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Abstract  
 
Background: Hypertension is a chronic condition that affects one billion adults globally will affect an 

estimated 1.56 billion by 2025.  Its prevalence in Saudi Arabia is particularly high and is the main risk 

factor for death. Hypertension can be greatly improved by effective self-management. Smartphone apps 

offer potential solutions to aid self-management, and their availability has hugely increased recent years. An 

increasing number of studies have advocated their use in clinical settings. This increase in commercial 

hypertension apps, and the growing enthusiasm for their use in patient care urgently necessitates research to 

identify those that are most suited to facilitating the self-management of hypertension in Saudi Arabia.  

Purpose: The aim of this PhD research was to review available apps for the self-management of 

hypertension based on their effectiveness, privacy and security, and their theoretical underpinning, to 

identify the most suitable apps for use in the Saudi context, and to evaluate the usability and acceptance of 

the most suitable app among Saudi patients.  
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Methods: This PhD consists of four studies.  A systematic review explored the usability and effectiveness 

of apps in supporting self-management of hypertension (Study 1). An app store review was carried out to 

review available hypertension self-management apps in the most common app stores, and identify their 

functionalities, privacy and security characteristics, and theoretical backgrounds (Study 2). A systematic 

selection approach was used to identify the most suitable, effective and secure apps, which were then 

explored via a qualitative study to identify the most suitable app for the Saudi context (Study 3). Finally, a 

mixed methods study amongst Saudi hypertension sufferers evaluated the acceptance and usability of the 

selected app in both a real-life context and a controlled setting (Study 4). 

Results: Study 1 identified apps with the potential to be effective in supporting hypertension self-

management, and found that apps are more likely to be effective if they have more comprehensive 

functionalities.  Study 2 found 186 such apps, but few of them (n=30) are likely to be effective, and most of 

them did not meet current standards of privacy and security, and were lacking a sound theoretical bases. In 

Study 3, the systematic selection approach, identified 5 apps that are likely to be effective, and that have 

adequate privacy and security measures. These 5 apps were assessed in a qualitative study with patients and 

doctors, who identified three apps as more suitable, with Cora health app rated highest in participants’ 

ratings.  Study 4 found that the Cora health app can be acceptable and usable in the self-management of 

hypertension, but there are some issues that could be improved. 

Conclusion: This PhD study demonstrates that the selected app is usable and acceptable in the self-

management of hypertension and has the potential to be effective. Future research would be required to 

assess the app’s effectiveness in a larger study with longer follow up periods. 
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Chapter 1 Introduction  
 

In this chapter, the general overview of the project is presented, followed by the structure of the 

thesis. 

1.1 Introduction  

 

There has been an exponential increase in the prevalence of hypertension globally and it has almost reached 

an epidemic scale (1). Hypertension is a long-term condition requiring ongoing healthcare and if it is not 

properly controlled, it can cause organ damage leading to complications such as renal and cardiovascular 

diseases causing protracted morbidity and premature mortality. Thus, hypertension has high human and 

economic cost (1-3). 

Self-management of hypertension could be an effective way to manage hypertension and prevent serious 

complications arising from the condition, by engaging patients in their health through monitoring their 

health status, complying with treatment recommendations and making corresponding healthcare decisions 

(4-5). At the same time, self-management offers a way to reduce pressure on healthcare services by 

encouraging patient to monitor their own health. 

 

Advances in technology in recent years have greatly increased the general population’s access to self-

management tools, including mobile health (mHealth) interventions intended to help patients self-manage 

hypertension and enhance their health outcomes. The growth in the use of smartphones combined with 

healthcare apps could play a key role in self-management, something that is evidenced by the explosion of 

available hypertension apps on app stores in recent years (6-7). Smartphone apps are considered an effective 

tool to support the self-management of hypertension and lower BP, especially in developed countries (8,9).  

However, the increasing range of commercially available blood pressure (BP) apps has created a pressing 

need for research to distinguish apps that really have the potential to be effective in helping people to 

manage their BP. 

 

Despite the increasing use of smartphones and health apps in Saudi Arabia and the increasing prevalence of 

hypertension, there are no studies that address the use of smartphone apps to support the self-management 

of hypertension in Saudi Arabia. Saudi Arabia is also a unique context in term of its religion, language, 

primary care system, and lifestyle of its citizens and as such requires its own studies into the use of such 

interventions (these contextual factors are considered further in section 2.5.2). Therefore, it is imperative to 
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identify and evaluate health apps that can be used efficiently and effectively in the Saudi context.  

 

The aim of this PhD research was to review available apps for the self-management of hypertension based 

on their effectiveness, privacy and security, and their theoretical underpinning, before identifying the most 

suitable apps for use in the Saudi context, and evaluating the usability and acceptance of the most suitable 

app among Saudi patients. To achieve this aim, the following objectives were identified (more details are 

provided in section 2.7):  

 

1. To synthesise the available evidence about app usability, end-user satisfaction, and the effectiveness 

of apps in terms of lowering BP. 

2. To identify and describe available apps that can support the self-management of hypertension and 

identify their functionalities, levels of privacy and security, and theoretical backgrounds. 

3. To determine the most suitable hypertension self-management apps that meet the criteria of 

effectiveness, theoretical backgrounds, and privacy and security. 

4. To identify the most suitable apps for the Saudi context by exploring Saudi patients’ and doctors’ 

experiences in self-management of hypertension, and their attitudes towards the app(s) identified. 

5.  To translate the most suitable app into the Arabic language through co-operation with the selected 

app’s developers. 

6. To assess the usability and acceptance of the selected app in real-life and controlled settings.  

 

The first stage of the research was to report on current theories about self-management to inform the 

research (presented in Chapter 2). Four studies were then undertaken (see also Figure 1.1)   

 

 A systematic literature review was conducted (Study 1, Chapter 3) synthesising evidence about the 

effectiveness of apps to support self-management, user satisfaction with these apps, as well as their usability 

(objective 1). This was the first study to investigate this specific topic and has been published in JMIR 

mHealth and uHealth (10) 

 

Next, we conducted an app store review (Study 2, Chapter 4). This described and analysed the available 

apps in the most common app stores that can be used to support the self-management of hypertension 

(objective 2). This study analysed the apps’ functionalities, identified their theoretical basis, and assessed 

their privacy and security. This study has been published in JMIR mHealth and uHealth (7). 

 

To select the most suitable app, a two-part study was conducted (Study 3, Chapter 5). The first phase used 

a systematic selection approach (Section 5.1) to guide the selection process of the most suitable apps from 
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among those identified in Study 2 (objective 3). This selection was based on 3 criteria: effectiveness, 

theoretical background, and privacy and security. The second phase was an exploratory qualitative study 

among Saudi end-users (Section 5.2) by means of semi-structured interviews with doctors and focus groups 

with patients. The data from this study were analysed to select the most suitable app for use in the Saudi 

context (objective 4).  The developer of the selected app was then approached to collaborate on translating 

the app into Arabic (objective 5). This study has been submitted to the Journal Patient Education and 

Counselling. 

 

Finally, the selected app was evaluated using a mixed-method approach (Study 4, Chapter 6). Its usability 

and acceptance were assessed among patients by means of a usability test and a usability and acceptance 

study in real life in Saudi Arabia (thus achieving objective 6, and completing the overall aim of the 

research). This study has been published in JMIR mHealth and uHealth (11).  

 

 

Figure 1.1: Outline of the project’s Studies 
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1.2 Methodology 
 
 

As presented above, this thesis explored various kinds of questions that were required to be answered via 

different approaches. A pragmatic approach therefore was adopted in this research, i.e. the design that is 

most suited and appropriate to answering the research question was chosen instead of any one underlying 

philosophical viewpoint (12-15). Pragmatism is not committed to one belief or reality, in contrast to other 

positions e.g. postpostivism and interpretivism (13). This pragmatic approach permits multiple 

methodologies or methods to be utilised to solve the complex research problem (i.e. multi-faceted 

questions), as in this project, in greater detail than using a single approach (12-14). As a number of different 

methodologies were adopted, instead of offering an explanation and a rationale for each in a single chapter 

focused on methodology, descriptions and rationales for their use in each study are discussed in Chapters 3, 

4, 5 and 6  

Since the research questions and approaches answering them are so distinct, using either quantitative or 

qualitative research alone would also result in failure to address all of the research questions satisfactorily 

(13). Quantitative research (e.g. experimental studies), typically seeks to determine or verify causation with 

a large sample of participants and to generalise findings, whereas qualitative research can obtain more 

detailed descriptions of participants’ views and experiences (12,13,15,16). Whilst both types of research 

were essential to answer some of the research questions, neither would have been capable of answering all 

of them sufficiently in isolation.  

      

Likewise, there is no justification for combining and integrating the findings at any stage: the research 

questions are so different that to combine the data would be unhelpful. Therefore, a mixed-methods 

approach, in which qualitative and quantitative data is integrated (12), has not been used as an overarching 

methodology, because it would undermine the aims and objectives of the research. In study 4, a mixed-

method design was adopted only to assess the usability and acceptance of the selected app.   

 

 

         1.3 Structure of the thesis 
This thesis comprises seven chapters.  

Chapter 1 Introduction (presented above). This gives the general overview of the research, the overall 
methodological approach of the PhD, and the structure of the thesis. 

Chapter 2 Background This chapter introduces the classification and global prevalence of hypertension, 

as well as its prevalence in Saudi Arabia. It also summarises existing literature on the concept of self-
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management, self-management of hypertension in particular, and self-management theories. It discusses the 

concepts of mHealth and the significance of mHealth technology in Saudi Arabia. This chapter ends by 

presenting the research questions, the overall aim and objectives of the research, and describes the 

significance of the project as a whole. 

Chapter 3 Systematic review study This chapter presents the systematic review (Study 1), which 

synthesised current evidence regarding the effectiveness of apps in lowering BP, their usability, and 

patients’ acceptance of them.  

Chapter 4 App review study This chapter presents the app store review (Study 2) undertaken to review 

all the available hypertension apps on the most popular platforms (iPhone and Android), to investigate their 

main functionalities and assess their privacy and security, and their theoretical underpinning.   

Chapter 5 App selection and acceptance study This chapter presents a two-phase approach for the 

selection of the most suitable app within the Saudi context (Study 3). The first phase presents the systematic 

selection approach conducted to select the most suitable (effective and secure) apps. The second phase 

presents the qualitative study undertaken to explore the acceptance and attitudes of patients and doctors 

towards the suitable hypertension self-management apps identified in the systematic approach, with the aim 

of selecting the most suitable app. 

Chapter 6 Usability and acceptance Study This chapter presents the mixed method study (Study 4) 

done to evaluate the usability and acceptance of the selected app among Saudi hypertension patients in both 

real-life and controlled settings. 

 
Chapter 7 General discussion This chapter presents the discussion of the PhD findings in general, 

starting with the main findings, reflection on the main findings, its limitations and strengths, 

recommendations for further research, and conclusion 
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Chapter 2 Background  
 
This chapter provides the background for the PhD topic and the significance of the research. It begins by 

introducing the classification and global prevalence of hypertension, as well as its prevalence in Saudi 

Arabia. It also summarises existing literature on the concept of self-management, self-management of 

hypertension in particular, and self-management theories. It discusses the concepts of mHealth and the 

significance of mHealth technology in Saudi Arabia. This chapter ends by presenting the research questions, 

and overall aim and objectives of the research, as well describing the significance of the project as a whole. 

   2.1 Classification and Prevalence of Hypertension  
 

 The United States Joint National Committee for Detection, Evaluation and Treatment of High BP (HBP) 

(1) and the National Institute for Health and Care Excellence in the UK (2) recommend that the normal 

systolic Blood pressure (SBP) should be less than 120 mmHg and the Diastolic Blood Pressure (DBP) 

should be less than 80 mmHg. Hypertension is diagnosed when high SBP (≥140 mmHg) or DBP (≥90 

mmHg) are recorded at two or more consecutive visits to a doctor (Table 2.1). Numerous methods of resting 

BP classification can assist in the identification of individuals at risk of high BP and can also facilitate 

therapeutic treatment. According to NICE criteria, hypertension is classified into stages, the most common 

of which are stages 1 and 2 (1-3).  

 
 

 

Table 2.1 Classification of BP 

 
 

According to the World Health Organization, hypertension is a major cause of premature death on a global 

scale (4). In 1975, as many as 594 million adults were reported to have high BP, with the figure increasing 
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to 1.13 billion by 2015, mainly in nations with low or middle incomes (5). The World Heart Federation 

(2013) estimates that by 2025, a total of 1.56 billion adults will have hypertension (5, 6). 
 

An extensive research of the prevalence of HBP in Saudi Arabia indicated an overall rate of 26.1%, a rate of 

22.4% in the rural population, and a perceptibly higher rate of 27.9% in the urban population. These rates 

are generally regarded as high (7). A study conducted in 2013 showed that 27.2% of Saudi people over the 

age of 30 had been diagnosed with hypertension, while 41% of those over the age of 15 were borderline 

hypertensive (8). The Ministry of Health (MOH) in Saudi Arabia revealed the tendency for BP to increase 

as individuals get older; within the 55–64-year age bracket, the rate reaches 51.2%, while in people over the 

age of 65, the figure approaches 70% (9). 
 

The Global Burden of Disease study has found that hypertension is one of the foremost death-risk elements 

in Saudi Arabia, so it is a serious issue in the country (8). Another crucial factor is that a significant fraction 

of people with hypertension remain undiagnosed, meaning many individuals are unaware they have the 

condition, and considerable efforts are made by the Saudi government to motivate the population to undergo 

basic health appraisals annually. Additionally, many Saudi national surveys have indicated that despite the 

high prevalence of hypertension, it is poorly controlled among people (7, 8, 10). For instance, a national 

survey reported that almost 72% of patients were on hypertension medication, but 55% of them still had 

uncontrolled BP levels. This leads to an increased risk of developing complications and a high economic 

cost (8). Another study indicated that 60% of people with hypertension, who followed and attended primary 

healthcare centres, have uncontrolled BP (11). Saudi Arabia has a clear problem with hypertension, 

primarily because of a relative lack of control of BP. Thus, progress in the development of innovative 

strategies for BP control is essential. 

 

  2.2 Complications of Hypertension  
 

Epidemiological studies have demonstrated that hypertension can be a risk element for a number of 

diseases, including heart failure, stroke, coronary and peripheral arterial diseases and renal disease (12, 13). 

Furthermore, hypertension is a risk element for every clinical manifestation of atherosclerosis (1).  

 

Hypertension can cause structural and functional changes within the heart. Such changes can involve 

atherosclerotic coronary artery disease, cardiac arrhythmias, diastolic dysfunction, left ventricular 

hypertrophy, cardiac remodelling and microvascular disease (13). Recently conducted clinical trials 

revealed that left ventricular hypertrophy can recede and the possibility of cardiovascular disease can be 

decreased when SBP is controlled, the target being below 130 mmHg as opposed to 140 mmHg (14). 

Furthermore, evidence suggests that when BP is decreased, coronary heart disease and deaths caused by 
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ischemic heart disease can be successfully decreased (15-17). It has been established by such research that 

BP decrease is significant in the prevention of heart illnesses.  

 

Hypertension is the major element of risk for strokes. Furthermore, it results in a growing risk of dementia 

and cognitive impairment (18). Epidemiological studies have shown that it is three times more likely for 

individual with hypertension to experience a stroke than a person whose BP is normal (18). A meta-analysis 

(16) that explored the association between 843 subsequent strokes and BP level showed that a decrease of 

SBP of 20 mmHg or 10 mmHg DBP was linked with a decline in death from ischemic heart disease and 

stroke by about one half. These results confirm the significance of BP control in decreasing the likelihood 

of a stroke. 
 

According to the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) (19) in the 

USA, HBP is the second major cause of kidney failure. Furthermore, from 2010–2013, high BP led to a 

7.7% increase in the kidney failure rate. Damage to small blood vessels from hypertension is regarded as 

one reason for kidney failure. Consequently, it is crucial to control BP to help prevent kidney disease. 

  2.3 Self-Management 
 

The term self-management, coined in the mid-1960s, was established and used with the aim of highlighting 

the active engagement of people with long-term conditions in their treatment (20,21). The nature of chronic 

disease management requires the application of a positive and dynamic technique to help patients with 

chronic conditions to move from a passive, powerless role, to an active, effective role (22). Although there 

is currently no agreed definition of self-management (23, 21), self-management can usefully be defined as 

the proactive management of patients in in their own symptoms, lifestyle changes, physical and 

psychosocial impacts and treatment (23, 24). Optimal self-management enables individuals to monitor their 

diseases, as well as to use strategies (e.g. behavioural and cognitive) to maintain a good quality of life (25).   

In self-management, a continuous and dynamic process of self-regulation is achieved by the patient through 

a productive partnership with the healthcare-provider. The concept of self-management is often 

interchangeably used with self-care. But self-care describes more general ways for individuals to live 

healthy lives by undertaking preventative strategies to promote and maintain their health (26).  

 

Lorig and Holman (22) suggest that the main self-management processes/skills include decision-making, 

problem solving, collaboration with healthcare providers, resource utilisation and taking action. Schulman-

Green et al. (25) indicated that accounts of self-management derive from the point-of-view of people with 

long-term illness. These include (1) focusing on the need of chronic illnesses, like learning, taking 

responsibility of healthcare need and carrying out health behaviours and tasks, (2) activating resources, 
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including psychological and healthcare recourses, and (3) coping with long-term illness, e.g. how they 

include management of their illness in their daily routine.  

 

To achieve effective self-management, it is essential to educate people to help them gain an awareness of 

responsibility over their conditions (27, 28), since patients with chronic diseases need to learn ways of 

managing their illness. To do so, they need to have an attitude towards their illness that is conducive to its 

treatment, as well as the necessary behaviors and skills to control the impact of the illness and manage 

aspects of treatment such as physical exercise and medication (23, 25). Shared decision-making about 

treatment is a basic requirement (22). Thereby, it is important that patients have a good understanding and 

knowledge of their condition, including how to manage it and access support services. This will make the 

patient more likely to engage with the self-management of their condition and increase their confidence in 

managing it (28). For almost all chronic diseases it is important that patients adopt a healthier lifestyle, or at 

least a lifestyle that reduces risk factors (28). Social support is also essential to facilitate the adoption of 

these self-management activities for these patients (29).  

 
 

   2.3.1 Hypertension Self-Management 
 

Hypertension self-management encompasses an array of activities or behaviours that people with 

hypertension perform to manage their condition and promote their own health (1, 30, 31). Hypertension has 

recently been recognised more as a lifestyle disease. The risk factors of hypertension such as smoking, 

obesity, excessive alcohol intake, sedentary lifestyle and unhealthy dietary habits significantly contribute to 

development of hypertension, and changes aimed at improving lifestyle can have a profound effect in 

controlling hypertension (1,2). Self-management has become an effective approach to managing 

hypertension, and it helps prevent subsequent serious and long-term complications involving hypertension 

because it enables people with hypertension to engage in their own healthcare. Patients with hypertension 

should have essential information and skills (e.g problem solving) to understand their condition, become 

aware of challenges in its management, and create a strategy or plan for finding a solution, which results in 

the development of patient self-efficacy and confidence (26, 30). 

 

Efficient self-management of hypertension includes the self-monitoring of BP and its symptoms; 

understanding when BP level and its symptoms are a problem, which enables the patient to gauge BP 

responses to health behaviour, as well as taking appropriate action (e.g. adjusting treatments and adopting 

recommended healthy lifestyles including a good diet, physical activity, and stress management) (2, 30, 

32). In self-managing hypertension, a healthcare team is usually involved, with which the patient can 

collaborate to set targets for BP, frequency of BP readings, and other strategies. This collaboration provides 
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negotiation and agreement of goals through problem identification, action planning and shared decision 

making to control BP properly (30, 33, 34). 

 

 

 2.3.2 Challenges of Self-Management of Hypertension 
 

Studies of self-management of hypertension often identify the following challenges for people with 

hypertension: poor access to community resources, a lack of knowledge about hypertension, competing 

health priorities, and non-compliance with hypertension medication (35, 36). A more recent meta-review 

found that patients face a number of barriers when attempting to self-manage and control their BP, 

including stress and anxiety, busy lifestyle, forgetting, cost, and lack of family support (37).  Other studies 

have identified challenges specific to Saudi Arabia (7, 8, 10, 38-40), which include: 1) a lack of knowledge 

and poor education and awareness about managing hypertension; 2) a lack of education and training centres 

to support patients in managing their condition; 3) a limited number of qualified specialists and nurses; 4) 

widespread obesity and a widespread lack of physical activity due to a sedentary lifestyle; 5) a high 

prevalence of smoking; 6) an unhealthy diet compared with other Eastern societies; 7) poor compliance with 

medication. Since this phase of the PhD was completed, additional research has found more evidence of 

barriers facing Saudi hypertension sufferers. Al Hadlaq et al (41) found that lack of motivation, forgetting, 

and busy lifestyle are barriers that affect Saudi patients’ effective self-management of their hypertension, 

factors which were already identified in our qualitative study (Chapter 6). 

 
Self-management programs can help to mitigate these challenges by giving patients a more active role in 

their health, increasing their self-confidence, motivation and efficacy. This can be fulfilled by means of 

collaboration between patients and professionals to establish realistic goals, build knowledge, and conduct 

self-monitoring activities, leading to taking appropriate actions (30, 33). 

 

 2.4 Self-management and behaviour change theories 
 

Self-management is a complex task that requires changes in behaviour on different levels and in different 

domains (21, 32). Patients need support to realise this and that is why many self-management interventions 

have been and are being developed. These interventions are mostly based on behaviour change theories. The 

following subsections discuss the most frequently used theories and how these will be used in our study of 

apps to support self-management of people with hypertension.  
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2.4.1 The Health Belief Model (HBM) 
 

The Health Belief Model (HBM), a socio-psychological model, predicts: 1) whether individuals will accept 

or reject healthcare treatments that will prevent more serious conditions developing in the future; and 2) 

whether the individuals will engage in self-managing their condition through conducting activities and 

adopting health behaviour (42). This model theorises that the beliefs people hold concerning whether or not 

they are at risk of contracting diseases, as well as how they view the benefits of acting to manage or avoid 

diseases, impacts how ready they are to make positive changes with regards to their health (42). Its 

emphasis is on how people perceive illnesses. The model utilises a number of concepts to anticipate why 

people will alter their behavior to prevent future ill health, take tests to establish if they have an illness, and 

take action to control illnesses (42). The concepts are presented in Figure 2.1. 

 
Figure 2.1: Description of HBM concepts. 

 

The model suggests that patients view towards their illness and the ways in which they could make positive 

changes to how they manage their illness impact the extent to which they perform positively (42) (see 

Figure 2.2). It is worth noting that a stimulus is also believed to be necessary to initiate self-management 

behaviours. 
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Figure 2.2 Health Belief Model (HBM), adopted from (43) under the terms of the GNU Free 

Documentation License, Version 1.2. 

 

The HBM is an extensively utilised and well-tested explanatory model for anticipating self-management 

behaviours. For more than twenty years, patients’ attitude towards their own chronic condition have been 

assessed using the HBM (44). The HBM has also been utilised to inform useful interventions regarding 

health-related behaviours by aiming at different parts of the model's main constructs. Recent studies have 

shown that the HBM has been used successfully in educational programs to improve self-management of 

chronic conditions including hypertension (44, 45). The HBM has several benefits: it can be implemented 

easily and it enables research into the creation of novel prevention methods in healthcare. It can also be used 

to predict a number of behaviours concerning health/treatment. More generally, the model gives an insight 

into the complexity of health behaviour (42).  

 
 

 

However, Jones et al (47) suggests that there is no strong evidence to suggest that utilising the HBM to 

inform interventions is beneficial: a systematic review that assessed healthcare adherence in the prevention 

and management of chronic illnesses showed that there was no relationship between HBM-use and the 

success of interventions. There are two possible explanations for this. First, the HBM components outlined 

in this model are not clearly defined, which could undermine its applicability (48). Second, it has been 

found that most research based on the HBM has only integrated specific components of it, and has therefore 

not piloted the model in completion (44). The results of a meta-analysis of 18 studies intended to assess 

whether the HBM could predict behaviour longitudinally showed that ‘Perceived benefits’ and ‘Perceived 

barriers’ most consistently predicted self-management behavior, but some of its predictors are weak (44). A 

possible answer to this criticism is that susceptibility and severity indirectly influence behavior, meaning 

such behaviours are mediated by the perception of threat (49).  
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Although the HBM is widely used in self-management of chronic diseases and there is some evidence of its 

effectiveness, it neglects factors other than psychological factors; e.g. economic and environmental factors, 

both of which could impact health and self-management behaviour. It also does not assess the effect of 

social norms or peer opinion/influence. 
 

2.4.2 The theory of reasoned action/planned behaviour (TBP) 
 

The Theory of Planned Behaviour (TBP) was designed as part of an effort to strongly link behaviour and 

attitude (42). TBP is an elaboration of the theory of reasoned action (TRA), which was provided by Icek 

Aizen (42), to improve on the predictive power of the TRA by including perceived behavioural control.  

 

According to the TBP, how a person behaves is decided by their intention to engage in a certain behaviour 

or enact that behavior (e.g. self-management activities of his/her condition). The theory emphasises that to 

engage in self-management of chronic diseases, it is necessary to alter attitudes toward self-management 

activities and behaviors. For example, by presenting likely outcomes of self-management activity and 

behaviour with a person to change how they perceive that self-management behaviour (e.g. consuming less 

salt meals and regularly taking medication will result in controlling BP level), or by discussing social norms 

with them, and thus reminding them of how their peers might perceive their activities. Lastly, addressing 

perceived behavioural control with them, to help them to feel more positively about their ability to self-

manage their condition and effect behavioural change (42). 

 

Unlike the TRA, the TBP addresses environmental and structural factors; it also considers why individuals 

choose behaviours. The most significant way in which TBP differs from the HBM is that it emphasises 

social norms in its assessments, viewing it as a vital variable in analysing and understanding behaviour. 

However, the theory also has flaws and limitations. For example, it does not account for the variables of 

fear or mood. These are potentially significant variables, and it is reasonable to think that a theory of 

behaviour that does not take them into account is going to be limited. It is also worth noting that 

behavioural intention does not consistently result in self-management activities and behaviours because 

other variables can affect these activities as well, such as economic or environmental factors (42).  

 

It has been found that models such as the TRA/TBP are able to predict intention relatively accurately. 

However, it should be noted that medium-large alterations in intention sometimes solely brings about small-

medium alterations in behaviour regarding self-management for people who have chronic diseases (50, 51). 

This gives weight to the view that behaviour alteration is a process involving two stages: the motivational 

stage (the upshot of which is an intention to act in a certain way), and the volitional stage (in which the 



  

27  

behaviour occurs in the way it was planned) (52). People tend to move from the motivational stage to the 

volitional stage via an alteration of mindset, which is brought about by a consideration of the options 

available, as well as their probable outcomes. By contrast, the defining feature of the volitional stage is plan 

formulation (52). It is reasonable to argue that the TRA and the TBP offer effective models of the 

motivational stage to be applied to self-management of chronic disease; however, they do not aid the 

identification of factors that may be important to the volitional stage (53).   
 

2.4.3 Social Cognitive Theory (SCT) 

It is increasingly common for Social Cognitive Theory to be used to aid the self-management of chronic 

diseases. The social learning theory was developed by Bandura, in 1977, in response to studies in 

psychology which investigated the behaviour of children. The theory offered an explanation of how 

children’s behaviour develops, for example how they alter their behaviour by modelling it on caregivers and 

peers and also through reinforcement (i.e. if the behaviour is praised or punished). This theory was refined 

by Bandura in 1986 and renamed the Social Cognitive Theory (SCT) (54). 
 

The SCT indicates that interpersonal factors in one’s environment are important for understanding and 

predicting an individual’s self-management behaviours. The theory emphasises the importance of the 

interaction between the individual, their actions, their cognition, and their environment (55). For instance, 

SCT states that adopting a good self-management behaviour is most likely to occur in a social context 

where there is an ongoing interaction between a person’s cognitions, actions and environment. This 

contrasts with other theories such as TTM and TBP, which focus on the individual’s intentions (42). 

The central concepts of SCT used to encourage self-management via intervention are: self-efficacy; 

outcome expectation; environmental determinants of behavior; observational learning; and self-regulation 

(42, 55). The term ’outcome expectation’ refers to an individual’s beliefs concerning how likely it is that 

certain outcomes will occur if they choose or perform a certain behaviour. So, for example, a patient with 

hypertension might expect to have sufficient control of their BP if they manage their diet properly. Having 

an outcome expectation is not sufficient to bring about changes in self-management behaviour, however.  

Bandura theorizes that the explanation for this is that some patients lack ‘efficacy expectancy’. The 

definition of ‘self-efficacy’ is an individual’s own estimation and judgments of their capacity to enact a 

particular self-management behaviour (55). Stated simply, self-efficacy is the person’s level of confidence 

that they can complete a given action or task. In this way, efficacy expectancy enables the cultivation of 

new self-management practices. The notion of self-efficacy provides an explanation of why some patients 

with hypertension may fail to adopt self-management behaviours, e.g. eating healthily, even though they are 

aware of the positive outcomes of such behaviours.   
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Bandura (55) suggests that the extent to which a person is capable of learning from their experiences, and 

changing their behaviour in response to what they have experienced, is highly dependent on their self-

efficacy. Self-efficacy varies from person to person. Many factors can impact a patient’s likelihood of 

successfully self-managing their chronic diseases and their behavioural change, including: how difficult the 

new behaviour is (magnitude); the lessons they have, or have not, learned from previous experience 

(generality); and the degree of expectation of the patient (strength). 

  

From this perspective we can expect the outcome of a patient’s attempts to improve their self-efficacy to 

depend on the following: their ability to conceptualise their environment (symbolizing capability);  their 

ability to know when they or others are likely to engage in certain behaviours (forethought capability); their 

ability to learn lessons from the experiences of others (vicarious capability); their ability to change how 

much they self-regulate, as well as their own standards (self-regulatory capability); and, finally, their ability 

to reflect upon their own situation (self-reflective capability) (55). Patients with high self-efficacy are far 

more likely to be successful in their attempts to self-manage their condition; those who have relatively little 

self-efficacy will find it more difficult to manage their condition. Therefore, a task for healthcare 

professionals is to help develop self-efficacy in patients. 

 

It is argued in SCT that a patient’s environment is an important factor in determining whether self-

management will be successful. ‘Observational learning’ can be understood as the process of modelling 

one’s behaviour on someone else’s behaviour, e.g. a caregiver or a peer. It is important that one’s 

environment offers incentives for developing new behaviour – these incentives might be rewards, but they 

might also be punishments. It is also beneficial if an individual’s environment facilitates their changes in 

behaviour (42), e.g. by providing novel resources or structures that make them easier to perform. 

In order to self-regulate an individual with hypertension will need to self-monitor BP, set goals for optimal 

level of BP, receive feedback on their measurement and performance, decide on rewards, self-instruct, and 

enlist social support. Bandura (55) indicated that there is some overlap between self-regulation and 

increasing self-efficacy with a view to self-managing chronic diseases.  

Healthcare providers who work in the field of hypertension should ensure that they provide information 

effectively, i.e. in a way that enables individuals to alter their actions, and thus improve their health. 

Furthermore, they should consider the following observation (54, 55): how people feel, e.g. how motivated 

they feel, and how they behave, are usually a response to what they believe, rather than a response to facts. 

This insight can be used to guide approaches to patients with hypertension, as well as other diseases.  

2.4.4 The trans-theoretical model (TTM) 
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The transtheoretical model (TTM) was created by Prochaska and DiClemente. It was designed to integrate 

different theories of self-management and behaviour change, for example TBP and self-efficacy, into one 

framework that is relatively simple to use (42). The TTM model is different to the theories mentioned above 

in that it is stage-based. The model includes 5 phases of readiness: pre-contemplation, contemplation, 

preparation, action and maintenance (42). The stage of pre-contemplation is when positive change to one’s 

(self-management) behaviour is not being considered, and will not be for the next 6 months. The stage of 

contemplation is when a person is starting to consider changing their behaviour, but is not yet prepared to 

enact any behavioural change for the next six months. The preparation stage is when a person is both ready 

to change behaviour, and intending to do so within a month. The stage of action is when an individual has 

been carrying out a new behaviour for up to the past 6 months. The stage of maintenance is achieved when a 

new behaviour has been maintained for 6 months (42) (See Figure 2.3.)  

 

 
Figure 2.3 The Trans-Theoretical Model and Process of Change’. Adopted with permission from (42). 

 

The model aims to encourage changes in patients’ self-management activities. It seeks to achieve this by 

tailoring the intervention to the stage of readiness that the individuals are currently in, and their motivation 

to adopt new behaviours. It is common for the stage that the individual is in to change during the processes 

of self-management and behaviour modification. In between each state and associated set of activities, 
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patients will change their environment and experience, with a view to modifying behaviours, beliefs, 

cognitions, feelings and relationships. According to this model it is vital that the readiness of each patient to 

move from one stage to another is assessed, to effectively support behaviour change (42).  
 

Arafat et al (56) found through systematic reviews that interventions informed by TTM are effective in 

encouraging exercise and healthier diets as well as lowering HbA1c levels in people with diabetes. In the 

case of hypertension, the TTM has been successfully used in multiple self-management interventions: 

interventions based on the TTM resulted in reduction in BP, heart attack and stroke events amongst people 

with hypertension. TTM has also been found to enhance medication adherence amongst people with 

hypertension as well as patients receiving medication to lower lipids (57).  
 

TTM is one of the most popular theoretical models in research on self-management and behaviour change. 

However, the model is not without criticism. Its predictive value is limited, because the activity change 

determinants and validated staging algorithms are not included in the TTM (58). Another criticism is that it 

is often only partly used; in a review of 24 uses of TTM in physical activity interventions, only 7 utilised 

TTM in its entirety (i.e. using all four of its dimensions: Self-efficacy, Stages of Change, Processes of 

Change and Decisional Balance) to enhance the intervention (59). It has been suggested by Hutchison et al 

(59) that elements of TTM must be used together to understand behaviour change and support self-

management; a fuller intervention that does not reduce TTM to stages is suggested to be more beneficial.  
 

It appears that using interventions informed by all constructs of TTM in supporting self-management and 

behaviour change could play a key role in improving engagement in self-management activities, changing 

behaviours and improving health outcomes. This is especially the case when all elements of TTM are used 

together to understand behaviour change. However, the emphasis that the TTM places on individual 

motivation is challenged by the idea that other social factors, including gender, age, wealth, and 

environment, also influence self-management behaviour. It is also unclear how long individuals need to be 

in each stage (60).   

2.4.5 Technology Acceptance Model (TAM) 

Various theories describe the process by which people either accept or reject new technologies and the 

factors that might contribute. One of the most commonly cited ones is the Technology Acceptance 

Model (TAM). The TAM devised by Davis on 1989 (128) is a model that seeks to explain individuals’ 

intentions to use and accept a new technology. The model aims to describe what factors influence 

people’s intentions to use new technologies. The model borrows from and adapts the TRA to deal 

explicitly with the use of technology, positing that individuals’ perceptions of a technology's ease of use 

and usefulness together shape an individual's attitudes toward that technology, and their intention to use 

it. The TAM is widely used, and has been shown to be ‘robust and valid’ (129), at least within the 
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setting for which it was designed, i.e. office technology uptake. There is also support for the model 

within healthcare technology (130). 

The TAM has been greatly expanded since its original inception, resulting in TAM2 and TAM3, as well 

as strongly influencing the development of the Unified Theory of Acceptance and Use of Technology 

(UTAUT), which incorporates the TAM concepts of perceived usefulness and ease of use (renamed as 

performance and effort expectancy). 

Chau and Hu (131) found that TAM had an explanatory power of 42% when investigating decisions by 

healthcare professionals to accept a new technology. As Abbasi et al (132) point out, the model fails to 

explain the remaining variance in behavioural intention. Since the TAM derives in part from the TRA, it 

is also subject to some of the same issues affecting this earlier model, including a lack of clarity in how 

developers of interventions should incorporate aspects of the model (133), and the criticism that 

intentions do not always lead to actions (134, 135). 

          2.4.6    The Mobile App Rating Scale (MARS) 

The Mobile App Rating Scale (MARS) is the one of the most commonly used tools to assess/rate the quality 

of mHealth apps (136). It aims to provide a means to assess a range of app quality indicators relating to 

functionality, engagement, information quality, aesthetics and subjective app quality. These indicators were 

derived from previous research, but sought to bring them together under a single framework (136). The 

MARS offers a way to measure the quality of apps that is simple and easy to implement with minimal 

training, and provides reliable, objective and widely applicable assessments of the quality of apps (137). 

The model produces a mean score, as well as subscale scores for each indicator, which can be used to weigh 

up the pros and cons of a given app. 

Although the MARS is easy to use, it has been criticised for being too generic, and omitting other important 

elements, such as users' prior attitudes, knowledge, and intentions, all of which may affect the development 

of a health behaviour (138). The MARS also omits other essential items, such as privacy and security (138, 

136). It has also been found to produce low scores for apps that have been subjected to rigorous scientific 

testing, suggesting that it may be biased towards well-designed apps, even if there is no evidence base to 

support their effectiveness (139). 

 

 

 

2.4.7 Discussion 
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The theories that have been discussed in this section are the most commonly used in behaviour change 

interventions for self-management. Each theory has its strengths and weaknesses. They share attributes with 

each other, but also have unique elements (42, 55). 

  
The Medical Research Council (MRC) 2008 provides guidance concerning the development and evaluation 

of complex interventions. It is suggested that theory should be used at every stage of designing an 

intervention, and in its implementation and evaluation (61). Using theory helps researchers understand why 

and how an intervention is working (successful) or not working (unsuccessful). However, the MRC does not 

specify or advise on how to choose and apply theories; this is perhaps because using behaviour change 

theories is a complicated matter (42, 62). For example, there are many theories that are possibly applicable, 

all of which have component variables (Johnston and Dixon 2008). There is also no consensus on which 

theories are the most powerful to support the development of interventions, and some theories share 

concepts but use different terms (62-66). Lastly, authors often do not accurately describe how they have 

transformed theoretical insights into practical strategies, and therefore their work cannot be easily used to 

design interventions (66).  

In addition to these issues arising from the theories themselves, the use of theories in interventions also has 

a number of associated problems. For example, often when a theory is cited in reports it is unclear in what 

way it informed the design of the intervention. Also, descriptions of interventions commonly lack sufficient 

detail for them to be replicated (62, 63, 65, 67-69). 
 

There has been an effort in recent years to increase the parsimony of theories concerning self-management 

and behavioural change, with a view to bringing about a reduction in duplication, and therefore to render 

theories more useful with regards to developing interventions (67). Lippke and Ziegelmann (63) indicate 

that a theory-based intervention is important for successful self-management and behaviour change, but 

argue that focusing on one theory when designing an intervention may not lead to the development of the 

most effective interventions, whereas it is clearly necessary in the development of health-theory work. They 

therefore suggest that intervention developers should consider employing strategies drawn from behaviour 

change theories that may not be derived from a single theory (63).   
 

Doshi et al. (70) suggest a way of breaking down theories into 20 strategies; what they offer can be 

considered a theoretical tool. It is known as the Behavioural Theory Content Survey (BTS). Broadly stated, 

this tool offers a way of analysing which theories contribute to interventions. BTS assesses elements of the 

four key models for behaviour change discussed before: (1) SCT, (2) TPB, (3) HBM, and (4) TTM. These 

strategies are present in more than one theory, which is why they are listed individually. Each strategy is 

given a mark out of 5, therefore the maximum score is 100. Despite being available since 2003, this tool is 

used comparatively little in the development of healthcare intervention.  
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More recently, Abraham and Michie (71) created a taxonomy of behaviour change techniques (BCTs). 

Examples of BCTs include: 'promote self-monitoring ' and 'prompt specific goal setting'. These BCTs are 

viewed as the ‘active ingredients’ in an intervention. The aim of Abraham and Michie’s work was to offer a 

detailed explanation of how interventions are designed and put into practice (delivered). They therefore 

attempted to understand what elements of an intervention are effective - which is a difficult task owing to 

the complexity of interventions. The elements that Abraham and Michie identify as effective include self-

monitoring, promoting goal-setting and review, and providing feedback. 
 

It would also be necessary to decide whether one BCT alone has an effect, as opposed to collections of 

BCTs combining to create an effect (71). This point notwithstanding, it appears possible to comprehend of 

how certain elements may be useful for some individuals in certain situations; this understanding could be 

utilised to develop new interventions (64).  

 

A more comprehensive and extensive BCT Taxonomy v1 (BCTTv1) has been developed (2013). This 

taxonomy consists of 93 BCTs organised into 16 groups. It has been widely utilised to code interventions in 

behaviour change and self-management of chronic diseases (72-75). This taxonomy will be used in this 

project to identify BCTs of the apps’ content (69) (See Chapter 4). The process of linking BCTs with theory 

will increase understanding of their functional associations, and therefore how their underlying mechanisms 

are indicated by their outcomes (effects). This process will increase understanding of the most effective 

ways to use BCTs. However, Cane et al. (76) and Hobbes et al. (77) have suggested that attempting to group 

them with constructs or theories is impractical, due to the large amount of BCTs in this taxonomy, and 

theories that would need to be analysed. 
 
 

An alternative approach is offered by Cane et al. (78) and also by Cane et al. (76) who argue BCTs can be 

grouped and linked with theoretical constructs, e.g. the Theoretical Domains Framework (TDF). The TDF 

was developed through interdisciplinary collaboration: 18 theoretical psychologists, 16 healthcare service 

researchers, and 30 psychologists worked together to create it. It was derived from 33 theories and is ‘an 

integrative framework of behaviour change theories’. Michie et al (79) argue that the TDF can be 

consistently grouped with the BCTs. In this project, the BCTs of the apps (see above) will be linked with 14 

theoretical constructs (i.e. mechanisms of action), to investigate these mechanisms of action underpinning 

the apps, as presented in Chapter 4. 

In 2011, a review reported that there are 19 frameworks that attempt to help intervention developers to 

create interventions that are informed by theories regarding self-management. The review also stated that 

none of the frameworks were linked to a specific theory and were not sufficiently coherent or complete 

(62). Responding to these assessments of existing frameworks, Michie et al (62) presented an alternative 

method for developing behaviour change interventions. Their alternative approach is informed by a ‘wheel 
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structure’ which incorporates aspects of the 19 studies, plus a main theory of behaviour (see Figure 2.4) In 

the centre of the wheel are a collection of sources of behaviour that can be focussed on and altered through 

an intervention. The section surrounding the centre details the different approaches relevant to developing 

interventions. In the outer section of the wheel various ‘policy categories’ are presented. Policy categories 

should be understood as ways that interventions could be implemented (62). Michie et al (62) created the 

‘Behaviour Change Wheel’ to help identify the smallest amount of components that can be used to increase 

understanding of performance of a ‘target behaviour’, which would then be included in a framework for 

developing and designing interventions. This was done so that developers could make more informed 

decisions, based on an understanding of all the available options. 

 

The ‘Capability, Opportunity, Motivation and Behaviour’ (‘COM-B’) model is the central model of 

behaviour (62, 80). Six variables are discussed in this model: 1) psychological capability, 2) physical 

capability, 3) automatic motivation, 4) reflective motivation, 5) social opportunity, and 6) physical 

opportunity (62, 80). It is possible to be more specific about the six variables listed above by linking COM-

B to TDF, as presented in yellow in Figure 2.4 (78,79). Both the sources of self-management behaviour and 

the needs (e.g. Opportunity) can be established, targeted, and altered.  

 

The standard use of the Behaviour Change Wheel is to work from the centre (sources of behaviour) to the 

outer circle, e.g. intervention functions. This process can then be used to link to potential BCTs. In the case 

of this research, BCTs are identified first, and then linked to TDF mechanisms of action, to understand the 

theoretical underpinnings of the apps.  
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Figure2.4 Behaviour Change Wheel (BCW)’ and ‘TDF domains’. Adopted with permission from (62, 80). 

2.5 Mobile Health (mHealth) 
 

E-health is a concept dating back to 1999 that explains the role of electronic processes, technology and 

communication in supporting healthcare. It involves a group of systems or services central to healthcare 

information technology (81). The emergence of mHealth, which is a sub-type of eHealth, was brought about 

by two factors: 1) the significant growth of mobile technologies and 2) improvements in mobile applications 

(‘apps’) that are designed to address medical problems (81).  

 

mHealth can be defined as the implementation and use of a digital health intervention, typically utilising 

wireless devices, e.g. mobile phones and tablets, to provide medical services and information (82, 83). 

mHealth encompasses the utilization of these devices in the collection of patient health information, for 

example by checking patients’ vital signs in real-time, providing healthcare information to practitioners, 

patients and researchers, and delivering healthcare via mobile telemedicine (82, 84).  It has been revealed 

that the number of mobile phone users (subscriptions) now is around five billion and commercial wireless 

signals were used by around 85% of people in the world (127). The penetration and growth of mobile phone 

networks in many parts of the developing world allows increasingly high data transmission speeds along 

with cheaper and more powerful handsets that can transform access to healthcare information and services, 

and their management and their delivery. 

 

The popularity of mHealth has risen as a beneficial method in enhancing peoples’ health outcomes (85-87). 

Utilising mHealth to manage and control chronic disease has been extensively researched. These studies 
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have used mobile phones to improve health outcomes by voice or short message services (SMS). Systematic 

reviews assessing mobile phone text and voice message interventions to offer healthcare and promote 

disease management found significant improvements in healthcare outcomes and care processes for 

providers and patients (85, 88). Several RCTs have also examined the use of mobile phone calls or text-

messages in supporting the self-management of hypertension and have found significant improvements in 

healthcare outcomes including SBP and DBP (89, 90). However, the utility of mobile phones in self-

management is largely restricted to communication between the patient and healthcare professionals 

through SMS or phone calls, which do not offer much in terms of actual participation of the patient in 

managing their health (91). Mobile phones offer fewer opportunities for patient participation in health 

management compared to smartphones. The scenario has shifted to more active involvement of the patients 

themselves with the advent of affordable smartphones in the market (91, 92). 
 

The prevalence of smartphone technology is continuing to increase around the world (82). In 2020, 6.95 

billion people were estimated to be using smartphones (93). This number was projected to increase to be 

7.41         billion by 2024. These smartphone platforms are becoming more computationally powerful, user-

friendly, and readily available. At the same time, increasingly complex mobile apps have been developed, 

which offer greater portability. Corresponding with the rapid increase in the use smartphones has been a 

significant increase in health apps, more than 100,000 of which are used, by millions of people (73, 82). A 

survey also showed that more than half (52%) of smartphone users make use of at least on mHealth app, 

and this percentage is anticipated to increase in the next years (92). Additionally, the number of health apps 

downloaded has rapidly increased: in 2013 it was 1.7 billion, and in 2016 it was 3.2 billion (94). This would 

suggest people’s willingness and tendency to manage their health through apps. Since 2008, these apps have 

been readily available via distribution platforms, known as ‘app stores’ (84). It is possible for users to install 

these applications to run on smartphones and modern tablets. 

 

It has been suggested in studies that using apps is an effective solution for managing and controlling chronic 

diseases and supporting self-management (95). Apps offer simple and new strategies and solutions to 

record, store and present data, and so on (96, 97). Birkhoff and Smeltzer (98) suggest that smartphone apps 

may improve patient care by allowing them to feel empowered and more in control of chronic conditions. 

Other studies have suggested that apps are more accessible and provide better visualisations for people 

compared with older technologies such as the web, which may lead to better understanding among patients 

(99-101). Many participants in these studies viewed mHealth apps as useful tools to improve their 

knowledge and management of their conditions, but they also revealed some important issues with these 

apps, such as the desire for designs to be more tailored to individual needs, prohibitive costs, and concerns 

regarding effectiveness and privacy and security (102). 
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It has been argued that smartphone interventions based on apps have good potential as a tool for controlling 

hypertension, due to their easy inputting of data, often automatically via wireless devices, and the ease with 

which they can be integrated with existing technology, and provide reminders to patients, e.g. to take 

medication (92, 96). A review of available hypertension apps on the two most frequently used smartphone 

platforms revealed that there are many available apps for patients with hypertension and significant 

numbers of patients tend to use them (103). The majority of these apps are aimed at supporting sufferers of 

hypertension in their self-management by making available tailored information, self-monitoring activities, 

feedback, and reminders (103). Several studies in self-management of hypertension advocate using apps as 

an optimal and accessible solution in managing hypertension through engaging patients in managing their 

own health (91, 92), and several studies have found that apps have the potential to be effective (104-106).  

 

However, despite the promise that mHealth apps appear to offer, there are concerns regarding the quality of 

apps that are available (107-109). The app market is not regulated in the way that medical devices are, for 

instance. App developers are usually not experts on health, nor are experts typically involved in app 

development (110). Few researchers release their apps commercially due to the prohibitive resources 

required, including the costs of programming, design expertise and the requirement to provide ongoing 

support (110, 111). It is therefore important to develop ways to distinguish the effectiveness of 

commercially available apps, the adequacy of their security and privacy measures, as well as their usability 

and acceptance among end users. 

 

2.5.1 mHealth in Saudi Arabia 
 

The mobile market in developing states has been recognised as the most rapidly growing economic sector, 

with 5.3 billion mobile users worldwide in 2010, 70% of whom were from developing countries (81, 112). 

Saudi Arabia has experienced a remarkable expansion in the area of technology and communication. 

According to Albabtain et al (112), Saudi Arabia is recognised to be one of the leading mobile markets in 

the Middle East. There were an estimated 3.19 million smartphone users in Saudi Arabia in 2021, with this 

number estimated to rise to 36.2 million by 2025 (140). Saudi Arabia has the highest mobile penetration 

rate, with approximately 186%, compared with the developed nations average of 116% and the developing 

nations average of 73% (112). mHealth seems to be an increasingly important part of Saudi Arabia’s 

healthcare system; a recent survey measuring the usage and prevalence of smartphone applications among 

patients indicated that 92% of the participants (Saudi patients with mental health issues) used mobile apps 

to control and manage their health (113). Moreover, the MOH in Saudi Arabia has smartphone health 

applications (e.g. for booking appointments) that are available for Saudi people on the main smartphone 
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platforms (114). The importance of mHealth to the Saudi healthcare system seems to have rapidly increased 

further, during Covid-19, when many Saudi health apps were lunched to support patients in tracking 

coronavirus exposure and infection, and to provide health and quarantine advice to Saudi residents (114). 

 

It appears that Saudi people are already experienced with smartphones and health apps, but there is no data 

substantiating their usage in managing hypertension. According to Albabtain et al (112) Aljuraiban (115) 

and Jusoh (94), in Saudi Arabia, mHealth apps can be the most available, accessible and useful way to 

combat and prevent health problems and to manage chronic diseases. This would suggest that healthcare 

apps are likely to be an effective and helpful tool to facilitate the self-management of hypertension in Saudi 

Arabia.  

 

2.5.2 Saudi Arabia Context 
 

Saudi Arabia is among the biggest nations in the Middle East, situated on the Arabian Peninsula. Its 

predominant industry is oil and gas extraction. Since the discovery of crude oil in Saudi Arabia in 1938, 

profits from its extraction have facilitated rapid economic development and social change (141, 142), with 

knock-on impacts on the lives and lifestyles of its citizens (141, 142). This has included an increase in 

lifestyle diseases, including hypertension, which is estimated to affect 27.7% of the adult Saudi population 

(7, 8). The prevalence of hypertension in Saudi Arabia is particularly high and is the main risk factor for 

death (7-9). There has also been a significant increase in the use of smartphones and health apps in this 

context (112, 113, 115). 

  

Hypertension and other chronic diseases present issues for the MOH (8). Hypertension sufferers are 

generally treated within primary-care centers and clinics at hospitals. However, as with other conditions 

requiring specialist treatment, they are commonly referred to specialist treatment facilities or 

surgical centres, in this case for hypertension and other cardiovascular disorders (143). 
 

Islam is the main and official religion of Saudi Arabia, and Saudi culture is profoundly shaped by these 

beliefs. Islam encourages certain healthy lifestyle practices, such as eating in moderation, taking regular 

exercise, and refraining from consuming alcohol, drugs and tobacco (144). However, in practice many 

unhealthy behaviours are common among Saudis, including poor diet, resulting in obesity, as well as 

smoking, and living relatively sedentary lifestyles (145).  These lifestyle factors have led to 

a rapid increase of hypertension, and a need to promote patients’ engagement in self-managing their disease 

to avoid health complications (23,41, 145). 
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2.5.2 Why use smartphone apps for self-managing of hypertension in Saudi Arabia? 
 

The problems associated with self-management of hypertension in Saudi Arabia are characterised by lack of 

engagement with the condition, for example: (1) poor adherence to prescribed medication (116-118), (2) 

failing to adopt a healthy lifestyle (41), (3) lacking awareness and/or understanding of the condition and its 

risk factors (119-121). Smartphone apps have the potential to mitigate all of these problems. As outlined 

above, it has been shown that smartphone apps, through offering goal setting that requires negotiation in a 

partnership between patients and their health professionals, feedback about BP measurements to promote 

self-management, reminders, e.g. to take medication and measure BP, and information about the condition 

to promote self-management, can support self-management and help to control BP. These apps therefore 

have the potential to increase patients’ awareness of their condition, and to engage them in self-regulation of 

their condition, thereby increasing their self-confidence and allowing them to participate with their 

physician in decision-making (92, 122, 12).  

2.6 Significance of research  
 

Despite the increasing prevalence of hypertension globally, and the increase in commercially available self-

management apps, there was previously little to no evidence as to the potential effectiveness, usability and 

security and privacy of these apps. Since the shortcomings in these apps might lead to significant concerns 

as to their potential benefit, and may even present a risk to users (73), there was an urgent need to 

investigate the effectiveness of these apps, the levels of security and privacy that they offered, and their 

usability and acceptance among users. This research begins to address this lack of evidence. 

 

 As outlined above, hypertension is the main risk factor for death in Saudi Arabia. Different cultures are 

likely to have their own specific needs and expectations surrounding the use of mHealth apps (102, 125), so 

it is essential that research identifies the most suitable apps for a particular cultural context, and examines 

their potential usability within that context. Despite these factors, no previous studies have explored the 

potential of hypertension self-management apps in the context of Saudi Arabia, or the other Gulf States 

(126). This research fills this gap in existing scholarship by reviewing available apps for the self-

management of hypertension, identifying the most suitable apps for the Saudi context, and assessing the 

usability and acceptance of the most suitable app among Saudi patients. 

 

2.7 Aims and Objectives 
 
The overall aim of this PhD research was to review available apps for the self-management of hypertension 
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based on their effectiveness, privacy and security, and their theoretical underpinning, to identify the most 

suitable apps for use in the Saudi context, and to evaluate the usability and acceptance of the most suitable 

app among Saudi patients. To achieve this aim, the objectives are as follows: 

1. To synthesise and appraise the available evidence about app usability, end-user satisfaction, and the 

effectiveness of apps in terms of lowering BP; to identify which functionalities are most effective 

(Study 1: Systematic review).   

2. To identify and describe available apps that can support the self-management of hypertension and 

identify their functionalities, levels of privacy and security, and theoretical backgrounds. (Study 2: 

App stores review)   

3. To determine the most suitable hypertension self-management apps that meet the criteria of 

effectiveness, theoretical backgrounds, and privacy and security (Study 3 Phase 1). 

4. To identify the most suitable app for the Saudi context by exploring Saudi patients’ and doctors’ 

experiences in self-management of hypertension, and their attitudes towards the app(s) identified in 

the systematic approach above (Study 3 Phase 2). 

5.  To translate the most suitable app into the Arabic language through co-operation with the selected 

app’s developers. 

6. To assess the usability and acceptance of the selected app in real life and controlled settings. (Study 

4)  

2.8 Research questions 
 

Q1. What evidence is there in the literature about the effectiveness of apps to lower BP, their usability 

and user satisfaction and what are the characteristics/functionalities of effective apps? (Study 1: 

systematic review) 

Q2. What apps are available that support the self-management of hypertension and what are their 

characteristics and theoretical backgrounds? (Study 2: App stores review) 
 

      Q3. To what extent do these available apps meet the criteria of effectiveness, theoretical underpinning, 

and privacy and security to support the self-management of hypertension? (Study 3 Phase 1) 
 

      Q4. Of those apps identified as most suitable, which are the most suitable for use within the Saudi 
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context? (Study3 phase 2) 

-  What are people with hypertension and doctors’ attitudes towards, and their acceptance of these 

apps in the self-management of hypertension? 
 

Q5. How usable is the most suitable app and to what extent do users accept it? (Study 4) 
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This chapter presents a systematic review synthesising the existing scientific evidence as to the 

effectiveness and usability of apps for hypertension self-management and user satisfaction. The review also 

investigates the functionalities of the apps to identify which combinations are most likely to be effective. 

The results from this investigation form the basis of the subsequent app store review, presented in the next 

chapter.  
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Abstract 
 
Background: Hypertension is a chronic disease that is considered to be a public health problem and 

requires efforts by patients to manage themselves. The global growth in the use of mobile phones and 

tablets has been accompanied by the increased use of health apps. Many of these apps support the self-

management of hypertension and, therefore, they have the potential benefits of lowering blood pressure. 

Despite this, there is currently a lack of evidence for their effectiveness, usability, and patient satisfaction 

with their use. 

Objective: A systematic review was conducted to assess the effectiveness of apps in lowering blood 

pressure, as well as their usability and patients’ satisfaction with their use. 

Methods: We conducted searches in the following databases: MEDLINE (OVID), EMBASE (OVID), 

PsycINFO (OVID), CINAHL, the Cochrane Central Register of Controlled Trials (CENTRAL, The 

Cochrane Library), IEEE Xplore ASSIAN, Google Scholar and the main Arabic databases Al Manhal, 

AskZad, and Mandumah. We looked for studies that used apps in the self-management of hypertension 

from 2008-2016. We also checked the reference lists of the review papers and all the primary studies for 

additional references. 

Results: A total of 21 studies with a total of 3112 participants were included in the review. Of the 14 

studies that assessed the effectiveness of the apps in lowering blood pressure, 10 (71.4%) studies (6 RCTs 

and 4 nonrandomized studies) reported that using the apps led to significant decreases in blood pressure 

and seemed to be effective in the self-management of hypertension. Of these 10, only 2 (20%) RCTs and 3 

(30%) nonrandomized studies had a low–moderate risk of bias. The results of this review are inconclusive 

regarding which combinations of functionalities would be most effective in lowering blood pressure 

because of variation in the studies’ quality, but the data suggest that apps incorporating more 

comprehensive functionalities are likely to be more effective. In all the studies that assessed the usability 

of the apps and users’ acceptance of them, all the apps seemed to be accepted and easy to use. 

Conclusions: Most of the studies reported that apps might be effective in lowering blood pressure and are 

accepted by users. However, these findings should be interpreted with caution, as most of the studies had a 

high risk of bias. More well-designed, large-scale studies are required to evaluate the real effect of using 

apps in lowering blood pressure and to identify the most effective functionality combinations for lowering 

blood pressure. 
 
 

 
 
KEYWORDS mobile phone; mobile application; mobile app; self-management; hypertension; blood 
pressure
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3.1 Introduction 
  
Hypertension, in which the blood pressure (BP) in the arteries is raised, is one of the most common 

chronic diseases in adults. Patients can be diagnosed with hypertension when their systolic blood pressure 

(SBP) and diastolic blood pressure (DBP) are above 140/90 mm Hg, respectively (1). Hypertension has 

been recognized as a major risk factor for many diseases, such as renal failure, heart disease, and stroke 

(1). Despite the effect of lowering BP on reducing the risk of renal and cardiovascular disease, most 

people with hypertension poorly control their BP (2). Therefore, it is important to encourage patients’ 

involvement in controlling their BP. 

Self-management is considered an important element of chronic care management (3). Self-management 

demands an active role of patients in managing their symptoms, treatment, psychosocial and physical 

effects, and changing lifestyle (4-6). Achieving an optimum level of self-management behavior is difficult 

and requires considerable effort from patients. Mobile health technology (mHealth), defined as the use of 

mobile devices to deliver health care (7), has the potential to facilitate and optimize patients’ self-

management (8-11). This can be performed by integrating health care with everyday life by delivering and 

collecting health information and services in a convenient, accessible, and interactive mode (12,13). The 

use of the new generation of these mobile devices, including mobile phone and tablets, has increased 

rapidly in recent years, and it is estimated that by 2018 mobile phones will be used by one-third of the 

global population (14). Mobile phones have become an important platform to deliver health to patients 

through health apps. The rapid growth in the use of these devices has been accompanied by a huge 

expansion in health and health-related behavior apps, and more than 100,000 of these are used by millions 

of people (14,15). Many health apps are targeted to support people with hypertension in their self-

management by offering self-monitoring activities, reminders, tailored information, and feedback (16,17). 

To the best of our knowledge, despite the potential benefits of apps for people with hypertension and the 

increased use of these apps, a synthesis of studies on their effectiveness in this population has not been 

conducted. This systematic review will synthesize the existing evidence on the effectiveness of apps in 

lowering BP, as well as their usability and patients’ satisfaction with their use. 

3.2 Methods 
  
A systematic review was conducted and reported per the PRISMA statement for systematic reviews 
(18,19). 
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3.2.1 Eligibility Criteria 

The inclusion criteria were dependent on PICOS (18) as described below: 

Population 

The population was people with hypertension (18 years of age and over) and health care professionals 

(HCPs) supporting people with hypertension in their self-management in any care setting, without 

limitations on the participants’ gender, age or socio-demographic characteristics. Studies about people 

with chronic illness including hypertension as one of their inclusion criteria were also included. 

Intervention 

The intervention was a mobile phone or a tablet app that collects data, provides feedback, connects with 

HCPs or informs about hypertension to support the self-management tasks of hypertension. These tasks 

include self-monitoring of BP and other biometrics, healthy eating and drinking, being physically active, 

maintaining a healthy weight, adhering to medication, and managing stress and coping (1). The app 

should also enable interactions between the user and the device via a set of interfaces (eg, a visual user 

interface). Studies in which a health app was the only method of delivery or in which it was a component 

of a blended intervention were also included. 

Comparator 

The comparator was either usual care or any other control intervention. Articles with no comparison were 

also included. 

Outcomes 

The outcomes of studies that were considered are: levels of BP, SBP, and DBP, as well as usability, 

attitudes, and satisfaction with mobile apps. 

3.2.2 Study Designs 

The eligible study designs were all quantitative, qualitative, and mixed-method studies that explore the 

self-management of hypertension using apps. Pilot studies were included because they might enable us to 

understand the status of apps. 

Data Sources and Search Methods 

The electronic databases EMBASE (OVID), MEDLINE (OVID), PsycINFO (OVID), the Cochrane 

Central Register of Controlled Trials (CENTRAL, The Cochrane Library), CINAH, ASSIAN, and IEEE 

Xplore were searched, as was Google Scholar. Hand searching through the reference lists of included 

studies and systematic reviews was also conducted to find more related studies. These databases were 

searched using the concepts of hypertension, mobile apps, telemonitoring, and self-management (see 
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Appendix 2 for the MEDLINE search strategy). The search strategy was limited to English research 

published from 2008, when the first app store was launched, (12) to June 25, 2017. 

3.2.3 Exclusion Criteria 

Studies were excluded based on the criteria in Textbox 1. Conference abstracts, protocols, commentaries 

or editorials or studies not in English or Arabic were not included. 

Study Selection 

Reference management software (Endnote) was utilized to collect results from databases, and to de-

duplicate articles. Two reviewers (TA and SA) independently scanned titles against the eligibility criteria 

and in a second phase the abstracts of selected titles. Cohen kappa was calculated to determine the 

agreement between the reviewers for each step of selecting titles and abstracts. 
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Textbox 1. Exclusion criteria. 

 

Titles and in the second phase abstracts received 2 points if they met the criteria, zero if not and 1 point 

when there was doubt. If the sum of reviewer scores for a title was 2 or more, the study was included for 

the next phase. Otherwise, it was excluded. Two reviewers separately reviewed the full articles when the 

total scores for the abstract equaled 2 points or more. Any disagreements were resolved through a 

discussion with other researchers (LdW and MSH). 

3.2.4 Data Extraction and Quality Assessment 

Two reviewers independently (TA and SA) extracted data and assessed the quality of the included studies. 

Any disagreement was resolved through a discussion with other researchers (LdW and MSH) until 

consensus was reached. 

Data were extracted using a standardized form, which was piloted by the reviewers. The Cochrane 

Collaboration’s Risk of Bias Tool was utilized to assess randomized controlled trials (RCTs) (20). 

Nonrandomized quantitative studies were evaluated using 3 tools provided by the US National Institute of 

Health (NIH), March 2014 version: 1 for observational studies, 1 for controlled studies, and 1 for pre-post 

studies without control group (21). The Critical Appraisal Skills Programme (CASP) was utilized for the 

quality assessment of qualitative studies (22). 

3.2.5 Data Synthesis and Analysis 

An overview of the basic characteristics of the studies, including the intervention, population, and 

outcome, was summarized in a table. Data were not combined because of differences in the designs of the 

studies. A narrative synthesis was conducted instead (18,23). All research findings were classified 

according to review objectives. 

They were not aimed at hypertension or studies focusing only on primary prevention of hypertension or hypertension during 
pregnancy. 
They examined interventions accessed by a personal digital assistant, desktop computer, laptop, netbook 

They examined interventions accessed by a mobile phone or traditional tablet that did not permit participants to download or use any 
app from the app store. 
They solely used messaging including short message service (SMS) text messaging, multimedia messaging service (MMS), websites, 

calls, emails or Web-based apps. 
A mobile device was used to transmit information provided by a blood pressure monitoring device to care providers or clinicians, but in 

which there was no interaction with the user. 
They describe only the technological development of a mobile system. 
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3.3 Results 

3.3.1 Summary of Search Results 

The review steps are summarized in Figure 3.1. Searching the electronic databases yielded a total of 6302 

titles. After all duplicates were removed, 5676 records remained for title screening. Cohen kappa for 

agreement between the 2 reviewers was 0.72. Subsequently, the 2 reviewers (TA and SA) assessed the 

remaining 1968 abstracts; Cohen kappa for agreement between them in that step was 0.83. Of these, 569 

went forward for full-text assessment, supplemented by 3 studies identified from reference tracking. A 

total of 548 papers were excluded at full-text screening, as they did not meet the criteria relating to the 

participants or interventions, or they were conference abstracts, editorials, or protocols. This led to a 

selection of 24 publications. Only 21of these were included in this review, as 2 publications were a subset 

analysis of a previous publication, and 1 publication was about a part of the sample of a larger study 

described in another publication. 

 

 

 

Figure 3.1 PRISMA flow diagram. 

 



  

59  

3.3.2 Study Characteristics 

There were 21 studies included in this review. The publication year of the studies ranged from 2012 to 

2017 (see Appendix 1). Most studies (11/21, 52%) were conducted in the US (24-32) and Canada [33,34], 

while 7 (33.3%) were carried out in European countries, including France (35), Sweden (36-38), Spain 

(39,40) and Italy (41). The remaining 3 (14.3%) studies were conducted in China (42,43) and South 

Korea (44). 

Of the 21 studies, 9 (43%) were randomized controlled trials (RCTs) (24,25,27,28,30,33-35,42), 10 (48%) 

were nonrandomized  studies  (26,29,31,32,37,39-41,43,44),  and 2 (10%) were qualitative studies 

(36,38). Fourteen (14/21, 67%) studies reported on the apps’ effectiveness in controlling BP. Of these 

studies, 4 (27%) also assessed user satisfaction and experience with the apps (27,30,31,39). The 

remaining 7 (33%) studies that did not report efficacy focused on user satisfaction with and attitudes 

towards the apps and their usability (26,32,36,38,40,43,44). The study duration ranged from 1-12 months. 

The studies included a range of 19 to 1012 participants, with a total of 3112 participants. 

Participants’ mean age ranged from 42.4 (27) to 69.5 (42) years of age. The population groups of the 

studies included individuals with hypertension (24-30,32,36-39,41-44), metabolic syndrome risk factors 

(34), obstructive sleep apnea with high cardiovascular risk (35), and overweight individuals (31). Of the 

21 included studies, 5 (24%) reported to having used behavioral theories, such as self-determination 

theory (24,26,27), motivational interviewing (30) and theory of planned behavior (43) to underpin and 

guide the intervention methods and the development of the technology. The other studies did not report 

using behavioral theories. However, an investigation of the apps’ functionalities identified recognizable 

elements of behavioral strategies. 

All the included studies focused on supporting self-management of hypertension. Nine (43%) of the 

included studies were aimed to enhance self-management without involving clinicians to monitor patients 

remotely (29,33,35-38,42-44). The other 11 (52%) studies mainly involved clinicians or other HCPs 

remotely monitoring patient data and health status (24-28,30-32,39-41), while the remaining study involved 

the researcher remotely monitoring patient data and alerting physicians if needed (34,36). In these 11 (52%) 

studies involving HCPs, the HCPs provided feedback, including a medication plan or adjustments (24-

27,39,41), regular online coaching consultation, (31) instructions (28,30), or communication with patients 

(40,42) (see  Appendix 1). 

3.3.3 Intervention Characteristics 
 
In most studies, an app was supplemented with other interventions, such as a website (28,36-39,41), voice 

telephone messages (33), exercise prescription (34), a nasal mask and an auto-titrating machine (35), an 
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electronic medication tray, email, SMS, or phone call (24-27), and education provided by a nurse (28). 

The control group in the controlled studies had usual care. In some studies, this was combined with the 

recording of prescribed exercise (34) and the BP measurements (42) in a logbook or with the education 

provided by a nurse (28). 

Functionalities of the Apps 
 
The 21 reviewed studies used 16 apps. Fourteen different apps were used in 14 studies (28-35,39-44), 1 

app was used in 3 studies (36-38), and another app was used in the other 4 studies (24-27). 

The main functions of the apps can be categorized into the strategies involved: self-monitoring 

capabilities, goal setting, the reminder and alert component (the use of prompts or cues), automatic 

feedback educational information, communication with HCPs and stress management. All 16 apps 

incorporated at least one of these functions. Table 3.1 summarizes the characteristics of the apps and 

systems. 

The 16 apps have some similar characteristics and functionalities. All the apps have self-monitoring 

capabilities for BP and other health data (medication adherence, physical activity, eating and drinking, 

weight, sleep, stress, symptoms, medication side effect, and self-reflection answers) (24-44). This enables 

the user to track their BP and other health data over time in different formats, including graphical and/or 

tabular formats, and access the summary, raw data and/or analyzed results, the majority of which 

consisted of the BP, medication adherence, physical activity, eating and drinking, weight, and stress. The 

second most common functionality was a reminder and alert component that prompts self-monitoring by 

reminding patients about their medication time, BP measurements, hospital visits or personal goals, or the 

system alerts another person (eg, health professional) when a medication dose is missed or when the BP is 

higher than the normal level, a feature included in 13/16 (81%) apps (24-29,31-34,36-42,44).
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Table 3.1 Intervention characteristics (identified by a check mark if they were met). 

Study Functional

ities Self-

monitorin

g 

 

Use of 
prompt/cues 
(reminder 
and alert) 

 

Educati
onal 
informa
tion 

 

Communic
ation with 
others 

 

Automatic feedback Stress 
management 

Anglada-Marti nez 
et al (39) 

✔ ✔ ✔ ✔ ✔ — 

Bengtsson et al (36) ✔ ✔ — — ✔ — 
Bengtsson et al (37) ✔ ✔ — — ✔ — 
Hallberg et al (38) ✔ ✔ — — ✔ — 
Carrera et al (40) ✔ ✔ ✔ ✔ ✔ — 
McGillicuddy et al 
(25) 

✔ ✔ — — ✔ — 

McGillicuddy et al 
(26) 

✔ ✔ — — ✔ — 

Davidson et al (24) ✔ ✔ — — ✔ — 
McGillicuddy et al 
(27) 

✔ ✔ — — ✔ — 

Bloss et al (28) ✔ ✔ ✔ ✔ ✔ — 
Patel et al (29) ✔ ✔ ✔ — — — 
Or and Tao (42) ✔ ✔ ✔ — ✔ — 
Logan et al (33) ✔ ✔ — — ✔ — 
Petrella et al (34) ✔ ✔ — — — — 
Albini et al (41) ✔ ✔ ✔ — — — 
Mao et al (31) ✔ ✔ ✔ ✔ — — 
Moore et al (30) ✔ — — ✔ ✔ — 
Mendelson et al (35) ✔ — ✔ — — — 
Kang et al (44) ✔ ✔ ✔ — ✔ — 
Sun et al (43) ✔ — — — — — 
Banerjee et al (32) ✔ ✔ — ✔ ✔ ✔ 

 

Educational information (28,29,31,35,39-42,44) and automatic feedback (24-28,30,32,33,36-40,42,44) 

were the next most common features. Of 16 apps, 6 (38%) apps provided a tool for the users to 

communicate with their families and HCPs (28,30-32,39,40) and 1 app (6%) supported stress management 

(32). Although setting goals is one of the most important techniques in the self-management of 

hypertension (45), most included studies reported that goals were set through negotiation and discussion 



  

62  

between the patients and their HCPs without explicitly mentioning setting them in the app (24-27,29-

31,34-38,42). 

The most common comprehensive combination of strategies was self-monitoring, educational information, 

automatic feedback, reminders, and alerts. This combination was found in 5/16 (31%) apps 

(28,39,40,42,44), 3 of which also provided communication with HCPs (28,39,40), and patients families 

(28). The second most frequently used combination was self-monitoring and prompt or cue, with the 

addition of either feedback (24-27,32,33,36-38) or educational information (29,31,41), with 2/7 (29%) 

apps providing communication with HCPs (31,32). The remaining 4/16 (25%) apps only focused on self-

monitoring (30,34,35,43) with either educational information (35), automatic feedback and 

communication with HCPs (30) or reminders or alerts (34) (see Table 3.2). 

Data Input Methods 
 
Most apps (14/16, 88%) used self-monitoring of BP and supported other self-monitoring tasks (24-28,30-

38,40-44), while 2 apps (13%) focused solely on self-monitoring of medication compliance (29,39). In 

50% (7/14) of the apps, the collected BP readings were transmitted automatically from BP monitoring 

devices to the app using wireless transmission. In 3 of these 7 apps (42.9%), Bluetooth was employed 

(24-27,33,34) while for the remaining 4 apps (57%) the transmission method was not described 

(28,30,35,42). Manual entry of BP data was used in 50% of apps (7/14) (31,32,36-38,40,41,43,44), one of 

which (14%) also automatically transmitted data (31). Blood glucose readings were also wirelessly 

transmitted in 3  

 
 
Table 3.2 Common combinations of app functionalities (N=16). 

Common Combination n (%) 
Self-monitoring + automatic feedback + prompt or cue (reminders and alerts) + 
educational information 

5 (31) 

Self-monitoring + prompt or cue (reminders and alerts) + automatic feedback 4 (25) 
Self-monitoring + prompt or cue (reminders and alerts) + educational 
information 

3 (19) 

Self-monitoring + communicate with health professional + automatic feedback 1 (6) 
Self-monitoring + prompt or cue (reminder and alerts) 1 (6) 
Self-monitoring + educational information 1 (6) 
Self-monitoring 1 (6) 
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of the 16 apps (19%) (28,34,42) and medication data was wirelessly transmitted in 2 of the apps (13%) 

[24-27,30). There was no description of the technology used. Data was inputted manually in 3 other apps 

(3/16, 19%) using different formats, such as choosing an option or typing (29,39,44). Other manually 

inputted data include: weight in 4 apps (25%) (31,32,34,41), number of steps walked in two apps (13%) 

(31,34), reflective answers representing users’ expectations toward their BP readings in one app (43), 

answers to questions about well-being, side effects, symptoms, and medication in another app (44), and 

other lifestyle aspects such as smoking, stress, and exercise in 2 apps (32,44). 

3.3.4 Quality Appraisal 

All 9 RCT studies presented some degree of potential bias when assessed using the Cochrane 

Collaboration’s Risk of Bias Tool. Three of them were of low to moderate risk of bias (fair-good quality) 

because they met most of the criteria (33,35,42), while the remaining studies were considered to be of high 

risk of bias (poor quality) (24,25,27,28,30,34) (see Multimedia Appendix 4). Four of the 9 studies (44%) 

failed to report and apply random sequence generation (24,25,27,28). Seven of the 9 studies (78%) 

presented a high risk of bias or information was not explicitly provided regarding the blinding of 

participants, personnel, or the outcome assessor (24,28,30,33-35,42). Five (5/9, 56%) studies had a high 

risk of bias in other areas, such as small sample size (24,25,27,30,42). 

One controlled study presented poor quality because of failure to apply blinding of the outcome assessor 

and sample size justification (see Appendix 5) Most observational studies (4/7, 57%) were found to be of 

poor quality because of a high risk of bias or the lack of information concerning the sampling method and 

selection (32,39,43,44), and failure to clearly report the study aims, design, duration, and outcome 

measures (32,40), as well as high attrition rate (39,44). The remaining 3 (43%) studies were of fair-good 

quality (26,31,37) (see Appendix 6). One of the pre-post studies (1/2, 50%) presented poor quality because 

of selection and attrition bias (39) (see Appendix 7). The two qualitative studies were deemed to be of low 

risk of bias as they met most of the CASP tool’s criteria. However, both seemed to fail to adequately 

report the saturation of data during data collection and the relationship between researcher and participants 

(see Appendix 8). 
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3.3.5 Blood pressure 
 
Fourteen studies (14/21, 67%) reported outcomes related to BP (24,25,27-31,33-35,37,39,41,42). From 

these, 9 studies (64%) were RCTs (24,25,27,28,30,33,34,35,42), and 5 (36%) were nonrandomized 

studies (29,31,37,39,41). Only 2 (14%) of them did not report the effect on DBP (25,31). BP outcomes 

were presented as mean (25,27,29,39), mean change (24,28,30,33,37), or both (31,34,41,42) (see 

Appendix 3). 

As shown in Table 3.3, 6/9 (67%) studies demonstrated positive effects on BP (24,25,27,30,33,42), 

whereas 3/9 (33%) studies reported no positive impact on BP (28,34,35). The 6 studies that demonstrated 

positive effects showed a significant decrease in SBP (P<.05). The decrease in the intervention arm 

ranged from 8.7 to 34.8 mm Hg (24,25,27,30,33,42). Significant decreases in DBP were reported in 2/6 

(33%) studies, ranging from 4.9 to 12 mm Hg (24,33). Only 1 of the 6 studies (17%) (30) reported a 

nonsignificant trend toward greater decrease. 

Three out of 9 studies (33%) were of fair-good quality. However, the remaining 6 studies (67%) were of 

poor quality (see Quality Appraisal section for an in-depth discussion of this). Of the 3 studies that were 

fair-good quality, only 2 (67%) were positive. Five of the studies (5/14, 36%) are nonrandomized 

(29,31,37,39,41). Of these, 4 (80%) reported a significant decrease in BP (29,31,37,41). This decline 

ranged from 5.7 to 10.5 mm Hg and from 4.9 to 6.2 mm Hg for SBP and DBP respectively (see 3.4). 

Three of the 5 (60%) nonrandomized were of good-fair quality and 2 (40%) of the studies were of poor 

quality (see Quality Appraisal section). 

Of the 6 studies with low-moderate risk of bias, 1 (17%) reported no significant effect on BP (18). Five 

studies, 2 of which were RCTs (40%) (33,42) that reported positive impacts on BP. Most of these studies 

(4/5, 80%) used apps with functionalities including self-monitoring as well as reminders and alerts with 

either automatic feedback (33,37) or educational information (29,31), while 1 RCT used the most 

comprehensive combination of strategies including self-monitoring, reminders and/or alerts, automatic 

feedback and educational information (42). Two other studies (2/14, 14%) (28,39) using apps with the 

same comprehensive combination of functionalities represented a high risk of bias and reported no 

statistically significant effects of using the app.
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Table 3.3 Blood pressure effects and quality of randomized controlled trial (RCT). 

RCT study Follow up 
point, 

month 

 Systolic blood pressure Diastolic blood pressure 

N Change Effect Change Effect 

Logan et al (33), mean (SD)       
     Intervention       

   Over 24 hours 12 55 -8.7(14.7) Positivea -4.2(9.3) Positive 
   During the daytime 12 55 -9.1(15.6) Positivea -4.6(9.2) Positive 

     Control       

   Over 24 hours During 12 55 -1.7(12.1) — -1.1(6.8) — 
   During the daytime 12 55 -1.5(12.2) — -1.3(6.6) — 

 
Or and Tao (42), mean 
(95% CI) 

 

      

Intervention 3 33 –16.7 (–22.8 to –
10.7) 

Positive –8.0 (–11.5 
to –4.5) 

Neutralb 

Control 3 30 –2.1 (–8.6 to 4.4) — –2.1 (–8.6 to 

4.4)c 
— 

Mendelson et al (35)       

Intervention 4 54 NRd Neutral NR Neutral 

Control 4 53 NR — NR — 
Davidson et al (24), mean       

Intervention 6 33 –34.8 Positive –12 Positive 
Control 6 30 –9.7 — –4.5 — 

McGillicuddy et al (25)(mm Hg), mean (SE) 
Intervention 12 9 132.2 (3.7) Positive NR NR 
Control 12 9 154.2 (5.7) —  — 

McGillicuddy et al (27) (mm Hg), mean 
Intervention 3 9 121.80 Positive 80.70 Neutral 
Control 3 10 138.78 — 79.44 — 

Moore et al (30), mean 
(SD) 

      

Intervention 3 20 –26.3 (11.9) Positive –13.7 (9.4) Neutral 
Control 3 22 –16.0 (12.1) — –8.2 (8.6) — 

Petrella et al (34)       
Intervention 13 75 NR Neutral NR Neutral 
Control 13 74 NR — NR — 

Bloss et al (28), mean       
Intervention 6 65 NR Neutral –3.6 Neutral 
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Control 6 65 NR — –6.1 — 
aThe app had significant positive effect on blood pressure,bThe app had neutral effect on blood pressure. 
cP<.001, dNR: not reported. 
 

Table 3.4 Blood pressure effects and quality of nonrandomized studies. 

Randomized controlled trial 
study 

Follow up 
point, month 

N Systolic Blood 
Pressure 

Change 

 

Effect 
Diastolic 
Blood 

Change 

Pressure 

Effect 

Bengtsson et al (37), mean 
(SD) 

      

Intervention 2 50 –7 (18) Positivea –4.9 (10) Positive 

Control 2 50 NRb — NR — 

Patel et al (29) (mm Hg), 
mean 

      

Intervention 7 50 135 Positive 85 Positive 
Control 7 30 NR — NR — 

Mao et al (31), mean (SE)       

Intervention 4 763 –5.96 (1.64) Positive NR NR 
Control 4 73 NR — NR — 

Albini et al (41), mean (SD)       

Intervention 6 303 –10.5 (6.3) Positive –6.2 (3.8) Positive 
Control 6 298 –6.1 (6.9) — –3.4 (4.5) — 

Anglada-Martínez et al (39) (mm Hg), mean (SD) 
Intervention 6 42 131.3 (9.8) Neutralc 75.4 (6.7) Neutral 

Control 6 42 130.2 (13.9) — 79.9 (9.6) — 
aThe app had significantly positive effect on blood pressure. 
bNR: not reported. 
cThe app had neutral effect on blood pressure. 

The evidence is therefore inconclusive about which of these functionality combinations would be more 
effective in lowering BP, but it suggests that apps incorporating more comprehensive functionalities are 
likely to be effective. 

4.3.6 Usability, Satisfaction, and Attitudes 
 
Two of the 21 studies (10%) explored the usability of the apps (36,40) and 9 (43%) assessed user 

satisfaction with and attitudes toward the apps (26,27,30-32,38,39,43,44), 1 of which (1/9, 11%) also 

evaluate usability among experts (44). All of these 11 studies focused on the patient perspective, whereas 

5 of them (46%) also considered the HCPs’ perspective (30,36,39,40,44). 

Generally, the use of the app was highly accepted by participants in all 9 studies that assessed user 
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satisfaction (26,27,30-32,38,39,43,44). User satisfaction was measured through the participants rating their 

experience with the app (30,31), administration of satisfaction questionnaires (26,27,32,39,44), or 

conducting interviews (38,43). The satisfaction rate ranged from 7.2 to 9.8 (30,31,39) for studies using a 

10-point satisfaction rating scale, and from 3.1 to 4.8 (27,44) for studies utilizing a 5-point satisfaction 

rating scale. 

The participants reported that the apps were easy to use (27,32,38,39,43), convenient (38,43), helpful in 

effectively communicating with HCPs (26,27) and in hypertension management (27,38,43,44), including 

medication adherence and adjustment (26,27,43), and helped increase their active role in care, health 

awareness, and motivation (30,38,43). Although some participants felt that the apps were useful only for 

patients with an unstable BP (38,43), elderly patients, patients with polypharmacy or caregivers (39), most 

patients and HCPs stated that they would continue using the app after the study (30,39,43) and would 

recommend it to their friends (39). In 3 of the 9 studies (33%) (30,38,43) the participants suggested that 

the app would be more useful if improvements could be made. These improvements include tailoring the 

graph according to the participants’ preference, for example, coloring graphs, sending motivational 

messages according to the inputted data (38). It also was suggested to support the self-monitoring of other 

conditions such as blood glucose (43), include alerts that inform patients if the BP readings are abnormal, 

and improving the performance of the app by loading faster (30). 

 

One study (1/3, 33%) evaluated the app through conducting heuristic evaluation among technology and 

health informatics experts, and 2 studies (2/3, 67%) only conducted a usability test of the app amongst 

users. In the heuristic evaluation, some usability problems were identified. Of the 2 studies that assessed 

usability among users, 1 used direct observation of the participants (40) and the other used an observation 

method with specific questions asked to the participants (36). All the participants found both apps easy to 

use (36,40). 

 

Six studies assessing usability and satisfaction (6/11, 55%) were of poor quality and only 5 of the 11 (46%) 

presented a low-moderate risk of bias. Generally, the participants seemed satisfied with the apps, they 

accepted using them in managing their condition and found them easy to use.
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3.4 Discussion 
  

Principal Findings 

The aim of this systematic review was to synthesize evidence about the effectiveness, acceptance, and 

usability of using mobile and tablet apps to reduce BP. 

This review found studies about 16 apps with similar functionalities. However, they were different in the 

number of combined functionalities. The majority of the apps used different combinations of 

functionalities, whereas 1 app had only 1 function (43). In all 9 studies that assessed users’ satisfaction, 

the participants generally seemed to accept using apps to support the self-management of their BP. It also 

indicates that using the apps seems to be effective in supporting the self-management of hypertension and 

has the potential to lower BP as this was reported in 10 studies (6 RCTs and 4 nonrandomized studies). It 

should be noted that, of these, only 2 RCTs (33%) and 3 nonrandomized studies (75%) were of good 

quality. Due to the variety of study designs and quality the results, there is inconclusive evidence about 

which of these functionality combinations would be more effective in lowering BP. However, it would 

appear that apps incorporating more comprehensive functionalities are likely to be effective. 

This study found that using apps may help reduce SBP and DBP significantly. Notably, this result was in 

accordance with other studies using mobile and other similar older technologies (11,46). In 1 meta-

analysis, a decrease of 5 mm Hg in DBP or 10 mm Hg in SBP was found to reduce coronary heart disease 

events by 22% and stroke by 41% (47), as a decrease of 1 mm Hg in SBP leads to a 5% reduction in the 

risk of stroke (46). The findings of this review are in line with other systematic reviews that involved 

mobile phone and tablet-based intervention in managing chronic diseases, which showed that the use of 

apps has the potential to improve health outcomes among those living with chronic diseases 

(8,10,11,48,49). 

The results with regard to acceptance are supported by studies assessing the acceptance and usability of 

mobile apps in the management of chronic diseases (49,50). A study assessing the usability of a 

commercially available app for diabetes found a lack of usability for its main target users of elderly 

diabetics (51). This finding, thereby, highlights the importance of assessing the usability of apps for 

hypertension and close cooperation and intensive usability tests with the targeted users during the 

development process of the apps. 

In some studies, the apps were used in combination with other platforms, such as a website. The reported 

effects, therefore, cannot be solely attributed to the apps. The use of apps with automatic feedback without 

the involvement of clinicians to monitor patients remotely may be effective in controlling BP. Similarly, 

apps in which HCPs were involved in monitoring patients remotely and providing their feedback or 
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instructions, with either automatic feedback or not, could also have a significant impact on BP. In short, it 

is possible that both approaches are effective. 

The results of this review should be interpreted with caution, as some studies with a high risk of bias (6/9, 

67% of RCTs; 6/10, 60% of nonrandomized studies) were included, and methodological issues have been 

identified in most of the included studies. These issues emerged from potential biases in some RCT 

studies because of the failure to implement the blinding of subjects and the assessor, lack of concealment 

and randomization procedures, small sample size, and short study duration. However, the blinding of 

subjects was impossible across the interventions due to the nature of using apps. Nonrandomized 

quantitative studies also had limitations, such as their small sample size, short duration, and attrition bias 

(39). Many of the studies included in this paper were conducted in different health and social care settings, 

which means that comparisons between them are not straightforward. Consequently, the generalizability 

of the results of some of these studies is limited. Although evidence of the effectiveness of mHealth is 

increasing, there is a lack of evidence concerning the sustainability of the findings after the app 

intervention has ceased. This suggests that further research is warranted to determine long-term benefits 

and eliminate these limitations. 

Strengths and Limitations of this Review 

This review has some limitations that should be considered when interpreting the results. First, studies 

published in languages other than English were not included, which increases the likelihood of relevant 

research being missed. Moreover, all types of studies were included regardless of their quality as it is 

often helpful to have more recent findings. However, low-quality studies present more inconclusive data, 

which affects the results. It was not possible to conduct a meta-analysis due to the study designs 

heterogeneity; combining results that have been obtained from different types of randomized and 

nonrandomized studies will not yield useful data. In addition, the inclusion of controlled and non-

controlled studies might yield a combination of possibly inconclusive results. Their inclusion may offer a 

wider body of evidence. Despite these limitations, this study is the first systematic review exploring the 

effectiveness of using mobile apps in the self-management of hypertension and their acceptance among 

users. Consequently, it might be a useful roadmap to guide further studies on the use of mobile apps by 

people with hypertension. The authors developed a comprehensive search strategy and then hand 

searched the reference lists of each identified full-text articles and systematic review to find potentially 

relevant studies for inclusion in this systemic review and considered combinations of functionalities that 

were used in the apps. 

Recommendations for Further Study 

The methodological quality of studies included in this review was generally low. This indicates that future 
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studies should consider some essential criteria, including a sufficient number of participants and duration 

time, concealment and randomization procedures, blinding of the assessor, and low attrition rates. Future 

studies assessing the effectiveness of apps should focus on apps that incorporate more comprehensive 

functionalities, that are identified in this review as the most promising functionalities for self-management 

of hypertension, including self-monitoring, reminders and alerts with either automatic feedback or 

educational information or both. It is important also to assess and understand users’ satisfaction wit and 

acceptance of these apps. A well-designed RCT with multiple arms using apps with different combinations 

of functionalities to enable identification of the most effective combinations would also be beneficial. 

 

3.5 Conclusion 
 
This systematic review indicates that the use of apps to support the self-management of hypertension are 

accepted by patients and could assist in lowering and controlling their BP. It would appear that apps 

incorporating more comprehensive functionalities are likely to be effective. The results should be 

interpreted with caution, as most of the studies were of high risk of bias. More research is required to 

identify the effectiveness of using apps in lowering BP and to understand what functionality combinations 

are effective for lowering BP. 
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The previous chapter presented the systematic review of the existing literature on hypertension self-

management apps. This chapter presents the review of apps that are available in two of the main app stores 

and assesses their quality against a number of criteria. The results of this chapter form the starting point for 

the next step, which is the selection of an app that is most suitable for the Saudi context. 
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Abstract 
 
Background: Hypertension is a widespread chronic disease, and its effective treatment requires self-

management by patients. Health-related apps provide an effective way of supporting hypertension self-

management. However, the increasing range and variety of hypertension apps available on the market, 

owing to the global growth in apps, creates the need for patients and health care professionals to be 

informed about the effectiveness of these apps and the levels of privacy and security that they provide. 

Objective: This study aimed to describe and assess all available apps supporting hypertension self-

management in the most popular app stores and investigate their functionalities. 

Methods: In January 2018, the UK Apple and Google Play stores were scanned for all free and paid apps 

supporting hypertension self-management. Apps were included if they were in English, had functionality 

supporting hypertension self-management, and targeted adult users with hypertension. The included apps 

were downloaded and their functionalities were investigated. Behavior change techniques (BCTs) linked 

with the theoretical domain framework (TDF) underpinning potentially effective apps were independently 

coded by two reviewers. The data privacy and security of the apps were also independently assessed. 

Results: A total of 186 hypertension apps that met the inclusion criteria were included in this review. The 

majority of these apps had only one functionality (n=108), while the remainder offered different 

combinations of functionalities. A small number of apps had comprehensive functionalities (n=30) that 

are likely to be more effective in supporting hypertension self-management. Most apps lacked a clear 

theoretical basis, and 24 BCTs identified in these 30 apps were mapped to 10 TDF mechanisms of 

actions. On an average, 18.4 BCTs were mapped to 6 TDF mechanisms of actions that may support 

hypertension self-management behaviors. There was a concerning absence of evidence related to the 

effectiveness and usability of all 186 apps, and involvement of health care professionals in the app 

development process was minimal. Most apps did not meet the current standards of data security and 

privacy. 

Conclusions: Despite the widespread accessibility and availability of smartphone apps with a range of 

combinations of functionalities that can support the self-management of hypertension, only a small 

number of apps are likely to be effective. Many apps lack security measures as well as a clear theoretical 

basis and do not provide any evidence concerning their effectiveness and usability. This raises a serious 

issue, as health professionals and those with hypertension have insufficient information to make decisions 

on which apps are safe and effective. 
 
 

 
KEYWORDS smartphone apps; mobile apps; self-management; hypertension; blood pressure; mobile 
applications
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4.1 Introduction 

Internationally, hypertension is one of the most common chronic diseases in adults and is considered one 

of the main risk factors for numerous diseases such as stroke, heart disease, and renal failure (1). It is 

estimated that around one billion individuals live with hypertension worldwide, and the majority of people 

are not proficient at controlling their blood pressure (BP) through medication or lifestyle choices, despite 

the fact that lowering BP decreases the risk of renal and cardiovascular disease (2). Self-management is 

considered to be among the most effective methods of coping with hypertension, helping individuals with 

hypertension be more responsible for their own health (3). 

The recent emergence of information and communication technologies such as mobile health supports the 

self-management of chronic conditions (4-7). The increase in smartphone devices over the past decades 

has been rapid: By 2022, it is predicted that there will be 6.8 billion smartphone users [8]. This rapid 

increase of smartphone users corresponds with an increase in health apps offering health services and 

information (9,10). 

Many apps have become available for patients with hypertension, and their number is increasing rapidly 

(11,12). The majority of these smartphone apps are aimed at helping people manage and control their 

hypertension (11,12), but it is currently unclear to what extent the evidence supports their effectiveness. A 

recent systematic review of apps aimed at supporting the self-management of hypertension found few 

studies reporting the effectiveness of apps (13). The majority of the apps in this review were study-specific 

and are therefore not available commercially in the app stores. The review concluded that apps containing 

more comprehensive functionalities, defined as three or more functionalities, are more likely to be 

effective in lowering BP (13) than apps with only one or two functionalities. 

Even though many of the apps lacked evidence of theoretical underpinning, an examination of their 

functionalities revealed recognizable elements of behavioral change strategies (13). Studies have shown 

that self-management programs are more likely to be effective if they are supported by theory-based 

interventions (14-16). Theory allows identification of target behavior and strategies of behavioral changes 

needed to achieve desirable health outcomes. However, research has revealed that many commercial 

health apps lack theoretical underpinnings and theoretically consistent use of behavior change techniques 

(BCTs) (17-19). In addition, the majority of health apps lack privacy and security measures that 

adequately ensure protection of users’ data, posing risks to user confidentiality (19,20). This is 

problematic, as it compromises both the personal data of the user as well as their trust in the app. 

These shortcomings might lead to significant concerns about apps having little to no benefit, or even 

presenting a risk to users (17), highlighting the necessity of providing adequate information about the 

effectiveness of these apps and the robustness of their privacy and security features for patients and health 
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care professionals. As such, these findings increase the importance of characterizing and investigating 

potential theoretical mechanisms of action in existing commercial apps with comprehensive functionalities 

as well as assessing the privacy and security of such apps. A method of investigating potential theoretical 

mechanisms of action by grouping BCTs with theoretical domain framework (TDF) mechanisms of 

actions, using the TDF and BCT Taxonomy (v1) (BCTTv1), has been extensively employed to 

characterize BCTs in health interventions (17,21-23), especially those relating to chronic diseases. 

A review by Kumar et al (12) searched for the most downloaded and popular apps in May 2014 and 

found there are many apps that support the self-management of hypertension by offering self-monitoring 

activities, feedback, reminders, and tailored information. However, the search was restricted to the 50 

most popular apps for every search term (high blood pressure and hypertension) on the two smartphone 

platforms. As a result, only 200 apps were screened, excluding many apps that might be suitable to 

support people with hypertension in their self- management. Furthermore, this review excluded 

smartphone app–based BP-measuring devices, arguing that they lacked accuracy, despite evidence that 

some of these specific devices used for measuring BP have been found to be accurate (24,25). 

This study has reviewed all the available apps, updated our knowledge of new apps related to 

hypertension, and described their main functionalities as well as functionality combinations. Even though 

apps have numerous potential benefits and are used by an increasing number of patients, to the best of our 

knowledge, no previous review has analyzed all available apps; considered functionality combinations; 

included apps associated with accessory devices; considered the link between BCTs and the TDF 

mechanisms of action, which underpin the potentially effective apps; and considered privacy and security 

assessment of the potentially effective apps. The aim of this study was to fill this knowledge gap by 

addressing these points. 

4.2 Methods 
5.2.1 Study Design 

This study is a content analysis and review of apps supporting hypertension self-management available in 

the most popular app stores. The Quality and Risk of Bias Checklist for Studies That Review Smartphone 

Applications (26) was utilized to ensure the adequate description of the app review’s methods. 

App Identification 

Overview 

In January 2018, an electronic search of apps was undertaken on the app stores of the two major types of 

smartphones in the United Kingdom—the iPhone (Apple Store) and Android (Google Play). These two 

platforms were searched because they were the world’s most used operating systems in 2017 (27). The 
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terms “hypertension” and “high blood pressure” were separately searched for in both stores. There were 

no restrictions concerning subcategories like “health and wellness.”  

Inclusion and Exclusion Criteria 

An app was included based on the following criteria: 1) The description was written in English, and 

“hypertension” or “high blood pressure” was included in the keywords or the accompanying description. 

2) The collected data provided feedback, connected with health care professionals, or informed the patient 

about hypertension and self-management tasks related to hypertension; such tasks involve the self-

monitoring of BP and other health data including healthy diet, exercising, taking medications, maintaining 

an appropriate weight, and managing stress. 3) The app was aimed at adults, in general, rather than health 

care providers (HCPs) specifically. Both paid and free apps were considered in the study. 

An app was excluded based on one of the following criteria: 

1) if it was not targeted at hypertension or if it focused solely on hypertension during pregnancy or 

primary prevention of hypertension; 2) if it was described in the app store catalogue as a “prank app” 

because it was not designed for medical purpose, but for entertainment; 3) if it was not designed for 

general use, for example, if it only provided services offered by particular hospitals or was designed only 

to be used as part of a specific study; and 4) if it did not run properly or required identification access after 

downloading the app, such as personal identification or primary care/hospital number. 

The researcher selected the basic, completely functional version of an app if it had more than one version, 

such as high definition, lite, or pro. Apps appearing in both stores were rated independently to account for 

differences in features supported by various mobile operating systems. If an app appeared in response to 

searches for both “hypertension” and “high blood pressure” by a platform, it was included once, not twice. 

Screening and Selection of Apps 

All apps that were identified through the search and met the inclusion criteria based on their title and 

description were downloaded by the researcher (TA) onto an iPhone 6 (running iPhone operating system, 

version 11.2.2; iOS, Apple Inc, Cupertino, CA) and Android Samsung Galaxy S7 (running 8.1 software; 

Seoul, South Korea). The apps were then screened for all exclusion and inclusion criteria. If they met the 

criteria, the apps were run for 2 days, so that the researcher could investigate all reminders or notifications 

that appeared. Data on all the included apps were charted. 

 Data Abstraction 

Overview 

Abstracted data for all identified apps involved the name of the app, developer, version date, price and 

functions, available languages, and number of downloads. The involvement of health care professionals 
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(eg, medical/health care professionals and behavior change specialists) was determined based on whether 

health professionals were involved in the development of the app as well as user involvement, which was 

included in the description on the app store. Following data abstraction, potentially effective apps (apps 

that were found to have comprehensive functionalities) were selected and considered for further analysis. 

Functionalities 

App functionalities were categorized based on the functionalities of hypertension self-management that 

have been determined in several previous studies about hypertension apps (11-13) and examined for 

effectiveness in scientific trials (28,29). The functionalities that were considered in this study are self-

monitoring, goal setting, reminders, educational information, feedback, stress management, 

communication with HCPs and others, and export of users’ data to others via email. 

Apps Considered for Further Analysis 

According to Alessa et al (13), apps with comprehensive functionalities are more likely to be effective. 

Such apps were identified on the basis of the presence of three or more functionalities, including (but not 

limited to) self-monitoring, reminders, and educational information or automatic feedback. Therefore, of 

the apps originally identified, apps that were found to have comprehensive functionalities were 

considered for further analysis. These apps were then analyzed to assess their privacy, security, and 

theoretical underpinning. This is because theoretical underpinning and privacy as well as security 

measures are essential criteria for apps to be used in health care (19). 

Privacy and Security 

Privacy and security were assessed based on the Online Trust Alliance (30) and the recommendations of 

the Information Commissioner’s Office (31). These recommendations consist of seven questions 

examining the accessibility and availability of the privacy policy, the practices of data sharing and 

collecting, and data security as interpreted in the privacy and security statement (Table 4.3). These 

assessment questions and recommendations have also been previously used to assess privacy and security 

of existing health apps (19). The assessment was conducted by two independent reviewers (TA and EH). 

Any discrepancies were resolved by discussion with the other researchers (LdW and MSH). 

Theoretical Underpinning 

To identify the mechanisms of action underpinning the existing apps with comprehensive functionalities, 

the BCT v1 Taxonomy (BCTTv1) was used to code the content of the app and extract the number of 

BCTs in each app and the frequency of use of each BCT in the apps. Each BCT was coded with “0” as 

Absent or “1” as Present (18). The coding was undertaken by the two reviewers. Any disagreements were 

resolved by discussion with the other researchers. Interrater reliability for the presence or absence of the 

BCTs was assessed by calculating Cohen kappa for each item. 
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The present BCTs were then mapped to mechanisms of action of the TDF, based on several previously 

published expert consensuses linking BCTs to TDFs domains for health interventions, and the agreed 

judgement (consensus) of the study’s researchers (23,32-34). The linking of BCTs to TDF was conducted 

independently by the two reviewers, and any discrepancies were resolved by discussion with other 

researchers of the study team. The final results were then agreed upon by the research team. 

Additional Aspects 

Two additional characteristics/aspects for the selected apps were also described—US Food and Drug 

Administration (FDA) or European Union Conformite Europeene (CE) approval and their individual user 

rating. 

4.2.2 Statistical Analysis 

The number and frequency of BCTs and TDF used in the reviewed apps were summarized as the SD, 

mean, and median using Microsoft Excel (Microsoft Corp, Redmond, WA). Proportions were also used to 

summarize the variables, including app functionalities, user ratings, and data privacy and security.  

 

4.3 Results 
 

 

4.3.1 Summary of Search Results 

The study steps are summarized in Figure 4.1. A search of the two app stores yielded a total of 775 apps 

(495 in Android Google Play Store and 280 in iPhone Apple Store). The titles and descriptions of these 

apps were screened for eligibility. A total of 564 apps were excluded because they did not meet the 

specific inclusion criteria. The 211 remaining apps (116 in Google Play and 95 in Apple Store) were 

considered for further analysis (installed). Subsequently, a total of 25 apps (11 in Google Play and 14 in 

App Store) were excluded because of registration problems (eg, requiring specific identification access 

such as hospital or primary care identification) or installation failure. The remaining 186 apps (106 in 

Google Play and 80 in App Store) were included in the review. 

The cost of the apps varied. Over a quarter of the apps (27.9%) cost between £0.59 to £17. Most apps 

(134/186, 72.1%) were free to download. Of the apps that were free to download, 19 either were trials of 

the complete app or required subscription fees. All apps (n=186, 100%) were in English, although some 

also supported other languages such as Chinese, German, and Russian. 

4.3.2 General App Characteristics 

Of the 186 apps that met the selection criteria, more than half (106/186, 57%) were available through the 

Android operating system. The remaining apps were available through the iPhone operating system 

(80/186, 43%). Only 11 apps were found to be available on both platforms (Appendix 9). 
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The version date of the reviewed apps ranged from February 8, 2012, to February 13, 2018. According to 

the number of downloads, more than half of the included Android apps (60/106, 57%) had over 500 

downloads. Information on the number of downloads was not available for Apple apps. 

4.3.3 Apps’ Purpose and Functionalities 

All apps could be classified according to their functionalities, including stress management, 

communication with HCPs and others, self-monitoring abilities, reminders, automatic feedback, 

educational information, and goal setting. Each app had at least one of these functionalities (Appendix 

4.1). Table 4.1 summarizes the frequency of functionalities across the included apps. The most common 

self-management functionality was educational information about hypertension (110/186,59.1%). 

Educational content varied across apps. Most included basic educational information on high BP or 

information on diet and food (eg, dietary approaches to stop hypertension). Some apps contained general 

information on hypertension or alternative treatments. Although the majority of educational material was 

text-based, several apps contained video and images to depict their content. 

The second most common functionality was self-monitoring (99/186, 53.2%), which allows users to 

monitor their BP and other data over a period of time presented in different forms, including graphs or 

tables, and to see an overview. The majority of these apps (n=94) aided BP tracking, while some of them 

also supported the self-monitoring of other data concerning medication, nutrition, physical activity, 

weight, and emotions. A few apps (n=5) only focused on tracking medication compliance, potassium 

intake, or sodium intake. Seven of these apps received BP readings automatically from the BP 

measurement device but do not provide a manual entry function. Of the remaining 84 apps, 73 

necessitated manual entry of BP data, and 11 allowed both manual and automatic data transfer. Notably, a 

few apps (3/186, 1.6%) claimed that they turn the smartphone into a device capable of recording BP data. 

This was presumably achieved by using a “cuffless technique” in which the user puts a finger over the 

camera of their smartphone. Despite most of these apps claiming to measure BP, they did not report any 

evidence of their reliability and validity. 

The third most common functionality was the provision of automatic feedback (52/186, 28%). This 

feedback was provided to users in different ways, either through self-care messages and notifications or 

by representing data in distinct color codes to inform the user of whether measurements have diverged 

from the average level. 

One-fifth of the apps (39/186, 21%) had a functionality to remind users about BP measurements, their 

hospital appointments, their medication time(s), and personal goals. Certain apps (10/186, 5.4%) included 

BP goal setting, and a few also enabled the user to set other goals such as blood glucose levels, weight, 

and physical activity. A few apps (5/186, 2.7%) provided a tool for communication with others, including 
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HCPs or friends, through text messaging, chats, or virtual meetings with coaches. Five apps (2.7%) also 

supported stress management by providing relaxation tips or other therapies. 

Around one-fourth of the apps (51/186, 27.4%) allowed users to export their entered data over time 

directly to others, including physicians, via email and other apps such as “WhatsApp,” thus facilitating 

patient-physician communication. 

As shown in Table 4.2, the majority of the apps (n=108) included only one functionality such as 

educational information (n=82), self-monitoring (n=25), or stress management (n=1). Almost one-fourth 

(45/186, 24.1%) of the apps combined two functionalities, while a small number of apps (33/186, 17.8%) 

included comprehensive functionalities (ie, three or more functionalities). None of the 33 apps included 

all 8 abstracted functionalities. Thirty of these apps included, among other functionalities, self-monitoring 

and reminders, with educational information (5/186, 2.7%), automatic feedback (16/186, 8.6%), or both 

(9/186, 4.8%).
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Table 4.1 Frequency of app functionalities. 

Functionality iPhone (Apple; N=80), n 
(%) 

Android (Google Play; N=106), 
n (%) 

Total (N=186), n 
(%) 

Educational information 34 (43.8) 76 (70.8) 110 (59.1) 
Self-monitoring 56 (70) 43 (40.6) 99 (53.2) 
Feedback 36 (43.8) 16 (15.1) 52 (28) 
Export 29 (36.3) 22 (20.8) 51 (27.4) 
Reminder 23 (28.8) 16 (15) 39 (21) 
Goal setting 8 (10) 2 (1.9) 10 (5.4) 
Stress management 3 (3.8) 2 (1.9) 5 (2.7) 
Communication with 
others 

4 (5) 1 (0.9) 5 (2.7) 

Figure .1 Behaviour Change Wheel (BCW)’ and ‘TDF domains’. Adopted with permission from (62, 80)  Figure 4.1 Flow diagram of the app-search process. 
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Table 4.2 Common combinations of app functionalities. 
  
Functionality combinations Number of iPhone 

(N=80), 
Android 
(N=106), 

Total number of apps 
used 

 Functionaliti
es 

n (%) n (%) in combination, n (%) 

Educational informational 1 21 (26.3) 61 (57.5) 82 (44.1) 
Self-monitoring 1 10 (12.5) 15 (14.1) 25 (14) 
Stress management 1 1 (1.3) 0 (0) 1 (0.5) 
Self-monitoring + Feedback 2 18 (22.5) 6 (5.7) 24 (12.9) 
Self-monitoring + Educational information 2 3 (3.8) 6 (5.7) 9 (4.8) 
Self-monitoring + Reminder 2 5 (6.25) 3 (2.8) 8 (3.8) 
Educational information + Communication with 
others 

2 2 (2.5) 0 (0) 2 (1.1) 

Educational information + Stress management 2 0 (0) 1 (0.9) 1 (0.5) 
Educational information + Reminders 2 0 (0) 1 (0.9) 1 (0.5) 
Self-monitoring + Reminder + Feedback 3 5 (6.3) 3 (2.8) 8 (4.3) 
Self-monitoring + Reminder + Educational 
information 

3 2 (2.5) 3 (2.8) 5 (2.7) 

Self-monitoring + Feedback + Communication with 
others 

3 1 (1.3) 1 (0.9) 2 (1.1) 

Self-monitoring + Reminder + Feedback + Goal 
setting 

4 5 (6.3) 2 (1.9) 7 (3.8) 

Self-monitoring + Reminder + Feedback + 
Educational information 

4 3 (3.8) 3 (2.8) 6 (3.2) 

Self-monitoring + Feedback + Educational 
information + Goal setting 

4 1 (1.3) 0 (0) 1 (0.5) 

Self-monitoring + Reminder + Feedback + Goal 
setting + Communication with others 

5 1 (1.3) 0 (0) 1 (0.5) 

Self-monitoring + Reminder + Feedback + 
Educational information + Stress management 

5 1 (1.3) 1 (0.9) 2 (1.1) 

Self-monitoring + Reminder + Feedback + 
Educational information + Stress management + 
Goal setting 

6 1 (1.3) 0 (0) 1 (0.5) 
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The most frequently used combination of functionalities was self-monitoring with automatic feedback 

(24/186, 12.9%). The second most common combination was self-monitoring and educational information 

(9/186, 4.8%). 

5.3.2 Involvement of Health Care Professionals and Users in App Development and 

Scientific Evaluation 

Six apps (3.2%) claimed to have had contributions from an HCP or medical organizations during their 

development; the other apps did not. No apps reported end-user involvement (eg, hypertensive patients) in 

their development. None of the apps appeared to have been scientifically evaluated. The description 

provided indicates that there is an absence of evidence concerning the effectiveness or usability of apps 

designed to help manage hypertension. 
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Data Security and Privacy 

Accessibility and Availability of Privacy Policy 

Of the 30 apps in the study that had comprehensive functionalities, the availability of a privacy policy in 

English was found in 20 apps (66.6%; Table 4.3). Of the 10 apps without an English-language privacy 

policy, only one provided a link to such a policy, but the link was not functional. Further, 4 of these apps 

provided a privacy policy in non-English languages. 

The short-form notice indicating key data practices was not applicable to the 20 apps that provided a 

privacy policy, since the policies were already concise. Apps rarely offered multilingual policies, with 

only one app offering a policy in two other languages.  

 

Table 4.3  Data privacy and security assessment of apps (data gathering, sharing, and security) on the basis 
of the description in the privacy policy. 
.

 
Privacy and security 
question 

 
iPhone (N=12), n (%) 

 
Android (N=8), n (%) Total (N=20)a, n (%)

 
 

Is the privacy policy available without the need to download the app? 
 

No 0 (0) 0 (0) 0 (0) 

Yes 12 (100) 8 (100) 20 (100) 

Is the privacy policy available within the app? 
 

No 5 (42) 2 (25) 7 (35) 

Yes 7 (58) 6 (75) 13 (65) 

 
Is there a short form notice (in plain English) highlighting key data practices? 

 
No 0 (0) 0 (0) 0 (0) 

Yes 0 (0) 0 (0) 0 (0) 
Not applicable 12 (100) 8 (100) 20 (100) 

 
Is the privacy policy available in any other languages? 

 
No 11 (92) 8 (100) 19 (95) 

Yes 1 (8) 0 (0) 1 (5) 

 
Does the app collect personally identifiable information? 

 
No 1 (8) 0 (0) 1 (5) 

Yes 10 (83) 6 (75) 16 (80) 
Not specified 1 (8) 2 (25) 3 (15) 

 
Does the app share users’ data with a 3rd party? 

 

No 0 (18) 0 (11) 0 (15) 
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Yes 8 (67) 6 (75) 14 (70) 
Not specified 4 (33) 2 (25) 6 (30) 

Does the app say how the users’ data security is ensured? For example, encryption, authentication, and firewall 

No 6 (50) 5 (62) 11 (55) 

Yes 6 (50) 3 (38) 9 (45) 

aOnly 20 apps had a privacy policy; 10 apps did not have a privacy policy available. 
 
Data Gathering and Sharing 

Sixteen of the 20 apps with a privacy policy in English (80%) disclosed the collection of personally 

identifiable information such as age. In three other apps, the data-gathering practices were not discussed. 

One app did not report personal data gathering. 

The developers of 14 apps revealed that they shared the data they gathered with third parties and discussed 

sharing practices. In three apps, data-sharing practices were not discussed. In three other apps, the policies 

stated that data would not be shared, except in exceptional cases that were general and vague. Despite 

reporting that they did not share data, except in exceptional circumstances, we believe that they share data 

without specifically discussing their data-sharing practices. 

Data Security 

Almost half (9/20) of the apps reported how consumer data were secured. In these cases, the privacy 

policies explained that data safety and security are essential to their practices and that users’ data have 

been encrypted, anonymized, or accessed only by authorized persons. 

Behavior Change Techniques and Theoretical Domain Framework 

Presence of Behavior Change Techniques  

We identified 24 BCTs in the 30 reviewed apps featuring comprehensive functionalities (Table 4.4). The 

Cohen kappa for agreement between the two reviewers for coding BCTs was 0.85. 

The total number of BCTs in each app ranged between 6 and 17 BCTs, with a mean of 18.4 (SD 2.6) and a 

median of 9. The most frequently used BCTs were “Self-monitoring of behavior,” “Prompts/cues,” and 

“Action planning.” These were present in all 30 reviewed apps. The next most frequently used BCTs were 

“Feedback on behavior” and “Monitoring of behavior by others without feedback,” which were present in 

25 and 24 apps, respectively. Two of these 24 BCTs (“Social comparison” and “Demonstration of the 

behavior”) were present only once. Table 4.4 presents the frequency of BCTs used in these 30 apps. 
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 Table 4.4 Behavior change techniques (N=24) used in the reviewed apps (N=30). 

 
 

 
Mechanisms of Action of the Theoretical Domain Framework 

BCTs present in the 30 reviewed apps could be linked to 10 TDF mechanisms of action. The number of 

TDF mechanisms of action underlying each app varied, ranging from 5 to 9, with a mean (SD) of 6 (1) and 

a median of 6. 

The most common TDF mechanisms of action were “Behavior regulation” (30/30, 100%), “Knowledge” 

(30/30, 100%), “Goals’ (30/30, 100%), “Memory attention and decision process” 30/30, 100%), and 
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“Beliefs about consequences” (30/30, 100%), which were present in all studied apps. The “Behavior 

regulation” mechanism of action was typically targeted by the “Self-monitoring of behavior” and “Self-

monitoring of outcome(s) of behavior” BCTs, while “Knowledge” was mostly targeted by “Feedback on 

outcome(s) of behavior,” “Instruction on how to perform the behavior,” “Information about health 

consequences,” and “Feedback on behavior.” The “Goals” and “Memory attention and decision process” 

were mostly targeted using “Action planning” and “Prompts/cues” BCTs, respectively. The next most 

common mechanisms of action identified were “Beliefs about capabilities” (16/30), which was mostly 

targeted using BCTs “Problem solving,” “Focus on past success,” and “Social incentive.” Almost one-third 

of the apps (9/30) had “Skills” as a mechanism of action, which was mostly targeted using “Problem 

solving” and “Demonstration of the behavior.” “Social influences” (4/30 13%) was an infrequently used 

mechanism of action. The least common mechanisms were “Reinforcement” (3/30, 10%) and “Emotion” 

(3/30, 10%), which were present in only three apps. The mechanisms of action “Intention,” “Optimism,” 

“Professional role and identity,” and “Environmental context and resources” were not presented in any app. 

 

Additional Aspects 

None of the 30 apps were FDA or CA approved. Eighteen apps (60%) were found to have information 

available concerning their user rating. Of these 18 apps, 13 (72.2%) scored 4 or more stars (of 5).  Only 5 

(27.8%)  app  ratings  were  below  4 (Appendix 9). 

 

4.4 Discussion 
 

 

Principal Findings 

This study aimed to review all apps developed to support the self-management of hypertension, which are 

available on the two most popular app stores Google Play (Android) and Apple Store (iPhone). 

The review showed that a significant number of apps (n=186) are available to support the self-

management of hypertension. These apps had similar functionalities, although they differed in terms of the 

combination of functionalities provided. The majority of these apps had only one function (n=108, 

58.1%), while the remaining offered different combinations of functionalities. This review indicated that 

there were few apps with comprehensive functionalities. Apps with comprehensive functionalities are 

potentially more effective (13). 

There are also serious issues regarding the privacy and security of the apps and inconsistencies in apps’ 

theoretical underpinning, where in many cases, apps were developed without an explicitly clear theoretical 

basis. The evaluation of the selected apps’ data security and privacy revealed that the privacy policy was 
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not available for 35% of the apps assessed in detail. Most apps gathered identifiable personal information 

and engaged in sharing user data with third parties and almost half of the selected apps (45%) did so 

without clearly disclosing how data security was ensured. The evaluation of the theoretical underpinning 

of apps revealed that a total of 24 BCTs, ranging from 6 to 17 (with median of 9), identified in the 30 

reviewed apps mapped to 10 TDF mechanism of actions, ranging from 5 to 9 (with a median of 6), may 

have supported hypertension self-management behaviors. These findings are similar to reviews of apps 

related to other chronic diseases that have reported that few apps contain both comprehensive 

functionalities (10,35) and inconsistent BCTs (17,21). Despite much research that code BCTs 

underpinning health apps (17,19,21,22), there is little research reviewing how existing apps map BCTs to 

TDF domains. The linking of BCTs to TDF conducted in the present study may help developers and 

researchers in selecting appropriate BCTs when developing apps. It may also help researchers understand 

which BCTs are effective and how they exert their effects [36-38]. 

None of the reviewed apps made claims based on behavioral theories or strategies relating to various self-

management interventions, although self-management programs are likely to be effective if they are 

supported by theory-based interventions (14-16). This may be because the expertise of health 

professionals was not factored into the development of the majority of these apps (35,39), despite the 

stressed importance of involving multidisciplinary perspectives and skills in developing a product within 

a user-center design framework (19). However, for the 30 reviewed apps with comprehensive 

functionalities, the examination of the BCT and TDF domains underpinning them shows that a number of 

BCTs and TDF mechanisms of action were present. There is still no conclusive evidence for which 

combinations of BCTs or TDFs are the key moderators for effective chronic disease self-management, 

especially hypertension (21,40,41). This is an area that requires further research. However, all present 

TDFs in these 30 apps have the potential to stimulate hypertension self-management activities through 

different mechanisms of action, particularly those of “Behavior regulation,” “Knowledge,” “Memory, 

attention and decision processes,” and “Goals.” These mechanisms of action are supported by studies 

identifying the key TDF domains that need to be targeted to influence patient behaviors and support self-

management in chronic diseases (42,43). Although other studies have also found that “Skills,” 

“Emotions,” “Reinforcement,” and “Belief of capabilities” are essential to increase people’s motivation in 

managing their health, many of the reviewed apps lack these characteristics (44). 

The evaluation of the privacy policy showed that the security and privacy of consumers could be 

substantially improved. Our findings are in accord with those of earlier studies that have evaluated data 

security and safety of existing apps (19,20). Huckvale et al revealed that one-fifth of apps in the National 

Health Service Apps Library lacked privacy policies, and the majority of the apps violated user data privacy 

and security (20). Practices of data gathering and analysis by app developers can be advantageous to users, 
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providing greater levels of personalization and data-informed improvements to the app. However, such 

practices of data gathering should be disclosed clearly, so that a potential user is aware of the possible risks 

to their data security (45). To ensure users are able to make fully informed decisions, they must be 

equipped with the skills and information necessary to scrutinize these privacy and security policies. 

Because of the large scale of the app market, the regulation and preservation of data protection is difficult. 

As a result, the management of data privacy and security is entrusted to the developers of apps (46). 

 

This review identified a small number of apps that are able to use smartphones as a medical device (cuff-

less device) to measure BP. However, none of these apps were approved as a validated medical device. 

Indeed, cuff-less devices for measuring BP based on smartphone apps have recently been shown to be 

highly inaccurate and unfeasible (47) and may negatively affect patients’ health and safety. This is of 

particular concern, since a recent study by Kumar et al (2016) found that even though only a small number 

of apps have this feature, users have a strong inclination to download and favorably rate these types of 

apps (12). This highlights the need for extensive clinical validation studies in different patient populations 

before such technology is used in commercial and clinical capacities. As such, physicians should currently 

be aware of the use of such apps by their patients and should promote only the use of validated devices for 

BP measurement. 

 

Apps with more comprehensive functionalities have the potential to be more difficult for patients to use. 

This study found that there was an absence of evidence concerning the usability of the apps in the apps’ 

descriptions. Although this study did not directly evaluate the apps’ usability, user ratings were used as a 

proxy of the apps’ usability. The usefulness of user ratings as a measure of apps’ technical usability is 

questionable. In a review of mobile apps for the self-management of diabetes, Hood et al (48) found that 

the user rating was poorly correlated with the results of the study’s usability evaluation. However, in a 

general sample of health apps, Mendiola et al found that user ratings could be related to an app’s technical 

usability regarding aspects such as layout, interactive features, and general ease of use (49). The user 

ratings for the apps considered in this study were high, with 73% obtaining 4 or more stars. This is in line 

with previous studies (50,51) where participants reported that they were satisfied with apps that include 

comprehensive functionalities, finding them easy to use. 

The majority of apps identified in the recent systematic review of Alessa et al (13) were study specific, 

that is, developed for the aims of the study alone (13). However, the apps considered in this review were 

commercially available apps in app stores. The descriptions of these apps lacked evidence about their 

effectiveness and did not even mention or consider the importance of such evidence. None of them were 
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approved by the FDA or CE as a medical device. This is in line with previous reviews, which reported that 

the rapid growth of the commercial market for such apps has created an overabundance of apps that lack 

readily available evidence of their effectiveness (25) and lack FDA or CE approval (52,53). Applying the 

findings of this recent systematic review within this review of commercial apps indicated that few apps 

(30/186) seem to have the potential to be effective. Apps that have this potential would need to be 

scientifically evaluated to ensure that this potential for effectiveness and usability is realized in practice. 

This indicates a critical gap between the research domain and the work of commercial app developers, 

emphasizing the importance of cooperation between them. 

 

Limitations and Strengths of the Study 
 
This review has a number of limitations. First, the review only included apps that were developed to be 

used by English-speaking users, excluding apps in other languages such as Chinese. Second, since these 

apps are tailored for the self-management of hypertension, they support a wide range of different 

behaviors such as medication adherence, weight, diet, and physical activity in addition to the self-

monitoring of BP, which makes it challenging to code them according to a single specific behavior and 

exclude other behaviors. This may be attributed to the complexity of the self-management process, which 

encompasses an array of behaviors and activities to effectively control BP. Third, this study excluded 

apps that require identification access. Moreover, the content of educational information of included apps 

was not checked to ensure they were up to date and met medical standards and health literacy guidelines. 

Finally, data privacy and security were assessed in relation to policy statements rather than practices. 

There is evidence of inconsistencies in some cases between the real practices of app developers and 

policy statements (20). 

Despite these limitations, the study has several strengths. As this study reviewed all apps supporting the 

self-management of hypertension, rather than limiting itself to only the most popular apps (12), the results 

of this review offer a general picture of the present status of smartphone app stores in the field of 

hypertension. This comprehensive review will guide further research and development of these tools in 

different ways, for example, by encouraging developers and researchers to assess commercially available 

apps’ effectiveness and usability among potential users and by urging app developers to be more 

transparent about privacy and security. The study reviewed apps on the two most common smartphone 

platforms; it thus considered a large user base. Furthermore, this study is the first systematic review to 

explore the theoretical underpinning of apps by seeking to map BCTs to TDF domains in apps containing 

comprehensive functionalities. The insights could be useful for content developers designing apps in the 

area of hypertension or other chronic diseases that aim to engage both users and health care personnel 
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who are likely to encourage patients to utilize these technologies. 

Recommendations 

Based on the result of this review, some recommendations can be made. Despite the widespread availability 

of apps, potential users and health care providers should be made aware of the shortcomings in the security 

of private data as well as in the potential effectiveness of the apps in supporting hypertension self-

management. Future efforts (and collaborations) should also be made by both researchers and commercial 

developers to encourage the development of apps that demonstrate scientific evidence of their effectiveness 

and usability to the public. The importance of involving end users in app development should be noted, as it 

helps improve user satisfaction and acceptance. This study’s findings encourage further research to evaluate 

app effectiveness and technical usability. It is important to assess the effectiveness of commercially 

available apps in order to determine the positive and potential negative effects of using the app. 

 

4.5 Conclusions 
 
The review identified the widespread accessibility and availability of smartphone apps with a range of 

combinations of functionalities that can support the self-management of hypertension. However, relatively 

few of these apps contained comprehensive functionalities, which are more likely to be effective in 

lowering blood pressure; many lacked security measures; and most lacked a clear theoretical basis. 

Furthermore, there is a concerning absence of evidence with regard to their effectiveness and usability and 

involvement of health care professionals in the development process. This raises a serious practical issue 

for health care professionals and patients in determining which app to choose or use, as there are no 

specific criteria for them to make an informed selection. These findings demonstrate that the technical 

usability and effectiveness of apps in supporting the self-management of hypertension urgently need to be 

evaluated and that clear criteria need to be established to guide the selection of the most suitable app.
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4.7 Additional data 
 
Table 4.7.1 Linking functionalities to BCT and TDF 

Functionalities BCTs TDF 
Self-monitoring Self-monitoring of behaviour  Behaviour regulation  

 
Self-monitoring of outcomes of 
behaviour 

Behaviour regulation  
 

Use of prompt/cues 
(reminder and alert) 

Prompts/cues  Memory attention and decision process 
Action planning  Goals 
Pharmacological support Memory attention and decision process 

Educational information Information about health 
consequences 
 

Knowledge 
 

Instruction on how to perform a 
behaviour 
 

Knowledge 
 

Credible source 
 

Beliefs about 
consequences/knowledge/reinforcement 

Automatic Feedback Feedback on behaviour  Knowledge/ beliefs about consequences 
 

Feedback on outcomes of 
behaviour 

Knowledge/ beliefs about consequences 
 

Problem solving 
 

Skills, beliefs about capabilities Behaviour 
regulation 

Focus on past success 
 

Beliefs about capabilities 
 

Social incentives 
 

Beliefs about capabilities 
 

Goal setting Goal setting (outcome) 
 

Goals  
 

Goal setting (behaviour) 
 

Goals  
 

Review outcome goal(s)  Goals  
 

Review behaviour goal(s) 
 

Goals  
 

Communication with 
others 

Social support (unspecified) 
 

Beliefs about capabilities 
 

Stress Management Monitoring of emotional 
consequences 
 

Emotion 
 

Reduce negative emotions 
 

Emotion 
 

 

Table 4.7.1 is a supplementary table showing how the various functionalities identified in the apps 
linked to specific BCTs and TDFs. For example, the functionality of ‘self-monitoring’ was linked 
with the BCTs of ‘Self-monitoring of behaviour’ and ‘Self-monitoring of outcomes of behaviour’, 
and to the TDF mechanism of action ‘behaviour regulation’.    
 

In one section of the published article (Data Gathering and Sharing), it was stated that ‘we believe that they 
[apps] share data without specifically discussing their data-sharing practices’. This was because the 
definition of the ‘exceptional cases’ in which these apps might share data was not explained, and it was 
therefore assumed they might share data without specifically discussng their data-sharing practices. 
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Chapter 5 Study 3: Selection of the most suitable app for Saudi 

Arabia; exploration of its acceptance among end users 
 

The previous chapter presented the app store review to identify and assess commercially available 

hypertension self-management apps. This chapter presents the systematic selection approach used to 

identify which of these apps is most suitable, based on the criteria of effectiveness, theoretical 

underpinning, and privacy and security.  It also presents the qualitative study among Saudi patients and 

doctors conducted to select the most suitable app for the Saudi context. This selected app will then be 

assessed via the final study of this research, presented in the next chapter.  

 

 5.1 The Selection process of the most suitable apps  
 
There is not an established systematic approach to select the most suitable apps to support the self-

management of hypertension. Three criteria were therefore devised. The first criterion was likely 

effectiveness; it is imperative and fundamental in the field of healthcare to only implement and use 

interventions that are effective. The existing evidence of apps’ effectiveness was collected in Chapter 3 (the 

systematic review). This evidence was drawn on here to assess the effectiveness of the apps. 

While many apps are not based on theoretical frameworks (1,2), the theoretical background of the app was 

added as an additional criterion because interventions that are based upon theory/theories tend to be more 

effective in self-management (3). The existing evidence of the apps’ mechanisms of action (from TDF), that 

was discussed in Chapter 4 (app store review), was used here to check this criterion.  

The last criterion is privacy and data security. The research needs to be in accordance with ethical 

guidelines to ensure the privacy of patients (4). The evidence of the apps’ privacy, that was presented in 

Chapter 4, was used here to check this criterion.  

Figure 5.1 summarizes the three criteria in the process with the criteria to be used. In the next paragraphs 

the criteria are discussed in more detail. 
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Figure 5.1 Selection process of the apps 

 

5.1.1 The Effectiveness of the App  
 
The systematic review presented the evidence of apps’ effectiveness, and considered factors that might 

influence this. The evidence suggests that apps including comprehensive functionalities tend to be more 

effective (2). Comprehensive functionalities was defined as having the functionalities of self-monitoring 

and reminders, as well as educational information and/or automatic feedback. 

In order to grade effectiveness, the apps were scored in the following way: if an app has been evaluated and 

found to be effective it was marked ‘++’; if an app is assumed to be effective, which is the case when is has 

not been evaluated as such but does possess comprehensive functionalities, it was marked with ‘+’. An app 

was marked with a ‘-’ if there was no previous evidence of its effectiveness and it did not include 

comprehensive functionalities. Lastly, evidence that is neither positive nor negative was marked with a ‘+/-

’, such as when an app did not show a significant difference following the intervention, or between the 

intervention and control groups. 

5.1.2 Theoretical background  
 
As mentioned earlier in the section ‘Self-management Theories’ (Section 2.4), there is no single preferable 

theory that underpins effective intervention in the self-management of chronic diseases, (e.g. hypertension), 

that could be drawn upon directly and used to select potentially suitable apps (3,5-7). However, the presence 

of theoretical underpinning is desirable as a theory-based intervention is more likely to be effective in 

supporting self-management (3). They can also help to understand how and why an intervention is working 
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(3,5). Therefore, apps were analysed to discover if they are informed by a theoretical framework ‘TDF 

mechanisms of action’.  

To understand whether an app is informed by a theoretical framework or not, the app store review aimed to 

identify the theoretical basis of available apps. First, BCTTv1, a prominent model in the health field (8), 

was used to code the content of apps. This was used to identify BCTs used within the apps’ content in the 

intervention (8). Then, as mentioned above (see section 2.4.5), the BCTs of the app contents were linked 

with 14 TDF mechanism of actions to investigate these domains underpinning the apps1. If a link is found to 

any number of the mechanisms of action the app was considered to have a theoretical basis. This was 

presented in Chapter 4.  

If the app is based on theoretical background(s), it was marked with a ‘√‘ to show that it is theory-based, 

and the number of mechanism of actions was added. If not, it was marked with an ‘x’ to show that it is not 

theory-based.  

5.1.3 Privacy and Security  
 
The final criterion to be considered was privacy and security. Privacy and security is one of the main 

indicators of the quality of an app, as protection of the privacy of patients is in accordance with ethical 

guidelines (4). This criterion was assessed in the app store review (Chapter 4). The assessment of privacy 

and security was based on the recommendations of the Online Trust Alliance and Information 

Commissioners Office (9,10). The privacy and security of each app was assessed via 8 questions, to which 

the answers can only be ‘yes’ ‘no’, or ‘NS’. If they meet the criteria for data gathering, sharing and security 

(see Chapter 4 Table 4.3), they were considered safe for participants to use and marked with a ‘√’ (9,10). If 

they did not meet the criteria they were marked with an ‘X’ and were excluded from the selection.  

5.1.4 Results 
 
Of the 186 apps reviewed, 30 were identified with the potential to be effective (see Table 5.1). These 30 are 

assumed to be effective because they included comprehensive functionalities (see systematic review on 

effectiveness of existing apps – Chapter 3). Two apps were directly evaluated for effectiveness (11). These 

two were versions of the same app running on different systems (iPhone and Android). Theoretical 

underpinning was present in all apps reviewed. The BCTs in these apps linked to 10 out of 14 TDF 

mechanisms of action. The number of different TDF mechanisms of action that underpinned each app 

varied from 5 to 9, as presented in the app store review (Chapter 4).  
 

1  There is a more recent example of linking BCTs to more comprehensive mechanism of actions from Michie team (Michie et al. 
2019). But as the paper was under review during linking process it has not been included in this research.  
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When assessing the criteria regarding privacy and security, 20 out of the 30 apps made their privacy policy 

available before download. So, 10 apps were excluded because they do not have a privacy policy to be 

assessed. However, despite collecting personal data, 12 of the 20 remaining apps did not discuss the sharing 

practices and/or provide adequate security measures (encryption and anonymised data) to protect users’ 

data. As a result, these 12 were excluded from our selection.  

Of the remaining 8 apps, 3 are duplicated, meaning they have both android and iphone versions. Initially, 

these were treated and scored separately to ensure both versions met the selection criteria. Unlike some apps 

which failed on one system but not on the other (e.g., ESH care), both the iphone and android versions of 

Qardio, HyTen Life-course and Braun heart healthy met the selection criteria. The versions are identical 

between the two platforms, having the same functionalities, style and design, created by the same 

developers. For this reason, these were considered as three apps rather than six, leaving a total of 5 unique 

apps. 

Of these 5, 4 had privacy policies only available in English. Although the OTI recommend privacy policies 

are made available in other languages, this is not an essential requirement, and these apps were included. A 

further 2 of the 5 apps do not provide a privacy policy within the app. These have likewise been included 

since it is not considered an essential requirement when the privacy policy has already been made available 

before downloading the app. Therefore, a total of 5 apps were selected that met the assessment criteria. 

These are ESH care, Qardio, Cora health, HyTen Life-course and Braun Healthy Heart, which are 

highlighted yellow. 
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Table 5.1 Selection process of the apps 

Number App name Version 
Type Effectiveness 

No. of TDF 
mechanisms of 
action  

Privacy & 
Security 

1 Blood pressure - Smart BP iPhone + 7 √ X 

2 Fast BP iPhone + 6 √ X 
3 BP Wiz iPhone + 6 √ X 

4 Blood pressure and plus 
diary iPhone + 7 

√ 
X 

5 BP Grapher simpler iPhone + 7 √ X 
6 BP matters iPhone + 5 √ X 

7 Braun Healthy Heart  iPhone + 7 
√ √ 

8 Braun Healthy Heart  Android + 7 √ √ 

9 Qardio  iPhone + 5 √ √ 

10 Qardio  Android + 5 √ √ 

11 my heart ( Blood Pressure) Android + 7 √ X 
12 Blood Pressure Diary Android + 5 √ X 
13 Homedic iPhone + 7 √ X 
14 Hemie iPhone + 4 √ X 
15 HyTen Life-course  iPhone + 5 √ √ 

16 HyTen Life-course Android + 5 √ √ 
17 Goal Achiever Android + 7 √ X 

18 Cardio journal Blood 
Pressure diary Android + 6 

√ 
X 

19 control tension iPhone + 6 √ X 
20 control tension Android + 6 √ X 

21 ESH care iPhone ++ 7 √  
√ 

22 ESH care Android ++ 7 √  
X 

23 Paracelsus (Pressure 
control) Android + 7 √ X 

24 BP Companion iPhone + 7 √ X 
25 Cora Health iPhone + 9 √ √ 
26 Heart Star BP iPhone + 7 √            X 
27 Kang iPhone + 6 √ X 
28 BP diary Android + 7 √ X 
29 BP diary iPhone + 7 √ X 
30 Bprsseo pro Android + 7 √ X 
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 5.2 Selection and acceptance by Saudi patients and doctors: A 
qualitative study  
 
In the previous section, we identified five apps that were potentially effective and secure. In this section, we 

explore patients’ and doctors’ views towards using hypertension self-management apps in general, and 

towards these five apps specifically, to select the most suitable for the Saudi context. 

 

5.2.1 Introduction 
 
In order for these five apps to be successfully implemented in practice it would be necessary to include the 

main stakeholders, including doctors and patients, in investigating their needs, acceptance of, and attitudes 

towards the use of hypertension apps in general and their preference toward the five identified apps, helping 

to select the most suitable app. User-centered design (UCD) is a common process for factoring the 

experience of patients into the design process (12,13). However, there is little evidence that developers of 

mHealth apps have given attention to the needs and wants of users by involving them (14,15). The questions 

of what specific areas of self-management users need more support with, and even whether they are willing 

to use such apps that support self-management, need to be considered. 

However, despite the increasing number of hypertension apps on the market and the expectation that such 

apps are able to support the self-management of hypertension in clinical and personal contexts, at the time 

this research was conducted there were very few studies that have explored patient and doctor views 

towards these apps in general (16-18), and none exploring the in the Saudi context in particular, or the other 

Gulf countries.  The second search phase identified more recent studies considering patients’ and/or 

doctors’ views towards these apps, but still none assessing the Saudi context and focus on user experience 

after using the app as an intervention (19,20). Moreover, the studies by Morrissey et al (17,18) exploring 

patient and doctor attitudes towards hypertension self-management apps, mainly focus on apps’ potential to 

improve medication adherence, and not on selecting the most suitable app. It was therefore currently 

unknown whether these five commercial apps would be suitable and acceptable for the self-management of 

hypertension, and what preferences doctors and patients may have with respect to such apps in particular, or 

their interest in and acceptance of mHealth apps in general. Since acceptance of an app positively influences 

its successful use in self-management (21,22), this study explored the acceptance and attitudes of patients 

and doctors towards the five hypertension self-management apps identified in the systematic approach 

above, with the aim of selecting the most suitable app. 
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The specific objectives of this study were as follows:  

1- To explore patients’ and doctors’ views and attitudes towards the use of mobile apps to support the 
management of hypertension by patients and identify the potential benefits and challenges in the use 
of such apps 
 

2- To identify the most suitable app based on the views of both doctors and patients and the reasons 
why this is considered the most suitable 
 

3- To explore patients’ willingness to use the selected app.  

 

5.2.2 Study Design and Methods  
 
This study used an exploratory qualitative approach to elicit patients’ and doctors’ views and experiences 

toward using apps in self-management of hypertension (26). The goal was to to identify which of five 

presented apps would be most suitable for use in Saudi Arabia the factors patients identified as contributing 

to an app’s suitability. 

The study explored new insights and in-depth understanding within a small sample size, which are key aims 

of a qualitative approach that ‘explores’ a topic in greater detail (26, 28). This contrasts with quantitative 

research which focuses on collecting statistical data from a large group of individuals and generalizing its 

findings across groups (23).   

Focus groups were used to explore Saudi patients’ attitudes, while semi-structured interviews were used to 

explore doctors’ attitudes and acceptance. The research first captured participants’ insights about the use of 

apps by patients in supporting the management of hypertension, their potential benefits, and challenges to 

their use. The researcher then presented five apps in video format. Although interaction with the apps 

themselves could better capture acceptance and attitudes (17,18), video format was chosen so as to present 

them in a standardized way. This format also skirted the problem of the apps being unavailable in Arabic at 

the time. Presentation in video format enabled the researcher to showcase the functionalities of the apps and 

how they work in a much more visual and informative manner than if the apps had merely been described.  

The rationale behind using focus groups for patients and individual interviews for doctors is discussed 

further below.  

5.2.2.1 Participants 
 
Population and setting 

 
The population of interest were Saudi adults with hypertension as primary disease, and doctors treating 
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hypertension. Data collection took place between December 2018 and February 2019. The research was 

conducted in the capital city of Saudi Arabia, Riyadh, because it has the highest number of adults with 

hypertension in Saudi Arabia (Ministry of health (MOH) 2013). This study was undertaken at the two 

largest primary care centers in Riyadh and two hospitals (in outpatient clinics): King Fahad Medical City 

(KFMC) and King Khalid University Hospital (KKUH), which are the largest hospitals related to MOH and 

university hospitals respectively.  

Sampling method 

A convenience sample was used to recruit doctors and patients (26,60) at the hospitals and centres 

mentioned above. This sampling method is regularly used as it is cost-efficient, easy and fast (26). Despite 

its disadvantages, including the possibility of increasing the risk of selection bias and the lack of 

transferability to the whole population (26), this method was used in this research for practical reasons.  

Eligibility criteria 

The eligibility criteria for focus-group participants were as follows: being at least 18 years old, having 

hypertension as a primary disease for a minimum of 6 months, being able to speak and give consent. The 

exclusion criteria were as follows: having cognitive impairment that limited their ability to give informed 

consent or being able to actively take part in the focus groups, or having prehypertension or hypertension 

during pregnancy. Doctors were eligible if they have treated people with hypertension for a minimum of six 

months.  

Participant Recruitment  

Once the permissions from care settings to conduct research were obtained, posters and flyers were 

distributed at the hospitals and primary care centers, advertising the focus groups and interviews separately. 

These posters and flyers included a brief description of the aims of the focus groups and interviews. 

Posters directed at patients advertising the research were displayed at the entrances and waiting area rooms 

of the two primary care centers and the outpatient clinics of the hospitals. Flyers advertising the research 

were also placed in waiting area rooms and receptions for patients. In addition, the researcher directly 

handed out flyers to potentially suitable patients in the waiting areas of the hospitals and primary care 

centers.  

Posters directed at doctors were displayed at the entrances of the two primary care centers and the outpatient 

clinics of the hospitals. The researcher also approached potential participants in doctors’ weekly morning 

meetings to inform them about the study. Flyers were handed to them.  
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Participants who were interested were asked to contact the researcher, whose details were included on the 

posters and flyers. The researcher verbally explained the aim and objectives of the study and gave them the 

opportunity to ask any questions about the study. Interested participants were then sent an information sheet 

in Arabic, relevant to their involvement as either a doctor or patient (Appendix 12 and 13 - English version 

and Arabic version). The information sheet included further information about the study, and participants 

were then given sufficient time to consider whether they would like to participate. When participants agreed 

to take part in the study, suitable times and locations of the focus groups or interviews were agreed that 

were convenient for participants. A reminder was sent at least 24 hours before the meeting via email or 

SMS. Each session was conducted after the participant’s informed consent was given (Appendix 10 and 11). 

Participants were recruited until data saturation was reached.  

Number of Participants 

The aim was to recruit approximately eight doctor participants for interviews, and a range of 20-32 patient 

participants, with a range of five to eight participants in four focus groups, as it has been argued that 4-12 

participants in a focus group is desirable (31). Data was checked to ensure saturation at point of preliminary 

analysis (59). Saturation was achieved once four focus groups and twelve interviews had been conducted, 

after which no new topics/findings were being expressed. 

This number of interviews and focus groups is in line with qualitative methodology recommendations (28-

30). Morgan et al. (28) state that it is the first 5-6 interviews which will provide novel data and concepts. 

Guest et al. (30) make a related observation, identifying 6-12 interviews as normally sufficient to reach 

saturation, and Guest et al (31) suggested that 3-6 focus groups will identify 90% of the themes and the 

optimal number of individuals in focus groups is between five and eight.  

5.2.2.2 Methods 
Focus groups 

The rationale for choosing focus groups as the method for data collection is that it provides a more complete 

picture of participants’ experience in self-managing hypertension and their attitudes toward, and acceptance 

of, using mobile apps as a self-management aid. Focus groups are inherently interactive, and participation in 

a group discussing areas of disagreement and exchanging ideas may yield a more dynamic discussion, 

resulting in a cumulative understanding of the discussed topic (26,32). For these reasons focus groups were 

considered likely to aid the process of selecting the most suitable app and understanding participants’ 

attitudes towards using these apps in the self-management of hypertension. 

Focus group Procedures 
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Each participant was asked to sign a consent form and then complete a brief questionnaire (Appendix 14) 

about their personal details. The focus groups were conducted in Arabic. The participants were first 

encouraged to introduce themselves before being asked to discuss how they self-manage their condition. 

Then, they were asked what they know about health apps and whether they have used health apps to support 

the self-management of hypertension before. Next, the researcher asked them to watch 5 videos, which 

described to participants the apps’ functionalities and how each one works. The order in which the videos 

were displayed was randomized. This was done by having participants draw folded slips of paper numbered 

1 to 5 to determine the order. The videos demonstrated how each app works and what its functionalities are. 

After that, participants were asked about their attitude towards using the apps in the self-management of 

hypertension. The participants were given the opportunity to discuss the features of each app as well as its 

benefits and limitations, and were asked to rate each app from 5-(‘ very suitable’) to 1- (‘not suitable’) for 

self-managing their condition. When the above had been completed, the researcher thanked participants for 

their participation and briefly explained to them how the research would be enhanced by their data. 

Participants were also reminded again that procedures were followed to ensure the confidentiality of their 

data. For more details about focus group questions, see Appendix 15 

Interviews 

Interviews were chosen as the method of data collection for doctors because, despite the benefits mentioned 

above, focus groups are difficult to arrange with doctors as participants. This is because the professional 

demands placed on doctors mean that finding a time and date that is agreeable to all interested participants 

will be challenging. Tausch and Menold (33), moreover, state that time constraints on clinicians could 

negatively affect group communication. Additionally, it is claimed that junior doctors may not feel 

confident disagreeing with certain opinions expressed by more experienced doctors, such as consultants 

(33,34). Thus, a face to face semi-structured interview method was used. This helps to make sure that each 

doctor is given sufficient chance to present his/her own point of view. Semi-structured interviews also help 

to collect in-depth insights and opinions from doctors (26,34). 

Interview Procedures 

The procedures followed with the focus groups were applied to the interviews with the doctors with some 

relevant changes. Each participant was asked to sign a form giving consent to the study. The participant was 

first asked about his/her demographic background, including their age, professional position, years of 

experience in healthcare, and smartphone experience. Then, the participants were asked how their patients 

self-manage their condition, whether they had ever suggested that a patient should use an app to help 

manage their hypertension, and about their attitude towards patients who use apps in the self-management 

of their condition. Next, the researcher asked them to watch the app videos. The same procedure was 
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followed as in the focus groups. After that, they were asked about their attitude towards patients using the 

apps in the self-management of hypertension. The participant was given the opportunity to discuss the 

features of each app as well as its benefits and limitations. Finally, they were asked to rank each app from 5 

to 1 on the basis of how they think the apps will help patients manage their condition. Once the above was 

completed, the researcher thanked the participants for their participation and briefly explained to them how 

the research would be enhanced by their data. Participants were reminded again that procedures had been 

followed to ensure the confidentiality of their data. For more details about interview questions, see 

Appendix 16. 

5.2.2.3 Translation and transcription 
 
The topic guides for the interviews and focus groups were translated from English to Arabic. Then, these 

topic guides were translated back into English by a lecturer in the college of applied medical science at 

university. These back translations were compared with the original topic guide to ensure that the meaning 

had not been altered. No changes in meaning were found. 

Interviews and focus groups were performed by the researcher in the native language of both the researcher 

and participants (Arabic) and then transcribed verbatim in the original language. Transcribed data was then 

translated into English. The transcripts were anonymized and any identifiable personal information was 

removed. The transcripts were then translated back into Arabic by a professional translation service which 

specializes in both languages used (Arabic & English).  These back translations were compared with the 

original transcripts to ensure that the meaning had not been altered. No changes in meaning were found.  

5.2.2.4 Quality Criteria (Validity of research) 
 
Concepts such as ‘dependability’, ‘transferability’ and ‘credibility’ are used to analyse the quality of 

qualitative research (whereas the quality of quantitative research is assessed with reference to ‘validity’ and 

‘reliability’) (26,35). Yardley (36) has created an itemised list of factors that should be taken into account 

when assessing the quality of qualitative research, a number of which relate to and intersect with the 

concepts of credibility and dependability. This includes ‘sensitivity to context, commitment and rigour’ 

(related to credibility), ‘transparency and coherence’ (related to dependability), and ‘importance and 

impact’ (36). 

In this study, it was important to pay attention to quality during all steps of the study, to ensure that the 

research is always of a high quality. This will ensure that the findings are transferable and can be replicated.  

The credibility and dependability of this research were enhanced by the following: (1) the researcher 
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exhibited a sensitivity to context, through familiarity with the socio-cultural setting within which the 

research was being undertaken. The credibility was enhanced by maintaining an extended engagement with 

the topic in general (by means of literature review) and an awareness of participants’ perspectives by 

immersing herself within the data through data collection, transcription and analysis; (2) using reflexivity, 

exhibiting an awareness of and reflecting the researcher’s own position within the research. The 

researcher’s background and relevant personal history were disclosed, and how such details might impact 

on the findings of the research; (3) the production of an audit trail, documenting the stages and steps of the 

research process (including data sources, data-collection techniques and analysis, and decision-making) and 

ensuring a match between research questions and methods, clearly setting out the justification for which 

method for answering the research question was deemed most appropriate, as explained in the method 

section; (4) ensuring that data collection and analysis was comprehensive and exhaustive, and that the 

sample was sufficient to reach ‘saturation’ (26,35,36). 

It is also important to ensure the clear presentation of findings, themes and sub-themes and pay attention to 

negative cases. This further entails fair dealing with participants, ensuring that an array of perspectives is 

included in the discussion to ensure that no perspective is over-represented (25,35, 36). This thick 

description of data-collection and the study findings, entailing how patients and doctors perceived using 

apps in self-management, help to determine whether the study results can be transferred into similar 

contexts, groups or settings (26,36). Finally, peer debriefing, in the form of the researcher’s supervisions 

throughout the course of the study, has informed the analysis and therefore contributes to the overall 

credibility of the research (35).   

 

5.2.2.5 The role of the researcher  
 

Having utilised a qualitative approach, it is important to acknowledge the researcher experiences, beliefs, 

and values, so as to understand the effect of these on her interpretation of the data. 

 

The researcher background as a teaching assistant in health technology at King Saud University (KSU) may 

have influenced the study process, including her interpretation of the data results. It is also possible that 

some participants may have provided answers to please her as the researcher, which do not reflect their own 

views but rather what they consider to be the ideal in health standards. For instance, they may have 

suggested that they are more active in self-management of hypertension when they are not. Some 

participants may also have been disinclined to admit that they did not have experience of hypertension apps, 
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as they may have worried about leaving a bad impression on the researcher. To mitigate against these 

potential risks of bias, the researcher made sure to inform all interview and focus group participants that 

there were no right or wrong answers. In addition, she did her best to ask more probing questions, in order 

to elicit more accurate data and improve her own understanding. Establishing participant-researcher rapport 

was used as an additional strategy to decrease risk of bias, as a good participant-researcher relationship is 

key to encouraging participants to answer questions more freely, to increase the richness of the data (37). To 

achieve this rapport, the researcher began the interviews and focus groups with general conversation to 

build trust and create a comfortable atmosphere within which participants felt able to give their honest 

opinions. The researcher also shared information with participants, such as her professional background and 

experiences as a PhD researcher and health informaticist to help foster a relationship. 

Moreover, the researcher’s background as a Saudi citizen, i.e. as someone with a similar cultural 

background to the participants, is likely to have impacted on the research. Working with a Saudi researcher 

could make participants feel more comfortable, creating a shared understanding within which participants 

are more likely to share and elaborate on some parts of their experience which they would be more reluctant 

to share with a non-Saudi researcher. Additionally, the researcher’s awareness of aspects of Saudi culture, 

such as specific social norms, gave her a clearer understanding of the views and experiences of participants, 

helping her to interpret their responses, as well as to ask relevant follow-up questions.  

 

Her position as a female researcher was also likely to be significant to the data-collection, within the context 

of a conservative culture where gender segregation is possible. Although there has been a great change in 

the country in the recent years through the increase of Saudi people working in mixed environments of both 

males and females, the researcher was aware that there may be some potential difficulties when collecting 

data from male participants, who would be less likely to speak freely to a woman, particularly in a one-to-

one situation. The researcher mitigated this risk by consciously building a good relationship with male 

participants by using preferred names and ice-breaking questions, as well as asking more suitable probing 

questions. The researcher also paid attention to whether female participants within focus groups were 

willing to speak freely to males, and tried her best to encourage all participants, regardless of their gender, 

to express their opinions. The researcher found that this was not an issue. Female participants did speak 

freely and their number of contributions was approximately equal to their male counterparts. 

 

At the outset of the research process, the researcher already had her own opinions and beliefs about the 

importance of patients using apps for the self-management of hypertension; however, she tried to be neutral 

in the interviews and focus groups, refraining from expressing her views to ensure truly honest answers 

from participants. During data analysis, the researcher sought to mitigate any potential impact she may have 



 

107 
 

  
had on the results by keeping a log of her personal feelings in response to each interview and focus group. 

Doing this helped her to recognise her own feelings and how these might be influencing her interpretations, 

or preventing her from consistently recording participants’ responses. However, it is possible that the 

researcher’s own background may still have influenced her interpretation. Patton (37) showed that the 

researcher’s own biographical position can influence the results of a qualitative study, because researchers 

may identify with aspects of participants’ experiences and attitudes. This potential bias was mitigated by 

regular discussions with her PhD supervisors. 

 

5.2.2.6 Piloting the interview and focus groups  

After the interview and focus groups schedules and questions had been presented to the research team, 

ensuring they covered the main aims of the study, they were translated to Arabic. The interviews and focus 

groups were then piloted by one volunteer doctor (male) and two volunteers’ patients (male and female). 

This pilot was carried out to discover whether the ways in which questions were phrased were clear and 

appropriate; to check how long the participants needed to respond to questions; to assess whether there are 

other questions that could be included in the study; to check whether the videos which formed part of the 

study were intelligible; to ensure that the cover letter was intelligible and conveyed information accurately; 

and finally, to discover if the planned interviews met the aims and objectives. Participants were informed 

that this was a pilot study being conducted to assess the appropriateness of the interview and focus group 

questions, and other aspects of the study design. They were also informed that their confidentiality was 

assured, and that their data would be deleted as soon as possible, before collecting the main data. 

The pilot study led to some amendments in the Arabic words/phrases of some questions to make these 

clearer for the participants, and to encourage more relevant responses. The interview and focus group were 

conducted within the expected time. However, in the interview with the doctor, the participant talked longer 

in some question than was expected. He spoke in detail about the first questions, then answered the last 

questions quickly to go back to his clinic. Following this, the researcher made efforts to manage time 

properly and divide it sufficiently among all questions. 

 

5.2.2.7 Data Analysis 
 
All qualitative interviews (both focus groups and individual interviews) were recorded, transcribed, checked 

for accuracy by checking the transcriptions against the audio files and then translated. Participant personal 

data was not included in the transcription for ethical reasons. In addition to the interview recording, the 

researcher also kept field notes outlining key observations, seemingly anomalous findings and so forth, to 

provide the research with richer context.   
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Preliminary analysis was conducted to establish participant demographic information, such as age and 

gender. Framework analysis was used to analyze the transcripts using NVivo 12 software (QSR 

International Pty Ltd). Framework analysis comprises five steps: (i) Familiarization; (ii) identifying a 

theoretical framework; (iii) indexing; (iv) charting; and (v) mapping (38). Data familiarization was attained 

through undertaking the interviews and focus groups, transcribing and checking the transcriptions against 

the audio files.   
 

The framework method is often used to perform a thematic analysis of semi-structured interviews. A 

framework method was chosen for this study as a framework is able to include existing ideas, such as a 

priori themes (38,39), and because it allows for unanticipated aspects of participant experience to be 

included in the study (39). This means the framework analysis is neutral in respect to either inductive or 

deductive analysis, which are both utilized in this study. The framework approach is also suitable because it 

is designed to answer specific research questions, as in the present study (40). 
 

This study framework has two parts, corresponding to the two objectives of this study: first, to explore 

attitudes towards apps for self-management in general and patient experience of self-management; second, 

to assess participant attitudes towards the use of five specific apps and their preferences.  

The initial themes and sub-themes for the first part of the framework were developed and identified through 

the topic guide of the interviews and focus groups, alongside familiarization with the data. The initial 

themes and sub-themes for the second part were identified from the results of previous studies, including 

our own systematic review and app store review, the topic guide, alongside familiarization with information 

gathered from the interviews, and also through what was presented in the videos in the interviews and focus 

groups. These initial themes and sub-themes together were used as the basis for the study framework. 

Transcripts were then indexed using this framework; other themes and sub-themes that were identified 

during the analysis itself were included in the framework. If a new theme or sub-theme was added, indexed 

transcripts were checked to identify any potentially relevant information to the new theme or sub-theme. 

When indexing was complete, the framework was checked to ensure only relevant information had been 

coded in its themes and sub-themes. In addition, all transcripts were also checked for errors in the coding of 

data. The data were then charted in framework matrices, with a matrix for each theme. The data were then 

mapped and interpreted. Each theme was then described in detail, and any contradictory findings were 

identified and noted, along with differences between sub-groups (i.e., doctors and patients). With these 

factors in mind, the data were then mapped and interpreted to identify potential explanatory accounts. In 

order to select the most suitable app, data from the matrices were summarized in a table explaining 

participant preferences towards each sub-theme for the identified apps. 
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5.2.2.8 Ethical considerations 

 
Three ethical approvals were obtained before this study was conducted: from the ethics committees at the 

School of Health and Related Research (SCHARR) of the University of Sheffield, Ministry of health of 

Health (MOH) King Fahad Medical City (KFMC) and King Khaled University Hospital (KKUH). See 

Appendix 17, 18 and 19. 

 
 
 Informed consent 
 
Fully informed consent to participate was obtained from all study participants. Participants were provided 

with an ‘information sheet’ in which the purpose of the research was explained to them, as well as what the 

participants are expected to do, and how their data will be used. They were also informed about the 

potential benefits and harms of participating in this study. Participation in the project was completely 

voluntary and participants were told that they can withdraw from the study at any point. Participants were 

also given opportunity to ask questions throughout the research process. 

Data recording procedures  

All interviews and focus groups were audio recorded. Permission was obtained from all participants prior to 

recording. Audio recordings are preferred to note-writing, e.g. because they are more accurate (25). As well 

as audio recordings, the researcher kept handwritten notes documenting items that would not be captured on 

audio, for example body language, as well as the time and date that the interview took place. 

Personal safety  

The focus groups and interviews were conducted in a conference room in the hospital and/or primary care 

centers, that convenient and accessible by participants. These hospitals had security and safety measures 

such as security staffs and CCTV surveillance, that ensure individuals’ safety.  

 

5.2.3 Results 
 

5.2.3.1 Participants 
 
The focus groups were attended by 22 participants, with a range of five to six participants in four focus 

groups. The gender distribution of participants was not even, with 9 females, and 13 male participants, with 

mean age of 50 (ranging from 33 to 74). Most participants had a Bachelor degree or higher qualification 
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(n=14/22). The majority of the participants reported that they own a smartphone (20/22), most of which 

were the iPhone brand (15/20). More than half of the participants had suffered with hypertension for over 

three years (12/22).  

 

Table 5.2 Characteristics of the patients sample 

Characteristics Mean (range) or n(%) 

Age (Years) 50 (33-74) 

18-30 years 
 

0(0%) 

31-40 years 4(18%) 

41-50 years 

 

6(28) 

51-60 years 

 

 

8(36%) 

>61 years 4 (18%) 

Gender  

Males 13(59%) 

Females 9(41%) 

Time since diagnosed with hypertension 

(Years) 

 

<1 year 
 

18% 

1-3 years 32% 

>3 years 55% 

Education Level  

Less than high school diploma 3(14%) 

High school diploma 5(23) 

 

Bachelor’s degree 
 

8(36) 

Master’s degree 4(18%) 

Doctorate 2(9%) 

Smartphone users  

Yes 20(90%) 

No 2(10%) 

Smartphone Brand  

iPhone 15(75%) 

Android 5(25%) 
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A total of 12 doctors were interviewed, with a mean age of 40 (ranging from 28 to 57). They averaged 16 

years’ clinical work experience (ranging from 4 to 39 years). All of the doctors interviewed owned a 

smartphone, 7 of which were the iPhone brand.  

 
 
Table 5.3 Characteristics of interviewed doctors 

Characteristics Mean (range) or n(%) 

Age (Years) 40 (28-57) 

Gender 

Males 4(33) 

Females 8(67) 

Work experience with hypertension 

(Years) 

15.8(4-39) 

Profession  

Resident doctor 2(17) 

Specialist doctor 6(50) 

Consultant doctor 4(33) 

Smartphone Owner 

Yes 12(100) 

No 0(0) 

Smartphone Brand 

iPhone 7(58) 

Android 5(42) 

 

5.2.3.2 Result of Frame work analysis  
 

5.2.3.2.1 General views towards, and experiences of using mobile apps 

 

This section presents the results from the first part of the study’s framework, concerning participants’ 

general views toward using apps for the self-management of hypertension.  

The initial themes and sub-themes for the first part of the framework were as follows: self-management 

experience (including the sub-themes strategies used by patients and their compliance, barriers to using 

strategies for self-management, and patient knowledge and awareness about hypertension) and using health-

apps for self-management (including the sub-themes doctors’ experience in using health apps and factors 
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affecting app use). These are presented in Table 5.4, showing the a priori themes and emergent sub-themes. 

An outline of the results now follows.   

 

Table 5.4 Identified Themes and sub-themes via framework analysis (Italics indicate A priori themes) 

Theme Sub-theme Topics 
Self-
management 
experiences 

Strategies used by patients and their compliance Adherence to self-monitoring BP  
Taking required action  
Adherence to taking medication 
Adherence to lifestyle 
Managing stress 

Barriers and issues of using strategies for self- 
management 

 

Lack of knowledge 
Busy life 
Lack of motivation 
Forgetting 
Acceptance of disease 
Asymptomatic patients affecting self- 
Lack of patient initiative 
Beliefs about medication 
Social pressure 
Fear caused by high BP 
Using impractical tool 

Role of doctors Education about and encouragement of self-
management strategies. 

Patient knowledge and awareness about 
hypertension 

Current patient knowledge (level) 
Required information  

Using Health Apps 
for Self- 

management  

Doctors and patients experience in using health 
apps 

Patients experience in using general apps and 
HTN apps 
Doctors experiences in using health apps or 
recommending HTN apps 

Expected useful features of smartphone apps 
 

Self-monitoring and reminder 
Educational information 
Feedback 

Factors affecting uptake of the app Demographic factors including, age, education 
and IT literacy. 
App usability 
App’s language 
Doctor support 

Concerns about using health apps for self-
management 

Credibility – Accuracy 
- Company intentions 

Patient commitment in using app 
App usability 

 
Self-Management Experiences 

Self-management strategies 

The majority of doctors interviewed noted that although most patients take their medication frequently, 

some patients fail to monitor and record their BP, despite being asked to do so. Doctors reported that the 

patients who are more likely to monitor and record their BP are newly diagnosed patients, and older patients 

who are helped with the monitoring of BP by supportive younger family members. 

 
 “[…] only 50% - 60% that we ask to take their BP regularly actually do so” [D2-male] 
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“[…] with some older people, we found that their children had recorded their BP reading in a table format. 

They were very committed to helping their parents” [D1-male] 

 
The majority of patients reported that they tried to monitor their BP and take their medication regularly. 

Despite this, intervals between readings still varied across patients, as did the regularity of medication. 

Some patients reported monitoring their BP less frequently, citing reasons such as only measuring their BP 

when they feel uncomfortable (e.g. when experiencing headaches), or forgetting to monitor their BP and/or 

take their medication due to their busy lives and/or other personal issues. A small number of patients with 

more stable BPs also reported monitoring less frequently, as they no longer feel that it will have a negative 

impact on their lives.  

 
“I try to manage my hypertension as much as I can. I self-measure my blood pressure when I feel symptoms 

like dizziness.” [Focus group2-male] 

 
“I tried to self-monitor my blood pressure regularly and take medications, but I am busy with my daily work 

that negatively affect my adherence.” [Focus group3-male] 

 
“The doctor always asked me about monitoring my blood pressure at every visit, but I totally forget to do 

that because my blood pressure is a little bit controlled” [Focus group2-male] 

 
Patients who measured their BP regularly then managed their BP either by increasing their lifestyle 

activities or changing the appropriate dose of their medication. Additionally, in emergency cases they can 

consult their doctor in between consultation time or call the MOH consultation number.  

 

“When it [BP] is high I tried to do anything to reduce it. For example, I sometimes go walking or even take 

an extra pill to reduce it” [Focus group1-male] 

“For me, when it [BP] was extremely high I call 973 which I can speak to a doctor to help me and give me 

advices” [Focus group1-female] 

 
The majority of patients tried to stay as healthy as they could through lifestyle activities relating to food, 

exercise and managing stress, which doctors have told them can help control BP. However, many patients 

expressed difficulties in sustaining these activities. Patients frequently mentioned that they try to eat a 

healthy diet e.g., by preparing food in advance and avoiding food high in salt. However, some patients only 

take these measures when their BP is high, and some report work or social pressures as reasons for 

unhealthy eating.  Some patients also said they now try to do more exercise on a regular basis, such as 

walking and running. Other patients still live very sedentary lifestyles and do not exercise as a result of 
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either health problems (e.g. knee pain) or a lack of motivation to complete activities. These patients wished 

to be more active.  

 
“I believe my diet is totally ruined at social events and family gatherings, especially when they offer salty 

food. [Focus group1-male] 

 

“I try to walk every day and make it part of my routine, but mostly I do not walk much and only remember 

later that I should have... I need something to help encourage me to do it frequently” [Focus group 4-

female] 

 
One patient reported that personal and work stresses were the primary causes of his hypertension, but stated 

that it was difficult to reduce this, and that maintaining good lifestyle habits cannot be the only solution.  

 

“My BP is usually high due to my personal problems and work pressure, I tried to exercise, but I still need 

to manage my stress” [Focus Group 4-male] 

 
Patients’ Knowledge and Awareness 

There was some disagreement between doctors about the role of patient knowledge and awareness. 

The majority of doctors believe that patients need more information about their disease in order to 

effectively self-manage. Doctors mentioned that their patients lacked information relating to the condition 

itself, its causes, and its complications, such as heart disease and stroke. A few doctors also believed that 

some patients were poorly informed about how to monitor BP. 

 
“People lack knowledge about hypertension; patients don’t know the type of food that they eat and if they 

are good or not, what causes blood pressure, hypertension complications, and so on.''[D11-female] 

 
Some doctors found that younger patients and more educated patients were more informed, and took greater 

responsibility for their self-management. However, other doctors found that some informed patients would 

not change their behavior or take responsibility for their health, due to a lack of determination or concern, in 

spite of the information that they have. 

 
“In Saudi Arabia, many people know about hypertension, and the benefits of making positive lifestyle 

changes like exercising. Some people don't take it seriously, as the effects of the diseases aren’t necessarily 

present at the time of the diagnosis, but will appear later and cause complications, such as high blood 

pressure and diabetes. When a patient has a clot or something else, some think this is not related to 

hypertension, even though we told them about this information before” [D1-male] 
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One doctor also expressed concern about patients accessing inappropriate or incorrect information:  

“It sometimes causes problems when people worry about the wrong information that they have found on the 

internet. I advise people that not everything that they read on the internet and discussion groups is correct, 

and to only consult their doctor or a medical website” [D10-female] 

 
Patients generally wished to have more information. A few patients mentioned they had gathered some 

simple information, mostly from their doctors, and some gathered from the internet or leaflets. However, 

like many of the doctors, patients often wished that they had received more adequate information about the 

causes and risks of their disease, about BP readings, and about the side effects of medications.  

 

 “We need more information on how to measure blood pressure correctly, hypertension risks, and the 

medicines, but the information in Arabic is not always reliable.'' [Focus group 2-female] 

 

“I have a problem when I measure as I do not know if it is high or normal, even though the doctors always 

told me. Is there any information to help me understand the normal ranges?” [Focus group2-male] 

 
 
Role of doctors 
 

Patients said that their doctors had advised them to implement self-management strategies when they were 

first diagnosed with hypertension. They set goals with them relating to different strategies, which included 

monitoring BP at home, exercising, etc. However, few patients have the ability to discuss which is the suitable 

medication for their case. 

 

“When I was diagnosed with hypertension, I agreed with my doctors on the goals, such as walking, running, 

and the amount of appropriate food.” [Focus group1-male] 

 
Doctors said that at every visit, they ensure that patients are complying with the recommended strategies, 

and that this is resulting in controlling their BP. Doctors usually do their best to encourage patients who 

have controlled BP to continue with these strategies. They also try to increase patients’ awareness about the 

negative consequences of uncontrolled disease, and the benefits of these strategies, as well as sometimes 

discussing the reasons for not following these strategies, to allow patients to think about the possible 

solutions for improving these. 

 

“We give them different activities to do such as exercises, usually they are old-aged people, so we advise 

them to walk for half an hour a day. I then start to increase their awareness about what affects BP and their 
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general health education so they know how important it is. We encourage them and some do their best.'' 

[D10-female] 

 
 
Barriers to self-management strategies 
 
Doctors believe that some patients are not seriously involved in the management of their disease due to 

personal factors such as lack of patient initiative, acceptance of the disease, inaccurate negative beliefs 

about medication or even hypertension itself.  

 

''Laziness: they get bored with repeating it over and over again.'' [D2- male] 

 
''Patients usually did not take their hypertension seriously'' [D6-female] 

 
“They do not know they are chronic diseases and should have taken medication for a long time.” [D8-

female] 
 
Some doctors also believed that patients’ fear of finding a high BP reading when measuring BP could be an 

important issue affecting the efficient self-management of hypertension: 

 

“They know how to manage the problem, but the most of them panic when they see the blood pressure is 

high. [D4- female] 

Patients themselves reported experiencing several different barriers that affect their commitment to self-

management strategies. The most commonly mentioned barriers were: lack of knowledge relating to 

hypertension management, including BP readings, complications, risk factors and side effects of 

medications; lack of motivation; forgetting; and busy lifestyle.  Social pressures were mentioned as reasons 

for unhealthy eating, while bad weather and lack of facilities were cited as a barrier to increasing exercise. 

“I sometimes self-measure my blood pressure, but sometimes I forget or because of busy daily life.'' [Focus 

Group1-female] 

“In my opinion, I feel hypertension is a simple disease, it does not need a serious care. If my blood pressure 

raise what is the problem” [Focus Group1-male] 

 

Some patients reported that instruments for recording BP were impractical.  
 

''Nothing helps me, even putting paper next to my bed to remember before going to sleep, because I will be 

tired and forget to do anything. ''’ [Focus Group2-female] 
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“Using paper is not practical because a paper or pen is not always available, and it is not very reliable 

either.” [Focus Group2-male] 

 

 
Using Health apps for self-management 

Doctors’ and patients’ experiences of using smartphone apps 

 
Most doctors reported having experience of using health apps themselves. However, none had 

recommended an app for supporting hypertension to their patients, usually because of a lack of awareness of 

available apps, and their effectiveness and suitability.  

 
“I had no idea that there were apps that I could recommend to patients -  I only use health apps that help 

me as a doctor to calculate scores, and choose satisfactory ways to prescribe the appropriate dose, as well 

as decision support apps, but I have not used them at the level of patients.” [D3-female] 

 
“I haven't recommended apps specifically for patients - generally, we don't know if the app is useful. This is the 

main aspect: we don’t know if monitoring apps helps patients or not, unless there is a study proving that they are 

useful.” [D2-male] 

Similarly, most patients across all groups had extensive experience in using apps in day-to-day life (such as 

for socialising, entertainment, etc). However, only one patient had used a hypertension app to manage their 

condition before participating in this study. Other participants like the idea of using an app but were 

unaware of their availability, or different apps’ suitability for managing for hypertension.  

“Yes, I used an app for blood pressure, I forget its name.” [Focus group2-male] 

 

“Doctors have not recommended anything or even told me but I searched for apps and there are too many 

but I cannot choose which is best. -I did not know about these apps and I did not try to find them." [Focus 

group1-female-male] 

 
Expected useful features of smartphone apps 

 
Doctors and patients believed that apps could be a good tool for monitoring the treatment of hypertension.  

 
Participants mentioned a range of features that would be helpful, including recording BP data and 

medication, and daily tasks, especially if it this data is stored for a long period of time and the app provides 

reminders - e.g. to take medication.  
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It was felt that these features would benefit patients by raising awareness of their health and encouraging 

active participation in their own care. Participants also felt that an increase in patient awareness would 

benefit both patients and doctors as patients would be more communicative during appointments with 

healthcare professionals. 

 
“Everything will be documented. It helps them [patients] to adhere in taking medications and so on [….]  

apps have reminders that help to increase patients’ participation in managing their health, to make 

decisions for themselves, and pushing them to do what they always miss, for example, it will remind them to 

self-monitor.” [D8-female] 

 

“Apps allowed recording, BP data where patients usually at hospital visits discuss their BP data verbally 

with their doctors … they will be involved in their own health decision-making.” [D4-female] 

 
FG1P3: Based on what you say, [if these kinds of apps help us to record our data], this app helps us to 

understand our blood pressure status and to share it with doctors” [Focus group1-male] 

 
Patients and doctors felt apps can be used as an educational source for patients to improve understanding 

and gain essential knowledge for managing their diseases, which would supplement advice given by 

doctors, as well as having the benefit of being accessible at any time. 

“If apps have information, it will enhance knowledge. We educate them and they absolutely will forget what 

I said. So, if the information is written in this app, they can read anytime.” [D9- female] 

 

“I think apps will help to increase my knowledge through knowing hypertension symptoms, etc. ---The app 

information will be available 24/7, it is accessible and more cost effective” [Focus group3, male--- female] 

 
Doctors reported apps that some specific features would be likely to increase the usefulness of an app in 

supporting self-managing of hypertension, including, whether BP data are stored over-time on a graph to 

help track data, and whether they provide BP average to enhance tracking at a hospital visit. 

 

“I think it becomes clear or clearer when presented on a graph, but is it measured enough to plot on a 

graph?" [D1-male] 

“If the app gives BP average readings, I think it will help. During patients’ hospital visits, it will help 

doctors to track patients’ blood pressure reading, to understand his health- as doctors, we can use it to 

monitor his blood pressure readings." [D4-female] 

 

Factors affecting uptake of the app 
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The most common factor discussed in interviews with doctors was the age of users. They felt older patients, 

aged 60 and over, may face difficulties in accepting and using this app due to unfamiliarity with newer 

technology and/or poor eyesight. However, some doctors believed that well-educated older people will be 

more likely to accept using this technology, and others would be able to easily engage with apps through 

doctor support. 

 
 “I think it depends on the age; much more difficult for older generations to use them” [D2-male] 
 
 
However, the ease of using apps was the most common factor discussed among patient groups. They 

preferred interfaces to be simple and easy to navigate and to offer customizable font size to suit all users, 

particularly the elderly.  

 

“If there is good app, I will use it because it encourages us to use especially if it has good interface/menu.'' 

[Focus group1- female] 

“I read daily news on my phone, I always zoom out the font to be very clear to read, so I suggest apps 

should have this feature” [Focus group4-female] 

 

The language of apps is another factor affecting uptake, and is discussed by both doctors and patients: 

 

 “…apps should be in Arabic because there are not many Arabic apps available'' [D12-male] 

“When I searched in apps stores there is not app supported hypertension in Arabic language” [Focus group2- 

male] 

 

Concerns about using health apps for self-management 

 

Patients and doctors raised different concerns about using apps, which were likely to impact on their 

decision whether to use them or not.  

 

Doctors expressed concerns about the credibility and accuracy of the apps, or doubt about their continued 

availability They felt that they would be more willing to recommend an app to patients if it was tested through 

scientific research, it was based on our practice guidelines or even checked by doctors. 

 

"I am concerned that the new apps are not yet tested and may be removed [from the app store]. " [D7-male] 
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“I tried to download apps, however, information seems to be inaccurate (not 100% correct), with practice 

guidelines etc. …. The credibility of app content is very important. I can ensure credibility for patients if it is 

based on scientific research or checked by other doctors" [D10-female] 

 

One doctor also believed that apps may only benefit patients who already monitor their BP regularly at 

home and he questioned whether patients will regularly be using it. 

 
“We have this problem; does the patient already measure blood pressure? If they record it, this will be ok 

and will mean we can track their BP over time on a graph…. I think it becomes clear or clearer when 

presented on a graph, but is it measured enough to plot on a graph? We go back to the same question about 

whether it is used enough” [D1-male] 

 
Patients also stressed usability as an important factor, e.g. that it should be easy to enter data, especially for older 

people. 

 

“I fear that the app is not easy to use, because I already used one of the Ministry of Health apps which was so 

difficult to use, and I never used it again.  I’m just thinking how the elderly can enter data - it should be easy.” 

[Focus group4- male] 

 

5.2.3.2.2 App preference 

 

This section presents the results from the second part of the study framework, concerning participants’ 

views toward the five apps for self-management of hypertension, which are [Cora Health (Cora), ESH care 

(ESH), LifeCourseHyTen (Hyten), Qardio, Braun Healthy Heart (Braun)]. Themes for this part are app 

usability (including the sub-themes training and how easy to use), and Adequacy of app content (including 

the sub-themes information provided, reminders, user data collected, and feedback and tracking progress), 

as well as Overall app assessment (including the sub-themes app rank and recommendation and app 

estimated uptake). The prior and emergent themes of this phase of the analysis are presented in Table 5.5. 

This is followed by a description of the results. A table showing side-by-side data for each of the five apps 

is then provided to aid comparison between them (Appendix 20). 
 

Table 5.5 A final framework developed to evaluate five apps after completing the analysis process. (A priori 
themes indicated in italics) 

Theme Subtheme Topics 
Adequacy of app content 

 
User data collected Accuracy and method of data inputting; 

Type of data collected 
Feedback and tracking progress Presentation of feedback 

Accuracy of feedback 
Reminder  
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Information provided 
 

Level of details and type of information 
(information topics)  

Social Support Communication with others 

Content credibility Credibility 

App usability 
 

How easy to use App design/layout/navigation 
Training Type and intensity of training required  

Overall app assessment Factors affecting uptake and usage Demographic factors including, age, 
education and IT literacy. 
App feature 
Language 
Price 
Privacy 
Ads & Promotion 

Rating and recommendation App ranting 
Doctors’ willingness to recommend apps 
Doctors’ estimated uptakes 
Patients’ willingness to use and recommend 
apps 
General recommendations 

Potential benefits and drawbacks 
of app use 

Expected risks of inappropriate content Difficulties, including stress, anxiety, and 
confusion 
Decreased app use and poor self-
management 

Support patients’ self-management Controlled BP 
Empowered self-management 
Improved compliance and knowledge 
Supportive doctors 

 

Adequacy of app content 

This section discusses participants’ opinions about different features of the apps including ‘Feedback and 

tracking progress’, ‘Reminder’, ‘Information provided’ and ‘User data collected’, and two emerging sub-

themes (‘Social support’ and ‘Content credibility’). 

Feedback & tracking progress 
 
 
Most doctor and patient participants liked the way that all five apps present the data users had entered (BP 

readings) in different formats, such as graph and tabular formats, that enable the user to easily track their BP and 

other health data over time. However, they agreed that Cora and ESH apps have graphs of sufficient quality and 

clarity containing relevant data so their readings can be easily understood, whereas the graphs and diagrams of 

the other apps were generally considered less clear. 

 
“I liked the second one [Cora app]. It is easy … and represents important data [BP readings] in the chart 

and has good quality graph” [D8-female] 

“It's difficult for them [patients] to understand and browse the diagram/chart in the third app [Braun] It's 

more elaborate .. there is a lot of detail on the chart. So, I don't think it's as practical as the last one [Cora].  

'' [Focus group3-male] 

 
Doctors favored apps that automatically calculate scores for patients. They believed the app Cora, which 

automatically calculates BP average, and Qadio and ESH, which automatically calculate BMI, would allow 
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for more patients’ engagement in their health and more accurate decisions about patients’ health than if they 

had to manually calculate the readings.  

 
“When a patient records their reading [in Cora], and sees their average… (e.g., normal), which it is 

difficult to calculate with manual BP reading, Definitely, they will be enthusiastic to be in this healthy 

state”. [D9-female] 

 
“It [ESH] includes BMI, as it is positively influenced BP control” [D1-male] 
 
 
Both doctors and patients like the way the apps Hyten, Qardio, Braun and Cora provide color-coded feedback 

indicating any deviation from the normal range in the measurement level. 

 

“I only like classifying blood pressure readings into stages that may help. [Qardio]'' [Focus group1-
female] 
 

However, some doctors believed Cora would be more effective because it supplemented this color-coded 

feedback with explanatory text or other visual aids. 

 
  “I see more detailed feedback [Cora app] compared with other apps [that only use color codes] that may 

encourage patients to involve themselves more in the management of hypertension” [D12-male]. 

 
Doctors felt that the feedback features of all five apps should be further encouraging patients to reach their 

self-management goals by containing BP goal-setting features that take account of patients’ circumstances 

and demographic details, such as age. 

 

''I think in this regard; the app [Hyten] isn’t so good. Because it gives you an alarm when the range is high, 

whatever the patient's age is. Thus, this alarm may cause stress for patient and this scientifically wrong. As 

the range depends on the age.'' [D3-female]. 

 

Reminders 

 
Doctor and patient participants like the way all five apps offer a reminder feature for patients to do activities 

for the effective management of BP. Both Doctors and patients preferred Cora app, which provides 

reminders for different tasks (e.g., self-monitoring of BP, exercises etc.) to the other four apps, which 

provide reminders only for a single task (either to take medication or to self-monitor BP).  
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“I think I like this app [ESH], but I feel it just focuses on monitoring and reminders for medication -- there 

is no reminder for self-monitoring or for walking that we need with our busy lives. [Focus group 2-female]. 

 
“This app [Cora] helps patients to set different activities or challenges to remind them. It is really helpful.” 

[D6-female] 

 
Some patients found the reminder feature of Braun and Qardio is very limited because it only allows users 

to set a generic reminder that does not specify the task to be completed, rather than allowing users to set 

individual reminders for particular tasks (such as for self-monitoring, taking medication, etc.).  

 
“I like the reminder feature [in Braun], but it does not allow you to enter the title of the reminder so you 

can know if this is a reminder for medication or for self-monitoring of blood pressure.'' [Focus group1-

male] 

 
A few doctor liked the ESH and Hyten app reminder for medication because it allows users to set different 

reminders for different medications and doses: 

 
“It is good to remind patients about his medication time [in ESH], because some patients take different two 

or three medications. The times patients find it difficult that they take all of them at once, each 24 

throughout the day, and this app can remind them about the doses they are needed.'' [D6-female] 

 

 
Information provided 
 
Participants considered one app to be not useful due to an absence of any features that may help to increase 

user awareness and knowledge. 

 
“I totally agree I do not think this app [Qardio] is useful as you notice this app does not offer educational 

information” [Focus group2-female] 

 
“But It [Qardio] does not offer any information for patients as other apps” [D6-female] 
 
  
As apps differ in terms of their detail and topics of information offered, opinions vary among patients and 

doctors on whether the information offered by apps is helpful and suitable for patients. Some doctors noted 

that the apps [Hyten] contain more suitable information for patients on topics such as side effects of 

medication and life style.  Both patients and doctors agreed that Cora app have data about hypertension in 

general as well as data on hypertension risks, BP readings and how to measure BP, which may help patients.  
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“I also think this app [Cora] has valuable information; it offers sufficient information about BP 

complications, how to measure BP -- our people really need that." [D10-female] 

 
“The patient would be more confident and secure [using the Hyten app] because they know information 

about the medication they will take, and there is a lot of literature there, even about the illness - there is an 

explanation of the types of hypertension in all those things." [D6-female] 

 
Most doctors commented that Braun and ESH lacked any information about medication and side-effects 

that might help save their time and improve patient knowledge. However, two doctors and patients believe 

that the detailed information about the side effects of medication offered by Hyten may lead patients to be 

stressed or confused and resistant to taking medication.  

 
“Too much detail will make the patients uncomfortable … even if they start to use it [Hyten], they will not 

regularly use it or adhere to medication” [D5-female] 

 
User data collected 
 
All participants like inputting BP data in all five apps, but they prefer apps that also track other data, 

including life style factors such as exercise (Cora, Braun), weight (Qardio, ESH), medication (Hyten and 

Cora) and stress or feelings (Hyten and Cora) over a period of time. They also felt some apps are not 

supportive due to a lack of tracking important data about lifestyle (Qardio or ESH). A few doctors also 

believe that some apps could be further improved by considering weight. 

 
 
“A feature detailing factors that affect hypertension [Qardio] should be included, which concerns the 

welfare and health care of the patients. This would be a more holistic approach” [D7- male].  

  
 
Patients dislike the way of entering data (e.g. symptoms and lifestyles) in some apps as it is ambiguous 

(Braun), simplistic or unnecessary, or not well organized (Hyten).   

 
“For me I think the details [of entering] does not matter, but the method of data input [in Hyten] is not 

organized, which make difficult to follow.” [Focus group1-male] 

 
“When I enter the diet, I have to enter one to five. So, if I eat rice, vegetables, fruit with dessert, will I enter 

1 or 5? It is not clear. 

I agree with you --- It is a very important point that needs to be considered. [Focus geoup1-female---male] 
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Doctors expressed that Braun is not detailed enough to capture all relevant information (e.g. it is not 

possible to enter a type of exercise, and the app does not include typical Saudi food options) and that the 1-5 

scale for inputting lifestyle data is ambiguous.  

 
“The app should support somethings like exercise, and add to it matters that fit our patients’ needs such as 

swimming, walking and so on, which is determined in same the previous app [Cora]. It also should add 

features that meet our patients’ needs like Saudi food including rice, Arabic bread and dates and other fatty 

food or carbohydrate, as most hypertensive patients can benefit of these things.” [D8-female] 

 
“Entering data of food is somehow vague, it allows patient to assess and chooses their eating between 

healthy and unhealthy, but patients mostly do not know. It may misevaluate themselves” [D5-female] 

 
A few doctors disliked ESH care’s method of inputting data by typing, instead of choosing from a list, as 

this may cause typo mistakes. 

 
“This app [ESH] is easy to use; the method of inputting data may lead to some mistakes, for example if he 

enters a wrong name for a medication reminder and takes it [the medication] what will happen” [D12-

male] 

 
Generally, it seems that Cora and Qardio are accurate and that there are no limitations in entering data, 

compared with other apps. All these apps require some edits to allow for the entering of more data: such as 

lifestyle, medication, feelings etc.  but some require less than others. 

 

 

Social Support  

 
Patients have mixed opinions about the social support feature. Some found it useful while others found it 

unhelpful or unnecessary, given increased access to social media platforms. Two doctors liked this feature 

because the more that family and friends used it, the more it encouraged the individual to use it. However, 

doctors generally did not express any request for a social support feature in other apps. 

 
“I think it [Qardio] helps you to keep in touch with your friends or family –--I think keeping in contacting 

with families or friends is not helpful because many social media allow you. We can just take screen shot of 

the readings and share it through social media. [Focus group1-male---female] 

 
 
Content Credibility 
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Doctors felt that the credibility of educational information should be checked. One doctor also stressed the 

importance of checking the reference of readings. They stated that they cannot read the information from 

the app to ensure whether it is correct. However, they asked whether the credibility can be checked; whether 

the information is based on medical guidelines and if the app was reviewed by other doctors or medical 

companies. Finally, they asked whether the purpose of developing this app is to gain money or help people? 

 
“The information it presents is very organized. Moreover, I can see that this app is based upon the 

guidelines of medical organizations, which enhances its credibility. Credibility could also be checked by 

other doctors or medical companies providing a review of this app; or by additional reviews by other users 

whom I can trust. [D8-female] 

 
 
App Usability  

 
Participants preferred the interface design and navigability of Cora and ESH, in which the app features are 

easy to reach because they are visible in the main menu. Participants reported that their navigation of 

Qardio and Braun Health was hindered by complex and unclear layouts where functions are embedded in 

other functions. 

 

“I feel this app [ESH] is excellent and icons/menus pane are well organized. At the beginning, we find a 

menu for monitoring blood pressure and medication separately. This presents app sections clearly.” [Focus 

Group2-male] 

 
“Accessing reminders [of Braun app] is not easy at all, I have to go through many windows so as to set the 

reminder and it is not clear if it is specific for medication or self-montring.” [D12, male, 57] 

 
Some patient found the muted colour scheme of Hyten, Cora and ESH more user-friendly, whereas another 

patient found the strong, bright colors of Braun off-putting. 

 
“I am not very satisfied because I think the color [of Braun app] is very strong and annoying, so it will be 

not comfort for my eye” [Focus group1-male] 

 
Training 

 
Most doctors and patients think that some level of training would be required for all five apps. However, 

they disagreed over the length and intensity of training that would be required. 4 doctors believed that ESH 

would require no training, while 3 doctors thought the same for Cora. Some doctors said some patients 
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would need training, depending on patient background. Patients mention that apps which are more difficult 

to use may require further training and/or practice. 

 
 “I think it is likely that patients who used to use apps don't need training and patients who don't use apps 

will sneed it, this depends on the experience of the patient.”  [D1-male] 

 
 
The most common opinion about suitable training is that it should be sufficient to teach users how to 

use the app. 
 
“Training should be explained by physicians/educator/researcher for patients how to use it, then it can be 

used by patients” [D6-female] 

 
“Any method of training, for example, instructions on a paper or simple sessions helped a lot in how to use 

the app” [Focus group4-male] 

 

Potential benefits and drawbacks of app use  
 
  
All of these apps contain monitoring and reminder features which allow patients to control their BP, 

increase their engagement and awareness, avoid white coat hypertension and adhere to self-management 

tasks. However, one app (Qardio’s) appears to be more useful for doctors during appointments (rather than 

patients) due to its simplicity and the tasks included. The Cora app has multiple reminders for tracking 

different tasks, which may increase adherence to them. 

 
''Benefits of using this app [Cora] are really good or great; this is a monitoring application that you can 

customize the application to help patients monitoring themselves, so for example if the patient forgets to 

take medication or go to walk, the reminder will help them. For this, it is a very good potential tool in 

managing hypertension.'' [D7-male] 

 
“This app [Qardio] will help me as doctor not patient.'' [D9-female] 
 
However, some doctors were concerned that too few functions (Qardio and ESH) may lead to patients 

becoming bored; or, conversely, that too much detail (Hyten) or poor layout (Hyten and Braun) will confuse 

patients. One doctor worried that if information displayed is too detailed in Cora’s, it could possibly cause 

stress for patients. 

 
“The app [Braun] should support somethings like exercise… as I think people may get bored when use this 

app and reduce their engagement in managing hypertension.” [D8-female] 
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“The detailed medical information [of Cora] is not needed. They[patients] may be get stressed'' [D6-

female] 

 
“However, if you notice the method of setting the reminder for medication [of Hyten] is not easy to access, 

despite of providing the list of medicines, this may lead to confuse and reduce their motivation'' [Focus 

Group2-male] 

 
“Too much medical details [of Hyten], there is no need for all of these medical details. On the contrary, it 

may affect negatively. 

Researcher: How? 

You know that doctors give the patient the information that he needs to know, but in some cases, you can 

give them too much information, it may cause an obstacle in taking their drug. What I mean is sometimes 

we need to reduce the information given to patients in order to avoid confusing them; they just need to know 

what we want them to know.'' [D2-male, 36] 

 
The overall app assessment 
 
Rating and recommendation 
 
App Rating 
 
The results of the doctor participants’ overall satisfaction of the apps (calculated by adding individual 

doctors 1-5 ratings) are as follows: Cora (51), Hyten (43), ESH (41.5), Qardio (37.5) and Braun (30).  
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The results of the patient participants’ overall satisfaction of the apps (calculated by adding individual 

patients’ 1-5 ratings) are as follows: Cora (97.5), ESH (85.5), Hyten (80), Braun (65.5), Qardio (64).  

 
The results show that Cora has the highest rank among both sets of participants. Doctor and patient 

participant groups disagreed over further rankings:  Hyten was second highest ranked in the doctor group, 

and ESH the second most preferred among patient groups. Qardio and Braun were the lowest ranked in 

doctor and patient groups.  

 
 
Doctors’ willingness to recommend apps  
 
Most doctors agreed to recommend the apps Cora (n=10) and Hyten (n=9) apps, which they regard as being 

‘complete’ or ‘comprehensive’. Doctors regarded apps as being complete if for instance their functions were 

detailed, such as offering reminders for a wide range of activities, and if the information they offer, such as 

for medication, was thorough. More than half of doctors (n=7) were willing to recommend ESH due to 

features such as its inclusion of BMI measurement and its high-quality information. Of the remaining two 

apps, two doctors were willing to recommend Braun, and one doctor was willing to recommend Qardio, 

with a small number of doctors being willing to recommend these apps on account of specific features, but 

not on their overall functionality. More than half of doctors and patients (n=8) believed that Qardio and 

Braun are less recommendable because they lack broader features like education, or focus mainly on 

monitoring BP by recording and offering simple reminders only, in contrast to those apps offering a greater 

depth of features and detail.  

 
"It [Hyten] is comprehensive in terms of that the one who reads about blood pressure, knows when it is low 

or normal, in terms of that it includes patient's data, reading and reminders. It is comprehensive like the 

second one [Cora]." [D8-female] 

 
"Yes, it [Qardio] is easier to use if you just want to look the blood pressure recordings [history], but it is 

lacking in other factors." [D7-male] 

 
 
Doctors’ Estimates of Potential Uptake 
 
Doctors’ estimate* of potential app uptake2 by Saudi users ranged from 30% to 90%. Cora Health has the 

highest estimated number, with doctors estimating between 80% and 90% uptake. ESH has the next highest 

estimated uptake, ranging between 60% and 70%. Uptake for ESH was estimated to be higher than for 

 
2 Not all doctors provide a percentage estimate of app uptake. Percentages presented here are estimates made by comparing the 
percentages of those doctors who did provide one. 
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Hyten (around 50%) due to the former’s simplicity, which doctors think can attract more patients even if 

Hyten is more comprehensive. Doctors felt Braun would be used by around 30% to 40% of patients (though one 

doctor felt that no patient will use it). Doctors expressed that very few patients would use the app Qardio. 

 
"80% to 90% of patients who I know, would be able manage their hypertension via this app [Cora]." [D9- 
female] 
 
"I think high percentage of people can easily use it [ESH]. Let say around 65-72%." [D10-female] 
 
“I believe very few of my patients can use it [Qardio] as this is not enough [to support self-
management]”[D12-male] 
 
Patient willingness to use and recommend 
 
Most patients in all focus groups stated they would use Cora and ESH, and would recommend these apps to 

friends, because they found them easy to use in terms of entering data and navigation, and they liked the 

quality of feedback (e.g. graphs), and features such as tracking and monitoring. 

 

“This app [Cora] form/shape is nice and easy to use. The input method of the app impressed me just need a 

click. When I input the data, I can immediately surf the graph.” [Focus group2-male] 

 
"I feel this app [ESH] is excellent and icons/menus pane are well organized. At the beginning, we find a 

menu for monitoring BP and medication separately. This presents app sections clearly. [Focus group2-

male] 

  
The response to the remaining three apps was mixed, with focus groups disagreeing on their overall 

preference and their willingness to use them.  

 

Patients’ responses to Hyten were mixed. Focus group 3 and 4 were positive about the app and their 

willingness to use, due to its support for inputting feelings and medication names, and the information 

provided about medications.  Focus groups 1 and 2 were more negative in their appraisal, due to factors 

such as excessive level of data requested, and low-quality charts.   

 
“I do not like using this app and I will not waste my time with it.” [Focus group1-female] 
 
“This app is more than fabulous; it is not difficult to use, it is similar to the first app and more advanced 
that meet people needs. [Focus group3-male] 
 
 
Focus group responses to Braun were mostly negative about the app and their willingness to use it, due to 

issues such as its limited reminder feature and the complexity of its layout and data input.  
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“I believe that I will not use it because the reminder as I said it is really general; not specific for a task” 

[Focus group1-female] 

 
Focus groups’ responses to Qardio were also mostly negative about the app and their willingness to use, due 

to lack of information provided, poor quality charts, and its limited tracking. However, one patient approved 

of Qardio’s support for communication with family and friends.  

 
 

“I expect my usage is low due to defects such as lack of educational information, understandable chart” 

[Focus group2-female] 

 
 
“I think the application is perfect and very good, and meets all the needs especially the issue of sending e-

mail if used with the specialist doctor, it will be very useful, also very important that the application is in it; 

(Focus Group3-male) 

 
General Recommendations  
 
Doctors and patients also made occasional recommendations for improvement of app features and content. 

Cora received the fewest suggestion for improvements. Some of the recommendations were common for all 

five apps including hospital appointments, and tracking of other medical conditions. Common themes for 

recommendations included suggestions for additional reminders, changes to the interface and feedback 

features. The full suggestions are presented in the table.   

 
 “This app[Hyten] should include other chronic conditions, more reminders, more daily targeted tips and 

things like that to engage the patient more.” [D1-male] 

 
 
 
Factors affecting uptake and usage 
 

Doctors and patients expressed different factors affecting the usage of the five apps; some of them 

are related to the app while others are related to the ability or means of the patients.  

 

Age was a factor mentioned by several doctors. Doctors felt that two apps (Cora and Hyten) would 

pose difficulties to older users, and stress the importance of practice for these users to aid their 

understanding of the apps. Two doctors believe that ESH would be more suitable for older patients, 

provided they are comfortable with the idea of using smartphone apps.   
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“[T]he difficulty also lies in old-aged people, even if they can read and write.” [D3-female] 

 
 
Doctors and some patients felt that some patients’ lack of experience using apps or smartphone 

technology generally is a significant potential barrier to use.  

 
 
“If someone who does not own a smart phone were to use it, they would find it more difficult.”[D2-

male] 

“I have concern when we using any of these app may cannot do all tasks efficiently, we need a lot of 

help and practice before use it.” [Focus group4-female] 

 
Some patients and doctors felt that the limited functionalities of some apps might mean they were used only 

by certain groups of patients. Some patients felt that ESH would be most useful to patients who struggle to 

adhere to their medication schedule. One doctor felt Qardio is more suitable for people who already have 

controlled blood pressure or focus on monitoring BP.  

 

"I think it [Qardio] is suitable for people who have already controlled blood pressure who are few.” [D10-

female] 

 
''Its include a reminder for medication, is suitable for patients who are not adhere with taking medication'' 
(Focus group 2, male) 
 
Patients expressed concern over the app price, and payment method that might be required. 

 
“If apps are for free, it will be great --- Yeah, some people also did not use MasterCard to pay, so 

they will not download this app.''  [Focus group3-male---male] 

 
There was mixed opinion amongst doctors and patients regarding the importance of privacy for all 

apps. One doctor felt privacy was important, and another doctor believed privacy is important in the case of 

high-profile individuals. Most patients did not express concern with the confidentiality of the apps. 

 
“I don’t think they will accept [personal data being uploaded to the server]. If you mention this, 

[patients] will refuse out of principle” [D2-male] 

"No any concerns regarding patients’ confidentiality, because only the patient will use it. 

and all the entered information isn’t sensitive and confidential." [D3-female] 
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Most patients and doctors considered language to be a main factor affecting patient uptake of all five 

apps among Saudi people, i.e. because the apps are unavailable in Arabic. 

 
“The app language is still a limitation” [Focus Group3-female] 
 

 
Two doctors stressed the importance of official endorsement as a factor affecting patient uptake. 

They felt patients would be more likely to use apps that were supported by e.g. the MOH or mentioned in 

public health campaigns.  

 
"It is important to promote about this app[Cora] in media or advertisements by Ministry of Health 

to support using this app by patients, because doctors alone are not enough to support."  [D9-female, 28] 

 
 
 
5.2.4 Discussion 
 
The selection approach found that of 30 apps previously identified as potentially effective (14), all 30 

contained theoretical underpinning, but only 5 contained adequate privacy and security measures. This 

demonstrates the pitfalls of commercial app availability: most apps are unlikely to be effective and secure, 

leading to potentially serious effects on users’ health. This suggests a lack of collaboration between 

researchers, experts and developers, which might improve the potential effectiveness and quality of apps, or 

provide clear evidence of effectiveness and safety (41-43). 
 

The qualitative study was conducted to gain insights into hypertensive patients’ and doctors’ views on using 

smartphone apps to support self-management of hypertension, and their preferences toward the five apps. In 

general, although both doctors and patients were interested in using hypertension apps, most had never used 

these apps, or been recommended them, due to a lack of awareness of their availability and suitability. 

Despite raising some potential concerns including the app usability, most participants favored apps that 

provided activity-specific reminders, coluor-coded feedback accompanied with textual explanations, self-

monitoring of BP and other data, and educational content regarding hypertension and potential 

complications. Participants also favored apps with easy to navigate interfaces, and with desirable color-

schemes. When the pros and cons of the five apps were assessed, three apps were identified as being 

more suitable, based on the benefits and functionalities they provided and their ease of use, with Cora health 

app rated highest in participants’ ratings. 

A study by Morrissey et al (18) exploring patient views towards using hypertension improving medication 

adherence through showed that few hypertension apps were used by patients to support the self-

management of their disease due to a lack of knowledge about hypertension apps, despite the widespread 
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use of technology in other aspects of their lives. Similarly, in this study, even those patients and doctors 

who were generally active users of smartphone apps were not aware of the availability or suitability of any 

existing hypertension apps. This highlights the importance of identifying the most suitable app and 

promoting the existence of such apps among both the healthcare professionals and public through official 

media and education channels to increase the apps’ adoption (44). Moreover, most participants in this 

research have a higher education level e.g., Bachelor degree or higher and therefore they are likely to have 

high digital competence This is supported in a research by Bol et al. (45) that found that more educated 

participants were more likely to engage with mHealth interventions than those with lower education level. 

A number of patient participants for the study had some preexisting medical knowledge. This preexisting 

knowledge may also have been a factor effecting patient participants’ level of engagement.  

One key difference between the findings of this study and that of previous research is in participants 

reported willingness to engage with mHealth interventions. A study conducted by Morrissey et al (18) in 

Ireland found that several patients expressed no interest in developing the digital competence required to 

use mHealth interventions. This contrasts with the present study, which found that the majority of 

participants were keen to engage with self-management apps. One possible explanation for this is the 

relative age of the study populations. In Saudi Arabia, the average age of hypertension sufferers is lower 

than in Europe, meaning the study population recruited for the present study also had a younger average 

age, and so was likely to have higher digital competence, and more willingness to engage with smartphone 

technology. Moreover, most participants in this research have a higher education level e.g., Bachelor degree 

or higher and therefore they are likely to have high digital competence. This is supported in a study by Bol 

et al (45) that found those with a higher level of education were more likely to engage with mHealth 

interventions than those with lower education level.  A number of patient participants for the study had 

some preexisting medical knowledge. This preexisting knowledge may also have been a factor affecting 

patient participants’ level of engagement.  

The self-management strategies that identified in the present study were largely in line with those identified 

by Barlow et al. (46). Patients tried to adopt a variety of self-management methods to stay healthy such as 

self-monitoring BP and doing exercise. However, they face some difficulties and barriers that affect or 

delay the adoption of these strategies. Lack of motivation, busy life, lack of knowledge, forgetting, were the 

most common barriers to self-managing hypertension, which again is a finding similar to other studies, 

including one specifically examining the Saudi context (47-49). Although stress and anxiety have been 

identified as two of the most common barriers to effective self-management (48) these were not identified 

as significant barriers in this study.  This may be because the main focus of approaches to self-management 

is on behavioral and medical management, with less focus on assisting patients in dealing with the 
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emotional effects of chronic disease (50). It could therefore be the case that participants were not primed to 

discuss these topics in detail when they discussed their experience with managing hypertension.  A meta-

review found supporting self-management interventions with different components, including self-

monitoring BP and provision of information and so on, could be effective in controlling BP and improving 

adherence to adopted strategies (51). Khatib et al. (48) indicated that the barriers patients identified show 

that they have an interest in finding a solution to effectively self-manage their hypertension, and these 

authors call for a more targeted, multi-faceted intervention to mitigate the identified barriers affecting self-

management. The present study found that patients do indeed have an active interest in using mHealth 

interventions to support their self-management of hypertension, provided certain barriers can be overcome.   

Previous research has shown that despite the many advantages of using apps in supporting self-

management, certain concerns regarding their use persist, such as issues concerning the accessibility and 

usability of the app and the effectiveness of these tools (18,22,52). Our data is in line with these previous 

findings. Some participants felt that apps could be a helpful tool and they felt motivated by functions that 

allowed them to track the entered data and their progress over a long period of time. Both patients and 

doctors raised concerns about the apps, such as the language, with patients also raising concerns about the 

app’s usability. App developers should consider the cultural preferences of target users (e.g., language) and 

their technical preferences (e.g., ease of use) to ensure the acceptance of and engagement with their apps in 

the future, and alleviate any hindrance affecting the use of health apps (22). 

 

Previous research has found that doctors are in general less positive than patients about the use of mHealth 

apps (53). In the current study, doctors were generally positive about the prospect of their use. However, 

they were generally more concerned than patients about the credibility of the app and patients’ ability to 

continue using it. They also questioned whether older users, who they feel are less competent users of the 

technology, can easily engage with these apps. Indeed, users continued or ongoing use of apps and the 

credibility of health apps has become a major concern in recent years (22). Vo et al have suggested that app 

credibility could be increased if certain standards were developed to ensure they only provide accurate and 

evidence-based information. Age and digital competence will become less of an issue as younger users, who 

have been immersed in smartphone culture, carry this competence with them into their old age. Meanwhile, 

the provision of training for new or older users could further mitigate these concerns (54,55).  

 

In this research, Cora was identified as the highest rated among doctors and patients, although somewhat 

differing priorities were expressed by doctors and patients.  For example, both doctors and patients liked 

apps that allowed for tracking more than just BP (e.g. medication), which contained more comprehensive 

reminder features, and whose features could be easily reached from the home screen. However, doctors 
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were generally more concerned with the level of detail and medical accuracy, the inclusion of 

supplementary textual explanations to accompany visual feedback, and the provision of more 

comprehensive information about medications and their side-effects. Patients were generally more 

concerned with usability and design elements, expressing a dislike for the method of data entry in some 

apps, and a preference for apps with a more attractive or clearer visual design. These outcomes are similar 

to the findings of previous research revealing that doctors and patients often showed somewhat different 

priorities or preferences for functional requirements, expectations and needs of an mHealth app (49,56), 

even if they might agree to some extent on which app was best overall (49). 

 

Powell et al. (57), indicated that apps are likely to be used and accepted if they include key components 

including pleasing visuals and the facility to personalize, and offer other broader functions, such as 

education. Similarly, this current research found that patients and doctors generally preferred three apps 

(Cora Health, ESH care and LifeCourse HyTen) that offer broader functions, pleasant visual design and in-

depth features, specifically tailored to their situation. For example, users preferred apps that provide specific 

reminders instead of generic ones. Detailed features allow users to tailor the app to their circumstances and 

needs, and provide depth of information to support them (22). It was also found that patients and doctors 

were less positive about apps that lacked educational information or had relatively simplistic features and/or 

poor visual design, and were judged to be not useful, as mentioned with two apps (Quardio and Braun). This 

is also consistent with Lenog et al. (58), who found that hypertension apps with an educational component 

achieved high quality compared with those that did not have. An educational information function is one of 

the main components of self-management as it equips users with the main skills and information needed to 

effectively supporting their self-management in using the apps.  Additionally, studies have found that apps 

that are designed to be easy to use lower the effort a user has to expend in using them (22,44), which could 

explain why users did not prefer the more complex apps.  

 

Strengths  

There are several notable strengths to the design and implementation of this study. First, it uses qualitative 

methods to generate rich data about the topic as participants are freer to express and explain their needs and 

ideas in their own words rather than being compelled to select their needs and opinions from pre-made 

options. Third, this is the first study that focuses on the self-management of hypertension and explores 

users’ opinions on specific identified apps in order to select the most suitable one.  Finally, this study uses a 

framework analysis that was recognized as suitable for analysing the study data, due to the flexibility of the 

inductive and deductive approach of the method and supports answers to specific research questions. 
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Limitations 

The transferability of the findings with this study population (doctors and patients) to the whole population 

of doctors and patients is limited. First, this is because the study made use of a self-selecting sample 

(recruited via response to posters and fliers), meaning the patient sample was comprised only of those who 

attended during the time these were posted. Second, those who are more interested and willing to use 

technology are more likely to participate and thus the number of participants who had experience with 

smartphones is high. The participants’ familiarity with smartphone apps could have also influenced results 

relating to the willingness of using apps in supporting the self-management of hypertension. A number of 

the patient participants had some preexisting medical knowledge or technical expertise, which may make 

the findings less generalizable to the general population. Finally, the number of older patient participants in 

the study sample was relatively low. This may be a limitation, especially since the majority of hypertension 

sufferers are older people. A further limitation is that, because none of the identified apps were available in 

Arabic, demonstrations of how the apps worked were presented to participants in video format. Although 

this meant the apps could be presented in a uniform manner, participants could not interact with the apps 

and were consequently only able to judge them on the basis of how they were presented. This presentation 

format could have influenced participant opinions of the apps. Asking participants to rate an app based on 

being shown a video may offer a less reliable indication of its suitability than if participants had been able to 

interact with the apps themselves. However, this was not the only indicator that was used to assess app 

suitability, with participants’ discussions of the pros and cons of each app also influencing these selections. 

 

5.2.5 Conclusion 
 

This study showed that participants were favourable towards the idea of using health-apps to aid the self-

management of hypertension. It was shown through patients’ and doctors’ discussions of their pros and cons 

that three of the five apps are clearly more suitable, with Cora being the most suitable overall. In the 

following study, we assess this app in a Saudi context by evaluating its use and usability in a field trial. 
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Chapter 6: Study 4: Using a commercially available app for self-

management of hypertension: Acceptance and usability study in 

Saudi Arabia 

 
 
Published as: Alessa T, S Hawley M, Alsulamy N, de Witte L. Using a Commercially Available App for the 
Self-Management of Hypertension: Acceptance and Usability Study in Saudi Arabia. JMIR Mhealth 
Uhealth 2021;9(2):e24177. doi: 10.2196/24177. 
 
 
 
 
 
In the previous chapter, one app was identified as most suitable to assist in patients’ self-management of 

hypertension in Saudi Arabia. This chapter presents the acceptance and usability study that was then 

conducted among Saudi patients. A mixed methods approach was adopted, comprising a usability test and a 

usability and acceptance study in real-life. The results from this study form the final stage of the PhD, the 

overall findings of which are discussed in the next chapter. 
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Abstract 
 
Background: The use of smartphone apps to assist in the self-management of hypertension is becoming 

increasingly common, but few commercially available apps have the potential to be effective along with 

adequate security and privacy measures in place. In a previous study, we identified 5 apps that are 

potentially effective and safe, and based on the preferences of doctors and patients, one (Cora Health) was 

selected as the most suitable app for use in a Saudi context. However, there is currently no evidence of its 

usability and acceptance among potential users. Indeed, there has been little research into the usability 

and acceptance of hypertension apps in general, and less research considers this in the Gulf Region. 

Objective: This study aims to evaluate the acceptance and usability of the selected app in the Saudi 

context. 

 

Methods: This study used a mixed methods approach with 2 studies: a usability test involving patients in 

a controlled setting performing predefined tasks and a real-world usability study where patients used the 

app for 4 weeks. In the usability test, participants were asked to think aloud while performing the tasks, 

and an observer recorded the number of tasks they completed. At the end of the real-world pilot study, 

participants were interviewed, and the mHealth App Usability Questionnaire was completed. Descriptive 

statistics were used to analyze quantitative data, and thematic analysis was used to analyze qualitative 

data. 

 

Results: In total, 10 patients completed study 1. The study found that app usability was moderate and that 

participants needed some familiarization time before they could use the app proficiently. Some usability 

issues were revealed, related to app accessibility and navigation, and a few tasks remained uncompleted 

by most people. A total of 20 patients completed study 2, with a mean age of 51.6 (SD 11.7) years. Study 

2 found that the app was generally acceptable and easy to use, with some similar usability issues 

identified. Participants stressed the importance of practice and training to use it more easily and 

proficiently. Participants had a good engagement level with 48% retention at the end of study 2, with 

most participants’ engagement being classed as meaningful. The most recorded data were blood pressure, 

followed by stress and medication, and the most accessed feature was viewing graphs of data trends. 

 

Conclusions: This study shows that a commercially available app can be usable and acceptable in the 

self-management of hypertension but also found a considerable number of possibilities for improvement, 

which needs to be considered in future app development. The results show that there is potential for a 

commercially available app to be used in large-scale studies of hypertension self-management if 
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suggestions for improvements are addressed.  

Keywords: mHealth; mobile phone; hypertension; usability; acceptance; user satisfaction 

6.1 Background 
 

 

Hypertension is one of the most common chronic diseases in adults and can lead to several serious 

complications, including stroke, heart disease, and renal failure. The condition affects approximately one 

billion people globally. In Saudi Arabia, 27.2% of people aged above 30 years have been diagnosed with 

hypertension (1-5). Lowering blood pressure (BP) lessens the risk of complications, but many patients 

with hypertension do not control their BP well (3,5,6). Self-management is one of the most effective ways 

to control hypertension. This involves encouraging patients to take control of their condition, for instance, 

by changing their lifestyle, by becoming more involved in their treatment, and by managing their 

symptoms and psychosocial and physical effects (7-9). However, self-management behavior remains to be 

difficult and is an aspect of treatment with which patients often struggle. 

The increase in smartphone use in recent years has led to an increase in health-related apps on these 

devices. In Saudi Arabia alone, there were an estimated 21.8 million smartphone users in 2018, and as a 

result, the use of health apps as a means for treating patients has increased (10,11). Many commercial apps 

are available, offering a potential way to promote and assist the self-management of hypertension (12-15). 

This study focuses on one commercially available app (Cora Health) developed by Swiftware. This app 

was selected based on the findings of previous studies. Alessa et al (16) conducted a systematic review of 

apps intended to assist in the self-management of hypertension and found that these are potentially 

effective in lowering BP, particularly when they have comprehensive functionalities, including self-

monitoring, reminders, and educational information or automatic feedback. Most apps were developed 

specifically for an individual study, and there is still a lack of research evidence supporting the 

effectiveness and usability of commercially available apps. A recent review of apps actually available in 

app stores found that only few apps (30/186, 16.1%) had the potential to be effective, very few apps 

(5/186, 2.6%) had the potential to be effective and with adequate security and privacy safeguard, and none 

of them claim to have involved users in their development (15). A subsequent study explored patients’ and 

doctors’ preferences toward the 5 apps found to be effective and with adequate security and privacy 

measures. When participants were asked to rate the apps, the Cora Health app was considered the most 

suitable. However, there is still no published evidence regarding its usability or effectiveness (15). 

Many commercial apps, including the Cora Health app, did not involve users in app development, 

although many studies have found that participants’ acceptance of apps and their perceptions of usefulness 

and ease of use are all key factors for mobile health (mHealth) adoption (17-19). Moreover, there is very 

little research into usability and acceptance in general (15,16) and even less research that specifically 
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examines the Saudi context or the wider Gulf Region. However, Clemmensen et al (20) suggested that 

usability problems could be influenced by users’ cultures, experience, and knowledge. This highlights the 

importance of assessing a commercially available app’s usability, acceptance, and engagement before its 

effectiveness can be evaluated (21-23). This study aims to assess the usability and acceptance of the Cora 

Health app to support the self-management of hypertension in Saudi Arabia, which is the first study in this 

context. The objectives of this study are as follows: 1) to assess how usable the app is; 2) to assess 

patients’ experience using the app: what barriers to use they see and whether they think it could be 

improved; and 3) to examine how participants engage with the app. Our central hypothesis was that users 

would find the app acceptable and usable overall but that they might also identify usability issues or 

specific preferences and needs, which the app did not meet. 

6.2 Study Design and Methods 
 

This research used a convergent mixed methods approach to comprehensively assess the app’s usability 

and acceptance (24), conducted via 2 studies: 1) a usability test and 2) a real-world usability and 

acceptance study. 

The qualitative and quantitative data in this research were collected concurrently in both studies and 

analyzed separately. It was then integrated and synthesized in the interpretation so that the facets of the 

results could be examined together and compared. Efficient integration of both qualitative and 

quantitative methods results in a larger knowledge yield than that obtained by treating the 2 strands in 

isolation (24,25). 

Usability is defined as, “the extent to which a product can be used by specific users to achieve specific 

goals with effectiveness, efficiency and satisfaction in a specific context of use” (26). Acceptance, for the 

purpose of the study, includes participants’ actual app use, their satisfaction, and attitudes toward using 

the app and intention or willingness to continue using the app (27). 

 

6.2.1 Participants 
 
The population of this study included Saudi adults with hypertension. Participants for both studies were 

purposively selected from 1 hospital and 2 primary care centers in Riyadh, Saudi Arabia, (see Appendix 

25 and 26) based on the predefined inclusion and exclusion criteria (28). 

For the usability test, a sample size of 10 eligible participants was used. This is sufficient to discover 

more than 80% of usability problems (29,30). For the usability and acceptance study, the target sample 

size was 20 to 30 eligible people, which is a similar number to previous studies assessing the acceptance 

and usability of health apps (17,31,32). 
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The inclusion criteria in both studies were as follows: at least 30 years old; diagnosed with hypertension 

(stages 1-3) as a primary disease for a minimum of 6 months; able to speak Arabic, give consent, and 

actively participate in the study; and possess or have access to an iOS-compatible smartphone. The 

exclusion criteria were as follows: having a cognitive impairment that limits the ability to give informed 

consent or to actively take part in the studies; having prehypertension or hypertension during pregnancy; 

being unable to read and understand the Arabic language; and (for study 2 only) affected by stage or 

severe hypertension (180/110 mm Hg). 

Participant Recruitment 

The study was conducted at the largest hospital related to the Ministry of Health and 2 primary care centers 

related to the hospital. Participants in study 1 were recruited via posters and flyers advertising the study, 

with recruitment continuing until data saturation was reached, that is, once new participants were no longer 

revealing new data, information, or usability issues. (33). For study 2, physicians were approached to recruit 

participants from among their patients based on the study’s eligibility criteria. People who expressed an 

interest in participating in the studies were provided with a further information sheet and a consent form 

6.2.2 Intervention 

Figure 6.1 shows the app version used runs on the iPhone. The app was translated into Arabic by the 

researcher and then back into English to check for translation accuracy. Samples of the Arabic version 

were then sent to a test group of Arabic speakers with hypertension to check its comprehensibility and 

clarity. Owing to developer constraints, it was not possible to translate the complete app content; some 

small sections, for example, labels of figures and names of medication, remained in English. 
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Figure 6.1. The main functionalities of the app. 
 

 
The app has 3 main features: monitoring (BP, stress, and medication), setting weekly challenges, and 

medical information. The BP feature allows users to upload their BP measurements to the device either 

automatically or manually, displays the readings on graphs, and includes feedback. This app also allows 

users to enter their distress level and its reasons as well as medication names and doses. The second 

feature allows users to set weekly challenges, such as monitoring BP. The app also has educational 

materials that allow patients to learn how to self-manage their chronic conditions. 

 

6.2.3 Methods 
 

 

 

Study 1: Usability Testing 

The usability of the app was studied using a thinking-out-loud technique, where participants verbalize 

their thoughts and feelings while using the app and performing a set of predefined tasks. An observer 

collected first impressions and initial reactions (21). A pilot of the usability study was undertaken with 2 

eligible participants before the commencement of the full study. 

The tasks presented to the participants were based on the main functionalities of the app, ensuring that the 
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app was fully tested and used. The tests were audiorecorded to aid analysis. Participants were given 

multiple attempts to complete the tasks. If the participant was unable to complete a task after several 

attempts, assistance was offered. Each session lasted approximately 40-60 min and was conducted by the 

researcher with a facilitator aiding observations and taking notes. 

Each session began by briefly introducing the test aim and its procedures and explaining the think-aloud 

technique and the purpose of the app. The participants were asked to sign a consent form and complete a 

short questionnaire, including demographic questions and smartphone experience. The participants then 

performed the tasks and vocalized their reactions. The observer recorded the number of tasks participants 

completed, any requests for assistance, and errors made. The observer also asked questions during the 

tasks to encourage participants to share their opinions. Finally, the participants were given an opportunity 

to raise any issues relating to topics that were not covered. 

Study 2: Real-World Usability and Acceptance Study 
 
A one-group posttest study was carried out to analyze how the app was used in everyday life as a part of 

the participants’ routines. This study assessed the acceptance and usability of the app by means of a 

questionnaire, user engagement data, and a post interview after 4 weeks of using the app. Owing to the 

study aims and methods, patients and investigators were not blinded. 

Each participant was asked to sign a consent form and complete a brief demographic questionnaire, 

including smartphone experience. The app was then downloaded onto the patient’s iPhone. Face-to-face 

training was provided by the researcher, and the instruction manual was provided. Participants were 

provided with a validated home Omron M7 BP monitoring device (34-36). Participants could obtain 

technical support throughout the study from the researcher by email or phone. For quality and safety 

reasons, patients continued their usual treatment with their physician. At the 4-week follow-up, 

participants completed the usability questionnaire and were interviewed using a semistructured interview 

to assess their personal experience, including acceptance of using the app and their views on its usability. 

The interviews lasted approximately 40 min and were audiorecorded, and concurrent notes were taken. 

Finally, the BP devices were collected by the researcher. 

User Engagement Data 

Information on how often participants used the app was automatically (anonymously) recorded. 

Participants were supplied with a specific link to download the Arabic version created for the study. The 

engagement data were provided anonymously, where the app did not collect data on a per-user basis due 

to data privacy regulations. We recorded the number of log-ins, the types and frequencies of data entered, 

and the number and frequency of features accessed. These are the 3 most common measurements used to 
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assess user engagement with health apps (37). The study also examined the user’s session duration and 

user engagement over time. 

Usability Questionnaire 

The mHealth App Usability Questionnaire (MAUQ) was used (38). The questionnaire was translated into 

Arabic following the guidance offered by the World Health Organization (39). The pilot study found this 

translated questionnaire to have a Cronbach  of .9, a scale level content validity index of 0.98. 

6.2.4 Data Analysis 

SPSS software (package 19) (40) was used to calculate the descriptive statistics for the quantitative 

analysis. All qualitative data were transcribed, checked for accuracy, and analyzed using thematic 

analysis (40,41). The qualitative analysis followed 6 steps: 1) data familiarization, 2) creation of initial 

codes, 3) collection of codes into broader themes, 4) specification of themes, 5) review of themes, and 6) 

writing the report (41). 

The thematic analysis was partly deductive and partly inductive. In total, 2 researchers (TA and NA) 

independently analyzed 20% of transcripts. The researchers then checked for consensus on these coding. 

This resulted in standardized codes, in which TA was used for the remaining transcripts. Any new codes 

were added when necessary. 

On the basis of the study aims, the initial themes were devised deductively. Additional themes and 

subthemes were then devised inductively based on users’ initial expectations and their experiences of the 

app. Final themes and subthemes were confirmed through discussion among the authors. Following data 

analysis, an integration matrix (24,25) was used to compare data from the different methods. The 

quantitative and qualitative results of the research were integrated and analyzed together, considering any 

convergences and divergences between these different data. The matrix is given in Appendix 21.  

6.3 Results 
 

 

6.3.1 Study 1: Usability Testing 

Participant Characteristics 

The usability study was completed by 10 participants, aged 35 to 69 years, with a mean of 48.8 (SD 11.7) 

years. In total, 6 participants were female and 4 were male. Overall, 6 participants had a diploma degree 

(a level of Saudi qualification between high school and bachelor’s degree) or higher. Most participants 

(9/10, 90%) had experience using smartphones for longer than 3 years. Most participants (8/10, 80%) had 

hypertension for 1 year or more (Table 6.1)  
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Table 6.1 Characteristics of usability test participants. 

Characteristics Values 

Age (years), mean (SD); range 48.8 (11.7); 35-69 

Age groups (years), n (%)  

 30-39 2 (20) 

 40-49 3 (30) 

 50-59 2 (20) 

 ≥60 3 (30) 

Gender, n (%)  

 Male 4 (40) 

 Female 6 (60) 

Time since diagnosed with hypertension (years), n (%)  

 <1  2 (20) 

 1-3 4 (40) 

 >3 4 (40) 

Education level  

 Less than high school 3 (30) 

 High school 1 (10) 

 Diploma 2 (20) 

 Undergraduate degree 2 (20) 

 Postgraduate degree 2 (20) 

Smartphone users  

 Yes 10 (100) 

 No 0 (10) 

 

Usability Test Results 

The analysis of the usability test transcripts resulted in 2 themes: overall usability and user satisfaction and 
app content to support self-management. 
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Overall Usability and User Satisfaction 

Users gave numerous positive comments relating to the usability of the Cora Health app interface and 

were generally satisfied. They described it as helpful, fab, and easy to use, and some asked to continue 

using the app by downloading the original English version from the app store. Patients felt that using the 

app would help improve their understanding of hypertension and their management of the condition. More 

than half of the participants completed all but 2 tasks. Participants often needed assistance while 

performing tasks, as they were unfamiliar with the app. They would require some time to become familiar 

with the app before being able to use it proficiently. The theme of overall usability and user satisfaction is 

separated into the 2 subthemes of app accessibility and user interface issues. Further details of these are 

presented in Appendix 22. 

App Content to Support Self-Management 

User comments on the app content were generally positive, with participants describing it as “useful in 

self-managing.” Some users liked the information available in the health guide and accompanying the BP 

feedback. They felt that this would increase their understanding and encourage them to take action to 

control their BP: 

I really love the additional explanation. It offers some helpful advice that encourages me to take 

action because my BP is not normal. It helps me to understand my situation and to do something 

to control [my BP]. [P2] 

Some participants expressed that the tick feature of the app (ticking off completed tasks) would 

encourage completion of the challenges: 

it encourages me to do more tasks. [P4] 

Task Completion 

Most participants downloaded the app (task 1) without any assistance, except for 3 older participants who 

required help. However, this difficulty may have been related to the method of downloading the trial 

version, which is different from a typical app. All participants completed both the Entering Stress Data 

task (task 3.2), inserting a tick to mark self-monitoring as completed (task 8), and indicate how many 

challenges are set (task 9), without making any errors or asking for any assistance. Therefore, these tasks 

had the highest completion rate. 

Very few users completed task 7: setting a reminder for self-monitoring BP. Only 20% (2/10) of 

participants completed this task without errors, whereas 80% (8/10) of participants completed the task 

with errors. Similarly, in task 10, only 2 participants completed the task without errors, whereas 5 

participants (5/10, 50%) completed the task with errors and 3 participants (3/10, 30%) required help. 
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The remaining tasks were completed by most participants without errors or assistance (60% for tasks 2, 

3.1, 4, and 11; 70% for tasks 5 and 6). The full completion, error, and assistance rates are presented in 

Table 6.2. 

 

 
Table 6.2 Usability test tasks. 

Task Participants who 

completed the task  

, n 

Participants who 

made errors, n 

 Participants who 

needed an assistance, 

n 

1. Downloading the app and log-in 7 0 3 

2. Monitoring and registering BPa with 

the app 

6 0 4 

3. Recording other data (medication and distress) 

 3.1 Enter the medication name and its 

dose 

6 4 0 

 3.2 Enter the distress level you feel 

and select any applicable problems 

10 0 0 

4. Indicate whether the BP average value 

and see if its normal or not 

6 2 2 

5. Compare the new measurement of BP 
data with those measured before 

7 1 2 

6. Indicate whether the current measured 
BP is normal or not using the Blood 
Pressure Scatter Char 

7 1 2 

7. Set a reminder for self-monitor BP 4 
times a week 

2 8 0 

8. Inserting a tick to mark self-monitoring 
as completed 

10 0 0 

9. Indicate how many challenges are set 10 0 0 

10. Indicate how many tasks have you 
completed and how many tasks do you 
still to need finish 

2 5 3 

11. Read the information about BP 
monitors 

6 0 4 
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6.3.2 Study 2: Real-World Usability and Acceptance Study 

Participant Characteristics 

In total, 23 participants agreed to participate in this study. A total of 2 participants decided to withdraw 

after a few days because of their busy schedule. One other participant had to withdraw because of 

technical issues related to their device. In total, 20 participants (11 males and 9 females) completed the 

study. They were aged between 33 and 71 years, with a mean of 51.6 (SD 11.7) years. Overall, 80% 

(16/20) of participants had a diploma degree or higher. Most participants had experience using 

smartphones for more than 3 years. Most participants (16/20, 80%) had hypertension for 1 year or more 

(Table 6.3) 

 
 

Table 6.3 Participant characteristics. 

Characteristics Values 

Age (years), mean (SD); range 51.6 (11.7); 33-71 

Age groups (years), n (%)  

 30-39 3 (15) 

 40-49 6 (30) 

 50-59 6 (30) 

 ≥60 5 (25) 

Gender, n (%)  

 Male 11 (55) 

 Female 9 (45) 

Time since diagnosed with hypertension (years), n (%)  

 <1 4 (20) 

 1-3 7 (35) 

 >3 9 (45) 

Education level, n (%)  

 Less than high school 4 (20) 
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 High school 0 (0) 

 Diploma 5 (20) 

 Undergraduate degree 7 (35) 

 Postgraduate degree 4 (20) 

Smartphone users, n (%)  

 Yes 20 (100) 

 No 0 (0) 

 
 

Usability Questionnaire 

This section presents the results pertaining to the usability of the app and participants’ satisfaction (as 

measured by the MAUQ). Participants perceived the app as a useful tool (mean score 6.3, SD 0.40 on a 

scale of 1-7). They were also satisfied with the app and its interface (mean score 6.2, SD 0.25) and 

expressed that the app was easy to use (mean score 6, SD 0.2). 

Participants scored high when asked whether the app is a useful tool in helping them to manage their 

condition effectively (mean score 6.6, SD 0.50). A high score was also given when asked whether the app 

is useful for receiving health care services such as accessing educational information, tracking their own 

activities, and performing self-assessment (mean score 6.7, SD 0.47). However, participants scored lower 

(mean score 5.7, SD 1.49) when asked if they could use the app even when the internet connection was 

poor or unavailable. 

 

App Engagement Data 

Table 6.4 shows group-level data on participants’ engagement with the app over a month, measured by 

the length of time of each user’s session. The average session duration was 1 min and 35 seconds, with 

around 72.9% (346/474) of users’ sessions being in the meaningful engagement ranges of 30 to 60 

seconds or longer (42). 

Figure 6.2 shows the retention data for study participants, that is, the number of users who continued to 

use the app. A total of 6 users ceased using the app following the first day’s use. From day 1 to day 6, 

74% of the participants were active. From day 7 to 18, 70% were active. User retention then gradually 

decreased to 48% on day 30. 

On average, the app was opened 21.4 times per user, totaling 493 times over a month, as shown in Table 
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6.5. The most accessed functionality was viewing the Logbook, which allows users to self-monitor their 

previously entered data. The least accessed functionality was setting behavior goals (Challenge Created

 

Table 6.4 Participant session duration. 

Sessions durations Sessions, n 
0 seconds 0 
0-3 seconds 38 
3-10 seconds 40 
10-30 seconds 50 
30-60 seconds 96 
1-30 minute 141 
3-10 minute 93 
10-30 minute 16 
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Table 6.5 App functionalities use. 

 

App section and app functionalities 

 

Number of participants who 

used the functionalities 

 

Number of 

times 

 

Average per 

participant 

General 

 App opened 23 493 21.4 

 App closed 23 768 33.4 

Logbook and dashboard 

 Feedback on behavior or outcome of behavior 

(dashboard viewed) 

23 1002 43.6 

 Self-monitoring of previous data (logbook 

viewed) 

23 1384 60.2 

 Self-monitoring of blood pressure 21 416 19.8 

 Self-monitoring of medication  20 234 11.7 

 Self-monitoring of distress 20 246 12.3 

Challenges 

 Setting behavior goal 19 72 3.78 

 Review of behavior goal(s) 21 704 33.52 

 Task completed 19 721 37.94 

 

Figure 6.2 Participant engagement over time 
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The most common self-monitoring behavior was entering BP, followed by stress and medication: each 

user self-monitored their BP and inputted an average of 19.8 times. 

The user engagement data over the month for entering BP, medication, and stress levels and for viewing 

previously entered data are presented in Appendix 23. These graphs clearly show a distinction between a 

group of users who engage regularly (more than 6 times) and a group with lower engagement figures. The 

majority of participants engaged regularly with the app. In total, 15 (71.4%) participants recorded data for 

at least 3 days per week (the level considered sufficient for treatment and adherence with self-monitoring 

(43). The figures for recording emotion and medication use are lower.  

The user engagement data over the month for goal setting (challenges), task completion for each goal, and 

reviewing behavior goals are presented in Appendix 23. Most participants (n=19) set at least one goal, 

with a number ranging from 1 to 10. Most participants (n=14) set 3 or more different types of goals. 

Interview Results 

Analysis of interviews resulted in 3 themes: usage of the app, capacity to support self-management, and 

usability of the app. Some participants’ quotations for this section are provided in Appendix 24. 

Usage of the App 

General Satisfaction and Use 

Patients were satisfied with the app and saw it as an enjoyable, interesting, accessible and convenient, 

useful, and informative tool in managing hypertension. They generally found it easy to incorporate the app 

into their routines. Few participants (n=2) felt that the app felt the app required time and effort. 

Patients expressed that they would be likely to continue using this app after the study and that they would 

recommend it to others. They gave several reasons, including that the app offered a single easily 

accessible location for their data, that it provides a good overview of their BP level, and because of its ease 

of use and convenience for managing their diseases. 

 
App Functionality Use 
 
Participants used most of the app functionalities. Interviewees reported that the most commonly used app 

function was self-monitoring BP data, followed by viewing the graphs and lists showing trends over a 

week or month. They stated that the visual representations were valuable, as was the quick and direct 

transmission of BP data from a BP monitoring device to the app. 

Most people recorded medications and stress and perceived the facility to enter these as a positive feature. 

They also reported setting different types of challenges, the most common being entering BP and taking 

medication. Most also set challenges for other activities intended to increase exercise, and a few set 
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challenges to reduce stress. 

Hypertension information was generally considered useful, but a few patients stated that information was 

lacking, or already known, for example, regarding meals (especially Saudi foods), mental health, smoking, 

or information about pregnancy. Some participants emphasized that it was the overall range of 

functionalities that made the app valuable and worth using. 

 
External Factors Influencing Use of the App 
Participants reported a range of external factors that affected their use of the app. Family was one of the 

key factors mentioned, as both a motivating and demotivating factor for using the app. Busy lifestyles and 

other health issues reportedly prevented some participants from undertaking and/or completing additional 

challenges. 

Capacity to Support Self-Management 

A Daily Monitoring Tool 
The app provides patients with a routine and structured system, helping them to maintain discipline in 

self-monitoring different types of data. Transmission of BP data by Bluetooth was easier and quicker than 

conventional recording methods or relying on memory. Presenting data immediately in a graphical view 

helped patients see trends over time. 

Monitoring emotions and indicating the reasons behind them was a positive feature, but it would be good 
to allow monitoring of the symptoms that patients feel. 

An Informative Tool 
 

Participants found the feedback functionalities to provide a clear picture of BP levels and to show the 

relationship between their challenges completed and their BP level. However, participants would have 

liked more detail in the feedback on task completion and more tailoring of BP feedback to their individual 

cases. 

A Commitment Tool 
 

Participants expressed that this app increased their commitment and encouraged them to add and achieve 

more self-management strategies to their routine. Some participants also found that repeated reminders 

further encouraged them to complete their activities, but showing more written details would encourage 

them more rather than relying on notification alone. In total, 2 participants felt that it would increase their 

commitment if they were able to set their own challenges. 

A Communication Tool 
Participants felt that the app would be a valuable tool to increase patients’ participation in their care, for 

example, by aiding communication and sharing of data at doctors’ visits more easily than carrying manual 

copies. This aspect of the app was considered particularly beneficial for assisting during medical 
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emergencies, with one suggesting that doctors should have real-time access to the app data. 

Usability of the App 

Overall Usability 
Most participants found the app easy to use and reported high levels of confidence. Those who had little 

experience required some practice to increase their confidence or ability, some being more reliant on the 

study training and instructions or assistance. 

Most participants found it easy to navigate the app and enter data, except when attempting to enter 

multiple readings at once, which requires the save button to be pressed multiple times. The ability to enter 

data retrospectively and to edit previously entered data were valued features. However, patients reported 

some issues with the tick feature for marking completed challenges, either because of physical difficulties 

in using the functionality or being unable to undo ticks made in error. To improve this feature, some 

participants suggested that ticking could be prompted by the app. 

App Accessibility 
Some participants, particularly older people, had difficulty reading text within the app. They liked the 

zoom feature in the health guide but would like to be able to change the font size elsewhere. Some 

suggested that the contrast in the BP entry screen could be improved to make buttons easier to find. 

Not all words in this version were translated into Arabic (eg, medication names), which was an issue for 

some participants, as was the default calendar (ie, Gregorian rather than Islamic). 

Suggested Improvements 

The study results found some aspects of the app that should be considered for improvement. There is a 

need to increase the app accessibility by 1) translating some words into Arabic (eg, medication names); 2) 

allowing changing between Islamic and Gregorian calendars; 3) increasing the color contrast in the BP 

entry screen; and 4) allowing changing font size. Suggested improvements regarding user interfaces 

include 1) using clear and meaningful terminology (such as health information); 2) making the data entry 

button more visible; 3) allowing inputting of multiple data at once; 4) adding text in some charts to 

supplement the color coding; and 5) displaying a message when tasks are marked as complete or making 

this data visible from the Challenge screen.” 

There were also some more general recommendations regarding app content. The feedback of BP should 

be more detailed and tailored for individual cases. The app should allow entering the symptoms that 

patients feel and allow them to set their own challenges. The tick function could be improved if it 

prompted participants to tick off items they have set reminders for and if it allowed participants to edit a 

tick when it was made in error. 
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6.4 Discussion 
 

 

Principal Findings 

This study evaluated a commercially available app that was carefully selected on the basis of existing 

evidence regarding the effectiveness, usability, privacy and security, and preferences of end users and 

health care professionals. This process resulted in selecting an app that was expected to have the best 

potential for being usable, acceptable, and effective in general, particularly in the Saudi context. The 

results presented in this paper do indeed show relatively good usability outcomes but still a considerable 

number of possibilities for improvement because of users’ differing needs, expectations, and preferences 

that need to be considered (44). The actual usage data show that even this best practice app is not used by 

all participants and that only some of the functionalities are regularly used. This demonstrates the 

complexity of getting it right when developing smartphone apps and once again emphasizes the 

importance of acceptability, usability, and effectiveness evaluation, among target users, who are rarely 

consulted or involved in the commercial app development process, typically only being asked to evaluate 

once the app is released (45). 

The results suggest that the provision of training could be a possible way to mitigate most usability issues 

and enhance user acceptance. The interview and MAUQ showed that the app is easy to use and generally 

accepted by participants. Some of these participants commented that training and instructions helped them 

use it more easily. The usability test, however, found that app usability was only moderate, and 

participants needed some familiarization time before they could use the app proficiently. A small number 

of tasks remained uncompleted by most people. Similarly, in the interview and questionnaire, participants 

reported that it was easy to navigate the app and enter data, whereas the usability test showed that 

participants faced issues with these aspects. This difference might be a consequence of the usability test 

being conducted in a controlled setting, in which participants had not received any previous training or 

practice. This finding appears to be in line with previous evidence indicating that a wide range of different 

users can use apps given the right training and support (46-48). 

The results indicate that commercial apps have the potential to be met with sustained engagement from 

users. Engagement data showed that users’ sessions with the app were similar to other studies using 

similar apps for other chronic diseases (42). However, the actual usage data show a higher level of 

sustained engagement with the app, with a 48% retention rate on day 30, in comparison with another 

study of self-monitoring apps, which showed a retention of 3.3% (49). This study also found much higher 

levels of BP monitoring than some other studies concerning other chronic conditions. Most participants 

(71.4%) recorded their BP around 3 times or more per week. In contrast, Goyal et al (44) found that only 
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9% of participants achieved similar levels of engagement (>=3 times). There are several possible 

explanations for this, with potential implications for future research and app development: doctors asked 

patients to record BP measurements twice for each reading to ensure accuracy, which could increase the 

frequency of measuring (43). This study did not provide patients with a secondary phone, which could 

have led to higher engagement (44); the app’s feature for transmitting data either automatically or 

manually could have increased BP measurement. User motivation has been shown to be key to adherence 

with self-monitoring (22), so this may be another factor. 

The study showed that participants in all strands expressed enthusiasm for using an app to support self-

management because of its benefits in increasing their understanding and participation. All strands found 

that the app content (eg, information, etc) was considered a good potential tool to support self-

management and to increase participants’ understanding and commitment. However, participants’ 

responses in interviews also revealed several concerns or limitations, suggesting that an app alone would 

not be a sufficient tool for self-management. Some external factors and barriers, for example, family, 

affected participants’ use of the app such as positively or negatively affecting patients’ optimism and self-

esteem, or easing the stress of using the app to support the self-management of their disease (50). These 

factors must also be considered when assessing the benefits of using apps to support the self-management 

of hypertension. 

The usability test and interviews reported similar difficulties with app accessibility, for example, font size 

and color scheme. Previous research has shown that older people are likely to encounter more difficulties 

and have lower engagement with these types of technological interventions (51,52). It is therefore 

important to assess how engagement levels might differ between younger and older participants and who 

are most likely to benefit from these interventions, particularly because most patients with hypertension 

are older (52). Owing to data privacy regulations, the engagement data were collected anonymously in 

this study, so it is not possible to compare older and younger participants. These older members of the 

study sample highlighted some issues regarding the accessibility of the app, such as the inability to 

change font sizes, app presentation, data entry, and the need for help from family members. This suggests 

that the engagement of these older members of the population might be improved if such accessibility 

issues were addressed. Understanding and considering older adults’ opinions and needs is crucial to help 

introduce apps to this population and maximize their usability (53). 

Participants in this study suggested that sharing their data with health care professionals for ongoing care 

should be effectively supported. Previous studies have suggested that apps that share health data with 

health care professionals can aid in treatment, especially in emergencies (54). Apps that are limited to one 

specific condition may be less helpful if not properly integrated with health information systems, 

particularly for patients who have comorbid conditions that might complicate their treatment needs and 
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require a large treatment team (54,55). However, there are several potential barriers to mHealth integration 

with existing systems that should be considered (56). 

Strength and Limitations 

Our study has several strengths. First, it evaluates the selected app, Cora Health, in 2 different situations: 

in real-life and under controlled settings, integrating different methods (eg, interview, questionnaire, etc) 

to gain in-depth insight and provide a complete picture of the usability of the app. As the convergent and 

divergent results from these strands indicate, such a mixed methods approach yields a more detailed 

picture of the research area. Second, through our analysis, we were able to identify areas where usability 

was a potential concern. From these findings, we were able to comprehensively establish ways to further 

refine the app to make it more usable. These conclusions could be extended to other mHealth apps. Third, 

this is the first study to evaluate the usability and acceptance of a commercially available app for people 

with hypertension in Saudi Arabia. 

However, there are also some limitations to this study. For instance, the study only focused on patients’ 

opinions without considering health care professionals’ or experts’ opinions, which might have provided 

different clinical insights. This is because the app did not support any access for health care professionals. 

The small number of participants and selection bias are likely to have been other limitations: in order to be 

eligible, participants had to own an iOS-compatible smartphone; and as recruitment for the usability test 

was conducted via posters and flyers, the sample was therefore self-selecting and may have been biased in 

favor of highly motivated individuals. For the interviews, participants were recruited via their physicians. 

The study also used self-selecting and purposive sampling, which may be influenced by errors in judgment 

or assumptions by the researcher, leading to higher levels of bias and lower reliability. The number of 

older participants in the study sample was relatively low (8/30, 27%). This may have been a limitation, 

especially because the majority of patients with hypertension are older people. For these reasons, the 

generalizability of the study to the general population is somewhat limited. Despite attempts by the 

researcher and moderator to create a comfortable and welcoming research space, it is possible that the 

presence of a session moderator in the usability test may have affected user confidence or performance in 

a way that they may have differed from field use. Similarly, the potential generalizability of these findings 

beyond the Saudi context may also be limited: it may only be possible to generalize them to similar 

cultural contexts and to health care settings that are similar to the Saudi Ministry of Health. Finally, this 

study showed engagement over a 30-day period. As such, it is not possible to draw conclusions as to 

whether this might be sustained over a longer period. The study was concerned with describing users’ 

engagement rather than examining how this engagement might contribute to achieving certain health 

outcomes or behavior change, meaning it is also not possible to draw conclusions as to whether this 

constituted effective engagement. 
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Recommendation for Further Studies 

On the basis of the study results, it is important for future studies to investigate whether the levels of 

engagement recorded in this study could be sustained over the longer term to achieve the desirable 

outcomes (48,57). There is also a need to evaluate the effectiveness of the app as well as effective 

engagement, that is, engagement that achieves desired behavior changes (58,59) and compare these 

results with usual care to reach clinical conclusions. This would require studies with larger numbers of 

users and longer follow-up periods. Future research should also consider how participant age might 

influence their engagement and should also examine contexts outside Saudi Arabia. Some issues raised 

by participants in this study will need to be addressed before the Cora Health app can be maximally 

effective in large-scale studies. Future studies should undertake a more collaborative approach between 

app developers and potential users to be mutually beneficial and lead to higher quality apps that can more 

fully support patients’ self-management. 

6.5 Conclusions 
 
This study showed that a commercially available app can be usable and acceptable for the self-

management of hypertension. Participants were generally satisfied and found that the selected app was 

easy to use and useful in supporting their self-management activities. However, some participants 

experienced issues with the app’s interface that need to be considered in future studies and app 

development. The results of this study suggest that there is potential for a commercially available app to 

be used in large-scale studies of the self-management of hypertension if suggestions for improvement are 

addressed.
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6.7 Additional Explanatory Notes 
 

Selection and translation of Cora Health 
Cora was rated the most suitable app overall, and ESH care and LifeCourse Hyten were rated next highest 

by patients and doctors respectively. As a result, we approached the developers of all three apps to explore 

the possibility of an Arabic translation. However, Cora was the only developer to respond to our email 

requests. We therefore entered into a collaboration with their developers to translate the app into an Arabic 

version which could be tested for its usability and acceptance among Saudi users. 

 

Study Design and Methods 
 
The rationale of utilising mixed-methods in this study was to generate a more comprehensive picture of the 

topic, which is referred to as ‘complementarity’ (1). Efficient integration of both qualitative and quantitative 

methods results in a larger knowledge yield than what would be gained by treating the two strands in 

isolation (2,3). 

In order to provide a more comprehensive view of participants’ acceptance and usability of the selected app, 
a usability test, post-interview experience, questionnaire, and user-engagement data were used (4,5). The 
rationale for selecting these methods are further discussed below.  

Participants 
 
Participants were selected purposively. The purposive method involves ‘judgement sampling’, where 

participants are deliberately chosen on the basis of characteristics/criteria that will be able to better assist the 

completion of the research (6). In this study, we searched for Saudi participants who had hypertension for 

six months and possessed iPhone devices. We excluded from the study pre-hypertensive individuals and 

pregnant women and so on. 

 The consent form and information sheet were provided for participants (See Appendix 30-33).  The 

confidentiality agreement for use with the Cora Health app developer was also obtained to ensuring protect 

participant’s confidentiality (See Appendix 34). 

 

The number of participants who completed study 2 (usability and acceptance study) was 20. There are no 

guidelines in the literature for selecting the optimum number of participants for this type of study. For pilot 

and feasibility studies there is a recommendation of a median of around 30 participants (8). However, a 

search of similar studies assessing acceptance and usability of health apps revealed sample sizes around our 

study’s number of participants (10-12). 
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Methods 
 
The justifications for the selected methods of the two studies are detailed below. 

Study 1: Usability testing (controlled use testing)  

Usability testing was chosen because it is one of the most common and accepted methods in assessing 

usability. It is a suitable method to understand how end-users experience a system. This test typically uses a 

thinking-out-loud feature, where participants verbalize their thoughts, reaction and feelings aloud while 

working on or navigating the software (9). The main feature of this test is that it offers information which is 

stored in the participant’s short-term memory. This results in collecting first impressions, initial thoughts 

and reactions while engaging with the software. It is suggested that the key usability issues, including 

resolving language or content gaps and rectifying poor design layout, can be identified while using the app 

(9).  

Study 2: Usability and Acceptance study in real life  

 
This study was conducted because there is a need to consider how software will work over a period of time 

(i.e. a few weeks) in a real-life environment (21).  The importance of this type of study for understanding 

long-term user experience and usability issues has been increasingly recognized in healthcare research in 

recent years (23-25). 

Usability questionnaire  

 
A questionnaire was used because it poses direct questions to participants, and obtains quantifiable answers 

from them. Questionnaires also enable participants to provide objective answers concerning sensitive and 

specific issues (1). However, self-administered questionnaires do not allow participants to disclose 

information that is not in response to the questions, and so may fail to capture other relevant information. A 

post-experience interview (see below section) was therefore also conducted to complement this tool by 

eliciting further insight and understanding of detailed issues. 

 The mHealth App Usability Questionnaire (MAUQ) was utilised as it was created particularly for mHealth 

apps, based on existing validated usability questionnaires including the System Usability Scale (SUS) (14). 

The MAUQ is valid and reliable, with Cronbach’s alpha 0.9 (15).  

 

Interview 
 
A semi-structured interview was conducted following the questionnaire. Semi-structured interviews are 

commonly used to help capture participants’ reflections after using an app, offering a more detailed account 
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of their experiences than a questionnaire alone (2,9,16). The Arabic and English versions of the interview 

topic guide are in appendix 28 and 29. 

Translation  
 

All study documents were translated into Arabic by the researcher. Then, they were translated back into 

English. These back translations were compared with the original versions to ensure that the meaning had 

not been altered. No changes in meaning were found. Anonymized study transcripts were translated into 

natural English conveying intended meaning. The anonymized transcripts were then back-translated by a 

professional translation service and the two versions compared to ensure translation accuracy.   

Data analysis 
Thematic analysis was used because it is a flexible approach and the most commonly method used in 

qualitative research (17).  

 

Thematic analysis is a common and flexible method for any qualitative approach, as it allows data to be 

encoded according to codes and themes (17).  Thematic analysis is appropriate for studies seeking to elicit 

participants’ viewpoints, and offers the possibility to gain a clearer insight into a particular research area 

(18).  As Braun and Clarke (17) state, thematic analysis can be used to facilitate inductive or deductive 

methods, or a combination of these. For this reason, it is particularly suited to a research area that is 

relatively new or under-researched, and helps to provide a comprehensive description of a whole data set. 

This approach was adopted in this study to provide a more comprehensive picture of app usability and 

acceptance because it allowed data to be analysed according to a priori themes, whilst remaining flexible 

enough to incorporate emergent themes that were identified based on participants’ responses. 

 

To ensure the credibility and dependability of the qualitative data, the following measures were undertaken: 

1) disclosure of the researcher’s sensitivity to context and the socio-cultural setting of the study, and 

immersion within the data through data collection, transcription and analysis; 2) written disclosure of the 

researcher’s background and relevant personal history and the potential impact of these (see Chapter 5); 3) 

maintenance of a thorough audit trail documenting stages and steps of the research process; 4) ensuring 

sample size was sufficient to reach ‘saturation’ (16,19,20) and that analysis was comprehensive and 

exhaustive. Attention to negative cases, fair dealing and thick description and peer debriefing (by constant 

discussion and feedback with supervisors) were all undertaken.  
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Chapter 7 General Discussion 
 
 

  This chapter presents the overall results of the thesis and reflection on the main findings. The strengths and 

weaknesses of this research are considered, and recommendations are made for future app development and 

further research. This is followed by the overall conclusion to the thesis. 
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7.1 Overview 
 
The primary aims of this research were: to assess the potential effectiveness, theoretical underpinning and 

privacy and security of commercially available smart-phone apps for the self-management of hypertension; 

to identify the most suitable smartphone app to support self-management of hypertension in Saudi Arabia; 

and to evaluate the selected app’s usability and acceptance in Saudi Arabia. Smartphone apps hold great 

promise to support the self-management of hypertension. However, despite the increasing availability and 

use of commercial apps, there was no evidence in the literature regarding which is the most suitable app to 

support patients in managing their condition. This chapter discusses the main findings, methodological 

considerations and recommendations for future research, collaboration and app development. 

 

All available approaches and guidelines relating to the development, implementation and evaluation of 

medical interventions, such as those of the MRC, recommend that researchers explore and build on the 

existing evidence base (1). A This research therefore started with a systematic review of the existing 

literature examining apps targeted at people with hypertension, and an app store review to identify and 

assess commercially available apps that can support the self-management of hypertension. The findings of 

these reviews revealed that apps can be effective in controlling blood pressure (BP) and are accepted by 

users, but most of these apps were designed for specific studies, that is designed for the purpose of a study, 

being available on app stores.  The app store review showed that many apps are available in the app stores 

but only few of these are safe and effective. A qualitative study was then conducted, based on the results of 

a systematic selection approach that identified five apps that are safe and likely to be effective. One app was 

identified as particularly suitable for supporting the self-management of hypertension in the context of 

Saudi Arabia. A final study was then conducted, employing a mixed methods approach to assess the 

acceptance and usability of the selected app among Saudi patients. 

 

7.2 Main findings 
The main findings of each study are as follows: 

7.2.1 Assessing the effectiveness and privacy and security of hypertension self-

management apps  
 
Study 1: The Systematic Review 

The systematic review findings suggested that app usage can be effective in the self-management of 



 

175 
 

  
hypertension, showing significantly reduced BP levels. Apps generally were accepted by users and were 

considered to be easy to use (2) (See chapter 3). The study identified the following app functionalities: goal-

setting, self-monitoring, reminder, educational information, stress management, feedback, and 

communication with others. Due to differences in the quality of the studies analysed, it was not possible to 

conclude which combination of functionalities was most effective. However, the data suggested that apps 

with more comprehensive functionalities were more likely to be effective. The study determined that those 

apps that included self-monitoring and reminders, as well as automatic feedback or educational information 

were more likely to be effective. ‘Comprehensive functionalities’ was defined as having at least 3 of these 

functionalities (including self-monitoring and reminders). The study therefore considered apps that 

contained three or more of the functionalities identified as more effective (including self-monitoring, 

reminder setting, and educational information or automatic feedback).  

It is essential to note that some articles were returned that met the systematic review criteria at the second 

search. However, these were not included since by this point the study had already been published in JMIR 

mHealth and uHealth. Of these new studies assessing the effectiveness of apps in controlling BP, a majority 

found that apps have the potential to positively support self-management and control of BP (3-10). Most of 

those studies that explore the usability of apps and their acceptance found that they are generally accepted 

and users reported positive experiences of using them as a tool to support self-management of hypertension 

(11-15). In addition to these studies, more recent systematic reviews and meta-analyses of research in this 

area also support the findings of our study, i.e. that smartphone apps have the potential to assist 

in hypertension sufferers’ self-management (16-26).   

Study 2: The App Store Review 

The app store review and content analysis study showed that many hypertension apps were available in the 

app stores (n=186). These apps included a variety functionality combinations that can support the self-

management of hypertension (27) (see Chapter 4). However, only a small number (n=30) were likely to be 

effective, with many of these still lacking appropriate security measures or theoretical underpinning 

(behavioral change theory). None provided evidence concerning their effectiveness and usability. 

Apps originally released or available in Arabic were included in the study search. Only one Arabic-

language app was identified. This app was removed from the app review based on the agreement with the 

research team that the focus was on publishing the article for an English-speaking audience. In addition to 

this language consideration, the app was found to support only the single function of self-monitoring of 

blood pressure, meaning it did not meet the effectiveness criteria. 
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7.2.2 Selection of the most suitable app 
 

Study 3.1: The Systematic Selection Approach 

The systematic selection approach identified 30 apps with the potential to be effective, and which had 

theoretical underpinning. A total of 5 apps also met the privacy and security criteria, meaning they could be 

considered potentially effective and safe.  

Study 3.2 The Qualitative Study of the Selection of the Most Suitable App within Saudi Context 

In the qualitative study, the patient participants were not currently using apps to self-manage their 

hypertension and doctors had never recommended these apps for their patients before, even though most 

participants owned smart phones and were interested in using apps. They were not aware of the availability 

and suitability of any existing apps for hypertension management.  This stresses the need to identify the 

most suitable app within a Saudi context, to help inform both doctors and patients. Both doctors and patients 

could see the potential benefits that apps in general, and specific functionalities, could bring to their 

situation. However, they raised some concerns regarding their usability and privacy.   

 

After considering and discussing the pros and cons of each of the five apps, three were found to be 

more suitable than the others, based on the functionalities and benefits they offer and their usability, with 

Cora Health app being the most suitable based on participants’ ratings. Most participants believed the other 

two apps (Qardio heart health and Braun healthy heart) were less recommendable due to their relatively 

simplistic features and/or poorer visual design. 
 

Study 4: Usability and Acceptance Study of the selected app 

 

Usability and acceptance evaluation is an essential step before an app can be used and assessed in wider 

clinical or research practice (28-30). We therefore undertook a mixed-methods study, in which thirteen 

patients evaluated the app in a usability test and in real life. This study found that the Cora health app is 

acceptable and useable in the self-management of hypertension. This study also revealed that participants 

generally accepted the app and found it easy to use. The engagement level and retention rate were good, and 

most participants’ sessions with the app were considered ‘meaningful’. There are some issues that were 

identified with the app that could be improved, which demonstrates the importance of acceptability and 

usability evaluation. Training and practice were identified as two factors likely to affect participants’ 
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proficiency with the app. The app was shown to have potential for use in large-scale studies into self-

management of hypertension, assuming the issues identified are addressed.  

   7.3 Reflection on the main findings 
 
7.3.1 Effectiveness, Safety and Availability of Hypertension Apps 

On the one hand, there are a few apps with evidence of their effectiveness which are typically developed by 

researchers, but these generally do not reach the market (2). On the other hand, there are hundreds of apps 

which are commercially available, but which have no evidence of their effectiveness (27). This constitutes a 

system failure and leaves potential users with a lack of information on which to base their decisions on 

which app to buy/use, leading to potentially serious effects on their health. 

Jake-Schoffman et al. (31) revealed that, despite the increase in mHealth apps research, academic research 

operates at too slow a pace to be able to respond to the relatively swift development of new apps, and that it 

is relatively difficult for researchers to launch their own apps. This is because of the high design expertise, 

time, cost and ongoing resources that this would require (31,32).  On the other hand, developers are able to 

launch hypertension apps without ensuring their validity via supporting peer-reviewed research or getting 

regulatory approval (e.g., FDA or CE), such as would be needed for medical devices or pharmaceuticals, 

leading to an overabundance of apps (33,34). Lewis and Wyatt (35) showed that uncertainty regarding 

whether medical apps are considered medical devices means developers do not consider seeking formal 

medical regulation, potentially compromising patient safety. This problem is not unique to hypertension 

apps but is common to all health apps (33,36-39).  This demonstrates a lack of collaboration between 

researchers and developers, which might otherwise improve app provision by combining research-based 

development and ongoing resources required to make these widely available to prospective users (31, 40- 

42). 

The design of mHealth apps is far more likely to be effective if it is multidisciplinary, i.e. in which multiple 

stakeholders, including target users, healthcare professional and scientists, are involved (43). Most 

development frameworks, like user-centered design, stress the importance of multidisciplinary skills and 

perspectives in product development, and most hypertension apps developed for research purposes actively 

involved multidisciplinary teams, particularly target users, in the development process (44-47). Users and 

health-care providers, however, are rarely involved or consulted in the development of commercial mHealth 

apps (as shown in Chapter 4), meaning that these apps are less likely to meet users’ expectations and needs, 

or to conform with the latest scientific evidence, and are therefore less likely to be usable, clinically 

effective and safe (27,33 34,43,48). The current project attempted to further a more collaborative approach 

by involving doctors and potential users in the selection and evaluation process, ensuring that the app met 

actual patients’ and clinical professionals’ needs and preferences (Chapter 5 and 6).  
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The research also found issues with the security of commercial apps. There is still a gap in adherence of 

health apps with data protection standards (48,49). The safety of commercially released apps is not 

adequately monitored (50, 51). There is a need to promote transparency from developers in the way users’ 

data are gathered and used, and to equip them with resources to help improve the security of apps, as well as 

to increase users’ understanding of privacy concerns to help them scrutinize apps’ safety and provide them 

with some tools to determine whether an app is likely to be suitable (27). 

 

The systematic selection approach (according to criteria of effectiveness, theoretical background, privacy 

and security) identified 5 apps, with the others being considered potentially ineffective and/or unsafe. Our 

systematic selection approach assessed the apps according to these criteria, based on the results of previous 

systematic and app store reviews (Chapter 5). This set of criteria is similar to those that have been used in 

recent studies concerning the quality of commercial mHealth apps, including apps for hypertension. 

However, there are some key differences in terms of the range of criteria adopted, and the importance 

attached to each criterion. Although most research in this area is concerned with separating high quality 

from low quality apps, different studies employ different ways of doing this. For example, a recent study 

that reviewed BP tracking apps in the Canadian Apple app store, and assessed their quality using a 

checklist, found apps that contained educational information or an app store rating of ≥4 stars were better 

quality overall than those without educational information and whose star rating was   ≤3 stars (48). Star 

rating was not included in our selection criteria as these ratings are questionable and not rigorous enough 

(34, 52). Similarly, whilst their study found that the presence of quality educational content in a given app 

could be a useful indicator of that app’s overall quality, 2 out of the 5 apps selected for our study lacked 

educational information and were still judged to be potentially effective. 

 

 Privacy and security of apps have not always been taken into account. A study by Jamaladin et al. (34) 

searched two Dutch app stores and assessed the quality of apps using the Mobile App Rating Scale (MARS) 

to identify the most suitable app targeting hypertension. This study found that Blood Pressure app 

(=Bloeddruk) had the highest quality rating (34). However, in the current thesis assessment of apps 

according to effectiveness, and privacy and security criteria (as shown in Chapter 5) this app was excluded 

because it lacks privacy and security measures. Although the MARS tool is one of the most commonly used 

systems for rating apps, it omits some rudimentary items, such as app privacy and security (53,54). There is 

a similar case in a study that assessed pain-management apps, which found that, of 18 apps studied, the 2 

that had been subjected to scientific testing received the lowest scores (55). These cases appear to indicate 
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that the MARS ranking system tends to result in higher scores for commercially available but potentially 

unsafe apps than it does for those with a strong scientific evidence-base (53). 

These different selection criteria may explain the differences in results between this research and previous 

studies: different selection criteria will lead to different conclusions. The current lack of consensus over 

what criteria to use also demonstrates that research in this area is still in an early stage. More work is needed 

to test different criteria and develop a more concrete and agreed-upon approach to assessing the quality of 

these interventions.  

 

7.3.2 Patients’ and Doctors’ Preferences and Attitudes towards Hypertension Apps  

It is important that any digital intervention is grounded in qualitative work with the users to get their 

valuable insights (56,57) and ensure their needs and preference are met. The qualitative study in Chapter 5 

explored patients’ and doctors’ views towards apps in general and towards the five potentially effective and 

secure apps specifically. 

 

Patients raised concerns about the apps’ usability, while clinicians were concerned about patients’ ongoing 

use and questioned whether those apps aligned with hypertension management guidelines. These are some 

of the most common concerns raised in previous mHealth research (11,56). Patients and doctors generally 

preferred three apps (Cora Health, ESH care and LifeCourse HyTen) that offer broader functions, pleasant 

visual design and in-depth features, specifically tailored to their situation. For example, users preferred apps 

that provide specific reminders instead of generic ones. Detailed features allow users to tailor the app to 

their circumstances and needs, and provide depth of information to support them (56, 57). This is in line 

with Powell et al. (39) who indicated that apps are likely to be useful and accepted if they include key 

components including pleasing visuals and the facility to personalise, and offer other broader functions, 

such as education.  

 

Marshall et al. (58) revealed that doctors and patients usually showed somewhat different priorities or 

preferences for functional requirements, expectations and needs of an mHealth app, even if they might agree 

to some extent on which app was best overall. Similarly, in this project, Cora was identified as being the 

highest rated among doctors and patients, although somewhat differing priorities were expressed by these 

two groups.  Doctors were generally more concerned with the level of detail and medical accuracy, for 

instance preferring apps that automatically calculated patients’ scores like BP average, those that included 

supplementary textual explanations as well as visual feedback, and which offered more comprehensive 

information about medications and their side-effects. Another study (48) recommended that doctors 
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consider whether a hypertension app supports BP entry and calculates BP average for specific dates, which 

the authors consider to be an essential element of ensuring app quality. Patients were generally more 

concerned with usability and design elements, such as disliking the method of entering data in some apps, 

and preferring those apps with more attractive or clearer visual design. Doctors and patients both liked apps 

that allowed for tracking more than just BP, e.g. also medication, exercise and stress levels, and both groups 

favoured more comprehensive reminder features, and apps in which features could be easily reached from 

the home screen. 

When the acceptance and usability of the Cora health app were evaluated, the results of this evaluation 

study, shown in chapter 6, were in line with other previous studies that reported the potential of a 

commercial app to be accepted and easily used (59,60). Despite commercial apps having some limitations, 

including the lack of user involvement in the development process, many of those apps available on the 

market have been professionally developed with high standards of functionality and design, and are well 

marketed (31).  

 

This thesis’ findings have implications for both research and industry: the findings with regards to the 

usefulness of training in ensuring that apps can be used effectively can inform the implementation of such 

interventions in daily lives and clinical settings; the findings around what functionalities participants 

reported finding useful and which they actually used may contribute to the future development of apps, 

thereby increasing the effectiveness of future digital interventions; the findings regarding app acceptance 

also suggest promising avenues for future research, such as the recommendation for more longitudinal 

research to assess  effectiveness and whether such interventions will continue to be engaged with effectively 

over time.  

 

In this study, we collaborated with the Cora Health app developers to translate the app, so it could be 

evaluated in the Arabic population, resulting in an Arabic version of the app. The results of this evaluation 

study were provided to the developers. The developers were advised that the app accessibility would be 

increased by 1) translating some words into Arabic (e.g. medication names); 2) allowing changing between 

Islamic and Gregorian calendars; 3) increasing the colour contrast in the BP-entry screen (which was 

subsequently actioned); 4) allowing changing font size (Zoom in/out feature). Suggested improvements 

regarding user interface include: 1) using clear and meaningful terminology (e.g., Health information); 2) 

improving the visibility of the data-entry button; 3) allowing multiple data to be recorded simultaneously; 4) 

providing a clearer indication of when tasks are completed, e.g. by making this visible from the ‘Challenge’ 

screen.   
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There were also some more general recommendations regarding app content. The feedback of BP should be 

more detailed and tailored for individual cases. The app should allow entering the symptoms that patients 

feel, and allow them to set their own challenges. The ‘tick’ function could be improved if it prompted 

participants to tick off items they have set reminders for, and if it allowed participants to edit a tick when it 

was made in error. Some of the recommendations were addressed by the developer before the Arabic 

version’s release, and the developer reported that further changes would be made as part of a future version 

of the app.  

7.4 Methodological considerations 
 

Some study-specific methodological considerations have already been discussed in detail in each chapter. 

This section considers the strengths, challenges and limitations of the PhD research overall.  

 

7.4.1 Strengths, Limitations and Challenges  

This research has a number of strengths.  One strength is the use of the pragmatic approach that permits use 

of different methodologies, including mixed-method, systematic selection, and systematic review, to 

provide the best answer to the research topic (61). Although we did not follow a published framework or 

guideline, our approach has similarities with established frameworks used for developing and evaluating 

healthcare interventions, like the MRC model. This multi-method approach provides a variety of different, 

leading to greater accuracy and detail, and reduced bias. The research also considered the views of both 

doctor and patient groups groups in the app selection and evaluation phase. These are two of the most 

important stakeholders in mHealth interventions. By including these stakeholders, it is hoped that the 

selected app would be acceptable and offer positive health outcomes as these stakeholders offered useful 

and unique insights into how the app might fit into patients’ lives. Moreover, this research is the first to 

rigorously identify and evaluate the most suitable commercially available app for people with hypertension, 

via a unique evidence-based approach, resulting in a key contribution in both the practical and research 

fields. 

 

A thorough systematic selection approach was used to identify the most suitable apps on the basis of 

effectiveness and privacy and security criteria. At the beginning of the research, there was no established 

systematic approach for evaluating mHealth apps. Effectiveness and safety were identified as the two most 

important criteria, because it is essential that healthcare only implements interventions that are 

demonstrably effective, and because any intervention must not compromise a patient’s privacy and/or 
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safety. The use of these criteria is supported by more recent research, which has identified these as two of 

the essential criteria for ensuring the quality of commercial mHealth interventions (43,53).  

 

Finally, the theoretical underpinnings of the content of the hypertension apps were coded according to the 

BCTs they employed and linked to the TDF domains (see Chapter 4). Recent research into mHhealth 

interventions has resulted in a more sophisticated understanding of how these might be designed to affect 

behaviour change, including a 93-item taxonomy of BCTs (62, 63), as well as the behaviour change wheel, 

which helps researchers connect these TDF domains and techniques with intervention functions (63). The 

findings of this research contribute to this growing body of knowledge, and can help future researchers and 

developers to have a more in-depth understanding of how TDF mechanisms of action promote user 

engagement, and/or the most effective ways to use BCTs to support self-management of hypertension. 

 

However, there are also some limitations of this research that should be considered. First, most of 30 apps 

were not directly evaluated for effectiveness, because there was not sufficient evidence in the literature to 

support this analysis. Instead, the functionalities that each app possesses were used as an indicator of its 

potential effectiveness, because those apps with more comprehensive functionalities are more likely to be 

effective; see chapter 5. Apps were coded on the basis of whether or not they possessed certain 

functionalities. Due to the lack of detail about app functionalities provided by the studies reviewed, it was 

only possible to discover whether an app had a certain feature, and not whether each functionality was basic 

or more in-depth.  For example, an app was coded as having a reminder without determining the type and 

frequency, etc., which might influence the selection.  These codlings were more interpretative and so may 

have been more prone to investigators bias. Whilst this is a limitation of the research, this relates to a lack of 

available data on hypertension app effectiveness, rather than a limitation of the study design. More robust 

studies (e.g., meta-analysis) will be required to evaluate these functionalities to test and validate how 

effective they are, and in what combinations. More recent systematic reviews conducted following our 

research, have also found that apps using various functionalities are more effective than a single one (19,23) 

and the use of multifaceted functionalities including self-monitoring reminders, education, communication 

and feedback are likely to be effective (19,23)  

 
Since the five identified apps were not available in the Arabic language, the apps were presented to 

participants in videos, designed to demonstrate how the apps work and display their functionalities. 

Although videos allowed the apps to be presented in a standardised format, participants were unable to 

interact with the app, and could only judge on the basis of what was presented to them, which may have 

influenced participants’ opinions.  
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There is an increasing emphasis on involving potential users in healthcare research. Patients from primary 

care centres and hospitals were involved in each study of this thesis, with patients allowed to express their 

own views, feelings, requirements, and expectations around hypertension app use, as well as to evaluate 

specific apps in practice.  However, the transferability of the findings from these study populations (doctors 

and patients in the qualitative study, and patients in the evaluation study) to the entire population of doctors 

and patients is limited. Because the study made use of a self-selecting sample (recruited via response to 

posters and fliers) it is possible that participants who volunteered were more highly motivated to take part 

and engage with self-management apps, leading to self-selection bias. In addition, despite efforts to reach 

the broadest range of potential participants, those who volunteered for the study were likely to have been 

those patients whose interest in, or willingness to use, technology was already higher than for the general 

population. Rather than a limitation of the present research, however, this is likely to be a potential barrier 

affecting uptake of any such intervention, as their use will always depend on patients’ willingness to engage 

with technology. Finally, hypertension is more common among older people, and during study 3 one doctor 

raised concerns about this population’s experience and competence with smartphone apps: “I think it 

depends on the age; much more difficult for older generations to use them” [D2-male, 36]. 

However, the ownership of smartphones is rapidly increasing globally and particularly in Saudi Arabia (64-

66). This issue then will be of less and less concern as future older people will increasingly have grown up 

with smartphone technology.  
 

 

The key challenges of this research related to recruitment: it was very difficult to recruit patients to the 

focus groups (Chapter 5), and to the real-life study (Chapter 6). Some participants showed interest in 

assisting with future research but were not willing to participate as they did not want to commit, they were 

not comfortable with the research procedures, or they reported being too busy. The other major challenges 

related to the limited time/resources of a PhD and the broad scope of the research. It was not possible to 

directly evaluate the effectiveness of the most suitable app (Cora Health), as this would have required a 

more longitudinal model than the PhD timeframe allows.  

 

7.5  Recommendation 
 

7.5.1 Recommendation for further research 

 

There are some recommendations that should be considered for further research. First, the adopted selection 

approach still needs to be refined. Prior to this research, there was no existing guideline or evidence for how 
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to select the most suitable self-management app. The criteria that were utilized were selected because they 

were deemed to be most essential, and because data for these criteria were available. However, future 

studies could present a more rounded picture of app suitability if they also took account of additional 

criteria, such as adherence to hypertension management guidelines, and usability, or if they were able to 

assess clinical safety, e.g. by considering the opinions of clinicians (40).  

 

This PhD research demonstrates that the selected app is usable and acceptable and has the potential to be 

effective. To directly assess the app’s effectiveness, a larger study with longer follow up periods would be 

required. This research does not provide in-depth understanding of how TDF mechanisms of action promote 

user engagement, or the most effective ways to use BCTs to support self-management of hypertension. 

Neither is there consistent evidence in the existing literature to indicate what combinations of BCTs and/or 

TDFs are likely to be most effective. Further research would be needed to explore patients’ health outcomes 

and thereby provide in-depth understanding of how the app might support behaviour change through 

different TDF mechanisms of action, and about the most effective ways to use BCTs to support self-

management of hypertension. A meta-analysis of current literature could provide further evidence as to 

what combinations of these are likely to be most effective.  

 

Finally, this research focused on selecting the most suitable hypertension app and assessing its acceptance 

and usability in Saudi Arabia, meaning the findings may only be generalisable to locations with healthcare 

contexts similar to the Saudi Ministry of Health. Further research should explore the apps’ use in other 

contexts.  

 

7.5.2 Recommendation for developers, practices and policy 

The potential advantages of smartphone apps will increase if they meet user needs and expectations. 

Developers should consider the involvement of potential users and experts in app development to ensure 

that apps meet users’ needs and bring the most benefits in self-managing their diseases (43). More 

collaboration between app developers and researchers is required, and would lead to better apps that can 

support patients’ self-management as fully as possible. This current research demonstrates the possibility of 

collaboration between researchers and developers to translate this app and then assess its usability and 

acceptance. Such collaborations have the potential to lead to the development of apps with higher usability 

and effectiveness. The developer’s role should not end when the app is released. The effectiveness of apps 

could be improved if the developers also provide guidance about how to incorporate the app within the 

regular healthcare process, including technical support.  
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Because apps have potentially been developed without knowledge of behaviour change theory, it can be 

difficult to analyse them according to these theories.  It is not always clear whether specific app 

functionalities are intended to target specific behaviours, or what specific elements of the app are designed 

to achieve. It is also possible that certain functionalities may influence multiple behaviours. COM-B is 

generally used to explore what barriers and facilitators correspond to what behaviour, and to identify the 

function of a certain targeted behaviour. To do this, it is necessary to know the specific behaviour that is 

being targeted by the app. In order to fully facilitate this sort of analysis, developers would need 

to determine which elements of their app are meant to achieve certain targeted behaviours, and make this 

information available to researchers.  

 

The selected app, Cora Health, is currently only available on the Apple store (for iPhone). Distributing it via 

other platforms, such as Android, which also has a huge user base, would be recommended to increase the 

app popularity and accessibility. The results of this evaluation study of the selected app have been provided 

to the developers. If the issues identified in the evaluation are addressed, the app can be improved, although 

it will still require more evaluation to ensure its effectiveness. Other app developers also could benefit from 

this research by modifying their apps in accordance with the research findings. This research demonstrates 

the value of developer collaboration with researchers to enhance their app effectiveness, usability and 

acceptability, leading to increased popularity and user base.  

 

Although the selection criteria used in this research (effectiveness, theoretical background and security and 

privacy) can be replicable by other researchers equipped with research skills, frameworks such as this one 

should also be simplified and clearly explained to make them more accessible to patients, and enable them 

to make informed decisions before downloading an app (43,53). There is a huge number of apps available 

commercially in app stores, but there is no standardised way to judge their quality, or to make this 

information available to potential users. Unlike with medicines or medical devices, there is currently no 

requirement for apps to be approved before they are made available, which may lead to unsafe apps being 

released. This should be addressed with more regulation to control and assess apps that are marketed for use 

by individuals with medical conditions. Curated specialist libraries of apps could also offer an alternative to 

unregulated app stores (67). The NHS Apps Library, for instance, requires developers to answer questions 

designed to ensure the safety of their app before they are recommended to users (68).  

 

The actual usage data from study 4 shows that even a ‘best practice’ app is not used by all participants and 

that only some of the functionalities are regularly used. This engagement could be increased by addressing 

users’ preferences and needs, via doctor support, and by linking apps within healthcare systems, as well as 

by providing users with guidance (69). 
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Implementation of this intervention within the Saudi context would require the following steps to take 

place: 1) a longitudinal study must be completed to gain evidence regarding the app’s effectiveness and 

clinical safety; 2) the app developers should make any necessary changes to the app, including those the 

current research has identified; 3) policy makers and technical experts should be consulted to assess how 

this app could be incorporated within the care pathway in Saudi Arabia; 4) a plan should be put in place to 

facilitate this implementation, which must include the ability to provide required training and ongoing 

technical support to users of the app; 5) necessary funding should be secured; 6) the app should be rolled 

out. 

 

 

7.6  Conclusion 
 
 

This thesis has shown that despite the availability of hundreds of commercial apps targeted at managing 

hypertension, very few are likely to be effective and secure, with the majority being excluded either due to 

their lack of appropriate functionalities or privacy and security problems. Participants generally preferred 

apps that were easier to navigate, had more sophisticated features, greater level of detail, etc. Although 

doctors and patients expressed different opinions in determining which apps they preferred, both groups 

found one app to be the most suitable. The research explored the potential of a commercial smartphone app 

to support self-management of patients with hypertension with relatively good usability outcomes. 

However, the research identified a considerable number of possibilities for improvement due to users’ 

differing needs, expectations, and preferences, which would need to be considered. The research therefore 

demonstrates the difficulty of ‘getting it right’ for all users: even a best practice app may not fully 

accommodate the needs of all patients. The research found that a commercially-available app could be used 

in large-scale studies of hypertension self-management, if these suggestions for improvement are addressed.  
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Appendices 
Appendix 1 Study characteristics. 

Study and Study Study Study Subjects Interventions Study Study 
Country Design Setting Duration   device Quality 

      (Operating  
      system)  

Anglada- 
Martínez et 
al Spain 
(39) 

Single-arm 
prospective 
pre-post 
interventio 
n study 

Casanova 
Primary 
Care 
Clinic and 
Hospital 
Clinic 

6 months Patients: 
N= 42 (F 21.4%, M 
78,6%) 
Age: (mean= 56) 
SBPa: NRb DBPc: NR 

Id= Medplan 
platform (website 
for HCPs + 
smartphone app) 
Ce= usual care 

iPhone 
(iOS) or 
NR 
(Android) 

Poor 

    HCP: N= 5    

Mao et al 
USA 
(31) 

RCTf 
(Retrospect 
ive 
analysis) 

Data from 
a pilot 
Commerci 
al 
collaborati 
on 

12 
months 

Patients: 
N= 1012 (F 68%, M 
32%) 
I= 763, C= 73 
Age (mean= 44.63; 
I= 44.87 C= 42.36) 
SBP: I= 131.27 
(1.52) C=NR 

I= Vida app + a 
Bluetooth- 
connected 
pedometer and 
wire§1less scale 
+ a Bluetooth- 
enabled blood 
pressure cuff 
C= usual care 

iPhone 
(iOS) or 
NR 
(Android) 

Fair 

    HCP: N=NA    

Kang et al., 
South Korea 
(44) 

Technology 
developme 
nt study 
(survey) 

Cardiovas 
cular 
clinics at 
tertiary 
hospitals 

4 weeks Patients: 
N=38 (F% 34, M 
66%) 
Age: 56 years 

I=Smartphone 
app 
+ BP monitor 
C=NAg 

NR (NR) Poor 

    HCP: N=CD    

Banerjee et 
al 
USA (32) 

Technology 
developme 
nt studies 
(Survey) 

A diabetes 
and 
hypertensi 
on clinic. 

NA Patients: 
N=385 
Age: NA 
SBP: NR DBP: NR 

I=Smartphone 
app (My vital 
signs) 
C=NA 

iPhone 
(iOS) or 
NR 
(Android) 

Poor 

    HCP: N=NA    

McGillicudd 
y et al (2013) 
USA (26) 

Survey Kidney 
Transplant 
Clinic at 
the 
Medical 
University 
of South 
Carolina 
(MUSC) 

3 months Patients: 
N= 99 (F 35%, M 
65% (64/98)) 
Age: (mean= 44.63) 
SBP: NR DBP: NR 

 
HCP: N=NA 

I= SMASH ( 
cellular connected 
electronic 
medication device 
+ a wireless 
(bluetooth- 
enabled) BP 
monitor + 
smartphone (app 
+ messaging) 
C=NA 

Motorol
a Droid 
X 
(Androi
d) 

Fair 

Sun et al 
China 
(43) 

Longitudin 
al quasi- 
experiment 
design 

Tsinghua 
Elderly 
University 
& a 
nearby 
communit 
y 

6 weeks Patients: 
N=19 (F=57.8%, 
M= 42.1%) 
Age: 49-70 years 
(mean=59.2) 
HCP: N=NA 

I= Mobile app 
+ 
BP monitor 
C= NA 

NR (NR) Poor 
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Appendix 2 MEDLINE search strategy. 
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Appendix 3 Study outcomes. 

Study and Study Study Study Subjects Interventions Study Study 
Country Design Setting Duration   Device Quality 

      (Operating  
      system)  

Anglada- 
Martínez et 
al Spain 
(39) 

Single-arm 
prospective 
pre-post 
interventio 
n study 

Casanova 
Primary 
Care 
Clinic and 
Hospital 
Clinic 

6 months Patients: 
N= 42 (F 21.4%, M 
78,6%) 
Age: (mean= 56) 
SBPa: NRb DBPc: 
NR 

Id= Medplan 
platform 
(website for 
HCPs + 
smartphone app) 
Ce= usual care 

iPhone 
(iOS) or NR 
(Android) 

Poor 

    HCP: N= 5    

Mao et al 
USA 
(31) 

RCTf 
(Retrospect 
ive 
analysis) 

Data from 
a pilot 
Commerci 
al 
collaborati 
on 

12 months Patients: 
N= 1012 (F 68%, M 
32%) 
I= 763, C= 73 
Age (mean= 44.63; 
I= 44.87 C= 42.36) 
SBP: I= 131.27 
(1.52) C=NR 

I= Vida app + a 
Bluetooth- 
connected 
pedometer and 
wire§1less scale 
+ a 
Bluetooth- 
enabled blood 
pressure cuff 
C= usual care 

iPhone 
(iOS) or NR 
(Android) 

Fair 

    HCP: N=NA    

Kang et al., 
South Korea 
(44) 

Technology 
developme 
nt study 
(survey) 

Cardiovas 
cular 
clinics at 
tertiary 
hospitals 

4 weeks Patients: 
N=38 (F% 34, M 
66%) 
Age: 56 years 

I=Smartphone 
app 
+ BP monitor 
C=NAg 

NR (NR) Poor 

    HCP: N=CD    

Banerjee et 
al 
USA (32) 

Technology 
developme 
nt studies 
(Survey) 

A diabetes 
and 
hypertensi 
on clinic. 

NA Patients: 
N=385 
Age: NA 
SBP: NR DBP: NR 

I=Smartphone 
app (My vital 
signs) 
C=NA 

iPhone 
(iOS) or NR 
(Android) 

Poor 

    HCP: N=NA    

McGillicudd 
y et al (2013) 
USA (26) 

Survey Kidney 
Transplant 
Clinic at 
the 
Medical 
University 
of South 
Carolina 
(MUSC) 

3 months Patients: 
N= 99 (F 35%, M 
65% (64/98)) 
Age: (mean= 44.63) 
SBP: NR DBP: NR 

 
HCP: N=NA 

I= SMASH ( 
cellular 
connected 
electronic 
medication 
device + a 
wireless 
(bluetooth- 
enabled) BP 
monitor + 
smartphone (app 
+ messaging) 
C=NA 

Motorola 
Droid X 
(Android) 

Fair 

Sun et al 
China 
(43) 

Longitudin 
al quasi- 
experiment 
design 

Tsinghua 
Elderly 
University 
& a 
nearby 
communit 
Y 

6 weeks Patients: 
N=19 (F=57.8%, 
M= 42.1%) 
Age: 49-70 years 
(mean=59.2) 

 
HCP: N=NA 

I= Mobile app 
+ 
BP monitor 
C= NA 

NR (NR) Poor 
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Appendix 4 Cochrane checklist too for RCTs. 

Study Selection bias Performance 
Bias 

Detection 
bias 

Attrition bias Reporting 
bias 

Other bias 

Random 
sequence 
generation 

Allocation 
concealment 

Blinding of 
participants 
and personnel 

Blinding of 
outcome 
assessors to 
intervention 
allocation 

incomplete 
outcome data 

Selective 
reporting of 
the outcome, 
subgroups, 
or analysis 

Others 

McGillicuddy 
et al (2013) 
(27) 

? ? ? √ √ √ X 
 

Random 
sequence 
generation was 
not noted within 
the study 

Allocation 
concealment 
was not noted 
within the 
study 

The blinding 
was not 
described. 

The nurses or 
coordinators 
blinded to the 
subject’s cohort 
assignment 

Titration rate 
was good 
88.7%. 

All reported 
outcomes in 
methodology 
reported in 
result section. 

The study was 
funded and 
ethically approved 
and has similar 
baseline 
characteristic. 
However small 
sample size may 
affect detecting 
the impacts of 
technology and 
generalize the 
findings. 

McGillicuddy 
et al (2015) 
(25) 

? ? ? √ √ √ X 
 

Random 
sequence 
generation was 
not noted within 
the study 

Allocation 
concealment 
was not noted 
within the 
study 

The blinding 
was not 
described. 

The nurses or 
coordinators 
blinded to the 
subject’s cohort 
assignment t 

Titration rate 
was good 
88.7%. 

All reported 
outcomes in 
methodology 
reported in 
result section. 

The study was 
funded and 
ethically approved 
and has similar 
baseline 
characteristic. 
However small 
sample size may 
affect detecting 
the impacts of 
technology and 
generalize the 
findings. 

Davidson et ? X ? ? √ √ X 
Al (24) . Allocation The blinding The blinding only one All pre- The study was 

 Random Concealment was not was not person drop specified funded and 
 Sequence was not noted described. described. Out outcomes Ethically 

 generation was within the   for the are done approved and 
 not noted within Study   Intervention  has some similar 
 the study    Group  Baseline 
       characteristic; it 
       is not similar at 
       DBP, age. 
       However, very 
       small sample 
       size; affects 
       detecting the 
       impacts of 
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Appendix 5 NIH tools for non-randomized studies. 

 

Criteria/ Study 
Albini et al 

(41) 

1-Was the study described as randomized, a randomized trial, a randomized 
clinical trial, or an RCT? xb 

2. Was the method of randomization adequate (i.e., use of randomly 
generated assignment)? 

x 

3. Was the treatment allocation concealed (so that assignments could not be 
predicted)? 

x 

4. Were study participants and providers blinded to treatment group 
assignment? 

x 

5. Were the people assessing the outcomes blinded to the participants' group 
assignments? 

x 

6. Were the groups similar at baseline on important characteristics that 
could affect outcomes (e.g., demographics, risk factors, co-morbid 
conditions)? 

 
CDe 

7. Was the overall drop-out rate from the study at endpoint 20% or lower of 
the number allocated to treatment? √a 

8. Was the differential drop-out rate (between treatment groups) at endpoint 
15 percentage points or lower? 

NR 

9. Was there high adherence to the intervention protocols for each treatment 
group? 

NAd 

10. Were other interventions avoided or similar in the groups (e.g., similar 
background treatments)? 

NA 

11. Were outcomes assessed using valid and reliable measures, implemented co   
all study participants? 

√ 

12. Did the authors report that the sample size was sufficiently large to be 
able to detect a difference in the main outcome between groups with at least 
80% power? 

 
NRc 

13. Were outcomes reported or subgroups analyzed prespecified (i.e., 
identified before analyses were conducted)? √ 
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Appendix 6 NIH tools for non-randomized studies (observational cohort and cross-sectional studied). 

Criteria/ Study  
Bengtsso 
n et al 
(37) 

Carrera 
et al 
(40) 

McGillicuddy 

et al (26) 
Mao 

et al 

(31) 

Kang et 

al 

 
(44) 

Sun et 
al (43) 

Banerjee et al 
(32) 

1. Was the research question or 
objective in this paper clearly 
stated? 

√a Xb 
√ √ √ √ X 

2. Was the study population 
clearly specified and defined? 

√ X √ √ √ NR X 

3. Was the participation rate of 
eligible persons at least 50%? 

√ CDe CD √ CD CD CD 

4. Were all the subjects selected 
or recruited from the same or 
similar populations (including the 
same time period)? Were 
inclusion and exclusion criteria 
for being in the study pre- 
specified and applied uniformly 
to all participants? 

√ CD √ √ CD CD CD 

5. Was a sample size 
justification, power description, 
or variance and effect estimates 
provided? 

√ NRc X √ √ x NR 

6. For the analysis in this paper, 
were the exposure(s) of interest 
measured prior to the outcome(s) 
being measured? 

NA NAd NA NA √ NA √ 

7. Was the timeframe sufficient 
so that one could reasonably 
expect to see an association 
between exposure and outcome 
if it existed? 

X CD CD √ X √ CD 

8. For exposures that can vary in 
amount or level, did the study 
examine different levels of the 
exposure as related to the 
outcome (e.g., categories of 
exposure, or exposure measured 
as continuous variable)? 

NA NA NA NA NA NA NA 
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Appendix 7 NIH tools for non-randomized studies (Pre-post studies) 

Criteria/ Study  
Bengtsso 
n et al 
[37] 

Carrera 
et al 
[40] 

McGillicuddy 

et al [26] 
Mao 

et al 

[31] 

Kang et 

al 

 
[44] 

Sun et 
al [43] 

Banerjee et al 
[32] 

1. Was the research question or 
objective in this paper clearly 
stated? 

√a Xb 
√ √ √ √ X 

2. Was the study population 
clearly specified and defined? 

√ X √ √ √ NR X 

3. Was the participation rate of 
eligible persons at least 50%? 

√ CDe CD √ CD CD CD 

4. Were all the subjects selected 
or recruited from the same or 
similar populations (including the 
same time period)? Were 
inclusion and exclusion criteria 
for being in the study pre- 
specified and applied uniformly 
to all participants? 

√ CD √ √ CD CD CD 

5. Was a sample size 
justification, power description, 
or variance and effect estimates 
provided? 

√ NRc X √ √ x NR 

6. For the analysis in this paper, 
were the exposure(s) of interest 
measured prior to the outcome(s) 
being measured? 

NA NAd NA NA √ NA √ 

7. Was the timeframe sufficient 
so that one could reasonably 
expect to see an association 
between exposure and outcome 
if it existed? 

x CD CD √ X √ CD 

8. For exposures that can vary in 
amount or level, did the study 
examine different levels of the 
exposure as related to the 
outcome (e.g., categories of 
exposure, or exposure measured 
as continuous variable)? 

NA NA NA NA NA NA NA 
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Appendix 8 CASP tool for qualitative studies. 

Criteria/ Study Hallberg et al 
(38) 

Bengtsson et al 
(36) 

1-Was there a clear statement 
of the aims of the research? 

√a √ 

2. Is a qualitative 
methodology appropriate? 

√ √ 

3-Was the research design 
appropriate to address the 
aims of the research? 

√ √ 

4- Was the recruitment 
strategy appropriate to the 
aims of the research? 

√ √ 

5. Was the data collected in a 
way that addressed the 
research issue? 

Xb X 

6. Has the relationship 
between researcher and 
participants been adequately 
considered? 

X X 

7. Have ethical issues been 
taken into consideration? 

√ √ 

8. Was the data analysis 
sufficiently rigorous? 

√ √ 

9. Is there a clear statement of 
findings? 

√ √ 

10. How valuable is the 
research? 

X √ 
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Appendix 9 Data of the included apps. 
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Appendix 10 Consent Form (English version) 
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Appendix 11 Consent Form (Arabic version) 
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Appendix 12 Patients Information Sheet Form (Arabic version) 
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Appendix 13 Patients Information Sheet Form (English version) 
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Appendix 14 Questionnaire for Focus group 
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Appendix 15 Focus Group Topic guide 
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Appendix 16 Interview topic guide 
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Appendix 17 ScHARR Ethical Approval 
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Appendix 18 MOH Ethical Approval 
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Appendix 19 KKUH Ethical Approval 

 
 
 
 
 
 

 

 

 

Appendix 20 Apps preferences 
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Appendix 21 Data Integration Matrix 
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Appendix 22 Usability test data 
A)  User Interface Issues  

Subtheme User Interface Issues 
 Categories Unclear or 

misleading 
terminology 

 

Unintuitive aspects of the design Unclear Visual Presentation 

Usability 
issues 

Difficulty setting 
reminders and reading 
health information 

Difficulty checking 
completed tasks 

 

Difficulty 
entering BP 
reading 

Issues with inputting 
multiple data 

Unclear colour-
coding 

Unclear colour 
contrast 

Comments Several participants 
found it difficult to 
find the correct menu 
to set reminders and 
read health 
information, due to 
unclear or misleading 
terminology. 

 

Participants remarked 
that it should be easier 
to check how many 
tasks have been 
completed, e.g. by this 
being displayed when 
tasks are marked as 
complete, or being 
visible in the 
‘Challenge’.   

Half of the 
participants 
could not find 
the location to 
enter their BP 
mostly because 
they did not 
correctly 
interpret the ‘+’ 
sign. 

Participants found 
the method of 
inputting data 
unintuitive, causing 
them to have to 
repeat the same 
procedures multiple 
times, rather than 
inputting all data 
(e.g., BP, medication, 
and stress) in one 
go3.  

The app 
presentation could 
be made clearer, by 
adding more text to 
some charts e.g., to 
explain the colour-
coded classification 
of BP reading.    

The colour of the 
buttons could be 
made more 
contrasting to 
accentuate some 
features. 

Citation(s) “I do not believe the 
information is here…it 
cannot be found" (P3). 

“The location of it 
[how many tasks have 
been completed] 
cannot be shown 
clearly - the box 
should appear directly 
when I tick for 
completing data.” 
(P9) 

 

“I did not think 
that I can enter 
BP data via this 
+ button” (P4) 

 

“There is a problem 
in this app, as when I 
enter BP data... it 
backed me to the 
main menu … then I 
access ‘+’ to enter 
medication data and 
press save, then the 
app backed me again 
to the main menu 
[dashboard]… I have 
to access + again 
and enter stress then 
press save… It 
should allow for all 
data [BP, medication 
and stress] to be 
entered at the same 
time then save it]”. 
(P6) 

She can find the 
data on which 
color, but she said 
“I cannot interpret 
whether it is normal 
or not; I see the 
colours, and don’t 
know what each 
colour means” (P9) 
 

 
“It is better if it is 
made a bright 
color to clearly 
show that the 
other data needs 
to be added 
beside”. (P10) 
 
 

 

 

B) App Accessibility  

Sub-Theme App accessibility 
Categories Readability 

 

Additional barriers to use 

 
3 This issue only arose in the Arabic-language trial version, and was not present in the commercially available 
English-language version. 
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Usability Issues Zoom feature 

 

Font size Language issues Internet  

Comments Participants liked 
being able to 
zoom in on the 
health guide 
section as it made 
the text easier to 
read. 

 

Some users stated 
that font size 
should be 
adaptable. 

 

Participants 
experienced 
issues with the 
language of the 
app (certain 
words being 
untranslated) 

Lack of internet 
access was a factor 
limiting some 
participants’ use of 
e.g. the health guide. 

 

 
“I understand the 
text, it is clear - 
and wow, I can 
zoom in” (P7) 

 

“The font in the 
challenge menu is 
small and difficult 
to read.” (P10) 

“I will select any 
medication name 
[because they 
cannot remember 
their medication 
name] as it is 
difficult to read it 
in English!” (P6). 

 

“It needs internet to 
access. I cannot read 
it now until I get 
home.” (P6) 
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Appendix 23 Engagement data 

 
A) Self-monitoring of behaviour and feedback 

 

B)  Goal Setting and Review 
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Appendix 24 Qualitative data 

Theme/Subtheme Quotation 

Usage of the app  

 General satisfaction 
and use   

 

“First I felt using this app is effort and time consuming, but with over time, I see how it was 
benefits. I see all the data that I did and all the activities I completed and how it works to 
improve my BP. It is really interesting” (P10) 
 
“I think this application is enjoyable as it did not consume my time or even require intensive 
effort.” (P12) 
 
“Yes satisfied with it, as I said earlier, the level of my blood pressure is improved, it is 
accessible and convenient I can access it any time which is not like other conventional or 
manual tools. It supports me in tracking my health become more active with accurate picture 
of my data” (P7) 
 
 “I would like to say that anyone who wants to manage his blood pressure use this 
application because I found it is very useful” (P5) 
“This app can be really used as an informative tool, storing my data, offering information 
etc.” (P6) 
 
” I enjoy using it and become part of my daily life” (P6) 
 
“I feel everything related to my hypertension is in one place” (P8) 
 
” I was satisfied with it even it takes time, but make me more organized and the app is with 
me in my pocket at any time everywhere.” (P15). 
 
 “I felt using this app is effort and time consuming, but with over time, I see how it was 
benefit” (P10) 
 
“I think using this app may require intensive efforts;” (P3) 
“Of course, I will use it again and I will advise my friends about it because it provides a 
main location to input my data, which I can then access at any time to provide me with clear 
picture of my BP level.” (P10) 
 
“After seeing its benefits, I definitely will continue using it without any doubt […] but please 
can I keep this version to use?” (P7) 
 
“I love it because, instead of holding actual logbook papers at each appointment, which I 
have forgotten to take with me on many occasions, using this app seemed to be simpler and 
easier.” (P15) 
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App Functionality use 

 

 “I used each part of the app. The most common data I entered is BP. I had entered it every 
day … entering data is simple. I just monitor and the data is transmitted to the screen. I did 
not have to do anything more-  that is why I love it” (P13) 
 
“Using app is easy to enter my BP and it represents data in different, attractive ways, such 
as a list or graphs.” (P11) 
 
“I used the app mainly to record my BP data, and I used it to record other data as much as 
possible such as medication and distress.” (P3) 
 
“I just set goals for medication and BP monitor for every day. I did not add more because I 
am not interested in exercise or I am so busy when I get back home after work” 
 
 “When I notice my emotion level I was not happy After a while of time I set goal for 
reducing stress by do messages once a week” (P14) 
 
 “It requires additional information. […] I mostly eat Saudi foods that are not mentioned 
here” (P12) 
 
“After days, I felt there is no any new information for me” (p17) 
 
“It is not one function that is good. It is the combination of functionalities that is effective 
and valuable.” (P1) 
 

External factors 
influencing use of the 
app 

 

“My daughter helped me read some of the text and enter medication when I started using this 
app” (P5) 
 
“My wife said that this app steal you from our life” (P13) 
 
“I did not set other goals since walking is enough as I have pain in my joint that hurts me 
more after heavier exercise.” (P16) 
 
 

Capacity to support self-
management 
 

 

A daily monitoring 
tool 

 

 “It changes the way that I manage my hypertension. Before, I just monitor my BP and ate 
medication, I did not record any task if it was completed. Using this app helps to follow up a 
system to achieve my goals.” (P13) 

“When I use the BP monitor, my BP data directly moved to the app” (P2) 

 “I don’t keep track of my BP really, but I check it every two days or so and try to remember 
the reading […]  [but with the app] it’s good to be able to enter data accurately and quickly 
and see the trends. It gives you a clearer picture.” (P7) 

 “I do not know why [my symptoms] are different – sometimes I have headaches, dizziness or 
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I go to toilet many times a day. It would be good to add this feature.” (P13) 

 “The main thing I do is record my BP data and then check how my condition is and what the 
relationship is between my mood, taking medication and doing exercise, and my BP. If it is 
not improved, I try to read information to get more knowledge.” (P15) 
 

An informative tool   

 

“Sometimes I am confused about what the helpful treatment is - should I take more 

medication, drink fluid or ...; it’s very general- not very specific advice for my case.” (P8) 

“I believe the information about how many tasks are completed would better if when I press 

it, it presents how many tasks from each goal that I set” (P15) 

 

A commitment tool 

 

“I know I’m going to do a lot more activities than I used to” (P2) 

“As the reminder pushes me to do it. Even if sometimes I neglect it the additional reminders 
push me a lot.” (P11) 

“The reminder pushes me but it would be better to show more [information] on the menu 
screen that today I have an activity for a walk.” (P8) 

“I cannot add the challenge that I prefer, I just have to choose from what is here.” (P17) 

“The negative part that there is no possibility to add/set any activity that I may need to” 
(P14) 

A communication tool 

 

“I have my iPhone and show the doctors how I did the activities during the previous days 
and what my BP level is”. (P19)   

“Graphs are quickly and easily understood by both the doctor and me” (P6).  

 “Having this app helps me avoid repeating what I say each time I have new doctor at a 
clinic or in an emergency.” (P3) 

“If the doctor can follow my recording, I will be more relaxed and also encouraged because 
he knows what I complete or not” (P15) 
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Usability of the app 

 

 

Overall usability 

 

“As the app is easy to use, my confidence to use it is high because it just needs me to select 
and click no more things”. (P14) 

“I did not have practice using technology when I was young so I find it difficult at first but 
then with time the app becomes easier.” (P6) 

“I found it easy at first because the brochure instructions helped me to understand how the 
app works. .... If I can’t do something at first I either read the instructions or ask my wife 
who has more experience of using apps in general. (P13) 

 “The button or menu can be found smoothly I did not face issue with them, date also entered 
and edited easily but there are some steps repeated at every time. For example, when I enter 
data (e.g., BP) it should be in one interface to enter all data. This lead me sometimes to enter 
only BP and forget to enter the other like medication.” (P4) 

 “The negative aspect is repeating the same procedures entering the BP, medication and 
stress data, it should be done once.” (P10) 

“If you are unable to use your phone one day or forget to upload data, you can just add data 
later […] That for me is a big positive.” (P11) 

“One time I accidentally ticked for walking although I had not achieved the task! So I feel it 
is better to allow me to edit or delete [a tick].” (P9) 
“I have big fingers that make it hard to tick properly and sometimes my hands shake which 
also means I sometimes tick wrongly.” (P13)  
“I think rather than having to go and tick after each task, it is easier after any reminder to 
show me a box asking me whether I have completed the task, then if I ‘tick’ it, it 
automatically records it.” (P4) 
 

App accessibility “I think this application is excellent and I am satisfied with it and I did not face any difficulty 

except font size.” (P11) 

“Allowing us to customize the colors and size of fonts to meet our needs [would make the app 

more accessible]” (P5) 

“I expect that the medicines need to be written in Arabic or an open option and the patient is 

the one who writes the name of the drug in Arabic” (P7) 

“There were some issues that did not hinder my use but affect my use a little bit. For 

example, in Saudi we mostly use Islamic calendar in hospitals, schools and so on, and few 

use that English calendar, but in the app, I cannot set it to the Islamic calendar.” (P10) 
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Appendix 26 MOH Ethical Approval 
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Appendix 27 PSSUQ (Arabic Version) 
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Appendix 28 Exit interview (English Version) 
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Appendix 29 Exit interview (Arabic Version) 
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Appendix 30 Participant Information Sheet for usability test (English version) 
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Appendix 31 Participants Information Sheet for usability test (Arabic version) 
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Appendix 32 Consent Form (English version) 
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Appendix 33 Consent Form (Arabic version) 
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Appendix 34 Confidentiality Agreement with the developer 
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Appendix 35 Contribution Statements 
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