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Abstract 17 

Mobile health (mHealth) solutions have the potential to improve self -management and clinical care. For 18 

successful integration into routine clinical practice, healthcare professionals (HCPs) need accepted criteria 19 

helping the mHealth solutions’ selection, while patients require transparency to trust their use. Information 20 

about their evidence, safety and security may be hard to obtain and consensus is lacking on the level of required 21 

evidence. The new Medical Device Regulation is more stringent than its predecessor, yet its scope does not span 22 

all intended uses and several difficulties remain. The European Society of Cardiology Regulatory Affairs 23 

Committee set up a Task Force to explore existing assessment frameworks and clinical and cost-effectiveness 24 

evidence. This knowledge was used to propose criteria with which HCPs could evaluate mHealth solutions 25 
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 4 

spanning diagnostic support, therapeutics, remote follow-up and education, specifically for cardiac rhythm 1 

management, heart failure and preventive cardiology. While curated national libraries of health apps may be 2 

helpful, their requirements and rigour in initial and follow-up assessments may vary significantly. The recently 3 

developed CEN-ISO/TS 82304-2 health app quality assessment framework has the potential to address this issue 4 

and to become a widely used and efficient tool to help drive decision-making internationally. The Task Force 5 

would like to stress the importance of co-development of solutions with relevant stakeholders, and maintenance 6 

of health information in apps to ensure these remain evidence-based and consistent with best practice. Several 7 

general and domain-specific criteria are advised to assist HCPs in their assessment of clinical evidence to provide 8 

informed advice to patients about mHealth utilisation.  9 

 10 

Graphical abstract 11 

 12 

 13 
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 5 

1. Definition of the problem 1 

1.a Guiding patients towards the use of mHealth solutions  2 

Mobile health (mHealth) is defined by the World Health Organization’s (WHO) Global Observatory for eHealth 3 

as “medical and public health practice supported by mobile devices, such as mobile phones, patient monitoring 4 

devices, personal digital assistants (PDAs), and other wireless devices”.  5 

The availability of mHealth solutions on the market and their widespread use in the general population is 6 

constantly increasing. The mHealth solutions typically include wearables and/or apps for information, 7 

prevention, promotion, data collection, treatment, and maintenance of health. During the COVID-19 pandemic, 8 

mHealth solutions were presented as playing a positive role in public health, mitigating the impact of COVID-19 9 

on individuals and health systems [1,2]. Accordingly, the mHealth market size, valued at around USD 111.5 billion 10 

in 2022, is projected to grow at over 22% compound annual growth rate through 2032 [3].  11 

The mHealth solutions have the potential of empowering patients to assume a more active role in monitoring 12 

and managing their chronic conditions and therapeutic regimens, as well as providing healthcare professionals 13 

(HCPs) with more data and enabling more frequent follow-ups than in classical care. However, as the significance 14 

of end-user involvement is fundamental for technology adoption in healthcare [4],  their success in being 15 

integrated into routine clinical practice is highly related to their adoption by HCPs [5-6].  16 

In practice, suggesting mHealth solutions to patients by HCPs depends on personal factors, institutional 17 

strategies and regional/national regulations/reimbursement. Among the factors that are important for HCPs 18 

when considering whether to suggest an mHealth solution to patients, the presence of a stamp of approval from 19 

a regulatory agency and the presence of published studies to demonstrate safety and clinical effectiveness have 20 

been identified as important determinants [7]. Indeed, guidance by an HCP represents a significant factor 21 

motivating a patient’s adoption of mHealth [8]. This requires a degree of responsibility for the HCP, which could 22 

include a commitment to regularly review the data collected by the patient and to communicate digitally with 23 

him/her, often without specific compensation or reimbursement for this additional work if the mHealth solution 24 

ACCEPTED M
ANUSCRIP

T D
ow

nloaded from
 https://academ

ic.oup.com
/ehjdh/advance-article/doi/10.1093/ehjdh/ztae042/7687695 by guest on 11 June 2024



 6 

is not integrated as part of a standard care pathway, with the need for such a solution to reduce the time required 1 

for the involvement of the HCP and allow patients to provide feedback on their conditions. In addition, the 2 

patient may assume that the suggested solution is reliable, accurate, safe, and useful for his/her condition so 3 

that, if its use were to create a negative impression, this could also have a negative impact on the patient-HCP 4 

relationship.  5 

In this context, the incorporation of artificial intelligence (AI) methodologies within mHealth solutions, besides 6 

the added potential clinical value, could generate additional concerns, both practical and ethical, such as data 7 

privacy, physician dependency on poorly understood AI software, bias in data used to create algorithms, and 8 

changes to the patient–physician relationship [9]. Future implementation of the recently approved EU AI Act [10] 9 

may shed more light in this area. 10 

Several cardiovascular (CV) clinical practice guidelines have started to describe and discuss the use of mHealth 11 

solutions before there are accepted criteria to help HCPs or patients to select the mHealth solutions that could 12 

be clinically useful for a specific CV disease. This is complicated by the fact that these solutions are mainly 13 

consumer-centred and consumer-driven [11-12], and available through company websites or app stores either 14 

for free (the business model implying the creation of value from the user information and data) or by payment 15 

of a fee (for a single purchase or as recurring charges).  16 

The ESC Regulatory Affairs Committee set up a Task Force including clinical experts, patient representatives and 17 

members with recent experience of working in a notified body (NB), to propose both general and specific criteria 18 

with which HCPs could evaluate the available clinical evidence for mHealth solutions to provide informed advice 19 

to patients. In this process, existing assessment frameworks and the experience of other medical associations 20 

were considered. This report provides directions for specific fields of CV clinical practice (such as the 21 

management of heart failure, diagnosis of atrial fibrillation, and preventive cardiology) in which mHealth 22 

solutions are potentially useful for CV patients.  23 
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 7 

1.b Access to mHealth solutions 1 

For both patients and HCPs, most apps used in mHealth solutions are accessed through mobile app stores and 2 

websites. Currently (at Q2 2023), there are about 300,000 health-related apps across both Apple App Store 3 

(82,899 in Health & Fitness and 195,799 in Lifestyle categories) and Google Play Store (95,873 in Health & 4 

Fitness and 121,390 in Lifestyle categories), including over 10,000 behavioural health apps, focused on self -5 

diagnosis, lifestyle management, or management of chronic disease [13]. Although convenient in principle, by 6 

providing democratized access at low to no cost to a broader population across the globe, this route of access 7 

presents multiple disadvantages from a search and quality perspective [14]: firstly, app stores are not designed 8 

for the identification of the most appropriate apps for patients or HCPs. Apps with potential healthcare 9 

implications are listed generically under a category chosen by the developer – usually “Lifestyle“ or “Health & 10 

fitness” – which does not allow more specific searches for a clinical domain or filtering for certified medical 11 

device (MD) software. In addition, query results are prioritized according to criteria determined by the App 12 

Store (for Android, relevance, engagement, and quality), rather than by clinically relevant characteristics, such 13 

as the specific target of an app or the presence of evidence of safety and efficacy in peer-reviewed 14 

publications.  15 

Secondly, publication in an app store does not imply that its clinical content, performance accuracy, specificity, 16 

or effectiveness, have been validated, or that safety risks have been assessed [15]. Generally, mHealth apps lack 17 

systematic examination of their reliability, validity, feasibility, and clinical utility. They lack data on authenticity 18 

(e.g. functionality, user acceptability and satisfaction), which limits their endorsement by HCPs [16] and their 19 

clinical value. Moreover, apps often have vague or misleading descriptions of their intended purpose, even when 20 

certified as a MD. Lastly, the level of usability and accuracy of apps are highly variable and not always well 21 

documented [17-18].  22 

Access to mHealth solutions, including wearables such as smart watches, is further complicated by the fact that 23 

they can assume the role of a life-style gadget and/or that of a MD, depending on the model and the country in 24 

which they are sold. Many wearables are now fully accessible through general or specific marketplaces  without 25 
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 8 

any prescription. Even when they are advertised as MD, information about efficacy, certification class and 1 

relevant clinical evidence is not always available. In addition, operational limitations (e.g. not for users below or 2 

above a certain age, not able to provide reliable results outside a certain range of the parameter of interest, not 3 

suitable for users with certain conditions) may be visible only through detailed reading of a user manual rather 4 

than on the webpage where the product is advertised. 5 

1.c Data security 6 

Data security represents another important aspect that is relevant to the use of mHealth. Sharing of personal 7 

data could occur without full transparency to the end-user, often based on vague or poorly written consent 8 

forms. In fact, approximately 95% of health apps have a security or privacy risk, which varies with the app’s 9 

functionality, yet apps with the greatest risk may also have the greatest clinical utility [19,20]. A recent analysis 10 

of the health app market showed that 88% of 20,991 Android health apps had tracking capabilities, and 80% of 11 

all data collection operations were on behalf of third-party services [21]. Therefore, it is important that both 12 

patients and HCPs are aware of these privacy risks. Clinicians should always inform patients about risks when 13 

guiding the patient towards the use of mHealth interventions, and there is a clear need for better awareness of 14 

current regulation, and relevant accountability for the different actors involved in sharing personal data [22]. It 15 

is noteworthy that, for mHealth solutions collecting data from EU citizens, the EU General Data Protection 16 

Regulation 2016/679 [23] applies. This includes, among others, its principle of data minimization (i.e., the 17 

collection of personal information needs to be limited to what is directly relevant and necessary to accomplish a 18 

specified purpose). Also, data should be retained only for as long as is necessary to fulfil that purpose, and data 19 

subjects have the “right to be forgotten” (i.e., the data subject has the right to obtain the erasure of personal 20 

data at any time if consent is withdrawn), and the “right of access” (i.e., individuals can request a copy of any of 21 

their personal data which are processed). As the development of new technology implies evolving challenges for 22 

data security and privacy, including cybersecurity threats, it is expected that regulatory authorities would apply 23 

current legislation, both at EU and national level, and as well as mHealth developers who would minimize such 24 

challenges [24]. 25 
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 9 

1.d Notified bodies, certification process and open problems 1 

Medical devices of Class IIa and higher risk have their technical files, clinical evaluation, performance and safety 2 

reviewed by a Notified Body (NB), while Class I devices are self -certified and CE marked by innovators themselves. 3 

Under the Medical Device Directive (93/42/EC) (MDD), the majority of mHealth solutions were classified only as 4 

Class I. Since the application of the EU Medical Device Regulation (MDR, 2017/745) and its Rule 11, regulatory 5 

requirements for mHealth apps are more stringent. Class IIa now represents the entry class for mHealth solutions 6 

with a medical purpose, with only few devices remaining in Class I. Some devices have been up-classified to Class 7 

IIb and Class III [25, 26]. 8 

These changes have caused some difficulties: 9 

1. Not all innovators are aware of the MDR [27] 10 

2. Among those that are aware, many struggle to classify their device properly or to define their intended 11 

purpose fully, despite the further guidance in MDCG 2019-11, and MDCG 2021-24 [26, 28]. 12 

3. The experience of certifying mHealth solutions as class IIa or higher-risk devices with NB has been limited, 13 

especially for clinical performance evaluation [29] 14 

4. Where the required level of supporting data for clinical evidence has not been predefined, it is based on 15 

route of conformity and existing guidance, such as MDCG 2020-1[29], MDCG 2020-5 [30]. The criteria 16 

listed in the guidance document are very generic and non-specific.  17 

5. There is also a lack of clarity as to which changes in software require recertification or review by the 18 

notified body. This could require the production of additional clinical evidence related to novel 19 

technologies and changes to their intended purpose or clinical use.  20 

Because of these challenges, differences in assessments may exist both within and between NBs, and input from 21 

medical professional associations (e.g. clinical guidelines) could be needed to improve the application of the new 22 

Regulation, in particular for novel technologies.  23 
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 10 

The ambiguity and fragmentation of the regulatory framework have led to an increase in regulatory workload 1 

and a steep learning curve for both innovators and NBs. The shortage of expertise and the multitude of MDD 2 

certifications expiring in 2023/2024 could have a significant impact on time to market for new mHealth 3 

solutions. This problem has been temporally delayed by the Regulation (EU) 2023/607 [31], that has extended 4 

the transitional periods to the new rules for devices covered by a certificate or a declaration of conformity issued 5 

before 26 May 2021, under some conditions, and with terms depending on the risk class of the device . Combined 6 

with the budgetary impact of the certification process, this may discourage innovation and decrease access for 7 

patients to effective products. Innovators may go out of business, move out of Europe to the US where regulation 8 

is currently less strict and less expensive, or downgrade the intended purpose of their products [27]. The future 9 

implementation of the proposed Artificial Intelligence (AI) Regulation [10] may also exacerbate this issue.   10 

1.e. What are the needs from a patient point of view? 11 

The regulations for mHealth solutions must be transparent for patients to have confidence in their use. As 12 

described by a patient representative: “It’s important for me, that this is regulated in the same way my 13 

medication is. If this is part of my treatment, I should be able to trust that everything in the app is correct .” 14 

Although mHealth apps have the potential to support patients by education, improvement of adherence to 15 

treatment and self-management [32], there are several concerns related to their use in cardiology from a 16 

patient’s perspective (see Figure 1): 17 

1. There must be trust in the content of mHealth solutions, with clinical evidence to support their claims 18 

and clear rules related to privacy, use of data, consent and other legal aspects of their use [33-35].  19 

2. It is essential that it is clear whether patients can access the data entered in an mHealth app, and how 20 

HCPs can use and store these data for the benefit of the patient.  21 

3. Patients should have information about the credibility of the company producing an mHealth solution, 22 

and about its commitment to long-term support of the mHealth app once it is on the market. 23 

4. Documentation on the accuracy, reliability and overall app usability must be provided.  24 
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 11 

5. To ensure the successful implementation and use of an app, the design processes should involve 1 

patients and clinicians, from concept to release – this is essential for the performance and safety of 2 

mHealth solutions. It is also essential for user retention, which is low for mHealth solutions over 3-6 3 

months, particularly if they have not been developed to meet specific patient (and provider) 4 

expectations, preferences, needs and requirements [36-37].  5 

6. Concerning the design of the software and its user interface, the solution should be intuitive, include 6 

precise functions and layouts, and be easy to use regardless of the eHealth literacy skills of the target 7 

user(s) [38-39]. The potential need for education and training in the use of the mHealth solutions must 8 

also be considered. This can be relevant for both patient users and HCPs guiding them, to ensure that 9 

the solution is used as intended and the provided data are interpreted correctly.  10 

7. The costs/reimbursement rules of accessing the solution and/or provided services may also play a role 11 

in its accessibility and should therefore be transparent.  12 

8. When using mHealth solutions as with medication dosage, the risk of over-monitoring leading to stress 13 

and anxiety should be considered. A guide on “how often” and “how much” should be included and 14 

provided by the HCP. The purpose of using the app should always be clear and specific.  15 

 16 

Figure 1. Aspects of mHealth solutions important both from patient’s and HCP’s point of view  17 

 18 

• Trust in content with clinical evidence to support claims  
• Accessibility of inserted data 
• Company credibility 
• Data about accuracy, reliability and usability 
• Co-design including patients and clinicians 
• Intuitive and easy to use user interface 
• Transparent costs 
• Clear user guide and specific purpose for using it 
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 12 

2.  How to define and where to find the right mHealth solution? 1 

2.a Public assessment schemes and curated libraries 2 

The World Health Organization, the Norwegian Centre for E-Health Research [40], and later, the European 3 

mHealth Innovation and Knowledge Hub [41] have investigated mHealth assessment frameworks to help identify 4 

safe and appropriate mHealth applications. Their findings show significant heterogeneity between the existing 5 

frameworks in the required level of clinical evidence: some were very technical and detailed, while others were 6 

more outcome-oriented. Only ten Western European countries were found to have one or more health app 7 

assessment frameworks and/or health app repositories. These repositories generally included at most a few 8 

dozen apps. A recent article in Nature compared health app policies in seven European countries, the United 9 

States, and Singapore, concluding that cross-national efforts are still needed to realize the benefits of health 10 

apps, and that even the front runners have yet to achieve an efficient certification process [42].  11 

Several authorities have recently engaged in the development of frameworks, including France [43], Belgium [44, 12 

45], Andalusia [46], Catalunya [47], Germany [48], Portugal [49], Switzerland [50], and the UK [51].  13 

Reimbursement is an important issue influencing implementation of digital tools and apps in daily practice, as 14 

shown recently by a survey addressed to physicians [52]. The required type and quantity of evidence differs 15 

between countries. Most of the investigated cases presented clinical evidence, although some studies were non-16 

randomized, and had a small sample size or suboptimal design. The choice of comparator was not always the 17 

standard of care (e.g. patient on the waiting list), and the magnitude of the treatment effect considered as 18 

sufficient was not always predetermined. The Belgian reimbursement scheme for mobile applications was 19 

updated on Oct 1, 2023, after evaluation of the previous process [53]. Germany is considered a European leader 20 

in this field: the German approach to digital health applications (DiGA) has allowed reimbursed prescription of 21 

approved therapeutic software products since October 2020. Although the German system does not strictly 22 

require RCTs, the evidence type for all but one of the reimbursed apps was an RCT, and for the remaining app a 23 

meta-analysis. Currently (Nov 2023) 55 apps are included for reimbursement: 24 of these apps are mental health 24 
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 13 

apps, and only one cardiology app has been included so far [48]. However, the app prescription rate was found 1 

to be low, one year after implementation [54], probably due to the need to provide physicians with more 2 

education to increase their expertise and competence in recommending apps in the DiGA context [55].  3 

2.b Private assessment schemes 4 

There are several private mHealth app assessment schemes, but no international accreditation body exists to 5 

compare their quality and consistency. Without this, it is difficult to verify the (details of) assessment criteria 6 

used, and the level of expertise and independence of the assessors, as well as the criteria for clinical evidence 7 

applied in the assessment. 8 

Amongst the larger of these schemes are: 9 

● ORCHA (Organisation for the Review and Care of Health Applications): UK-based private company 10 

providing reviews, certification tools, digital libraries, implementation support, and education. ORCHA 11 

reports working in 12 countries around the world and being used by providers in 70% of UK National 12 

Health Service (NHS) regions. 13 

● TherAppX: A Canadian private company founded by clinicians. Their platform uses software, screening 14 

by app analysts (privacy, usability, etc.), and in-depth review by a panel of clinicians to assess the over 15 

170,000 apps available in Canada. TherAppX reports working with regional health authorities in Quebec. 16 

● MedAppCare: a French start-up recently acquired by notified body DEKRA. Their service is accredited by 17 

the French Accreditation Committee COFRAC to certify smart health-connected health solutions.  18 

All three organisations are collaborating in testing the certification scheme for the new CEN -ISO/TS 82304-2 19 

technical specification (TS). 20 

2.c Normative solutions: the new CEN-ISO/TS 82304-2:2021 technical specification 21 

“CEN-ISO/TS 82304-2:2021 Health software – Part 2: Health and wellness apps – Quality and reliability” [56] was 22 

developed by the European Committee for Standardization (CEN) in response to a request from the European 23 

Commission. The initiative has achieved global cooperation with the International Organization for 24 
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 14 

Standardization (ISO) and the International Electrotechnical Commission (IEC). This Technical Specification (TS) 1 

provides a quality assessment framework, consisting of an 81-item questionnaire (available as Multimedia 2 

Appendix 8 from [57]) to be completed by the manufacturer of an mHealth app, including the required evidence, 3 

and a health app quality label (Figure 2) inspired by the effective EU energy label, the Nutri-Score front-of-pack 4 

nutrition label design, and the FDA over-the-counter drugs label.  5 

The label displays the health app icon, name, platform compatibility (Apple, Google, web app), app manufacturer, 6 

the main benefit of the health app, when the app requires approval from a HCP before use, and color-coded 7 

scores from A (green, >90% of the weighted score) to E (red, < 60% of the weighted score) on four quality 8 

indicators which, after testing with people with low health literacy, have been called ‘Healthy and safe’, ‘Easy to 9 

use’, ‘Secure data’, and ‘Robust build’. An overall health app quality score is then computed by the weighted sum 10 

of the four quality aspects (with weights equal to 50%, 15%, 25%, 10%, respectively). Finally, the label shows the 11 

date the app was last checked by an (accredited) third-party health app assessment organization. The related 12 

health app quality report provides the answers to all the 81 questions, 67 of which are score -impacting, in the 13 
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detail needed to give guidance about an app.  1 

Figure 2 – The CEN-ISO/TS 82304-2 health app quality label, available as  Multimedia Appendix 3 of [57].  2 

 3 
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The health app quality assessment framework was built on 26 existing frameworks and referenced 28 quality 1 

standards. A Delphi study of 83 experts from 8 stakeholder groups – including HCPs and patients/consumers 2 

from 6 continents, predominantly Europe –  determined the assessment questions and their weighting [57]. The 3 

Dutch Ministry of Health has proposed a national assessment framework based on CEN -ISO/TS 82304-2 [58], 4 

Sweden is considering the framework [42], and Norway has already used it to assess wellness apps for its national 5 

repository [59]. In addition, France recognizes the potential of the framework for harmonization [43], and health 6 

authorities in Italy and Catalonia are part of the ongoing Horizon Europe Label2Enable project (Jun 2022-May 7 

2024), which supports implementation of CEN-ISO/TS 82304-2 [60]. Label2Enable's main goal is to deliver the 8 

ISO/IEC 17067 compliant certification scheme (i.e. a handbook for CEN-ISO/TS 82304-2 health app assessments, 9 

aligned with EU level legislations and EU values, to be used by accredited assessment organizations). Also, 10 

guidance will be delivered on the level of detail in the health app quality report to enable HCPs to suggest apps 11 

confidently, together with the educational communication for patients to recognize and use the label, and 12 

findings of authorities' pilots and of HTA bodies and of insurers' round tables on the value of the TS as a basis for 13 

decision-making on reimbursement.  14 

2.d Medical professional association initiatives 15 

Medical associations are becoming increasingly active in offering help to HCPs to guide their patients in the 16 

proper use of mHealth. 17 

The European Diabetes Forum (EUDF) recently created a roadmap for apps [61]. To realize their potential, EUDF 18 

describes two conditions. Firstly, apps must be easily available and accessible for people with diabetes and their 19 

HCPs. Secondly, apps should meet high standards of effectiveness and quality. The EUDF strongly suggests 20 

including people with diabetes and HCPs in all aspects and stages of the development and validation of apps, 21 

including empowerment and ensuring personalised, data-driven, user-friendly, easy to navigate, highly secure 22 

and interoperable apps, that provide relevant actionable data. Also, each member state should accelerate access 23 

to health apps based on harmonised EU requirements which include patient-reported outcomes. Moreover, apps 24 

that can prove real value should be reimbursed, integrated into healthcare pathways complementing direct 25 
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personal care, and prescribed. With regard to evidence, different levels of evidence are advocated, depending 1 

on the function and relative medical risk of an app.  2 

The European Society of Medical Oncology (ESMO) recently produced a clinical practice guideline for patient-3 

reported outcome measures (PROM) including PROM software requirements [62]. Specified functionalities 4 

include a registration mechanism, the ability to trigger patients to report at specified time points, and a method 5 

for alerting clinicians when patient responses reach specified thresholds. Optional functionalities address the 6 

ability to provide educational materials or advice to patients on self -management, an open free-text box for 7 

patients to provide information not contained in the instrument, and (the technically challenging) integration 8 

with electronic medical record systems to enable data visualisation, storage, and management. Usability testing 9 

is required to ensure ease of use and comprehensible navigation for patients and providers, in particular for 10 

patients with limited health literacy. Access and affordability must be considered, and privacy and security 11 

assured, without making access overly cumbersome. A disclaimer that information entered in the system might 12 

not be rapidly reviewed by clinicians is often included to inform patients that they should call to seek emergency 13 

assistance for urgent problems. 14 

The American Psychiatric Association (APA) has developed an app evaluation model to provide psychiatrists and 15 

patients with sufficient information to make an informed decision about apps [63]. This model includes five steps 16 

(access and background, privacy and security, clinical foundation, usability, and data integration towards 17 

therapeutic goal), each comprising from 5 to 9 questions. This app evaluation framework has been used by the 18 

New York Department of Health in the construction of an app library. The American Psychological Association 19 

has created the quarterly column for mental health professionals “Let’s Get Technical”, in which two experts 20 

review and rate software and apps  [64] on seven criteria, including: purpose, appropriateness of the content, 21 

cultural responsiveness, ease of use, functionality, privacy/security, evidence base, and user feedback. Each 22 

expert also provides short directions for use. 23 

 24 
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3. What are the needs for correct mHealth use from the cardiology 1 

professionals’ point of view? 2 

A pivotal concern of HCPs for the guidance or prescription of mHealth applications is whether there is sufficient 3 

scientific evidence to support their intended use, in addition to their being technically robust, interoperable, 4 

secure, and private. Currently, there are no cardiology guidelines on such required levels of clinical evidence. The 5 

following section provides an overview of the current status and further needs for clinical evidence within the 6 

clinical domains of cardiac rhythm management, heart failure, and preventive cardiology.  7 

3.a mHealth assessment and utilisation in rhythm management  8 

Diagnostic support 9 

The mHealth solutions designed to support cardiac rhythm management include tools for screening (also for 10 

underlying causes and mechanisms, such as sleep apnoea), triage, predicting risk, and detecting arrhythmias. 11 

Screening in this area has developed significantly in recent years and is focused mainly on atrial fibrillation (AF), 12 

and on the primary and secondary prevention of sudden cardiac death [65]. These mHealth solutions are 13 

predominantly used by HCPs and this field is expected to continue growing. Robust validation of these solutions 14 

is needed, as the performance of a solution may vary between different software versions, populations, and be 15 

limited by any differences between testing conditions and clinical practice where patients autonomously collect 16 

data [66-67]. For example, the sensitivity and specificity of reduced-lead ECG solutions vary significantly with 17 

disease prevalence [68]. A recent document from the European Heart Rhythm Association gives practical 18 

guidance and describes the level of consensus on the use of digital devices for the early detection, management 19 

and treatment of arrhythmias [69], as well as another expert collaborative statement [70] which defines the 20 

state‐of‐the‐art mHealth technologies and their application in arrhythmia management and explores future 21 

directions for clinical applications. 22 

An important consideration, besides the accuracy of the mHealth solution, is the actionability of its findings. For 23 

instance, NOAH-AFNET-6 showed that not all atrial high-rate episodes identify individuals that derive net benefit 24 
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from anticoagulation. Studies have shown remarkable variation in practice in response to the same mHealth 1 

alerts [71]. These are important considerations as the development of new diagnostic tools may change the 2 

definition of conditions and thus prior practices may no longer be appropriate.  3 

Other relevant requirements for the clinical evaluation of apps include improvement of clinical management, 4 

acceptability and usability of the solution, an increase in the diagnostic rate, and a reduction in morbidity and 5 

mortality. In addition, technical performance, cost and reimbursement will affect the take -up and use of a 6 

solution in everyday practice, so should therefore be considered [52]. 7 

Therapeutics 8 

The therapeutic opportunities of mHealth in the field of arrhythmias are limited to indirect services because 9 

mHealth is based on a smartphone/tablet which cannot per se deliver any pharmacological or interventional 10 

therapy. Therefore, the therapeutic potential of mHealth is in the facilitation of treatment, which may be 11 

delivered via decision support, counselling, or alerting. Concerning decision support, the patient and/or physician 12 

may have some insight into the disease but want help to choose the ‘best’ treatment option. There are numerous 13 

mHealth solutions available such as Cardiosmart for AF from the American College of Cardiology [72], or the mAF 14 

app which provides more complex decision support [73]. In contrast, counselling involves more direct guidance 15 

for patients; mHealth has an important role to play in lifestyle modification and interventions, because it can 16 

improve patient motivation and understanding [74]. Finally, mHealth solutions capable of alerting HCPs, or the 17 

general public, could trigger lifesaving treatment in the case of cardiac arrest. For example, a trial in Sweden 18 

showed that a smartphone positioning system with the ability to dispatch lay volunteers trained in cardio-19 

pulmonary resuscitation (CPR) was associated with increased rates of bystander-initiated CPR in patients with 20 

out-of-hospital cardiac arrest [75]. Also, mHealth could be a mediator of valid treatment strategies by improving 21 

understanding, adherence, concordance, and decision support. However, more clinical trials are needed to 22 

establish objective efficacy before the utilization of mHealth solutions can be incorporated in clinical guidelines 23 

as recommendation. 24 

Remote follow-up  25 
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Remote follow-up provides an opportunity for increased recording of symptoms, and both invasive and non -1 

invasive monitoring of physiological parameters. In this context, its main aims are to exclude potential pro -2 

arrhythmic features and to assess the recurrence or development of new significant arrhythmias. Remote follow-3 

up has been used for wearable devices, and cardiac implantable electronic devices (CIEDs - ECG loop recorders, 4 

pacemakers and defibrillators) for many years. More recently, wearables and other cardiac monitoring devices 5 

with built-in micro-detectors have been developed, which can provide real-time monitoring of vital signs [76-6 

77]. These devices range from smart accessories to sensors embedded in accessories, clothing and even shoes 7 

and eyewear [78]. The majority have focused on heart rate monitoring and the detection of AF (see Diagnostic 8 

support). There are now “smartwear” devices which can identify pro-arrhythmic features such as QT 9 

prolongation, ventricular arrhythmias, or the Brugada ECG pattern [79-80]. These are becoming increasingly 10 

affordable and bring the advantage of continuous monitoring, but their accuracy and reliability vary greatly. Most 11 

wearable devices have an evidence base, but many are associated with a significant false -positive rate. In 12 

addition, some are limited by the complexity of the user interface and/or dependence on the manufacturer for 13 

access to data.  14 

 15 

Education 16 

Both for patients and HCPs, education supported by technology (eHealth, mHealth, and clinical decision support 17 

tools) is a core component of integrated care for AF [81].  The primary goal of digital education is to improve 18 

patients’ health literacy, engagement and empowerment in self -management (e.g. adherence to medication, 19 

behavioural and lifestyle changes). For HCPs, digital education solutions are typically designed as clinical decision-20 

support tools. Examples of apps for AF which have been, or are being, formally tested, include a patient -version 21 

of the mobile AF app (mAFA) designed to promote engagement [82], the HCP mAF app for clinical decision -22 

support in stroke and bleeding risk stratification, and the mAF App for improving knowledge and medication 23 

adherence [73]. More recently, the mAFA II app-supported Atrial Fibrillation Better Care (ABC pathway) 24 

significantly reduced the composite primary outcome of ischaemic stroke, thrombo-embolism, death and re-25 
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hospitalisation, compared to usual care [83].  The ESC has also developed apps for AF patients (‘My AF’) and HCPs 1 

(‘AF Manager’) [65]. The patient-version is currently being tested prospectively in the STEEER-AF randomised 2 

controlled trial [84]. During the pandemic, an on-demand app-based heart rate and rhythm monitoring approach 3 

to manage AF patients via teleconsultation (TeleCheck-AF) was developed and implemented, incorporating (1) a 4 

structured ‘teleconsultation’; (2) a mobile phone app (FibriCheck) using photoplethysmography to monitor rate 5 

and rhythm; and (3) a comprehensive AF management plan including patient education [85-86]. Exploration of 6 

the patient experience of TeleCheck-AF (n=826) found that 94% felt it was easy to use, and 74% ‘felt safer’ when 7 

being monitored [87]. More research is required on the design and implementation of digital education solutions 8 

in cardiac rhythm management and their effects on health literacy and patient actions.  9 

3.b mHealth assessment and utilization in heart failure 10 

Diagnostic support 11 

mHealth apps may be useful as diagnostic tools for screening, triage, assessment of severity, and the diagnosis 12 

of heart failure (HF). Whereas algorithms have been developed that may be useful in this regard [88,89], no 13 

application is currently available for clinical use. To add value in clinical practice, mHealth apps need to be at 14 

least as accurate as current standards (e.g. natriuretic peptides for screening or exclusion of HF; 15 

echocardiography) [90] or show a better or more efficient process in the diagnosis of HF (e.g. pre -selection of 16 

patients to undergo further examination such as echocardiography, resulting in fewer unnecessary referrals and 17 

reducing costs) in a sufficiently powered clinical study. Other mHealth applications focus on risk prediction and 18 

assessment of the severity of HF. These are helpful only when their clinical significance is clearly defined [91], 19 

which is not the case for most currently available risk predictors (e.g. risk scores). To be approved, an mHealth 20 

tool for risk prediction or assessment of HF severity must have been shown to have resulted in therapeutic 21 

intervention(s) that prevented deterioration and/or improved outcomes in an appropriately designed trial. In 22 

addition, mHealth apps should also aid the diagnosis of common co-morbidities in HF [92] that contribute to 23 

both morbidity and mortality, or may require specific therapeutic interventions.  24 

 25 
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Therapeutics 1 

The mHealth apps may directly initiate a therapeutic intervention (e.g. medication for diabetes – but currently 2 

there are no equivalent examples in HF) or they may modify therapeutic interventions in patients with HF (e.g. 3 

adjustment of diuretic therapy or up-titration of medication) [93]. Additionally, they may include interventions 4 

related to lifestyle (e.g. reducing salt intake, monitoring physical activity/exercise), and self -management (e.g. 5 

adherence to medication, monitoring of congestion or treatment side effects). There have been many mHealth 6 

studies on lifestyle and self-care [94], but important challenges remain because of the heterogeneity of 7 

approaches being tested, limitations in study designs, small sample sizes, and the potential impact of the 8 

healthcare system on the effects: as a result, the evidence of efficacy is limited [95]. Taking into account the 9 

advanced age of many patients affected by HF, their associated comorbidities and frequent re -hospitalisation, 10 

the lack of digital literacy may in some settings constitute a limitation for using wearables and apps in a large 11 

number of older patients [96].  12 

Remote follow-up 13 

Remote monitoring (RM) is among the most promising strategies for patients with HF in the out-patient setting 14 

[97]. RM technologies can transmit patient-obtained weight and vital signs or more advanced physiological 15 

measurements such as thoracic impedance and intracardiac pressures [98].  Trials evaluating the clinical effects 16 

of non-invasive remote assessment of vital signs have shown conflicting results. Whereas the SUPPORT-HF2 and 17 

BEAT-HF studies showed negative results [99, 100], TIM-HF2 [101] showed high adherence (97% of patients were 18 

70% compliant with daily data transfer) and clinical superiority of a non-invasive multicomponent telemonitoring 19 

home system with daily wireless transmission, versus usual care. 20 

Examples of wearables currently used in HF patients are patches, clothing monitors, chest straps, upper arm 21 

bands, and medical wristbands [102]. Thoracic impedance has not emerged as an important RM tool, probably 22 

due to its low sensitivity, measured at approximately 30% for clinically adjudicated pulmonary congestion in two 23 

studies [103-104]. Although it requires the use of a wearable device, a novel technology called ReDS TM, based on 24 

tissue dielectric properties, seems more promising with a 50% reduction in HF readmission [105].  Invasive RM 25 
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technologies include implantable intracardiac devices which directly measure cardiac pressures. One of the most 1 

widely studied devices is CardioMEMS, a pulmonary artery pressure monitor, which has shown a clinically 2 

significant reduction in HF hospitalisation [106] with high adherence [107]. In contrast, left atrial pressure 3 

transducers have not yet demonstrated clinical benefit [108], and reliable non-invasive alternatives for the early 4 

detection of deterioration are still lacking. 5 

The ability of RM of CIEDs in the prevention of disease progression and to improve outcomes in patients with HF 6 

is still controversial. Currents CIED provide diagnostic information through mobile transmitters to monitor for 7 

arrhythmias and HF decompensation, creating opportunities for early intervention prior to deterioration and 8 

hospitalization. Continuous connectivity and prompt and structured reaction to alerts may be key to improving 9 

CIED patient outcomes [109]. 10 

Education 11 

Patient education in HF is directed at improving understanding and self -care and is supported by meta-analysis 12 

[110], and current ESC guidelines [90]. Patients who report effective self-care have measurably improved quality 13 

of life, lower readmission rates, and reduced mortality. Patient educational materials may cover disease 14 

trajectory, understanding of medications, device therapy, and lifestyle interventions to improve self -care 15 

including exercise, diet, symptom monitoring, self-management and the psychological effects of heart failure. 16 

HCPs can provide educational materials in a variety of formats to suit individual patients’ needs and health 17 

literacy. These include paper or digital booklets [111], websites [112], or apps, and may use text, links to on -line 18 

material, videos, virtual or augmented reality experiences, and interactive robots providing advice as an eCoach. 19 

High-quality apps include accurate information, which is consistent with best practice, as defined by current 20 

guidelines. Furthermore, they have been demonstrated to improve patients’ knowledge and clinical outcomes 21 

in high-quality controlled trials. Recently, specific apps have been developed to empower patients carrying a 22 

cardiac electronic device that is linked with RM, in order to improve their adherence to the recommended care 23 

pathway, and to obtain quick feedback on their health status [113].  24 
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3.c mHealth assessment and utilisation in preventive cardiology 1 

Diagnostic support 2 

In primary and secondary prevention programmes, mHealth systems have been shown to be effective for 3 

screening, diagnosis, and risk stratification [39, 114]. In primary prevention, there is an increasing number of 4 

apps for the detection of arterial hypertension, cholesterol levels and lifestyle monitoring including diet, weight 5 

and exercise [115-118], many of which have not been certified as MD software. Also, there are several apps for 6 

secondary prevention in patients with HF, a history of myocardial infarction or valvular heart disease [119-23]. 7 

The ESC has developed a CVD Risk Calculation App for HCPs [124] which guides clinicians to the most appropriate 8 

of the 8 calculators available for 10-year or life-long risk assessment for primary or secondary prevention CV 9 

patients. Unfortunately, most of the available apps lack scientific validation of their ability to detect increased 10 

CV risk accurately or reliably predict outcomes, as the available data are from small studies. In addition, it remains 11 

to be determined whether clinical decision-making based on risk prediction improves outcomes. 12 

Therapeutics 13 

Therapeutic goals that can be pursued successfully by mHealth applications for primary and secondary 14 

prevention purposes include lifestyle management, improving self -management skills, the assessment of 15 

medication (side)effects, and adherence to treatment [125]. Additionally, for secondary prevention, tele-16 

rehabilitation is an emerging field of interest, showing at least equal efficacy to traditional centre -based cardiac 17 

rehabilitation programmes [126]. Although digital lifestyle (self -) management applications (e.g. smoking 18 

cessation, exercise coaching, nutritional guidance; and management of mental disorders, anxiety and 19 

depression) are widely available and potentially effective in the short-term, their long-term effects remain 20 

uncertain. Evidence of the effectiveness of apps for improving medication adherence, prescription and 21 

assessment of effects is emerging. Characteristics contributing to the effects on usability and effectiveness of 22 

these apps are not well established, but essential for the development of more effective applications [122].  23 

 24 

 25 
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Remote follow-up 1 

Remote follow-up and telemonitoring are becoming increasingly popular for primary and secondary 2 

prevention. This technology allows closer follow-up of the evolution of CV risk factors and quicker intervention 3 

when specific prevention goals are not achieved. Furthermore, telemonitoring may reduce the number of 4 

outpatient clinic visits and healthcare costs  [127]. Different forms of telemonitoring in primary and secondary 5 

prevention already exist (e.g. for arterial hypertension, diabetes mellitus, physical activity, and weight)  and new 6 

wearables and biosensors are emerging rapidly [125,128]. Telemonitoring in primary prevention should be 7 

focused mainly on self-management and patient empowerment, with low input of HCPs to minimise costs.  8 

Education 9 

Education of the patient is one of the core components of CV prevention and rehabilitation [129], with 10 

documented effects on CV events and quality of life [130] through changes in lifestyle and behaviour which can 11 

reduce risk factors. The main advantage of the remote, digital delivery of education, is that it can be tailored to 12 

an individual’s needs, divided into appropriate sections, and delivered and repeated at appropriate times for the 13 

patient. Digital education may include infographics, standard and virtual reality videos, forums and a digital 14 

Nurse/eCoach. These applications can be used alone or as an integral part of a tele -rehabilitation platform [125]. 15 

It has been shown that educational interventions in chronic disease improve biological outcomes, adherence to 16 

the treatment regimen, knowledge, self-efficacy and psychological health, but more research is needed on the 17 

most effective timing and delivery of digital education to change behaviour and lifestyle [131].  18 

4. Factors to consider before suggesting the use of mHealth solutions 19 

There are currently multiple national initiatives reviewing mHealth applications (see section 2a). Therefore, in 20 

order to select an appropriate mHealth solution, it may be helpful to review these curated libraries regularly, 21 

although it should be acknowledged that the requirements and rigor of the initial assessment and follow -up 22 

assessment framework may vary significantly between libraries.  23 
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It is increasingly recognised that the recently developed CEN-ISO/TS 82304-2 health app assessment framework, 1 

once implemented and available, has the potential to be a widely used, efficient, international quality 2 

assessment framework for mHealth [132], supported by the Standing Committee of European Doctors (CPME) 3 

[133]. The CEN-ISO/TS 82304-2 health app quality label and report could help drive decision-making in the 4 

selection of a specific solution. Moreover, the four overarching quality metrics in the 82304-2 label mirror the 5 

quality requirements listed in Annex II of the recently published European Health Data Space Regulation draft 6 

[134], which includes the labelling of wellness apps that aim to be interoperable with Electronic Health Record 7 

systems, a cascading effect in MD, and an EU database where labelled applications will be registered.  8 

Different contexts and patient characteristics, including age, gender, educational level, cultural diversity, learning 9 

styles, health literacy, engagement techniques and diagnosis, may result in certain quality requirements in the 10 

CEN-ISO/TS 82304-2 label and report that will be particularly important for individual patients. This Taskforce 11 

would like to stress the importance of two requirements in particular: 1) co-development with relevant 12 

stakeholders (i.e. patients, family, caregivers, those with low health literacy, and HCPs, for all categories; and 13 

specific stakeholders, such as primary care, the scientific community, and regulatory authorities) to enhance 14 

patient acceptability and usability (82304-2 requirement 5.3.2.2); and 2) the need to build in maintenance of the 15 

health information in the app (82304-2 requirement 5.2.4.6) to ensure that it remains evidence-based and 16 

consistent with contemporary best practice. 17 

The availability of mHealth solutions for patients relies on the complex relationship between private sector 18 

investors, regulators, private and public payers, telecommunications providers, and end users. It must be noted 19 

that there are no legal obligations for the investors to focus on cost-effectiveness, health outcomes or 20 

sustainability. Assessment frameworks, such as CEN-ISO/TS 82304-2:2021 [56] and HTA methods developed for 21 

digital products [58], include information on costs for the end-users. Some also require accurate information on 22 

the details of all costs, including costs for the organization as well as the end-users, and on the maintenance cost 23 

and the uncertainty factors associated with these costs. A recent initiative in this context is represented by the 24 

European Taskforce for Harmonised Evaluation of Digital Medical Devices, established in April 2022 under the 25 
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French Presidency of the Council of the EU and consisting of 20 representatives of different European public and 1 

academic institutions, including HTA bodies, chaired by the Ministerial Digital Health delegation of the French 2 

Ministry of Health and Prevention, co-chaired by the European Network for Health Technology Assessment 3 

(EUnetHTA) and co-ordinated by EIT Health. Its goal is harmonisation of the evaluation procedures for patient-4 

centred Digital Medical Devices (DMDs) in the EU, supporting national appraisal and reimbursement [135].  5 

Although the potential added economic value of mHealth solutions is predicted to be very high, with estimates 6 

of €99 billion in 2017, data on the extra but potentially also reduced workforce costs to support mHealth and its 7 

actual economic impact are scarce, and those that exist come predominantly from high and middle income 8 

countries [136]. In a recent systematic review of the cost-effectiveness of digital health interventions in the 9 

management of CV diseases, 6 of the 14 interventions were cost saving while the remaining 8 had a higher, 10 

although acceptable, incremental cost-effectiveness ratios. In addition, only two thirds of the studies were 11 

classified as good quality [137]. In another cost-effectiveness review of mHealth interventions for older adults 12 

(multiple indications, including CV) no evidence of cost-effectiveness for “interventions related to complex 13 

smartphone communication” was found [138]. Overall, the evidence is reassuring for high income countries, but 14 

the potential value added by mHealth in low-resource settings is less certain, especially as digital health solutions 15 

should not be considered in isolation, but in the context of the overall infrastructure of healthcare systems and 16 

the complexity of healthcare delivery [139]. On the other hand, mHealth solutions have a high potential in low-17 

income countries where aspects such as monitoring of arrhythmias, HF or prevention are less well developed 18 

clinically. The design of an mHealth solution for a low resource country should rely more on "semi-automatic" 19 

responses, minimising human intervention. 20 

It has to be considered that the approach to costs for mHealth solutions could also include new approaches, such 21 

as risk-sharing agreements, characterized by linking coverage, reimbursement, or payment for an innovative 22 

technology, such as some mHealth applications, to the attainment of pre-specified clinical outcomes [140]. In 23 

this perspective, Scientific Associations may have an important role in promoting the basis for this type of value-24 

based assessments. 25 
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5. Clinical consensus statement on assessment of clinical evidence for 1 

the appropriate use of mHealth  2 

A series of indications for the assessment of clinical evidence required for the appropriate use of mHealth 3 

applications in the field of cardiology is presented below, derived from the available literature combined with 4 

expert opinion. These statements were formulated by consensus of experts in a range of cardiology domains (at 5 

least 5 per domain) invited by the Regulatory Affairs Committee and ESC Associations in this mHealth Taskforce. 6 

The consensus process consisted of 2 workshops, during which alignment among the participants on the topic of 7 

clinical evaluation of software and the changes introduced by the EU Medical Device Regulation was reached, 8 

and the proposed goals of the task force were set and clarified. In addition, the composition of the three sub-9 

groups (Rhythm management, Heart failure and Preventive Cardiology) and the appointment of a sub -group 10 

coordinator was finalized. After an online questionnaire exploring the perceived trust in recommending mHealth 11 

solutions, including positive and negative examples encountered in their practice, each subgroup was asked to 12 

discuss and reach a consensus in separate meetings on clinical efficacy and related criteria that could be 13 

considered important for the respective clinical scenario (now indicated in Table 1, or as general criteria). In 14 

addition, a live survey and discussion was conducted to explore the ISO 82304-2 quality requirements in relation 15 

to the possible application of such a scheme in the evaluation of the level of clinical evidence.  16 

The resulting statements are intended to aid cardiology HCPs in the selection of an appropriate mHealth 17 

application for a specific purpose, or to evaluate whether information generated by a patient app should be used 18 

for clinical decision-making. In addition, they may be taken into account by NB in the certification of  Class IIa and 19 

higher risk MD, and also by ISO/TS 82304-2 certification bodies once they will be established.  20 

5.a General criteria for the assessment of clinical evidence 21 

• Evaluate whether evidence was generated in the appropriate (i.e. subjects with similar profile to those 22 

intended as final users) sufficiently described patient-population (e.g. based on age, gender, 23 

educational level, health literacy, CV risk profile, exercise capacity)  24 
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• Carefully review the intended use and relevant claims of the manufacturer, as well as declared 1 

operating ranges and exclusion criteria  2 

• Consider whether clinical validation was performed using appropriate standards for the intended use 3 

(e.g. 12-lead ECG for the diagnosis of AF) 4 

• Check nominal performance and whether this is affected by software updates 5 

• Evaluate whether conclusions were drawn from sufficiently powered studies based on meaningful 6 

clinical effects in the primary end point  7 

• Evaluate whether the duration of longitudinal studies was sufficient to assess the treatment effects 8 

under evaluation 9 

• Evaluate the potential impact on the implementation in clinical pathways, by considering the 10 

sustainability for the specific healthcare system in terms of expected increase in workload and 11 

reimbursement for related medical services, in particular when HCP surveillance is required 12 

• Apps that show or are tested for non-inferiority should provide evidence of an additional benefit, such 13 

as earlier correct decision making, a reduction in resource use, improved cost-effectiveness, or cost-14 

saving. 15 

5.b Domain-specific criteria for the assessment of clinical evidence 16 

In addition to the general criteria, more specific requirements are advised for each of the clinical domains in 17 

which mHealth solutions are most frequently used (i.e. rhythm management, HF, and preventive cardiology). 18 

These are presented in Table 1, divided according to the intended use (i.e. diagnosis, therapeutics and remote 19 

follow-up), as different approaches may be required for each clinical domain. These criteria, without claiming to 20 

be an exhaustive list, stress the importance of the HCP in verifying, using easily accessible sources (i.e., literature 21 

search websites, manufacturer documentation or website, currently available assessment schemes) the level of 22 

clinical evidence available in order to trust a specific mHealth solution. 23 

 24 
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Table 1. Advised criteria for the assessment of clinical evidence needed for the use of mHealth applications in 1 

clinical practice 2 

 Rhythm management Heart Failure Preventive Cardiology 

Diagnostic support Increased (at least non-
inferior) diagnostic rates 
should be demonstrated, 

compared with standard care  
 
Performance should be 
interpreted with care if 

reported only in controlled 
scenarios, because of 
possible differences to real-
life performance. 

 
Specificity and sensitivity 
compared to the gold 

standard should be 
interpreted with respect to 
the prevalence of the disease 
in the assessed population.  

 

Diagnosis of HF or 
comorbidities: Increased 
(at least non-inferior) 

diagnostic rates should 
be demonstrated, 
compared with standard 
care,  preferably 

together with positive 
effects on the efficiency 
of the process in 
diagnosing HF.   

 
Risk prediction scores 
retrospectively and 

prospectively validated 
in real-world settings 
should be used, and 
their clinical implications 

should be determined. 
 

Accuracy in the assessment of 
risk factors and lifestyle 
behaviour should be reported. 

 
Risk prediction scores 
retrospectively and 
prospectively validated in real-

world settings should be used, 
and their clinical implications 
should be determined. 
 

Therapeutics Solutions incorporating 
clinical decision-support 
tools: superiority with respect 

to at least one clinically 
important factor (e.g. 
reduction in clinical events, 

improvement in patient 
reported outcomes) or non-
inferiority with reduction in 
related costs should be 

demonstrated in a 
prospective randomized 
controlled trial. 
 

 
 
Lifestyle behavioural 

interventions: see preventive 
cardiology. 

Solutions incorporating 
clinical decision-support 
tools directly related to 

therapy (e.g. adjustment 
of medication): 
superiority with respect 

to at least one clinically 
important factor (e.g. 
reduction in clinical 
events, improvement in 

patient reported 
outcomes) or non-
inferiority with 
reduction in related 

costs should be 
demonstrated in a 
prospective randomised 

controlled trial. 
 
Lifestyle behavioural 
interventions: see 

preventive cardiology. 

Lifestyle behaviour, risk factor 
treatment, medication 
adherence (in primary and 

secondary prevention), safety 
and efficacy in derivate 
outcomes (e.g. short-term 

compliance and clinical effects) 
should be positively evaluated. 
 
Solutions for tele-rehabilitation: 

non-inferiority compared to 
conventional rehabilitation in 
clinical outcomes (CV risk, 
events or re-vascularisation, 

quality of life) should be 
demonstrated. Applications that 
can also provide evidence 

of long-term outcomes should 
be preferred. 
 
The presence of behavioural 

models and relevant strategies 
for behavioural change should 
be addressed. 

 
The possibility of tailoring the 
solution to specific patients’ 
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needs and preferences should 
be considered as 

positive factor for improved 
engagement. 

Remote follow-up Increased (at least non-
inferior) diagnostic rates 
should be demonstrated, 

compared to standard care  
 
Performance should be 

interpreted with care if 
reported only in controlled 
scenarios, because of 
possible differences to real-

life performance. 
 
Specificity and sensitivity 
compared to the gold 

standard should be 
interpreted with respect to 
the prevalence of the disease 

in the assessed population.  
 

Superiority with respect 
to at least one clinically 
important factor 

(hospitalisation, cost-
effectiveness, or 
improvement in patient 

reported outcome) 
should be demonstrated 
in a prospective 
randomized controlled 

trial. 
 
Decision support: added 
value in the treatment 

process (e.g. more or 
faster up titration to 
optimal medical 

therapy, reduction in 
costs) should be 
demonstrated 

Lifestyle behaviour, risk factor 
modification, medication 
adherence (in primary and 

secondary prevention), safety 
and efficacy in derived 
outcomes (e.g. short-term 

compliance and clinical effects) 
should be positively evaluated. 
 
Solutions for tele-rehabilitation: 

non-inferiority compared to 
conventional rehabilitation in 
clinical outcomes (CV risk, 
events or re-vascularization, 

quality of life) should be 
demonstrated. Applications that 
can also provide evidence 

of long-term outcomes should 
be preferred. 
 
The presence of behavioural 

models and relevant strategies 
for behavioural change should 
be addressed. 

 
The possibility of tailoring the 
solution to specific patients’ 
needs and preferences should 

be considered as 
positive factor for improved 
engagement. 

Education The effectiveness of educational interventions, including improved health literacy, and 
patient actions towards a behavioural and lifestyle change, should be quantitatively 

evaluated. These aspects should be assessed using validated scales at baseline compared to 
the end-of-intervention period, as a minimum. Further evaluation could include persistence 
in the longer term, after the official end of the intervention, as well as comparison to the 

standard of care.  
 
Information on frequency of updating of the information should be reported. 
 

 1 

Examples or case studies demonstrating possible practical application of the proposed general and specific 2 

criteria are reported in Supplementary material Table A. 3 

The proposed criteria, both general and specific, represent possible aspects that the clinician could take into 4 

consideration to evaluate the level of clinical evidence associated to a certain mHealth solution, by examining 5 
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different sources of information (e.g. existing publications, manufacturer’s claims through its website, public or 1 

private assessment schemes). To facilitate this process, the recently developed CEN-ISO/TS 82304-2 health app 2 

quality assessment framework, once applied and operative, would result in a label (created by a conformity 3 

assessment and certification body based on the replies of the manufacturer to 81 questions and related 4 

evidence) summarizing the app’s benefits in several domains (Healthy and safe, Easy to use, Secure data, Robust 5 

build) as well as an overall health app quality score, ready-to-be-used by the clinician.  As reported in the 6 

Supplementary material Table B, all of the criteria suggested in this article could be mapped to the quality 7 

requirements of the CEN-ISO/TS 82304-2, so that the label and related report, once available, could facilitate the 8 

evaluation by the HCP.  9 

6. Conclusions 10 

Mobile health solutions have the potential to enable cardiac patients to take a more active role in their own 11 

care and to improve contemporary clinical care pathways. To reduce existing barriers that prevent such 12 

utilization, and to guide HCPs in the evaluation of the level of available evidence for mHealth solutions, both 13 

general and specific criteria were formulated as consensus by a Task Force initiated within the ESC Regulatory 14 

Affairs Committee. The Task Force included clinical experts, patient representatives and members with recent 15 

experience of working in a NB; existing assessment frameworks and initiatives of other medical associations were 16 

also taken into account. 17 

Rhythm management, heart failure, and preventive cardiology were chosen as specific fields in CV clinical 18 

practice in which mHealth solutions are potentially useful for patients, and these were divided by their intended 19 

uses (i.e. diagnostic support, therapeutics, remote follow-up and education). After providing a definition of the 20 

problem informed by the views of stakeholders, possible ways to obtain information about the level of 21 

evidence were presented. The analysis of HCP’s needs for a correct use of mHealth in these three fields 22 

allowed the definition of particular factors to be considered when suggesting the use of mHealth solutions to 23 
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patients. Consensus was reached on both the general and specific guidance for the assessment of clinical 1 

evidence and the need for standardised regulatory criteria and processes.  2 

We are aware that this work does not cover all possible usage of mHealth, but we are confident that our 3 

approach, focused on exploring specific needs according to their intended uses, could facilitate further work 4 

exploring and extending it to other CV clinical domains, thus avoiding a “one -size-fits-all” strategy. 5 

This ESC clinical consensus statement recognizes the need for input from professional medical associations and 6 

scientific societies to support professionals in the use of mHealth in clinical practice. It is intended to make 7 

them aware of the national approval programs for mHealth solutions that have fulfilled the required criteria for 8 

their sustainable introduction into clinical practice, and support trust development among professionals that 9 

are unsure of prescribing mHealth solutions [54,141].  10 

Defining these proposed criteria represents a first step to make the other stakeholders (manufacturers, 11 

notified bodies, and national regulatory authorities) aware of the ESC community’s opinion of the level of 12 

clinical evidence required for the recommendation of mHealth solutions, and to underline how the recently 13 

developed CEN-ISO/TS 82304-2 health app quality assessment framework could support these needs, without 14 

additional burden for the HCP. It is now the role of regulators and policy makers to consider this consensus 15 

statement, and create a pathway for either this or similar frameworks to be put into effect.  16 

 17 

Declarations 18 

Conflict of Interest 19 

G.B. declares payment or honoraria for lectures, presentations, speakers bureaus, manuscript writing or 20 

educational events from Bayer, Boston, Boehringer Ingelheim, Daiichi-Sankyo, Janssen, Sanofi. L.N. reports 21 

grants or contracts through her institution from Daiichi Sankyo; under 1000 USD personal honoraria from 22 

Pfizer-BMS. A.G.F. reports a grant support from the European Union Horizon Europe programme for the CORE 23 

MD project (agreement 965246); being the Chairman, Regulatory Affairs Committee, Biomedical Alliance in 24 

ACCEPTED M
ANUSCRIP

T D
ow

nloaded from
 https://academ

ic.oup.com
/ehjdh/advance-article/doi/10.1093/ehjdh/ztae042/7687695 by guest on 11 June 2024



 34 

Europe. F.D. Reports being a task force member for the European Society of Cardiology; support for attending 1 

meetings and/or travel by the BSI/TeamNB as a technical specialist; fiduciary role in Team NB as a technical 2 

specialist from BSI. A.B. reports Abiomed scientific grant (76445733); royalties or licenses from Seerling ltd; 3 

Support for attending meetings and/or travel from Pfizer for the ESC congress 2023; being a member of the 4 

Librexia ACS trial steering committee. E.G.C. reports a grant in the form of a <1K€ payment to his institution 5 

from the Advisory Board on digital Health of Medtronic USA; honoraria for presentations or educational events 6 

(total <10k€) from Servier, Summeet Srl, Dynamicom Education srl, UVET GBT Spa, Sanofi; support for 7 

attending meetings and/or travel from the European Society of Cardiology. R.C. declares personal payments for 8 

lectures, presentations, speakers bureaus, manuscript writing or educational events from Boehringer 9 

Ingelheim, Servier, Novartis, BerlinChemie, Zentiva, Viatris, Pfizer, Astra Zeneca; support for attending 10 

meetings and/or travel from Novartis Berlin-Chemie, Astra Zeneca, Boehringer Ingelheim; participation on a 11 

Data Safety Monitoring Board or Advisory Board for Boehringer Ingelheim; receipt of drug samples from Astra 12 

Zeneca and Boehringer Ingelheim. D.A.L. declares grants or contracts to her institution from Bristol-Myers 13 

Squibb and Pfizer ; consulting fees from Bristol-Myers Squibb (BMS) and Boehringer Ingelheim; payment or 14 

honoraria for lectures, presentations, speakers bureaus, manuscript writing or educational events from Bayer, 15 

BMS-Pfizer, Boehringer Ingelheim. G.R. declares consulting fees paid to the University no value transfer from 16 

Astra Zeneca, Bayer, Boehringer Ingelheim, Vifor, Menarini; Payment or honoraria for lectures, presentations, 17 

speakers bureaus, manuscript writing or educational events to the university no value transfer from Astra 18 

Zeneca, Bayer, Boehringer Ingelheim, Vifor, Menarini; support for attending meetings and/or travel from 19 

Fondazione Menarini, Servier, Astra Zeneca. P.H declares  Horizon Europe Label2Enable project payments to 20 

the Leiden University Medical center and to be the lead expert of CEN-ISO/TS 82304-2 with no financial ties or 21 

royalties for CEN TC251; payment or honoraria for lectures, presentations, speakers bureaus, manuscript 22 

writing or educational events covered by Label2Enable project; payment for expert testimony for the Advanced 23 

and Active Living project for project reviews; support for attending meetings and/or travel from, the American 24 

Society of Clinical Oncology in 2019 as a patient advocate; being the unpaid initiator and driver of two health 25 

ACCEPTED M
ANUSCRIP

T D
ow

nloaded from
 https://academ

ic.oup.com
/ehjdh/advance-article/doi/10.1093/ehjdh/ztae042/7687695 by guest on 11 June 2024



 35 

apps in oncology (ReMind app and Goings-On app). R.A. reports < 100 € of royalties or licenses from Springer-1 

Verlag GmbH; a 750 EUR payment or honoraria for lectures, presentations, speakers bureaus, manuscript 2 

writing or educational events from the Univers Formazione SRL Roma; participation on a Data Safety 3 

Monitoring Board or Advisory Board of Resilience Trial. H.P.B.LR. declares support for the present manuscript 4 

in the form of  INTERREG-NWE project NWE702; PASSION-HF grants to his institution; grants or contracts from 5 

Dutch Heart Foundation CVON 2018-28, ZONMW IMDI 104022004, Vifor Pharma, and Roche Diagnostics to his 6 

institution; consulting fees from Novartis Pharma, Boehringer-Ingelheim, AstraZeneca, Roche Diagnostics, Vifor 7 

Pharma to his institution; payment or honoraria for lectures, presentations, speakers bureaus, manuscript 8 

writing or educational events to his institution from Novartis, Roche Diagnostics; payment for expert testimony 9 

to his institution from Novartis; being on Committee on pharmacological treatment of the Dutch Society of 10 

Cardiology. K.M.R. declares payment or honoraria for lectures, presentations, speakers bureaus, manuscript 11 

writing or educational events from Biosense Webster; support for attending meetings and/or travel to /from 12 

the European Heart Rhythm Association; being on the board of the European Heart Rhythm Association. E.T.L. 13 

declares a professional personal contract (2019-today) as Senior Consultant with the IRCCS Policlinico San 14 

Donato and a professional personal contract (2003-today) as a Senior Consultant with the Italian National 15 

Health System – Lombardy Region, support for attending meetings and/or travel to/from the Japanese Heart 16 

Rhythm Society (July 2023). M.R.C. Reports having been the chair of the ESC Digital Health Committee in the 17 

period 2018-2022; being employed by AstraZeneca. G.P. declares honorariums for lectures from Omron Health 18 

Care and Somnomedics. P.S. declares payment or honorariums for educational events from Novartis and 19 

Polpharma. R.C.A. declares payment for lectures made to his institution by Abbot and Boston Scientific. CP 20 

declares honorariums for educational cardio-oncology presentations from Amgen and Beigene. P.D., S.C., A.S., 21 

C.O.M., B.B., M.S., H.K., declare no conflict of interest for this contribution.  22 

Data availability 23 

There are no new data associated with this article. 24 

 25 

ACCEPTED M
ANUSCRIP

T D
ow

nloaded from
 https://academ

ic.oup.com
/ehjdh/advance-article/doi/10.1093/ehjdh/ztae042/7687695 by guest on 11 June 2024



 36 

Bibliography 1 

[1] Asadzadeh A, Kalankesh LR. A scope of mobile health solutions in COVID-19 pandemics. Inform Med Unlocked. 2 

2021;23:100558 doi: https://doi.org/10.1016/j.imu.2021.100558  3 

[2] Golinelli D, Boetto E, Carullo G, Nuzzolese AG, Landini MP, Fantini MP. Adoption of digital technologies in health 4 

care during the COVID-19 pandemic: systematic review of early scientific literature. J Med Internet Res. 2020 Nov 5 

6;22(11):e22280. doi: https://doi.org/10.2196/22280  6 

[3] Global Market Insight. Available from: https://www.gminsights.com/industry-analysis/mhealth-market (accessed 1 7 

Nov 2023) 8 

[4] Bernstein ML, McCreless T, Côté MJ. Five constants of information technology adoption in healthcare. Hosp Top. 9 

2007 Winter;85(1):17-25. doi: https://doi.org/10.3200/HTPS.85.1.17-26  10 

[5] Gagnon MP, Desmartis M, Labrecque M, Car J, Pagliari C, Pluye P, et al. Systematic review of factors influencing 11 

the adoption of information and communication technologies by healthcare professionals. J Med Syst. 2012 12 

Feb;36(1):241-77. doi: https://doi.org/10.1007/s10916-010-9473-4  13 

[6] Jacob C, Sezgin E, Sanchez-Vazquez A, Ivory C. Sociotechnical Factors affecting patients' adoption of mobile health 14 

tools: systematic literature review and narrative synthesis. JMIR Mhealth Uhealth. 2022 May 5;10(5):e36284. doi: 15 

https://doi.org/10.2196/36284  16 

[7] Leigh S, Ashall-Payne L, Andrews T. Barriers and facilitators to the adoption of mobile health among health care 17 

professionals from the United Kingdom: discrete choice experiment. JMIR Mhealth Uhealth. 2020 Jul 18 

6;8(7):e17704. doi: https://doi.org/10.2196/17704  19 

[8]  Peng W, Yuan S, Holtz BE. Exploring the challenges and opportunities of health mobile apps for individuals with 20 

Type 2 Diabetes living in rural communities. Telemed J E Health. 2016 Sep;22(9):733 -8. doi: 21 

https://doi.org/10.1089/tmj.2015.0180  22 

[9] Dalton-Brown S. The ethics of medical AI and the physician-patient relationship. Camb Q Healthc Ethics. 2020; 29: 23 

115–121. https://doi.org/10.1017/S0963180119000847 24 

[10] AI act adopted text. Available from: https://www.europarl.europa.eu/doceo/document/TA -9-2024-0138_EN.pdf 25 

(accessed 23 Mar 2024)  26 

ACCEPTED M
ANUSCRIP

T D
ow

nloaded from
 https://academ

ic.oup.com
/ehjdh/advance-article/doi/10.1093/ehjdh/ztae042/7687695 by guest on 11 June 2024



 37 

[11]  Lupiáñez-Villanueva F, Folkvord F, Vanden Abeele M. Influence of the business revenue, recommendation, and 1 

provider models on mobile health app adoption: three-country experimental vignette study. JMIR Mhealth 2 

Uhealth. 2020 Jun 4;8(6):e17272. doi: https://doi.org/10.2196/17272  3 

[12]  Brandes A, Stavrakis S, Freedman B, Antoniou S, Boriani G, Camm AJ, et al. Consumer -Led screening for Atrial 4 

Fibrillation: Frontier Review of the AF-SCREEN International Collaboration. Circulation. 2022 Nov 8;146(19):1461 -5 

1474. doi: https://doi.org/10.1161/CIRCULATIONAHA.121.0589114  6 

[13] Business of Apps. Available from: https://www.businessofapps.com/data/app-stores/ (accessed 1 Nov 2023) 7 

 [14] Aungst T, Seed S, Gobin N, Jung R. The good, the bad, and the poorly designed: The mobile app stores are not a 8 

user-friendly experience for health and medical purposes. Digit Health. 2022 Apr 5;8:20552076221090038. doi: 9 

https://doi.org/10.1177/20552076221090038 10 

[15] Huguet A, Rao S, McGrath PJ, Wozney L, Wheaton M, Conrod J, et al. A systematic review of cognitive behavioral 11 

therapy and behavioral activation apps for depression. PLoS One. 2016 May 2;11(5):e0154248. doi: 12 

https://doi.org/10.1371/journal.pone.0154248 13 

[16] Gordon WJ, Coravos AR, Stern AD. Ushering in safe, effective, secure, and ethical medicine in the digital era. NPJ 14 

Digit Med. 2021 Mar 25;4(1):56. doi: https://doi.org/10.1038/s41746 -021-00424-5 15 

[17] Wyatt JC. How can clinicians, specialty societies and others evaluate and improve the quality of apps for patient 16 

use? BMC Med. 2018 Dec 3;16(1):225. doi: https://doi.org/10.1186/s12916 -018-1211-7 17 

[18] Larsen ME, Huckvale K, Nicholas J, Torous J, Birrell L, Li E, et al. Using science to sell apps: Evaluation of mental 18 

health app store quality claims. NPJ Digit Med. 2019 Mar 22;2:18. doi: https://doi.org/10.1038/s41746 -019-0093-19 

1 20 

[19] Grundy Q, Chiu K, Held F, Continella A, Bero L, Holz R. Data sharing practices of medicines related apps and the 21 

mobile ecosystem: traffic, content, and network analysis. BMJ. 2019 Mar 20;364:l920. doi: 22 

https://doi.org/10.1136/bmj.l920  23 

[20] Dehling T, Gao F, Schneider S, Sunyaev A. Exploring the far side of mobile health: information security and privacy 24 

of mobile health apps on iOS and Android. JMIR Mhealth Uhealth. 2015 Jan 19;3(1):e8. doi: 25 

https://doi.org/10.2196/mhealth.3672  26 

ACCEPTED M
ANUSCRIP

T D
ow

nloaded from
 https://academ

ic.oup.com
/ehjdh/advance-article/doi/10.1093/ehjdh/ztae042/7687695 by guest on 11 June 2024



 38 

[21] Tangari G, Ikram M, Ijaz K, Kaafar MA, Berkovsky S. Mobile health and privacy: cross sectional study. BMJ. 2021 1 

Jun 16;373:n1248. doi: https://doi.org/10.1136/bmj.n1248 2 

[22] Grundy Q, Jibb L, Amoako E, Fang G. Health apps are designed to track and share. BMJ. 2021 Jun 16;373:n1429. 3 

doi: https://doi.org/10.1136/bmj.n1429 4 

[23] EU General Data Protection Regulation 2016/679. Available from: https://eur -lex.europa.eu/eli/reg/2016/679/oj 5 

(accessed 23 March 2024) 6 

[24] Aljedaani B, Babar MA. Challenges with developing secure mobile health applications: systematic review. JMIR 7 

Mhealth Uhealth. 2021;9(6):e15654. https://doi.org/10.2196/15654  8 

[25] Official Journal of the European Union. Available from: https://eur-lex.europa.eu/legal-9 

content/EN/TXT/PDF/?uri=CELEX:32017R0745  (accessed 1 Nov 2023) 10 

[26] Medical Device Coordination Group: MDCG 2019-11. Available from: 11 

https://health.ec.europa.eu/system/files/2020-12 

09/md_mdcg_2019_11_guidance_qualification_classification_software_en_0.pdf (accessed 1 Nov 2023) 13 

[27]  EIT Health. Available from: https://eithealth.eu/wp-content/uploads/2021/10/EIT-Health-Think-Tank_Are-we-14 

MDR-ready.pdf   (accessed 1 Nov 2023) 15 

[28] Medical Device Coordination Group: MDCG 2021-24. Available from: 16 

https://health.ec.europa.eu/system/files/2021-10/mdcg_2021-24_en_0.pdf   (accessed 1 Nov 2023) 17 

[29] Medical Device Coordination Group: MDCG 2020-1. Available from: 18 

https://health.ec.europa.eu/system/files/2020-19 

09/md_mdcg_2020_1_guidance_clinic_eva_md_software_en_0.pdf  (accessed 1 Nov 2023) 20 

[30] Medical Device Coordination Group: MDCG 2020-5. Available from: 21 

https://health.ec.europa.eu/system/files/2020-22 

09/md_mdcg_2020_5_guidance_clinical_evaluation_equivalence_en_0.pdf (accessed 1 Nov 2023) 23 

 [31] Official Journal of the European Union. Available from: https://eur-lex.europa.eu/legal-24 

content/EN/TXT/PDF/?uri=CELEX:32023R0607 (accessed 1 Nov 2023) 25 

 [32] Vo V, Auroy L, Sarradon-Eck A. Patients' perceptions of mhealth apps: meta-ethnographic review of qualitative 26 

studies. JMIR Mhealth Uhealth. 2019 Jul 10;7(7):e13817. doi: https://doi.org/10.2196/13817 27 

ACCEPTED M
ANUSCRIP

T D
ow

nloaded from
 https://academ

ic.oup.com
/ehjdh/advance-article/doi/10.1093/ehjdh/ztae042/7687695 by guest on 11 June 2024



 39 

[33] Bezerra Giordan L, Tong HL, Atherton JJ, Ronto R, Chau J, Kaye D, et al. The use of mobile apps for heart failure 1 

self-management: systematic review of experimental and qualitative studies. JMIR Cardio. 2022 Mar 2 

31;6(1):e33839. doi: https://doi.org/10.2196/33839 3 

[34] Backes C, Moyano C, Rimaud C, Bienvenu C and Schneider MP. Digital Medication Adherence Support: Could 4 

Healthcare Providers Recommend Mobile Health Apps? Front Med Technol. 2021 Feb 17;2:616242. doi: 5 

https://doi.org/10.3389/fmedt.2020.616242 6 

[35] Grundy Q. A review of the quality and impact of mobile health apps. Annu Rev Public Health. 2022 Apr 5;43:117 -7 

134. doi: https://doi.org/10.1146/annurev-publhealth-052020-103738.  8 

[36] Jakob R, Harperink S, Rudolf AM, Fleisch E, Haug S, Mair JL, et al. Factors influencing adherence to mhealth apps 9 

for prevention or management of noncommunicable diseases: systematic Review. J Med Internet Res. 2022 May 10 

25;24(5):e35371. doi: https://doi.org/10.2196/35371 11 

[37] Scariot CA, Heemann A, Padovani S. Understanding the collaborative -participatory design. Work. 2012;41 Suppl 12 

1:2701-5. doi: https://doi.org/10.3233/WOR-2012-0656-2701 13 

[38] Alessa T, Hawley M, de Witte L. Identification of the most suitable app to support the self -management of 14 

hypertension: systematic selection approach and qualitative study. JMIR Mhealth Uhealth. 2021 Nov 15 

17;9(11):e29207. doi: https://doi.org/10.2196/29207 16 

[39] Frederix I, Caiani EG, Dendale P, Anker S, Bax J, Böhm A, et al. ESC e -Cardiology Working Group Position Paper: 17 

Overcoming challenges in digital health implementation in cardiovascular medicine. Eur J Prev Cardiol. 2019 18 

Jul;26(11):1166-1177. doi: https://doi.org/10.1177/2047487319832394 19 

[40] Bradway M, Carrion C, Vallespin B, Saadatfard O, Puigdomènech E, Espallargues M, et al. mHealth assessment: 20 

conceptualization of a global framework. JMIR Mhealth Uhealth. 2017 May 2;5(5):e60. doi: 21 

https://doi.org/10.2196/mhealth.7291 22 

[41] WHO - ITU mHealth Hub in EU. Available from: https://cordis.europa.eu/project/id/737427 (accessed 23 23 

March 2024) 24 

 [42] Essén A, Stern AD, Haase CB, Car J, Greaves F, Paparova D, et al. Health app policy: international comparison of 25 

nine countries' approaches. NPJ Digit Med. 2022 Mar 18;5(1):31. doi: https://doi.org/10.1038/s41746-022-00573-26 

1 27 

ACCEPTED M
ANUSCRIP

T D
ow

nloaded from
 https://academ

ic.oup.com
/ehjdh/advance-article/doi/10.1093/ehjdh/ztae042/7687695 by guest on 11 June 2024



 40 

[43] Haute Autorité de Sante. Available from: https://www.has-sante.fr/upload/docs/application/pdf/2021-1 

09/assessment_of_apps_in_the_mobile_health_mhealth_sector._overview_and_quality_criteria_of_medical_co2 

ntent.pdf  (accessed 1 Nov 2023) 3 

[44] Belgian Health Care Knowledge Center. Available from: https://kce.fgov.be/sites/default/files/2023 -4 

01/KCE_362_Evaluation_Digital_Medical_Technologies_Report.pdf  (accessed 1 Nov 2023) 5 

[45] MHealth Belgium. Available from: https://mhealthbelgium.be/apps  (accessed 1 Nov 2023) 6 

 [46] AppSaludable. Available from: http://appesaludable.com/   (accessed 1 Nov 2023) 7 

 [47] TIC Salut Social. Available from: https://ticsalutsocial.cat/en/actiusdigitals/apps/ (accessed 1 Nov 2023) 8 

[48] Bundesinstitut fur Arzneimittel und Medizinproduckte (DiGA). Available from: https://diga.bfarm.de/de  9 

(accessed 1 Nov 2023) 10 

[49] MySNS Comunidate . Available from: https://mysns.min-saude.pt/criterios-de-avaliacao/   (accessed 1 Nov 2023) 11 

[50] ehealthSuisse. Available from: https://www.e-health-suisse.ch/en  (accessed 1 Nov 2023) 12 

[51] National Institute for health and care excellence (NICE). Available from: 13 

https://www.nice.org.uk/Media/Default/About/what-we-do/our-programmes/evidence-standards-14 

framework/digital-evidence-standards-framework.pdf   (accessed 1 Nov 2023) 15 

[52] Boriani G, Svennberg E, Guerra F, Linz D, Casado-Arroyo R, Malaczynska-Rajpold K, et al. Reimbursement 16 

practices for use of digital devices in atrial fibrillation and other arrhythmias: a European Heart Rhythm 17 

Association survey. Europace. 2022 Nov 22;24(11):1834-1843. doi: https://doi.org/10.1093/europace/euac142  18 

[53] INAMI. Available from: https://www.riziv.fgov.be/fr/nouvelles/Pages/applications-mobiles-medicales-nouvelle-19 

procedure-remboursement.aspx  (accessed 1 Nov 2023) 20 

[54] Richter JG, Chehab G, Stachwitz P, Hagen J, Larsen D, Knitza J, et al. One year of digital health applications (DiGA) 21 

in Germany - Rheumatologists' perspectives. Front Med (Lausanne). 2022 Oct 25;9:1000668. doi: 22 

https://doi.org/10.3389/fmed.2022  23 

[55] Sauermann S, Herzberg J, Burkert S, Habetha S. DiGA - A Chance for the German Healthcare System. J Eur CME. 24 

2021 Dec 23;11(1):2014047. doi: https://doi.org/10.1080/21614083.2021.2014047  25 

[56]  International Standard Organization (ISO). Available from: https://www.iso.org/standard/78182.html  (accessed 26 

1 Nov 2023) 27 

ACCEPTED M
ANUSCRIP

T D
ow

nloaded from
 https://academ

ic.oup.com
/ehjdh/advance-article/doi/10.1093/ehjdh/ztae042/7687695 by guest on 11 June 2024



 41 

[57] Hoogendoorn P, Versluis A, van Kampen S, McCay C, Leahy M, Bijlsma M, et al. What makes a quality health 1 

App—Developing a global research-based health App quality assessment framework for CEN-ISO/TS 82304-2: 2 

Delphi Study. JMIR Form Res 2023;7:e43905. doi: https://doi.org/10.2196/43905  3 

[58] Dutch national government. Available from: 4 

https://www.rijksoverheid.nl/documenten/kamerstukken/2021/12/17/kamerbrief-over-aanbieding-5 

adviesrapport-over-de-ontwikkeling-van-een-toetsingskader-voor-gezondheidsapps-en-het-vervolgproces 6 

(accessed 1 Nov 2023) 7 

[59] Helse Norge. Available from: https://tjenester.helsenorge.no/verktoy (accessed 1 Nov 2023)  8 

[60] EU funded project Label2Enable. Available from: https://label2enable.eu/ (accessed 1 Nov 2023)  9 

[61] European Diabetes Forum. Available from: https://www.eudf.org/our -work/recommendations/diabetes-10 

technologies/ (accessed 1 Nov 2023) 11 

[62] Di Maio M, Basch E, Denis F, Fallowfield LJ, Ganz PA, Howell D, et al. The role of patient-reported outcome 12 

measures in the continuum of cancer clinical care: ESMO Clinical Practice Guideline. Ann Oncol. 2022 13 

Sep;33(9):878-892. doi: https://doi.org/10.1016/j.annonc.2022.04.007  14 

[63] American Psychiatric Association. Available from: https://www.psychiatry.org/psychiatrists/practice/mental-15 

health-apps/the-app-evaluation-model (accessed 1 Nov 2023) 16 

[64] American Psychogical Association. Available from: 17 

https://www.apaservices.org/practice/business/technology/tech-column  (accessed 1 Nov 2023) 18 

[65] Kotecha D, Chua WWL, Fabritz L, Hendriks J, Casadei B, Schotten U, et al. European Society of Cardiology (ESC) 19 

Atrial Fibrillation Guidelines Taskforce, the CATCH ME consortium and the European Heart Rhythm Association 20 

(EHRA). European Society of Cardiology smartphone and tablet applications for patients with atrial fibrillation and 21 

their health care providers. Europace. 2018 Feb 1;20(2):225-233. doi: https://doi.org/10.1093/europace/eux299  22 

[66] Lopez Perales CR, Van Spall HGC, Maeda S, Jimenez A, Laţcu DG, Milman A, Kirakoya-Samadoulougou F, et al. 23 

Mobile health applications for the detection of atrial fibrillation: a systematic review. Europace. 2021 Jan 24 

27;23(1):11-28 doi: https://doi.org/10.1093/europace/euaa139 25 

ACCEPTED M
ANUSCRIP

T D
ow

nloaded from
 https://academ

ic.oup.com
/ehjdh/advance-article/doi/10.1093/ehjdh/ztae042/7687695 by guest on 11 June 2024



 42 

[67] Kalarus Z, Mairesse GH, Sokal A, Boriani G, Średniawa B, Casado-Arroyo R, et al. Searching for atrial fibrillation: 1 

looking harder, looking longer, and in increasingly sophisticated ways. An EHRA position paper. Europace. 2023 2 

Feb 8;25(1):185-198. doi: https://doi.org/10.1093/europace/euac144 3 

[68] Yang TY, Huang L, Malwade S, Hsu CY, Chen YC. Diagnostic accuracy of ambulatory devices in detecting atrial 4 

fibrillation: systematic review and meta-analysis. JMIR Mhealth Uhealth. 2021 Apr 9;9(4):e26167 doi: 5 

https://doi.org/10.2196/26167  6 

[69] Svennberg E, Tjong F, Goette A, Akoum N, Di Biase L, Bordachar P, et al. How to use digital devices to detect and 7 

manage arrhythmias: an EHRA practical guide. Europace. 2022 Jul 15;24(6):979 -1005. doi: 8 

https://doi.org/10.1093/europace/euac038 9 

[70] Varma N, Cygankiewicz I, Turakhia MP, Heidbuchel H, Hu YF, Chen LY, Couderc JP, Cronin EM, Estep JD, Grieten L, 10 

Lane DA, Mehra R, Page A, Passman R, Piccini JP, Piotrowicz E, Piotrowicz R, Platonov PG, Ribeiro AL, Rich RE, 11 

Russo AM, Slotwiner D, Steinberg JS, Svennberg E. 2021 ISHNE/HRS/EHRA/APHRS expert collaboratives on 12 

mHealth in arrhythmia management: digital medical tools for heart rhythm professionals: from the International 13 

Society for Holter and Noninvasive Electrocardiology/Heart Rhythm Society/European Heart Rhythm 14 

Association/Asia-Pacific Heart Rhythm Society. Circ Arrhythm Electrophysiol. 2021 14(2):e009204. doi: 15 

https://doi.org/10.1161/CIRCEP.120.009204. 16 

[71] Demkowicz PC, Dhruva SS, Spatz ES, Beatty AL, Ross JS, Khera R. Physician responses to apple watch -detected 17 

irregular rhythm alerts. Am Heart J. 2023;262:29-37. doi: https://doi.org/10.1016/j.ahj.2023.04.008 18 

[72] CardioSmart – American College of Cardiology. Available from: https://www.cardiosmart.org/topics/atrial-19 

fibrillation  (accessed 1 Nov 2023) 20 

[73] Guo Y, Chen Y, Lane DA, Liu L, Wang Y, Lip GYH. Mobile health technology for atrial fibrillation management 21 

integrating decision support, education, and patient involvement: mAF App Trial. Am J Med. 2017 22 

Dec;130(12):1388-1396.e6. doi: https://doi.org/10.1016/j.amjmed.2017.07.003 23 

[74] McConnell MV, Turakhia MP, Harrington RA, King AC, Ashley EA. Mobile health advances in physical activity, 24 

fitness, and atrial fibrillation: moving hearts. J Am Coll Cardiol. 2018 Jun 12;71(23):2691 -2701. doi: 25 

https://doi.org/10.1016/j.jacc.2018.04.030 26 

ACCEPTED M
ANUSCRIP

T D
ow

nloaded from
 https://academ

ic.oup.com
/ehjdh/advance-article/doi/10.1093/ehjdh/ztae042/7687695 by guest on 11 June 2024



 43 

[75] Ringh M, Rosenqvist M, Hollenberg J, Jonsson M, Fredman D, Nordberg P, et al. Mobile -phone dispatch of 1 

laypersons for CPR in out-of-hospital cardiac arrest. N Engl J Med. 2015 Jun 11;372(24):2316-25. doi: 2 

https://doi.org/10.1056/NEJMoa1406038 3 

[76] Bouzid Z, Al-Zaiti SS, Bond R, Sejdić E. Remote and wearable ECG devices with diagnostic abilities in adults: A 4 

state-of-the-science scoping review. Heart Rhythm. 2022 Jul;19(7):1192-1201. doi: 5 

https://doi.org/10.1016/j.hrthm.2022.02.030 6 

[77] Santala OE, Lipponen JA, Jäntti H, Rissanen TT, Tarvainen MP, Laitinen TP, Laitinen TM, Castrén M, Väliaho ES, 7 

Rantula OA, Naukkarinen NS, Hartikainen JEK, Halonen J, Martikainen TJ. Continuous mHealth Patch Monitoring 8 

for the Algorithm-Based Detection of Atrial Fibrillation: Feasibility and Diagnostic Accuracy Study. JMIR Cardio. 9 

2022;6(1):e31230. doi: https://doi.org/10.2196/31230 10 

[78] Xintarakou A, Sousonis V, Asvestas D, Vardas PE, Tzeis S. Remote cardiac rhythm monitoring in the era of smart 11 

wearables: present assets and future perspectives. Front Cardiovasc Med. 2022 Mar 1;9:853614. doi: 12 

https://doi.org/10.3389/fcvm.2022.853614 13 

[79] Castelletti S, Winkel BG, Schwartz PJ. Remote monitoring of the QT interval and emerging indications for 14 

arrhythmia prevention. Card Electrophysiol Clin. 2021 Sep;13(3):523 -530. doi: 15 

https://doi.org/10.1016/j.ccep.2021.04.010 16 

[80] Schulze Lammers S, Lawrenz T, Lawin D, Hoyer A, Stellbrink C, Albrecht UV. Prolonged mHealth-Based Arrhythmia 17 

Monitoring in Patients With Hypertrophic Cardiomyopathy (HCM-PATCH): Protocol for a Single-Center Cohort 18 

Study. JMIR Res Protoc 2023;12:e52035. doi: https://doi.org/10.2196/52035  19 

[81] Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomström-Lundqvist C, et al. ESC Scientific Document Group. 20 

2020 ESC guidelines for the diagnosis and management of atrial fibrillation developed in collaboration with the 21 

European Association for Cardio-Thoracic Surgery (EACTS): The Task Force for the diagnosis and management of 22 

atrial fibrillation of the European Society of Cardiology (ESC) developed with the special contribution of the 23 

European Heart Rhythm Association (EHRA) of the ESC. Eur Heart J 2021; 42:373 -498. doi: 24 

https://doi.org/10.1093/eurheartj/ehaa612 25 

ACCEPTED M
ANUSCRIP

T D
ow

nloaded from
 https://academ

ic.oup.com
/ehjdh/advance-article/doi/10.1093/ehjdh/ztae042/7687695 by guest on 11 June 2024



 44 

[82] Guo Y, Lane DA, Wang L, Chen Y, Lip GYH; mAF-App II trial investigators. Mobile Health (m-Health) technology for 1 

improved screening, patient involvement and optimising integrated care in atrial fibrillation: the mAFA (mAF -App) 2 

II randomised trial. Int J Clin Pract 2019:e13352. doi: https://doi.org/10.1111/ijcp.13352  3 

[83] Guo Y, Lane DA, Wang L, Zhang H, Wang H, Zhang W, et al. Mobile health technology to improve care for patients 4 

with atrial fibrillation. J Am Coll Cardiol 2020; 75: 1523-1534. doi: https://doi.org/10.1016/j.jacc.2020.01.052 5 

[84] Bunting KV, van Gelder IC, Kotecha D. STEEER-AF: a cluster-randomized education trial from the ESC. Eur Heart J 6 

2020; 41:1952-1954. doi: https://doi.org/10.1093/eurheartj/ehaa421 7 

[85] Pluymaekers NAHA, Hermans ANL, van der Velden RMJ, Gawalko M, den Uijl DW, Buskes S, et al. Implementation 8 

of an on-demand app-based heart rate and rhythm monitoring infrastructure for the management of atrial 9 

fibrillation through teleconsultation: TeleCheck-AF. Europace 2021; 23:345-352. doi: 10 

https://doi.org/10.1093/europace/euaa201 11 

[86] Lazaridis C, Bakogiannis C, Mouselimis D, Tsarouchas A, Antoniadis AP, Triantafyllou K, Fragakis N, Vassilikos VP. 12 

The usability and effect of an mHealth disease management platform on the quality of life of patients with 13 

paroxysmal atrial fibrillation - The emPOWERD-AF study. Health Informatics J. 2022;28(4):14604582221139053. 14 

doi: https://doi.org/10.1177/14604582221139053 15 

[87] Gawalko M, Duncker D, Manninger M, van der Velden RMJ, Hermans ANL, Verhaert DVM, et al. The European 16 

TeleCheck-AF project on remote app-based management of atrial fibrillation during the COVID-19 pandemic: 17 

centre and patient experiences. Europace. 2021 Jul 18;23(7):1003-1015. doi: 18 

https://doi.org/10.1093/europace/euab050 19 

[88] Penso M, Solbiati S, Moccia S, Caiani EG. Decision Support Systems in HF based on Deep Learning technologies. 20 

Curr Heart Fail Rep. 2022 Apr;19(2):38-51. doi: https://doi.org/10.1007/s11897-022-00540-7 21 

[89] Farwati M, Riaz H, Tang WHW. Digital Health Applications in Heart Failure: a Critical Appraisal of Literature. Curr 22 

Treat Options Cardiovasc Med. 2021;23(2):12. doi: https://doi.org/10.1007/s11936 -020-00885-z 23 

[90] McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Böhm M, et al. 2021 ESC Guidelines for the 24 

diagnosis and treatment of acute and chronic heart failure. Eur Heart J. 2021 Sep 21;42(36):3599 -3726. doi: 25 

https://doi.org/10.1093/eurheartj/ehab368 26 

ACCEPTED M
ANUSCRIP

T D
ow

nloaded from
 https://academ

ic.oup.com
/ehjdh/advance-article/doi/10.1093/ehjdh/ztae042/7687695 by guest on 11 June 2024



 45 

[91] Brunner-La Rocca HP, Sanders-van Wijk S, Knackstedt C. Biomarkers in patients with acute dyspnoea: what for? 1 

Eur Heart J. 2012 Sep;33(17):2124-6. doi: https://doi.org/10.1093/eurheartj/ehs212 2 

[92] Conrad N, Judge A, Tran J, Mohseni H, Hedgecott D, Perez Crespillo A, et al. Temporal trends and patterns in 3 

heart failure incidence: a population-based study of 4 million individuals. Lancet. 2018; 391(10120): P572-580. 4 

doi: https://doi.org/10.1016/S0140-6736(17)32520-5 5 

[93] Barrett M, Boyne J, Brandts J, Brunner-La Rocca HP, De Maesschalck L, De Wit K, et al. Artificial intelligence 6 

supported patient self-care in chronic heart failure: a paradigm shift from reactive to predictive, preventive and 7 

personalised care. EPMA J. 2019 Nov 22;10(4):445-464. doi: https://doi.org/10.1007/s13167-019-00188-9 8 

[94] Liu S, Li J, Wan DY, Li R, Qu Z, Hu Y, et al. Effectiveness of ehealth self-management interventions in patients with 9 

heart failure: systematic review and meta-analysis. J Med Internet Res. 2022 Sep 26;24(9):e38697. doi: 10 

https://doi.org/10.2196/38697 11 

[95] Allida S, Du H, Xu X, Prichard R, Chang S, Hickman LD, et al. mHealth education interventions in heart failure. 12 

Cochrane Database Syst Rev. 2020 Jul 2;7(7):CD011845. doi: https://doi.org/10.1002/14651858.CD011845.pub2  13 

[96] Boriani G, Maisano A, Bonini N, Albini A, Imberti JF, Venturelli A, et al. Digital literacy as a potential barrier to 14 

implementation of cardiology tele-visits after COVID-19 pandemic: the INFO-COVID survey. J Geriatr Cardiol. 2021 15 

Sep 28;18(9):739-747. doi: https://doi.org/10.11909/j.issn.1671-5411.2021.09.003 16 

[97] Kennel PJ, Rosenblum H, Axsom KM, Alishetti S, Brener M, Horn E, et al. remote cardiac monitoring in patients 17 

with heart failure: a review. JAMA Cardiol. 2022 May 1;7(5):556-564. doi: 18 

https://doi.org/10.1001/jamacardio.2021.5090    19 

[98] Mohebali D, Kittleson MM. Remote monitoring in heart failure: current and emerging technologies in the context 20 

of the pandemic. Heart. 2021 Mar;107(5):366-372. doi: https://doi.org/10.1136/heartjnl-2020-318062 21 

[99] Rahimi K, Nazarzadeh M, Pinho-Gomes AC, Woodward M, Salimi-Khorshidi G, Ohkuma T, et al. Home monitoring 22 

with technology-supported management in chronic heart failure: a randomised trial. Heart. 2020 23 

Oct;106(20):1573-1578. doi: https://doi.org/10.1136/heartjnl-2020-316773 24 

[100] Zile MR, Lindenfeld J, Weaver FA, Zannad F, Galle E, Rogers T, Abraham WT. Baroreflex activation therapy in 25 

patients with heart failure with reduced ejection fraction. J Am Coll Cardiol. 2020 Jul 7;76(1):1 -13. doi: 26 

https://doi.org/10.1016/j.jacc.2020.05.015 27 

ACCEPTED M
ANUSCRIP

T D
ow

nloaded from
 https://academ

ic.oup.com
/ehjdh/advance-article/doi/10.1093/ehjdh/ztae042/7687695 by guest on 11 June 2024



 46 

[101] Koehler F, Koehler K, Deckwart O, Prescher S, Wegscheider K, Kirwanet B-A, et al. Efficacy of telemedical 1 

interventional management in patients with heart failure (TIM- HF2): a randomised, controlled, parallel- group, 2 

unmasked trial. Lancet 2018;392:1047–57. doi: https://doi.org/10.1016/S0140-6736(18)31880-4 3 

[102] Soon S, Svavarsdottir H, Downey C, Jayne DG. Wearable devices for remote vital signs monitoring in the 4 

outpatient setting: an overview of the field BMJ Innovations 2020;6:55 -71. doi:  5 

http://dx.doi.org/10.1136/bmjinnov-2019-000354 6 

[103] Heist EK, Herre JM, Binkley PF, Van Bakel AB, Porterfield JG, Porterfield LM, et al. Analysis of different device- 7 

based intrathoracic impedance vectors for detection of heart failure events (from the detect fluid early from 8 

intrathoracic impedance monitoring study). Am J Cardiol 2014;114:1249 –56. doi: 9 

http://dx.doi.org/10.1016/j.amjcard.2014.07.048 10 

[104] Conraads VM, Tavazzi L, Santini M, Oliva F, Gerritse B, Yu CM, et al. Sensitivity and positive predictive value of 11 

implantable intrathoracic impedance monitoring as a predictor of heart failure hospitalizations: the SENSE- HF 12 

trial. Eur Heart J 2011;32:2266–73. doi: http://dx.doi.org/10.1093/eurheartj/ehr050 13 

[105] Abraham WT, Anker S, Burkhoff D, Cleland J, Gorodeski E, Jaarsma T, et al. primary results of the sensible 14 

medical innovations lung fluid status monitor allows reducing readmission rate of heart failure patients (smile) 15 

trial. Journal of Cardiac Failure 2019; 25(11):938. doi: https://doi.org/10.1016/j.cardfail.2019.11.007  16 

[106] Heywood JT, Jermyn R, Shavelle D, Abraham WT, Bhimaraj A, Bhatt K, et al. Impact of practice -based 17 

management of pulmonary artery pressures in 2000 patients implanted with the CardioMEMS sensor. Circulation. 18 

2017 Apr 18;135(16):1509-1517. doi: https://doi.org/10.1161/CIRCULATIONAHA.116.026184  19 

[107] Shavelle DM, Desai AS, Abraham WT, Bourge RC, Raval N, Rathman LD, et al. Lower rates of heart failure and all -20 

cause hospitalizations during pulmonary artery pressure-guided therapy for ambulatory heart failure: one-year 21 

outcomes from the CardioMEMS post-approval study. Circ Heart Fail. 2020 Aug;13(8):e006863. doi: 22 

https://doi.org/10.1161/CIRCHEARTFAILURE.119.006863 23 

[108] Abraham WT, Adamson PB , Costanzo MR , Saxon L, Singh J, Troughton R. Hemodynamic monitoring in 24 

advanced heart failure: results from the LAPTOP-HF trial. J Card Fail 2016;22:P940. doi: 25 

https://doi.org/10.1016/j.cardfail.2016.09.012 26 

ACCEPTED M
ANUSCRIP

T D
ow

nloaded from
 https://academ

ic.oup.com
/ehjdh/advance-article/doi/10.1093/ehjdh/ztae042/7687695 by guest on 11 June 2024



 47 

[109] Ferrick AM, Raj SR, Deneke T, Kojodjojo P, Lopez-Cabanillas N, Abe H, et al. 2023 HRS/EHRA/APHRS/LAHRS 1 

Expert Consensus Statement on Practical Management of the Remote Device Clinic. Europace. 2023 May 2 

19;25(5):euad123. doi: https://doi.org/10.1093/europace/euad123  3 

[110] Jonkman NH, Westland H, Groenwold RH, Agren S, Anguita M, Blue L, et al. What are effective program 4 

characteristics of self-management interventions in patients with heart failure? An individual patient data meta-5 

analysis. J Card Fail 2016;22:861–871. doi: https://doi.org/10.1016/j.cardfail.2016.06.422 6 

[111] British Heart Foundation. Available from: https://www.bhf.org.uk/informationsupport/publications/heart-7 

conditions/your-guide-to-heart-failure (accessed 1 Nov 2023) 8 

[112] Heartfailurematters. Available from: https://www.heartfailurematters.org/ (accessed 1 Nov 2023) 9 

[113] Sgreccia D, Mauro E, Vitolo M, Manicardi M, Valenti AC, Imberti JF, er al. Implantable cardioverter defibrillators 10 

and devices for cardiac resynchronization therapy: what perspective for patients' apps combined with remote 11 

monitoring? Expert Rev Med Devices. 2022 Feb;19(2):155-160. doi: 12 

https://doi.org/10.1080/17434440.2022.2038563 13 

[114] Parati G, Pellegrini D, Torlasco C. How digital health can be applied for preventing and managing hypertension. 14 

Curr Hypertens Rep. 2019 Apr 22;21(5):40. doi: https://doi.org/10.1007/s11906 -019-0940-0 15 

[115] De Luca V, Lazic V, Birov S, Piesche K, Beyhan O, Pengo MF, et al. Digitally enabled health service for the 16 

integrated management of hypertension: a participatory user-centred design process. Int J Environ Res Public 17 

Health. 2021 Nov 26;18(23):12442. doi: https://doi.org/10.3390/ijerph182312442  18 

[116] Dobbie LJ, Tahrani A, Alam U, James J, Wilding J, Cuthbertson DJ. Exercise in obesity-the role of technology in 19 

health services: can this approach work? Curr Obes Rep 2021 Nov 17;1 -14. doi: https://doi.org/10.1007/s13679-20 

021-00461-x 21 

[117] Eyles H, McLean R, Neal B, Jiang Y, Doughty RN, McLean R, et al. A salt-reduction smartphone app supports 22 

lower-salt food purchases for people with cardiovascular disease: Findings from the SaltSwitch randomised 23 

controlled trial Eur J Prev Card 2017 Sep;24(13):1435-1444. doi: https://doi.org/10.1177/2047487317715713 24 

[118] David CN, Ziegelmann PK, Goveia P, Silvani J, Silveira LRPD, Fuchs SC. The effect of mobile health focused on diet 25 

and lifestyle on blood pressure: a systematic review and meta-analysis. Eur J Prev Cardiol. 2022 May 26 

25;29(7):1142-1155. doi: https://doi.org/10.1093/eurjpc/zwac017 27 

ACCEPTED M
ANUSCRIP

T D
ow

nloaded from
 https://academ

ic.oup.com
/ehjdh/advance-article/doi/10.1093/ehjdh/ztae042/7687695 by guest on 11 June 2024



 48 

[119] Buys R, Claes J, Cornelis N, Alen L, Bogaert T, De Buck E, et al. The impact of health apps on lifestyle behaviours 1 

and cardiovascular risk factors in patients with cardiovascular risk factors or established cardiovascular disease: a 2 

systematic review Eur J Prev Card 2021;Volume 28, Issue Supplement_1, zwab061.435. doi:  3 

https://doi.org/10.1093/eurjpc/zwab061.435 4 

[120] Eckardt I, Buschhaus C, Nickenig G, Jansen F Smartphone -guided secondary prevention in patients with 5 

coronary heart disease J Rehabil Assist Technol Eng. 2021 Mar 16;8:2055668321996572. doi: 6 

https://doi.org/10.1177/2055668321996572 7 

[121] Singhal A, Cowie MR. Digital Health: Implications for Heart Failure Management. Card Fail Rev 2021 May 8 

11;7:e08. doi: https://doi.org/10.15420/cfr.2020.28 9 

[122] Al-Arkee S, Mason J, Lane DA, Fabritz L, Chua W, Haque MS, et al. Mobile Apps to Improve Medication 10 

Adherence in Cardiovascular Disease: Systematic Review and Meta-analysis J Med Internet Res 2021 May 11 

25;23(5):e24190. doi: https://doi.org/10.2196/24190 12 

[123] Coorey GM, Neubeck L, Mulley J, Redfern J. Effectiveness, acceptability and usefulness of mobile applications 13 

for cardiovascular disease self-management: Systematic review with meta-synthesis of quantitative and 14 

qualitative data. Eur J Prev Cardiol. 2018 Mar;25(5):505-521. doi: https://doi.org/10.1177/2047487317750913 15 

[124] ESC CVD Risk Calculation App. Available from: https://www.escardio.org/Education/ESC-Prevention-of-CVD-16 

Programme/Risk-assessment/esc-cvd-risk-calculation-app  (accessed 1 Nov 2023) 17 

[125] Scherrenberg M, Wilhelm M, Hansen D, Völler H, Cornelissen V, Frederix I, et al. The future is now: a call for 18 

action for cardiac telerehabilitation in the COVID-19 pandemic from the secondary prevention and rehabilitation 19 

section of the European Association of Preventive Cardiology. ur J Prev Cardiol. 2021 May 14;28(5):524 -540. doi: 20 

https://doi.org/10.1177/2047487320939671 21 

[126] Ramachandran HJ, Jiang Y, Tam WWS, Yeo TJ, Wang W. Effectiveness of home -based cardiac telerehabilitation 22 

as an alternative to Phase 2 cardiac rehabilitation of coronary heart disease: a systematic review and meta-23 

analysis. Eur J Prev Cardiol. 2022 May 25;29(7):1017-1043. doi: https://doi.org/10.1093/eurjpc/zwab106 24 

[127] Kinast B, Lutz M, Schreiweis B. Telemonitoring of real-world health data in cardiology: a systematic review. Int J 25 

Environ Res Public Health. 2021 Aug 27;18(17):9070. doi: https://doi.org/10.3390/ijerph18179070  26 

ACCEPTED M
ANUSCRIP

T D
ow

nloaded from
 https://academ

ic.oup.com
/ehjdh/advance-article/doi/10.1093/ehjdh/ztae042/7687695 by guest on 11 June 2024



 49 

[128] Purcell R, McInnes S, Halcomb EJ. Telemonitoring can assist in managing cardiovascular disease in primary care: 1 

a systematic review of systematic reviews. BMC Fam Pract. 2014 Mar 7;15:43. doi: https://doi.org/10.1186/1471-2 

2296-15-43 3 

[129] Ambrosetti M, Abreu A, Corrà U, Davos CH, Hansen D, Frederix I, et al. Secondary prevention through 4 

comprehensive cardiovascular rehabilitation: From knowledge to implementation. 2020 update. A position paper 5 

from the Secondary Prevention and Rehabilitation Section of the European Association of Preventive Cardiology. 6 

Eur J Prev Cardiol. 2021 May 14;28(5):460-495. doi: https://doi.org/10.1177/2047487320913379 7 

[130]  Anderson L, Brown JP, Clark AM, Dalal H, Rossau HK, Bridges C, Taylor RS. Patient education in the management 8 

of coronary heart disease. Cochrane Database Syst Rev. 2017 Jun 28;6(6):CD008895. doi: 9 

https://doi.org/10.1002/14651858.CD008895.pub3 10 

[131] Correia JC, Waqas A, Assal JP, Davies MJ, Somers F, Golay A, et al. Effectiveness of therapeutic patient education 11 

interventions for chronic diseases: A systematic review and meta-analyses of randomized controlled trials. Front 12 

Med (Lausanne). 2023 Jan 25;9:996528. doi: https://doi.org/10.3389/fmed.2022.996528  13 

[132] van der Storm SL, Jansen M, Meijer HAW, Barsom EZ, Schijven MP. Apps in healthcare and medical research; 14 

European legislation and practical tips every healthcare provider should know. International Journal of Medical 15 

Informatics 2023;177: 105141. doi: https://doi.org/10.1016/j.ijmedinf.2023.105141  16 

[133] Standing Committee of European Doctors. Available from: 17 

https://www.cpme.eu/api/documents/adopted/2022/11/cpme.2022-065.FINAL.CPME.position.EHDS.pdf  18 

(accessed 1 Nov 2023) 19 

[134] EUR-Lex. Available from: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A52022PC0197   20 

(accessed 1 Nov 2023) 21 

[135] European Taskforce for Harmonised Evaluations of Digital Medical Devices. Available from: 22 

https://eithealth.eu/european-taskforce-for-harmonised-evaluations-of-digital-medical-devices-dmds/ (accessed 23 

1 Nov 2023) 24 

[136] Iribarren SJ, Cato K, Falzon L, Stone PW. What is the economic evidence for mHealth? A systematic review of 25 

economic evaluations of mHealth solutions. PLoS One. 2017;12:e0170581. doi: 26 

https://doi.org/10.1371/journal.pone.0170581  27 

ACCEPTED M
ANUSCRIP

T D
ow

nloaded from
 https://academ

ic.oup.com
/ehjdh/advance-article/doi/10.1093/ehjdh/ztae042/7687695 by guest on 11 June 2024



 50 

[137] Jiang X, Ming W, You JH. The cost-effectiveness of digital health interventions on the management of 1 

cardiovascular diseases: systematic review. J Med Internet Res 2019;21(6):e13166. doi: 2 

https://doi.org/10.2196/13166 3 

[138] Ghani Z, Jarl J, Sanmartin Berglund J, Andersson M, Anderberg P. The cost-effectiveness of mobile health 4 

(mhealth) interventions for older adults: systematic review. Int J Environ Res Public Health. 2020;17:5290. doi: 5 

https://doi.org/10.3390/ijerph17155290 6 

[139] McCool J, Dobson R, Whittaker R, Paton C. Mobile health (mhealth) in low- and middle-income countries. Annu 7 

Rev Public Health. 2022;43:525-539. doi: https://doi.org/10.1146/annurev-publhealth-052620-093850 8 

[140] Boriani G, Vitolo M, Svennberg E, Casado-Arroyo R, Merino JL, Leclercq C. Performance-based risk-sharing 9 

arrangements for devices and procedures in cardiac electrophysiology: an innovative perspective. Europace. 2022 10 

Oct 13;24(10):1541-1547. doi: https://doi.org/10.1093/europace/euac045 11 

[141] Dahlhausen F, Zinner M, Bieske L, Ehlers JP, Boehme P, Fehring L. Physicians’ attitudes toward prescribable 12 

mhealth apps and implications for adoption in Germany: mixed methods study. JMIR Mhealth Uhealth 13 

2021;9(11):e33012. doi: https://doi.org/10.2196/33012 14 

ACCEPTED M
ANUSCRIP

T D
ow

nloaded from
 https://academ

ic.oup.com
/ehjdh/advance-article/doi/10.1093/ehjdh/ztae042/7687695 by guest on 11 June 2024


