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ABSTRACT 

ANAS ABABNEH 

USABILITY AND EFFECTIVENESS OF A SELF-CARE MOBILE HEALTH APP IN 

INDIVIDUALS WITH HEART FAILURE 

 

DECEMBER  2021 

Introduction: People with heart failure (HF) often describe HF symptoms as minor 

deviations in health and delay seeking early medical care, which often leads to hospital 

readmissions. Mobile health (mHealth) apps with features to actively engage users (e.g., 

tracking vitals, real-time adjustments, and social interaction functionalities) could 

become a novel strategy for promoting self-care and improving health outcomes. This 

study examined the usability and the effectiveness of the Heart Failure Health Storylines 

(HFHS) app on quality of life (QoL) and physical activity (PA) in HF people.  Methods: 

HF individuals were recruited nationwide for a four-week study. Participants were 

randomly assigned to the intervention group along with daily remote professional 

monitoring and the control group. Telehealth was used for the initial session for informed 

consent, gathering baseline data, and training participants. Both groups were trained on 

utilizing the pedometer for tracking daily step counts. The training on the HFHS app 

included tracking heart rate, blood pressure, medication schedule, and body weight. The 

remote professional monitoring included daily monitoring participants’ health parameters 

on the app, sending alert messages on worsening signs, and weekly phone calls for 

feedback. Descriptive statistics were conducted on demographic data, tracking 
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frequencies, alert messages, Quality of Experience (QoE) survey, and QoL measures: 

MLHFQ and SF-36. Two-way mixed ANOVA was conducted on PA and QoL measures 

with ɑ =0.05.  Results: 23 participants were randomized, but 18 completed the study (58 

± 15 yrs). The app offered a satisfactory user experience with an average score above 

80% for App criteria of QoE: security, ease of use, availability, appearance, and learning. 

Thirty-three alert messages were sent and prompted four physician visits/calls. The 

weekly tracking adherence was above 91%. The Minnesota Living with HF 

Questionnaire (MLHFQ) average score of the App group had a larger favorable reduction 

trend (pre: 32 + 26, post: 25 + 22) than the No-App group (pre: 33 + 33, post: 31 + 28). 

Conclusion: Using the app with professional monitoring for self-care seemed feasible in 

HF people, with excellent adherence to tracking health parameters and a favorable trend 

toward improved QoL.   
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CHAPTER I 

INTRODUCTION 

Heart failure (HF) is a growing global health challenge. The estimated prevalence 

of HF is about 6 million cases in the USA and approximately 64.34 million cases globally 

and is expected to reach 8 and 109 million cases, respectively, by 2030 (Lippi & Sanchis-

Gomar, 2020; Virani et al., 2021). The 1-year HF mortality rate is about 29.6% in the 

USA and about 23.9% across Europe, North Africa, and the Middle East (Chen et al., 

2011; Crespo-Leiro et al., 2016). In addition, the health care cost is estimated at about 

$43.6 billion nationwide and 346.17 billion globally (Heidenreich et al., 2013; Lippi & 

Sanchis-Gomar, 2020). Besides all these substantial health burdens, the all-cause 

readmission rate in this population is considered high (Gupta & Fonarow, 2018), where it 

ranged between 20.2% to 24.4% within 30 days from the initial discharge in the USA 

(Centers for Medicare & Medicaid Services, 2021; Patil et al., 2019), and about 31.9% 

among representative centers from 12 European countries (Maggioni et al., 2013). Half of 

the HF readmissions were for cardiovascular causes, with one-third of readmissions due 

primarily to HF-related exacerbating factors (Dharmarajan et al., 2013; Manemann et al., 

2016; Patil et al., 2019). The exacerbating factors were pneumonia, myocardial ischemia, 

arrhythmia, uncontrolled hypertension, worsening renal function, and non-adherence to 

medications and diet (Fonarow et al., 2008; Gheorghiade et al., 2013). These factors 

usually develop gradually, and their related symptoms begin days to weeks before 
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hospital readmission (Gheorghiade et al., 2013). Many of these factors could be avoided 

through adhering to self-care behaviors, such as taking medications as prescribed, 

awareness of unusual weight changes (e.g., fluid overload), and maintaining a healthy 

lifestyle (Reeder et al., 2015).   

Different guidelines on HF management emphasize the importance of effective 

self-care to improve HF patient outcomes, including enhanced quality of life (QoL) and 

reduced mortality and readmission rates (Jaarsma et al., 2021; Riegel et al., 2009). Self-

care, in general, entails three main concepts: adhering to self-care behaviors 

(maintenance), detecting and interpreting signs and symptoms (monitoring), and 

responding to occurrence or change in symptoms (management; Riegel et al., 2016). 

However, implementing self-care could be a challenge for people with HF. Some patients 

with HF perceive signs and symptoms to be unrelated to the heart (Jurgens, 2006). Others 

may not recognize the gradual somatic changes that lead to HF acute exacerbations 

(Albert et al., 2010). For instance, about 60.5% of patients with HF could not easily 

recognize HF-related sudden weight gains (Carlson et al., 2001) because it takes a period 

of days to weeks between the onset of HF worsening symptoms and hospital admission 

(Schiff et al., 2003). Adding to these challenges, non-adherence with self-care behaviors 

in patients with HF has been reported in some other studies. About 50% to 62% of HF 

patients could not properly adhere to medication therapy (Schiff et al., 2003; Silavanich 

et al., 2019), and 14%-48% could not adhere to lifestyle changes and other self-care 

recommendations (Riegel et al., 2019). Hence, it is important to find innovative and 
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effective strategies to promote implementing the three main concepts of self-care in 

people with HF. 

With the increased popularity of mobile phones in our lives, technology might 

provide a convenient means for facilitating and promoting self-care for people with 

chronic conditions like HF (Burke et al., 2015). This type of health-related service and 

intervention delivered through mobile phone is called Mobile Health (mHealth). The 

World Health Organization defines mHealth as: “a medical and public health practice 

supported by mobile devices, such as mobile phones, patient monitoring devices, 

personal digital assistants, and other wireless devices” (World Health Organization, 2011, 

p. 6). One of the most common forms of mHealth systems is a health-related mobile 

application (mHealth app). Approximately 72% of American adults own a smartphone, 

and 62% of them use mHealth apps when seeking information about a health condition 

(Kao & Liebovitz, 2017). According to the report from the IQVIA Institute for Human 

Data Sciences, there are about 318,000 mHealth apps out of 6 million available apps in 

different app stores (Aitken et al., 2017). In general, these mHealth apps provide clinical-

related functions such as reminding physical check-up appointments, tracking vital signs, 

and sharing health information with healthcare providers. In addition, they are usually 

designed to perform sophisticated functionalities such as real-time adjustments for health 

changes, visual feedback, and prompt social interactions. Therefore, most mHealth apps 

are designed to drive people to engage in self-care to manage their disease and health 

outcome. On this basis, mHeath apps could be a potentially effective strategy that 

promotes self-care in people with HF. 
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Recent systematic reviews examined the functionalities of over 60 mHealth apps 

that were designed to promote HF self-care (Athilingam & Jenkins, 2018; Masterson 

Creber et al., 2016; Mortara et al., 2020; Wali et al., 2019). The reviews utilized different 

assessment tools to evaluate the functions of these mHealth apps, including the Mobile 

Application Rating Scale (MARS; Athilingam & Jenkins, 2018; Masterson Creber et al., 

2016), the 11-item IMS Institute for Healthcare Informatics functionality scoring system 

(Masterson Creber et al., 2016; Mortara et al., 2020), and a newly developed 25-list of 

major functions for promoting HF self-care (Wali et al., 2019). These functionalities 

typically include, but are not limited to, the apps’ integration with other health devices, 

recording user-entered data, communicating with health care providers, providing 

reminders to the user, displaying and tracking different health parameters such as 

medications, vital signs, and weight. In addition, some of these reviews examined the 

consistency of these mHealth apps with the eight specific self-care behaviors from Heart 

Failure Society of America (HFSA) guidelines for non-pharmacologic management 

(Masterson Creber et al., 2016). The eight specific self-care behaviors are daily weighing, 

checking extremities for swelling, doing PA or exercise, eating a low-salt diet, taking 

daily medications, attending doctor’s appointments, daily monitoring of HF symptoms, 

and actively responding to symptoms when they change (HFSA, 2010).  Among these 

systematic reviews, it was found that the HFHS app had the highest functionality rating 

score across different assessment tools, and it was the only app that addressed all eight 

HF-specific self-care behaviors.  
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In the literature, the researcher identified several clinical trials that investigated 

the usability and effectiveness of mHealth apps and different mHealth systems on people 

with HF. The mHealth systems usually were based on mobile web browsers (Dang et al., 

2017; Scherr, et al., 2006; Scherr, et al., 2009; Zan et al., 2015), text messaging (Nundy 

et al., 2013), smart watch (Evans et al., 2016), or developed pre-installed programs on 

mobile devices (Bartlett et al., 2014; Hägglund et al., 2015; Koehler et al., 2011; Seto et 

al., 2012; Suh et al., 2011; Triantafyllidis et al., 2015). In comparison, the mHealth apps 

were based on the health-related mobile applications that are downloadable from the 

conventional mobile platforms. However, only a limited number of studies examined the 

usability and effectiveness of mHealth apps on people with HF. The researcher found 

eight of these studies in the literature; three of them were randomized control trials 

(RCTs; Athilingam, et al., 2017; Kitsiou et al., 2021; Vuorinen et al., 2014), four pre-post 

design studies (Alnosayan et al., 2017; Bakogiannis et al., 2021; Chew, 2020; Heiney et 

al., 2020), and one survey study (Portz et al., 2018). The sample size for these eight 

studies ranged from 8 to 94 patients with HF and five of them had a sample size less than 

30. In addition, the study duration or follow-up on utilizing the apps ranged from 4 weeks 

to 6 months. All these apps were designed to be compatible with the common app 

platforms of smartphones. Still, none of these apps are commercially available, except the 

HFApp app (available on iPad Apple store only) and the HFHS app. All studies requested 

their patients utilizing mHealth apps to monitor weight and HF symptoms, four studies 

requested to track medications and daily vital signs (blood pressure and heart rate) 

(Athilingam, et al., 2017; Bakogiannis et al., 2021; Kitsiou et al., 2021; Vuorinen et al., 
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2014), and only three studies encouraged their patients to track their daily PA 

(Athilingam, et al., 2017; Chew, 2020; Kitsiou et al., 2021). Additionally, some studies 

provided professional monitoring through HF nurses to follow patients’ measurements 

remotely and then call or text to guide them for appropriate response when a risk was 

indicated (Alnosayan et al., 2017; Chew, 2020; Vuorinen et al., 2014). Other studies 

developed tailored text messages as clinical decision support that were sent automatically 

to the patients if their measurements exceeded pre-determined thresholds (Athilingam, et 

al., 2017; Heiney et al., 2020; Kitsiou et al., 2021). 

The usability of mHealth apps were indicated by various outcome measures, 

including adherence to self-care behaviors and patients’ experience on utilizing apps via 

interview or self-report survey such as the System Usability Survey and the Post-Study 

System Usability Questionnaire. The results on adherence to HF self-care behaviors with 

different mHealth apps have been positive. The studies that utilized the usability scales 

reported that their apps were useful for daily self-care (Alnosayan et al., 2017; 

Bakogiannis et al., 2021). For effectiveness of mHealth apps on people with HF, a few 

outcome measures were utilized, including QoL outcome measures and self-care outcome 

scales.  Different QoL measures were used in these studies, including the MLHFQ 

(Alnosayan et al., 2017), the Kansas City Cardiomyopathy Questionnaire (KCCQ; 

Athilingam, et al., 2017; Bakogiannis et al., 2021; Kitsiou et al., 2021), and the 14-item 

Center for Disease Control and Prevention Health Related QoL Scale (Heiney et al., 

2020). The results have been mixed, with some mHealth app studies reporting a positive 

impact on QoL for people with HF (Alnosayan et al., 2017; Bakogiannis et al., 2021). 
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But, other studies demonstrated declined QoL or no changes due to a small-scale study, a 

short intervention duration, or poorer HF-functioning at baseline in the intervention group 

compared to controls (Athilingam, et al., 2017; Heiney et al., 2020).  

Statement of the Problem  

The importance of self-care can be seen in alleviating the substantial health care 

cost burdens facing societies and people with HF alike. Over the past two decades, with 

technological advancement, there has been increasing interest in mHealth apps to 

promote self-care for people with chronic conditions, including HF. This increasing 

interest is not limited to the scientific communities, but it extends to patient communities. 

They have shown keen interest in mHealth apps as a more convenient, accessible, and 

attractive way to monitor and manage daily activities, medications, vital signs, and HF 

symptoms, as well as share health measurements with their supporting circles (family, 

nurse, physician). The usability and effectiveness of some mHealth apps on people with 

HF have been investigated in a few studies, with results suggesting that most of these 

mHealth apps are feasible and demonstrate positive outcomes for improving adherence to 

HF self-care behaviors.  However, the effectiveness of mHealth apps has only been 

examined via limited clinical outcome measures, (limited QoL measures, for example), 

and the results are equivocal. In addition, the previous studies on mHealth apps are 

limited by the use of non-commercially available apps, small sample sizes, single-group 

pilot study design, and descriptive study design. Therefore, there is a need for systematic 

RCTs to investigate the usability and effectiveness of high-rated commercially available 

mHealth apps on different health outcomes in people with HF. 
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Purpose of the Study 

The study’s purposes were to examine the usability and the effectiveness of an 

mHealth app, the HFHS app, in individuals with HF. The first purpose was to examine 

the usability of the HFHS app by the frequency of participants’ data entry of health 

parameters on the HFHS app over 4 weeks, participants’ perception of their quality of 

experience, the number of alert messages sent, and the number of physician visits 

prompted by the alert messages. The second purpose was to examine the effectiveness of 

the HFHS app on PA and QoL over 4 weeks in individuals with HF as compared to the 

control group who did not use the app.  

Research Questions for the First Purpose of the Study 

The following research questions were addressed for the usability of the HFHS 

app (the first purpose of this study): 

1. Would participants in the intervention group (App group) utilize the HFHS app at 

least four days per week (e.g., at least 57% a week) over the course of 4 weeks? 

2. Would participants in the App group report a positive experience after utilizing 

the HFHS app over 4 weeks? 

3. Would the professional monitoring program capture undesired physiological 

changes in health parameters when using the HFHS application?  

Hypotheses for the Second Purpose of the Study 

The hypotheses for the effectiveness of the HFHS app were: 

1. There would be a significant increase in physical therapy (PA) in the intervention 

group over 4 weeks.  
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2. There would be a significant difference in PA between the intervention and the 

control groups after 4 weeks of HFHS app intervention.  

3. There would be a significant improvement in QoL measures (36-item Short Form 

Survey (SF-36) and MLHFQ after 4 weeks for the intervention group. 

4. There would be a significant difference in QoL measures between the intervention 

and the control groups after four weeks of HFHS app intervention. 

Operational Definitions 

The following terms were defined for this study: 

1. The term self-care was defined as “a naturalistic decision-making process that 

influences the actions of an individual in maintaining physiologic stability, 

facilitating the perception of signs and symptoms, and directing the management 

of those signs and symptoms” (Riegel et al., 2016, p. 226). 

2. The app in this study stands for a mobile application, which is a software program 

designed to run on a mobile device such as a smartphone, tablet, or smartwatch.  

3. The mHealth was defined by World Health Organization as “a medical and public 

health practice supported by mobile devices, such as mobile phones, patient 

monitoring devices, personal digital assistants, and other wireless devices” 

(World Health Organization, 2011, p. 6). 

4. In this study, the alert messages refer to pre-prepared text messages that were 

composed to reflect the guidelines of the American Heart Association (HFSA, 

2010). These messages were designed to notify a participant who had undesirable 
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health parameters as a part of the professional monitoring for data entry on the 

HFHS app.  

Assumptions  

The following assumptions were made for this study: 

1. Each participant was appropriately diagnosed with HF by a physician 

2. All participants truthfully filled out the QoL and Quality of Experience (QoE) 

surveys. 

3. Participants in the App intervention group truthfully entered daily vital signs 

(blood pressure and heart rate), body weight, medication intake, and daily steps 

on the HFHS app. 

4. Participants in the control group truthfully filled out the PA log: step counts per 

day (see Appendix A).  

5. Each participant had access to internet and a smartphone for sufficient time daily 

over 4 weeks to enter their logs (vital signs and steps counts), review their daily 

logs on the HFHS app, and deal with the app reminders. 

6. All the devices that the participant received from the researcher is assumed to 

work appropriately and efficiently during the study period if the participant did 

not contact the researcher about any problems of use. 

7. All participants did not use the HFHS app before their enrollment in this study.   

8. All participants in the App intervention group could use the HFHS appropriately 

and efficiently after receiving the initial training on the app and can use the HFHS 
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app guidance booklet for trouble shooting if the participant did not contact us 

about any difficulty in use.  

Significance of the Study 

Limited efficacy testing of highly rated commercially available mHealth apps 

with a RCT is one of the most significant barriers for readily adopting mHealth apps in 

HF population. Therefore, this study contributes to helping professional healthcare 

providers and patients with HF adopt an appropriate self-care intervention that suit their 

needs. Additionally, this feasibility study could uncover many of the challenges that 

researchers could face when designing larger confirmatory study, such as determining 

recruitment capability, selecting appropriate outcome measures, knowing proper data 

collection procedure, knowing the acceptability degree of the mHealth app interventions 

in HF populations, and obtaining pilot data for estimating effect sizes.  
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CHAPTER II 

LITERATURE REVIEW 

The purpose of this chapter is to review the following topics:  

(1) The needs for promoting self-care in patients with HF. 

i. Medical challenges related to HF prevalence, mortality, and health 

care cost 

ii. Rate of HF readmission 

iii. Ability to avoid contributing factors to readmission 

(2) Self-care: definition, importance, and challenges  

(3) Self-care with Mobile Health (mHealth) technologies in HF 

i. Mobile Health: definition and characteristics 

ii. Systematic reviews on mHealth Apps’ functionalities  

iii. Clinical Trials with mHealth systems for self-care in HF: usability 

and effectiveness 

iv. Clinical Trials with mHealth Apps for self-care in HF: usability 

and effectiveness 
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The Needs for Promoting Self-Care in Patients with HF 

Medical Challenges Related to HF Prevalence, Mortality, and Health Care Cost 

HF is a progressive chronic cardiovascular disease associated with substantial 

morbidity, mortality, and economic burdens (Lippi & Sanchis-Gomar, 2020; Virani et al., 

2021). The estimated accumulative prevalence is approximately 64.34 million HF cases 

in the whole world and 6 million HF cases in the USA. The 1-year HF mortality rate is 

approximately 29.6% nationwide (Chen et al., 2011), and it is about 23.9% across 

Europe, North Africa, and the Middle East (Crespo-Leiro et al., 2016). Adding to that, the 

current total healthcare cost for HF has been estimated at 346.17 billion globally (Lippi & 

Sanchis-Gomar, 2020) and $43.6 billion nationwide (Heidenreich et al., 2013). As a 

result of these medical and financial challenges, many studies have focused on 

interventions that target the causes of HF, the prevention of its onset and worsening, and 

creative solutions to reduce utilizing health care resources related to hospital 

readmissions (Heidenreich et al., 2013; Lippi & Sanchis-Gomar, 2020). 

Rate of HF Readmission 

HF is a leading cause of hospital readmission among older patients (Gupta & 

Fonarow, 2018). A pilot survey for the European Society of Cardiology–Heart Failure 

reported the HF readmission rate at 31.9% among representative centers from 12 

European countries (Maggioni et al., 2013). In the United States, the all-cause 30-day 

hospital readmission rate of HF was 24.4% for Medicare beneficiaries of patients with 

HF in 2018 (Centers for Medicare & Medicaid Services, 2021). About 20.2% 

readmission rate within the first 30 days was reported in another study that evaluated 
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more than half-million HF admissions in the United States during 2013 and 2014, based 

on national estimates from the Healthcare Cost and Utilization Project National 

Readmission Database (Patil et al., 2019). Half of these readmissions were for 

cardiovascular causes, with one-third of readmissions due primarily to HF. Similarly, 

about 35.2% of HF 30-day readmissions among Medicare beneficiaries were due to HF 

cause (Dharmarajan et al., 2013). 

Contributing Factors to HF Readmission 

The main reason for HF readmissions is congestion in the chest, which is related 

to high left ventricular filling pressure (Gheorghiade et al., 2006; Gheorghiade et al., 

2013). The congestion usually develops gradually before hospital admission when 

patients may have elevated ventricle filling pressure and symptoms days or weeks before 

clinical congestion. The OPTIMIZE-HF study enrolled 48,612 patients hospitalized for 

HF at 259 hospitals from all regions of the United States and reported that 61.3% of these 

patients had one or more exacerbating factors contributing to HF hospitalization 

(Fonarow et al., 2008). These exacerbating factors were pneumonia, myocardial 

ischemia, arrhythmia, uncontrolled hypertension, worsening renal function, and non-

adherence to medications and diet (Fonarow et al., 2008). Most of these factors could be 

avoided through optimizing HF self-care.  

Self-Care 

Definition of Self-Care 

Self-care was defined as “a naturalistic decision-making process that influences 

the actions of an individual in maintaining physiologic stability, facilitating the 
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perception of signs and symptoms, and directing the management of those signs and 

symptoms” (Riegel et al., 2016). Thus, self-care can be characterized by three main 

concepts (Riegel et al., 2016). The first is self-care maintenance, which refers to 

adherence to treatment and health behaviors, such as taking medication, having a low-

sodium diet, and exercising regularly. The second is self-care monitoring (symptom 

perception), which involves monitoring, detecting, and interpreting signs and symptoms, 

such as body weight, shortness of breath, chest pain, pulse, and blood pressure. The third 

is self-care management, which means responding to signs and symptoms when these 

symptoms occur or change (Riegel et al., 2016).  

Importance of Self-Care 

Different guidelines on HF management emphasize the importance of effective 

self-care as part of successful treatment (Jaarsma et al., 2021; Riegel et al., 2009). The 

scientific statement from the American Heart Association in 2009 highlighted the 

concepts and evidence important to the understanding and promotion of self-care in 

people with HF (Riegel et al., 2009). Although it concluded that the effects of self-care 

were equivocal on HF outcomes, it showed some benefits of self-care on hospital 

readmission, cost of care, and QoL. A position paper in 2021 summarized the 

recommended practices for facilitating self-care behavior in patients with HF by the 

Heart Failure Association of the European Society of Cardiology (Jaarsma et al., 2021). 

In particular, it concluded that self-care was essential to improve HF patient outcomes, 

including enhanced QoL and reduced mortality and readmission rates.  
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Challenges of Self-Care in HF 

Delays in seeking care and non-adherence to health behaviors often contribute to 

increased HF readmissions (Krumholz et al., 2002). A descriptive study that examined 

time course, contributing factors, and patient responses to decompensated HF found days 

to weeks between the onset of HF worsening symptoms (dyspnea, edema, and weight 

gain) and hospital admission (Schiff et al., 2003). Decreased awareness of somatic 

changes, perceiving that signs and symptoms are not related to HF, and the gradual onset 

of symptoms in HF patients have been suggested as the explanations for the delay in 

seeking care (Albert et al., 2010; Jurgens, 2006; Schiff et al., 2003). Adding to that, non-

adherence with self-care behaviors in patients with HF has been reported in some other 

studies. A descriptive study reported that more than half of patients (57%) missed or 

skipped their medications (Schiff et al., 2003). A cross-sectional study on patients with 

chronic HF reported that 61.7% of patients showed a poor to medium adherence to their 

medications based on the self-reported questionnaire Morisky Medication Adherence 

Scale (Silavanich et al., 2019). In the same context, a pilot study examined the adherence 

patterns of self-care behaviors over 12 weeks in patients following hospitalization for an 

acute exacerbation of HF, and found that adherence to diet and medication declined 

rapidly after hospital discharge (Riegel et al., 2019). In addition, another descriptive 

study reported about 60% of patients with HF could not easily recognize HF-related 

sudden weight gains (Carlson et al., 2001). Therefore, promoting the ability of people 

with HF to monitor their signs and symptoms effectively and respond to undesired 

changes appropriately may improve HF outcomes and reduce hospital readmission. 
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Self-Care with mHealth Technologies in HF 

mHealth Definition and Characteristics  

The use of technology can make health-related services and interventions more 

accessible, convenient, and efficient for both health care providers and patients. Utilizing 

mHealth gives a good example of technology's role in facilitating and promoting self-care 

for chronic conditions like HF (Burke et al., 2015). At this point, before proceeding to 

explain why mHealth may positively affect self-care, it should be referred to the 

comprehensive and clear definition of mHealth from the World Health Organization. 

mHealth is “a medical and public health practice supported by mobile devices, such as 

mobile phones, patient monitoring devices, personal digital assistants, and other wireless 

devices” (World Health Organization, 2011, p. 6). The scientific statement from the 

American Heart Association on consumer use of mHealth for cardiovascular disease 

prevention explained why mHealth improves self-care engagement and health care 

delivery (Burke et al., 2015). First, mHealth can convey information in real-time and 

provides professional support to patients when needed. Second, mHealth can deliver 

ongoing interventions that target behavior change. Third, the amount of collected data 

with mHealth technologies exceeds what can be collected in clinical visits and reflects 

the physiological and behavioral measures in a patient's natural setting. 

Recently, mHealth apps have become the most commonly used form of mHealth 

technologies as about two-third of American adults own a smartphone, and more than 

half of them use these apps when seeking health-related information. (Kao & Liebovitz, 

2017). The IQVIA Institute for Human Data Sciences reported that the apps platforms 



18 

have about third million mHealth apps out of 6 million available (Aitken et al., 2017). 

Most of these mobile health apps were designed to encourage users to manage their 

health conditions through clinical-related functions such as reminding medical 

appointments, tracking vital signs, and sharing collected information with healthcare 

providers. Besides that, these mHealth apps have the ability to perform advanced 

functionalities such as real-time adjustments, graphical feedback, and prompt social 

interactions. In the following paragraphs, the review focuses on three groups of mHealth 

studies: 1) the systematic reviews that studied functionalities of commercially available 

mHealth apps in people with HF; 2) the clinical trials that evaluated feasibility and 

efficacy of mHealth systems, which used smartphones as a part of their implemented 

system, in people with HF; and 3) the clinical trials that assessed feasibility and efficacy 

of standalone mHealth apps in individuals with HF. 

Systematic Reviews on mHealth Apps' Functionalities 

The functionalities of over 60 HF mHealth apps were examined in different 

systematic reviews recently (Athilingam, & Jenkins, 2018; Masterson Creber et al., 2016; 

Mortara et al., 2020; Wali et al., 2019). Different assessment tools to evaluate the 

function of HF mHealth apps were used in these reviews: the Mobile Application Rating 

Scale (MARS; Athilingam, & Jenkins, 2018; Masterson Creber et al., 2016), the 11-item 

IMS Institute for Healthcare Informatics functionality scoring system (Masterson Creber 

et al., 2016; Mortara et al., 2020), and a newly developed 25-list of major functions for 

promoting HF self-care (Wali et al., 2019). Specifically, the MARS rating tool has five 

indicators, which are engagement, functionality, aesthetics, information quality, and 
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subjective quality. For functionality, the MARS focuses on performance, ease of use, 

navigation, and gestural design of an app. The IMS Institute for Healthcare Informatics 

functionality scoring system focuses on the scope of functions, including informing, 

instructing, recording, displaying, guiding, reminding, and communicating information. 

Both MARS and IMS tools are consistent with HFSA guidelines for non-pharmacologic 

management (HFSA, 2010). These guidelines include eight specific self-care behaviors, 

including daily weighing, checking extremities for swelling, doing PA or exercise, eating 

a low-salt diet, taking daily medications, attending doctor’s appointments, daily 

monitoring of HF symptoms, and actively responding to symptoms when they change. 

These eight aspects of self-care can all easily be accomplished with an mHealth app. 

In a 2016 systematic review, 34 commercially available mHealth apps designed to 

support HF symptoms monitoring and self-care management were evaluated (Masterson 

Creber et al., 2016). Based on the three assessment tools of the MARS, the IMS Institute 

for Healthcare Informatics functionality, and the HFSA guideline scores, this 2016 

review concluded that the highest performing mHealth apps included the following: 

HFHS, Symple, Continuous Care Health, WebMD, and AskMD (Masterson Creber et al., 

2016). In a 2018 review, 26 commercially available mHealth apps specific for HF were 

identified and their functionalities were examined using the MARS assessment tool 

(Athilingam, & Jenkins, 2018), and it was found that the apps with a score of 4 out of 5 

or higher were AskMD, HFHS, WebMD, Continuous Care Health App, and HearKeeper, 

in descending order. A 2019 review identified HF apps and evaluated whether they met 

the criteria for promoting HF self-care (Wali et al., 2019). This 2019 review also 
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innovatively developed a list of 25 major functions for promoting HF self-care in older 

adults based on previous scientific works and the expertise of their clinician authors. 

Among the 25 major functions, five functions are considered standard disease 

management features of an mHealth app in HF: (1) diagnosis, (2) weight, (3) behavior 

tracking, (4) self-care, and (5) notifications. The results of this 2019 review showed that 

21 apps were both HF and self-care specific, but none of them had all of these five 

standard features. However, the mHealth app that had the highest score of 18 out of 25 

was the HFHS app. Finally, a recent systematic review on mHealth apps in HF, which 

was published in 2020 summarized some helpful information for physicians and 

researchers when assessing the potential benefits of mHealth apps for HF patients 

(Mortara et al., 2020). This 2020 review assessed 10 mHealth apps using the 11-item 

IMS Institute for Healthcare Informatics app functionality scoring system and concluded 

that the two highest-scoring apps were HFHS and HF Path, with a score of 10 out of 11. 

In summary, the HFHS app was found to be the mHealth app specifically designed for 

HF self-care that had the highest functionalities rating score across different systematic 

reviews with various rating assessment tools. 

Clinical Trials with mHealth Systems for Self-Care in HF 

The usability and effectiveness of mHealth systems on people with HF were 

examined in different clinical trials, including web browsers (Dang et al., 2017; Scherr, 

D. et al., 2006; Scherr, Daniel et al., 2009; Zan et al., 2015), text messaging (Nundy et al., 

2013), smart watch (Evans et al., 2016), or developed programs that are pre-installed on 

mobile devices (Bartlett et al., 2014; Hägglund et al., 2015; KOEHLER et al., 2011; Seto 
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et al., 2012; Suh et al., 2011; Triantafyllidis et al., 2015). For the web-based mHealth 

systems, the participants were instructed to use the web browsers on their smartphones or 

tablets to enter their health parameters and receive information and tips related to HF 

self-care behaviors. For the mHealth systems-based text messaging, they were 

programmed to provide automated text messages that included self-care reminders and 

patient education on diet, symptom recognition, and access to health care services. For 

the pre-installed developed mobile device programs, they were designed to automatically 

collect health information via Bluetooth or wirelessly from sensor devices (weight scale, 

blood pressure, and ECG), then send the information to secure servers with very limited 

active interaction between the patient and the system. Most of these programs are 

equipped with different functionalities, such as monitoring health parameters, fall 

detection, and reminder function. For all these mHealth systems, professional monitoring 

was provided to review transmitted data and then communicate with participants based 

on their responses. 

 Different outcome measures and time frames were used to evaluate the usability 

of these mHealth systems in people with HF. Adherence to utilizing the system was the 

most frequent outcome measure, which was indicated by the percentage of data transfer 

or days for using the system (Evans et al., 2016; Scherr, et al., 2006; Seto et al., 2012; 

Triantafyllidis et al., 2015). Some studies included patients’ experiences as an outcome 

measure for mHealth system usability (Nundy et al., 2013; Triantafyllidis et al., 2015; 

Zan et al., 2015). Another outcome measure for usability was the number of alert 

messages that clinicians received for daily vital signs that fell out of acceptable range or 
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that patients received from the clinician as responses for undesired change in self-care 

behaviors (Seto et al., 2012). Adding to that, another two studies used the System 

Usability Scale (Bartlett et al., 2014; Evans et al., 2016). The duration of mHealth 

intervention in all these studies ranged from 4 weeks to 6 months. In summary, the 

usability of mHealth systems showed good to high adherence in patients with HF. 

 Regarding the effectiveness of mHealth systems on individuals with HF, hospital 

readmission rate and duration, mortality, QoL, and changes in self-care scales were the 

primary outcomes in HF literature. Results on HF hospital readmission and mortality 

have been equivocal. Some studies showed a positive effect in reducing the relative risk 

of mortality and rehospitalization (Hägglund et al., 2015; Scherr, et al., 2009), while 

others found no effect (Koehler et al., 2011; Seto et al., 2012).  Regarding  QoL, there 

were various outcome measures used, including a generic one (e.g., SF-36; Dang et al., 

2017; Hägglund et al., 2015; Koehler et al., 2011), and disease-specific one such as the 

MLHFQ; Dang et al., 2017; Seto et al., 2012; Zan et al., 2015), and the KCCQ (Hägglund 

et al., 2015). Some of these studies reported significantly improved QoL score (Koehler 

et al., 2011; Seto et al., 2012), others showed improvement only on disease specific QoL 

(Hägglund et al., 2015), and few studies showed no improvement (Dang et al., 2017; Zan 

et al., 2015). The effect of mHealth systems on self-care was also measured with various 

tools, including the Self-Care of Heart Failure Index (Nundy et al., 2013; Seto et al., 

2012), the European Heart Failure Self-Care Behavior Scale (Dang et al., 2017), and the 

Dutch Heart Failure Knowledge Scale (Dang et al., 2017). The results of these self-care 
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outcome scales consistently confirmed the positive effect of mHealth systems on self-

care among people with HF. 

Clinical Trials with mHealth Apps for Self-Care in HF 

To the researcher’s knowledge, there is a lack of quality studies that examined the 

usability and effectiveness of mHealth apps on individuals with HF. The researcher 

identified only eight of such studies in the literature; three of them were RCT 

(Athilingam, Ponrathi et al., 2017; Kitsiou et al., 2021; Vuorinen et al., 2014), four pre-

post design studies (Alnosayan et al., 2017; Bakogiannis et al., 2021; Chew, 2020; 

Heiney et al., 2020), and one survey study (Portz et al., 2018). These studies’ sample 

sizes ranged between eight to ninety-four patients with HF. Five studies had a sample 

size of less than 30. The interventional duration of utilizing the apps for these studies 

ranged from 4 weeks to 6 months. 

The studies investigating mHealth apps were limited by apps available for public 

usage and utility in self-care behaviors. Some studies have investigated certain mHealth 

apps that can be downloaded from smartphones' common apps' platforms. However, two 

studies only examined mHealth apps that are commercially available, which are the 

HFApp app (available on iPad Apple store only; Portz et al., 2018), and the HFHS app 

(Chew, 2020; Kitsiou et al., 2021). In these studies, participants were requested to use the 

apps to record their daily weight and symptoms of HF, but few studies directed 

participants to record their medications and daily vital signs such as pulse and blood 

pressure (Athilingam, et al., 2017; Bakogiannis et al., 2021; Kitsiou et al., 2021; 

Vuorinen et al., 2014). Interestingly, only three studies encouraged their participants to 
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track daily physical activities (Athilingam, et al., 2017; Chew, 2020; Kitsiou et al., 2021). 

Additionally, some of these studies examined the efficacy of their mHealth apps along 

with other support components. One study provided the mHealth app to monitor vitals, 

enter symptoms, and read notifications and messages, where a separate sensor device 

collected body weight, blood pressure, and blood glucose data and then sent directly to a 

secure server (Alnosayan et al., 2017). Another study determined if the use of a mHealth 

app with telephone support calls was an effective intervention to promote improved self-

care of HF (Chew, 2020). A third study targeted health beliefs, HF knowledge, PA, and 

self-care awareness through the mHealth app accompanying tailored text messages 

(Kitsiou et al., 2021).  

Professional monitoring was provided in most of the previous studies, either 

active or passive monitoring form. Active monitoring requires action by professional 

caregivers or patients, and passive monitoring is performed automatically by a medical 

device or a mHealth app. In some of these clinical trials, the HF nurses provided active 

professional monitoring by following patients’ measurements remotely and calling or 

texting them when undesired changes were indicated (Alnosayan et al., 2017; Chew, 

2020; Vuorinen et al., 2014). Other studies used the passive form of professional 

monitoring through sending tailored text messages as clinical decision guidance 

automatically to their HF patients if their health measurements exceeded pre-determined 

normal limits (Athilingam, Ponrathi et al., 2017; Heiney et al., 2020; Kitsiou et al., 2021).  

Examining usability was one of the main objectives for all mHealth app studies. 

Usability can be assessed by various outcome measures, including adherence to self-care 
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behaviors, patients’ experiences on apps via interview or self-report survey such as the 

System Usability Survey and the Post-Study System Usability Questionnaire 

(Athilingam, Ponrathi et al., 2017; Bakogiannis et al., 2021; Portz et al., 2018; Vuorinen 

et al., 2014). The results on adherence to HF self-care behaviors with an mHealth app 

have been positive. For instance, one study found that more than 85% of participants 

adhered to tracking their self-care behaviors (such as body weight, blood pressure, and 

pulse; Vuorinen et al., 2014), and another study found medication adherence has 

improved as assessed by the 8-item self-administered Morisky Medication Adherence 

Questionnaire (Athilingam, et al., 2017). Regarding the self-report survey approach, a 

study utilized a “pen and paper” survey to evaluate the app acceptability and concluded 

that the app acceptability, in general, was positive, and the app was easy to use, 

understand, and navigate (Portz et al., 2018). Another study reported that patients found 

the app useful for their everyday self-care as indicated by the Post-Study System 

Usability Questionnaire (Bakogiannis et al., 2021), and a different study reported that the 

usability of app was above average as indicated by the System Usability Survey (e.g., 

75%; Alnosayan et al., 2017).  

Results on QoL and self-care behavior outcomes of mHealth apps have been 

inconsistent across studies. For example, one study reported no change with the 14-item 

Health-Related Quality of Life Scale 14 (HRQOL14) after 4 weeks of app intervention 

(Heiney et al., 2020). Similarly, another study showed a decline in KCCQ score after 4-

week app usage (Athilingam, et al., 2017). On the contrary, two other studies found 

improvement in QoL as measured by MLHFQ and KCCQ, but it was not statistically 
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significant (Alnosayan et al., 2017; Bakogiannis et al., 2021). Regarding self-care 

outcomes, two studies used the European Heart Failure Self-Care Behavior Scale: One 

reported non-significant improvement in both study groups on self-care, but the 

improvement in the intervention group was larger than the control group (Vuorinen et al., 

2014); whereas the other study showed significant improvement after 3 months of app 

intervention (Bakogiannis et al., 2021). The Self-Care of Heart Failure Index was 

reported in three studies: one study showed a clinical improvement in self-care 

maintenance, management, and confidence (Heiney et al., 2020), and the other two 

studies reported significant improvement in self-care management and confidence only 

(Athilingam, et al., 2017; Chew, 2020). 
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CHAPTER III 

METHODOLOGY 

The first purpose of this study was to examine the usability of the mHealth app, 

HFHS, in people with HF over 4 weeks. The second purpose was to examine the 

effectiveness of the HFHS app on PA and QoL over 4 weeks in individuals with HF 

while compared to the control group who did not use the app. This chapter describes the 

research design, participants, instruments, procedures, and data analysis for this study. 

Research Design 

This study had two parts. The first part was a descriptive study for examining the 

usability of the HFHS app. The second part of the study, examining the effectiveness of 

the app intervention, was a mixed design RCT with two independent factors (between-

subject factor (group) and within-subject factor (time)). The dependent variables included 

PA (daily steps counts) and QoL measures (MLHFQ and SF-36 survey). The factor of 

group had two levels: interventional group (App group) and control group (No-App 

group). The factor of time had four levels (Week 1, Week 2, Week 3, and Week 4) for the 

outcome of PA, and two levels (pre and post) for the outcome of QoL measures.  

Participants 

Participants were recruited from local communities at first, then expanded 

nationwide over the United States of America. The Institutional Review Board (IRB) of 
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the Texas Woman’s University Dallas approved the study (see Appendix B). The study 

was registered on the Clinical Trials website (ClinicalTrials.gov) with the registration 

number NCT03509506. In addition, we had a collaboration with the Texas Health 

Resources (THR) Dallas (see Appendix C), and participants who came from that site 

were required to sign another consent form approved by the IRB of the THR (see 

Appendix D).   

The sample size estimation of this study was calculated based on daily step count, 

one of the primary outcomes for this study. According to a previous study, the means and 

standard deviations for daily step counts at baseline and after the intervention in 

individuals with coronary artery disease were 6152 ± 2926 (steps) and 8210 ± 2534 

(steps), respectively (Van Wormer et al., 2004). The difference between these two results 

was significant and yielded an effect size of 0.70. A power analysis was performed using 

G*power 3.1.9.2 with the significance level of 0.05, the power level at 0.80, and the 

effect size at 0.70, which yielded a sample size of 26 participants needed per group. With 

15% of possible attrition, 30 participants was the estimated sample size needed for each 

group. 

Men and women with HF regardless of race or ethnicity, who were over the age 

of 18 and walking independently with/without an assistive device, were potential 

participants. Participants with moderate or severe cognitive impairment (< 22 on 

Montreal Cognitive Assessment [MoCA; Nasreddine et al., 2005; Athilingam, et al., 

2011; Carson et al., 2018), or who were unable to follow verbal and written instructions 

in English were excluded from the study. Additional exclusion criteria included: (1) a 
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neurological disorder or orthopedic condition that interfered with functional mobility and 

control of upper extremities, (2) uncorrected vision, (3) hearing problems, (4) not owning 

a smartphone with internet access. 

Instruments 

HFHS Application 

The HFHS app is a self-care mHealth application developed in partnership with 

the HFSA. The HFHS app is powered by the Health Storylines platform from the Self 

Care Catalysts Inc. (Toronto, Ontario, Canada) and freely available on Google Play and 

App Store. A web version is accessible on a desktop computer or a mobile device 

browser. Individuals can choose from the following list of HF management tools: (1) 

daily vitals, (2) medication tracker, (3) exercise diary, (4) routine builder, (5) symptoms 

tracker, (6) sync a device, (7) low sodium guidelines, (8) pain rating scale, (9) my 

journal, (10) daily mood, (11) appointment reminder, and (12) sharing the recorded data 

(Circle of Support).  In the current study, the researcher primarily utilized Function 1 

through Function 4 of the HFHS app.  

QoE Survey   

The QoE survey was used to assess the quality of participants’ experience in 

using the HFHS app (see Appendix E; Martínez-Pérez et al., 2015).  The original survey 

used a Likert scale (1 to 5) for 19 questions. In the present study, two questions were 

eliminated because they were not relevant to the HFHS app. One question was related to 

regular updates for the app, which was not part of the user’s experience. The second one 

was related to the precision of the app's calculations, and the HFHS app did not perform 
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any calculation. Ultimately, the survey adopted for this study has 17 questions covering 

seven aspects of user’s experience in using an mHealth apps.  The following were seven 

aspects of the QoE survey, and the questions included in each aspect: (1) Content quality: 

questions 1–6, (2) Security: Questions 7 and 8, (3) Ease of use: Questions 9–11, (4) 

Availability: Question 12, (5) Performance: Questions 13 and 14, (6) Appearance: 

Questions 15 and 16, and (7) Learning: Question 17. The total scores of the QoE survey 

ranged from 17 to 85, with the lowest score of 17 being the worst experience and the 

score of 85 being the best experience.  

QoL Measures 

QoL was assessed using two questionnaires: the SF-36 Survey (version 1.0) and 

the MLHFQ. The SF-36 survey is a generic self-reporting measure for patient health 

status, and it was developed by the Research And Development (RAND) Corporation. 

The SF-36 survey assessed eight domains of health: (1) physical functioning, (2) role 

limitation due to physical problems, (3) role limitation due to emotional problems, (4) 

vitality, (5) mental health, (6) social function, (7) bodily pain, and (8) general perception 

of health (Ware & Sherbourne, 1992). The SF-36 survey had 36 questions with the total 

score ranging from 0 to 100, where 0 was the worst health-related QoL, and 100 was the 

best. The SF-36 survey has shown to have good reliability and internal consistency in the 

general population (Brazier et al., 1992; Stewart et al., 1988). Its scoring method was 

published by RAND corporation (RAND Health, 1993).    

The MLHFQ assessed how HF affected a person’s daily life. The MLHFQ was a 

self-administered disease-specific questionnaire for patients with HF and consisted of 21 
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items that reflected QoL in physical, emotional, social, and mental domains (Rector, et 

al., 1987). The items were rated on a Likert scale ranging from 0 to 5, where 0 represents 

no limitation, and 5 represents maximum limitation. The total score of MLHFQ ranged 

from zero to 105 with a higher total score indicating a poorer QoL. The MLHFQ had 

good test-retest reliability (r = 0.87), good internal consistency (Cronbach’s alpha = 

0.92), and good construct validity (Rector & Cohn, 1992). The minimal detectable 

change of the MLHFQ was 5 points (Rector & Cohn, 1992).  

PA 

PA was assessed with a pedometer (Yamax PW-610 (Yamax Corp, Tokyo, Japan; 

see Appendix F), a small device worn at the waist to count the number of steps walked 

per day. It was considered very useful for evaluating PA in individuals with HF 

(Asakuma et al., 2000), had been well validated for accuracy and reliability, and was 

frequently used in PA research (Crouter et al., 2003; Schneider et al., 2003). 

MoCA 

The MoCA was a brief cognitive screening tool that aimed to differentiate normal 

cognitive aging from mild cognitive impairment (Nasreddine et al., 2005; see Appendix 

G). This tool included eight cognitive domains: (1) visuospatial and executive, (2) 

naming, (3) memory, (4) attention, (5) language, (6) abstraction, (7) delayed call, and (8) 

orientation. The highest possible score of the MoCA tool was 30. A score above 26 

represented normal cognitive function; a score of 23 to 26 represented mild cognitive 

impairment; a score of 17 to 22 represented moderate cognitive impairment; and a score 

<16 represented severe cognitive impairment suggesting dementia (Nasreddine et al., 
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2005). An alternate cutoff score of 23 was suggested to potentially lower the number of 

false positive results and to improve overall diagnostic accuracy (Carson et al., 2018). 

The MoCA test had excellent sensitivity (90% – 100%) for detecting mild cognitive 

impairment and excellent test specificity (87%; Nasreddine et al., 2005).  

Patient Health Questionnaire-9 

The Patient Health Questionnaire-9 (PHQ-9; see Appendix H) was a screening 

tool for depression, where scores of 5, 10, 15, and 20 represented mild, moderate, 

moderately serve, and severe depression, respectively (Kroenke et al., 2001). The total 

score for PHQ-9 ranged from 0 to 27 with each item scoring from 0 (not at all) to 3 

(nearly every day). The PHQ-9 was reported to be a reliable and valid measure of 

depressive symptoms in patients with HF (Cronbach’s alpha = 0.83, and ICCs = 0.22 – 

0.66; Hammash et al., 2013). This questionnaire was utilized in the present study to know 

if depression would be a confounding variable between the two study groups. 

Procedures 

Patient Recruitment 

Several strategies were utilized for recruitment. Initially, the researcher had a 

collaboration with THR-Dallas, which gave the researcher access to the patients with HF 

at the HF clinic. The research team also distributed the study flyer (see Appendix I) to 

other clinics and medical communities that treated patients with HF in the Dallas–Fort 

Worth metropolitan area. After IRB approval to recruit participants nationwide was 

granted, the researcher designed the study website (https://www.heartfailureappstudy.com/)  

to enable those interested in participating to access the study details easily anywhere and 

https://www.heartfailureappstudy.com/
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anytime. In addition, the website allowed the participants to provide us their contact 

information securely and to communicate with them remotely at their convenience. Most 

of the recruitment occurred during the COVID-19 pandemic in 2020. To ensure the safety 

of the study participants and research staff through the pandemic, telehealth via a Zoom 

videoconference was used to communicate with the participants, collect their baseline 

data, screen for cognition and depression, and to instruct participants how to use study 

devices, including the pedometer and study surveys (for all participants), and the HFHS 

app, a blood pressure unit, and a bathroom scale (for the App group). 

Phone Screening & Random Assignment 

Once the research team received contact information for a participant from the HF 

clinic of THR-Dallas, the study website, or other communications channels (such as 

phone call or email), the team conducted an initial phone call screening (see Appendix J). 

During the phone call, the team member provided a brief description of the study, and 

asked questions to determine participant’s eligibility before scheduling the initial 

evaluation/training session. After phone screening, each participant was randomly 

assigned to either the App group or the No-App group based on the randomization table 

generated by the Excel spreadsheet.  

Initial Online Evaluation and Training Session 

The initial evaluation session was then scheduled to be online (telehealth) or 

onsite at the early phase of the study based on the participant’s preference, then it was 

conducted online completely later on. The onsite sessions were conducted at the research 

office on the eighth floor of the Institute of Health Sciences in Dallas, Texas Woman’s 
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University. The initial telehealth video sessions were conducted via the Zoom Meetings 

application, a high-quality, secured, and end-to-end encryption video call platform. For 

privacy, we did not record these video calls. Each participant received all study 

documents and free study devices onsite or shipped to them, according to the group 

assigned. These study documents included: (1) the informed consent for the study, (2) a 

gift card receipt form, (3) the Activity Log for daily step counts (see Appendix A), and 

(4) the Visuospatial and Naming sections of the MoCA form because this section requires 

the participant to draw on the form. The study tools included: (1) a pedometer (Digi 

Walker Yamax PW-610), (2) a digital bathroom scale, (3) a wrist type of heart rate & 

blood pressure monitor, and (4) a 3-meter rolling paper to measure stride length for 

setting up the pedometer. The length of the rolling paper was determined based on the 

pedometer user manual, which instructs users to walk at least 3 meters for pedometer 

calibration.  

During the initial evaluation and training session, the research team explained the 

procedures, and the possible risks and benefits of the study to the participants. Each 

participant was asked to sign the consent form approved by TWU-IRB after they fully 

understood the details of the study. If they were recruited from THR-Dallas, they 

additionally signed the THR-approved consent. Then, the team conducted an interview to 

gather demographic data and medical history using the medical intake form (see 

Appendix K). During this initial telehealth video chat interview session, the team also 

asked further questions for clarification on medical history if needed, and this session 

allowed the team to build up trust and rapport with the participants remotely. After the 
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medical intake, each participant filled out three online outcome surveys via Google 

forms: (1) the SF-36 survey, (2) MLHFQ, and (3) PHQ-9 for depression screening on a 

cellphone or desktop computer. The last portion of the initial telehealth video session was 

for training participants on how to do self-care monitoring.  

Regarding the training for the No-App group, the participants in this group were 

trained on using a pedometer (Yamax PW-610) to collect their daily step counts and 

record their step counts on the Activity Log over 4 weeks. During the study period, the 

research team conducted weekly follow-up phone calls on the first day of each week to 

collect the number of steps for the last 7 days. After 4 weeks, the team emailed two QoL 

surveys via Google Forms (SF-36 survey and MLHFQ) to each participant.  

For participants in the App group, they were trained on downloading the HFHS 

app and navigating different functions of the app besides the training on using a 

pedometer. The following app functions of the HFHS app were used for this study: (1) 

Daily Vitals that included heart rate, body weight, and blood pressure, (2) Medication 

Tracker, (3) Exercise Diary to track the daily step counts, (4) Routine Builder. The 

Routine Builder was one of the HFHS app features that enabled users to build reliable 

routines by setting up reminders, planning, and tracking health habits. To create an 

account on the HFHS app for this study, the team prepared a set of unique Gmail and 

password for each participant. Each participant practiced entering the following health-

related parameters into the HFHS app: (1) heart rate, (2) systolic and diastolic blood 

pressure (BP), (3) weight, (4) number of steps, and (5) medications. Participants were 

also instructed to monitor and enter the numbers of these parameters daily to the HFHS 
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app: (1) heart rate, BP, and weight in the morning when getting up from bed, (2) the daily 

step count at the end of the day, (3) medications as prescribed. After 4 weeks, each 

participant of the App group also received online Google Forms (the QoE survey, SF-36 

survey, and MLHFQ) to fill out (see Appendix L). 

Remote Professional Monitoring for the App Group 

The research team continuously monitored the data entry on the HFHS app from 

the participants in the App group during the 4 weeks of study period. The team used each 

participant’s assigned unique email address and password to log in the HFHS app to 

monitor their data entry. The remote professional monitoring was to observe each 

participant's progress in entering data (the five health-related parameters) and any 

undesired health conditions occurred, such as:  (1)  sudden weight gain over 5 pounds in 

3 days (Maisel et al., 2016), (2) skipped taking any the medications, (3) resting HR more 

than 100 beats per minute (bpm), (4) resting systolic BP over 140 mmHg, or (5) diastolic 

BP over 90 mmHg. As a part of this professional monitoring, if any of these undesired 

health conditions was noted, an alert text message was sent to the participant within 24 

hours. The alert text messages (see Appendix M) were consistent with the guidelines of 

the American Heart Association (Virani, et al., 2020). The following was an example for 

these text messages: “Based on the data that you had entered on the App, your weight 

gained more than 5 lbs. in three days. This symptom might indicate a need to contact 

your doctor or health-service provider.” In order to see if these alert messages played a 

role in helping participants managing their symptoms, the research team followed up with 
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the participant who received alert message(s) in 3 days and asked the following 

questions:  

[R was one of the research team, and P is the participant] 

R: Did you visit your doctor or health-service provider recently? 

P: Yes OR No. If the answer was yes, the next question was: 

R: Was it a routine visit? 

P: Yes OR No, if the answer was no, the following question was: 

R: was it because of worsening signs and symptoms? 

P: Yes OR No. If the answer was yes, the following question was: 

R: How did you know that your signs and symptoms were worsening? 

P: [one of the potential answers was the “alerting message(s)”] 

The team also collected the data on the number of alert messages sent and physician 

visits. All the data tracked through professional monitoring was then recorded on the 

Data Collection Sheet for App group (see Appendix N). In addition, the research team 

collected participants' feedback and challenges they faced throughout the study. In the 

present study the research team only texted the participants when health data deviated. In 

other words, the team did not prompt them to enter the data on the HFHS app.  

Data Analysis 

Descriptive statistics were analyzed for demographic data and baseline 

characteristics of all participants. Participants’ demographic data were compared at 

baseline to ensure that there were no significant differences between the two groups. The 

Manny Whitney test was run for the variables that not meeting the assumption of normal 
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distribution. The chi-square test was used for the variables of gender and pacemaker 

because these two variables were dichotomous.  

The usability part of data over 4 weeks was analyzed with descriptive statistics on 

the following outcomes: (1) the percentage of adherence in tracking health parameters, 

(2) the number of alert messages sent, and (2) the average score for each of the seven 

domains in the QoE survey. The adherence was determined by calculating the average 

weekly tracking adherence of the App group over 4 weeks. The number of alert messages 

and the number of physician/clinic visits promoted by the alert messages were summed 

up. The average score and standard deviation for the total questions that made up each 

domain in the QoE survey were calculated.  

The data for the effectiveness part of the study was analyzed with the two-way 

mixed ANOVA (group x time) on the following outcomes: PA (daily step counts) and 

QoL measures (SF-36 survey and MLHFQ). These analyses were conducted to determine 

whether there were differences between the two groups (App group and No-App group) 

at baseline and 4 weeks, and within the groups over 4 weeks (pre & post for QoL 

measures; Week 1, Week 2, Week 3, and Week 4 for PA). Follow-up post-hoc analysis 

for the two-way mixed ANOVA was conducted if a significant interaction between group 

and time existed. The significance level was set at the alpha level of 0.05. In addition, the 

effect size for MLHFQ in the App intervention group was computed by calculating the 

mean difference divided by the standard deviation. Lastly, the researcher computed the 

Number Needed to Treat (NNT) on the results of MLHFQ. The NNT was calculated 

using the inverse of the absolute risk reduction (ARR). The ARR is the difference 
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between “interventional event rate” and “control event rate.” In order to find the event 

rate for each group, the researcher calculated the difference between pre and post on 

MLHFQ results for each participant. Then, the percentage of participants who had 5-

point improvement or more on the MLHFQ was computed, representing the event rate for 

each group. Microsoft Excel for Microsoft 365 and IBM SPSS version 25.0 for Windows 

(SPSS, Inc. Chicago, IL) were used for all analyses in this study. Participants’ feedbacks 

were compiled and summarized (see Appendix O).  
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CHAPTER IV 

RESULTS 

The study's first purpose was to examine the usability of the HFHS app among 

individuals with HF over 4 weeks. The second purpose was to examine the effectiveness 

of utilizing the HFHS app on PA and QoL when compared to the control group that did 

not use the HFHS app. 

Participants 

Thirty-eight individuals with HF were recruited nationwide over two phases. In 

the first phase, 12 participants were recruited only from the Dallas-Fort Worth 

metropolitan area. The research team conducted the assessment for their eligibility on the 

Dallas campus of Texas Woman's University and at the THR hospital. In the second 

phase, 26 participants were referred to the study to be assessed for eligibility remotely; 21 

participants were self-referrals via the study website, and clinicians referred five 

participants. Seven participants were excluded from phase one due to not being interested 

in the study, and we lost contact with one of the five enrolled participants after two 

weeks. During the second phase of the recruitment, we lost contact with four participants 

and excluded four participants. The exclusion was for the following reasons: one 

participant did not have a smartphone and access to the internet, one participant had 

dementia, and two participants declined to participate. The rest of the 23 participants 
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agreed to participate. Five participants dropped out of the study over 4 weeks because of 

scheduling conflict or lost contact. In the end, there were a total of 18 participants 

completed the study. Among them, five participants who were initially assigned to the 

control group agreed to participate in the intervention group after they finished the 4 

weeks of the study.  Figure 1 shows the CONSORT diagram of participants' enrollment 

and randomization for this study.  

Participant Characteristics 

There were no significant differences in any baseline characteristics between the 

App group and the No-App group. All comparisons were conducted using the 

independent t-test, except that the MoCA & The PHQ-9 were compare using the Manny 

Whitney U test due to not meeting the assumption of normal distribution. The mean age 

of the 18 participants was 58 (SD = 15 years). Majority of the participants were in NYHA 

functional class II (55%, n = 10), meaning that they were comfortable at rest, but that 

ordinary PA resulted in mild to moderate symptoms, such as tiredness, palpitation, or 

dyspnea. Participants’ MoCA scores ranged from 23 to 30, indicating that all participants 

had normal cognitive functions on the cutoff of 23 (Carson et al., 2018). Regarding the 

PHQ-9 results, 11 participants had no depression (PHQ-9 <5), six participants had mild 

depression (PHQ-9 = 5–9), and one participant had moderate depression (PHQ-9 = 10–

14). Regarding Body Mass Index, two participants were normal, nine participants were 

overweight, and seven were in the obesity category. The participants also had a range of 

comorbidities. Please see the details of participants’ characteristics in Table 1.  
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Figure 1  

CONSORT Diagram of Participants' Enrollment and Randomization 

   

Phase I 

Onsite recruitment 

Assessed for eligibility (n = 12) 

Assessed for eligibility (n = 26) 

Self-referrals via website (n = 21) 

Clinicians’ referrals (n = 5) 

 

Phase II:  

Online recruitment 

Excluded (n = 8) due to: 
Not having a smart phone (n = 1)  

Having dementia (n = 1) 

Declined to participate (n = 2) 

Lost contact (n = 4) 

Randomized (n = 23) 

Allocated to No-App group (n = 12) 

Received allocated intervention (n = 8) 

Did not receive allocated intervention 

due to scheduling conflicts (n =  1) and 

lost contact (n =  3). 

Allocated to App group (n = 11) 
Received allocated intervention (n = 10) 
Did not receive allocated intervention (n 
= 1) due to scheduling conflicts. 

 

Analyzed (n = 8) 
Analyzed (n = 10) for effectiveness part 

Analyzed (n = 15) for usability part 

After four weeks, five 

participants agreed to 

participate in the App 

group intervention 

group.  

Excluded (n = 7) due to not 

being interested  
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Table 1  

Participants' Characteristics of Demographics, Cognition, and Depression  

Mean ±SD All Participants 

(n = 18) 

App Group 

(n = 10) 

No-App Group 

(n = 8) 

p Value 

Age (years) 58 + 15 57 + 18 60 + 12 0.80 

weight (kg) 93.47 + 25.49 93.48 + 20.08 93.16 + 32.56 0.99 

Height (m) 1.69 + 0.10 1.71 + 0.11 1.67 + 0.09 0.35 

BMI 32.62 + 8.23 31.87 + 6.17 33.55 + 10.66 0.68 

MoCA 27.33 + 2.66 27.10 + 3.38 27.63 + 1.51 0.63 

PHQ-9 4.89 + 4.34 4.50 + 4.5 5.38 + 4.34 0.63 

Gender (W/M) 

Comorbidity: 

10/8 5/5 5/3  

Pacemaker (Yes) 10 (55%) 6  4   

HTN 9 (50%) 4  5   

DM 2 (11%) 2  0   

Dyspnea/ Chest pain 9 (50%) 5  4   

Arrhythmia 5 (28%) 2  3   

Circulation Problem 6 (33%) 3  3   

Pneumonia/respiratory 

issues (e.g., COPD) 

3 (17%) 1  2   

Orthopedic Problems 4 (22%) 1 3   

Overweight  9 (50%) 5  4   

Obesity 7 (39%) 4  3   

 

NYHA Functional 

           Class I 

           Class II 

           Class III 

           Class IV 

 

6 (33%) 

10 (55%) 

1 (0.06%) 

1(0.06%) 

 

5 (50%) 

4 (40%) 

1 (10%) 

0 (0%) 

 

1 (13%) 

6 (75%) 

0 (0%) 

1 (13%) 

 

Note. kg: kilogram, m: meter, BMI = body mass index, W: Women, M: Men, MoCA: 

Montreal Cognitive Assessment, HTN: Hypertension, DM: Diabetes mellitus, OA: 

Osteoarthritis, NYHA:  New York Heart Association Functional Classification, , PHQ-

9: Patient Health Questionnaire-9 for Depression screening. 
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Usability of the HFHS App with Professional Monitoring 

The usability of the HFHS application was indicated by the adherence of tracking 

health parameters, the QoE survey, and the number of physicians/clinic visits that the 

alert messages prompted. Adherence was determined by measuring the percentage of data 

entry for each health parameter on the HFHS app for each participant over the 4-week 

duration. Participants had to enter 112 data points into the HFHS app over the 4 weeks of 

study period (i.e., 4 health parameters x 28 days) to obtain the full 100% adherence on 

tracking health parameters with the HFHS app. These tracking data points were 

distributed over the following four health parameters: (1) heart rate, (2) diastolic & 

systolic BP, (3) body weight, and (4) medication intake. To determine if the first 

objective of the study was achieved, the average weekly tracking adherence of the App 

group over 4 weeks was calculated (see Figure 2). In general, the adherence was 

excellent, above 91% for each week of the study.   

Regarding the results on QoE survey, a total of 15 QoE surveys were collected 

from the App group. Five aspects of QoE survey had average scores above 4, with the 

learning aspect having the highest score, and the other two aspects on Performance and 

Content Quality had the average score of 3.2 and 3.86 respectively (see Figure 3). 

Appendix D illustrates the seven aspects of the QoE survey, and the number of questions 

for each aspect. Participants’ feedback is summarized in Appendix O. 
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Figure 2 

Average Weekly Tracking Adherence of The App Group Over 4 Weeks  

 

   

As a part of the research team’s professional monitoring worsening symptoms 

from participants’ data entry on the HFHS app, the team sent a total of 33 alert messages 

to the participants who had at least one of the five alert conditions in their recorded health 

parameters: too high or too low reading of BP (18 times), lower heart rate (once), gaining 

5 pounds of body weight in 3 days (2 times), not taking medications (9 times), and 

missing data (4 times). Overall, the alert messages prompted four physician/clinic visits 

and calls.   

 

99.07% 96.0% 96.40%
91.72%

Week 1 Week 2 Week 3 Week 4

Adherence in tracking health parameters with the HFHS app 
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Figure 3 

The Average Score on Each Aspect of the Quality of Experience (QoE) Survey 

 

 

Effectiveness of the HFHS App with Professional Monitoring  

For the data analysis on the study's second objective, the number of participants in 

the app group was reduced from 15 to 10, as five participants who enrolled in the study 

twice (No-App group first, then the App group) were excluded from this part of data 

analysis. 

The effectiveness of the HFHS app was assessed by determining if there was any 

significant difference between the App group and the No-App group on PA and QoL 

measures over 4 weeks. Foremost, the assumptions of outliers, normality, homogeneity of 

variances, and homogeneity of covariances for the two-way mixed ANOVA on the 
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outcome measures were tested. The results showed no outliers, as assessed by boxplot 

and examination of studentized residuals for values greater than ±3. The data were 

normally distributed, as assessed by Shapiro-Wilk’s normality test (p > .05). There were 

homogeneity of variances (p > .05) and covariances (p > .001), as assessed by Levene’s 

test and Box’s M test, respectively. 

Daily PA was monitored with a pedometer (Digi Walker Yamax SW-601). The 

weekly average (Day 1 to Day 7) of PA was calculated for each participant. Table 2 

shows the weekly average step counts for all participants in each group. Figure 4 

illustrated the weekly PA trend for both groups, which ranged between 4,000 steps and 

6,000 steps and showed a slight decline over 4 weeks. Because the assumption of 

Mauchly's test of sphericity was not met for the two-way interaction, χ2(5) = 21.11, p = 

0.001, the Greenhouse-Geisser statistics were reported. The ANOVA results showed no 

statistically significant interaction group by time on PA, F(1.738, 27.813) = 1.015, p = 

0.366, r = 0.25. In addition, there was neither a significant main effect of time on PA (p = 

0.095, r = 0.58), nor the main effect of group (p = 0.544, r = 0.15). 
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Table 2 

Physical Activity across 4 Weeks (Number of Daily Steps) 

(Mean +SD) 

All Participants 

(n = 18) 

App Group 

 (n = 10) 

No-App Group  

(n = 8) 

PA in Week 1 5459 + 2561 5236 + 2326 5739 + 2969 

PA in Week 2 5526 + 2490 5565 + 2404 5477 + 2759 

PA in Week 3 4658 + 2251 4039 + 1855 5432 + 2580 

PA in Week 4 4645 + 2425 4296 + 2245 5081 + 2722 

Note.  SD: Standard Deviation, PA: Physical Activity 

 

Figure 4 

Weekly Average PA of the Two Groups over 4 Weeks 
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The outcome of QoL was indicated by the SF-36 survey and the MLHFQ. These 

two outcome measures were administered before and after 4 weeks of the study. The 

average scores for SF-36 survey and MLHFQ of the two groups are shown in Table 3.  

Table 3 

Results of Average Scores for SF-36 Survey and MLHFQ over 4 Weeks   

 App Group (n = 10) No-App Group (n = 8) 

Mean ± SD Pre Post Pre Post 

SF-36 score 62.00 + 19.74 62.16 + 19.37 56.92 + 21.55 62.93 + 22.39 

MLHFQ score 31.80 + 26.95 25.80 + 22.07 32.75 + 33.11 31.38 + 28.33 

Note. SF-36:36-Item Short-Form Health Survey, MLHFQ: Minnesota Living with Heart 

Failure questionnaire, Pre: baseline, Post: after 4 weeks of intervention 

 

Figure 5 illustrates the pre and post average scores of SF-36 survey for App group 

and No-App group. It appears there was no change in the App group and a subtle increase 

on SF-36 score in the No-App group over 4 weeks. The assumption of sphericity was not 

tested because the within-subject factor (time) has only two levels (pre and post). For the 

outcome of SF-36 survey, the ANOVA results showed no statistically significant 

interaction between group and time, F(1, 16) = 1.837, p = 0.194, r = 0.32. In addition, 

there was no significant main effect of time (p = 0.173, r = 0.34) and no significant main 

effect of group (p = 0.824, r = 0.06). 

Figure 6 illustrates the pre and post average score of MLHFQ for the App group 

and the No-App group, respectively. It showed a slight improvement in QoL for both 

groups, and the App group seemed to have slightly more improvement than the No-App 
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group, as a lower score on the MLHFQ indicates a better QoL. The effect size based on 

MLHFQ scores was d = 0.22.  

The assumption of sphericity was not tested because the within-subject factor 

(time) has only two categories (pre and post). The ANOVA results showed no 

statistically significant interaction between group and time, F(1, 16) = 0.609, p = 0.447, r 

= 0.19. In addition, neither was there a significant main effect of time (p = 0.231, r = 0.3), 

nor a main effect of group (p = 0.801, r = 0.06).  However, the difference in the average 

scores of MLHFQ for the App group was clinically meaningful reduction (greater than 5 

points; see Table 3). For individual results, the participants who showed a 5-point 

reduction or more on the MLHFQ were four out of the 10 participants (40%) in the App 

group and two out of the eight participants (25%) in the No-App group (see Table 4). As 

a result, the NNT equaled 7, indicating for every seven participants utilizing the HFHS 

app, one participant would demonstrate a clinically meaningful change (e.g., 

improvement) on the MLHFQ compared to those who did not use the app.  
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Figure 5 

The Average Score of SF-36 Survey for the Two Groups Pre- to Post-Intervention  

 

Figure 6 

The Average Score of MLHFQ for the Two Groups Pre- to Post-Intervention 
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Table 4 

Results of MLHFQ Scores for Each Participant 

App Group (n = 10) No-App Group (n = 8) 

Participant # Pre Post Change Participant # Pre Post Change 

1 0 0 0 1 65 53 -12 

2 66 22 -44 2 5 7 2 

3 81 67 -14 3 3 6 3 

4 14 15 1 4 96 85 -11 

5 40 34 -6 5 19 17 -2 

6 51 53 2 6 28 36 8 

7 15 25 10 7 6 5 -1 

8 28 35 7 8 40 42 2 

9 6 4 -2  

10 17 3 -14 

Note. MLHFQ: Minnesota Living with Heart Failure questionnaire, Pre: before 

intervention, Post: after 4 weeks of intervention, Change: the difference between post 

and pre (i.e., post – pre) and the number was bolded if the MLHFQ score reduction after 

4 weeks was greater than 5 points.  
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CHAPTER V 

DISCUSSION 

Promoting self-care is an essential part of the disease management for people with 

HF. Self-care entails adhering to treatment and healthy behaviors, monitoring signs and 

symptoms, and responding appropriately to the changes in signs and symptoms. To 

achieve self-care as desired, it is crucial to find innovative tools that enable patients with 

HF to practice self-care effectively and encourage adherence to its practices. With the 

advancement and accessibility of technology, the scientific and clinical communities 

have begun utilizing and evaluating mHealth systems as a tool to enhance self-care 

among people with chronic conditions, in general, and HF in particular. However, one of 

the most common forms of these systems is the commercially available mHealth 

applications, which have received limited attention in scientific studies. Thus, this study 

enriches the scientific literature on the usability and effectiveness of mHealth 

applications in people with HF. For this purpose, one of the commercially available and 

highly rated apps based on several systematic reviews, the HFHS app was selected for the 

current study. The study examined: (1) the usability of the HFHS app over 4 weeks in 

individuals with HF, and (2) the app's effectiveness on PA and QoL by comparing to the 

control group who did not use the HFHS app. 



54 

The use of the HFHS app among patients with HF, along with the presence of 

human interaction in this RCT, is feasible and has promising clinical outcomes. The 

human interaction was represented by the initial intensive 2-hour training on utilizing the 

app, 4 weeks of remote daily professional monitoring, and weekly follow-up phone calls 

as needed. About 74% of our participants received their training through online Zoom 

video conferences. We confirmed that the implementation of telehealth via Zoom video 

conferencing for training was successful. This remote communication approach mitigated 

some of the constraints associated with the onsite training, such as travel to the research 

site and transport availability; and it permitted reaching out to more potential participants 

than an onsite study. In addition, it was an effective procedure to ensure the safety of our 

study participants and research staff throughout the COVID-19 pandemic, especially 

since most of our patient recruitment occurred during the pandemic in 2020. However, 

remote communication with the participants also imposed some challenges, such as 

insufficient technology skills and the long waiting time between enrolling and starting the 

study due to the need for shipping research devices (e.g., a weight scale, a pedometer, a 

blood pressure unit, and various study forms). This might explain why the team lost 

contact with six participants during the second phase of the study (online).  

Regarding subjects’ characteristics, there were no significant differences in the 

demographics between the App group of participants and those in the No-App group at 

baseline. Moreover, the frequencies of comorbidities were similar between the App and 

the No-App group, which was also comparable to the HF population. All participants had 

at least two comorbid conditions, and their common comorbid conditions were 
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hypertension, arrhythmia, coronary artery disease, chronic obstructive pulmonary disease, 

and diabetes mellitus. According to the literature, approximately 90% of people with HF 

have at least one cardiovascular-related comorbid condition, and 52% of HF cases are 

related to risk factors for HF like hypertension, diabetes, and obesity (Manemann et al., 

2016; Virani, et al., 2021). Therefore, the sample of this study, even though small, was 

representative of the population of interest.  In addition, participants had normal 

cognition and little depression, which might explain their ability for learning about the 

HFHS app for tracking health parameters. It is unclear if the findings could be replicated 

in those with mild cognitive impairment or when a caregiver serves as the proxy to use 

the HFHS. In summary, the participants in this study were demographically similar 

between the App group and the No-App group, which support the notion that there were 

no confounding factors between the two groups. 

Part I of the Study: Usability of the HFHS Mobile App 

The objective for this part of the study was to determine if the participants in the 

App group would utilize the HFHS app at least 4 days per week (i.e., at least 57%) over 4 

weeks. The results on average weekly tracking adherence were above 91% each week, 

indicating that most participants understood the importance of self-care in daily 

monitoring health parameters after the initial training session of the study, and they 

followed the research team’s instructions in using the HFHS app. Over the course of 4 

weeks, participants responded positively to the app, as evidenced by their utilization of 

the app for at least 6 to 7 days each week to enter and track their health parameters. The 

adherence results were quite encouraging and aligned with a previous study that also 
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showed 90% adherence rate in utilizing an mHealth app (Vuorinen et al., 2014). The 

researcher attributed the high adherence of utilization of the HFHS app to the knowledge 

and care provided by the research team to the participants through the customized initial 

training session and daily remote professional monitoring. The training, a one-on-one, 

face-to-face meeting, included activating all app features to suit participants' needs, 

setting up the app reminders based on medication schedule, setting up appropriate 

schedules to track the health parameters (e.g., body weight, blood pressure, and daily step 

counts), and answering any questions a participant might have about using the HFHS 

app. The daily professional monitoring from the research team during the study period 

was another route of human interaction with participants besides the training, which 

might have played a role in increasing the participants’ adherence. The team sent alert 

messages to the participants if their data were out of normal ranges, provided weekly 

follow-up phone calls after an alert message and helped with troubleshooting when 

technical challenges existed. In addition to the human interaction, the ease of use of most 

of the app features could also enhance adherence. For example, tracking medication did 

not require more than one click on the app to confirm taking the medication, and users 

could follow their progress on adhering to self-care behaviors by seeing the graphs for 

most health parameters. In summary, offering an easy-to-use mHealth app with user-

tailored training and regular professional monitoring might have contributed to the 

excellent adherence to the app use in this study, which in turn could promote adherence 

to self-care behaviors and ultimately enhance general health. 
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The participants' experience of interacting with the HFHS app was the second 

indicator in studying its usability. Examining the results of the QoE survey, the high 

average scores (above 4) were on the following five aspects: Ease of Use, Security, 

Appearance, Availability, and Learning. This means that the participants found this app, 

in general, easy to learn, access, and track health parameters. They also found it a secure 

app and visually attractive. On the other hand, the low average scores (below 4) of QoE 

survey were on the aspect of Content Quality (3.86) and Performance (3.20). The Content 

Quality measured the participant’s perception of the content quality offered by the app.  

When looking closely at the average scores for each of the six questions related to 

Content Quality, the researcher found that two questions with a low average score (3.27 

and 3.33) might have contributed to the overall low average score (i.e., below 4) on 

Content Quality. A number of participants thought that they could do the same function 

without the app or that there were other traditional methods to do similar functions that 

the HFHS app provided. In addition, participants could not identify personal health 

problems with the HFHS app. These results were somewhat expected. Although the 

HFHS app's features promote users’ engagement in self-care behaviors and enable users 

to self-monitor their vital signs and medications, it does not have the capability of 

automatically alerting users if their data is outside of normal limits. 

Regarding the performance aspect of the HFHS app, some participants believed 

that the application could have been more efficient, or the app might have some errors 

that need to be fixed. These results echoed most frequent participants' feedback with the 

research team during weekly follow-ups (see Appendix O). For example, the application 
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sometimes took a long time to load or properly save data entries. This was an issue as 

some participants often thought they kept their data after hitting the “save” button, but in 

fact, the data was not stored due to a lag time. Additionally, some participants did not like 

the multistep process of entering their data, particularly daily step counts. Similar to our 

study, a previous study also reported that patients experienced difficulties in manually 

entering and sending their daily vital signs, body weight, and medication through an 

mHealth system (Scherr, et al., 2009). On the other hand, some other participants had 

positive feedback on utilizing the HFHS app. For instance, several participants stated that 

the HFHS app successfully kept them tracking their vital signs, body weight, and 

medication intake schedule. Furthermore, some participants specifically enjoyed the 

feature of monthly summary data compilation of the HFHS app, which was helpful to 

show to their doctors during their scheduled clinical visits. Considering the overall 

participants’ experiences with using the app, the researcher concluded that managing the 

HFHS app was somewhat of a challenge for the participants over 4 weeks, especially 

those who were not technology savvy.  

 As mentioned previously, the study also provided remote professional monitoring 

on the health data that our participants entered into the HFHS app. Self-care is not 

parallel to "doing it all by yourself," but rather an integration process between the patient 

and the care providers, whether nonprofessional caregivers such as friends and family 

members or professional health care providers such as doctors and nurses (Jaarsma et al., 

2021). Without professional monitoring, some changes in self-care behaviors might go 

beyond autonomous decisions from the patients and need a consultation with a clinician 
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(Riegel et al., 2016). For example, a patient who noticed a rapid gain in weight might 

decide to forego eating salty foods (autonomous decision) but taking an extra water pill 

may necessitate a call to the doctor’s office (consultative decision). Self-care is best 

implemented as joint decision-making process in which both patient’s autonomous 

decisions and care provider’s consultative inputs are integrated to guide the actions. 

Previous mHealth studies employed professional monitoring in their intervention 

programs by monitoring and analyzing patients’ data and directing patients to make an 

appropriate decision, if necessary, by text messages, emails, or phone calls (Alnosayan et 

al., 2017; Athilingam, et al., 2017; Bakogiannis et al., 2021; Chew, 2020; Dang et al., 

2017; Heiney et al., 2020; Scherr, et al., 2009; Seto et al., 2012; Vuorinen et al., 2014). 

The professional monitoring led to 30 alert messages sent to the participants due to some 

undesired changes in symptoms and signs (e.g., systolic BP > 140 mmHg, weight gain by 

more than 5 lbs. in 3 days, or skipped a medication), and these messages prompted four 

physician visits/calls. Therefore, the researcher believes that utilizing the HFHS app 

along with professional monitoring plays a positive role in participants' self-care on 

health parameters, which in turn enhances adherence to self-care behaviors and promotes 

positive experiences in using the apps. 

Part II of the Study: Effectiveness of the HFHS Mobile App 

 To the best of the researcher’s knowledge, this is the first RCT that examined and 

reported the effectiveness of utilizing a mHealth app on PA among people with HF. The 

results showed that the HFHS app did not affect PA in individuals with HF over 4 weeks 

when compared to the control group who did not use the app. The mean average daily 
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step count for both groups of participants was between 4,000 and 5,000 steps/day, 

indicating they were sedentary  (<5,000 steps per day; Tudor-Locke et al., 2013). Both 

study groups were given a free pedometer, which was concluded to be a positive 

influence to increases PA (Bravata et al., 2007). However, the results did not show any 

significant changes in PA over 4 weeks for either group, and the effect size for PA was 

small (r = 0.153). The HF-related comorbidities and symptoms of dyspnea and fatigue 

could be the primary reasons for non-adherence with recommended exercise in HF 

population (Evangelista et al., 2001; Pozehl et al., 2018). The PA can be improved with 

setting weekly goal, support and encouragement, and professional education on exercise 

intensity with Borg’s scale for safety in HF population (Lin et al., 2021). Therefore, PA 

results in the current study were not surprising because the study only encouraged the 

participants to self-track their PA without taking into account other recommended 

behavioral approaches to promote PA, such as a participant-centered goal setting, 

preventing relapse through using the Borg scale to know when the activity should stop, 

professional education on planning a walking schedule through the day, providing some 

resources for motivation (such as receiving verbal positive feedback regarding 

performance).  

 Regarding QoL, the results of both outcome measures (SF-36 and MLHFQ) 

indicated that the HFHS app did not significantly affect the participants who used the 

HFHS app when compared to those who did not use the app. The lack of significant 

results could be due to the small sample size. However, the effect size for the MLHF 

outcome measure was small (d = 0.22), making it unlikely that the lack of significant 
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results was due to lack of statistical power. The average score of MLHFQ, a disease-

specific health related QoL survey, showed a reduction by 5 points after 4 weeks in the 

App group compared to the No-App control group, indicating a clinically meaningful 

improvement (Rector, & Cohn, 1992). These results were likely due to both utilizing the 

HFHS app and professional monitoring, which improved participants’ adherence to self-

care behaviors and positively affected participants’ self-perceived disease burden. 

However, the results of the SF-36 survey did not point to any specific direction of 

change, and that might be because the survey is a generic instrument for QoL. Therefore, 

it may be important to use both generic and disease-specific QoL surveys in future HF 

research.  

 Considering the change in MLHFQ score for each participant in both groups, the 

researcher found that 40% of the intervention group and 25% in the control group had a 

5-point clinically meaningful reduction in the total score of MLHFQ. Again, these 

numbers emphasized that the improved QoL was more prominent for the people who 

used the HFHS app to track their self-care behaviors. In addition, the existence of 

favorable results in both groups in this RCT led us to calculate the NNT to help decide 

whether the intervention might be valuable in clinical practice. For the outcome of 

MLHFQ, the NNT equals 7, indicating on average, after treating seven patients with HF 

with the HFHS app to track and monitoring self-care HF behaviors, one patient will 

demonstrate a clinically meaningful improvement on QoL indicated by MLHFQ when 

compared to those who did not use the app. Although some authors believe that the NNT 

score of 3 or less indicates a worthwhile intervention (Mcquay & Moore, 1997), the 
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researcher still believes that the current intervention might have the potential to improve 

QoL in HF population. That could be examined with a larger sample size and a longer 

duration of HFHS app implementation. 

Limitations of the Study 

The study had several limitations. First, the power analysis performed before 

starting this study indicated that a minimum of 60 participants was needed to achieve the 

desired power of 0.8. However, due to difficulty in patient recruitment, only 23 

participants were enrolled, and 18 participants completed the study, which limits the 

generalizability of the study. Second, the study’s attrition rate is considered moderate 

(25%), compared to the attrition rates (i.e., 1% to 50%) in previous HF studies 

(Athilingam, et al., 2017; Heiney et al., 2020; Lin et al., 2021; Vuorinen et al., 2014). 

One explanation for the attrition is the challenges related to HF, as its symptom 

exacerbation could occur suddenly if patients did not comply to good self-care 

management. Another challenge is related to the COVID-19 pandemic when most of the 

data collection occurred. Some eligible participants were delayed or cancelled prior to or 

after enrollment due to sickness or concerns about visiting emergency departments. In 

addition, the nature of conducting an online study might have contributed to the attrition, 

such as participant’s difficulties in using the online meeting platform. Difficulties in 

scheduling weekly follow-up due to different time zones between participants and 

research team might also contribute to the attrition. Third, the study's duration was 4 

weeks, which might be too short for favorable changes in participants’ behaviors leading 

to meaningful changes in health outcomes. Fourth, the technology literacy level of the 
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research participants was not examined, which could have affected the results as 

participants might have difficulty in understanding the instructions of using the apps. 

Fifth, participants’ prior experiences with other mHealth apps and telemonitoring were 

not controlled in this study, which could also influence the study’s outcomes. 

The other aspect of study limitations is related to the HFHS app. Despite the 

HFHS app having a feature to be synchronized with many electronic devices for 

collecting health parameters, none of the study devices that were provided had the 

capability to synchronize with the HFHS app due to limited research funding. Therefore, 

participants manually entered their health parameters to the HFHS app, which could 

negatively influence their quality of experience on the app. In addition, participants only 

utilized four out of 11 self-care behavior features offered by the HFHS app (e.g., tracking 

medication intake, blood pressure, body weight, PA), which might limit establishing 

other behavior changes (e.g., low sodium diet) and affect the health outcomes in HF 

population.  

Recommendation for Future Research 

 The above limitations should be considered in future studies. The researcher 

recommends future RCTs investigating the impact of self-care management using the 

HFHS app on a larger sample size for a longer duration. The researcher also highly 

recommends using sensor devices that can transfer health parameter data automatically to 

the HFHS app. Lastly, the researcher suggests adding a professional coaching component 

that would incorporate behavioral intervention for promoting PA in HF population. 
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Conclusion 

 The study established the feasibility of using the highly rated commercially 

available HFHS app along with remote professional monitoring for self-care in HF 

population, as indicated by high participant’s adherence, positive user experience, and the 

ability to track, monitor, and detect the undesired changes in HF symptoms. Furthermore, 

the researcher also found that utilizing the mHealth app for 4 weeks had a favorable trend 

for improving QoL, as indicated by the clinically meaningful improvement in MLHFQ 

scores. However, the study intervention did not make significant changes in the 

participants’ PA level. Finally, this feasibility study provides a few important directions 

for future large-scale RCTs on addressing the challenges of utilizing a commercial self-

care mHealth app in people with HF.  
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Quality of Experience (QoE) Survey 

 Strongly 

disagree 

   Strongly 

agree 
Content Quality 

1 The Heart Failure Health Storylines application has the 

functions that I expected. 
1 2 3 4 5 

2 I could do the same without the application. 

 
1 2 3 4 5 

3 I think the measurement tools were reliable in collecting 

data 
1 2 3 4 5 

4 I was able to identify personal health problems using 

this application. 
1 2 3 4 5 

5 It is possible for me to share information about my 

status with my doctor/Caregiver 
1 2 3 4 5 

6 I had a better quality of life by using this application 

 
1 2 3 4 5 

Security      

7 I think that this application had appropriate security 

methods to protect the data I entered. 
1 2 3 4 5 

8 I think that the data obtained with this application was 

sufficiently protected.   
1 2 3 4 5 

Ease of Use      

9 I was able to easily find what I needed while using the 

app. 
1 2 3 4 5 

10 I think that the traditional method used to track my 

health is more difficult than using this application 
1 2 3 4 5 

11 This application was useful for monitoring my vital 

signs and physical activity. 
1 2 3 4 5 

Availability      

12 I was able to access the application and its data at any 

time 
1 2 3 4 5 

Performance      

13 I think that the application could have been more 

efficient 
1 2 3 4 5 

14 This application has some errors or problems that I 

found while using the application 
1 2 3 4 5 

Appearance      

15 I found the appearance of this application adequate 

 
1 2 3 4 5 

16 I would suggest some changes or add something to this 

application. 
1 2 3 4 5 

Learning      

17 I think that the time for learning how to use the 

application was appropriate 
1 2 3 4 5 
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APPENDIX G 

Montreal Cognitive Assessment (MoCA)
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APPENDIX H 

Patient Health Questionnaire – 9 (PHQ-9)
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Study Flyer 
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APPENDIX J 

Calls Script for HF screening
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Medical Intake form
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APPENDIX L 

Study Procedure
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APPENDIX M 

Calling and Texting script for follow-ups
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APPENDIX N 

Data Collection Sheet for the interventional group. 
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Participants’ feedback on using the HFHS app
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Participants’ feedback on using the HFHS app 

Things the participants liked about using the HFHS app in this study 

• Many participants were pleased to have all their health information in one 

place (the HFHS app) to take with them to doctor’s appointments 

• Some participants appreciated the monthly summary data compilation that the 

HFHA app offers.  

• Many participants appreciated the detailed user manual that the team provided 

describing the HFHS app’s widgets. 

• Some participants wanted to keep using their accounts to continue tracking 

their health parameters after the study's conclusion. 

• Several participants expressed the influential role of the initial individual 

training the team provided in facilitating their use of the HFHS app, especially 

for those who were not tech-savvy. 

• Some participants felt that knowing they had a pedometer, it motivated them to 

walk more throughout the day 

 

Challenges and suggestions from our research participants 

• Some participants often thought they saved their data after hitting the save 

button on the HFHS app, but in fact, the data wasn’t stored due to lag times. 

• Some participants did not like the multistep process of logging their 

information on the HFHS app, especially the daily steps count.  

• Some participants complained of difficulty in keeping the pedometer with them 

when they were wearing pocketless clothes. 

• Many participants were looking forward to having exercise prescription and 

aerobic goals for their daily walking from the research team but stated they 

would have enjoyed it if the study incorporated it. 

• Some participants suggested using sensor devices (body weight scale, BP 

monitor, …etc.) synchronizing with the HFHS app to avoid the multistep 

process of logging their data. One participant shared her experience using a 

different application to track vital signs and weight, which was more user-

friendly. 

 


