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Background: Several research studies have demonstrated the potential of mobile health apps in supporting health management. However, the design and development process of these apps are rarely presented.

Objective: We present the design and development of a smartphone-based lifestyle app integrating a wearable device for hypertension management.

Methods: We used an intervention mapping approach for the development of theory- and evidence-based intervention in hypertension management. This consisted of six fundamental steps: needs assessment, matrices, theoretical methods and practical strategies, program design, adoption and implementation plan, and evaluation plan. To design the contents of the intervention, we performed a literature review to determine the preferences of people with hypertension (Step 1) and necessary objectives toward the promotion of self-management behaviors (Step 2). Based on these findings, we implemented theoretical and practical strategies in consultation with stakeholders and researchers (Steps 3), which was used to identify the functionality and develop an mHealth app (Step 4). The adoption (Step 5) and evaluation (Step 6) of the mHealth app will be conducted in a future study.

Results: Through the needs analysis, we identified that people with hypertension preferred having education, medication or treatment adherence, lifestyle modification, alcohol and smoking cessation and blood pressure monitoring support. We utilized MoSCoW analysis to consider four key elements, i.e., education, medication or treatment adherence, lifestyle modification and blood pressure support based on past experiences, and its potential benefits in hypertension management. Theoretical models such as (i) the information, motivation, and behavior skills model, and (ii) the patient health engagement model was implemented in the intervention development to ensure positive engagement and health behavior. Our app provides health education to people with hypertension related to their condition, while utilizing wearable devices to promote lifestyle modification and blood pressure management. The app also contains a clinician portal with rules and medication lists titrated by the clinician to ensure treatment adherence, with regular push notifications to prompt behavioral change. In addition, the app data can be reviewed by patients and clinicians as needed.

Conclusions: This is the first study describing the design and development of an app that integrates a wearable blood pressure device and provides lifestyle support and hypertension management. Our theory-driven intervention for hypertension management is founded on the critical needs of people with hypertension to ensure treatment adherence and supports medication review and titration by clinicians. The intervention will be clinically evaluated in future studies to determine its effectiveness and usability.
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Introduction

Hypertension or high blood pressure (BP) is a leading modifiable risk factor of cardiovascular disease (CVD) (1–3) affecting 4.1 million Australian adults (4), with a total healthcare expenditure estimated to be around AUD$941 million per annum (5). Although several treatment options are available for the management of hypertension (6), only 21.6% of Australians were treated and controlled, while 17% were treated and uncontrolled, and 61.4% were left untreated (4). The treatment procedures include both pharmacological and non-pharmacological interventions that enable the individual to engage and adhere to long-term self-management behaviors (7). However, self-management of high blood pressure can be a complex and time-consuming process as it requires the individual and their caregiver to make day-to-day decisions about activities based on their treatment, symptoms, lifestyle changes, and physical and psychological consequences inherent with living with their health condition (8).

Emerging technologies such as mobile health apps have been shown to improve the treatment of hypertension (9). Apps have the ability to collect and deliver health information in an accessible, interactive and convenient fashion (10). Further, with the inclusion of other sensors and wearable devices (e.g., smartwatches and wristbands), apps can detect health-related data, like heart rate, heart rate variability, blood pressure, sleep quality and physical activity (11). All these services and tools can offer individuals with hypertension the ability to self-manage their condition through self-monitoring activities, feedback, tailored information and reminders (10). Thus, empowering individuals to take control over their health and ensure greater responsibility for their own healthcare management leads to improved quality of life, reduced hospitalizations and decreased costs (12).

While several studies have demonstrated the potential of mobile health (mHealth) apps in supporting the hypertension management (13–16), very rarely has the design and development process of these systems been described, which makes replication of research difficult. Moreover, there is lack of apps with a clinician portal to support remote patient management. Best practices guidelines demonstrate that the development of interventions needs to systematically consider evidence- and theory-based approaches to ensure they are effective in everyday practice (17). In addition, apps integrated with wearable devices for lifestyle interventions in people with hypertension with clinician portal are not available. Hence, in this paper, we present the design and development of a smartphone app with clinician portal for hypertension management using an intervention mapping approach and wearable devices.



Methods

We used an intervention mapping approach (19), which is a popular planning tool (20) for the development of theory- and evidence-based interventions (21) for problem identification, problem-solving and mitigation strategies (22). The intervention mapping approach consists of six fundamental steps (Figure 1) that serve as a blueprint for designing, implementing, and evaluating the intervention based on a strong foundation of theoretical, practical, and empirical evidence (23).


[image: Figure 1]
FIGURE 1
 Six steps intervention mapping approach [adapted from Bartholomew-Eldredge et al. (18), chapter 1].



Phase-1: Needs assessment

The aim of phase-1 was to understand the self-management needs of people with hypertension. We conducted a literature review including qualitative and quantitative studies that described the opinions and preferences of people with hypertension. Studies were included, if they: (i) discussed self-management support for hypertension, (ii) discussed interventions that support self-management of hypertension, and (iii) were published in English. We excluded abstracts, protocols, viewpoints, and letters to the editor. Furthermore, reference lists of primary studies and related reviews were also screened, and articles that met the inclusion criteria were considered in this assessment. The data extracted from relevant studies were thematically synthesized (24) based on the self-management needs, preferences and opinions of the person living with hypertension. These needs were prioritized by the authors based on the MoSCoW (Must have, Should have, Could have, Won't have) prioritization model (25) to determine the features and functions of the intervention.



Phase-2: Identification of outcomes, performance objectives and change objectives

In this phase, we identified the objectives of the intervention based on the target stakeholder's perspective. The matrices focused on promoting self-management behavior in people with hypertension, through a literature review based on the following questions: (i) What does the user aim to accomplish with the change in behavior?, (ii) What agent needs to be implemented to integrate the intervention in the daily environments of the user to promote a change in behavior?, (iii) Why would a user want to change their behavior? and (iv) Why would the user want to integrate the intervention in their activities?



Phase-3: Selecting theoretical methods and practical strategies

This phase involved brainstorming sessions with the authors to determine appropriate strategies for hypertension self-management. Theoretical models included in this development study were derived from empirical evidence that focuses on promoting behavior change. Furthermore, we linked the theoretical models and matrices identified in the previous phase to address the self-management needs of individuals with hypertension.



Phase-4: Program design

In this phase, we designed a mHealth app to support the self-management of people with hypertension based on the needs, matrices and theoretical models identified in the previous stages. mHealth apps offer a useful platform to deliver behavior change interventions as they can be connected with a myriad of medical sensors and wearable devices to promote self-monitoring, personalized goal setting, social competition and comparison and physiological change management (26). The design process included two stages: (i) wireframing and (ii) development.


Wireframes and initial prototype

The content of the app was first represented in the form of a primitive wireframe, which included based schematics that represented the design and interactions. Over a month, the schematics were constantly iterated by the authors through multiple discussions to ensure smooth transitions between each screen. The wireframes were translated into an initial prototype using Adobe XD with the intention of understanding how the design was to be represented. The Adobe XD design was reiterated several times after discussion with the authors until a general agreement was achieved on the design and functionality of the app.



App development

After agreement on the design and functionality of the app, the app was coded by the primary author for smartphones using an IONIC cross-platform design framework connected to a remote server to retrieve and store information. The app was meant to collect and visualize data to gain user attention and engagement. Any information within the app was represented in a simple manner with limited medical jargon to ensure user comprehension. Moreover, the app implemented two forms of communication which were pre-coded into the app. The communication protocols were Generic ATTribute Profile (GATT) for data transmission between the app and the wearable device, and Hypertext Transfer Protocol (HTTP) for data transmission from the app to the remote server. Furthermore, the app consists of a notification prompt to trigger at the server end to promote behavior change based on abnormalities identified in the data collected.




Phase-5: Adoption and implementation plan

This phase is focused on the creation of adoption and implementation plan that considers understanding the user and integrating the intervention in their everyday lives incorporating the process, matrices, and determinants in phase 2.



Phase-6: Monitoring and evaluation plan

The final step involves the evaluation plan of the intervention in the everyday lives of the users, which would be achieved in a future study.




Results


Needs assessment

We identified several self-management requirements from a literature review (Figure 2). Education was considered to be critical as it reduces individual participation in the self-management of hypertension (27). Education is generally neglected in a healthcare setting due to the increasing demands on clinicians (28, 29). Education on health status, health-related quality-of-life, treatment adherence and self-management skills (30–32), can improve health outcomes and improve satisfaction with treatment (33). In addition, medication or treatment adherence (30, 34), lifestyle modifications (35) such as limited smoking (36, 37), reduced alcohol consumption (36, 38), proper diet (39–41), regular exercise (42–44), and BP monitoring (35) behaviors contribute toward significantly reducing hypertension while having beneficial effects in people with chronic conditions (45).


[image: Figure 2]
FIGURE 2
 Hypertension self-management requirements.



MoSCoW prioritization

Table 1 consists of the list of intervention priorities using the MoSCoW principles (25). Based on the needs assessment, the primary focus of the intervention would be to ensure information provision, BP monitoring and control, physical activity management, communication with clinicians and medication management. These aspects are critical to improve health outcomes. Other aspects such as alcohol and smoking management, and social support were not considered for the intervention as agreed by the investigators. However, information related to these aspects (e.g., alcohol and smoking cessation) would be included in the information section and lifestyle messages.


TABLE 1 Intervention requirement based on the MoSCoW prioritization model to support hypertension self-management identified through an assessment of user needs.
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Outcomes, performance and change objectives

The overarching aim of the intervention is to promote self-management of hypertension, which is achieved from the identification of the resultant objectives. The outcomes and objectives pertaining to the identified aim were mapped to ensure knowledge gain, patient empowerment and self-efficacy, while also considering patient-centered outcomes and health status measures such as health-related quality of life, treatment adherence, and reduction in cardiovascular risk. To promote these outcomes and objectives within the intervention, a table with a detailed matrix was considered that defines the entire change objectives based on a broad conceptualization of all the activities involved in the self-management of hypertension (Table 2).


TABLE 2 Intervention outcomes, performance and change objectives matrix based on the need's assessment in phase 1.

[image: Table 2]



Theoretical models and practical strategies

The information, motivation, and behavior skills (IMB) model served as a theoretical framework for the design of the intervention to improve health-related behaviors. The IMB model conceptualizes determinants to change behavior by providing a general framework that understands and promotes prevention activities across the populations with the behaviors of interest (46). This model was considered as it is an effective tool used to promote self-management in several chronic conditions (47, 48). For this intervention, (i) information includes relevant knowledge regarding hypertension, its medication and self-management to promote active engagement and improve treatment adherence, (ii) motivation includes both personal and social factors, including the positive and negative attitudes of individuals focusing on self-management activities and individuals perception of support from others to promote treatment adherence and their desire to comply with the direction provided by others, and (iii) behavior focuses on the individuals' ability to perform necessary self-management activities and their perceived self-efficacy to perform the tasks. The design of the intervention considered the moderating factors that may affect adherence, including environmental constraints, living situations and psychological health. Figure 3 provides a conceptual framework that maps the intervention outcomes in Table 2.


[image: Figure 3]
FIGURE 3
 Conceptual framework of the intervention based on the IMB model with focus toward self-management and treatment adherence of hypertension.


Another aspect considered in this study toward the development of the intervention was the concept of patient engagement. The concept of patient engagement combines patient activity (i.e., the patients' skills, knowledge, willingness and ability to manage their own healthcare) with the intervention to promote positive health behavior, including exercising and obtaining preventive care, while improving health outcomes, patient care and decreasing costs (49). To achieve this aspect, the patient health engagement (PHE) model was implemented, which is expressed in three dimensions: behavioral (the actions that patients consider to manage their health condition), emotional (the feelings that patients experience when adjusting to their condition), and cognitive (the thoughts and information that patients have when managing their conditions) (50). The three dimensions of the patient health engagement model were mapped to different supporting techniques that were conceptualized through group discussions as illustrated in Table 3.


TABLE 3 Techniques considered to promote PHE in the intervention to support hypertension self-management.
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Program design

The mHealth intervention was developed based on the requirements identified in the previous phases. The technical model for the intervention is illustrated in Figure 4, which consists of five layers: (i) the application layer in which the requirements can be accessed via the user's mobile device, (ii) the control layer which processes data based on the care plan defined by the researcher/medical professional, (iii) the security layer which allows for selective access to the remote server, (iv) the data linking layer which is responsible for the access, communication and storage of data collected and processed, and (v) the data storage layer which stores all the data collected with a timestamp to ensure data integrity.


[image: Figure 4]
FIGURE 4
 High-level technical model for the hypertension self-management mHealth app.



Application and control layer

The self-management practices (Table 2, Figures 2, 3) identified in the previous phases were implemented in the application and control layers, with a specific methodology (Table 3) to improve patient engagement in their daily healthcare activities. The application layer has six main features: (i) real-time health monitoring with the Bluetooth Smart Watch, (ii) assessment of BP and physical activity, (iii) education, (iv) medication lists with scheduled times, (v) data presented in the form of text and graphs, and (vi) communication with a clinician through a messaging system. Further, the user would receive prompts, alerts and feedback based on the data collected to assist them in interpreting health data and promoting better health outcomes. The alerts and prompts will be provided through a care plan embedded into the control layer by the clinician to ensure the people with hypertension feels supported throughout their care journey.

Initially, the design of the app included wireframes to determine the interactions for each screen within the app for each of the features identified (Figure 5). The goal of this process was to ensure an easy transition between the screens, user control and freedom, consistency, minimal design, and memorability. After discussion with the planning group, the mHealth app was converted into a mHealth app using the IONIC cross-platform design framework. The app communicates with a validated Bluetooth smart watch (51) to collect the desired data and process it within the control layer to support the person living with hypertension in their daily activities. The processes implemented for each feature in the application layer are as follows:

• Real-time BP monitoring: This feature considers BP data collected from a previously validated Bluetooth smart watch (51). The smartwatch collects data on BP, heart rate and physical activity transmitted using Bluetooth, and hence GATT was implemented in the control layer to connect to the Bluetooth device and extract the required data. The GATT profile defines the way two Bluetooth low-energy devices transmit information through concepts such as services and characteristics (52), in this case, 000001801-0000-1000-8000-00805f9b34fb and 00002a05-0000-1000-8000-00805f9b34fb, respectively. The data collected is pre-processed in the control layer as described in Figure 6A and presented on the application layer in the form of text and graphs as illustrated in Figures 7A, B.

• BP and physical activity assessment: This feature include daily alerts and notifications based on the BP, heart rate and physical data as shown in Figure 7C. The alerts and notifications consist of automated feedback defined as rules by medical professionals in the care plan of the control layer. The implemented algorithm in the control layer for this feature is illustrated in Figure 6B.

• Education: This feature includes validated information related to hypertension, means to interpret the collected health data, practices to ensure proper self-management of the disease, and information related to treatment procedures as presented in Figure 7D. The information is stored locally in the app and can be accessed at any given time by the users irrespective of the network connectivity.

• Medication adherence: This feature consists of a list of personalized medications and reminders to take their medication as per schedule as shown in Figure 7E. The medication list is remotely added and modified by the clinician on their remote web interface based on the health data collected to ensure continuous remote support. The algorithm used to notify the person with hypertension is represented in Figure 6C and embedded into the control layer to ensure the individual is aware of their medication schedule.

• Data presentation: This considers a graphic approach toward presenting health-related data of the users on the application layer as illustrated in Figure 7B. The user could utilize this information to track the goals and progresses set by the clinician and communicate with them regarding further issues. Further, the clinician can remotely view this information on their remote web interface to update or change goals and medications.

• Communication: This feature allows the individual to communicate with their clinician through a messaging interface as illustrated in Figure 7F. The clinician would be able to view and answer any questions related to the individual's self-management activities to a remote web interface.


[image: Figure 5]
FIGURE 5
 Wireframe designs for the hypertension self-management app.



[image: Figure 6]
FIGURE 6
 Flowcharts of algorithms implemented in the control layer of the mHealth app, where (A) presents the preprocessing algorithm for data collected from the bluetooth wearable device, (B) describes the algorithm to provide automated feedback to the user in the form of notifications, and (C) represents the algorithm used to notify the user about their medication schedule.



[image: Figure 7]
FIGURE 7
 Hypertension app screens including (A) Data presentation, (B) Data visualization, (C) Notifications, (D) Information, (E) Medication, and (F) Messaging.




Security layer

Sensitive information from users needs to be collected to identify and support them. Therefore, a proper security framework is needed that authenticates, authorizes, deidentifies and encrypts collected data. Moreover, the security framework needs to manage unknown risks associated with large number of mobile devices and endpoints connected to the server. The implemented security elements in this mHealth app include:

• OAuth: An OAuth2 protocol is implemented within the app to provide authentication and authorization of the app. This protocol utilizes an Access Token for authorization which is acquired by the app by sending a request to the authorization server along with (i) a response type (t), (ii) an identifier assigned during registration (app_id), (iii) scope of requested permission (s), (iv) optional parameters to maintain request and response (p), and (v) redirection URI to which the authorization server would connect and redirect once the access is granted. Upon request of the Access Token, the authorization server would validate the request and present the app with its own local access and storage. Any invalid access would result in the disconnection of the protocol. Once the access is granted the user can authenticate themselves using their own credentials. The Authorization server validates the user credentials and upon confirmation requests the user to indicate the type of access required. Once the user confirms access the authentication server reviews the request and on approval redirects the URI along with the access token to the URI of the app. The app URI allows for the user to access the app services uninterrupted. The protocol flow for the OAuth2 access is shown in Figure 8.

• Gateway: The access and modification of information is managed using HTTP requests. Hence, it is necessary to ensure no unauthorized POST access is made to the server. To control this a Confluent Kafka REST proxy is implemented within the server to authenticate and authorize POST requests using the content validation techniques. This technique also validates the request based on the access token used and the privileges available to the user.

• Audit trail: The app is designed to log user data collected from a wearable sensor over set periods of time. These logs would be stored within the server along with the resource access date and time (or audit record). These audit records either new or old could be tracked by the system at any given time. Hence, any unauthorized activity that occurs outside the defined period would be considered invalid and would not hamper the normal operations of the system.


[image: Figure 8]
FIGURE 8
 Process flow diagram for OAuth2 implementation.




Data linking layer

Communication between the mHealth app and the database was achieved through a REST-based software architectural design pattern. REST is a practical approach used in web app development as the system requires easy means to interact with independent systems. It is based on a stateless and resource-oriented architecture that considers everything as a resource. Every request is independent and the server does not store the state of the request (53). The type of REST Application Programming Interface (API) used in this app is called RESTful API. The RESTful API is based on a web system that identified resources based on a Uniform Resource Identifier (URI) to perform numerous operations, with the assistance of a Hypertext Transfer Protocol (HTTP) access method to acquire desired resources (54). The HTTP access methods include the POST method to create new resources, the GET method is used for getting resources, the PUT method focuses on updating the resource, and the DELETE method removes the collection of resources (53). The RESTful API was selected for this app as it has a lower barrier for developing apps with limited compatibility issues (54).



Data storage layer

Five groups of data are stored within a MySQL database, i.e., personal information, healthcare data, care plan, medications and notifications as shown in Table 4. Only the personal information group consisted of identifiable information, all other groups were linked with the personal information using a primary key id. This was done to minimize securityissues.


TABLE 4 Database groups, sub-groups and data types.
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Adoption and implementation plan

Adoption and implementation plan includes providing a validated wearable BP device to the user, instructions to download and use the app, training to individuals and healthcare providers to use the app and wearable device and interpretation of information. This includes written material with a comprehensive description of the implemented features and necessary activities to be conducted to improve self-management behavior.



Monitoring and evaluation plan

The mHealth app is currently available on Google Play Store and will soon be published in Apple App Store. In the next phase of this study, the app will undergo rigorous re-iterations involving people with hypertension to ensure it is usable in their daily self-management regimen. Further, the app would be evaluated in a pilot trial including different stakeholders, i.e., people with hypertension, clinicians, and researchers to ensure app effectiveness based on the health outcomes defined in Figure 3.




Discussion

We present the design and development of an mHealth app for self-management of hypertension for the first time using a wearable cuffless BP device and an Intervention Mapping Approach. The intervention mapping approach is a structured and systematic approach to intervention development, using theory-based development. Lifestyle intervention included education, along with behaviors such as medication or treatment adherence, lifestyle modifications, such as limited smoking, reduced alcohol consumption, proper diet and regular exercise, and BP monitoring. In addition, communication with clinicians and medication management as critical to improving health outcomes for people with hypertension. Hence, an mHealth app was developed to address these aspects, while considering theoretical models to promote behavior changes (i.e., information, motivation, and behavior skills model) (46) and engagement (i.e., patient health engagement model) (50).

mHealth or mobile health technology ensures that healthcare can be made more accessible and affordable to its users (55). Moreover, it has the potential to be implemented along with wearable devices to provide clinical tools for remote patient monitoring and shared decision-making (56), which is critical for improved self-management (57), especially in chronic diseases such as hypertension (58). A recent systematic review of 24 studies evaluated the effectiveness of mHealth apps in self-management of hypertension and reported a reduction of systolic and diastolic BP (−3.78 and −1.57 mmHg) in the intervention groups compared to the control group. Further, the review highlighted improved medication adherence in 16 studies in the intervention group, while 8 demonstrate no significant differences (59). Overall, demonstrates long-term benefits in the self-management of hypertension (59, 60) .

While there are several mHealth apps to support hypertension self-management, most of these apps have several limitations. A review of 186 hypertension apps identified from commercially available app stores such as Google Play Store and Apple App Store, demonstrated that most apps lacked a clear theoretical basis, and had absence of evidence related to their effectiveness and usability (61). Moreover, most apps did not include clinicians in designing or implementation and did not meet the current standard for the security and privacy (61). Furthermore, apps that described accurately measuring BP and heart rate using cuffless techniques did not include lifestyle intervention and clinician support (13). Hence, there is an unmet need for mHealth apps to include self-management and receive clinician support for the hypertension management (13). Our mHealth prototype app takes into consideration the needs of people with hypertension, providing a clear theoretical basis for the design, with special considerations for security, privacy, and device validation. In future, the app will be evaluated in a pilot trial to determine its effectiveness in self-management support and improving hypertension management.


Strengths and limitations

A strength of this study is the use of an intervention mapping approach in the development of the app. We used multiple theoretical frameworks in the design of the app, which is similar to the recommendations provided by the Medical Research Council for the development of complex interventions (62). In addition, the intervention allows for the inclusion of remote patient monitoring, which can be used by clinicians to make critical healthcare decisions, while ensuring better self-management for people with hypertension. Furthermore, special consideration was made to ensure data security and privacy within the app, which is expected to improve patient trust and engagement (63).

However, some limitations need to be addressed. First, the study draws perspectives on improving health outcomes of people with hypertension from the literature. While theoretical models can form a solid foundation in the design of novel interventions, it limits one's ability to determine the users' capabilities in using the system, especially in terms of structure, design and user interaction (64). Hence, requiring for the inclusion of users in the future work of the study to improve the overall design of the app and to determine its acceptability. Second, there appeared to be technical difficulties despite our efforts to minimize such issues. For example, there were connection dropouts for the cuffless BP device due to the short Bluetooth range contributing to the loss of data. While we looked to include code that automatically reconnects to the BP device when it is in range and extracts the last cached data – it is possible that the system accuracy could be affected. Therefore, having a negative impact on the outcomes of the project.



Future directions

Our mHealth app was developed to ensure future integration of wearable device data into electronic medical records and hospital systems, while also allowing for the app of artificial intelligence and machine learning to provide context-aware support to the person living with hypertension. However, these features would need to be explored in the future.




Conclusion

This paper describes the development of an mHealth app using the intervention mapping approach. The intervention mapping approach was successfully used to translate the critical needs of people with hypertension into a theory-based intervention that can ensure treatment adherence and reduce cardiovascular risk. This was a comprehensive process and involved a multidisciplinary team to develop the theory-based intervention to deliver support for the target stakeholder. However, the app would need to be evaluated to determine its usability and feasibility, which will be performed in the next part of this study.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.



Author contributions

SI, RM, and EL conceptualized the paper. EL designed and developed the programming for the app and platform. EL and SI wrote the first draft. CK, MA, JA, CC, YZ, MK, and RD provided data, developed models, reviewed results, provided guidance on methodology, or reviewed and contributed to the manuscript. All authors approved the final version of the manuscript.



Funding

SI was funded by the National Heart Foundation of Australia (102112) and a National Health and Medical Research Council (NHMRC) Emerging Leadership Fellowship (APP1195406).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The handling editor SM declared a past co-authorship/collaboration (10.1016/S0140-6736(21)01207-1) with the author SI.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Mills KT, Stefanescu A, He J. The global epidemiology of hypertension. Nat Rev Nephrol. (2020) 16:223–37. doi: 10.1038/s41581-019-0244-2

 2. Brouwers S, Sudano I, Kokubo Y, Sulaica EM. Arterial hypertension. Lancet. (2021) 398:249–61. doi: 10.1016/S0140-6736(21)00221-X 

 3. Devi P, Rao M, Sigamani A, Faruqui A, Jose M, Gupta R, et al. Prevalence, risk factors and awareness of hypertension in India: a systematic review. J Hum Hypertens. (2013) 27:281–7. doi: 10.1038/jhh.2012.33

 4. Hird TR, Zomer E, Owen AJ, Magliano DJ, Liew D, Ademi Z. Productivity burden of hypertension in Australia. Hypertension. (2019) 73:777–84. doi: 10.1161/HYPERTENSIONAHA.118.12606 

 5. Adams J, Hosseini M, Peng W, Sibbritt D. Health care utilisation and out-of-pocket expenditure associated with hypertension: an analysis of Australian adults from the 45 and Up Study. J Hum Hypertens. (2020) 34:833–40. doi: 10.1038/s41371-020-0363-z

 6. Bosworth HB, Olsen MK, Grubber JM, Neary AM, Orr MM, Powers BJ, et al. Two self-management interventions to improve hypertension control. Ann Intern Med. (2009) 151:687–95. doi: 10.7326/0000605-200911170-00148

 7. Song T, Liu F, Deng N, Qian S, Cui T, Guan Y, et al. A Comprehensive 6A framework for improving patient self-management of hypertension using mhealth services: qualitative thematic analysis. J Med Internet Res. (2021) 23:e25522. doi: 10.2196/25522

 8. Bosworth HB, Powers BJ, Oddone EZ. Patient self-management support: novel strategies in hypertension and heart disease. Cardiol Clin. (2010) 28:655–63. doi: 10.1016/j.ccl.2010.07.003

 9. Mikulski BS, Bellei EA, Biduski D, De Marchi ACB. Mobile health applications and medication adherence of patients with hypertension: a systematic review and meta-analysis. Am J Prev Med. (2021) 62:626–34. doi: 10.1016/j.amepre.2021.11.003

 10. Alessa T, Abdi S, Hawley MS, de Witte L. Mobile apps to support the self-management of hypertension: systematic review of effectiveness, usability, and user satisfaction. JMIR Mhealth Uhealth. (2018) 6:e10723. doi: 10.2196/10723

 11. Parati G, Torlasco C, Omboni S, Pellegrini D. Smartphone applications for hypertension management: a potential game-changer that needs more control. Curr Hypertens Rep. (2017) 19:48. doi: 10.1007/s11906-017-0743-0

 12. Zha P, Qureshi R, Porter S, Chao Y-Y, Pacquiao D, Chase S, et al. Utilizing a mobile health intervention to manage hypertension in an underserved community. West J Nurs Res. (2019) 42:201–9. doi: 10.1177/0193945919847937

 13. Kumar N, Khunger M, Gupta A, Garg N. A content analysis of smartphone–based applications for hypertension management. J Am Soc Hypertension. (2015) 9:130–6. doi: 10.1016/j.jash.2014.12.001

 14. Liu K, Xie Z, Or CK. Effectiveness of mobile app-assisted self-care interventions for improving patient outcomes in type 2 diabetes and/or hypertension: systematic review and meta-analysis of randomized controlled trials. JMIR Mhealth Uhealth. (2020) 8:e15779. doi: 10.2196/15779

 15. Alessa T, Hawley M, de Witte L. Identification of the most suitable app to support the self-management of hypertension: systematic selection approach and qualitative study. JMIR Mhealth Uhealth. (2021) 9:e29207. doi: 10.2196/29207

 16. Choi JY, Choi H, Seomun G, Kim EJ. Mobile-application-based interventions for patients with hypertension and ischemic heart disease: a systematic review. J Nurs Res. (2020) 28:e117. doi: 10.1097/JNR.0000000000000382

 17. Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M. Developing and evaluating complex interventions: the new medical research council guidance. Int J Nurs Stud. (2013) 50:587–92. doi: 10.1016/j.ijnurstu.2012.09.010

 18. Bartholomew Eldredge LK, Markham CM, Ruiter RAC, Fernández ME, Kok G, Parcel GS. Planning Health Promotion Programs: An Intervention Mapping Approach. Hoboken, NJ: John Wiley and Sons, Incorporated (2016).

 19. Bartholomew LK, Parcel GS, Kok G. Intervention mapping: a process for developing theory- and evidence-based health education programs. Health Educ Behav. (1998) 25:545–63. doi: 10.1177/109019819802500502

 20. Bartholomew LK, Parcel GS, Kok G, Gottlieb NH. Planning health promotion programs: an intervention mapping approach. In:Schaalma H, Markham C, Tyrrell S, Shegog R, Fernández M, Mullen PD, et al., , editors. Planning Health Promotion Programs: An Intervention Mapping Approach, 2nd ed: Jossey-Bass (2006). p. xxiv, 765-xxiv.

 21. Dalum P, Schaalma H, Kok G. The development of an adolescent smoking cessation intervention—an intervention mapping approach to planning. Health Educ Res. (2012) 27:172–81. doi: 10.1093/her/cyr044

 22. Kok G, Gottlieb NH, Peters GJ, Mullen PD, Parcel GS, Ruiter RA, et al. A taxonomy of behaviour change methods: an intervention mapping approach. Health Psychol Rev. (2016) 10:297–312. doi: 10.1080/17437199.2015.1077155

 23. Kok G, Bartholomew LK, Parcel GS, Gottlieb NH, Fernández ME. Finding theory- and evidence-based alternatives to fear appeals: intervention mapping. Int J Psychol. (2014) 49:98–107. doi: 10.1002/ijop.12001

 24. Thomas J, Harden A. Methods for the thematic synthesis of qualitative research in systematic reviews. BMC Med Res Methodol. (2008) 8:45. doi: 10.1186/1471-2288-8-45

 25. Agile, Business Consortium. Moscow Prioritisation UK: DSDM Agile Project Framework Handbook. Available online at: https://www.agilebusiness.org/page/ProjectFramework_10_MoSCoWPrioritisation (accessed September 10, 2021). 

 26. Rowland SP, Fitzgerald JE, Holme T, Powell J, McGregor A. What is the clinical value of mHealth for patients? NPJ Digit Med. (2020) 3:4. doi: 10.1038/s41746-019-0206-x

 27. Sakarya S, Kulak E, Gorcin Karaketir S, Dogan E, Akman M, Cifcili S, et al. Factors associated with patient activation in a Turkish population with diabetes and/or hypertension. Eur J Public Health. (2019) 29:ckz186. doi: 10.1093/eurpub/ckz186.225 

 28. Kjeldsen S, Feldman RD, Lisheng L, Mourad J-J, Chiang C-E, Zhang W, et al. Updated national and international hypertension guidelines: a review of current recommendations. Drugs. (2014) 74:2033–51. doi: 10.1007/s40265-014-0306-5

 29. Neutel JM, Smith DH. Improving patient compliance: a major goal in the management of hypertension. J Clin Hypertens. (2003) 5:127–32. doi: 10.1111/j.1524-6175.2003.00495.x

 30. Stavropoulou C. Perceived information needs and non-adherence: evidence from Greek patients with hypertension. Health Expect. (2012) 15:187–96. doi: 10.1111/j.1369-7625.2011.00679.x

 31. Turner A, Anderson JK, Wallace LM, Bourne C. An evaluation of a self-management program for patients with long-term conditions. Patient Educ Couns. (2015) 98:213–9. doi: 10.1016/j.pec.2014.08.022

 32. Morisky DE, Bowler MH, Finlay JS. An educational and behavioral approach toward increasing patient activation in hypertension management. J Community Health. (1982) 7:171–82. doi: 10.1007/BF01325513

 33. Carney S, Gillies A, Smith A, Taylor M. Hypertension education: patient knowledge and satisfaction. J Hum Hypertens. (1993) 7:505–8.

 34. Tilea I, Petra D, Voidazan S, Ardeleanu E, Varga A. Treatment adherence among adult hypertensive patients: a cross-sectional retrospective study in primary care in Romania. Patient Prefer Adherence. (2018) 12:625–35. doi: 10.2147/PPA.S162965

 35. Bozorgi A, Hosseini H, Eftekhar H, Majdzadeh R, Yoonessi A, Ramezankhani A, et al. The effect of the mobile “blood pressure management application” on hypertension self-management enhancement: a randomized controlled trial. Trials. (2021) 22:413. doi: 10.1186/s13063-021-05270-0

 36. Venkataraman R, Satish Kumar B, Kumaraswamy M, Singh R, Pandey M, Tripathi P. Smoking, alcohol and hypertension. Int J Pharm Pharm Sci. (2013) 5:28–32. 

 37. Bowman TS, Gaziano JM, Buring JE, Sesso HD. A prospective study of cigarette smoking and risk of incident hypertension in women. J Am Coll Cardiol. (2007) 50:2085–92. doi: 10.1016/j.jacc.2007.08.017

 38. Ikehara S, Iso H. Alcohol consumption and risks of hypertension and cardiovascular disease in Japanese men and women. Hyper Res. (2020) 43:477–81. doi: 10.1038/s41440-020-0417-1

 39. Cook NR, Cutler JA, Obarzanek E, Buring JE, Rexrode KM, Kumanyika SK, et al. Long term effects of dietary sodium reduction on cardiovascular disease outcomes: observational follow-up of the trials of hypertension prevention (TOHP). BMJ. (2007) 334:885. doi: 10.1136/bmj.39147.604896.55

 40. Karppanen H, Mervaala E. Sodium intake and hypertension. Prog Cardiovasc Dis. (2006) 49:59–75. doi: 10.1016/j.pcad.2006.07.001

 41. Chang HY, Hu YW, Yue CS, Wen YW, Yeh WT, Hsu LS, et al. Effect of potassium-enriched salt on cardiovascular mortality and medical expenses of elderly men. Am J Clin Nutr. (2006) 83:1289–96. doi: 10.1093/ajcn/83.6.1289

 42. Hu G, Barengo NC, Tuomilehto J, Lakka TA, Nissinen A, Jousilahti P. Relationship of physical activity and body mass index to the risk of hypertension: a prospective study in Finland. Hypertension. (2004) 43:25–30. doi: 10.1161/01.HYP.0000107400.72456.19

 43. Neter JE, Stam BE, Kok FJ, Grobbee DE, Geleijnse JM. Influence of weight reduction on blood pressure: a meta-analysis of randomized controlled trials. Hypertension. (2003) 42:878–84. doi: 10.1161/01.HYP.0000094221.86888.AE

 44. Pescatello LS, Buchner DM, Jakicic JM, Powell KE, Kraus WE, Bloodgood B, et al. Physical activity to prevent and treat hypertension: a systematic review. Med Sci Sports Exerc. (2019) 51:1314–23. doi: 10.1249/MSS.0000000000001943

 45. Wei TM, Omar MS. Self-management approaches among hypertensive residents in nursing homes in Malaysia. Malays Fam Physician. (2017) 12:8–17.

 46. DiClemente RJ, Crosby RA, Kegler MC. Emerging Theories in Health Promotion Practice and Research. Wiley (2009). 

 47. Mayberry LS, Osborn CY. Empirical validation of the information–motivation–behavioral skills model of diabetes medication adherence: a framework for intervention. Diabetes Care. (2014) 37:1246–53. doi: 10.2337/dc13-1828

 48. Zarani F, Besharat MA, Sarami G, Sadeghian S. An information–motivation–behavioral skills (IMB) model-based intervention for CABG patients. Int J Behav Med. (2012) 19:543–9. doi: 10.1007/s12529-011-9193-2

 49. James J. Patient engagement. Health Aff Health Policy Brief. (2013). 

 50. Menichetti J, Graffigna G. “PHE in action”: development and modeling of an intervention to improve patient engagement among older adults. Front Psychol. (2016) 7:1405. doi: 10.3389/fpsyg.2016.01405

 51. Islam SMS, Cartledge S, Karmakar C, Rawstorn JC, Fraser SF, Chow C, et al. Validation and acceptability of a cuffless wrist-worn wearable blood pressure monitoring device among users and health care professionals: mixed methods study. JMIR Mhealth Uhealth. (2019) 7:e14706. doi: 10.2196/14706

 52. Frank R, Bronzi W, Castignani G, Engel T. Bluetooth low energy: an alternative technology for VANET applications. In: 2014 11th Annual Conference on Wireless on-Demand Network Systems and Services (WONS) IEEE (2014). 

 53. Xiang-Wen H, Chin-Yun H, Cheng Hao W, Yu Chin C. A token-based user authentication mechanism for data exchange in restful API. In: 2015 18th International Conference on Network-Based Information Systems. Taipei (2015). p. 2–4 

 54. Qin W, Li Q, Sun L, Zhu H, Liu Y. RestThing: a restful web service infrastructure for mash-up physical and web resources. In: 2011 IFIP 9th International Conference on Embedded and Ubiquitous Computing. Melbourne, VIC (2011). 

 55. de la Vega R, Miró J. mHealth: a strategic field without a solid scientific soul. A systematic review of pain-related apps. PLoS ONE. (2014) 9:e101312. doi: 10.1371/journal.pone.0101312

 56. Choe EK, Klasnja P, Pratt W. mHealth and Applications. Biomedical Informatics. Springer (2021). p. 637–66. 

 57. Thomas EE, Taylor ML, Banbury A, Snoswell CL, Haydon HM, Gallegos Rejas VM, et al. Factors influencing the effectiveness of remote patient monitoring interventions: a realist review. BMJ Open. (2021) 11:e051844. doi: 10.1136/bmjopen-2021-051844

 58. Choi W, Wang S, Lee Y, Oh H, Zheng Z. A systematic review of mobile health technologies to support self-management of concurrent diabetes and hypertension. J Am Med Inform Assoc. (2020) 27:939–45. doi: 10.1093/jamia/ocaa029

 59. Li R, Liang N, Bu F, Hesketh T. The effectiveness of self-management of hypertension in adults using mobile health: systematic review and meta-analysis. JMIR Mhealth Uhealth. (2020) 8:e17776. doi: 10.2196/17776

 60. Shariful Islam SM, Farmer AJ, Bobrow K, Maddison R, Whittaker R, Pfaeffli Dale LA, et al. Mobile phone text-messaging interventions aimed to prevent cardiovascular diseases (Text2PreventCVD): systematic review and individual patient data meta-analysis. Open Heart. (2019) 6:e001017. doi: 10.1136/openhrt-2019-001017

 61. Alessa T, Hawley MS, Hock ES, de Witte L. Smartphone apps to support self-management of hypertension: review and content analysis. JMIR Mhealth Uhealth. (2019) 7:e13645. doi: 10.2196/13645

 62. Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M. Developing and evaluating complex interventions: the new medical research council guidance. BMJ. (2008) 337:a1655. doi: 10.1136/bmj.a1655

 63. Mata-Cervantes G, Clay CE, Baxter C. Maximising patient uptake and engagement with eHealth. NHS England. (2017). 

 64. Lobo EH, Frølich A, Rasmussen LJ, Livingston PM, Grundy J, Abdelrazek M, et al. Understanding the methodological issues and solutions in the research design of stroke caregiving technology. Front Public Health. (2021) 9:647249. doi: 10.3389/fpubh.2021.647249



OPS/images/fpubh-11-1092755-g005.gif
[0

nfersation Scram

Messaing Sreen






OPS/images/fpubh-11-1092755-g006.gif





OPS/images/fpubh-11-1092755-g003.gif
Moderaing factos

Informaton

ckaviourel Sl

eharions Healh uacomes

ioivaton






OPS/images/fpubh-11-1092755-g004.gif
(1]






OPS/images/fpubh-11-1092755-t001.jpg
MoSCoW Intervention requirements

Must have o Provide information related to disease information,
medical tests, and treatments

Enable BP monitoring

Enable physical activity monitoring

Enable medication management

o o o

Should have

°

Enable health input from clinicians
Allow connection to validated devices and sensors

.

Could have Enable communication with clinicians

Support for push notifications regarding health
support

Personalized support

Enable real-time feedback

Allow users to share information with clinicians

o o o

°

Won’t have Provide alcohol management support
Provide smoking cessation support

Provide social support

o o






OPS/images/fpubh-11-1092755-g007.gif





OPS/images/fpubh-11-1092755-g008.gif
User

Applicaton

[e—
Semer

T






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Design and development of a smartphone app for hypertension management: An intervention mapping approach



		Introduction



		Methods



		Phase-1: Needs assessment



		Phase-2: Identification of outcomes, performance objectives and change objectives



		Phase-3: Selecting theoretical methods and practical strategies



		Phase-4: Program design



		Wireframes and initial prototype



		App development









		Phase-5: Adoption and implementation plan



		Phase-6: Monitoring and evaluation plan







		Results



		Needs assessment



		MoSCoW prioritization









		Outcomes, performance and change objectives



		Theoretical models and practical strategies



		Program design



		Application and control layer



		Security layer



		Data linking layer



		Data storage layer









		Adoption and implementation plan



		Monitoring and evaluation plan







		Discussion



		Strengths and limitations



		Future directions







		Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Public Health

Design and development of a
smartphone app for hypertension
management: An intervention
mapping approach





OPS/images/fpubh-11-1092755-t004.jpg
Group Sub-grou Data type
Personal information | Name String
Email String
Birth date Date and time
Gender Boolean
Address String
Password String
Medical data Data type String
Data value Integer
Timestamp Date and time
Care plan Test String
Test period Integer
Maximum value Integer
Medication Medication name String
Quantity String
Period (i.e., morning, String
afternoon, evening)
Notification Notification type String

Timestamp

Date and time






OPS/images/fpubh-11-1092755-g001.gif
Implemcatation

st e,
—

e SR e e it

! Ry
st v
ooy il LG
A e e e it

Program Design

T
ey
ot e e K
N o RN —
et P+ e s s
S A e i
e i v e

e W ot kg
Evtenian P Bt s ot
e

oty





OPS/images/fpubh-11-1092755-g002.gif
Hypertension Self-Management

Gttty ocist
——

ey

ety

angaky et
bewiesriinial
St
SRISE

e dssni






OPS/images/fpubh-11-1092755-t003.jpg
PHE domains = Techniques

Behavioral © Goal setting and planning
o Motivational interviewing
o Prompt feedback

Cognitive o Tasks asking questions
o Psycho-education sessions
o Daily diaries for self-management

Emotional o HCP support






OPS/images/fpubh-11-1092755-t002.jpg
jectives

Requirel

1. Improving disease knowledge

Behavior

Constraints

1.1 Gain information
regarding the disease

1.2 Gain information
regarding medical test
outcomes

1.3 Gain information
regarding
treatment procedures

o Improve methods for
information delivery

© Receive information from
the clinicians

© Access to medical
professionals
e Transport

Improved disease
knowledge

Improved treatment
adherence

Improved
self-management behavior

2. Promoting patient empowerment

2.1 Have resources to
monitor and control
blood pressure

2.2 Gradually decrease
blood pressure

o Understand the need for
blood pressure
‘management
Understand methods to
interpret blood

pressure data

Track blood pressure at
different periods during the
day

Access to resources

Reduced blood pressure

o Reduced

cardiovascular risk

2.3 Monitor physical activity
2.4 Gradually increase
physical activity

o Understand the importance
of physical activity in
hypertension

o Understand means to
improve physical activity

Engage in regular physical
activity each day

Access to facilities
Geographic and
climatic constraints

Reduced blood pressure

o Reduced

cardiovascular risk

2.

0

Managing medications

Understand the symptoms
of the medication
Understand the dosage

of medications

.

Consume medications at
appropriate times

Socioeconomic status

Improved treatment
adherence
Reduced blood pressure

o Reduced

cardiovascular risk

3. Improving self-efficacy

3.1 Manage hypertension and
its risk factors

3.2 Ability to make
judgement based on self-
management activities

o Understand the activities
associated with
self-management
Understand means to
improve behavior

Engage in self-management
activities with limited
intervention from the
clinician

Access to resources

Improved treatment
adherence

Improved
self-management behavior










OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Public Health





