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Abstract 
Background: Self-management is essential to improve heart failure outcomes.  

Aims: Review evidence on mobile application (app) interventions for heart failure self-

management and understand patients’ and clinicians’ perspectives on their use.  

Methods: A systematic review and a qualitative study were conducted. A systematic search 

was performed in Medline, Embase, CINAHL, and PsycINFO to identify primary studies 

published between 2008 and 2020. The review included experimental and qualitative studies 

evaluating apps for heart failure self-management, focusing on any health-related outcomes or 

patients’ perspectives. The qualitative study comprised semi-structured interviews with heart 

failure patients and clinicians to understand their perspectives on using apps in heart failure 

self-management. Transcripts were thematically analysed.  

Results: The systematic review showed that the use of apps in heart failure self-management is 

still in an early stage of research. Nineteen articles were included, with most studies being 

quasi-experimental or qualitative, and only four published randomized controlled trials (RCTs). 

Improvement in self-care behaviour was the most consistent finding among experimental 

studies, although there was inconsistency in the self-care components tested. Findings from 

included qualitative studies revealed that the most preferred app features included: automated 

and personalized self-monitoring and feedback, education, liquid intake tracking, and integration 

with other health-related platforms to enable data sharing and communication with clinicians 

and family. The qualitative study was conducted through face-to-face interviews of 6 patients 

and 6 clinicians in a primary care clinic and expanded on these results by highlighting the 

relevance of app features supporting patient-reported outcomes and mental health, and by 

reinforcing that patient-clinician communication and automated and personalized feedback are 

essential to improve knowledge, motivation, and self-management skills. 

Conclusion: Apps seem promising in improving heart failure self-management. Highly valued 

features by patients and clinicians included automated and personalized self-monitoring and 

feedback, ability to track and manage other health conditions, and patient-clinician 

communication. 
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Chapter 1. Introduction 
 

1.1 Heart failure 
 

1.1.1 Definition  

Heart failure is a complex syndrome characterised by the heart’s inefficiency in filling the body 

with blood or ejecting blood at normal pressure, sufficiently to meet the metabolic needs of the 

organs.(1, 2) This condition may result from any functional or structural cardiac impairment. (1, 

2) The etiology of heart failure is diverse, usually categorised as myocardial injury (e.g. 

ischemia, toxicity, metabolic abnormality), abnormal loading conditions (e.g. hypertension, 

valvopathy), or arrhythmias.(2, 3). Many diseases have the potential to cause heart failure, such 

as hypertension, diabetes mellitus, obesity, and ischemia (atherosclerosis), and they often 

overlap.(1, 2)    

The diagnosis of heart failure is based on the clinical presentation, and the classification is 

defined by the left ventricular ejection fraction (LVEF) which represents the percentage of blood 

expelled by the left ventricle in each contraction.(2, 3) The LVEF is measured by 

echocardiography and defines the current classification of heart failure in Heart Failure with 

Reduced Ejection Fraction (HFREF) and Heart Failure with Preserved Ejection Fraction 

(HFPEF) when ≥50%.(2, 3) The New York Heart Association (NYHA) functional classification is 

widely used to assess the severity of symptoms of heart failure and is an independent predictor 

of mortality.(3, 4) Patients are classified in 4 categories (I, II, III, IV) according to the level of 

limitation to physical activities due to heart failure symptoms, with I representing the absence of 

symptoms during regular activities and IV the inability to perform any activity without symptoms, 

when the symptoms are present even at rest (IV).(5)  

The clinical presentation of heart failure is a consequence of the cardiac dysfunction and even 

though typical they are often non-specific, making it difficult to recognise heart failure form 

patient’s symptoms alone.(6, 7) The most distinctive symptom is dyspnoea, which can be 

present in different ways (e.g. exertional, orthopnoea), but is also common fatigue, ankle 

swelling, nocturnal cough, abdominal bloating, palpitation, and weight gain, signalling fluid 

retention.(2, 3) Signs of heart failure are several and include tachycardia and peripheral 

oedema, elevated jugular venous pressure.(2, 3)   
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1.1.2 Epidemiology  

Heart failure affects around 40 million people worldwide.(8) The incidence of heart failure 

increases with age and reaches around 10% of people above 75 years old in developed 

countries.(2) The incidence and prevalence of heart failure are higher in men than in women. 

The probability of a person aged 55 to develop heart failure is 30.2% (33% for men and 29% for 

women), with no difference in the cumulative survival rate between the genders.(9) The risk of 

heart failure is intrinsically associated with the underlying prevalence of the primary disease and 

socioeconomic status.(10, 11) Socioeconomic factors such as poverty, educational level, and 

access to healthcare impact on the treatment of the conditions causing heart failure.  In the 

United States, African Americans are on significant higher risk than other ethnicities (followed by 

Hispanic, white, and Chinese American), but the higher prevalence of hypertension and 

diabetes in this group and the socioeconomic disadvantages largely explain the ethnicity 

disparity.(10)  

In Australia, it is estimated that 480,000 people live with heart failure, representing 2.1% of the 

adult population.(2) Among Australia’s Indigenous population the prevalence is 1.7 times higher 

than for non-Indigenous Australians, with a rate of preventable heart failure-related 

hospitalisations three times higher.(2) A cohort study in Western Australia showed that 

compared to patients in metropolitan areas, rural patients are significantly younger at first heart 

failure hospitalisation and have a higher risk of 30-day and 1-year mortality after discharge, 

even after adjusting for age, gender, Aboriginality, socioeconomic status, insurance status, 

emergency presentation, individual comorbidities and previous revascularisation.(12) Social 

disadvantage, limited or no access to primary healthcare and specialists, poor integration 

between services and lack of transport to overcome long distances in scarcely populated areas 

are the main determinants to these poor outcomes. (12) 

While the incidence of heart failure is steady or even decreasing, the prevalence is growing due 

to the aging population, and improvements in treatment.(2, 13) Heart failure is one of the 

leading causes of hospitalisation, morbidity, and mortality in the world and a major public health 

challenge, with an estimated global economic burden of $108 billion per annum.(14, 15) 

Despite advances in the management of heart failure, the mortality and hospitalisation rates are 

still very high.(16, 17) More than half of patients die during the first five years after diagnosis of 

heart failure and the risk of death increase three-fold when patients are hospitalised.(1, 18, 19) 
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Hospitalisation is an independent and major determinant of a worse prognosis, particularly 

during the first months after discharge when heart failure hospitalisation is associated with a 

higher risk of readmission.(19, 20) Approximately one in four patients are readmitted in the 30 

days after discharge, and more than 50% of patients are re-hospitalised within six months.(1, 

16, 21) 

 

1.1.3 Risk factors 

Since heart failure is secondary to several other conditions, adequate prevention and treatment 

of those conditions are essential to avoid or delay the development of heart failure. Treatment of 

hypertension, coronary disease, and other risk factors such as dysglycaemia and obesity are 

strongly recommended.(3) Management of modifiable risk factors such as the practice of regular 

physical activity, smoking cessation, and reduced alcohol consumption may decrease the risk to 

develop heart failure. (3)  

Several comorbidities are often present in patients with heart failure, interfering in the 

pharmacological therapy and impacting prognosis. Medications used to treat some 

comorbidities can interact with the drugs for heart failure, limiting the maximisation of the 

therapy, or even worsening the condition.  Heart failure patients have, on average, 4 to 5 

comorbidities, potentially complicating medication adherence.(13, 22) Additionally, some 

comorbidities can also worsen the prognosis of heart failure, such as diabetes, stroke, sleep 

apnoea, renal dysfunction, and depression.(2, 3)  

In Australia, indicators for increased risk of premature morbidity and mortality from heart failure 

include: age above 65 years, living alone or distant from specialist cardiac services, language 

barriers, and lower socioeconomic status.(2) A recent Australian study showed that advanced 

age, indigenous status, ischaemic heart disease, renal failure, chronic lower respiratory 

diseases, and diabetes were predictors of heart failure readmissions in one year.(23) 

 

1.1.4 Disease monitoring and self-management 

Heart failure is characterised by a progressive condition with episodes of acute or subacute 

decompensation leading to hospital admissions.(13) Repeated hospitalisations worsen the 

prognosis significantly, therefore effective long-term management is crucial to reduce 
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hospitalisation and mortality. Evidence suggests that a multidisciplinary program is beneficial 

and should be implemented in the transition from the hospital to the home.(2, 3)  

Disease management programs after discharge are effective in  improving outcomes but  

require a complex and multi-professional care coordination involving heart failure self-

management education for patients and families, regular patient follow-up, therapy review, 

psychosocial support, and improved access to care.(1, 2, 22, 24, 25) One of the challenges is 

providing access to healthcare services in non-metropolitan areas since the large majority of 

those programs are in the main cities.(2, 12)   

Most of the hospitalisation for heart failure occurs due to decompensation caused by fluid 

overload (congestion).(26, 27) Therefore, identifying congestion as soon as the first signs 

appear, especially during the early period after discharge, is crucial to allow patients to act 

quickly and avoid readmissions.(28, 29) However, recognition of those signs is challenging 

since they are often insidious and unspecific.(30, 31) Educating patient and their caregivers in 

heart failure management has proven to be essential to improve knowledge and medication 

adherence, as well as reduce time to hospitalisation, and days in the hospital.(1, 2)   

Heart failure self-management is composed of a set of self-care behaviours and monitoring of 

symptoms and signs of decompensation, in order to keep the disease stable.(28) It is a complex 

process that should start soon after the diagnosis and include medication adherence, regular 

physical activity, sodium and fluid control, monitoring symptoms and weight fluctuations, and 

taking the correct action when the first signs of deterioration occur.(28, 32)  

Self-care can be challenging for many patients because of lack of knowledge, difficulty in 

recognising signs and symptoms of heart failure worsening, and lack of motivation and 

confidence to perform an action plan when the condition is deteriorating.(32-34) The elderly 

might face additional challenges, with a higher prevalence of comorbidities and cognitive 

impairment affecting medication adherence and ability to self-care.(35, 36) An analysis of self-

care behaviour in 15 countries showed that patients are poorly adherent to them, and less than 

50% of the patients weigh themselves regularly.(37) 

Heart failure impacts patients’ lives in many ways and several physical and emotional factors 

may influence how patients respond to the challenges of self-management.(13, 38, 39)  Social 

isolation, fear of death, and the loss of control of their health, life, and independence often affect 

heart failure patients since the diagnosis.(13) Depression is very common among patients with 

heart failure, being clinically significant in around 20% of the cases, it is often associated with 
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anxiety and social isolation, and is significantly associated with lower compliance to self-

management.(2, 40, 41) The diuretic regimen, diet and liquid restrictions, and the feeling of 

being a burden to the family and friends tend to contribute to reduce even more patients’ 

socialisation and interaction with others.(42) Physical limitations due to the symptoms of heart 

failure can impact patients both socially and economically, since they may also decrease work 

capacity.(42) Not only that, but financial status may also affect medication and diet adherence, 

as well as delay medical assistance and necessary hospitalisations.(42)  

Low health literacy is prevalent in almost 40% of the heart failure patients, being an independent 

predictor of high mortality.(43-45) Health literacy is defined as “the degree to which individuals 

can obtain, process and understand basic health information and services needed to make 

appropriate health decisions” (Nielsen, 2004). Low health literacy may affect the quality of 

interaction with the health providers, since it curbs interaction and participation in the decision-

making processes, and difficult access to care, causing a delay in seeking medical advice or 

services.(43) High literacy is positively associated with heart failure knowledge, and therefore, 

improves the ability to self-management.(43, 45) A better understanding of self-management 

and treatment strategies increases adherence to the self-care tasks and medication taking, 

decreasing chance of misunderstood or confusion about their prescriptions., (43, 45) 

 

1.2 The role of technology  
The increase in chronic disease prevalence, the need to reduce the healthcare system 

expenditure, and advances in technology have promoted the use of electronic platforms as 

alternative ways to promote self-care education, self-monitoring, and communication with the 

healthcare team, for chronic disease patients.(46-48) Mobile health (mHealth), defined as the 

use of telecommunication technologies for the delivery of health care and the support of 

wellness, has been suggested as a promising approach to improve cardiovascular disease self-

management16-20. In heart failure, mHealth interventions can vary in the degree of patient and 

clinician involvement, from telehealth interventions where the patient may have a passive role 

(e.g. follow-up video or phone consultations with clinicians), telemonitoring interventions that 

may involve patients to a greater extent (e.g. regular digital transmission of physiological and 

other disease-related data from the patient’s home to a healthcare centre), or stand-alone 

patient-facing interventions, where the patient is solely responsible for using the technology to 

self-monitor and manage their care21-25.  
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1.2.1 Telemonitoring 

Telemonitoring is the use of technology to transmit patients’ health data (e.g. weight, blood 

pressure, and heart rate) to clinicians, so they can monitor their patients at a distance.(49-51) 

The transmission of data in telemonitoring is made through several channels, from phone and 

video calls to sensors for transmission of physiological measurements, via tablets, 

smartphones, or other devices. (49-51)  

Telemonitoring may help patients living with chronic conditions to keep their disease under 

control.(52, 53) The use of telemonitoring among chronic disease patients seems to have 

positive effects in changing patients’ behaviour, but the impact on clinical outcomes is still 

unclear.(52, 54) Specifically in heart failure, several studies have demonstrated a significant 

positive effect of telemonitoring on all-cause mortality, heart failure-related mortality, and heart 

failure hospitalisation.(50, 55-57) However, the impact of telemonitoring on other clinical 

outcomes (e.g. length of stay, NYHA functional class, LVEF, quality of life) and self-

management has also shown inconsistent results, mostly due to the wide range of interventions 

and heterogeneity on study design, patients’ characteristics, and outcomes analysed.(49, 58) It 

is worth mentioning that the cost-effectiveness of telemonitoring programs is still not well 

established, given the possible increased use of the healthcare system, the costs of 

implementing new technology, and higher clinician workload.(56, 57) 

Australian guidelines for heart failure strongly recommend the use of telemonitoring programs 

for patients in remote areas or with limited support for a usual discharge program, based on 

moderate clinical evidence.(2) Face-to-face multidisciplinary programs are well-established, with 

high level of evidence to improve outcomes in heart failure.(2) However, such programs are 

difficult to be conducted for patients living in remote areas or without access to specialised 

clinics.(59) The use of telemonitoring programs in those circumstances may facilitate the timely 

and efficient management of a larger number of patients, avoiding deterioration and 

hospitalisation by enabling prompt clinical action in response to out-of-range measures.(59)  

 

1.2.2 Patient-centred mobile phone applications 

Mobile phone applications can be one of the interventions allowing clinicians to monitor their 

patients at distance, but they have been increasingly used to support self-management of 
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chronic diseases outside of telemonitoring programs.(46, 47) Due to the high availability, 

connectivity, and potential of smartphones and wireless devices, mobile phone applications can 

automate and facilitate self-monitoring tasks, offer reminders and personalised feedback to 

promote engagement, and several other features that allow patients to be more active in their 

own care, and progressively enabling less reliance on the healthcare provider for data analysis. 

(46, 47)   

In heart failure, three evaluations of self-management mobile apps available in app stores were 

conducted in the past 4 years; two of them using the Mobile Application Rating Scale (MARS) to 

rate their quality,(63, 64) and one using a list of ideal functions and features developed by the 

authors.(65) The average MARS score was 3.4 out of 5 (more than 3 being considered 

acceptable) among the 34 apps evaluated in one study,(64) and only 2.6 in another study 

analysing 26 apps.(63) The other review found that none of the apps evaluated was considered 

adequate to support heart failure self-management. (65) Among two of those reviews, only 4 

apps were found to have been evaluated in a clinical setting or peer-reviewed publications,(64, 

65) which is consistent with a literature review that detected only 8 peer-reviewed publications 

testing the impact of heart failure mobile phone apps.(66)  

Until now, two reviews have analysed the use of mobile health interventions to support heart 

failure management, but the wide range of technological interventions, which included apps but 

not exclusively, prevented specific analysis of the role of mobile apps in this condition.(49, 63) In 

total, 8 out of 27 studies in both reviews were focused on mobile apps designed exclusively for 

heart failure. One of them was a systematic review of mobile technologies, including mobile 

phones, tablets or small wireless devices, finding 9 studies (8 focusing on telemonitoring), with 

only one of them using a mobile app.(49) The other review also evaluated a broad range of 

mobile health interventions (e.g. apps, interactive voice response, text-messaging), having 

identified 18 studies: 10 were based on apps, 3 not exclusively for heart failure, with 6 of them 

being part of a telemonitoring program.(63) Both reviews, which in total included 8 mobile apps 

designed exclusively for heart failure found inconsistent results for clinical outcomes and self-

management. The high heterogeneity of the interventions, study design, length of follow-up, and 

population in those studies limited robust conclusions. (49, 63)  

The use of heart failure apps seems to be in the early stages of research, with most available 

reviews focusing on evaluating the content and quality of existing heart failure apps from app 

stores.34-36 To date, no systematic review has included only mobile apps designed to support 

heart failure, allowing evaluation of  its impact in improving heart failure self-management and 
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outcomes. There is an evidence gap regarding the impact of using mobile apps to support heart 

failure self-management. In addition, there is a lack of evidence regarding the behaviour change 

techniques present in mobile app interventions for heart failure self-management. 

There is also an insufficient understanding of the feasibility and acceptability of apps aimed at 

supporting heart failure self-management, especially considering that a great proportion of heart 

failure patients are elderly and may not be digitally literate. This thesis will fill this gap by 

focusing on self-management apps, summarizing the existing literature on efficacy and impact 

on self-management measures, as well as exploring patients’ and clinicians’ perspectives on 

this topic, to guide the development of effective apps and future research in this area.  

 

1.3 Aims 
 

This thesis involves two studies: a systematic review and a qualitative study.  

 

The systematic review aimed to synthetise the existing evidence on mobile phone application 

interventions focused specifically on the self-management of heart failure. Specifically, the 

systematic review aimed to analyse: 

1) the effectiveness of mobile applications in improving process measures (e.g. 

hospitalisation) and outcome measures, including clinical (e.g. mortality) and patient-

centred (e.g. quality of life) measures; 

2) the impact of such interventions on heart failure self-management (e.g. improvement on 

medication adherence, knowledge about the disease, physiological monitoring, 

engagement in self-care); 

3) the acceptability and feasibility of the interventions, as well as patients’ perspectives, 

needs and preferences for specific intervention features.  

 

The qualitative study aimed to explore patients’ and clinicians’ perspectives about the use of 

those interventions to help self-management of heart failure: 

1) understand patients’ and clinicians’ perspectives about the use of mobile applications to 

help patients with heart failure to self-manage their condition; 

2) identify facilitators, barriers, and specific features that may be particularly helpful for this 

purpose. 
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Chapter 2. Systematic review on the use of mobile apps for heart 

failure self-management  

 

2.1 Methods  
2.1.1 Search strategy  

A systematic search of the literature  was performed in October 2019, and updated in March 

2020, in Medline (via Pubmed interface), Embase, CINAHL, and PsycINFO, using several 

search terms such as mobile phone, smartphone, application, heart failure, congestive failure, 

self-management, self-care, and self-monitoring (the complete search strategy is available in 

Supplement 1). The reference lists of relevant articles and grey literature such as dissertations, 

theses, and conference proceedings were also screened to ensure all eligible studies were 

captured. The search was limited from 2008 onwards since most app stores were launched in 

that year. No language limits were applied and translation services would be used for potential 

articles not in English, which was not necessary, since all articles retrieved in other language 

had their title and abstract translated using regular translation websites and none of them was 

included in the full-text screening. 

 

2.1.2 Study selection criteria 

Studies were included in this review if they: (1) focused on adult patients with confirmed 

diagnosis of heart failure, regardless of its classification or stage; (2) involved use or test of an 

intervention comprising a mobile application on a smartphone or tablet device designed 

specifically for patients with heart failure to improve the self-management of their condition (with 

or without other intervention components); (3) included any type of comparison (control group, 

another intervention, or single-group pre–post study) or no comparison (e.g. qualitative studies); 

(4) had an outcome related to effectiveness or efficacy in improving process (e.g. 

hospitalisation), outcome measures (e.g. mortality), patient-centred outcomes (e.g. quality of 

life), self-management (e.g. medication adherence, monitoring) or focused on patients’ 

perspectives; (5) were a primary research study.  

Studies were excluded if they: (1) focused on other diseases apart from heart failure or were not 

focused on self-management of heart failure; (2) did not involve utilisation of the app by patients 
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with heart failure; (3) assessed interventions without a clear component of self-management 

(e.g. patients using the app only to input data to be analysed by healthcare professionals as part 

of a telemonitoring program); (4) reported no health, self-management or patient-centred 

outcomes related to the intervention; (5) were published before 2008. No restrictions on 

language, sample size, follow-up duration, setting, or comparator were applied.   

The screening form was piloted by two people (LB, HLT) before the beginning of the screening 

process. Two investigators (LB, HLT) independently screened studies based on the information 

in their titles and abstracts and then performed the full-paper screening. Any disagreements 

about the eligibility of the studies were resolved through discussion between reviewers or by a 

third reviewer (LL) until consensus was reached. Cohen’s kappa statistic was used to measure 

inter-coder agreement in the initial and full-text screening.  

 

2.1.3 Data extraction strategy and synthesis procedures  

One reviewer (LB) extracted the following information from the included studies: author, year of 

publication, country, study design, sample size, population characteristics, study duration or 

intervention use time, intervention characteristics, comparison, outcomes, and main results. 

Two investigators (LB, LL) reviewed the data extraction form for consistency. Coding of 

behaviour-change techniques (BCTs) according to the BCT taxonomy(67) was conducted by 

one researcher (LB) and reviewed by another (LL). The randomised controlled trials were 

reviewed by two researchers (LB, LL) in order to appraise their risk of bias according to the 

Cochrane Collaboration’s ‘risk of bias’ tool.(68)   

Finally, a narrative synthesis was performed for all the included studies. The PRISMA statement 

was followed when synthesising the results and writing the final paper (Supplement 2).(69) The 

protocol for this systematic review was registered in PROPERO (CRD42020158041). 

 

2.2 Results  
2.2.1 Study selection process 

The database search retrieved 1689 citations; 458 duplicates were removed (Figure 1). After 

title and abstract screening, 1189 articles were excluded. Full-text screening was conducted for 

42 articles and a further 26 papers were excluded (reasons for exclusion are included in 
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Supplement 3). Three additional papers were identified: one from the reference list of the 

included studies, and two from database alerts, leading to the inclusion of 19 studies for final 

analysis. The Cohen’s kappa statistic was 0.81 (excellent agreement) for the title and abstract 

screening and 0.53 (fair agreement) for the full-text screening before consensus agreement was 

reached.(68)  

 

Figure 1. PRISMA flow diagram of the study selection process 

 

2.2.2 Study characteristics 

Nineteen studies were included in this systematic review: 11 experimental studies,(70-80) (4 

were RCTs,(70, 74, 78, 79) 7 quasi-experimental) (Table 1) and 8 qualitative studies (Table 

2).(81-88) Six experimental studies also included a qualitative component, using either 

interviews or open-ended questionnaire questions.(71-74, 79, 80) The 19 studies covered 16 

interventions (3 interventions were evaluated in more than one paper, using different study 

designs).(70, 71, 79, 84, 87, 88)  
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Table 2. Characteristics of qualitative studies 

Author, year, 
Country 

Methods Sample size; 
Mean age 
(years) / % 

Women 

Length of 
app use 

Intervention Main aspects to be 
explored in the 

study 

Woods L, 
2019, 
Australia 

Questionnaire + 
Interview 

6; 69; 0 14 days Smartphone app:  
Monitoring weight, BP, HR, fluid intake, 
exercise, diet, medication, well-being, 
symptoms; 
Graphical display of data; 
Plan setting; 
Reminders/alerts; 
Medical documentation repository, 
appointments, care team contacts 

Usability, 
acceptability 

Foster M, 
2018, US 

Questionnaires 
+ open-ended 
questions 

10; 65; 40 2 weeks Smartphone app:  
Monitoring weight, BP, HR, O2 saturation, 
symptoms; 
Auto-evaluation (risk categorization) 
according to the entered data; 
Medication reminder; 
HF education  

Feasibility and 
acceptability 

Portz JD, 
2018, US 

Questionnaire + 
open-ended 
questions 

30; 66; 60 NR Tablet app: 
Monitoring weight, symptoms  

Acceptability 

Sebern MD, 
2018, US 

Focus group + 
open and 
closed-ended 
questions 

Patients:  
4; 74; 25 
Caregivers:  
4; 72; 75 
Clinicians:  
7; 34; 87 

NR Tablet app: 
Psychosocial intervention for partners 
(patients + their caregivers) based on share 
care, composed of communication (patients’ 
and caregivers’ preferences and values), 
decision-making and reciprocity; 
HF education 

Acceptability, 
usability, and 
usefulness 

Haynes SC, 
2017, US 

Interview 
(+thinking aloud 
user 
observation) 

Patients:  
5; NR; NR  
Clinicians:  
3; NR; NR  
 

1 hour Tablet app: 
Monitoring weight, BP, symptoms; 
Medication tracking and reconciliation;  
Care team contacts; 
Appointment management 

Evaluation 
(weaknesses and 
strengths, 
willingness to use, 
recommendations) 

Srinivas P, 
2017, US 

Interview +think 
aloud user 
observation + 
questionnaire 

5; 61; 40 60-90 min Tablet app: 
Monitoring weight, BP, HR, symptoms, 
physical activity, diet, medication;  
HF education; 
Daily behaviour plan; 
Motivational incentives & rewards 

Usability (design 
and evaluation) 

Athilingam 
P, 2016, US 

Questionnaires 
+ open 
questions + user 
observation 

Patients:  
25; 58; 40 
Caregivers:  
12; NR; NR 

1-2 hours Smartphone App + chest-worn sensor (heart 
and accelerometer data): 
Monitoring HR and physical activity (via 
sensor), weight and BP (manual input), 
symptoms; 
Graphical display of data; 
Automated feedback;  
Medication tracking and reminder;  
HF education 

Usability and 
feature 
assessments 
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Seto E, 
2012, 
Canada 

Interview Patients: 
22; 57; 18 
Clinicians:  
5; NR; NR 

6 months TM via smartphone app connected to 
devices (weight, BP); 
Symptoms monitoring;  
Graphical display of data; 
Automated feedback; 
ECG evaluation if provided;  
Reminders for the daily readings 

Perceptions and 
experiences 

HF: heart failure; BP: blood pressure; TM: telemonitoring; NR: not reported 

 

Most studies were conducted in North America: 11 studies were conducted in the United 

States(71, 77-81, 83, 85-88), 4 in Canada(70, 73, 76, 84), and one in Australia(82), 

Thailand(75), Finland(74), and China(72).  All studies were published from 2012 onwards, with 

only 4 before 2016. The total number of participants across all included studies was 930 (792 in 

experimental and 138 in qualitative studies). Participant mean age was 62.5 years old, with an 

average of 32% women, 70% white (from 13 studies which reported on ethnicity), and high 

average education level. Patients’ clinical characteristics in the experimental studies, including 

heart failure classification, etiology and time of disease, are described in Table 3 and Table 4. 

The 4 RCTs had moderate to low risk of bias (Supplement 4).(68)   

Among the 4 RCTs, 3 used standard medical orientation in the control group (education on self-

management at discharge and follow-up visits), while one(78) compared two different 

interventions. Two of the 4 RCTs evaluated mobile apps as part of a telemonitoring program(70, 

74) and 2 assessed mobile apps for self-management, without clinician involvement.(78, 79) 

Among the quasi-experimental studies, 6 had a single-arm(71-73, 76, 77, 80) and 1 had two 

non-randomised arms (using standard orientation at discharge as the comparison)(75). Four 

quasi-experimental studies assessed mobile apps as part of a telemonitoring program and 3 

evaluated mobile apps without clinician involvement. One intervention among the experimental 

studies was tablet game app for heart failure self-management.(76)  

Among the 8 qualitative studies, 4 included interviews,(81-84) and 4 included open-ended 

questions.(85-88) Four interventions were apps in tablets(81, 83, 85, 86) and 4 in 

smartphones.(82, 84, 87, 88) Only one intervention was part of a telemonitoring program.(84)  
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Table 3. Patient’s clinical and socioeconomic characteristics in the experimental studies 

Author, year NYHA 
classification; 
patients (%)  

 

Mean 
LVEF 
(%) 

Etiology (%) HF duration Race or Ethnic Educational 
level(%) 

Athilingam P, 
2017 

I; 6 
II; 61 
III; 33 

28  Non-ischemic: 
89 

67% >1year White: 50 
Black: 33.3 
Hyspanic: 17 

<HS: 6 
HS: 33 
≥1 college: 61 
 

Goldstein CM, 
2014 

II and III (IC)* <40* - ≥ 3 months* White: 81 <HS: 7 
HS: 31 
Technical: 12 
Some college: 31 
Bachelor: 14 
Master: 5 

Vuorinen AL, 
2014 
(IG) 

II; 40 
III; 58 
IV;2 

27 - >6 months* - - 

Vuorinen AL, 
2014 
(CG) 

II; 36 
III; 60 
IV; 4 

29 - >6 months* - - 

Seto E, 2012 
(IG) 

II; 42 
II-III; 12 
III; 42 
IV; 4 

27 Ischemic: 40 
Idiopathic: 44 
Others: 16 

4.8 years White: 78 
Black: 10 
Asian: 4 
Other: 8 

<HS 2 
HS 24 
College 66 

Seto E, 2012 
(CG) 

II; 44 
II-III; 10 
III; 42 
IV; 4 

27 Ischemic: 26 
Idiopathic: 58 
Others: 16   

3.5 years White: 66 
Black: 8 
Asian: 10 
Other: 16 

<HS 12 
HS 26 
College 56 

Guo X, 2019 I; 17 
II; 48 
III; 35 
IV; 0 

≤45%* 
# 

- ≥3 months* - <HS 77 
≥HS 23 
 
 

Park C, 2019 - - - - White: 31 
Black: 24 
Other: 45 

- 

Ware P, 2019 ≤II; 49 
II-III;  21 
≥III; 30 

32 - - White: 66 
Black: 8 
Asian: 12.1 
Other: 13.8 

<HS: 7.5 
HS:19.5 
College: 73 

Foster M, 
2018 

II; 70 - - 1 month to 9 
years (mean 2.4) 

White: 90 ≥ Some college 90 

Suthipong C, 
2018 

II* - Ischemic: 61.7 
Valvar: 33 
Others: 5.8 
 

≥6 months*  - <HS: 58.4 
HS: 22.5 
Bachelor: 10 
Master: 8.3 
PhD: 0.8 

Alnosayan N, 
2017 

III or IV* 45-70* - ≥6 months* - - 

Radhakrishna
n K, 2016 
(Functionality) 

- - - <2y:1 
2-5y: 7  
6-10y: 0 
>10y: 11 

White: 84.2 <HS 7 
HS 31 
Technical 12 
Some college 31 
Bachelor 14 
Master 5 

*IC: inclusion criteria; #45% accepted if HF caused by AF, valvular heart disease, or hypertrophic cardiomyopathy 

NYHA: New York Heart Association functional classification; LVEF: left ventricular ejection fraction; HF: heart failure;  

AF: atrial fibrillation; HS: high school 
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Table 4. Patient’s clinical and socioeconomic characteristics in the qualitative studies 

Author, year NYHA 
classification; 
patients (%) 

Mean 
LVEF 
(%) 

Etiology 
(%) 

HF duration 
(mean) 

Race or Ethnic Educational 
level (%) 

Woods L, 2019 - - - - - - 
Foster M, 2018 - - - 2.37 years White: 90 

Other: 10 
≤ HS: 10 
≥2year in 
college: 90 

Portz JD, 2018 - - - 8.8 years White: 33.3 
Black: 63.3 
Other: 3.3 

- 

Sebern MD, 
2018 

- - - 19 years White: 100 <HS: 25 
HS: 25 
College: 25 
Post college: 
25 

Haynes SC, 
2017 

- - - - - - 

Srinivas P, 2017 Mild, 
moderate, or 
severe 
functional 
status 

- - - White non-
Hyspanic: 74 

HS: 34  
<HS: 15 
College: 51 

Athilingam P, 
2016 

I; 4  
II; 64 
III; 28 
IV; 4 

- Non-
ischemic 
68 
 

≤3 years: 48% 
≥4 years: 52% 

White: 40 
Black: 36 
Hyspanic: 20 
Other: 4 

≤ HS: 36 
 

Seto E, 2012 - <40* - - - - 
NYHA: New York Heart Association functional classification; LVEF: left ventricular ejection fraction; HF: heart failure; 

HS: high school 

*IC: inclusion criteria 

 

2.2.3 Intervention features in included studies  

The most frequent app features were symptoms monitoring(70-77, 79-84, 86-88), weight 

monitoring(70-75, 77, 79-84, 86-88), vital signs monitoring (blood pressure and heart rate)(70-

75, 77, 79-84, 87, 88), educational content(71, 75-77, 79, 80, 82, 83, 85, 87, 88), medication 

reminders(71, 72, 76, 78-83, 87, 88), and graphical visualisation of data(70, 72, 73, 79, 80, 82-

84, 86, 88) (Supplement 5). Liquid intake tracking was provided in 3 studies.(75, 82, 83)  

External devices for automatic transmission of data, such as weight scale, blood pressure or 

heart rate monitor, were connected directly to the app in 6 interventions (8 studies).(70, 72, 73, 

77, 79, 80, 84, 88) All of these 6 interventions were part of a telemonitoring system except for 

one, where the app was connected to a sensor for heart rate and physical activity, and weight 

and blood pressure were input manually).(79, 88) The most common behaviour change 
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techniques present in the interventions were Instruction on how to perform the behaviour, which 

was present in 11 interventions, Self-monitoring of outcomes(s) of behaviour, Prompts/cues, 

and Behavioural practice/rehearsal, which were present in 9 interventions each, and Feedback 

on outcome(s) of behaviour, present in 8 interventions (Supplement 6).  

  

2.2.4 Quantitative results from experimental studies  

Self-management, patient-centred, and clinical outcome measures 

Intervention impact on self-care was evaluated in 3 RCTs(70, 74, 79) and 3 quasi-experimental 

(71, 72, 76). Two RCTs used the Self-Care of Heart Failure Index (SCHFI) which measures 3 

sub-components: self-management, self-confidence, and self-maintenance. One showed 

significant improvement in 2 sub-components (self-management and self-confidence) (78), and 

the other study in self-maintenance only (69). One RCT used the European Heart Failure Self-

Care Behaviour Scale (EHFSBS) and did not demonstrate a statistically significant improvement 

in self-care behaviour.(73) All three quasi-experimental studies assessing self-care behaviour 

used a single-arm pre-post study design. Two of them used the SCHFI (70,75) and only one 

showed significant improvements, in the sub-component self-confidence.(70) The other study 

evaluated the impact on self-care based on participants’ reports about their diet changes and 

their compliance with blood pressure and weight monitoring, showing statistically significant 

improvement pre-post in both measurements.(72)  

Medication adherence was tested in 2 RCTs(78, 79) and 1 single-arm quasi-experimental 

study(72), with one of them presenting statistically significant improvement between pre and 

post-test(72) (app in a telemonitoring program). Quality of life was assessed in 2 RCTs(70, 79) 

and one single-arm quasi-experimental study(80); only one RCT presented a significant 

improvement, in comparison with the control group.(70) Two studies—one RCT(79) and one 

single-arm quasi-experimental(76)—evaluated the impact of their interventions in heart failure-

specific knowledge (by the Atlanta Heart Failure Knowledge Test) and both demonstrated 

significant improvement in this outcome between pre and post-test (75) and compared with the 

control group (78). Symptom awareness was evaluated in only one study, and no significant 

difference between the pre and post-intervention was found.(71)      

One 2-arm quasi-experimental study demonstrated better scores on the 6-minutes walking test 

and less pitting oedema among the participants in the intervention group, but with no difference 
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in their blood pressure in comparison with the control group.(75) Two other studies evaluating 

clinical measures showed no impact on the left ventricular ejection fraction, functional class or 

blood test results, including Brain Natriuretic Peptide.(70, 74)   

Process measures 

Impact on the number of days or nights in the hospital, visits to emergency or clinic (unplanned), 

and mortality was evaluated in 2 RCTs.(70, 74) Both studies reported a statistically significant 

higher mean number of unplanned visits to the clinic in the intervention group in comparison 

with the control group at the end of the follow-up. One study demonstrated higher use of nurse 

resources (time and calls) and medication prescription changes in the intervention group in 

comparison with the control group at the end of the follow-up.(74)   

Readmission rate was evaluated in 1 RCT(70) and 2 quasi-experimental studies, one single-

arm(77) and one 2-arm(75), and only the RCT study did not demonstrate statistically significant 

rate reduction.(70) While the 2-arm quasi-experimental study(75) showed positive results in 

comparison with the control group, the other(77) was a single-arm study and demonstrated a 

10% reduction in the 30-day readmission rate in comparison with the national rate (25%) and 

the hospital rate (23%) where the study was conducted.  

  

2.2.5 Qualitative results from experimental and qualitative studies   

Qualitative data were collected in 14 studies (8 purely qualitative(81-88) and 6 as part of an 

experimental study(71-74, 79, 80)) The most mentioned themes are described below.   

Personalisation   

Participants in 6 studies mentioned the need for personalisation of the intervention and content 

provided.(73, 81, 82, 86) Participants mentioned a preference for higher personalisation in the 

ability to report symptoms and needs, which ideally would also generate more appropriate 

feedback.(73, 81, 82) Suggestions for adding a free-writing field,(81) patient-specific 

symptoms,(86) and flexibility to input and change information (e.g. medication change or fluid 

restriction)(82) were made in some studies.   

Tracking 

Participants in most studies mentioned the importance of self-monitoring, including tracking of 

physiologic data, symptoms, and behaviours (e.g. fluid intake). Participants reported that fluid 
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control, together with weight tracking, was one of the most frequently used features in one 

study, and it was a recommended feature in another.(82, 86) In 2 studies, tracking data and 

symptoms, and checking their targets, made participants more aware of their symptoms and 

goals, as well as helped them understand the cause and effect relationship between their 

lifestyle choices and health status, encouraging them to self-manage their condition.(84, 87) In 

addition, visual representation of patient data was seen as particularly relevant, being 

specifically useful for self-awareness.(72, 82) However, some patients found it difficult to 

interpret longitudinal graphs.(83)   

A positive aspect of having their health data in their mobile phones is the access to those data 

anytime and everywhere, also making convenient to keep tracking their measures (e.g. fluid 

intake) in real-time at any place.(72, 73, 82, 84) In addition, managing their data via an app was 

referred to as faster and more accurate than via paper or memory.(82)  

Educational content, automated feedback and reminders   

Educational content, automated feedback, and reminders were considered important by 

participants in several studies. Participants in 3 studies mentioned lower engagement due to a 

lack of new educational content throughout the intervention.(71, 76, 82) In these studies, the 

perceived usefulness of the educational content was associated with previous educational 

level(76) and time of disease.(71, 76, 82) Automated feedback was considered very useful for 

participants in several studies,(73, 74, 82, 84, 88) for providing reassurance that they took the 

correct action, offering a more objective perception of their health status, and also allowing 

patients’ family to help them manage a worsening in their condition. Reminders for tasks and 

medication were mentioned as very relevant by most participants in several studies,(72, 79, 81, 

86), being one of the most used features in two of them.(79, 81)   

Data Integration and sharing    

The need for integration i.e. linking the app with other data resources (e.g. Electronic Health 

Record, lab results), devices or apps (e.g. physical activity tracker, heart rate monitoring, fluid 

control, calendars, diet monitoring) was mentioned by patients in several studies.(72, 81, 82) 

Apps were considered a potential tool for sharing data effectively in a timely, accurate, and 

visual manner with clinicians, and important in an emergency, since people carry their mobile 

phones at all times.(82) Having their health data recorded in their phones was considered useful 

for allowing patients to easily share these data with family, caregivers or clinicians.(72, 81) 
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The importance of family and social support was mentioned in two studies as being relevant for 

self-management.(73, 85) Some patients said it helped them adhere to the care tasks(73) and 

others discussed the potential of an app facilitating collaboration and sharing tasks between 

patients and their caregivers, promoting better communication about their values and 

preferences and potentially improving self-management skills.(85)   

Technical issues and technology literacy  

Low technology literacy was reported as a barrier to use the intervention in 4 studies.(72, 73, 

81, 82) Technical challenges affected the usage and fidelity to the intervention and were mainly 

related to difficulties in using the app, such as downloading it, setting reminders, and inputting 

data.(72, 82, 83, 87) The need for better visualisation and display of content (e.g. increasing the 

size of buttons and text) was also mentioned.(82, 83)   
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2.3   Discussion  
 

2.3.1 Main findings 

Our review showed that the use of mobile applications in heart failure self-management is still in 

an early stage of research, with most studies being quasi-experimental or qualitative, and only 

four published RCTs. Two of the RCTs found significant improvements in self-care 

behaviour,(70, 79) heart failure knowledge,(79) and quality of life.(70) The most frequent 

features present in the mobile applications were symptoms tracking, weight and vital signs 

monitoring. Several important learnings came from the qualitative findings in this study, 

including the need for integration with other sources of monitoring and their medical data (such 

as the electronic medical record), the importance of the automated feedback and to facilitate 

communication with their caregivers or clinicians. Personalisation was suggested to be crucial in 

several studies, to identify and meet patients’ needs and allow them to express their health 

status in a more accurate and complete way.  

 

2.3.2 Comparison with other studies 

These findings expand on previous reviews of mobile health-based interventions, which have 

also shown inconsistent findings in efficacy and high heterogeneity of interventions, self-

management measures assessed, study design, quality and sample sizes.(49, 63)  In contrast 

to those reviews, which focused on different interventions (mobile technology interventions in 

general and apps mostly for telemonitoring purposes)(49, 63), this study only included mobile 

apps which clearly enabled patients to manage their disease independently. Therefore, all 

interventions in this study provided patients with some sort of feedback, mostly messages or 

alerts for abnormal measures or symptoms, or graphical visualisation of their trends. 

Surprisingly, in the review focused on mobile apps for heart failure self-management only one of 

the 18 interventions had a clear component of feedback for patients about their current health 

status and data.(63)  

The most common intervention features found in this review are in line with self-management 

recommendations from national and international guidelines(1, 2). These features include 

monitoring of symptoms and signs, such as weight and blood pressure, medication adherence, 

and fluid monitoring. However, fluid monitoring was the least frequent feature in the included 
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studies (it was only present in 3 studies in this review) and was absent from interventions 

included in previous reviews.(49, 63) Weight and liquid monitoring are among the most 

challenging tasks in heart failure(89) but are critical to allow quick action and avoid 

congestion.(26, 28) The liquid tracking features presented in this review have shown to provide 

additional support to manage fluid intake.(75, 82, 83) Difficult tasks can be facilitated by mobile 

apps not only by helping patients to perform them but also by improving patients’ awareness, 

motivation, and confidence in performing self-monitoring tasks.(90, 91)  

The most common behaviour change techniques used in the experimental studies were in 

accordance with the existing literature.(92, 93) In particular, self-monitoring and feedback and 

instruction on how to perform the behaviour were the most frequent techniques in this study and 

also in a systematic review to analyse the impact of BCTs used in home-based cardiac 

rehabilitation interventions.(93) These techniques seem relevant in supporting self-management 

tasks in cardiovascular disease self-management. (93) In heart failure, a focus group study 

conducted to identify potential behaviour change strategies to improve self-management found 

that targeted instruction/education (extended to family and friends), social support, goal setting 

and individualised rewards should affect positively patients’ behaviour.(92) The study found that 

patients felt low self-accountability and support from family and friends to maintain behaviour 

compliance, and were more motivated by other patients, who seemed to better understand  their 

reality and needs. In this qualitative study, participants also showed interest in the use of 

technology (e.g. wearable devices) to set targets, with good response to goal setting and 

tangible rewards. 

Limited knowledge or experience in using technology can be a barrier to using mobile apps and 

may impact the utility and perceived benefit of mobile apps, as shown by these findings. The 

lack of confidence in using technology and perceived capability to benefit from it, as well as the 

workload required to learn and use the technology is challenging, particularly among elderly 

patients.(35, 94) A study conducted to understand the main facilitators and barriers to the use of 

mobile technology among older adults found that the most often mentioned barrier was the lack 

of knowledge on how to use it, while having previous experience of use was a facilitator.(36) 

However, older patients are willing to learn how to use mobile health technology and may feel 

supported by it to improve and maintain self-care behaviours.(36, 95) Given that a large 

population of heart failure patients are older adults, future app development needs to take into 

account specific characteristics of this population to design apps with simple navigation and 

increased ease-of-use. (94) 
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Integration with wireless tracking devices and other sources of health data (e.g. electronic 

health records) was mentioned by participants in several studies as an important factor for their 

engagement with the app. The connection between apps and wireless or Bluetooth-compatible 

devices, such as blood glucose or blood pressure meters, weight scales, or wearable devices 

(e.g. step counters) may facilitate the transfer of data, enhancing awareness and adherence to 

patients’ monitoring of different aspects of their health.(96, 97) Mobile apps can also aggregate 

information from those monitoring sources and the electronic health record, improving 

confidence and understanding of patients’ conditions, leading to better self-management.(97) 

Some studies also have shown that providing patients with access to their electronic health 

record improves communication, trust, and agreement between doctors and patients(98, 99) 

and could be explored in future apps for heart failure management.  

Participants in the studies included in this review seemed to value personalisation as highly 

relevant. Some types of personalisation mentioned by participants included the ability to better 

report their signs and symptoms, better control of other tracking variables (e.g. liquid intake), 

and the tailoring of the intervention and its content to different levels of education and 

technology literacy. Importantly, setting up personalisation should not demand high complexity 

or compromise app usability. These findings are in line with the ones in the literature.(62, 91, 

100) A systematic review on mobile apps for self-management of cardiovascular disease found 

that customised content was among the most appealing features, and patients like the flexibility 

to input, edit and view their data.(62) Furthermore, personalisation can enhance the usability 

and perceived benefits of apps(100) and enabling patients to customise their apps according to 

their needs and possibilities (for instance, updating medications, choosing which aspects to 

track, or which reminders to set up, as well as their frequency) may improve usability, 

motivation, and engagement with the app.(91)  

 

2.3.3 Strengths and limitations  

This review has several strengths. We followed a pre-registered protocol (CRD42020158041) 

and there was strong agreement between independent reviewers in the screening process. We 

included both experimental and qualitative studies, enabling a better understanding of the 

impact, acceptance and user preferences regarding mobile apps for heart failure self-

management. This study also has some limitations. Given the heterogeneity between 

interventions and the small number of RCTs, a meta-analysis was not conducted. In addition, 
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the heterogeneity of study designs, sample sizes, follow-up, interventions, and outcome 

measures among the experimental studies did not allow for consistent conclusions on the 

effectiveness of mobile applications in heart failure. The socioeconomic and clinical 

characteristics of participants were rarely reported in the included studies but, when reported, 

they suggested a high educational level and intermediate disease severity, potentially limiting 

the generalisability of the findings to populations with different characteristics. 

 

2.3.4 Implications for research and clinical practice  

These findings offer significant recommendations for the future development of mobile apps 

designed to improve self-management of heart failure. Regarding interventions’ features, firstly, 

the presence of weight and liquid intake tracking appeared as important and useful tools for 

patients, preferentially with visualisation of their data trends and respective feedback. Secondly, 

the personalisation of features seems essential in promoting self-management motivation and 

engagement. Thirdly, app integration with other sources of monitoring (e.g. electronic health 

record, external devices or apps), might increase communication with their families, caregivers 

and clinicians, adherence and self-confidence in performing self-management tasks, and 

facilitate the incorporation of the app in patients’ daily routines.  

 

2.4 Conclusion  
These findings from the systematic review show the potential of mobile applications to improve 

heart failure self-management, highlighting patients’ preferences regarding increased 

personalisation and integration with other wireless tracking devices and health data. However, 

the use of mobile applications in heart failure self-management is still in an early stage of 

research and future randomised controlled trials are needed to fully ascertain their impact.  
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Chapter 3. Qualitative study of patients’ and clinicians’ 

perspectives on heart failure self-management apps 
 

3.1   Methods 
 

3.1.1 Study Setting and Participants  

This study was conducted at Mt Druitt Medical Centre (Sydney, Australia) which is a GP centre 

that has been running for 55 years in Western Sydney, providing healthcare to a population with 

low socioeconomic and educational level. The clinical team is composed of general 

practitioners, a dietician, a psychologist, a counsellor, a clinical pharmacist, and an exercise 

physiologist. The clinic utilises an electronic health record (Medical Director) integrated with 

another platform called CareMonitor (through the PEN TopBar). The CareMonitor platform was 

developed based on the building blocks of high-performing primary care,(101) enabling team-

based care, communication between clinicians and patients, and facilitated monitoring of 

chronic conditions. The clinician web-based platform is integrated with the electronic health 

record and with the patient CareMonitor app that can be freely downloaded from app stores. 

Patients can send messages to the clinic’s health professionals, input their health data (e.g. 

weight, blood pressure), visualise their data in graphs, and receive automated feedback about 

the data they input, according to a risk assessment based on a traffic light colour-scheme 

(green, yellow, and red). The CareMonitor app was implemented in Mt Druitt Medical Centre in 

January 2019, and patients from the clinic have been individually providing informed consent 

and enrolled in the platform since then, with 196 out of 3450 patients at the clinic enrolled so far. 

CareMonitor screenshots are provided in Supplement 7. 

The practice and sample were selected using convenience methods. While the app used in the 

clinic is not specifically designed to facilitate heart failure management, it is used by patients 

with this condition and has some features also present in heart failure apps. Although this study 

does not intend to evaluate this specific app, but to understand patients’ and clinicians’ 

perspectives about mobile apps for heart failure self-management and identify useful features 

for this aim, given that the clinic offers free download of the app and some participants were 

using it, one question about it was included in the interview guide. 
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Eligible participants in this study were adult patients of the clinic with a confirmed diagnosis of 

heart failure, regardless of its classification or stage, and health care professionals who provide 

care to heart failure patients at the clinic. Recruitment included both patients enrolled and not 

yet enrolled in CareMonitor. Participants were eligible if they were able to communicate in 

English. Participation in the study was voluntary and no incentive was provided. Ethical approval 

for this study was obtained from the Macquarie University (Reference No: 52019612812569 

Project ID: 6128).   

   

3.1.2 Participant recruitment   

Patients were contacted by the clinic via phone and provided with details about the research 

study. Clinicians were contacted by the clinic Director and informed about the study. Those who 

agreed to participate in the project were then contacted by the research candidate (LL) to 

schedule a face-to-face interview at the clinic. On the interview date, the eligible participants 

(patients and clinicians) received the hardcopy of the consent form (Supplement 8) and they 

had the opportunity to read it and ask any questions they may have about the study, before 

providing informed consent.  

3.1.3 Data collection 

Interview guides including demographic questions for patients and clinicians were developed 

and pilot-tested by two researchers (LB, LL) (Supplements 9 and 10). The interview guides 

were developed based on similar studies identified in the literature.(48, 87, 94, 102, 103) After 

informed consent was obtained, individual semi-structured interviews were conducted and 

audio-recorded from February to March 2020. Field notes were taken throughout the interviews. 

Participants were recruited until data saturation was reached. 

Patients’ interviews started with broad questions regarding their routine in managing their 

condition, challenges they face in performing heart failure-related tasks, and the factors or 

strategies that could help with those tasks. Later, they were asked about their experience with 

mobile technology and the main barriers and potential facilitators to using an app for heart 

failure self-management support.  

Clinicians’ interviews were initially focused on their usual consultations with heart failure patients 

and the most important parameters they ask patients to monitor. Then, they were asked about 

their perspectives on the main difficulties their patients face to manage heart failure and what 



 
 

29 

they thought helped patients deal with their condition. Finally, they were questioned regarding 

their experiences with the CareMonitor platform, the positive and negative aspects of the 

platform, and the most important existing and desired features.  

3.1.4 Data analysis 

The interviews were transcribed and analysed using the NVivo 12 software (QRS International 

Pty Ltd., Melbourne, Australia). The interview transcripts were analysed by two investigators 

(LB, LL) using thematic data analysis method. Themes and patterns were identified in an 

inductive approach.(104) The analysis process included four main steps. Firstly, we selected 

relevant information in the data, generating open codes. Secondly, we explored the dataset 

again, comparing codes, identifying and collating similar information patterns into themes. 

Thirdly, we compared each theme with the literature, searching for common and diverse 

themes, refining concepts, and reviewing the major themes. Finally, we analysed the overall 

information content, selected extracts for quotes, and composed the analysis report. Reporting 

follows the COREQ checklist for reporting qualitative research (supplement 11).(105) 

 

3.2 Results 
 

3.2.1 Sample characteristics 

We recruited 12 participants, 6 clinicians and 6 heart failure patients. The clinicians’ age ranged 

from 32 to 46 (mean 38 years; standard deviation (SD)=5.2), and 5 out of 6 were women. The 

sample was composed of two general practitioners, a clinical pharmacist, a dietitian, an exercise 

physiologist, and a counsellor. The average number of years working in the clinic was 5 

(SD=2.2). The patients ranged in age from 57 to 79 years (mean age of 69; SD=7.9) and 4 out 

of 6 were women (Table 1). Most patients (5) had been diagnosed with heart failure for more 

than 3 years and one had been recently diagnosed. All patients owned a mobile phone.   
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Table 5. Characteristics of the interviewed patients 

Characteristics N 
Age range (mean; SD): 57-79 (69; 7.9) 
Female gender 4  
Marital status 
   Single  
   Married  
   Divorced  
   Widowed  

 
1 
2 
2 
1 

Occupation 
    Retired 
     Unnemployed / pensionist 

 
5 
1 

Disease duration 
     <1 month  
     3 to 6 years  
     6-10 years  

 
1 
4 
1 

Weight monitoring 
     1x day  
     1x week/fortnight  
     1x month  

 
3 
2 
1 

Blood pressure/Heart rate monitoring 
     1x day   
     1-3x week  
     Never or seldom  

 
3 
2 
1 

Comorbidities 
     Diabetes  
     Hypertension 
     Pneumopathy  
     Walking impairment (Arthropathy, Neuropathy) 
     Atrial fibrillation 

 
5 
5 
4 
3 (2,2) 
2 

Use of clinic’s patient app (CareMonitor) 
     By the patient 
     By a family member 
     Not using 

 
2 
2 
2 

Total  6 
Abbreviations: SD, standard deviation 

 
 
 

3.2.2 Qualitative results 

The interviews lasted from 25 to 45 minutes. Four main themes emerged from the data: heart 

failure self-management barriers, heart failure self-management facilitators, barriers to the use 

of mobile apps to support heart failure self-management, and facilitators or potential benefits of 

this intervention. Most of the themes showed similar perspectives among patients and clinicians, 

with a few different findings pointed by them. The most relevant divergency was that the main 

self-management barrier from the clinicians’ point of view was the lack of knowledge, which was 

not perceived by the patients at the same level. Although strongly relying on clinician’s support, 

patients showed that self-confidence in their own strategies were one of the most important 

facilitators for heart failure self-management. 
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Clinicians and patients expressed that digital literacy was the most important barrier for the use 

of mobile apps to support self-management. However, several features were considered helpful, 

and many of the self-management facilitators were coincident with app potentialities (e.g. 

communication, which was considered essential for both clinicians and patients and could be 

provided by apps).  

To facilitate understanding and clarity, barriers to self-management and for the use of mobile 

apps are presented together, as well as the facilitators for self-management and for the use of 

mobile app for this goal. Illustrative quotes are presented in Tables 6,7, and 8. 

 

Barriers to heart failure self-management and to the use of apps to support heart failure 
self-management  

Common sub-themes for patients and clinicians 

- Burden, competing demands, and external factors as barriers 

Most patients mentioned that heart failure self-monitoring is burdensome. In particular, patients 

reported having most difficulty keeping track of liquid intake (Table 6, Quote 1). Some patients 

also reported forgetfulness regarding monitoring their weight and blood pressure measures, as 

well as with medication adherence. 

Clinicians also recognised the burden associated with self-managing a disease like heart failure, 

and how external factors may interfere, such as competing demands, financial issues, and lack 

of family support (Table 6, Quote 2). In addition, a few professionals mentioned that the use of 

an app could even increase the burden of monitoring heart failure for some patients. They 

explained that learning how to use the app and remembering to use it could be seen as an 

additional responsibility in people’s already busy lives, which could be demotivating and lead to 

a lack of interest over time. (Table 6, Quote 3) 

- Technology-related barriers, digital literacy, and ease-of-use 

Some participants reported finding the use of mobile apps for heart failure self-management 

difficult or demanding. Some patients saw themselves as not tech-savvy enough to use an app 

and expected it would take them a long time and effort to learn how to use such a system 

properly (Table 6, Quote 4). However, some patients reported support from family members to 

use apps for self-management, such as to input patients’ health data in the app or to 
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communicate with the clinic on their behalf via the app (e.g. asking questions or renewing 

prescription). One patient expressed frustration with connectivity issues when trying to use 

mobile apps. 

Many professionals also considered that patients’ lack of digital literacy could be an important 

barrier for the use of mobile apps to support heart failure self-management (Table 6, Quotes 5) 

and that ease-of-use was a facilitator, as poor usability would decrease patient engagement 

with the app. Age was cited as a hindering factor, related to the idea that elderly people have 

less experience with technology and might need more training to learn how to use an app. 

Clinicians mentioned that older patients may also be more attached to old habits, and may 

struggle to adapt to new routines or strategies (Table 6, Quote 6). However, they also 

suggested that the interest in technology might be changing, and family or caregivers’ support 

could help to overcome this barrier. 

- Individual and disease-related aspects 

Age, disease duration, and disease stability were cited by some clinicians as influencing 

engagement in self-management. Older patients usually have multiple comorbidities, including 

dementia, which professionals said often complicated self-care. In addition, it was mentioned 

that patients with a long time of diagnosis may tend to feel more fatigued and stressed by the 

burden of managing a long-term disease and that, as the disease progresses, patients’ well-

being, functional capacity and ability in performing self-management tasks worsens. A few 

clinicians reported that patients with a stable condition or dealing with the disease for a long 

time would be less prone to engage in a new strategy to manage their condition, especially if 

they are not used to technology. One professional suggested that this barrier could be turned 

into a facilitator by introducing the app to patients soon after an exacerbation, when they might 

be more willing to improve their self-management practices (Table 6, Quote 7). 

Additional finding from patients’ interviews 

- Perceived usefulness for mobile apps   

Perceived usefulness seemed crucial for patient engagement with heart failure apps. A few 

participants indicated they did not expect that using an app would improve their heart failure 

self-management performance. The main reason presented was the confidence they had in 

managing their disease and having it under control. One important factor for this confidence was 

already having well-established self-management practices, such as strategies to remember to 
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take their medications or the ability to keep track of fluid intake (Table 6, Quotes 8,9). An 

additional factor was relying on the clinic support, not only with keeping track of their health 

history but also identifying any sign of deterioration and providing timely orientation when 

needed.  

Additional finding from clinicians’ interviews 

- Patient lack of knowledge and motivation  

All clinicians had the perception that patients’ low engagement with heart failure self-

management was strongly linked with lack of knowledge (or self-management awareness), and 

motivation. Clinicians mentioned that most patients did not fully understand self-management 

and its importance, which could be the cause of patients’ low motivation and adherence to 

certain self-management tasks, like self-monitoring (Table 6, Quotes 10,11). For instance, 

health professionals mentioned that liquid monitoring was particularly problematic and that 

patients did not do it properly, often doing rough estimates and failing to acknowledge the 

presence of liquids in foods (Table 6, Quote 12). 

Lack of specific knowledge about self-care behaviour and medication were also mentioned. A 

few professionals cited that some patients may be afraid of potential adverse effects of 

performing physical activity, needing a better understanding of the indications and benefits of 

exercising. Other clinicians believed that medication adherence was over-reported, with most 

patients affirming always taking their medication. These professionals thought that it was 

possible forgetfulness occurred at times, in addition to some confusion regarding patients’ 

usually long lists of medication. 

- Clinician workload, remuneration, and digital literacy   

The main personal barriers cited by some health professionals included increased workload, 

lack of remuneration, and insufficient digital literacy. A few clinicians said they felt that managing 

patients’ data and messages was time-consuming and currently not remunerated. However, 

they mentioned that some of the burden could be decreased with practice and by improving the 

usability of the platform (e.g. the CareMonitor platform could be more user-friendly by facilitating 

direct messaging between patients and each health professional) (Table 6, Quote 13). Some 

participants also said that low familiarity with technology was a potential barrier for a few 

clinicians, especially the ones used to practice in clinics with less technologic support, who may 

need more training to comfortably use the platform.  
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On the other hand, a few health professionals said that platforms like CareMonitor may reduce 

workload for clinicians in the long run due to several positive features: easy access to patients’ 

health monitoring data, communication via direct messaging, and automated feedback to allow 

prompt orientation and early intervention when necessary. Consequently, clinicians could save 

time and prioritise other topics during the consultation and avoid unplanned or unnecessary 

patient visits to the clinic (Table 6, Quote 14). Professionals also highlighted that in an open 

communication system like CareMonitor, all clinicians shared the responsibility of monitoring 

patients’ data and answering patients’ messages, reducing the work burden by better integrating 

teamwork. In addition, having all messages open to all the clinic’s health professionals improved 

clinicians’ knowledge about the patients’ status or problems and increased the team’s problem-

solving ability (Table 6, Quote 15).  
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Table 6. Illustrative quotations for barriers to self-management and the use of apps 

Common sub-themes for patients and clinicians 
Burden, competing 
demands, and 
external factors as 
barriers 
 

Quote 1. What I find difficult to control is just everyday watching fluids, the fluid I intake. 
(Male, 57) 
 
Quote 2. I think it would be the combination of what else is happening in their lives. How 
busy are they? What family support do they have? Transport, all those all those factors 
(…), where's the priority? If they're busy looking [after] somebody else or kids. (Clinician 3) 
 
Quote 3. Sometimes people go through a period where they are quite enthusiastic about 
their monitoring (…). Then they just lose interest. […] They also need to understand what is 
in there, how much information is there, input their data, send messages. I think they find 
that a bit overwhelming sometimes. (Clinician 4) 
 

Technology-related 
barriers, digital 
literacy, and ease-
of-use 
 

Quote 4. I'm not really good with the phones. (…) I try to use this [the CareMonitor app] 
when my daughter is at my house. I mean, for us it's a lot harder, but I think it's a very good 
technology for the new generation. (Male, 57)  
 
Quote 5. It is probably mainly in terms of what the user can do. So teaching the patient how 
to use the app is often problematic because they often don't understand how to use it or 
they may do it whilst they're in the clinic and then they go home and they can't work it out 
again. (Clinician 4) 
 
Quote 6. And they [older patients] are a little bit stuck in their ways. They've sort of done 
things for a certain way for so long, that is hard to go just [change]. In terms of the apps, 
they probably also are obviously not very technologically advanced. But I don't think it's as 
bad as it was. (Clinician 2) 
 

Individual and 
disease-related 
aspects 
 

Quote 7. I think when it comes to trying to motivate them, the ideal time would be when 
they have an exacerbation and we say “look, you don't need to come in every day while we 
watch this, you can get this from home, just set up with this app and the computer; this is 
how we're going to manage to get on a daily weight, right?”. So that would be the time. 
When they are stable, they don't want to do it. But when they have an exacerbation, that 
would be the time, when they are discharged from the hospital. (Clinician 6) 
 

Sub-themes for patients 
Lack of perceived 
usefulness 
 
(from patients’ 
interviews)  

 

 

Quote 8. That is not useful. I can do it well, with my diary, and my memory. (Female, 73) 
 
Quote 9. That is something that make you to ask some extra attention for your doctors, 
something that if this happens, I call the doctor or something like that, are you? Never had 
to [ask for some extra attention from the doctors, emergency]. I just the normal routine of 
consultations. It’s pretty much under control. Since the heart attack, I have been well. 
(Female, 79) 
 

Sub-themes for clinicians 
Patient lack of 
knowledge and 
motivation 
 
(from clinicians’ 
interviews) 
 

Quote 10. Probably [the biggest challenge] is the awareness for themselves. I need to ask 
them what their disease is and the impact that the disease can make in the future if they 
don't start looking after themselves. If the patient themself do not understand what we are 
doing, or what we mean, that can be difficult. (Clinician 1) 
 
Quote 11. That's probably the big challenge [motivation to keep exercising regularly]. They 
probably leave here very motivated and prepared to do it, but when they get home it's a 
different story. (Clinician 2) 
 
Quote 12. I don't think a lot of people are aware of just how many foods contain liquid as 
well. But jellies and cream or milk, they don't factor that in each. They are talking about 
fluids from drinking. And they don't usually put this in the paper, too. (Clinician 4) 
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Clinician workload, 

remuneration, and 

digital literacy  

 

Quote 13. Time and that routine of checking it regularly [are difficult]. Stuff that we haven't 
quite mastered yet. We always check our emails quite easily, but checking this other thing 
is a bit harder. […] The only problem with the app at the moment is that the messages just 
go to a general chat area. It's not like a text message where it goes straight to you. And we 
have to try to pick out who that message is for. And who would answer that. That makes it a 
bit harder. (Clinician 2) 
 
Quote 14. We don't have to text them “your blood pressure's a little bit high” or something. 
The app does all that stuff. There's lots of sort of things that make it less labour-intensive 
for the clinicians. It makes patients understand like, “I'm stable, I'm good”, so it also allows 
other avenues because the ones that are stable know they don't need to come in. Then 
people who need quick access are able to come through the doors. And it's not just the 
doctors monitoring it. Our pharmacists and dieticians are part of the team, also taking 
responsibility. So they're actually monitoring it and helping to alert us to any problems. It’s a 
team-based monitoring. […] So it's definitely a little bit more work, but not to the point 
where you're not answering messages. […] And I think people are very judicious about the 
messages (Clinician 3) 
 
Quote 15. It also means that we can communicate with different team members as well. 
[…] So all can make suggestions, contribute and send messages to each other. (Clinician 
4)  
 

 

Heart failure self-management facilitators and the use of apps to support heart failure 
self-management  

Common sub-themes for patients and clinicians 

- Actionable education and behavioural tools  

A few patients mentioned the importance of having actionable information and education 

materials to help them with self-management. One patient said that he uses a daily guide for 

diet and liquid intake, with detailed options for each meal and guidance about the amount of 

liquid consumption suggested per meal and time-period. This was considered very helpful since 

he mentioned a lack of understanding of specific diet and liquid intake orientations (e.g. amount 

of protein, fat and carbohydrates in each food).  

Most clinicians expressed that educational content was important in an app, and that it could be 

provided in several ways. Some of their suggestions included a diet guide according to patients’ 

age, health conditions, medications, and allergy history; links to credible information from 

reputable institutions (e.g. Heart Foundation); and medication information tools to reduce 

confusion with medication (e.g. brand and generic names) (Table 7, Quotes 1,2). 

- Communication, support, and use of audio-visual tools  

Easy communication with the clinicians was considered one of the most important aspects of an 

app. Patients mentioned that being able to contact their clinicians directly was highly valuable, 
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particularly when they needed support to take action in managing clinical deterioration (Table 7, 

Quote 3). Patients using the CareMonitor app reported that the app facilitates a wide range of 

communication, from booking appointments to receiving personalised feedback from any 

clinician in the clinic, including the transfer of their health information to other services. (Table 7, 

Quote 4) For some patients, the mere fact that they knew clinicians had access to their data 

gave them a feeling of being supported and a sense of security that they were being looked 

after.( Table 7, Quotes 3,5). 

Communication was cited as one of the most helpful features in any app and the most positive 

aspect of the CareMonitor app, according to the clinicians. Clinicians said that exchanging 

messages with patients enabled them to answer patients’ questions in a timely manner and 

provide immediate feedback to patients according to their data (e.g. orientation if their measures 

were out-of-range, encouragement when they were missing, or reassurance when the patients 

were performing well) (Table 7, Quote 6). They explained that communication with patients 

included actions such as sending motivational messages, reminding them to keep their health 

data monitoring, or exploring certain signs and symptoms (Table 7, Quote 7).  

Using pictures and videos to share information between patients and clinicians was cited as 

useful by some clinicians and is available in the CareMonitor app. They commented that 

enabling patients to share pictures of their food or exercise videos through the app allowed 

prompt and personalised clinicians’ feedback. On the other hand, clinicians could send audio-

visual examples (e.g. video instructions for exercises) that could be used as a guide by the 

patients. 

- Automated and personalised feedback 

Patients and clinicians reported that automated feedback was very important to improve 

awareness about their health status. The clinicians and patients using the CareMonitor app 

explained that the colour-coded scheme based on patients’ inputted data (green for within 

normal range, yellow for slightly out-of-range, and red for out of normal range) provided a risk 

assessment of the patient’s condition and graphs facilitated visualisation of their trends. Patients 

mentioned that visualising their trends and receiving automated feedback through the colours 

scheme and graphs helped them understand if they were managing their condition correctly, 

feeling reassurance when they were doing well, and receiving alerts when clinical support was 

needed. (Table 7, Quotes 8,9)  
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All health professionals said that the feedback sent automatically to the patients according to 

their measures and targets was an important feature, as it had the potential to improve patients’ 

understanding about their health status and consequences of their behaviours. Clinicians said 

that the automated messages sent by the CareMonitor platform are set by the healthcare team 

for each patient individually, which helps patients to learn how to monitor their condition, 

increasing self-confidence and motivation to take a more active role in controlling their health 

(Table 7, Quote 10). 

- Data and device integration 

Connectivity with other apps and the possibility to manage different comorbidities was 

mentioned as important by patients. One patient reported high satisfaction for being able to 

integrate Fitbit with the CareMonitor app because it helped him keep track of their health and 

fitness in one place, as well as it allowed the physical activity data to go directly to the clinicians’ 

platform. This patient also mentioned the importance of being able to manage his other chronic 

conditions (chronic obstructive lung disease and hypertension) in just one app. (Table 7, Quote 

11) A different patient reported using another app to manage her medication, a feature that is 

not available in the CareMonitor app. (Table 7, Quote 12) 

Some professionals mentioned that self-monitoring tools and integration with external devices 

were highly valued by patients and clinicians alike. They mentioned that self-monitoring features 

for the main parameters in heart failure management (i.e. weight, blood pressure, and heart 

rate) are essential, as long as easy to use. Professionals also highlighted the importance of 

connecting with other monitoring devices (e.g. glucose meter). Integration with a physical 

activity tracker to allow for tracking of other measures beyond steps was suggested as a helpful 

feature. Ideally, this technology should recognise different activities (e.g. running, riding a bike) 

and levels of intensity, not only steps and heart rate, according to the clinicians (Table 7, Quote 

13) 

- Health data repository 

Some participants mentioned that an important positive aspect of the CareMonitor app was that 

it worked as a repository for patient’s health data. Patients and clinicians said that this feature 

was particularly important in case of an emergency or visiting a different doctor or hospital, 

since the patients usually have their phone with them all the time and they could not rely only on 

their memory.  
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Table 7. Illustrative quotations for facilitators for self-management and the use of apps (common themes 
from patients’ and clinicians’ interviews) 

Common sub-themes for patients and clinicians 
Actionable 

education and 

behavioural 

tools 

 

Quote 1. I would like to have an app not only about calorie content, but more about the quality of 
their diet, the vitamins B, E, calcium, probiotics. It is important to increase patient awareness 
about what they eat. And probably more individualised, like their medication, other diseases, 
allergies, food intolerance. Other apps only check age, activity, gender, and then calculate your 
calorie needs. But patients have different needs and cultural background or living condition. 
(Clinician 1) 
 
Quote 2. They do get confused […] We see patients accidently doubling up on doses because of 
generic and brand. It would be great if they could take a photo of the box or the barcode and it 
tells them if this is the same as that. That would be the ideal features of the app. (Clinician 3) 
 

Communication, 

support, and 

use of audio-

visual tools  

 

Quote 3. It would be good in the app to have a way to contact the clinic easily. Because 
sometimes even just an alarm that goes off helps. Yeah, communication it’s the most important. 
That is the good part of it. […] And it's good to have a peace of mind. Knowing someone is there. 
(Male, 65) 
 
Quote 4. I can get in contact with everybody if I need to. If I need to ask a question or need 
something, I can put it on CareMonitor and I know that they (clinicians) can see it, or at the 
Blacktown Hospital. I can book appointments and speak to people and do all right. I have 
communication. (Female, 63) 
 
Quote 5. My husband put things in the care monitor, but I don’t look at it. No, Dr Lim is looking, 
that is the idea. We take the blood pressure tablets anyway. So, if we get lost they can take a 
look on it. We don't need to worry. (Female, 79) 
 
Quote 6. I think that if we have constant communication with them it would help to motivate them 
and keep on track. […]  Probably we don't have that constant communication as much as we 
should. Get them on track and be accountable a bit more. (Clinician 2) 
 
Quote 7. I would ask him to do daily weights and watch his fluid level. That would be one thing. 
But also asking them how they feel in regard to shortness of breath. […] Improving knowledge, 
improving motivation for the patient to put their health as a priority. (Clinician 6) 
 

Automated and 

personalised 

feedback 

Quote 8. When you have something wrong, then you have the feedback. It helps you to 
understand better what to do. It tells me for example, when that says you've lost weight, stay on 
your program. You know, you sort of know what's going on. Like I’m doing a lot more things now 
than what I did before the app, you know? (Male, 65) 
 
Quote 9. You know you're doing okay or not because of the colours. Green, yellow, and red. If 
I’m red I’m really out of the top. If it happens I just get in contact with my medical advisor. Or go 
to the hospital. But okay. If you know what you're doing, you don't need to do that. If my sugar is 
too low or too high is when you see there was mistakes. And with this [the graphs] you can 
check if you are doing okay. If you're out of tracking or not. I know when I am out of tracking and 
my body can handle it. I use it every day. (Female, 63) 
 
Quote 10. Patients do learn from that interaction [automated feedback]. They become more able 
to self-manage or their family member was able to help. And they gain more knowledge of their 
conditions. They feel more self-sufficient or an active member (…) in health care rather than just 
passive. If the patient’s weight or blood pressures are all on target, they will get a good message, 
you're on target, well done. If they're getting into a little bit out of range, the app automatically will 
send back a message, please check your weight, look at your fluid. If it's not improving, come 
and see us, and the red message will do that. And that's set by the treating team for each 
patient, what the message and alert levels would be (Clinician 3) 
 

Data and device 

integration 

Quote 11. This doesn’t cover one or two [diseases]. You want it to cover you entirely. COPD, 
blood pressure. […] I use this, Fitbit. And they can see it [steps and heart rate] in the care 
monitor. (Male, 65) 
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Quote 12. I can contact my chemist as well. This another app. It tells me my medication. It is the 
MedAdvisor, it tells me what I need to get. Because CareMonitor doesn't have these remembers. 
(Female, 63) 
 
Quote 13. For example, some models of watches just do step counters and heartbeat. Depends 
what sort of technology as well. Ans some can really distinguish when you're going for an 
exercise or a run on something like that, and these information goes directly to the smartphone. 
So that's one way we can do it. Well, it can say “you're only doing 30 minutes when you need to 
be 45” or “you are not doing the right time, duration, and frequency” (Clinician 2) 
 

 

 

Additional findings from patients’ interviews 

- Self-management strategies and disease stability  

Patients mentioned several strategies to promote their adherence to self-monitoring, such as 

creating habits and routines or using cues and prompts. A few patients described having 

created the habit of weighing themselves first thing in the morning, to avoid forgetfulness and to 

adjust their eating and drinking during the day if their weight was higher than in the previous 

day. Most patients mentioned using a specific cup or bottle to prompt them to keep track of 

liquid intake, although the majority said they relied on their memory for self-monitoring, not 

noting down the daily quantities. In addition, patients reported not usually tracking the amount of 

liquid in the food they eat. Paper diaries were mentioned as strategies for self-monitoring, by a 

few patients (Table 8, Quotes 1,2). 

Many patients reported behavioural strategies to avoid forgetting to take their medication. The 

most common was to keep the medicines in a specific place (e.g. table or fridge) to serve as a 

prompt or cue and remind them to take the medication when they saw it in the morning or during 

meals. One patient mentioned having a picture of the medication list on the mobile phone, which 

was especially useful when someone asked his medication and he could not remember the 

name of all of them.  (Table 8, Quote 3) 

A few patients suggested that having their condition stable greatly facilitated management. Lack 

of symptoms and minimal oscillation in their weight or blood pressure reduced concerns and 

decreased the need to take action (e.g. contacting the doctor). 

- Mobile app to save time with heart failure tasks  

Some participants mentioned that using the app to communicate with the clinicians was time 

saving. The ability to send messages asking for simple questions or prescription renewal was a 
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positive factor for some patients since they could avoid the time-consuming burden of having an 

appointment for those issues (Table 8, Quote 4). 

 

Additional findings from clinicians’ interviews 

- Improved heart failure self-management and reduced risk of exacerbation 

According to clinicians in this study, mobile apps have great potential in supporting heart failure 

self-management. Professionals mentioned that the CareMonitor app seemed to promote better 

heart failure self-management and reduce the risk of exacerbation and hospitalisation, given 

that both patients and clinicians could better monitor signs of heart failure deterioration, allowing 

for early detection of problems and timely action (Table 8, Quotes 5,6).  

Clinicians pointed that fluid monitoring was a missing and recommended feature in the 

CareMonitor app, since it was considered by them as the most difficult task, and usually 

performed very inaccurately by patients (Table 8, Quotes 7,8).  

- Patient-reported outcomes and mental health tools 

Many of the professionals considered essential allowing patients to report their symptoms and 

other patient-centred measures, as well as targeting patients’ mental health and wellbeing, in 

addition to the physical management of the condition. Mental health tools were recommended 

by some clinicians to support patients in dealing with the disease burden, individual challenges, 

and personal goals. Importantly, they highlighted the need for personalisation of this tool to 

increase effectiveness and not increase the burden to patients. Some clinicians considered the 

Patient Activation Measure score very useful, therefore having a tool aggregating this score 

would be beneficial to understand how active patients are in self-management over time, as well 

as to better identify their challenges and strengths (Table 8, Quotes 9,10,11). 
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Table 8. Illustrative quotations for facilitators for self-management and the use of apps (themes from 
patients’ interviews and clinicians’ interviews) 

Sub-themes for patients  
Strategies for 
self-monitoring 
 
  
 

Quote 1. I know how many cups of tea I have, half a cup in the morning. I have a coffee in 
the afternoon. Because in those of sugar, I can drink tea without sugar and I'll have a cup 
of tea at night time. Other than that, in between. It's water. So I have a glass of water. 
Lunchtime. I'll have another glass of water when I'm do the tea. When I have my tea. And 
sometimes when I've gone to bed, I'll take a glass of water with me. (Female, 77) 
 
Quote 2. [I am restricted] to 1.25 [liter a day]. It's not much I Know. I just have to stick to it. 
I try. I just remember how much is in the cup. I just do it in my mind. (Female, 73) 
 
Quote 3. I have a little narrow table up against the fridge. And we put them in lines in one 
side, and over this line. So we know what we take the morning and the ones we take in the 
night. (Female, 79) 
 

Saving time with 
heart failure 
tasks  
 

Quote 4. It's cool because a couple of times when I first got it, (…) My partner used to send 
my blood pressure [through the app]. (…) And I used to get a response. I mean, without 
seeing a doctor saying that everything is all right. So it saves me having to come in. (Male, 
57) 

Sub-themes for patients 
Improved heart 
failure self-
management  
 

Quote 5. We see problems in advance, rather than waiting for the patient to come in. If you 
can see the weights going up and you can contact them early to stop it with Lasix or 
something, you can stop them getting breathless or, you know, getting exacerbated. 
(Clinician 3) 
 
Quote 6. The app creates a graph that they can see and we can see. So that is pictorial as 
well. And it means that we can mitigate some exacerbation. (Clinician 4) 
 
Quote 7. We don't actually get him to enter in how much fluid they've been drinking every 
day. So that would be ideal. [They would] be maybe more likely to stick to it. It does 
probably raise their awareness about it in more cases. (Clinician 4) 
 
Quote 8. It would be good if we had a fluid diary. Sometimes I think it’s not accurate, that's 
something that we could probably have better management. Definitely. (Clinician 3) 
 

Patient-reported 
outcomes and 
mental health 
tools  
 

Quote 9. It will create self-awareness, asking the patient what they're thinking, how they 
are actually feeling today. And then you can actually do something about it. […] But I think 
[it is important] to be mindful that not everybody works the same. So perhaps something 
tailored to suit each individual (…) and it can be done through a set of questions. (Clinician 
5) 
 
Quote 10. If I can add one thing, is probably tools to help with the mental health. Because I 
find a lot of patients that feel that burden. (Clinician 1) 
 
Quote 11. Probably things like well-being, like overall well-being score like a mood or 
depression score. So they can self-evaluate how they actually feel about their health 
because that is a big marker of how they will cope with all the other things. (Clinician 3) 
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3.3. Discussion  
 

3.3.1 Main results 

Lack of knowledge about the disease, and the consequent low motivation, were the main 

barriers to engagement in heart failure self-management from the clinicians’ point of view, while 

for patients, it was the burden of having to engage in it, including problems with forgetfulness. 

Clinicians explained that since patients do not completely understand the importance of self-

management and the association between their signs and symptoms with heart failure 

decompensation, constant communication is a facilitator for self-management. From clinicians’ 

perspectives, regular contact with the patients can improve their awareness and motivation to 

prioritise self-management over barriers such as lack of support or lack of time due to 

competing demands. On the other hand, patients see their own existing strategies to deal with 

the disease as the main facilitators to manage their condition, particularly helping them to 

remember their self-monitoring tasks, appointments, and medication.   

In this study, patients and clinicians pointed to lack of digital literacy as the most relevant barrier 

for the adoption of mobile apps to support heart failure self-management, while the main 

facilitators were the existence of features facilitating patient-clinician communication and 

automated feedback. Among the barriers, some patients also mentioned lack of interest and 

lack of perceived usefulness in using mobile apps to manage their condition. In general, 

participants recognised many benefits in using mobile apps for heart failure self-management, 

such as improved knowledge and motivation to engage in self-management, higher ability and 

confidence in self-monitoring heart failure, and decreased number of unnecessary 

consultations. Integration with other devices and systems, self-monitoring features, educational 

guides (including audio-visual tools), and motivational tools (including a focus on mental health 

and PROs) were also mentioned as important features in an app, ideally personalised to each 

patient.  

 

3.3.2 Comparison with other studies 

Other studies also have raised attention to the problem of lack of knowledge among heart failure 

patients and some of the facilitators and barriers to heart failure self-management found in this 

study have been described in the literature. For instance, lack of knowledge about the disease 
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seems to be related to lower adherence to symptom monitoring, which negatively impacts the 

quality of self-management.(29, 30, 106) Commonly reported self-management challenges 

include complex symptoms recognition, presence of multiple comorbidities, the burden of coping 

with this condition (in practice and emotionally), lack of support or poor communication with their 

families and healthcare professionals, physical limitations, personal and external stressors or 

commitments. (6, 106, 107) The main facilitators found in those studies were communication 

with clinicians to improve their learning about the disease and its management, as well as 

practical, emotional and social support, which include better educational programs to help them 

to understand the symptoms meaning and having adequate training to develop their ability to 

self-management.(6, 106)  

The findings from this study were similar to a study conducted to identify facilitators and barriers 

to the use of mobile health apps in older US adults with heart failure, using an app designed to 

track dietary salt intake as an example (Cajita, 2018).(36) The sample differs from this study for 

being older (66 to 83 years) and with higher education level. The most frequently mentioned 

barriers in both studies were lack of digital literacy and lack of perceived need for an app. 

Similar facilitators presented in both studies were previous experience with mobile technology, 

appropriate training, useful and easy to use features, and instant feedback. The findings of this 

study extends on previous findings by identifying additional facilitators to heart failure mobile 

app use, such as direct patient-clinician communication, personalised features, integration with 

other devices and systems, educational features (e.g. audio-visual guides), and motivational 

tools (integrating patient-reported outcomes and mental health). 

Mobile app features that enhance usability and promote benefit for chronic disease self-

management were identified in two reviews(91, 100) and presented several similarities to these 

findings. Common facilitators from the three studies were ease-of-use, personalised features 

(including changes in stages of diseases, goals or needs), tracking of self-management tasks 

with visualisation/analysis of their trends and progress, and support from the clinicians 

(communication). One study also alerted to the need to track patients’ mental health, as 

suggested by some clinicians in this study.(91) Similar to these findings, the other study also 

reported the importance of integration with other platforms and devices and share information 

with other systems and supporting members (clinicians, family, carers).(100)  

Heart failure self-management involves the regular monitoring of several parameters, requiring 

that patients acquire specific knowledge on the “why, what, and how” of self-monitoring.(29, 30) 

As in this study, most of the studies show that patients are usually unaware of their lack of 
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knowledge about heart failure self-management.(30). It is also known that even when patients 

understand and are willing to follow the medical recommendations, they often fail to consistently 

apply them in their daily lives (knowledge-action gap).(30, 34) Mobile app features may provide 

patients with several strategies to fill this gap(34, 95). It has been showed that mobile apps have 

the potential to change health-related behaviours positively, not only by facilitating self-

monitoring, but through additional strategies such as creating habits and cues for action, timely 

feedback, social support, and providing reminders and rewards for goals achievement.(95, 108, 

109) Those strategies can improve knowledge, confidence, and adherence to performing 

challenging daily tasks.(95) 

An interesting finding from our study was the need for the inclusion of patient-reported 

outcomes (PROs) and mental health tools to assess the psychological impact and emotional 

burden of heart failure and support its management.(34) Heart failure may affect patients’ 

mental health and has been associated with depression, anxiety, and cognitive disorders, 

increasing the risk of hospital readmissions and hampering treatment compliance.(110, 111) 

The presence of multiple comorbidities and the frailty usually seen in advanced age also affect 

the patients’ quality of life.(34, 110) Therefore, there is an increasing interest in assessing 

PROs, which are patient self-reports about not only symptoms and functional impairment but 

also their social lives and phycological status, as well as their general wellbeing.(112) PROs 

assessment might help clinicians to recognise and measure consistently the overall impact of 

heart failure and its treatment in patients’ lives, adding strategies to reduce or manage this 

impact (e.g. adjusting diuretic doses, targeting depression management), and assess their 

response.(112, 113) Mental health support via smartphone apps has shown promise in previous 

studies (114) but evidence is lacking regarding their use by heart failure patients.  

 

3.3.3 Strengths and limitations 

This study has several strengths. Interviewing health care professionals from different 

specialities with experience in caring for heart failure patients enabled us to gather perspectives 

on a variety of self-management aspects, such as diet, physical activity, medication adherence, 

and mental health, in addition to the medical point of view. Furthermore, both patients with and 

without experience in using mobile apps for heart failure self-management were interviewed, 

which enriched the understanding about the facilitators and barriers of adopting these digital 

tools. The main limitations of this study are the lack of cardiologists among the clinicians 
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interviewed, and the small sample. Cardiologists could have enhanced the findings from the 

clinicians’ views or raise new insights, and future studies should explore their perspectives. The 

single setting of this study and the low socioeconomic level of the patients from the clinic limit 

generalisability of the findings to other areas.  

 

3.3.4 Implications for research and clinical practice  

The findings of this study provide important information for future research and development of 

mobile phone apps to support heart failure self-management. Very few studies have analysed 

facilitator and barriers to the use of mobile apps targeting specifically heart failure, including 

identification of useful features. These findings enhance and direct to heart failure some 

previous results from studies in chronic diseases suggesting the need for personalised features 

and automated feedback with graphical visualization of data. It is worth highlighting the 

importance of integration of other sources of monitoring and support sharing, especially 

communication with clinicians. Finally, there is the need to raise attention about the need for 

features that help to manage heart failure patients not only physically or according to their tasks 

but emotionally. Although PROs have been largely used in clinical trials to evaluate the quality 

of life, the adoption of PROs assessment in clinical care still needs development, and the use of 

mental health tools in mobile apps focused on heart failure is still unknown.   

 

3.4  Conclusion  
Interviews with patients and clinicians revealed that lack of digital literacy was the biggest 

barrier to the adoption of mobile apps to support heart failure self-management, while the main 

facilitators were features facilitating patient-clinician communication and automated feedback. 

Integration with self-monitoring devices, mental health support, and personalisation were also 

considered important for engagement. While this qualitative study focused on clinicians’ and 

patients’ perspectives in the primary care setting, future studies should also involve cardiologists 

and patient caregivers.   
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Chapter 4. Discussion and Conclusion  

4.1 Discussion 
4.1.1 Main findings 

In this thesis, both studies suggest the potential of mobile apps to support heart failure self-

management. The findings from the systematic review extend on the literature by reaffirming the 

importance of features addressing education, personalisation, automated feedback, and 

integration of the app with other devices and systems. The findings from the qualitative study 

showed that the main barriers to self-management seem to be lack of knowledge about heart 

failure, awareness about the importance of self-management, the burden and ability to perform 

self-management tasks, and motivation to surpass barriers and maintain self-care behaviour in 

the long-term. This thesis also showed that mobile apps can help patients overcome several 

identified self-management barriers, for example enabling communication, increasing 

motivation, and providing education and self-monitoring tools. Both the systematic review and 

the qualitative study suggested that certain app features can be particularly beneficial to 

effectively support heart failure self-management, such as allowing for communication with 

carers and clinicians, enabling integration with other devices and systems, and providing 

educational content and automated feedback, ideally in a personalised manner.  

4.1.2 Comparison with existing literature 

The most frequent features in the apps evaluated in the systematic review were focused on 

symptoms, weight and vital signs monitoring, and only a few included liquid monitoring. 

Recognising symptoms and signs of congestions is essential in heart failure self-management 

and features supporting monitoring of those parameters were identified as helpful in this thesis 

and in the literature.(48, 115, 116) Although the level of liquid restriction is dependent on each 

patient’s clinical condition, volume management is assuredly essential for heart failure patients, 

since excessive liquid intake can precipitate decompensation.(1, 2) However, liquid monitoring 

is often prescribed and infrequently adhered to, being considered one of the most challenging 

tasks for patients to perform in heart failure self-management.(89, 115) In this study, liquid 

monitoring was considered an important feature to be provided in an app due to the relevance 

of the behaviour and the difficulty patients experience with successfully monitoring it. With the 

advance of technology, mobile apps are providing promising tools to support liquid intake 

management, such as smart water bottles which use sensors to detect the volume of water 

consumed and send this information to the users' smartphones wirelessly via an app.(117) 
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Only a few interventions in the systematic review included questions to patients about their 

emotional status, whereas mental health tools and patient-reported outcomes were a relevant 

recommendation from clinicians in our qualitative study. Around 20% of the heart failure patients 

present clinically significant depression.(2) Depression increases morbidity and mortality and is 

often associated with anxiety and social isolation, impacting drastically the patients’ ability to 

perform adequate self-management.(2, 3, 41, 118) Symptoms of depression should be 

managed along with the other self-management parameters(118) and screening for depression 

symptoms using validated questionnaires should be adopted consistently.(2, 3) The use of 

PROs in clinical practice is feasible and can assist clinicians to identify the mental and social 

impact of the heart failure in their patients, increasing patients’ awareness of such conditions, 

improving quality of care.(112, 113)  

This thesis also raised attention to the importance of two-way communication between patients 

and their health care providers. Both in this thesis and in the literature, communication between 

patients and their healthcare providers are present only in telemonitoring programs, despite it 

being considered an important feature to support heart failure self-management.(62, 66) This 

thesis suggests that good communication between patients and clinicians is important to 

improve motivation, self-confidence, and ability in self-management, which can be 

accomplished by using an app. There are several ways enabling clinicians to support their 

patients through two-way communication, indicated by this thesis. For instance, sharing 

messages (e.g. patients’ questions to clinicians, motivational messages to patients) or audio-

visual content (e.g. videos of physical exercises). Several studies have also demonstrated the 

importance of improving communication with patients’ caregivers, as well as family, friends and 

peers.(6, 107, 119)  

4.1.3 Introducing mobile apps in existing self-management practices 

This thesis reinforces some previous findings that heart failure patients feel supported by their 

own strategies to cope with the burden of their condition and find their lack of digital literacy the 

main barrier to use technology for self-management support. Patients living with heart failure for 

a long time learn from their past experiences to build their own strategies to sustain self-

management behaviour(30, 120, 121) New strategies can be distressing, hindering adaptation 

and engagement, but can be effective when offering a perceived benefit in short-time, with 

training and support to increase patients’ ability to put them in practice.(120, 121) Clinical 

decompensation brings fear and disruption in the patients’ lives, while the chance of having their 

lives closer to their normality again might be a motivational factor to improve their self-care 
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behaviour.(121) Therefore, it seems logical that the likelihood of adopting a new strategy would 

be higher when patients’ conditions are not stable, particularly when they have been 

hospitalised (when first diagnosed or soon after an exacerbation). Considering that the first 30 

to 60 days after hospitalisation are the most critical time to avoid readmissions and reduce 

mortality, that would be the most favourable moment to introduce a new strategy to improve 

self-management skills in heart failure, such as a mobile app. This timing facilitator could be 

particularly important for introducing mobile apps to patient with a long duration of disease and 

to elderly patients, who usually have already well-stablished strategies integrated into their 

routines. With appropriate training and motivation it is possible to increase confidence and 

ability in using apps, turning the perception of digital as something unachievable into a new 

beneficial strategy to help with heart failure self-management.  

4.1.4 The digital divide and digital literacy 

Although most of heart failure patients are elderly, age is not the only factor limiting the use of 

technology, and lower income and education levels are also strongly associated to lower 

probability of using health apps.(122, 123) In Australia, the technological diffusion is increasing 

in all social categories but education and income are the most significant factors still hindering 

equal usage, while age, gender, occupation and geographic location are still present but 

weakening in importance over the years.(124) The use of the Internet among the elderly is rising 

steadily(124), and with the potential use of health technology for a growing elderly population in 

the country some strategies have encouraged its use among this population, such as free 

training and public centre and facilities for internet access.(125) In addition, a small survey 

conducted in rural Australia suggested appropriate knowledge and technology access for the 

adoption of mobile health (80% of them had a computer with Internet access, 71% had mobile 

phones) and patients are willing to use it if receiving clinical recommendation and proper 

training.(126) 

The increasing availability of technology and the Internet diffusion seem to be narrowing the 

inequalities in its usage.(47) In Australia, 95% of the adult population owns a mobile phone and 

almost 70% have a landline at home.(127) With more than 325.000 health apps developed 

during the last years(128) technology has the potential to improve outcomes with lower costs 

and unnecessary use of health services, which is particularly significant for patients with 

complex conditions and high needs who may also face socioeconomic challenges such as lack 

of support, financial difficulties, and adverse geographical location.(46, 47) In order not to 

increase disparities, development of health apps should consider users from different 
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socioeconomic levels and diverse digital and health literacy.(47) In a public health sphere, 

technological initiatives also should ensure distribution of its benefits to all community members, 

identify and target population needs, and integrate the communities in the development, 

implementation and constant evaluation of its impact. 

 

4.2 Implications 
Mobile apps have high potential to support heart failure patients to improve knowledge about 

their condition and their ability to perform self-management. Enhancing heart failure self-

management through mobile apps may provide a low-cost and efficient way to reduce 

hospitalisation and improve health outcomes without the additional burden of unnecessary 

healthcare system usage. Nevertheless, the mobile health apps market is growing faster than 

the development clinical evidence, hampering integration of health apps into clinical 

practice.(46, 128, 129) More robust clinical trials, along with better structured processes of 

validation, certification, and regulation would allow development of guidelines to support 

clinicians and patients to use health apps safely and efficiently. Future research should evaluate 

the implementation of mobile app-based interventions outside of the controlled populations and 

settings of research. Assessing the impact of mobile apps in the real-world is crucial for a 

pragmatic and realistic evaluation of these interventions in the general population.(130) 

 

4.3 Conclusion 
Our findings from the systematic review showed a non-consistent but positive trend to improve 

self-care behaviour using mobile applications focused on heart failure self-management. 

Results from the systematic review and from the qualitative study highlighted the importance of 

features like automated and personalized self-monitoring and feedback, actionable education, 

liquid intake tracking, and integration with other health-related platforms to enable data sharing 

and communication with clinicians and family. 

Future research should focus on specific features that have been shown essential for heart 

failure patients and test them in larger clinical trials, ideally in real-world community settings, to 

establish their role and impact in heart failure self-management and outcomes.  
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Supplements 
 

Supplement 1. Search strategy 
 

Electronic bibliographic databases and platforms 

Date: 24 Oct 2019 

 

1.1. Search strategy for MEDLINE 

URL: Macquarie University Library (via Pubmed Central interface) 

Limits: 2008 - current 

 

#1    ("cell phone"[MeSH Terms] OR "cell phone"[All Fields] OR "smartphone"[MeSH Terms] OR 
"smartphone"[All Fields] OR "mobile phone"[All Fields] OR "mobile applications"[MeSH Terms] OR 
"mobile applications"[All Fields] OR "mobile application"[All Fields] OR "telemedicine"[MeSH Terms] OR 
"telemedicine"[All Fields])  

#2    ("heart failure"[MeSH Terms] OR "heart failure"[All Fields])  

#3    ("self-management"[MeSH Terms] OR "self-management"[All Fields] OR "self management"[All 
Fields] OR "self care"[MeSH Terms] OR "self care"[All Fields] OR ("self"[All Fields] AND “monitoring”[All 
Fields]) OR “self-monitoring”[All Fields] OR "monitoring, physiologic"[MeSH Terms] OR ("monitoring"[All 
Fields] AND "physiologic"[All Fields]) OR "physiologic monitoring"[All Fields] OR ("physiologic"[All Fields] 
AND "monitoring"[All Fields]) OR ("patient"[All Fields] AND "monitoring"[All Fields]) OR "patient 
monitoring"[All Fields] OR "patient participation"[MeSH Terms] OR "patient participation"[All Fields] OR 
("patient"[All Fields] AND "activation"[All Fields]) OR "patient activation"[All Fields]) 

 

#4    #1 AND #2 AND #3 

 

1.2. Search strategy for EMBASE 

URL: Macquarie University Library (via OVID interface) 

Limits: 2008 - current 

 

#1    Mobile phone/ or smartphone/ or mobile application/ or mobile health application/ or (“app” or “apps” 
or “application” or “applications”).mp 

#2    Heart failure/ or congestive heart failure/ or diastolic dysfunction/ or systolic dysfunction/ or (“heart 
failure*” or “congestive heart failure*”).mp 

#3     Self care/ or  self monitoring/ or monitoring/ or physiologic monitoring/ or (“self-management*” or 
“self-care*” or “self-monitoring*” or “patient activation” or “physiological monitoring*” or “tracking*”).mp 
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#4    #1 AND #2 AND #3 

 

1.3. Search strategy for CINAHL 

URL: Macquarie University Library (via EBSCO Publishing) 

Limits: 2008 - current 

 

#1    (MH “heart failure”) or  “heart failure*” 

#2   (MH "Smartphone") or (MH "Mobile Applications") or (MH "Cellular Phone") or  “smartphone*” or    
“mobile phone*” or “cell phone*” or “mobile health*” or “app” or “application” or “apps” or “applications” 

#3    (MH "Self-Management") or (MH "Self Medication") or (MH "Self Administration") or (MH "Self Care") 
or (MH "Monitoring, Physiologic") or “self-management*” or “self-care*” or “self-monitoring*” or “patient 
activation” or "physiological monitoring" or “tracking*” 

#4    #1 AND #2 AND #3 

 

1.4. Search strategy for PsycINFO 

URL: Macquarie University Library (via OVID interface) 

Limits: 2008 - current 

 

#1     Mobile phones/ or mobile devices/ or smartphones/ or mobile applications/or mobile health/ or 
mobile technology/ or (“mobile phone*” or “smartphone*” or “cell phone*” or “app*” or “application*”).mp 

#2    (“heart failure*” or “congestive heart failure*” or “ventricular dysfunction*”).mp 

#3  Self-management/ or self-monitoring/ or self-care skills/ or monitoring/ or tracking/ or (“self-
management*” or “self-monitoring*” or “self-care*” or “patient activation” or “physiological monitoring*”.mp 

#4    #1 AND #2 AND #3 
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Supplement 3. List of articles excluded after full-text review and reasons 
 

List of articles excluded after full-text review, for not meeting inclusion criteria regarding the intervention, outcome or 

unavailability of full-text. 
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improving self-care in patients with chronic heart failure. [Russian]. Kardiologiia. 2017;57(S4):11-8. 
Georgios Zisis G, Carrington MJ, Ball J, Marwick T. Heart failure digital coach: Pilot findings of an avatar style 
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Supplement 4. Risk of Bias assessment 

 

 

 

 

 

 

 

 

 

 

 

 

  



 
 

65 

Supplement 5. Interventions’ features 
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Supplement 7. Screenshots of the CareMonitor app 

CareMonitor – How it works  

 Screenshots of the CareMonitor app (patients) 
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Screenshots of the CareMonitor dashboard (clinicians) 
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Supplement 8. Participant Information Consent Form 
 

Centre for Health Informatics    

Australian Institute of Health Innovation  

 

Faculty of Medicine and Health Sciences 

MACQUARIE UNIVERSITY NSW 2109   

  

Chief Investigator: Dr Liliana Laranjo, Centre for Health Informatics  

Co-investigators: Leticia Bezerra Giordan, Josephine Chau, Rimante Ronto. Health Population 

and Systems, Faculty of Medicine and Health Science, Macquarie University. 

 

  

Participant Information and Consent Form 

 

Name of project: Mobile technology in the self-management of heart failure. A qualitative 
study. 

Project Information: You are invited to participate in a study exploring the use of mobile 

technology in the self-management of heart failure. The purpose of this research is to 

understand your perceptions about the use of mobile phone applications as a tool to help 

patients with heart failure to improve their ability to manage their condition independently. 

This study is being conducted to meet the requirements of Master of Public Health – Research 

at Macquarie University for Leticia Bezerra Giordan (MQ 44460732) under the supervision of Dr 

Liliana Laranjo (liliana.laranjo@mq.edu.au) from the Australian Institute of Health Innovation, Dr 

Josephine Clau (josephine.chau@mq.edu.au) and Rimante Ronto (rimante.ronto@mq.edu.au) 

from the Health Systems and Population Department in the Faculty of Medicine and Health 

Sciences at Macquarie University. We are inviting, for a face-to-face interview, participants who 

are 18 years of age or older, competent with English, and who are patients with confirmed 

diagnosis of heart failure or clinicians who follow patients with heart failure.  
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If you are a patient, during the interview you will be questioned about how you usually manage 

your heart failure, what are your biggest challenges, and what could help you to do this better. 

We also will ask you about your experience using mobile phone applications, if you think they 

could help you to improve the way you control this disease and how. We would like to know 

which kind of features you think would make an application beneficial for you and which ones 

would hinder its use. 

If you are a healthcare professional, during the interview you will be questioned about how 

your perspectives on patients' use of a mobile app to help their patients to self-manage their 

disease and to communicate with the care team, and how you think that a shared platform 

between patients and clinicians could improve patients’ care. 

The interview should take around 30 minutes to be conducted.  The interview is voluntary, and 

with your permission, we will make an audio recording of the interview session and transcribe 

these recordings for use in the study. You will not be able to review and edit your responses 

after the interview, but you are free to withdraw from the study if you desire, upon request to co-

investigator Leticia Bezerra Giordan via email (leticia.bezerra-giordan@hdr.mq.edu.au) before 

or during the interview or until one week after the interview date—in this case, we will delete all 

the information about the interview. There are no incentives associated with the participation in 

this interview. Risks are minimal and include the time burden associated with your participation. 

All information, including the personal details gathered in the course of the study, is kept 

confidential. We will keep the study data for a minimum of 5 years from the most recent 

publication date and store the data securely. The results of the study may be published in peer-

reviewed journals or presented at research conferences, but all information will be de-identified 

before it is published, so your identification will not be public. Data collected in this study may be 

used in a future research project that is an extension of, or closely related to the aims of this 

project. A summary of the results of the data can be made available to you on request, by 

emailing Leticia Bezerra Giordan.  

  

CONSENT FORM  

  

I _________________________________ have read and understand the information above 

and any questions I have asked has been answered to my satisfaction.  I agree to participate in 
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this research, knowing that my name, email address, and medical history will be collected for 

this study, but I can withdraw my participation until one week after the interview date upon 

request via email to co-investigator Leticia Bezerra Giordan (leticia.bezerra-

giordan@hdr.mq.edu.au) without any consequences. I have been given a copy of this form to 

keep.  

Participant’s Name:   

(Block letters)  

Participant’s Signature: ________________________ Date: 

Witness Name:   

(Block letters)  

Witness Signature: ________________________ Date:   

The Macquarie University Human Research Ethics Committee has approved the ethical aspects 

of this study.  If you have any complaints or reservations about any ethical aspect of your 

participation in this research, you may contact the Committee through the Director, Research 

Ethics & Integrity (Ph 02 9850 7854; email ethics@mq.edu.au). Any complaint you make will be 

treated in confidence and investigated, and you will be informed of the outcome. 
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Supplement 9. Interview guide for clinicians  
 

Questionnaire  

Age  

Gender 

Occupation 

Years of practice at the clinic 

Average of patients with heart failure you attend monthly  

Interview Guide – Clinicians 

 

Heart failure 

What does a normal visit with patients with heart failure look like?    

What kind of parameters do your patients normally collect as part of their self-management? 

(How? In paper? Other?) 

What do you think are the most challenging aspects of patients’ self-management? (What 

information/data do they often forget when returning to a consultation? Weight? Liquid tracking? 

Medication?) 

 

Mobile technology 

What parameters would you like to monitor regularly from your patients, ideally? 

In what situation would the monitored parameters make the care team intervene? 

Do you believe that an app specifically designed for self-management of heart failure can help 

patients to actively manage their condition? If no, why? If yes, what do you think would be its 

most relevant features? 

How do you think a shared platform between patients and clinicians should be to improve 

patients’ care? Most important features? 
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Do you use the CareMonitor app? If so, do you communicate with patients via the platform? 

What do you think are the advantages of the platform? What about disadvantages?  

Do you think it is possible to have a shared platform without increasing the clinicians’ workload 

in a detrimental way? 
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Supplement 10. Interview guide for patients 

Questionnaire  

Age  

Gender 

Race / Ethnicity 

Marital status  

Education (High school or less / incomplete graduation/ complete graduation or more) 

Employed / Retired / Unemployed / Other 

Disease information: 

Year of HF diagnosis 

Other health problems? Which ones? 

Number and type of daily medication 

Difficulty to read? (vision problems) 

Any recent hospitalization? Why? 

Self-management information: 

Do you usually control your: (you can choose more than one) 

- Weight
- Blood pressure
- Heart rate
- Liquid intake
- Symptoms
- None
- Other:

Heart Failure: 
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What do you feel that makes you think that your heart failure is worsening? (Feet or legs 

swelling up? More fatigued than usual? Shortness of breath to sleep?)   

What do you do when this happens?  

How do you deal with your condition on a daily basis? 

What are your main challenges? What do you think is more difficult to manage? (Medication? 

Diet control? Physical)  

How do you remind yourself about your medication or appointments?  

How do you control your liquid intake?  

How often do you weigh yourself? Do you take any action if you gain weight?  

How do you control your data? (In a diary? On your phone or computer?) 

What do you think it would help you to better manage your condition? 

 

Mobile technology: 

Do you own a mobile phone?  

       If yes, you use it for: 

- Internet (smartphone)?  
- Texting?  
- App? If yes, which kind? If not, why? (Uninterested? Difficult? Useless?) If no, why? 

(Uninterested? Difficult? Financial reasons?) 

If you have used a smartphone app: 

- Have you ever used a health application? If no, why? If yes, how was your experience? 
- Do you find it easy or difficult? 

 

Mobile app in heart failure: 

Do you believe that a mobile phone app could help you to better manage your condition? 

Do you think you would need training or explanation to use it? 
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Suppose you can choose all the features for a new mobile app to help you to manage your 

heart failure… 

- What kind of characteristics you think would motivate you to use it? (Easy to use? Cost?
Voice? Big letters? Usefulness?)

- What do you think would be the most important tools? (Record your data, such as
weight, blood pressure, heart rate? Medication reminders? Appointments reminders?
Information about the disease? Help you to know how much liquid or salt you have
ingested?)

Do you use the CareMonitor app?  

- If yes, what are the positive and negative aspects of it. What do you find that is useful?
Is there any additional feature that you would like it to have?

- If not, why?
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Supplement 11. COREQ checklist  
Consolidated criteria for reporting qualitative studies (COREQ): 32-item checklist 
Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research (COREQ): a 32-item checklist 

for interviews and focus groups. International Journal for Quality in Health Care. 2007. Volume 19, Number 6: pp. 349 

– 357     

 

No.  Item  
 

Guide questions/description Reported on section 

Domain 1: Research team and 
reflexivity  

  

 

Personal Characteristics    

1. Interviewer/facilitator Which author/s conducted the interview or focus 

group?  

3.1.3. Data collection 

2. Credentials What were the researcher’s credentials? E.g. PhD, 

MD  

Master’s student, 

cardiologist by training 

 

3. Occupation What was their occupation at the time of the study?  Student (Master of Public 

Health) 

4. Gender Was the researcher male or female?  Female 

5. Experience and training What experience or training did the researcher 

have?  

Previous training and 

some experience in 

research and qualitative 

interviewing 

Relationship with participants    

6. Relationship established Was a relationship established prior to study 

commencement?  

No 

7. Participant knowledge of the 

interviewer  

What did the participants know about the 

researcher? e.g. personal goals, reasons for doing 

the research  

Participants read the PICF 

before the interview 

started and the interviewer 

provided further 

information in person 

(3.1.2. Participant 

recruitment) 

8. Interviewer characteristics What characteristics were reported about the 

interviewer/facilitator? e.g. Bias, assumptions, 

reasons and interests in the research topic  

The interviewer is a 

cardiologist by training 

with interest in heart 

failure 

Domain 2: study design    

 

Theoretical framework    



82 

9. Methodological orientation

and Theory

What methodological orientation was stated to 

underpin the study? e.g. grounded theory, 

discourse analysis, ethnography, phenomenology, 

content analysis  

Thematic analysis method 

(3.1.4. Data analysis) 

Participant selection 

10. Sampling How were participants selected? e.g. purposive, 

convenience, consecutive, snowball  

3.1.2 – Participant 

recruitment 

11. Method of approach How were participants approached? e.g. face-to-

face, telephone, mail, email  

Telephone, email 

12. Sample size How many participants were in the study? 12 (3.2.1. Sample 

characteristics) 

13. Non-participation How many people refused to participate or dropped 

out? Reasons?  

Two patients refused to 

participate. No 

participants dropped out 

Setting 

14. Setting of data collection Where was the data collected? e.g. home, clinic, 

workplace  

3.1.1. Study setting and 

participants 

15. Presence of non-participants Was anyone else present besides the participants 

and researchers?  

No 

16. Description of sample What are the important characteristics of the 

sample? e.g. demographic data, date  

3.2.1. Sample 

characteristics 

Data collection 

17. Interview guide Were questions, prompts, guides provided by the 

authors? Was it pilot tested?  

Yes (3.1.3. Data 

collection) 

18. Repeat interviews Were repeat interviews carried out? If yes, how 

many?  

No 

19. Audio/visual recording Did the research use audio or visual recording to 

collect the data?  

Yes, interviews were 

audio-recorded (3.1.3. 

Data collection) 

20. Field notes Were field notes made during and/or after the 

interview or focus group? 

Yes 
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21. Duration What was the duration of the interviews or focus 

group?  

25 to 45 min (3.2.2. 

Qualitative results) 

22. Data saturation Was data saturation discussed? Yes (3.1.3. Data 

collection) 

23. Transcripts returned Were transcripts returned to participants for 

comment and/or correction?  

No 

Domain 3: analysis and 
findings  
Data analysis 

24. Number of data coders How many data coders coded the data? Two (3.1.4. Data analysis) 

25. Description of the coding

tree

Did authors provide a description of the coding 

tree?  

3.2.2. Qualitative results 

26. Derivation of themes Were themes identified in advance or derived from 

the data?  

Derived from the data  

27. Software What software, if applicable, was used to manage 

the data?  

NVivo 12 (3.1.4. Data 

analysis) 

28. Participant checking Did participants provide feedback on the findings? No 

Reporting 

29. Quotations presented Were participant quotations presented to illustrate 

the themes/findings? Was each quotation 

identified? e.g. participant number  

Yes, maintaining 

anonymity 

30. Data and findings consistent Was there consistency between the data presented 

and the findings?  

Yes 

31. Clarity of major themes Were major themes clearly presented in the 

findings?  

Yes 

32. Clarity of minor themes Is there a description of diverse cases or discussion 

of minor themes?       

Yes 
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Supplement 12. Ethics Approval Letter 
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