, and often a lower health literacy level [27,28,29,30,31,32,33]. The studies mention that patients were more inclined to self-care and felt a sense of security as the health providers were continuously monitoring their situation and were aware of their health issues [20,21,34,35].



Limitations and Future Directions


This review did not comprise the level of rigor that is implemented in systematic reviews; there are likely missed articles in the narrative review approach. However, for the articles included in this review, some of the common factors identified are that the studies were limited by access to technology, and only individuals with smartphones were enrolled in studies requiring cell phone participation by the patients [10,11,12,13,14]. Some of the studies were conducted by the VA health system, in which all the participants were veterans belonging to the integrated health care system, consisting mostly of males, which limits generalizability [11,19]. The sicker and older veterans were often not comfortable with technology and, therefore, did not enroll [11,19,23]. In the rural population, the VHA should equip the eligible veterans with devices that have Wi-Fi capabilities to increase access and participation and limit inclusion bias [36,37]. Lessons can be gleaned from the studies reviewed showcasing the novel coronavirus (COVID-19) pandemic’s impact on the field of telehealth cardiology [38,39,40,41]. While the pandemic transformed health care worldwide, studies showed advantages in those cardiac outpatient settings in which clinics adopted telehealth as the new normal [37,41,42]. COVID-19’s intersection with cardiology is a robust and wide topic that should be addressed in another paper dedicated to just this topic; hence, it is better addressed in the future.



At the same time, much can be learned from the methods implemented in pilot studies and health care systems existing outside the United States. This review includes studies conducted in Australia, Canada, Norway, Italy, and Belgium, though it may not be possible to straightforwardly replicate the interventions cited here due to differences in the health care systems and reimbursements [7,13,14,16]. Future directions should focus on embracing further studies and identifying those individuals with cardiovascular diseases who may not benefit from the increasing use of electronic technological services, such as those who are socioeconomically deprived, lacking Internet access, or having limited eHealth literacy. Further review could help find methods to increase their participation by providing the technical support and technology needed for access to the interventions [12,24]. A broader approach is likely needed to motivate patients to take a more active role in promoting their own health care with the help of technological interventions [13,14]. More information can be obtained by conducting studies with those who own and are comfortable with technology and comparing them with those who have barriers to learning the new methods or appear to be naïve to these interventions [4,5,13].





5. Conclusions


Overall, from pediatrics to geriatrics, diverse groups and populations can benefit from cardiovascular monitoring through electronic technological interventions. These methods include, but are not limited to, interactive applications on smartphones for monitoring, telehealth, video conferencing, and physical activity trackers [10,11,12,13,14,15,16,17,18,19,20]. Patients mention the benefits of these modalities, which include avoiding obstacles related to medical transportation, adverse climatic conditions, family and work commitments, and the positive aspect of reduced time to complete an appointment [10,11,12,15,16,17,18,19,20]. A one-size-fits-all approach may not work with these modalities and interventions [36,37]. These studies highlight the digital divide as individuals having limited eHealth literacy and lack of technological knowledge are not motivated to participate in these interventions. Generally older age groups (above 69) were much less likely to use mobile technology in all respects, including hesitancy in using apps for health reasons [10,11,42]. The potential use of small-screen devices may be limited by vision challenges and dexterity, which can be remedied by providing larger handheld devices such as tablets [12,24,42].



Even though digital health care services show potential for making information widely accessible to patients, it is ironic that this capability may propagate disparities and create obstacles in some scenarios in which these technologies are employed to improve access to health-related information [4,31,32,33,34]. Finding methods to overcome these barriers is important and could be solved to some extent by conducting studies in diverse populations with larger sample sizes in which providing the technology, and the technical support is prioritized [34,35,36,37].







Author Contributions


Conceptualization, A.Z.B.; methodology, A.Z.B.; software, A.Z.B.; validation, A.Z.B., A.Y. and M.W.; formal analysis, A.Z.B.; investigation, A.Z.B.; resources, A.Z.B. and A.Y.; data curation, A.Z.B. and A.Y.; writing—original draft preparation, A.Z.B.; writing—review and editing, A.Z.B., A.Y. and M.W.; visualization, A.Z.B.; supervision, A.Y.; project administration, A.Z.B. and A.Y.; funding acquisition, A.Z.B. and A.Y. All authors have read and agreed to the published version of the manuscript.




Funding


Funding was provided by the UNMC Department of Pediatrics, Division of Cardiology and the Child Health Research Institute (CHRI) at UNMC.




Acknowledgments


The authors would like to thank the University of Nebraska Medical Center, Department of Pediatrics, Division of Cardiology, the Department of Pediatric Cardiology at Children’s Nebraska, and the Child Health Research Institute (CHRI) at the University of Nebraska Medical Center for their help and support.




Conflicts of Interest


The authors declare no conflicts of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; the writing of the manuscript; or in the decision to publish the results.




Abbreviations


CR—cardiac rehabilitation; ACS—acute coronary syndrome; ICDs—implantable cardioverter defibrillators; AoR—aortic root; CVD—cardiovascular disease; DHI—digital health intervention; CAD—coronary artery disease; ICD—implantable cardioverter.




References


	



Preisner, K.; Hetjens, S. Risk Factors and Preventive Measures for Cardiovascular Diseases. J. Clin. Med. 2024, 13, 3308. [Google Scholar] [CrossRef] [PubMed]

	



Khan, S.S.; Greenland, P. Comprehensive cardiovascular health promotion for successful prevention of cardiovascular disease. JAMA 2020, 324, 2036–2037. [Google Scholar] [CrossRef] [PubMed]

	



Schorr, E.N.; Gepner, A.D.; Dolansky, M.A.; Forman, D.E.; Park, L.G.; Petersen, K.S.; Still, C.H.; Wang, T.Y.; Wenger, N.K. Harnessing mobile health technology for secondary cardiovascular disease prevention in older adults: A scientific statement from the American Heart Association. Circ. Cardiovasc. Qual. Outcomes 2021, 14, e000103. [Google Scholar] [CrossRef]

	



Liu, P.; Astudillo, K.; Velez, D.; Kelley, L.; Cobbs-Lomax, D.; Spatz, E.S. Use of mobile health applications in low-income populations: A prospective study of facilitators and barriers. Circ. Cardiovasc. Qual. Outcomes 2020, 13, e007031. [Google Scholar] [CrossRef]

	



Katz, M.E.; Mszar, R.; Grimshaw, A.A.; Gunderson, C.G.; Onuma, O.K.; Lu, Y.; Spatz, E.S. Digital health interventions for hypertension management in US populations experiencing health disparities: A systematic review and meta-analysis. JAMA Netw. Open 2024, 7, e2356070. [Google Scholar] [CrossRef]

	



Sakakibara, B.M.; Ross, E.; Arthur, G.; Brown-Ganzert, L.; Petrin, S.; Sedlak, T.; Lear, S.A. Using mobile-health to connect women with cardiovascular disease and improve self-management. Telemed. e-Health 2017, 23, 233–239. [Google Scholar] [CrossRef]

	



Halili, L.; Liu, R.; Hutchinson, K.A.; Semeniuk, K.; Redman, L.M.; Adamo, K.B. Development and pilot evaluation of a pregnancy-specific mobile health tool: A qualitative investigation of SmartMoms Canada. BMC Med. Inform. Decis. Mak. 2018, 18, 95. [Google Scholar] [CrossRef]

	



Ni, Z.; Martini, S.; Spaulding, E.M.; Hargono, A.; Martin, S.S. Future trends and directions of using mHealth strategies to prevent and treat cardiovascular diseases. Front. Public Health 2023, 11, 1246918. [Google Scholar] [CrossRef]

	



Lockwood, C.; Porritt, K.; Munn, Z.; Rittenmeyer, L.; Salmond, S.; Bjerrum, M.; Loveday, H.; Carrier, J.; Stannard, D. Systematic reviews of qualitative evidence. In JBI Manual for Evidence Synthesis; JBI: Miami, FL, USA, 2024. [Google Scholar]

	



Chow, C.K.; Klimis, H.; Thiagalingam, A.; Redfern, J.; Hillis, G.S.; Brieger, D.; Atherton, J.; Bhindi, R.; Chew, D.P.; Collins, N.; et al. Text messages to improve medication adherence and secondary prevention after acute coronary syndrome: The TEXTMEDS randomized clinical trial. Circulation 2022, 145, 1443–1455. [Google Scholar] [CrossRef]

	



Beatty, A.L.; Magnusson, S.L.; Fortney, J.C.; Sayre, G.G.; Whooley, M.A. VA FitHeart, a mobile app for cardiac rehabilitation: Usability study. JMIR Hum. Factors 2018, 5, e8017. [Google Scholar] [CrossRef]

	



Harzand, A.; Alrohaibani, A.; Idris, M.Y.; Spence, H.; Parrish, C.G.; Rout, P.K.; Nazar, R.; Davis-Watts, M.L.; Wright, P.P.; Vakili, A.A.; et al. Effects of a patient-centered digital health intervention in patients referred to cardiac rehabilitation: The Smart HEART clinical trial. BMC Cardiovasc. Disord. 2023, 23, 453. [Google Scholar] [CrossRef] [PubMed]

	



Lunde, P.; Bye, A.; Bergland, A.; Grimsmo, J.; Jarstad, E.; Nilsson, B.B. Long-term follow-up with a smartphone application improves exercise capacity post cardiac rehabilitation: A randomized controlled trial. Eur. J. Prev. Cardiol. 2020, 27, 1782–1792. [Google Scholar] [CrossRef] [PubMed]

	



Villani, G.Q.; Villani, A.; Zanni, A.; Sticozzi, C.; Maceda, D.P.; Rossi, L.; Pisati, M.S.; Piepoli, M.F. Mobile health and implantable cardiac devices: Patients’ expectations. Eur. J. Prev. Cardiol. 2019, 26, 920–927. [Google Scholar] [CrossRef]

	



Kathuria-Prakash, N.; Moser, D.K.; Alshurafa, N.; Watson, K.; Eastwood, J.A. Young African American women’s participation in an m-Health study in cardiovascular risk reduction: Feasibility, benefits, and barriers. Eur. J. Cardiovasc. Nurs. 2019, 18, 569–576. [Google Scholar] [CrossRef]

	



Sankaran, S.; Dendale, P.; Coninx, K. Evaluating the impact of the HeartHab app on motivation, physical activity, quality of life, and risk factors of coronary artery disease patients: Multidisciplinary crossover study. JMIR Mhealth Uhealth 2019, 7, e10874. [Google Scholar] [CrossRef]

	



Martin, S.S.; Feldman, D.I.; Blumenthal, R.S.; Jones, S.R.; Post, W.S.; McKibben, R.A.; Michos, E.D.; Ndumele, C.E.; Ratchford, E.V.; Coresh, J.; et al. mActive: A randomized clinical trial of an automated mHealth intervention for physical activity promotion. J. Am. Heart Assoc. 2015, 4, e002239. [Google Scholar] [CrossRef] [PubMed]

	



Chen, A.C.; Ramirez, F.D.; Rosenthal, D.N.; Couch, S.C.; Berry, S.; Stauffer, K.J.; Brabender, J.; McDonald, N.; Lee, D.; Barkoff, L.; et al. Healthy hearts via live videoconferencing: An exercise and diet intervention in pediatric heart transplant recipients. J. Am. Heart Assoc. 2020, 9, e013816. [Google Scholar] [CrossRef] [PubMed]

	



Tierney Selamet, E.S.; Chung, S.; Stauffer, K.J.; Brabender, J.; Collins, R.T.; Folk, R.; Li, W.; Murthy, A.K.; Murphy, D.J.; Esfandiarei, M. Can 10 000 healthy steps a day slow aortic root dilation in pediatric patients with Marfan syndrome? J. Am. Heart Assoc. 2022, 11, e027598. [Google Scholar] [CrossRef]

	



Ziebell, D.; Stark, M.; Xiang, Y.; Mckane, M.; Mao, C. Virtual cardiac fitness training in pediatric heart transplant patients: A pilot study. Pediatr. Transplant. 2023, 27, e14419. [Google Scholar] [CrossRef]

	



Cheng, A.; Owens, D. Marfan syndrome, inherited aortopathies and exercise: What is the right answer? Heart 2015, 101, 752–757. [Google Scholar]

	



Thakkar, J.; Kurup, R.; Laba, T.L.; Santo, K.; Thiagalingam, A.; Rodgers, A.; Woodward, M.; Redfern, J.; Chow, C.K. Mobile telephone text messaging for medication adherence in chronic disease: A meta-analysis. JAMA Intern. Med. 2016, 176, 340–349. [Google Scholar] [CrossRef] [PubMed]

	



Zwack, C.C.; Smith, C.; Poulsen, V.; Raffoul, N.; Redfern, J. Information needs and communication strategies for people with coronary heart disease: A Scoping review. Int. J. Environ. Res. Public Health 2023, 20, 1723. [Google Scholar] [CrossRef] [PubMed]

	



Harzand, A.; Witbrodt, B.; Davis-Watts, M.L.; Alrohaibani, A.; Goese, D.; Wenger, N.K.; Shah, A.J.; Zafari, A.M. Feasibility of a smartphone-enabled cardiac rehabilitation program in male veterans with previous clinical evidence of coronary heart disease. Am. J. Cardiol. 2018, 122, 1471–1476. [Google Scholar] [CrossRef]

	



Padovani, P.; Singh, Y.; Pass, R.H.; Vasile, C.M.; Nield, L.E.; Baruteau, A.E. E-Health: A Game Changer in Fetal and Neonatal Cardiology? J. Clin. Med. 2023, 12, 6865. [Google Scholar] [CrossRef]

	



Van de Winckel, A.; Nawshin, T.; Byron, C. Combining a Hudl App with Telehealth to Increase Home Exercise Program Adherence in People With Chronic Diseases Experiencing Financial Distress: Randomized Controlled Trial. JMIR Form. Res. 2021, 5, e22659. [Google Scholar] [CrossRef]

	



Thakkar, A.; Hailu, T.; Blumenthal, R.S.; Martin, S.S.; Harrington, C.M.; Yeh, D.D.; French, K.A.; Sharma, G. Cardio-obstetrics: The next frontier in cardiovascular disease prevention. Curr. Atheroscler. Rep. 2022, 24, 493–507. [Google Scholar] [CrossRef]

	



Mannarino, S.; Santacesaria, S.; Raso, I.; Garbin, M.; Pipolo, A.; Ghiglia, S.; Tarallo, G.; De Silvestri, A.; Vandoni, M.; Lucini, D.; et al. Benefits in Cardiac function from a remote exercise program in children with obesity. Int. J. Environ. Res. Public Health 2023, 20, 1544. [Google Scholar] [CrossRef]

	



Bashir, A.Z. Exploring telehealth interventions to monitor rehabilitation in patients with peripheral artery disease. SAGE Open Med. 2023, 11, 20503121231175542. [Google Scholar] [CrossRef]

	



Bashir, A.; Bastola, D.R. Perspectives of nurses toward telehealth efficacy and quality of health care: Pilot study. JMIR Med. Inform. 2018, 6, e9080. [Google Scholar] [CrossRef]

	



Bashir, A. Stroke and telerehabilitation: A brief communication. JMIR Rehabil. Assist. Technol. 2020, 7, e18919. [Google Scholar] [CrossRef]

	



Wenger, N.K.; Williams, O.O.; Parashar, S. SMARTWOMAN™: Feasibility assessment of a smartphone APP to control cardiovascular risk factors in vulnerable diabetic women. Clin. Cardiol. 2019, 42, 217–221. [Google Scholar] [CrossRef] [PubMed]

	



Kozik, M.; Isakadze, N.; Martin, S.S. Mobile health in preventive cardiology: Current status and future perspective. Curr. Opin. Cardiol. 2021, 36, 580–588. [Google Scholar] [CrossRef]

	



LeBeau, K.; Varma, D.S.; Kreider, C.M.; Castañeda, G.; Knecht, C.; Cowper Ripley, D.; Jia, H.; Hale-Gallardo, J. Whole Health coaching to rural Veterans through telehealth: Advantages, gaps, and opportunities. Front. Public Health 2023, 11, 1057586. [Google Scholar] [CrossRef]

	



Narla, A.; Paruchuri, K.; Natarajan, P. Digital health for primary prevention of cardiovascular disease: Promise to practice. Cardiovasc. Digit. Health J. 2020, 1, 59–61. [Google Scholar] [CrossRef]

	



Mishra, K.; Edwards, B. Cardiac outpatient care in a digital age: Remote cardiology clinic visits in the era of COVID-19. Curr. Cardiol. Rep. 2022, 24, 1–6. [Google Scholar] [CrossRef]

	



Shiue, M.; Nyman, A.; Karvell, R.; Partington, S.L.; Preminger, T.J.; Reda, C.; Ruckdeschel, E.; Sullivan, K.; Tobin, L.; Vaikunth, S.S.; et al. Experiences and Attitudes Toward Telemedicine in an Adult Congenital Heart Disease Clinic: Lessons Learned from the COVID-19 Pandemic. Pediatr. Cardiol. 2024, 1–9. [Google Scholar] [CrossRef]

	



Lee, M.G.; Russo, J.J.; Ward, J.; Wilson, W.M.; Grigg, L.E. Impact of telehealth on failure to attend rates and patient re-engagement in adult congenital heart disease clinic. Heart Lung Circ. 2023, 32, 1354–1360. [Google Scholar] [CrossRef]

	



Dodeja, A.K.; Schreier, M.; Granger, M.; Mitchell, D.; Chumita, R.; Sisk, T.; Daniels, C.J.; Rajpal, S. Patient experience with telemedicine in adults with congenital heart disease. Telemed. e-Health 2023, 29, 1261–1265. [Google Scholar] [CrossRef]

	



Waldman, C.E.; Min, J.H.; Wassif, H.; Freeman, A.M.; Rzeszut, A.K.; Reilly, J.; Theriot, P.; Soliman, A.M.; Thamman, R.; Bhatt, A.; et al. COVID-19 telehealth preparedness: A cross-sectional assessment of cardiology practices in the USA. Pers. Med. 2022, 19, 411–422. [Google Scholar] [CrossRef]

	



Patel, P.; Dhindsa, D.; Eapen, D.J.; Khera, A.; Gulati, M.; Stone, N.J.; Yancy, C.W.; Rumsfeld, J.S.; Sperling, L.S. Optimizing the potential for telehealth in cardiovascular care (in the era of COVID-19): Time will tell. Am. J. Med. 2021, 134, 945–951. [Google Scholar] [CrossRef]

	



Gallagher, R.; Roach, K.; Sadler, L.; Glinatsis, H.; Belshaw, J.; Kirkness, A.; Zhang, L.; Gallagher, P.; Paull, G.; Gao, Y.; et al. Mobile technology use across age groups in patients eligible for cardiac rehabilitation: Survey study. JMIR Mhealth Uhealth 2017, 5, e8352. [Google Scholar] [CrossRef] [PubMed]








 





Table 1. Reference table. Characteristics (summary and details) of the articles included.
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	Article
	Sample (n)
	Type of Study
	Intervention and Patient Information
	Summary





	1. Chow et al. [10]
	1424
	Randomized control

trial (RCT)
	1424 patients (mean age = 58 years, 79% male) with heart disease (from 18 Australian teaching hospitals), owning a text-capable mobile phone with the ability to read messages in English, were followed for a year. The participants were compared with a control group with no text messages.
	The program delivered consistent education and support to cardiac patients after hopitalization. Results showed favorable response from patients, including high levels of acceptability, usefulness in being a unified source of information, program engagement, and emotional support. However, medication adherence was not improved.



	2. Beatty et al. [11]
	13
	Observational study
	13 participants (1 female) mean age = 63, with cardiac surgery, angina, or heart failure, owning a mobile phone or computer with Internet access, participated in this study related to feedback on veteran use of a mobile application. The mobile app VA FitHeart included health education along with reminders and feedback. The app also provided physical activity goal setting, along with daily logs for physical activity tracking and health metric recording (e.g., blood pressure, weight, and mood/emotional well-being).
	The study used patient feedback to improve the usability of the app through questionnaitres and semistructured interviews. Patient expectations for using a mobile app for cardiac rehabilitation (CR) included tracking health metrics, introductory training, and sharing data with providers. Patients in the study desired the ability to track physical activity.



	3. Harzand et al. [12]
	258
	Open-label trial
	Patients with cardiac disease were required to own an Android or an iOS smartphone in working condition with access to Wi-Fi or a data plan to enroll in this digital health intervention (DHI) program for the cardiac rehabilitation program at the VHA medical center. A total of 258 participants, mean age 60 ± 9 years, 93% male and 48% Black enrolled in the program for three months.
	Results indicated that the remote CR with DHI was feasible in the VA hospital setting. Participants’ health status improved with better walking capabilities and low-density lipoprotein cholesterol, while smoking decreased. Additionally, no adverse events were noted.



	4. Lunde et al. [13]
	113
	RCT
	113 patients completing cardiac rehab were randomly allocated to the intervention. Mean age of particpants = 59, 22% female (coronary artery disease = 73.4%, 16.8% = valve surgery, and other heart diseases = 9.8%). The intervention consisted of receiving follow-up with the mHealth app or a control group with usual care. Patients were recruited from two CR centers in the eastern region of Norway.
	Post-CR patients were compared with control group in this study consisting of individualized follow-up for one year with an app. Improvements were seen in VO2peak, exercise performance, and exercise habits, as well as in self-perceived goal achievement. No other outcomes were different.



	5. Villani et al. [14]
	268
	Descriptive mixed-method study
	The questionnaire was distributed among 268 patients attending an outpatient arrhythmia clinic. 82.4% men with mean age 69 years, participated in this study conducted in Northern Italy.
	In this study, the results indicate that the patients expressed a greater interest in receiving information related to the effectivenes and integrity of the device. Lower interest toward the clinical status and arrythmic episodes and healthy lifestyle counseling was observed.



	6. Kathuria-Prakash et al. [15]
	40
	Community participatory research design
	40 Black women aged 25–45 years with at least two cardiovascular risk factors completed 4 sessions of cardiovascular disease risk reduction education. Additionally, a 6-month smartphone coaching and cardiovascular disease risk reduction monitoring, which targeted heart-healthy lifestyle and behavior modifications, was provided.
	The results indicate that the mHealth intervention was a feasible tool for implemeting cardiovascular disease risk reduction for young Black women. Improving the health awareness of the participants had indirect benefits for other family members especially children.



	7. Sankaran et al. [16]
	32
	RCT
	The impact of the HeartHab app was studied on 32 patients with coronary artery disease for 4 months in Belgium. Overall, patients’ motivation, physical activity, exercise target achievement, quality of life, and modifiable risk factors were investigated.
	Results demonstated positive improvements in VO2 max, glucose, HDL cholesterol, weight, and quality of life.



	8. Martin et al. [17]
	48
	RCT
	48 participants (46% women, mean age 58 years) from a cardiology center in Baltimore, owning smartphones, took part in this study for 4 months with the objective that the mHealth intervention with tracking and texting components would increase physical activity.
	Smart texts with activity tracking led to the best physical activity outcomes, such as increased daily steps (better outcomes than tracking only).



	9. Chen et al. [18]
	14
	Clinical trial (pilot study)
	14 (8–19 year old) patients, at least 1 year postcardiac transplant surgery, underwent a 12–16 week diet and exercise intervention, which was delivered via live video conferencing to improve cardiovascular health.
	Results indicate that the lifestyle intervention of exercise and nutrition was feasible with excellent adherence, improvements in cardiac, vascular, nutritional, and functional health.



	10. Tierney et al. [19]
	24
	Cohort study
	24 patients with Marfan syndrome (8 to 19 years old) participated in a 6-month physical activity intervention, and their steps were tracked.
	Physical activity intervention was feasible in this population and has the potential to decrease the aortic root (AoR) dilation rate.



	11. Ziebel, et al. [20]
	12
	Feasibility study
	Mean age of participants was 15.4 years (SD = 3.4) with mean time since cardiac transplant 9.7 years (SD = 4.3). Participants wore a FitBit accelerometer

throughout the duration of the study to monitor daily activity levels. The participants underwent the intervention for 16 weeks, which consisted of exercise sessions twice a week for 30 min, supervised by a trained exercise physiologist over a virtual platform. At the conclusion of the intervention, participants repeated the strength and flexibility assessment, a 6MWT, and quality of life (QoL) parameter measurements to compare with baseline.
	Results of the study indicate the successful implementaton of a virtual cardiac fitness intervention with improvement in QoL metrics and excellent adherence of participants.










 





Table 2. Overview of the methodological quality checklist “Critical review form—quantitative studies” [9].
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