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ABSTRACT

Anttila, Marjo-Riitta

Trust-building and personalized life changes in digital cardiac rehabilitation
process

Jyvaskyla: University of Jyvaskyld, 2023, 84 p.

(JYU Dissertations

ISSN 2489-9003; 609)

ISBN 978-951-39 9301-6 (PDF)

The purpose of the present dissertation project was to create a conceptual model
for the process of digital cardiac rehabilitation (CR) by using the Glaserian
grounded theory approach (GT). The project explored technology experience, at-
titudes, and behavior by creating different groups (Study I) and deepening the
understanding of the groups’ profiles by comparing them to aspects of biomedi-
cal, psychosocial, and environmental lifestyle risk, and health behavior (Study II)
as well as the different meanings attached to the rehabilitation process of patients
with coronary heart disease (CHD) (Study III).

The analyses were based on 39 patients with CHD who attended CR in
2015-2017. The intervention lasted for 12 months and included three 5-day
periods of traditional rehabilitation. Between the rehabilitation periods, the
intervention provided patients with web-based coaching via a remote connection
and daily physical activity monitoring. The data consisted of focus group
interviews, and questionnaires, physical tests and measurements. The data were
analyzed using GT, which included open, selective, and theoretical coding.
Analysis of variance, Tukey’s honestly significant differences test, Student’s t-
test, the Mann-Whitney U-test, and the Kruskal-Wallis test were used to analyze
the data.

The study showed the diverse behaviors of patients as technology users and
how cardiac patients reflected various lifestyle risk behaviors during the rehabil-
itation process. Trust-building was part of the life change process and involved
interactions between emotion, cognition, acceptance, and support processes. The
processes go on forward to the identification of new meaning of life towards trust
and hope in life. During rehabilitation process personalized encounters will en-
hance the patient’s trust and promote life change. The result of the project was
creating a model for the trust-building process enabling personalized life
changes. These results provide a new kind of theoretical perspective to tailor ac-
tions that promote and support behavioral and life changes.

The CR program featured various personalized trust-building methods that
are valuable tools for life change management, which seeks self-awareness of
thoughts and emotions. This study’s findings can help clinicians develop tailored
digital health solutions for patients in CR.

Keywords: digital cardiac rehabilitation, grounded theory, trust-building



TIIVISTELMA (ABSTRACT IN FINNISH)

Anttila, Marjo-Riitta

Luottamuksen rakentuminen ja yksilollinen elamdnmuutos osana digitaalista
sydankuntoutusprosessia

Jyvaskyla: Jyvaskyldn yliopisto, 2023, 84 s.

(JYU Dissertations

ISSN 2489-9003; 609)

ISBN 978-951-39 9301-6 (PDF)

Taman vditoskirjaprojektin  tarkoituksena oli kisitteellistdd digitaalinen
sydankuntoutumisprosessi glaserialaisen grounded teorian ldhestymistavan
avulla. Tutkimuksen tarkasteltiin kokemuksia ja asenteita teknologian kaytosta
luomalla erilaisia kdyttdytymisen kokemusryhmid (Tutkimus I), syvennettiin
ymmarrystd ndiden ryhmien profiileista vertaamalla niitd biolddketieteellisiin,
psykososiaalisiin ja ympaéristoon liittyviin riskitekijoihin ja
terveyskdyttdytymisen  osa-alueisiin  (Tutkimus II) sekd  tutkittiin
sydankuntoutujien antamia eri merkityksida kuntoutusprosessille (Tutkimus III).

Tutkimukseen osallistui 39 sepelvaltimotautia sairastavaa potilasta, jotka
olivat syddankuntoutuksessa vuosina 2015-2017. Kuntoutus sisélsi kolme viiden
pdivan  pituista jaksoa vuoden aikana. Kuntoutujat osallistuivat
verkkopohjaiseen valmennukseen ja pdivittdiseen fyysisen aktiivisuuden
seurantaan kuntoutusjaksojen  vilissa. Aineisto koostui sekd
fokusryhmadhaastatteluista ettd kyselylomakkeista ja vyotdaronymparyksen ja
tyysisen kunnon mittauksista. Analyysin vaiheet olivat avoin, selektiivinen ja
teoreettinen koodaus. Tilastollisia analyysimenetelmia olivat varianssianalyysi,
Tukeyn testi, t-testi, Mann-Whitney- ja Kruskal-Wallis-testit.

Tulokset nostivat esille uudenlaisen ndkokulman yksilollisestd
elamdnmuutosprosessista ja luottamuksen rakentumisesta digitaalisessa
syddankuntoutuksessa. Luottamuksen rakentuminen osana kuntoutumista oli
osa kognitiivisen, emotionaalisen, hyvaksymisen ja sosiaalisen tuen prosessia.
Luottamuksen rakentuminen edellytti omien tunteiden ymmaértdmistd ja
sairauden tuomien ajatusten tunnistamista sekd uuden eldmaéntilanteen
hyvéaksymistd. Luottamus omaan itseensd, toisiin ja omaan eldmé&an rakentui
yksilollisen kohtaamisen kautta. Tdmé&n pohjalta muodostui késitteellinen malli
luottamuksen rakentumisesta elimdanmuutoksessa osana sydankuntoutusta.

Digitaalisten ratkaisujen avulla voidaan r&atdloidd kuntoutusta
vastaamaan kuntoutujien yksilollisia kohtaamisen ja tuen tarpeita.
Tutkimustulokset haastavat kehittdimddn ja rdatdloimdan kuntoutuksessa
kaytettavid ohjausmenetelmid ja teknologioita.

Avainsanat: digitaalinen sydankuntoutus, grounded teoria, luottamuksen
rakentuminen
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1 INTRODUCTION

The secondary prevention and existing treatment of coronary heart disease
(CHD) plays a pivotal role and is a significant research topic for identifying needs
that require health action (Visseren et al., 2021). Additionally, CHD is generally
known type of cardiovascular disease and caused by atherosclerotic changes in
the coronary artery (Virani et al., 2021; Visseren et al., 2021). Cardiac rehabilita-
tion (CR) using digital educational interventions that follow a cardiac event is
playing an increasingly important role in the management of CHD (Sankaran et
al.,, 2016). The main target for self-management education is to increase patients’
knowledge, promote life changes, improve quality of life, and reduce CHD life-
style-related risk factors (Anderson et al., 2017; Kotseva et al., 2019). The present
dissertation aimed to create a conceptual model for the process of digital cardiac
rehabilitation (CR) by using a grounded theory approach. The methodological
approach taken in this study was ground theory (GT), which allowed the discov-
ery of new perspectives to conceptualize the digital cardiac rehabilitation pro-
cess.

CR is among the most effective secondary prevention interventions; it uses
a multidisciplinary behavioral medicine approach from a biopsychosocial para-
digm perspective (Ahmadvand et al., 2018; Borrell-Carrio, 2004; Leon et al., 2005).
Behavioral medicine is based on the integrated knowledge of human behavior,
biomedical and psychosocial aspects of health, and illness; it integrates all of this
information to improve our understanding of health and health-related behavior
changes (Engel, 1977; Schwartz & Weiss, 1978). This study is also founded on the
biopsychosocial paradigm; thus, it is characterized by the view that the biomed-
ical, psychosocial, and environmental lifestyle risk factors all contribute to be-
havioral changes (Ahmadvand et al., 2018; Borrell-Carrio, 2004).

CR consists of three core modalities: patient education, physical activity
training, and psychological support, all of which ultimately increase the chances
of a life change and enhance psychosocial leadership management (Anderson et
al., 2017; Goff et al., 2014; Kotseva et al., 2019; Leon et al., 2005). The CR process
is focused on cardiac patients’ reorganization in a changed psychosocial and
lifestyle situation (Ambrosetti et al., 2021; Leon et al., 2005). The process aims to
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support cardiac patients in resuming their daily life activities and maintain a
good quality of life (Richards et al., 2018). This is important because a cardiac
event changes a patient’s life and daily activities, which then require a process of
psychosocial adaptation (Albus, 2010; Livneh & Antonak, 2005). Therefore, the
purpose of patient education is to improve the patient’s self-care and self-
management abilities, which include psychosocial control and the ability to
adapt cognitively to the disease (Kabboul et al., 2018; Livneh & Antonak, 2005).
It is also important that patients receive sufficient psychosocial support after a
cardiac event and become able to manage their health behaviors and risk factors
(Hare et al., 2014; Li et al., 2019).

Recent developments in digitalization have increased the need to
implement technology as a part of the CR process (Falter et al, 2020; Scherrenberg
et al., 2021). Increased digitalization has enabled a growing number of cardiac
patients to participate in CR. Previous research demonstrated that few CHD
patients participated in traditional CR that required their physical presence in a
rehabilitation center (Neubeck et al., 2012). Digital CR is of interest because it has
created new opportunities to address the growing need for digital services
(Neubeck et al., 2012). It has created new physical activity opportunities for
patients requiring CR as well as other opportunities for group activities and
social interaction (Ghisi et al., 2021; Thomas et al., 2021). This development is also
supported by cardiac patients’ increasing interest in using healthcare technology
(Beatty et al., 2013; Buys et al., 2016).

My vast experience working in CR ultimately drove this research. When I
started my research training, I had worked as a nurse for almost twenty years
and as a research coordinator at a rehabilitation center. During this time, I devel-
oped an interest in behavior changes experienced by cardiac patients and the
techniques used to achieve them. I wondered how the process of changing pa-
tients' behavior could be support CR. At the beginning of digitalization, I was
interested in how behavioral change techniques could be implemented via digital
platforms. These experiences piqued my curiosity to explore the possibilities and
challenges of digitalization in CR. The purpose of the present doctoral disserta-
tion was to create a model that integrated technology use and lifestyle risk be-
havior in digital CR for cardiac patients.
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The target group of this dissertation was patients with CHD who had experi-
enced digital CR. The current dissertation explored the following main relevant
areas: CR and secondary prevention of CHD, which are connected through digi-
tal CR (Figure 1). The term digital CR refers to the multi-professional implemen-
tation with secondary preventive guidance and time goals that uses time-inde-
pendent methods alone or in combination with face-to-face rehabilitation (Falter
et al., 2020;Wongvibulsin et al., 2021). The literature review takes place in the
background chapter to create a context for the study. A model related to concepts
will be introduced only later in the results and discussion section.

FIGURE1  The background of the dissertation project.

2.1 Coronary heart disease

Despite tremendous progress in primary and secondary prevention measures,
cardiovascular diseases (CVDs) remain generally known cause of mortality glob-
ally. In the European Union, they account for approximately 1.8 million deaths
in 2019, which represents 36 % of total deaths from all causes (Timmis et al., 2020).
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Coronary atherosclerotic heart disease, also well-known as CHD, is also a public
health problem, which is caused by buildup of atherosclerosis develops in the
vessel walls (Virani et al., 2021; Visseren et al., 2021). A total of 8,600 people died
of CHD in Finland in 2020 (Official Statistics of Finland [OSF], 2021). The inci-
dence of CHD increases with age and is more common in men than in women.
In 2020, CHD caused nearly one in five deaths in men and nearly one in eight
deaths in women (OSF, 2021). This implies that secondary prevention is an im-
portant treatment globally (Ambrosetti et al., 2021; Kabboul et al., 2018).

2.1.1 Risk factors for coronary heart disease

The main modifiable risk factors for CHD lie in the biopsychosocial field, which
include biomedical, psychosocial, and social risk factors (Goff et al., 2014;
Visseren et al., 2021). These can be divisions into modifiable and non-modifiable
risk factors (Ambrosetti et al., 2021). Non-modifiable risk factors are those that
cannot be controlled. They include a person’s age, sex, family history of heart
disease, and ethnicity (Ambrosetti et al., 2021; McMahon et al., 2017; Visseren et
al., 2021). Modifiable cardiac risk factors include high blood pressure and high
cholesterol, obesity, uncontrolled diabetes, and other lifestyle risk factors, such
as smoking, inappropriate diet, psychosocial stress, and sedentary behavior (Goff
et al., 2014). Further, alleviating psychosocial problems such as loneliness, de-
pression, and isolation, can reduce the risk of CHD (Albus, 2010). The rate of
CHD mortality has steadily decreased, mainly due to secondary prevention in-
terventions, improved treatment options, and the addressing of modifiable CHD
risk factors (Kabboul et al., 2018). For instance, educational interventions together
with regular physical activity and exercise training including physiologic adap-
tions (Sanchis-Gomar et al., 2021) and psychological therapy benefit cardiac
health (Anderson et al., 2017).

21.2 Secondary prevention through patient education

Despite a decreased mortality rate, CHD remains a public health problem and
has reduced many patients’ quality of life (Anderson et al., 2017). Therefore,
much attention should be given to the fact that each cardiac event is an individual
experience and requires support to control patients symptoms and improve their
prognosis (Al Hamarneh et al., 2011; Anderson et al., 2017). Secondary preven-
tion of CHD is administered through a multidisciplinary CR program and patient
education (Ambrosetti et al., 2021). Patient education within the realms of sec-
ondary prevention plays an asset part in improving cardiac patients’ quality of
life (Anderson et al., 2017) and preventing behavior risk factors (Kabboul et al.,
2018; Leon et al., 2005).

Secondary prevention’s main objective is to reduce the risk of coronary
events and death in patients with clinically diagnosed heart disease (Kotseva et
al., 2019). It focuses on decreasing patients’ biomedical and lifestyle risk factors
and increasing psychosocial and physical activity through patient education and
exercise training (Goff et al., 2014; Leon et al., 2005). There are also suggestion
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that education-based interventions may enhance health-related quality of life
(Anderson et al., 2017). Thus, educating patients includes efforts to reduce be-
havioral risks, such as smoking/tobacco consumption, poor nutritional behav-
ior, obesity, physical inactivity, the harmful use of alcohol, and psychosocial
problems as social isolation, low social support, depression, stress, anxiety (Am-
brosetti et al., 2021; Visseren et al., 2021).

Patient education can broadly be defined as the process of self-manage-
ment. It aims to promote patients’” health behaviors and ability to enhance their
health and increase understanding about risk factors and their assessments (Al
Hamarneh et al., 2011;Anderson et al., 2017). Patients with heart disease also re-
ceive educational rehabilitation, which increases their knowledge and under-
standing of CHD and its various symptoms (Al Hamarneh et al., 2011; Anderson
et al., 2017). Health professionals provide information to patients that promote
or improve their health behaviors (Kotseva et al., 2019;Virani et al., 2021; Visseren
et al., 2021). The goal is that patients learn to understand the benefits of a well-
balanced diet, exercise, and adherence to medication and the appropriate metrics
or measurements, and thus, are more likely to change their behaviors sustainably
(Kotseva et al., 2019). In this dissertation, the term "healthy behavior" refers to
lifestyle behaviors that consider the person’s actions about how to balance their
everyday lives and maintain their physical, mental, and social health (Trovato,
2012; World Health Organization Regional Office for Europe, 1999). The concept
of “lifestyle behavior change” is used to describe actions and responses, which
may be spontaneous and involuntary and can promote or detract health (Trovato,
2012; World Health Organization. Regional Office for Europe, 1999).

To be effective, the education of the lifestyle risk factors must be based on a
theoretical understanding of what happens in the patients” lives and how they
and their families can provide support (Winter et al., 2016). The most commonly
used behavioral change theories or models in technology-based risk factor inter-
ventions are social cognitive theory, transtheoretical model (TTM) (Prochaska et
al 1992), theory of planned behavior (TPB) (Ajzen, 1985), and the Technology Ac-
ceptance Model (TAM) (Davis, 1989). Theories provide the framework for under-
standing how patient's health behavior advance after cardiac event as part of the
rehabilitation process (Rahman et al., 2015). Social Cognitive Theory (SCT) fo-
cuses on the impact of patient experience, interaction of environmental, and in-
dividual health behavioral factors (Bandura, 1989; Bandura, 2005). The changes
observed in the patients can be identified at the different stages of behavior
change process by using change theories such as TTM (Prochaska et al 1992). The
theories of behavior change, such as TPB (Ajzen, 2011) and TAM (Davis, 1989),
have been used to research the objectives of and behaviors associated with using
such technologies (Walsh, 2014).

2.1.3 Treatment of cardiac heart disease
CHD is branched into chronic coronary artery disease (stable angina) and acute

coronary syndrome. The atherosclerotic process causes cardiovascular stenosis
and/or obstruction. CHD develops from a chronic inflammatory condition of the
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coronary arterial wall (Li et al., 2019). Coronary arteries of the heart cannot sup-
ply enough oxygen and blood to the heart muscle (Leon et al., 2005), often result-
ing from plaque buildup in the arteries (Munger & Hawkins, 2004). When this
buildup occurs in the heart's arteries over many years, the arteries become
cramped and eventually harden, decreasing the flow of oxygenated blood the
heart (Munger & Hawkins, 2004). If one or more of the three large coronary ar-
teries are more than 50% blocked, an unstable angina pectoris or myocardial in-
farction, non-ST-elevation myocardial infarction (NSTEMI), or ST-elevation my-
ocardial infarction (STEMI) may result (Li et al., 2019). Symptoms of CHD may
vary among individuals, even if they have the same type of CHD (Fihn et al,,
2014). However, known or suspected symptoms in adults include angina pectoris
symptoms as chest or arm pain, or a heart attack (Kotseva et al., 2019). Treatments
for CHD involve heart-healthy life changes (Goff et al., 2014). Sometimes, treat-
ments involve medications (Li et al., 2019) and/or procedures, such as coronary
artery bypass grafting (CABG) or percutaneous coronary intervention (PCI)/
percutaneous transluminal coronary angioplasty (PTCA); PTCA/PCI is fre-
quently used in patients with CHD (Fihn et al., 2014).

2.2 Multicomponent cardiac rehabilitation

Multicomponent CR is a secondary prevention strategy for cardiac patients and
it promotes biological, psychological, and social wellbeing (Leon et al., 2005). CR
is part of a large and complex concept. Historically, the term rehabilitation has
been described as “the return of a person disabled by accident or disease to
his/her greater physical, psychological, emotional, social, vocational and eco-
nomic status” (Benton & Rusk, 1953, p. 417). The World Health Organization
(WHO) has provided similar definition, “a set of interventions designed to opti-
mize functioning and reduce disability in individuals with health conditions in
interaction with their environment” (World Health Organization, 2020, p. 10).

2.2.1 Cardiac rehabilitation

In literature, the term CR is mostly defined as “coordinated, multifaceted inter-
ventions designed to optimize a cardiac patients’ physical, psychological, and
social function with the additional goals of stabilizing, slowing, or even reversing
the progression of the underlying atherosclerotic processes, thereby reducing
morbidity and mortality” (Leon et al., 2005, p. 369). This definition has been
broadened to include secondary prevention interventions that use a multidisci-
plinary behavioral medicine approach from a biopsychosocial paradigm per-
spective including core components (Ahmadvand et al., 2018; Borrell-Carrio,
2004; Leon et al., 2005). Behavioral medicine tackles knowledge on how behav-
ioral, biomedical, psychosocial, and environmental factors interact in health and
illness (Schwartz & Weiss, 1978). The focus is on understanding individual be-
haviors and living conditions (Schwartz & Weiss, 1978). The biopsychosocial
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model reflects the development of illness through complex interactions, not only
involving biological factors, but also psychological and social factors (Engel,
1977). Core components of CR include assessment of patients perceptions, needs
and goals, management and control of risk factors, psychosocial management,
educational and vocational guidance, and physical activity and exercise training
(Ambrosetti et al., 2021; Goff et al., 2014; Kotseva et al., 2019; Leon et al., 2005;
Sanchis-Gomar et al., 2021).

The paradigm shift in rehabilitation within CR is linked to the launch of the
WHO International Classification of Activities, Disability, and Health (ICF),
which presents rehabilitation as a key health strategy in the 21st century (Stucki,
2016). To achieve full participations commitment, many different intervention
frameworks may be needed, depending on the individual's type of disability
(Stucki, 2016). In its call for action rehabilitation 2030, the WHO proclaimed re-
habilitation as the “health strategy of the 21st century” based on the main goals
of WHO, which are to promote healthy lives, well-being in all ages, and a long
life expectancy (Briggs & Dreinhofer, 2017; World Health Organization 2020, p.
10). On the other hand, numerous paradigms and approaches to rehabilitation
models support the concept of rehabilitation. The concept of person-centered re-
habilitation refers to a situation where a person with a heart disease has the op-
portunity to be actively involved and engaged in his own rehabilitation and de-
cision-making (Morgan & Yoder, 2012; Walsh et al., 2012). Furthermore, the per-
son-centered rehabilitation takes into account an individual's needs, values, pref-
erences, and experiences in the management of his disease (Dancet et al., 2011;
Esmaeili et al., 2016).

This definition of CR is also understood as an adjustment process that re-
moves or reduces barriers to independent functioning and participation (Livneh
& Antonak, 2005). The process of adaption in cardiac disease refers to the process
by which patients continues to search for new state of perspective and under-
standing of life and the world (Park & Folkman, 1997). Patients' own emotion-
focused coping strategies include cognitive and behavioral efforts to adapt to the
disease (Lazarus & Folkman, 1984; Lundgren et al., 2018). The enhance of an in-
dividual’s meaningful thoughts alleviates emotional anxiety and strengthens
self-esteem (Livneh & Antonak, 2005) Social support also plays an important part
of this process (Embuldeniya et al., 2013). According to Roy’s adaption model, a
person is in constant interaction with the changing environment and all condi-
tions surrounding his behavior (Andrews & Roy, 1994, pp. 18-19). Throughout
this dissertation, the term CR also refers to a psychosocial adaption process.

2.2.2 Cardiac rehabilitation in Finland

In Finland, the organization of secondary prevention and CR are based on public
healthcare by legislation. The Social Insurance Institution of Finland (Kela) also
offers services for CR (Kela, n.d). Other providers include The Finnish Heart
Association and its local branches, which supplement the public services by re-
habilitation courses to support the follow-up health care of cardiac patients. One
example is the TULPPA program (the name describes the Finnish word for
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"thrombus") (The Finnish Heart Association, n.d.). Among the rehabilitation ser-
vices that are offered to cardiac patients, health education is an important com-
ponent. It includes advice on cardiovascular risk reduction, physical activity
(Hautala et al., 2017), social support and stress management (Haméldinen et al.,
2000). The aim of the administrators of CR is to take into account individual needs
and goals to ensure the best possible physical, psychological, and social condi-
tions that allow the patient to return to his normal, active life (Ministry of Social
Affairs and Health, 2020).

CRis recommended for patients with acute coronary syndrome, CABG, and
PCI, to name a few. CR consists of three phases: Inpatient rehabilitation during a
short hospital stay (phase 1), limited-time outpatient rehabilitation (phase 2),
and, within comprehensive secondary prevention, modifications of risk factors
and lifetime maintenance (phase 3) (Simon et al., 2018). In this dissertation, the
context was the secondary prevention of CR that was delivered during phase 2
of CR (Simon et al., 2018). Traditionally CR is offered in group programs, which
are offered on fixed days and at fixed hours. In recent times, rehabilitation may
also be provided as digital rehabilitation. The latter enables, for example, those
patients who live far away from the place where rehabilitation is physically de-
livered to participate (Kela, n.d).

CRis also designed to help patients understand the risk factors of CHD and
thereby understand the importance of self-care (Al Hamarneh et al., 2011; Ander-
son et al., 2017; Visseren et al., 2021). This is important because many cardiac
patients experience decreased physical activity or fear of exercise after a cardiac
event (Back et al., 2020; Hautala et al., 2017; Sanchis-Gomar et al., 2021), as well
as reduced psychological and social functioning (Albus 2010; Gallo et al., 2005;
Schaufel, et al., 2011; Thomas et al., 2021). After a heart event, a cardiac patient’s
distress, anxiety, and depression can increase, their cognitive function can
worsen, and their social support can decrease (Hare et al., 2014; Hamadldinen et
al., 2000). Therefore, the psychological and social aspects of patient self-manage-
ment should be considered in patient education about CHD (Al Hamarneh et al.,
2011; Anderson et al., 2017; Hamaldinen et al., 2000; Gallo et al., 2005; Yates et al.,
2018).

2.2.3 Digital health technology

The development of digital health technology is becoming more and more essen-
tial in preventing global CVDs and individual challenges. The concept of digital
health is understood to mean “the field of knowledge and practice associated
with any aspect of adopting digital technologies to improve health, from incep-
tion to operation” (World Health Organization, 2021, p. 2). The term digital
health interventions encompasses technology that enables the delivery of care
through, for example, computing platforms, connectivity, software, and sensors
for self-care for cardiac patients and can combine measurement, monitoring, stor-
age and analysis of personal data, including monitoring data for physical activity
the heart's function curve, blood sugar levels, heart rate and blood pressure (Fal-
ter et al 2020; Wongvibulsin et al., 2021). In addition to mobile phones, examples
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of health information technologies include wearable sensors, telehealth applica-
tions, interactive voice response (IVR), robotic, gaming consoles, and virtual re-
ality (Odone et al., 2019; Wongvibulsin et al., 2021).

Digital CR, for example telerehabilitation, is possible through rehabilitation
that is accessible through communications technologies as smart phones, the in-
ternet, web portal, monitoring devices, and other utilities (Wongvibulsin et al.,
2021). Wide-ranging technology enables new kinds of hybrid rehabilitation and
enables the participation of different heart patients that are less dependent on
time and place and increases their ability to seek, find, understand, and appraise
personalized health information (Beatty et al 2013; Melholt et al., 2018). All this
will require learning new ways of thinking, coping, and setting goals, which have
been studied in the context of common digital interventions (Partridge et al.,
2017; Richards et al., 2018; Schaufel et al., 2011; Thomas et al., 2021). Technology-
intensive interventions should be used in effective behavior change techniques
to encourage and support behavior changes, such as goalsetting, social support,
prompts, self-monitoring, and feedback on healthy behavior (Davis et al., 2015;
Michie & Abraham, 2004; Winter et al., 2016).

2.24 Digital cardiac rehabilitation

The digitalization of CR offers a new solution for promoting patient participa-
tion, engagement, and quality in life of cardiac patients (Falter et al., 2020; Odone
et al.,, 2019). The term digitalization or digital CR including hybrid cardiac reha-
bilitation (using both in person and digital rehabilitation strategies) is used here
to refer to multi-professional implementation with secondary preventive guid-
ance and goal setting (Ambrosetti et al., 2021; Goff et al., 2014; Kotseva et al., 2019;
Leon et al., 2005). The meaning of digitalization is not an aim in itself, but is a
relevant tool for providing a solution to many patients who do not engage in
traditional rehabilitation (Maddison et al., 2015; Odone et al., 2019).

Rehabilitation services have been developed in such a way that they can be
available flexibly in real-time, either with time independent methods or in com-
bination with personal rehabilitation techniques (Neubeck et al., 2012; Rawstorn
et al., 2018). The technology in CR is professionally coached and monitored; it is
a form of rehabilitation with a clearly defined beginning and end, which enables
the treatment of patients in their own homes with real-time and personalized
support (Falter et al 2020; Wongvibulsin et al., 2021). Cardiac patients have also
shown growing interest in using technology (Buys et al., 2016; Melholt et al.,
2018), and participating in digital rehabilitation due to increasing digitalization
(Rawstorn et al., 2018). This dissertation project used the concept of digital reha-
bilitation, which refers to a combination of rehabilitation that combines face-to-
face traditional CR with the use of digital technology between face-to-face reha-
bilitation periods.

The use of digital technology in CR has mainly been studied from the effec-
tiveness and usability or functionality viewpoints. Various technology-intensive
interventions for CR deal with studies that have assessed the efficacy and usabil-
ity of the platforms aimed at increasing physical activity (Pfaeffli et al., 2012;
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Maddison et al., 2015; Rawstorn et al., 2016). Others have highlighted the rele-
vance of patient education (Melholt et al., 2018). Much of the available literature
on digital rehabilitation focuses on life changes (Winter et al., 2016) and self-man-
agement (Antypas & Wangberg, 2012).

2.2.5 Experiences from digital cardiac interventions

There are few qualitative studies, which have focused on the experiences of car-
diac patients who have participated in technology-based interventions. The ma-
jority of the existing research in the field of internet-based programs have ex-
plored a life change (Jarvis-Selinger et al., 2011; Pfaeffli et al., 2013; O’Shea et al.,
2020). The most widely investigated area has been the promotion of physical ac-
tivity (Jarvis-Selinger et al., 2011; O’Shea et al., 2020; Pfaeffli et al., 2013; Smith et
al., 2015) and digital tools for education and motivation in CR (Baek, et al., 2018;
Beatty, et al 2013; Salvi, et al., 2018). In additional, research has been focused on
the patient-perception of a virtual world-based rehabilitation (Banner et al.,
2015), wearable activity (Andersen et al., 2020), web-based programs (Melholt et
al., 2018; Nordin, 2017), teleconsultation (Demirci et al., 2019), and gamification
as part of CR (Dithmer, 2016).

The results have shown that the web-based intervention part of rehabilita-
tion was largely accepted, and beneficial for patients” education (Melholt et al.,
2018; Nordin, 2017). The mHealth tool encouraged participants in sharing data
with providers (Beatty et al 2013) and increased participants' access to healthcare
professionals, improving health education (Baek et al., 2018; Smith et al., 2015).
Virtual CR supported them to make healthy choices, and enabled self-assessment
and communication with healthcare providers (Banner et al., 2015). Gamification
could be a new way to motivate cardiac patients by using technology as a social
and active approach to telerehabilitation (Dithmer, 2016). Timely access to a
health-care professional and the interactive tools, like real-time video, seemed
particularly important to the users (Baek et al., 2018; Beatty et al., 2013). The ac-
ceptance to use and usefulness of technologies in promoting health in general,
and in the rehabilitation of cardiac patients in particular, depend on the patients’
attitudes toward the technological use means (Nabutovsky et al., 2020). The
mHealth tool encouraged participants in sharing data with providers (Beatty et
al., 2013) and increased participants' access to healthcare professionals, improv-
ing health education (Baek et al., 2018; Smith et al., 2015).

2.3 Rationale

Based on literature cited in this section, it can be concluded that it is important to
expand the understanding of cardiac patients” experiences, attitudes, and percep-
tions, toward the technological methods as part of their health care; however,
there is also still very little scientific understanding on this (Falter et al., 2020;
Wongvibulsin et al., 2021). However, most of the research done so far has used
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the framework and usability of technology in rehabilitation (Pfaeffli et al., 2012;
Maddison et al., 2015; Melholt et al., 2018). While some research has been carried
out on digital rehabilitation, there is a need for more knowledge and understand-
ing on the complexity of what is going on in the digital CR area (Walsh, 2015).
Additionally, more research is needed about various behavioral change manage-
ment educational methods for digital rehabilitation and their adaptation to the
needs of the patient (Nabutovsky et al., 2020). For instance, Winter et al (2016)
argues that behavior change theories and techniques require consideration in
technology-intensive interventions as risk factors for self-management. This
could be met by a model or framework that describes the integration of the digital
CR process to support secondary prevention guidance for behavior change in
patients to tailor digital tools to patient needs. Currently, no such conceptual the-
ory or model exists. Consequently, there is a need to develop a model to embrace
a patient perspective and support patients” rehabilitation process. The model al-
lows to create a systematic theoretical structure within key concepts and their
connections. This dissertation follows Barney Glaser’s GT approach, and can be
defined as the discovery of theory from a systematic theoretical structure consist-
ing of concepts and their connections which are analyzed using a comparative
analysis (Glaser & Strauss, 1967, p. 2).
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3 AIMS OF THE INDIVIDUAL STUDIES

However, despite the growing knowledge base on the digital development of
CR, it has rarely been studied from the point of view of the cardiac patients
themselves, nor has it been studied for model development. The purpose of the
present dissertation project was to create a conceptual model based on three
published articles to conceptualize the process of digital CR related to technology
use, lifestyle risks, and health behaviors. The conceptualization of the digital CR
process was conducted using a GT approach. This dissertation project sought to
create a conceptual model in responding to the following specific research
questions:

Q1 What kind of groups can be found on the basis of the cardiac patients’
experiences with technology and their attitudes toward technology before the
completion of 12 months of digital CR (Study I)?

Q2 What kind of differences can be identified in these groups’” profiles when
comparing them in terms of biomedical, psychosocial and environmental factors
and how do these deepen the understanding of these profiles in CR (Study II)?

Q3 What kind of different meanings do patients give to the rehabilitation process
after CR (Study III)?

Q4 After publishing the three articles, I focused on the conceptual model
development. What kind of conceptual model emerges and how does it resolve
cardiac patients” main concern on the digital CR?
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4 METHODOLOGY AND METHODS

The aims, methods, and analysis options of the present dissertation project were
linked to GT methodology with a Glaserian approach. I chose to apply GT as a
method, due to my interest in understanding how cardiac patients” behavior
change could be supported in the process of digital CR. The choice of GT was
also a personal decision, as my view of the substantive area was that CR is a
multiple process, with digitalization bringing a change to the existing process.
However, the methodology principles of the GT helped provide a conceptual
overview of the phenomenon through the participants” views to generate a
conceptual model of substantive area. The essential methodological principles
that comprise GT methodology are as follows: Constant comparative methods,
theoretical sensitivity, theoretical sampling, and theoretical saturation (Glaser,
1978, p. 101; Holton, 2008; Levers, 2013).

4.1 Grounded theory methodology selected

Glaserian grounded theory is appropriate when the goal of the research is to gen-
erate a conceptual theory or model based on inductively research data, that is,
“the discovery of theory from data” for describing and explaining using the con-
stant comparative method (CCM) (Glaser & Strauss, 1967). The GT method is not
just about describing a research object using concepts, but also about discovering
a theory (Glaser, 1978, p. 32) or a model (Andersen et al., 2013; Jacobsson et al.,
2004). The model also assists in having an understanding of the causes related to
the main structure of the process (Andersen et al., 2013; Glaser 1978, pp. 74-75).
The dissertation project was guided by a CCM, which is a strategic method
for coding and conceptual category development with theoretical sampling (Gla-
ser, 1978, p. 2; Glaser & Strauss 1967, pp. 21-23). The data generation was guided
by a process of ongoing analysis through coding and memoing, a procedure
known as theoretical sampling. Theoretical sampling is a purposeful sampling
strategy that allows the researcher to decide which data will be used as the
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current data and/ or the collection of data that will be used during the succeeding
analysis (Glaser, 1978, p. 36).

While preparing for a GT study, it was important to have theoretical sensi-
tivity that covered the entire data collection and analysis process without any
preformed hypothesis or preconceptions about the results (Glaser, 1978, pp. 3, 36;
Holton & Walsh, 2017, p. 25). Theoretical sensitivity also involves the researcher’s
professional and educational background, personal practical experiences, and
knowledge about CR. Through this theoretical sensitivity integrating practice
and grounded theory, I develop the ability to manage and modify theoretical
knowledge about CR. Considering my background in being nurse for CR, as well
as being an advocate for health education, I felt that I wanted to increase my un-
derstanding of the lived experiences of cardiac patients in the context of digital
CR. My goal was to discover and articulate the voice, experience, thought pro-
cess, and emotions of the cardiac patients about digitalization on rehabilitation,
while understanding their insights on behavior change. Because the present aim
was to explore the participants” main concerns and the basic social processes re-
lated to it (Glaser, 1978; Glaser & Holton, 2005), the GT approach was the most
appropriate choice and was used with a variety of methods for data collection
and conceptualizing the complex phenomenon.

This dissertation study sought to conceptualize the process of the digital CR
for the development of a model through the use of mixed methods GT (Glaser,
2008, p. 11; Holton & Walsh, 2017, p. 3; Johnson & Walsh, 2019; Walsh, 2015).
Mixed methods refers to the mixing or interplay of various aspects, such as
perspectives, qualitative and/or quantitative methods, methodologies, and
paradigms (Creswell & Clark, 2018; Walsh & Johnson, 2019). This definition
highlights that this is an approach that offers a broad form of looking at research
objects in multiple ways to better respond to the research question (Glaser et al.,
2010, p. 30; Walsh, 2015; Walsh & Johnson, 2019). Considering that the purpose
of this dissertation was widely rooted in my interest in the secondary prevention
of CR and the related management of risk factors, a qualitative and quantitative
combination of the GT approach proved to be the best choice. These foundational
pillars of GT are a good fit for this dissertation, since it seeks to better understand
the main concerns of cardiac patients and create a model for the
conceptualization of the processes involved in digital CR.

4.2 Study design

This dissertation project was a part of a wider registered research project on
digital health technology in CR as hybridi CR (EtSy); more detailed information
about design is found in the ISRCTN Registry (ISRCTN61225589). The study is
conducted in cooperation with the University of Jyvaskyld, Kela and a
rehabilitation center in Middle Finland.

The participants of the wider research project were recruited by the officers
of Kela; they also scheduled the periods for rehabilitation for each group between
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September 2015 and May 2016. CR courses were conducted in groups of 10 and
the 15-day total duration was divided into three 5-day periods over one year. The
participants were recruited from adult patients (18 years or older) with CHD,
who had cardiovascular risk factors or angina pectoris with a marked physical
capacity limitation, myocardial infarction episode, or have undergone CABG or
PTCA. Participants (n=70) had been allocated into the experimental groups,
namely the pilot group (n=40) and control groups (n=30); one patient left
the experimental group at the beginning of study.

Patients from the experimental and control groups participated in a
traditional rehabilitation course (Kela, Cardiac rehabilitation course for adults,
n.d). The traditional rehabilitation course supports the patients’ physical,
psychological, and social ability to work or study, to perform life changes and
daily activities, and to understand their own illness and how it changed their
situations. In traditional group rehabilitation, peer support and sharing of
experiences promote the individual rehabilitation process (Kela, Cardiac
rehabilitation course for adults, n.d). The experimental groups (n=3 group) and
pilot group (n=1 group) in which a total of 39 cardiac patients, who also used
digital health tools in their traditional CR. Between the rehabilitation periods, the
intervention provided patients with web-based coaching via an electronic
software (m-Coach Movendos, Finland) related to the patient’s own goals and
aspects of secondary prevention, such as physical activity, stress management,
sleep quality, and diet. Web-based coaching consisted of social and professional
support, such as peer group connection and monthly feedback from
physiotherapists. Patients monitored daily physical activity with an activity
tracker accelerometer (Fitbit Charge HR®, USA). The web-based coaching was
based on several behavioral change techniques, such as individual goalsetting,
educational materials and patient information, social support, peer discussion,
prompts, self-monitoring in a diary, and feedback about healthy behaviors.

4.3 Participants

The dissertation project used a purposive sampling method that included three
experimental groups and one pilot group with a total of 39 cardiac patients who
used digital health rehabilitation technology. Participants were 26% female
(10/39) and 74% male (29/39); of them, 32 (82%) underwent coronary angio-
plasty, while 4 (10%) had undergone PTCA 3-12 months prior to rehabilitation.
The mean patient age was 54.8 (range, 34-77) years. Of the study background, 71%
(27/38) had completed lower professional education. The study participants had
no musculoskeletal disorders or cognitive/ memory impairments, were able to
use a computer and mobile application, and could access the internet at home or
with family members or friends. An overview of the participants’ characteristics
is presented in Table 1.
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TABLE 1 Demographic baseline characteristics of the participating cardiac patients.

Characteristics n/total
Sex

Male 29/39
Female 10/39
Age

<55 years 20/39
55+ years 19/39
Marital status

Married 20/38
Unmarried 6/38
Cohabiting 4/38
Divorced/separated 8/38
Education

Vocational or trade 27/38
College 6/38
University of applied sciences 5/38
Operation

Coronary artery bypass graft 3/39
Coronary angioplasty 31/39
Coronary artery bypass graft and coronary 1/39
angioplasty

Surgical timing

0-12 months before rehabilitation 25/39
>12 months before rehabilitation 10/39
None 4/39

4.4 Data generation methods

The choice of methods and generation of data were linked to the GT methodol-
ogy using a Glaserian approach. The main data used in the dissertation project
was already gathered from the wide EtSy project, where I worked as a nurse on
the cardiac courses. As part of the research group, I actively participated in quan-
titative data collection and participated in the formation of interview questions,
and the planned interview questions were also modified during data collection
process. The dissertation project consisted of the three studies. The qualitative
data generation consisted of face-to-face focus group interviews conducted by
another researcher at a rehabilitation center. The focus group interview was cho-
sen as a data collection method to gather a more diverse understanding of the
participants’ experiences, attitudes, and perspectives (Wengraf, 2001). The quan-
titative data generation process was performed using a variety of methods, in-
cluding measurements of waist circumference, physical fitness the 6-min walk
test (6(MWT), and light-intensity physical activity (LPA). The WHO Quality of
Life-BREF (WHOQOL-BREF), International Physical Activity Questionnaires
(IPAQ), Self-Efficacy to Regulate Exercise Scale (SERES), the Behavior Regulation
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in Exercise Questionnaire-3 (BREQ-3) and 10-item Depression Scale (DEPS). Ta-
ble 2 presents a methodological overview of the three studies.

TABLE 2 Methodological descriptions of the analyzed studies.

Study Design Participants  Data Generation

I Qualitative 39 patients Face-to-face semi-structured and focus group in-
terviews

II Quantitative 39 patients Measurements: waist circumference, LPA,

6MWT. Questionnaires: WHOQOL-BREEF,
SERES, DEPS, BREQ-3
Web-based participation (number of tasks and
messages)

I Qualitative 30 patients ~ Face-to-face semi-structured and focus group in-
terviews

6MWT, 6-min walk test; BREQ-3, the Behavioral Regulation in Exercise Questionnaire-3;
DEPS, 10-item Depression Scale; IPAQ, International Physical Activity Questionnaire; LPA,
light-intensity physical activity; SERES, Self-Efficacy to Regulate Exercise Scale; WHOQOL-
BREF, World Health Organization Quality of Life BREF

4.4.1 Technology experience and attitude groups (Study I)

First, due to my interest in understanding patient technology use behaviors and
attitudes, I selected a semi-structured focus group interview as the method of
generating the qualitative data (n=39); the interviews were conducted of 10
female and 29 male cardiac patients. The questions were presented to the group
face-to-face. The other interviewer performed the interviews, which consisted of
four focus group discussions at the beginning of the CR. The interviewer
encouraged the participants to speak openly about their experiences and
attitudes toward technology prior to using digital technology. The questions
were mostly the same series of open-ended questions that were posed to all
subjects. They were asked questions like, “Tell me about your experience of
modern technology in the past,” “What are your expectations for technology in
rehabilitation?” and “What would you like to see from the use of technology in
the future?” The interviews were audio-recorded digitally; each lasted 30-60
min—overall, a total of 156 min. The transcripts were imported into ATLAS.TI
computer software.

4.4.2 Group biopsychosocial profiles (Study II)

Second, this dissertation study sought to identify the groups’ profiles by
comparing their biomedical, psychosocial, and environmental, lifestyle risk, and
health behavior factors. Study II's purpose was to further understand the
previous qualitative results. The qualitative results addressed the behavioral
diversity in the four previously defined technology usage groups. In the study II
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measurements that were conducted in 39 patients, quantitative data were
gathered during a 12-month rehabilitation period.

This analysis contained 13 biopsychosocial variables related to CHD
biomedical, psychological, social, environmental, lifestyle risk, and health
behavior factors. The biomedical risk factors for CHD refer to things like physical
inactivity and obesity (Goff et al., 2014). Thus, the biomedical variables that were
selected included waist circumference and physical fitness (6-min walk test
6MWT) (Steffen et al., 2002). In additional, physical activity was measured using
LPA (Bull et al., 2020) using a Fitbit tracker. Physical activity was also monitored
through a self-reported IPAQ (Craig et al., 2003). The quality of life questionnaire
on physical health (Domain 1) used as The World Health Organization Quality
of Life-BREF (Skevington & O’Connell, 2004).

Psychological risk factors, such as depression, low psychological quality of
life, poor self-efficacy and behavioral control are associated with increased CHD
(Ambrosetti et al., 2021; Visseren et al., 2021). These risk factors were measured
with three questionnaires: SERES (Bandura, 2006), the BREQ-3 (Ingledew et al.,
2004) and Quality of Life-BREF include psychological health (Domain 2)
(Skevington & O’Connell, 2004).

Social risk determinants, such as lack social support, social isolation, and
low participation are also well-known risk factors for CHD (Albus, 2010). This
also included a quality of life questionnaire, Quality of Life-BREF with social
relationships (Domain 3), and environment (Domain 4) domains (Skevington &
O’Connell, 2004).Thus, activity to use digital platform (Movendos) was
measured by individuals’ visits to the site, including how many pages they
visited, how many tasks they had completed, and how many conversations they
had participated in during the 12 months of intervention.

4.4.3 Meanings of rehabilitation process (Study III)

Third, semi-structured focus groups interviews were selected to explore what
kind of different meanings patients assign their rehabilitation process, where be-
havior changes play an important role. The semi-structured interviews were con-
ducted in cardiac patients (n = 30), which included 8 women and 22 men, with
each focus group including 5-9 patients who were at the end of their rehabilita-
tion process. Participation in the interview was voluntary and five patients did
not participate in the interview during the end of rehabilitation period. The other
interviewer than the researcher conducted the interviews in a rehabilitation cen-
ter and lasted approximately 30-90 minutes. The interviewer was free to deal
with the themes during interviews included these key steps: “What were your
meaningful experiences during the rehabilitation process?”; “How was the peer
group meaningful for you?”; “What are your experiences of how technology has
been a help to you in coping with daily life and life changes?”; “What are your
experiences of cooperation in the last 6 months in the web-based platform?”;
“What are your experiences of web-based coaching via a computer?”; and “What
are your experiences of feedback on the results of the group during rehabilita-
tion?” The interviewer asked additional questions as needed.

32



4.5 The analysis phases of the project

The dissertation project analysis was based on a data-driven approach that uses
CCM with the principles of GT (Glaser, 1998, p. 3; Glaser & Strauss, 1967, p. 3).
During CCM, data generation was guided by the ongoing analysis, which
included a coding process, a procedure known as theoretical sampling. In phase
I, the researcher began the analysis of study I before study II, and study III
continued after study II.

The first data analysis phase of GT began with open coding of the data. The
open coding analysis consisted of interviews and a statistical analysis. This
analysis was undertaken to conceptualize the data by coding them to form
subcategories and emergences categories and core categories into which they fit
(Glaser, 1978, p. 2).

In the second phase, the researcher developed a model. This phase of the
analysis includes both selective and theoretical coding (Glaser, 1978, p. 3; Holton,
2007). The selective coding process was used to determine the more dense and
saturated core category. Finally, theoretical coding conceptualization was used
to create a model. The conceptual model that emerged integrates all categories
(substantive codes) with the core category during the sorting and memoing
phases of GT (Glaser, 1978, pp. 73-74, 81, 93). These phases are summarized in
Figure 2.
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FIGURE2  Constant comparative analysis process and writing free-form memos. Cate-
gorization with open coding

In the first phase, the interview data (Studies I and III) and the statistical data
(Study II) were coded and categorized for the identification of core categories and
related concepts (Glaser, 1978, p. 2). The coding of the interview data started with
open coding substantively, meaning that each incident was compared with other
incidents in the dataset (Glaser, 1998, p. 140; Holton, 2007). Beginning with sys-
tematically reading the open coding of the data line by line and asking a series of
the questions: "What's going on?", “What category does this incident indicate?”,
“What is actually happening in the data?” (Glaser, 1978, p. 57). As a researcher,
coding and writing analytic notes (memos) of ideas about codes during the open
coding process plays an important role (Glaser, 1978, p. 83). Next, the researcher
coded the different incidences into as many categories as possible.

The coding of statistical data (Study II) also included the categorization
process. Statistical analyses examined differences in biomedical, psychological,
social, environmental, lifestyle risk, and health behavior factors among the four
groups of patients with cardiac disease; these groups (Study I) were based on e-
usage. In the first study, two researchers independently read the interview re-
sponses and divided them into four e-usage groups (more design details are
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found in original publication II). In Study II, statistical analysis examined the in-
tergroup differences in biopsychosocial variables. The researcher and a statisti-
cian used the following statistical tools: mean, analysis of variance, and t-test or
a non-parametric test, i.e.,, Mann-Whitney and Kruskal-Wallis tests. The tests
were used to measure the significance of the intergroup differences using
Tukey’s honestly significant differences test or the Kruskal-Wallis test (both with
Bonferroni correction) using the SPSS statistical package (version 24; SPSS, Chi-
cago, IL, USA). After the quantitative analyses, the researcher compared the
groups’ results in terms of recommended and reference values.

4.5.1 Core category formed by selective coding

In the second phase, the researcher continued the dissertation project to develop
a model. This phase of the analysis included selective and theoretical coding.
During the selective coding process, the researcher focused on categories related
to the core categories (Glaser, 1978, p. 61; Holton, 2007). The data were carefully
coded to theoretically saturate the core and its related concepts and avoid
missing an important category (Holton, 2007; Glaser,1978, p. 93). The analysis
progressed once a potential core category had been densified and saturated
(Glaser, 1978, p. 61; Holton, 2007).

During the analysis, there was an ongoing dialogue about the data, which
was an important part of writing memos to ensure theoretical sensitivity. Memo
writing was a constant process that theocratized a write-up of ideas about the
codes and their relationships and then sorted them (Glaser, 1978, pp. 16, 83;
Holton & Walsh, 2017, p. 78). 1 either wrote or drew my reflections (text,
pictures, mapping, recordings of the conversations, and feedback from my
researcher group) about my thoughts, ideas, and questions during the data
gathering, coding, and analysis processes. Documenting memos was an
important part of the decisions made at each study phase. It also provided key
tools for decision-making in the model creation process. Other individuals also
helped me remember the pertinent details for decision-making.

4.5.2 Conceptualization of the process in the 6 C’s family

The second phase progressed to theoretical coding. The term “theoretical coding”
used by Glaser (1978) referred to “the theoretical codes that conceptualize how
the substantive codes may relate to each other as a hypothesis to be integrated
into theory” (Glaser 1978, p. 72). The researcher sorted free-form memos during
the process that reflect hypotheses about the connections between theoretical
memos, categories, and the final core category (Glaser, 1978, pp. 116, 133).
Therefore, only on those concepts chosen that are related to the core category as
a fully integrated theory (Glaser, 1978, pp. 55, 93).

Conceptualization of the process helps “coding families.” Glaser (1978)
identified the general uses of coding families to help researchers integrate and
write about their substantive theories or models. These two uses specified by
Glaser (1978) were: 1) promoting the researcher’s ability to maintain a conceptual
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level in writing, especially when it is about concepts and the relationships
between them, and theoretical codes can be observed for usefulness and fit; and
2) preventing researchers from overlooking other aspects of the family and
indeed other related coding families (Glaser, 1978, pp. 73-74, 81, 93). Glaser (1978)
listed 18 “coding families,” one of which is the 6 C’s (Figure 3), which stands for
causes, contexts, contingencies, consequences, covariances, and conditions
(Glaser 1978, pp. 74-75).

Context
Conditions

l

Causes oy Ambiance ) Consequences

I I 1

Coveriances | 'ﬂ

Contingencies

FIGURE3  Glaser's (1978) 6 C’s family includes causes, contexts, contingencies, conse-
quences, covariances, and conditions.

In this dissertation project, the 6 C’s coding framework facilitated the
development of a more detailed coding structure by helping integrate concepts
into processes and document the results. The 6 C’s helped the researcher confirm
the main core category and related categories and the properties and dimensions
as the basic social structural processes that unite them. Thus, the theoretical code
for the model represents the best fit with the basic social process (Glaser, 1978;
Glaser & Holton, 2005).

4.5.3 Development of a conceptual model

In the theoretical coding, the researcher continued to integrate concepts into the
hypothesis when resolving the main concern (Glaser, 1978, p. 93). Additionally,
the prime function was to create a dense and saturated model (Glaser, 1978, p.
93; Holton, 2007). The researcher was able to discover that, by using criteria for
tit, work, relevance, and modifiability, a theory must fit the data and be relevant
to the field under study. Moreover, it must work; in other words, it must be able
to explain the behavior under study (Glaser, 1978, pp. 4-5; Glaser & Strauss, 1967,
p- 3). Finally, the researcher searched the literature for various parts of the theory
to compare properties and provide a broader view of their similarities and dif-
ferences. The core category was theorized and synthesized with extensive litera-
ture references. In this dissertation, a conceptual model was developed that in-
cluded a main core category, which provides a model in the context of CR.
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4.6 Ethical considerations

The study contributes to the body of knowledge on health digital technology in
CR studies. The Ethics Committee of the Central Finland Health Care District
(6.10.2015) and Kela (10.9.2016) approved this study. During this study, the
researcher explored the role of a cardiac nurse and a researcher when patients
completed rehabilitation. The researcher also participated in the study without
compromising participant identities. The participants were informed in writing
about the study prior to rehabilitation; when they arrived at the rehabilitation
center, they were given information orally before their written permission was
obtained. Their participation in the study was voluntary, and each had right to
refuse to participate without affecting their own rehabilitation program if they so
wished. Participants were also asked for their permission to record the interview
on a recording device that could be turned off at any time during the interview.
Only the research group had access to the data collected from the interviews,
questionaries, and measurements. The participants were identified by personal
number codes, and the details about the password-secured login were provided
only to the research group. Only the principal investigator had access to which
code referred to which study participant. The study results did not contain any
identifiable information about the individual participants. The individual quotes
have been described in the dissertation, but all possible precautions were taken
to disguise the study participants’ identities.

The researchers strictly adhered to the research ethics guidelines for
data processing in terms of fairness, equality, and honesty. The research adhered
to all of the ethical principles stated, therefore, its results are reliable. In terms of
theoretical sensitivity, it was necessary that the researcher made observations
with an open mind throughout the data collection and analysis process. Having
an open mind allowed the researcher to analyze the research findings without
any preconceptions and by genuinely asking what is happening and what is
central to patient concerns. It also supported the writing of sections on the data
analysis and conclusions without overinterpreting the results or forcing the data
to reach a particular conclusion. The researcher of this dissertation had the main
responsibility of conducting the quantitative data analysis with the assistance of
a statistician. The researcher wrote the original article, reviewed it, and made the
necessary changes after discussion with other authors.
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5 TRUST-BUILDING ENABLING PERSONALIZED
LIFE CHANGES MODEL

The purpose of this dissertation was to create a model conceptualizing the phe-
nomenon of interest, that is, technology use and lifestyle risk behavior in the dig-
ital CR process. The conceptual model emerged based on three study results. In
this section, the researcher presents the main results and generates the model
around the analytical phases.

5.1 Results of three studies

The main results of the three studies showed that the core category was enabling
personalized and trusting in life change based on three study results: cardiac patients’
identification of e-usage in the behavior change process as identifying e-usage in the be-
havior change process (Study 1), reflecting lifestyle management (Study 1II), and com-
plex trust-building process (Study III) (Figure 4).
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FIGURE4  The main results of the three studies results indicated a saturated core cate-
gory containing two core categories as well as sub-categories.

5.1.1 Identifying the e-usage groups (Study I)

Study I was based on the qualitative analysis of technology use based on the
associated behaviors and attitudes of patients with cardiac disease that were
assessed before digital rehabilitation. The research question of the first
qualitative sub-study was to determine the experiences and attitudes patients
had toward technology in general. The results of identifying e-usage in the behavior
change process described the experiences of 39 patients. The descriptors of the
patients’” prior technology use behaviors and attitudes included feeling like an
outsider, being uninterested, reflecting on the benefits, and enthusiastic use. The feeling
like an outsider and being uninterested groups required more face-to-face
counseling, while counseling was sufficient in the reflecting on the benefits and
enthusiastic use groups. Concerns regarding technology usability were more
widespread, indicating that technology should be simple, flexible, and easy to
use and learn. The identifying e-usage in the behavior change process category, which
was created based on subcategories and four dimensions of the patients’ e-role
and e-usage, enabled participation in e-process and behavior change counseling
and coaching (Figure 5).
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FIGURES5  The identifying e-usage in the behavior change process category and its sub-
categories and the dimensions of e-using.

The first group, feeling like an outsider, reflected patients’ concerns about the
experience of feeling like an outsider while using technology. These participants
found the technology fearsome and were disappointed about the lack or absence
of encouraging technology and adequate positive support. The second group,
being uninterested, reflected the experiences of patients who are conversant and
have experimented extensively with technology. Their opinions differed about
the need for and occasional use of health technology outside of work, as they
were not interested in using the solutions in their spare time. Patients felt that
empowering digital support that generates a positive spark interest in change
includes feedback on the progress of weekly tasks. One concern regarding
motivation in using technology was whether technology could support behavior
change by employing simple methods, such as regular reminders and prompts.
Most participants agreed with the statement that health technology should be
problem-free. The subjects in the third group, reflecting on the benefits, maintained
an interest in technology only when they had a use and need for it in everyday
life. There were some suggestions about technology being an easy-to-use
interactive tracking tool with personalized information. These views surfaced
mainly in relation to the subjects in the fourth group, enthusiastic use, who use
smoothly functioning technology diversely, like for self-tracking with a
personalized lifestyle feedback. The category identifying e-usage in the behavior
change process describes the diversity of patients’ technology usage behavior.
Their different needs for technology use should be considered in web-based
guidance and coaching planning to encourage participation in the digital process.

5.1.2 Reflections of lifestyle management (Study II)

Study II used quantitative data and examined the differences in biomedical,
psychological, social, environmental, lifestyle risk, and health behavior factors of
CHD components among these four groups based on their different experiences
and attitudes about technology: feeling like an outsider, being uninterested, reflecting
on the benefits, and enthusiastic use (Study I).
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The category of the reflecting lifestyle changing as part of the rehabilitation
process is associated with different biopsychosocial narrative descriptions
(profile) in digital rehabilitation. The feeling like an outsider and being uninterested
groups had high-risk lifestyle behaviors. The being uninterested group had a larger
mean waist circumference than the enthusiastic use group. The feeling like an
outsider and being uninterested groups had lower physical fitness (6-min walk test)
levels than the enthusiastic use group. These views surfaced mainly in relation to
the self-management of lifestyle risk factors, such as daily physical activity and
weight. These groups’ adherence to the web-based program was low. The group
with the profile feeling like an outsider showed that they felt fearsome to use
technology and so they need positive support for using technology and
increasing their self-awareness. The being uninterested group had a lower self-
efficacy, and they might have quickly given up when they ran into difficulties.
They may need increasing engagement and motivation in activity empowerment
and patient education, including self-monitoring with reminders and prompts,
as they are externally motivated. Based on the profiles, the study identified
profiles related to the rehabilitation process. Based on these results, the profile
for the feeling like an outsider group was renamed developing self-awareness (Table
3) and the profile for the being uninterested group was renamed increasing
engagement (Table 4).
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TABLE 3

Differences in biopsychosocial factors among feeling outsider (n=8) group between being uninterested, reflecting on the benefits, and
enthusiastic use groups.

Qualitative data Proposition Variables RV Mean | Statistically significant differences Group 1, the feeling like an outsider group, profile
(P<.05) between groups descriptions

“That technology Proposition 1. The | Waist circumference <94 107.1 The feeling like an outsider group had The feeling like an outsider group, developing self-
hasn’t really feeling like an (cm) lower physical fitness than the awareness profile
come...My wife outsider group enthusiastic use group (MD -55.8,95% - | Psychological: A high self-efficacy to regulate
taught the might benefit from | 6MWT (m) >623 | 575.5 110.7 to -0.92, p =.047 in a t-test). exercise according to their own estimate.
computer...supported, | developing self- Performing guided tasks in the Biological: High-risk behavior related to being
well, taught—so I efficacy in LPA (min/per week) >150 | 134.9 program in the Kruskal Wallis test (p inactive and overweight. Self-reported weekly
went to the courses. physical activity =.038). physical activity differed from accelerometer-
And the kids did. I and adequate IPAQ (min/ per week) Communicating via messages were measured physical activity.
thought that if 'm positive support >150 | 421.4 | lower in the feeling like an outsider group | Social: Engagement in technological solutions
still starting to tinker, | asindividuals in WHOQOL-BREF than in the enthusiastic use group was low.
there won't be this group (p =.034) in the Mann-Whitney test.
enough hours in the consider WHOQOL-BREF
day to learn.” themselves Physical health >16.5 | 13.6
(Participant 25, 60- outsiders and find
year-old man, focus technology WHOQOL-BREF
group 1, study I). fearsome. Psychological health >16.5 | 14.3

WHOQOL-BREF

Social relationship >16.5 | 14.3

WHOQOL-BREF

Environment >16.5 | 14.9

DEPS <8 6.8

SERES >50 67.0

BREQ-3 >0 12.0

Completed task mark >87 45.0

Discussions mark >6.6 43

RV, recommended value; 6MWT, 6-min walk test; BREQ-3, the Behavioral Regulation in Exercise Questionnaire-3; DEPS, 10-item Depression Scale; IPAQ, International
Physical Activity Questionnaire; LPA, light-intensity physical activity; SERES, Self-Efficacy to Regulate Exercise Scale; WHOQOL-BREF, World Health Organization

Quality of Life BREF




TABLE 4 Differences in biopsychosocial factors among being uninterested (n=10) group between feeling outsider, reflecting on the benefits, and
enthusiastic use groups.
Qualitative data Proposition Variables RV Mean | Statistically significant differences | Group 2, the being uninterested group,
(P<.05) between groups profile descriptions
“I'm waiting for it and Proposition 2. The Waist circumference (cm) | <94 112.7 | The being uninterested group had a | The being uninterested group, increasing
I'm truly interested, as if | being uninterested group larger mean waist circumference engagement profile
I were waiting for might benefit from 6MWT (m) >623 558.9 | than the enthusiastic use group
something like a spark. weight management (MD 14.2,95% 1.0 to 27.5, p=.031 Psychological: Low self-determination
That it is something, and physical activity LPA (min/per week) >150 174.6 | in the Tukey HSD test). scores (externally regulated).
something like, self-monitoring with
motivating, and...well..I | reminders and IPAQ (min/ per week) >150 461.3 | The being uninterested group had Biological: Low levels of physical fitness,
can’t say, but it like prompts as they feel lower physical fitness than the poor self-assessed physiological quality of
maybe not now for sure externally motivated. WHOQOL-BREF enthusiastic use (MD -0.72, 95% CI life and a high waist circumference.
every week. If once a - : Interested in self-monitoring their physical
month, certainly WHOQOL-BREF >165 137 }1154];263)0 6, p =029 in the Tukey activity. BRETRY
something could Physical health ’
come...a reminder.” The degree of self-determination Social: Uninterested in participation in web-
(Participant 56, 45-year- WHOQOL-BREF >16.5 14.2 in exercise (BREQ-3) scores were based coaching,
old man, focus group 3, Psychological health s .
study I). 51g.,111f1ca.ntly different betwee'zn t'he
“When I could enter WHOQOL-BREF >16.5 15.9 being uninterested and enthusiastic
inputs in there, and if Social relationship use groups in a t-test (MD -7.3,
my own activities could 95% CI-13.5 to -1.1, p =.023), being
be there, then I would be WHOQOL-BREF >16.5 14.3 uninterested group had lower
like a response: Is this Environment values than the enthusiastic use
the right or wrong group.
direction, and... And DEPS <8 6.7
that's when it’s really
some-body, something SERES >50 56.6
and someone
monitoring what you're BREQ-3 >0 5.7
doing.” (Participant 41,
49-year-old woman, Completed task mark >87 314
focus group 2, study I).
Discussions mark >6.6 6.1

RV, recommended value; 6MWT, 6-min walk test; BREQ-3, the Behavioral Regulation in Exercise Questionnaire-3; DEPS, 10-item Depression Scale; IPAQ, International
Physical Activity Questionnaire; LPA, light-intensity physical activity; SERES, Self-Efficacy to Regulate Exercise Scale; WHOQOL-BREF, World Health Organization

Quality of Life BREF




In contrast, a comparison of the profiles’ results revealed that the subjects in the
group, reflecting on the benefits and enthusiastic use showed healthy lifestyle
choices. Among these participants was a description of a healthy lifestyle
behavior balance and low-risk behavior. This is a rather expected result; these
groups had good adherence to technology use, especially towards interactive
technology with personalized information and feedback. Patients in the reflecting
on the benefits group showed a fair amount of intrinsic motivation for maintaining
healthy lifestyle choices, high self-efficacy in exercise, and were interested in
using health technology. This group has a maintaining a healthy lifestyle balance
profile, such as healthy eating and exercising. A surprising result is that the
enthusiastic use group had the lowest self-efficacy in physical activity compared
with the other group profiles, even though they had the minor risk behavior.
Based on the profiles, the study identified profiles related to the rehabilitation
process. The reflecting on the benefits group was renamed maintaining a healthy
lifestyle balance (Table 5). The profile for the enthusiastic use group was renamed
strengthening self-confidence (Table 6).
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TABLE 5 Differences in biopsychosocial factors among reflecting on the benefits (n=6) group between feeling outsider, being uninterested, and
enthusiastic use groups.
Qualitative data Proposition Variables RV Mean | Statistically significant differences | Group 3 the reflecting on the benefits,
(P<.05) between groups profile descriptions
“Let’s put it in this way: Proposition 3. The Waist circumference (cm) | <94 102.3 | No statistically significant The reflecting on the benefits group,
I'm not actually now that reflecting on the differences (P<.05) between maintaining a healthy lifestyle balance profile
way from being pushed, benefits group might 6MWT (m) >623 624.3 | reflecting on the benefits and feeling
yeah. Yes, it comes from benefit from easy-to- outsider, being uninterested, and Psychological: Intrinsic motivation for
my own desire. The main use and interactive LPA (min/per week) >150 137.2 | enthusiastic use groups. exercise and high self-determination,
purpose is monitoring: it’s | technology as their PA . " 150 320 ir}cluding a p.osit"ive balz.mce in life. A
for that. It's interesting to | interest is maintained Q (min/per week) 5 8 higher score indicates higher self-efficacy
follow what happens if by technology with WHOQOL-BREF for exercise.
i lized
iog.:han%f some exercise ﬁ:}f:;z;;i and Biological: Showed healthy lifestyle
abrs, and you can see . . . WHOQOL-BREF >16.5 144 choices related to eating behavior and
from this, what changes interactive tracking Physical health exercise
have happened in the tools. ’
background. Very WHOQOL-BREF >16.5 14.4 Social: Health technology interests them.
okay.” (Participant 17, 57- Psychological health
year-old man, focus group
2, study I). WHOQOL-BREF >16.5 15.7
Social relationship
WHOQOL-BREF >16.5 15.3
Environment
SERES >50 62.0
BREQ-3 >0 11.8
DEPS <8 2.0
Completed task mark >87 116.8
Discussions mark >6.6 7.8

RV, recommended value; 6MWT, 6-min walk test; BREQ-3, the Behavioral Regulation in Exercise Questionnaire-3; DEPS, 10-item Depression Scale; IPAQ, International
Physical Activity Questionnaire; LPA, light-intensity physical activity; SERES, Self-Efficacy to Regulate Exercise Scale; WHOQOL-BREF, World Health Organization

Quality of Life BREF




TABLE 6 Differences in biopsychosocial factors among enthusiastic use (n=15) group between feeling outsider, being uninterested, and reflecting
on the benefits groups.
Qualitative data Proposition Variables RV Mean | Statistically significant differences | Group 4, The enthusiastic user group profile
(P<.05) between groups descriptions
“I'm waiting and I'm Proposition 4. The Waist circumference (cm) | <94 98.4 The enthusiastic use group had The enthusiastic user group, strengthening self-
interested. Yes, of course, enthusiastic user higher physical fitness than the confidence profile
this here now gives a little | group might benefit 6MWT (m) >623 6313 feeling like an outsider group (MD - . ) o
push in the pants. I'm from empowering ' 55.8,95% -110.7 to -0.92, p =.047 in Psyc.hologlcalz ngh self-(.ietermmatlon in
already moving pretty their self-efficacy and | LPA (min/per week) >150 1483 | 5 t-test). relation to exercise behavxor but had alack
well, that’s what this thing | personalized lifestyle IPAQ (min/ per week) o150 2910 . ' of self-efficacy in physical activity.
around my arm tells feedback - 'they ’ ' ;asklin la ;1\;5 llln tile frogirzg; o tk:ie Biological: A waist circumference and a
me...Yeah...and then yes, I | havea positive WHOQOL-BREF rusar tra e es (p =038) an physical fitness level that represented a low
have the Sport Tracker on | technology mastery Comml?mcatl.ng Via messages behavior risk level.
my phone, also. WhenI go | experience. WHOQOL-BREF >16.5 142 were higher in 'the e'nthuszustz? use
somewhere, I tell it to Physical health group than feel ”/fg like an outsider Social: Highly interested in technological
draw a map, and I see the group (p =.034) in the Mann- health solutions.
time and all WHOQOL-BREF >16.5 155 | Whitney test.
that.” (Participant 66, 34- Psychological health The enthusiastic use group had
year-old man, focus group higher than the being uninterested
3, study I). WHOQOL-BREF >16.5 16.3 & 8
Social relationship group the degree of self-
“Modern opportunities. determination in exercise scores
And if now, of WHOQOL-BREF >16.5 15.0 ina t-test (MD -7.3, 95% CI-13.5
course...from where soon Environment to-1.1, p=.023).
could come a little spark,
and that spark continues SERES >50 54.2
than exercise could begin.
And it’s really the same BREQ-3 >0 13.1
benefit. And then, of
course, if nothing’s heard DEPS <8 4.2
from there. It sounds real
good, and then reminders. Completed task mark >87 156.0
Something like you can
write comments, and...” Discussions mark >6.6 8.1

(Participant 26, 61-year-
old woman, focus group 2,
study I).

RV, recommended value; 6MWT, 6-min walk test; BREQ-3, the Behavioral Regulation in Exercise Questionnaire-3; DEPS, 10-item Depression Scale; IPAQ, International
Physical Activity Questionnaire; LPA, light-intensity physical activity; SERES, Self-Efficacy to Regulate Exercise Scale; WHOQOL-BREF, World Health Organization

Quality of Life BREF




The reflections of patients on their lifestyle risk factor management differed
during the process of digital rehabilitation as developing self-awareness, increasing
engagement, maintaining a healthy lifestyle balance, and strengthening self-confidence.
The main results of the analysis are shown in Figure 6.

CATEGORY
Reflecting lifestyle
management

Sub-category

Dimensions Buildi If
: 4 uilding self-awareness
Biomedical s° >
: Increasing engagement
Psychological e =
= Py Maintaining a healthy lifestyle
Social i 2 =
Envi 1 balance
A\ :
nvironmenta Strengthening

self-confidence

FIGURE 6  The category that reflecting the lifestyle and its sub-categories as well as bio-
logical, psychological, social, and environmental factors dimensions.

5.1.3 Complex trust-building process (Study III)

In Study III, we continued to analyze the experiences of cardiac patients in
rehabilitation. Study III aimed to quantitatively explore the different meanings
that patients had given to the process at the end of rehabilitation. The core
category was complex trust-building process, which included feeling that one has
hit rock bottom, facing and coping with a crosscurrent, understanding their
concerns as a peer group, moving toward a healthier lifestyle by using
technology, and finding self-awareness. The complex process of trust-building
involved interactions between emotion, cognition, acceptance, and support
processes (Figure 7).
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CATEGORY
Complex

trust-building

CATEGORY
Dimensions
Feeling that one has hit rock bottom
Emotion Facing and coping in a crosscurrent
Cognition Understanding together as a peer group

Acceptance and support  Moving toward a healthier lifestyle with
technology
Finding self-awareness

FIGURE7  Core category of cardiac patients in complex trust-building and its categories
and dimensions including emotion, cognition, acceptance, and support pro-
cesses.

Patients expressed their concerns about cardiac disease. Some patients described
their feelings of distress after a cardiac event as the feeling of having hit rock
bottom. Moreover, this life situation involved feelings of worthlessness,
powerlessness, and even despair because of their experience with a sudden
cardiac event. One of the concerns expressed about the causes of the illness was
how it could have been avoided; the link between daily and work-related stress
and cardiac events was also considered. The participants also mentioned their
trying to avoid thoughts or feelings about managing their new life situations. In
their accounts of the events surrounding effective coping strategies after a cardiac
event, they mentioned their struggle with life’s difficulties and experiencing both
ups and downs. Patients highlighted the importance of receiving support from
their loved ones, which ultimately encouraged them to keep progressing. Almost
everyone indicated that the most important coping mechanism was the
acceptance of the disease and the continued effort to give life new meaning.
Among the patients, the positive view was that face-to-face peer contact had
a positive impact; they appreciated being able to give each other feedback. The
patients noted that the utilization of technology was able to support their
physical and life changes; it also increased their self-awareness. This was
particularly true for instances in which they felt that technology helped them
recognize their own development. They noted that they appreciated receiving
immediate feedback, which helped them seek and utilize information to evaluate
their own goals and progress. A recurrent theme among the participants was a
sense that the rehabilitation process increased their own awareness of their
current situation since it provided a time and place for reframing their own needs
and thoughts, re-evaluating their goals, and setting new life goals. Patients
argued that the development of their personalized life management (e.g., self-
care) skills occurred through their learning, repetition, and application of self-
care knowledge. They also found hope in living, self-trust, and satisfaction and
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gradually forgot about the burden of their disease as they continued their daily
lives.

5.2 Conceptual model emergence

After publishing the first three articles, I continued to explore what kind of
conceptual model emerges and how it is able to resolve cardiac patients’ main
concerns about digital CR. The results were synthetized to create a conceptual
model. In the first phase, the data were openly coded by core category. In the
second phase, the data were selectively coded to identify a densified and
saturated core category as well as theoretically coded to create a model.

5.21 Emergence of core categories

The results from the open coding analysis deepened our understanding of
technology use (Study I) and lifestyle risk behaviors (Study II) in the process of
digital CR from the perspective of cardiac patients. The analysis also assessed the
different meanings given by the CHD patients to the rehabilitation process
(Study III). The main finding of the first phase of studies I and II was the
emergence of one core category: personalized lifestyle changing, which is associated
with identifying e-usage in the behavior change process (Study I) and reflecting lifestyle
management (Study II). Thereafter, another core category was found for Study III:
complex trust-building process. Table 7 summarizes the relationships between the
core categories of the three studies.
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TABLE 7 Summary of emerging core categories results (Studies I-I1I).

Emerging core category:
Personalized lifestyle changing (Study I and II)

Category: Cardiac patients’ identifying of e-usage in the process of behavior change
(Identifying e-usage) (Study I)

Dimensions Feeling Being Reflecting Enthusiastic
outsider uninterested benefit using

Patient's e-role Outsider Occasionally Usefully Diversely

Patient's e-using Fearing to use | Limited to use Feeling Empowering

of technology technology useful self- tracking

Enabling participa- | Encouraging Problem-free Easy-to-use Smoothly

tion in e-process technology technology functioning

technology

Behavior changes

counseling/ Technology Activity Interactive Getting

coaching supporting empowerment tracking tool feedback

Category: Reflecting on lifestyle management (Study II)

Dimensions Building self- | Increasing Maintaining Strengthening

Biomedical awareness engagement a healthy lifestyle self-confidence

Psychosocial balance

Environmental

Emerging core category: Complex trust-building process (Study III)

Dimension Feeling that Facing and Understand- | Moving Finding
one has hit coping ing toward a self-aware-
rock bottom in a cross- together as healthier ness

current a peer group | lifestyle with
technology

Emotion Feelings of Struggling Feeling of Moving for- Finding hope
worthlessness | the upsand | being onthe | ward toward
and power- downs "same level" | self-trust
lessness

Cognition Avoiding Noting own Givi'ng and Seelfing infor- | Developing
thoughts thoughts receiving mation about | self-care

feedback activity through
learning,
repetition

Acceptance and Recognizing Encouraging | The positive | Supporting A time and

support rock bottom of | support importance “a great place to
my life of face-to- buddy” tech increase

face peer awareness of
group con- one's own
tact needs
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5.2.2 Densified and saturated core category

In the second phase of analysis, the aim was to develop a densified and saturated
core category and create the conceptual model. The results from coding increased
our understanding on the cardiac patients” use of technology, along with the as-
sociated concerns on lifestyle risks and health behaviors in the digital CR process.
In the results of studies, I, II and III the concept of data densified and saturated
one core category titled enabling personalized and trusting in life change.

5.2.3 Conceptualization of process

The second phase was the conceptualization of a process. The researcher chose
the concepts that are related to the core category (Glaser, 1978, pp. 55, 93). These
process supplements the six C's (6 C’s; context, condition, causes, consequences,
contingencies, and covariance) (Glaser 1978, pp. 74-75), which will help research-
ers integrate findings about the trust-building enables personalized life changes
model. The description of the model that is focused on personalized experiences
of life changes that will enhance trust and promote life changes. These main con-
cepts are based on three concepts: personalized life changing, trust-building, and
life change (Figure 8).
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FIGURE 8  The trust-building enables personalized life changes model using the six C’'s (context, condition, causes, consequences, contingen-

cies, and covariance) (Glaser, 1978, pp. 73-74).



5.2.4 Trust-building enables personalized life changes model

The most essential result of the dissertation project was a conceptual model based
on three published articles results: identifying the e-usage, reflecting lifestyle
management, and complex trust-building. The main concern of the patients was how
to enable personalized life changes during the digital CR process. The main
concepts were based on three concepts: personalized life changing, trust-
building, and life change.

First, the finding was a personalized lifestyle changing process.
Empowering and enabling patients by using tailored or personalized education
and action points were found to promote the trust-building process. The main
aims were to build, increase, maintain, and strengthen the personalized life
changes in patients. This promotes the various aspects and attitudes that are
needed to achieve the individual’s goals; and this covers aspects from the
biomedical, psychological, social health behavior, and attitudes about digital
technology. Digital health tools within behavior change techniques (goalsetting,
information, social support, peer discussion, prompts, self-monitoring) may also
promote this process. Personalized lifestyle management proves to be
encouraging and supportive of coping with life changes.

Second, the basic social process involved was trust-building for life change.
As a preliminary suggestion, the phases in the trust-building may be (1)
identifying their feelings, (2) facing and coping with a crosscurrent, (3)
understanding their concerns as a peer group, (4) moving toward a healthier
lifestyle by using technology, and (5) finding and developing self-awareness.
Developing self-awareness includes reframing, including the identification of
new meanings in life, as well as having increasing trust and hope in life. Having
more stability in terms of emotions, cognition, acceptance, and support plays a
significant role in recognizing and supporting the trust-building process.

Third, the life change of patients may contribute to a deepened
understanding of the complexity of the CR processes. The processes can be
viewed as those that consist of conditional descriptions that may affect life
change after a cardiac event. The processes are ultimately influenced by the
sudden cardiac event and the subsequent need for rehabilitation. These processes
slowly develop over time, and they have a beginning and an end. In other words,
these phases have a dimension of time (i.e., institutional timing).

53



6 DISCUSSION

The purpose of the present dissertation project was to create a conceptual model
that provides a proposal for a substantive area in CR. Studies I-III have guided
the step-by-step process in developing this model. In this dissertation project, the
GT approach has been used; it has enabled us to discover new perspectives on
digital CR. The emerging model was based on 39 patients with CHD who
participated in cardiac digital rehabilitation courses from 2015 to 2017.

6.1 Summary of main results

The result of the dissertation project was based on three main study results. In
study I, we identified four different the e-usage groups, which were based on the
patients” experiences with and attitudes about technology. The profiles of the
groups from study II varied, and this reflects the various management styles of
the patients’ lifestyle and health behaviors. In study III, we found that complex
trust-building followed a life change event, which was a cardiac event in this
case. The main concerns of the cardiac patients were how to develop a personal-
ized experience for life change during the digital CR process. The most essential
result of the dissertation project was the formation of the conceptual model that
encompasses the trust-building enables personalized life changes model. The follow-
ing section discusses in great detail how behavioral change theories and others
literature support the findings of the studies (I-III) and the conceptual model de-
veloped.

6.1.1 Personalized digital health technology needs (Study I)

The first question in this dissertation project was what the groups experience
when using technology and what their attitudes toward technology are. The re-
sults presented in study I showed that identifying the e-usage category consists of
four groups that define the patients’ different experiences and behaviors
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associated with the use of technology, as well as web-based guidance, in the pro-
cess of behavior change. These groups were feeling like an outsider, being unin-
terested, reflecting on the benefits, and enthusiastic use. Patients who felt like
outsiders and were not interested in technology needed more face-to-face patient
education encounters, whereas patients who reflected on the benefits and were
enthusiastic about using technology felt that web-based guidance was sufficient
in providing support for the rehabilitation.

The study found that cardiac patients were able to reflect on their own atti-
tudes and needs about technology in the context of a cardiac event or disorder.
There was a need for interactive coaching, which gives the patients a little push,
constructive feedback, and support for the achievement of life changes goals.
These results further support the idea that setting personal goals and altering
behavioral factors, such as attitudes and beliefs, may positively impact overall
health (Ajzen, 2011). The attitude towards these changes is determined by one’s
belief that the behavior leads to either a favorable or unfavorable outcome (Ajzen,
2011). The components of behavior techniques within secondary prevention in-
terventions can help patients increase their self-direction, set specific goals, and
take action to achieve and sustain health-supporting behaviors (Beatty et al.,
2013; Brough et al., 2014; Taylor et al., 2016; Wolever et al., 2013). In this study,
important behavior techniques for maintaining a spark of interest and motivation
required immediate feedback, weekly assignments, and regular reminders. This
technology acceptance broadly supports the work of other studies in this area,
which link digital behavior technique components to promote or detract health-
promoting choices.

This study showed that technology can be simple and easy to use, which
was also illustrated in previous studies (Brough et al., 2014; Davis et al., 2015;
Torp et al., 2008). At the beginning of digital rehabilitation, it is important to en-
courage patients to hone their abilities to use various easy-to-use technology,
which also produce positive and successful experiences. Studies have also found
that even though the digital skills of senior citizens have improved, they need
support to effectively use technology (Arthanat et al., 2016). The minimization of
application risks increases their trust in the technological systems (Arthanat et
al., 2016; Egea & Gonzalez, 2011; Pearson et al., 2016). This supports the findings
of study I, which found that each individual’s attitude was relevant to building
his trust in technology.

This study showed that it is important to identify the various types and as-
pects of technology as well as the user’s role in them. The planning process must
consider the different roles of the patients, such as the experiences of the outsider
for active users. As patient skills develop, the patients gain self-esteem and have
the opportunity to develop positive, successful experiences (Arthanat et al., 2016;
Brough et al., 2014). In digital rehabilitation, one should not expect to only have
the necessary skills, but also the learning that comes with developing these skills,
which include cognitive and motor, and perceptual skills (Arthanat et al., 2016;
Broady et al., 2010; Rawstorn et al., 2016); this will ultimately give the patient
enough time to learn new skills (Broady et al., 2010). Digital health applications
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allow users to receive information and receive automated feedback; on top of
this, they allow patients to connect with peers and health care professionals. In
the future, recognizing the needs and concerns of different technology users
should be considered when tailoring a solution that involves technology. This
way, the acceptance and utilization of digital health technology may be enhanced
for a more meaningful and effective rehabilitation experience.

6.1.2 Biopsychosocial lifestyle management (Study II)

The second question in this dissertation project sought to determine what kind
of differences can be identified in the four group profiles by comparing them in
terms of the biomedical, psychological, social, and environmental and health be-
havior aspects. The four groups were classified based on their experiences and
attitude toward technology use: feeling like an outsider, being uninterested, re-
flecting on the benefits, and enthusiastic use (Study I). In Study 1I, the reflecting
lifestyle management category illustrated how patients in the four groups also re-
flect on their lifestyle management differently during the rehabilitation progress.
Based on the qualitative and quantitative analyses, the four profiles were re-
named to the following: finding and developing self-awareness, increasing en-
gagement, maintaining a healthy lifestyle balance, and strengthening self-confi-
dence.

Study II also showed how the behaviors of cardiac patients consist of not
only biomedical, but also psychological and life change dimensions. These results
align with the biopsychosocial paradigm that highlights the importance of iden-
tifying biopsychosocial needs of patients to aid in tailoring interventions (Ah-
madvand et al., 2018; Borrell-Carrio, 2004). This allows patients to be more inde-
pendent in their choices and stances (Ahmadvand et al., 2018). Aside from being
able to promote the fulfillment of individual needs by providing motivational,
goal-setting, self-efficacy, and self-regulatory skills, it also improves self-aware-
ness and self-management for life change processes (Andersen et al., 2020; Ban-
dura, 2005; Kashani et al., 2016; Palacios et al., 2017). This biopsychosocial under-
standing may be extended to behavioral medicine based on the biopsychosocial
paradigm (Ahmadvand et al., 2018; Borrell-Carrio, 2004) and behavior theories
(e.g., theories of learning) (Bandura, 1989). According to the social cognitive the-
ory, it is necessary to increase both positive self-care and the ability to achieve
one’s goals (Bandura, 1989); this study has also supported this.

How to personalize life changes was the main concern of patients with car-
diac disease; that is, how exactly does one enable personalized life changes dur-
ing the digital CR process? Personalized life change can be developed when cer-
tain specified actions are satisfied; for example, experiencing a positive “spark”
for behavior change. These actions for life change are associated with different
needs for health technology use and how individuals reflect lifestyle risk factors
differently in the rehabilitation process. For example, how personalized individ-
ual behavior needs are met (i.e., how support is provided for the acceptance of
technology use). Technology has brought new challenges to this significant be-
havioral process, and this challenge requires different theoretical perspectives
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and techniques for the new phenomenon. Digital health technology that is used
to tailor solutions may be a useful tool in identifying positive forms of personal-
ized lifestyle support and management. This is supported by the findings from
earlier studies (Baek et al., 2018; Partridge et al., 2017; Westland, 2019). Based on
the results, it is pertinent to consider various biopsychosocial needs when tailor-
ing web-based behavioral change measures for patients with heart disease.

6.1.3 Cardiac patients’ trust-building process (Study III)

The third aim of the dissertation project was to identify the different meanings
that patients assign to life after CR (Study III). Furthermore, the findings of study
III demonstrated that the main social psychological process was complex trust-
building. Building trust was pertinent during different phases, such as feeling that
one has hit rock bottom, facing and coping with a crosscurrent, understanding their con-
cerns as a peer group, moving toward a healthier lifestyle by using technology, and find-
ing and developing self-awareness. The trust of the patients was closely intertwined
with the processes of change, understanding emotions, identifying thoughts, re-
flecting on acceptance, and personalizing digital support.

In this study (Study III), the main concept revolved around self-awareness,
which includes reframing one’s needs, thoughts, and choices, identifying new
meanings in life, and finding more trust and hope in life. The results from study
III suggest that there is an association between the awareness of life meanings
and the building of trust. During the trust-building process, the reactions of car-
diac patients also involve the process of making or finding new meaning; this is
further supported by the idea of the adaption process (Park & Folkman, 1997). It
is important to increase cardiac patients” acceptance and awareness of their cur-
rent condition, as well as his own engagement and strategies for behavior change,
to improve upon the psychological flexibility in the behavior change process
(Hayes et al., 2012). This finding is consistent with that of Hayes et. al. (2012),
who focused on the psychological flexibility process by outlining six overlapping
processes: acceptance; cognitive diffusion, also known as deliteralization; being
present; self-as-context; value orientation; and committed action.

The results of study III focused on everyday life relating to the patient’s
trust and individual experience, which may include emotion and cognition (We-
ber & Carter, 2003). A number of theoretical frameworks explain the process of
adapting to change after a cardiac event, such as the models of adaptation to ill-
ness (Andrews & Roy, 1994, pp. 18-22). The cardiac event was also a stressful
situation that was described as feeling that one has hit rock bottom for the patient
and his family. This life situation entails being able to adapt to a new life situation
that broadly affects life. Comparison of these findings with those of other studies
notably confirmed that patients experience anxiety and depression after cardiac
events occur (Hare et al., 2014; Hamaldinen, et al., 2000), cognitive function im-
pairments and emotional distress (Gallo et al., 2005), a lack of social support
(Hare et al., 2014), and effects on their self-care. Additionally, during the trust-
building process, the promotion of employing positive thoughts and beliefs alle-
viates emotional distress and reinforces self-esteem, which in turn contributes to
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external changes in behavior; this is also highlighted by Bandura (1989). Prior
studies noted the importance of effective cardiac disease management (Dancet et
al., 2011; Esmaeili et al., 2016; Greenfield et al., 2014) as well as the role emotions
play in understanding the adaption process (Andrews & Roy, 1994, pp. 18-22).
Several studies illustrated how the consideration of psychological and emotional
needs, especially after a cardiac event, is crucial in promoting effective cardiac
disease management (Ellis et al., 2019; Hellem & Bruusgaard, 2020; Jokar et al.,
2017; Peterson, 2010; Yates et al., 2018).

The results of this study show the importance of being able to face and cope
with a crosscurrent event in life. This concept involved struggling with difficul-
ties in life and experiencing its ups and downs. Coping is defined as the ability
to understand the meaning of one’s own thoughts, which was also demonstrated
by Park and Folkman (1997). Study III also showed that the emotional and social
support received by cardiac patients, whether from their peer groups, spouses,
other family members, friends, or health care professionals, positively affect their
ability to manage their condition (Embuldeniya et al., 2013; Hamaéldinen et al.,
2000). Other studies confirmed that emotional support enables patients to effec-
tively manage their own thoughts and feelings (Hayes et al., 2012; Lazarus &
Folkman, 1984, pp. 150-152). As mentioned in the previous chapter, the role of
technology is important as it supports social participation, such as peer group
discussions on web-based programs (Nordin, 2017; Partridge et al., 2017).

6.2 Development of trust-building model

This dissertation project focused on conceptual model development. The fourth
question of this dissertation was to resolve cardiac patients’ concerns about dig-
ital CR. The results from this study were analyzed and compared to the behav-
ioral change models and theories in the literature. The theories aim to evaluate,
influence, and identify the targets for behavior change and methods for accom-
plishing such (Glanz, 2014). The theoretical basis for behavior change as a con-
cept promoting life change describes why individuals do or do not engage in
certain health behaviors and lifestyle choices (Davis et al., 2015; Noar et al., 2008).
The effects of cardiac patients” experiences on their life changes in the context of
digital CR include behavior change aspects (Knudsen et al., 2020; Schweier et al.,
2018; Webb et al., 2010), exercise (Pfaeffli et al., 2013), healthy eating (Yates et al.,
2018), social support (Partridge et al., 2017; Schweier et al., 2018; Wentzer & By-
gholm, 2013), and psychological health (Jbilou et al., 2019; Richards et al., 2018;
Schaufel et al., 2011). Researchers have observed that the use of such theories has
not yet been systematically integrated into digital health interventions and pa-
tient education offerings (Sankaran et al., 2016; Webb et al., 2010). However, pre-
vious research reported that interventions that are grounded in an appropriate
behavior change theory may be more motivating and effective than those that
lack a theoretical basis (Davis et al., 2015). Prior studies and behavior theories
support the importance of theories of psychological behavior and life change to
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understand such phenomena. Therefore, the main model here will be compared
to behavior change theories and will describe the key variables of behavior
change models.

6.2.1 Concept of trust-building process

The concept of trust-building enables personalized life changes mainly supports indi-
vidual and causation theories, such as the TPB (Ajzen, 1985) that are at the root
of the TAM (Davis, 1989; Davis et al., 2015); these are also examples of expectancy
and acceptance-based theories. These behavioral theories refer to factors that af-
fect lifestyle-related behaviors, such as motivation, attitudes, and intentions,
which influence the implementation of life changes (Ajzen, 1985; Davis, 1989;
Webb et al., 2010). These individual behavior change theories have been widely
used as parts of behavior change interventions (Ajzen, 2011; Davis et al., 2015;
Hung & Jen, 2012; Egea & Gonzélez, 2011; Noar et al., 2008).

The TPB of reasoned action by Ajez (1985) proposes that an individual’s
decision to engage a specific behavior is necessary for its success. According to
the TPB, an individual’s intentions are determined by three variables: personal
attitudes, subjective norms (beliefs about whether other people approve or dis-
approve of the target behavior), and perceived behavioral control (perception of
how easy or difficult it is to adopt the target behavior). The TAM model proposed
by Davis (1989) predicts the attitudes toward technology based on its use and
usefulness. Based on the developing concept of the model, the identified key con-
cept in this study is that a personalized experience, together with trust-building,
supports the achievement of impactful changes in behavior and lifestyle. Figure
9 illustrates the relationship between the concepts of trust-building enables person-
alized life changes and the concepts related to the TAM and TPB.
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FIGUREY9 Interaction between the trust-building enables personalized life changes, the tech-
nology acceptance model (TAM), and the theory of planned behavior (TPB).
(The technology acceptance model is highlighted in green. The theory of
planned behavior is highlighted in blue. The trust-building model is high-
lighted in red).

6.2.2 Present model versus pre-existing behavior changes models

When compared to TAM and TPB, the model that illustrates trust-building enables
personalized life changes has some distinct similarities and differences. In this dis-
sertation project, the main concepts included personalized life change, trust-
building, and life changes. This implies that the provision of personalized en-
counters will enhance trust and promote life changes.

Similar constructions were identified in the model and the TAM, which
both predicted the acceptance of technology, although the model in question has
a broader definition for the concept of personalized life change. The study found
that it is important to contact different technology users and identify their bi-
opsychosocial profiles with respect to their own reflections about their lifestyle
risk. According to the TAM, technology acceptance is dependent on the per-
ceived: (1) ease of technology use influences; and (2) usefulness. Together, these
ultimately improve the individual’s attitude and intent to use technology for a
real purpose (Davis, 1989). We found that an increase in an individual’s per-
ceived usefulness associated with a certain value plays a role in the likeliness of
his positive intentions and acceptance to increase. The favorable expectation was
that the applications would be easy to use, secure, clear, and feature easily com-
prehended instructions in their own language.
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Second, the model presented here, the TPB (Ajzen, 1985), and the TAM (Da-
vis, 1989) similarly illustrate the link between personal attitude, behavior, and
technology use. In this dissertation, trust-building was the central process in the
model. Trust-building was the foundation of oneself, one’s own life, others, and
technology use. The findings of the TAM versus other studies confirms that it is
important to deepen the understanding of the diverse roles of patients as tech-
nology users and their different attitudes toward technology and coaching (An-
typas & Wangberg, 2012; Lupton & Maslen, 2017; O’Reilly & Spruijt-Metz, 2013).

The TPB emphasizes how the subjective norm and perceived behavioral
control precede the willingness to attempt to achieve the target behavior (behav-
ioral intention) (Ajzen, 1985). Additionally, the TPB differs from the TAM and
current model in that it illustrates how beliefs about how others and their loved
ones feel about their behavior also influence the underlying intent of a behavior
(Ajzen, 1985). This model revealed that the basis of life changes was an individ-
ual’s ability to identify his own feelings, face and cope with a crosscurrent, navi-
gate their situation with their peers, utilize technology, and develop self-aware-
ness. In building trust, the awareness and acceptance of one's own feelings,
thoughts, and interpretations were particularly emphasized. Therefore, it is im-
portant to consider the interaction between an individual’s thoughts, feelings,
past experiences, behaviors (Hayes et al., 2012), and social environment (Ban-
dura, 1989).

Third, the classical TAM model, like the TPB model, does not fully reflect
the relationship intent, actual use or behavior, and motivational content (Walsh,
2015). The TPB model perceived behavioral control as something that refers to an
individual’s perceptions of their ability to perform a given behavior (Ajzen,
1985). The TPB also includes a direct link between perceived behavioral control
and behavioral achievement (Ajzen, 1985). In this model, life changes occurred
when the defined actions of lifestyle management were satisfied. In this study,
the goal of lifestyle management was to promote actions that would build, in-
crease, maintain, and strengthen personalized life changes. A patient’s desired
lifestyle management can be supported and achieved when their biopsychosocial
needs are met with patient education. Providing a personalized experience
through patient education and by tailoring digital health tools may promote
trust-building that supports behavior and life changes. Meeting an individual’s
behavior needs and identifying attitudes about technology are crucial in-patient
education, even when provided digitally.

The TAM and TPB models of change support the rehabilitation process by
describing how cardiac patients” behaviors develop and change over time. There
is also a need to identify strategies for achieving effective behavioral change in-
terventions (e.g., behavior change techniques [BCTs]) (Beatty, 2013; Lundgren et
al., 2018; Pearson et al., 2016; ). The desired life changes can be supported by the
integration of such theories (i.e., TAM/TPB) and BCTs (Banner et al., 2015; Davis
et al., 2015; Devi et al., 2014; Peterson, 2010; Schweier et al., 2018). Patient educa-
tion within secondary prevention that utilizes a variety of BCTs and their com-
ponents may effectively eradicate behavior risk factors (Goodwin et al., 2016;
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Leon et al., 2005). These results corroborate the findings of a great deal of previ-
ous work, which highlights the need for individually tailored treatment and ac-
tions for CR patients. This study’s results further support behavior change theo-
ries and behavior change tools, such as self-regulatory techniques, setting indi-
vidualized behavioral goals, self-management, and prompting (Devi et al., 2014;
Westland, 2019); providing individual feedback (Partridge et al., 2017), learning
health skills needed for change, providing opportunities for information dissem-
ination and joint problem solving (Melholt et al., 2018); self-monitoring (Par-
tridge et al., 2017; Westland, 2019) and experimenting with action (Michie &
Abraham, 2004). Based on the identification of factors influencing lifestyle, it is
theoretically possible to find out what to focus alone, but information on the di-
rection of change and the actions affecting it also prove to be significant factors
to consider (Michien et al., 2008). The model primarily aims to tailor patient ed-
ucation that guides patients toward resumed activity while considering the nec-
essary physical, cognitive, emotional, and behavioral skills that will achieve the
attained individual behavioral and life change goals.

6.3 Conceptual model evaluation

This trust-building enables personalized life changes model utilized Glaser and
Strauss’ criteria for evaluating a purposive substantive underlying theory: Fit,
workability, relevance, and adaptability (Glaser & Strauss, 1967, p. 3). Through-
out the research and analysis process, the researcher has been aware of these four
criteria, which relate to the GT (Glaser, 1978, p. 7). Following the methods out-
lined was paramount in evaluating the substantive underlying theory using the
four aforementioned criteria (Glaser, 1978, pp. 4-5; Glaser & Strauss, 1967, p. 3).

6.3.1 Fit

Fit as suggested by Glaser (Glaser, 1978, p. 7) refers to whether the conceptual
model fits into the data and whether the subjects recognize it as reality. Each of
the concepts identified in the trust-building enables personalized life changes model
emerged from the data and was traceable through the entries specified in the in-
terview with the participants. The model was developed using a thorough pro-
cess, which included many different steps and constantly rechecking with the
raw data. The analytical work has required the researcher to set aside time to help
tind deeper meanings and effectively build a model. Careful review of the docu-
mentation process and contents shows that there has been no coercion or over-
interpretation of the data.

6.3.2 Work

According to Glaser (1978), the work of the study refers to the ability of the theory
to explain most of the phenomenon—the concerns of the participants—in the
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substantive area (Glaser, 1978, pp. 7-8). The trust-building enables personalized life
changes model explains the main concern of the cardiac patients in the digital re-
habilitation process. The results can also be applied more widely to different con-
texts of social and healthcare planning and training for digital rehabilitation ed-
ucation. The results of this study provide guidance on how healthcare providers
and professionals can support patients psychosocially and behaviorally in a dig-
ital context. The substantive conceptual model also works (Glaser, 1978, p. 7),
which means that the model is able to explain, predict, and interpret what hap-
pens when digitalization increases in the rehabilitation process. The “suitability”
and “work” of the model is defined as the ability of the model to understand the
main concern of cardiac patients and their personal rehabilitation processes,
which involve how to build trust (Glaser, 1978, pp. 7-8). The relevance and use-
tulness of the published articles are very relevant and useful for implementing
digital rehabilitation. They have also been used in comparative rehabilitation
groups, musculoskeletal system reconditioning, and work ability rehabilitation.
The results can be used to design digital rehabilitation programs, and include
aspects of awareness, emotion, acceptance, and support counseling.

6.3.3 Relevance

Relevance refers to the importance of the research according to Glaser (1978). This
suggests that the experiences of cardiac patients in relation to their major concern
is represented in the theory; additionally, the concepts stemmed from their main
concern (Glaser, 1978, p. 8). With this, the main concern of cardiac patients was
well reflected in the data and identified the process of building trust. The new
conceptual model, trust-building enables personalized life changes, emerged from
mixing data and patient experience that were collected from the interviews with
participants who described their digital rehabilitation process. Quantitative data
supported these qualitative findings and deepened the understanding for the
phenomenon. The theory is relevant as it deals with the results of the current
topic and contributes to the resolution of cardiac patients” main concern.

6.3.4 Modification

Modifiability is the ability of the research to adapt and change as new data
emerges or is introduced; this is an important criterion for a well-founded theory
(Glaser, 1978, p. 8; Holton, 2008). Based on the results of this model, there is a
need to design or tailor a simple, relevant, easy-to-understand, and easy-to-use
technology application that will also produce positive and successful experi-
ences. This development process must be constantly modified to respond to new
information brought by digitalization. This constant openness is a powerful fea-
ture of GT. The model developed here is not yet fully ready for implementation,
but it builds the foundation to re-examine concepts and properties for new data
collection and analysis.
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6.4 Model strengths and limitations

There are identified weaknesses and strengths that require consideration when
interpreting the findings of this dissertation’s results. The participants discussed
their experiences of the digital rehabilitation process at the beginning and end of
rehabilitation; everyone was given the opportunity to share his or her experi-
ences during group discussion. Group interviews have strengths and weaknesses
when compared to one-on-one interviews. The interviewer was the same during
the process and created an accepting atmosphere and encouraged silent partici-
pants. Despite this, few participants were still trying to provide answers that will
please the group and/or interviewer. Nonetheless, the participants spoke freely
within their familiar peer group.

Another limitation stemmed from our using biopsychosocial variables,
which were only collected at two different points in time; this gave a snapshot of
the group at two different points in time: pre- and post-intervention (e.g., col-
lected data from the BREQ-3 and SERE questionnaires was taken only at the end
of the rehabilitation). However, despite this shortcoming, the BREQ-3 and SERE
questionnaires provided valuable information about the patients” own assess-
ment of their behavioral exercises and physical activity. The strength of this dis-
sertation project was being able to create a model using both qualitative and
quantitative data. Although the quantitative data were included in the analysis,
their main purpose was inductive of the phenomenon under study and not to be
interpreted as a statistical generalization or non-testing of the hypothesis. An-
other strength of the study includes the thorough discussions on the study set-
ting, participants, and processes.

Furthermore, the researcher’s own position and prejudices might have also
presented as both a limitation and a strength. As a researcher, I believed that the
rehabilitation process was strongly related to technology and the research ques-
tion I formulated was based on it. This belief was found to be erroneous in the
interviews, which led to a change and refinement in the research question to
cover the rehabilitation process more broadly. In addition, the researcher has per-
sonal and professional knowledge about the conditions relating to or needing
CR, which could have caused distortions in the analysis. With theoretical sensi-
tivity, the researcher recognized her own preconceptions, previous insights, and
experiences. On the other hand, the strengths of this study are its ability to exam-
ine the effects of the CR process in the rehabilitation process environment on pa-
tients, especially since the data collection only included group interviews, sur-
veys, and measurements that were obtained before and after the rehabilitation
process. Another strength of the study is the careful and transparent description
of the analysis process during the dissertation project.
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6.5 Implications for digital cardiac rehabilitation

The conceptual model described as trust-building enables personalized life changes
has deepened our understanding of the implications of digital CR. This model is
able to explain and resolve the patients” main concerns. This means that it is able
to develop and implement a trust-building treatment option that is tailored to
address needs of the patient. The model emerged from the experiences and con-
cerns of cardiac patients in digital CR, the findings of this study have several
practical implications, which will be discussed below.

First, the conceptual model can be implemented when a personalized treat-
ment option is required; it also targets the utilization of digital CR. The main re-
sult of this project supports the idea that personalized rehabilitation will enhance
the patient’s trust and will subsequently promote life change. Personalized en-
counter depends largely on how well each patient’s personal needs, goals, and
plans have been considered in patient education development. These results sug-
gest that tailored digital tools, which include biopsychosocial, and behavior
change approaches that are driven by a multi-profession team (e.g., physicians,
physiotherapists, psychologists, nurses, social workers working together as a
team), promote trust-building in the life change process.

Second, these findings suggest the crucial importance of patient education.
Control over cardiac disease symptoms, resumed activity in daily life, and
maintenance of social relationships were all important goals for patients with
cardiac disease. This means that the patients must be able to participate in their
own decision-making and daily activities, which are only possible in individuals
with sufficient self-awareness, through the understanding of their own emotions
and eventually, acceptance. Personalized CR may include individualized guid-
ance, including emotion management education, to help them learn the basics
and significance of their thoughts and emotions. In addition, patient education
supports the patient's own ability to seek information and achieve their own
goals, as well as finding new meanings for their life. Taken together, these find-
ings suggest the significant role of patient education in lifestyle management
when promoting trust-building for life change.

Third, the findings of this study suggest that profiling and tailoring is
needed to satisfy the personalized experience of patients. Digital health technol-
ogy tailors solutions using BCTs and this can be a useful tool to aid in patient
education (Winter et al., 2016). The results also show that empowerment within
goal-setting, self-monitoring, reminders and prompts, personalized information,
and feedback is crucial. The theories of change support the rehabilitation process
by describing how cardiac patients” behaviors develop and change to help un-
derstand behaviors and identify the effective intervention strategies as BCTs.
This study’s results further support, based on behavior change theories and be-
havior change tools, such as self-regulatory techniques, the setting goals and
prompting (Devi et al.,, 2014; Westland, 2019); providing individual feedback
(Partridge et al., 2017); learning health skills required for change, including
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providing information and joint problem-solving (Melholt et al., 2018); self-mon-
itoring (Partridge et al., 2017; Westland, 2019); and experimenting with action
(Michie & Abraham, 2004).

The results help healthcare providers identify possible technology users
and determine their levels of usage when developing digital rehabilitation pro-
grams. This study also used methodological solutions to combine qualitative and
quantitative data that can be used to tailor more individual CR programs.

Fourth, practical implications must be tailored by promoting the acceptance
of technology as something that is friendly or “a great buddy”, as this helps pa-
tients keep track of their daily activities. Digital rehabilitation should consider
each patient's pre-existing skills and provide sufficient time to learn new skills.
In addition, having a problem-free and easy-to-use technology was important;
this includes technology that was encouraging and functions smoothly. This
model can provide a framework for program designers to utilize when they de-
velop health promotion programs.

Additionally, another practical application involves an interactive digital
tool with personalized feedback and support; one that also allows patients share
their feedback to one another. They found that it was meaningful to feel like they
were on the same level as someone in their peer group, since this allowed them
to share a common understanding of their cardiac event or disease. The face-to-
face peer group contact and support both appeared to provide a positive impact.
They also appreciated the feedback and support that they received from
healthcare professionals.

Finally, the results of this research support the idea that trust-building can
be used to determine the contents of a consistent and standardized staff training
program. Having a multidisciplinary team can deepen the patient’s understand-
ing of trust in behavior changes may be built and supported throughout the dig-
ital rehabilitation process.

6.6 Future research

In the age digitalization, further research is needed in CR. The research results
challenge the development and tailoring of guidance methods and behavioral
techniques and technologies that are used in rehabilitation to meet the needs of
different patients appropriately. Although the purpose of this dissertation project
was to create a model based on three publication articles and to conceptualize the
processes of digital CR, many other research questions have also been answered.
This concerns the further development of the conceptual model into a substan-
tive theory. This means validating the main concepts of the model more broadly
for its applicability to other theories as well. In this dissertation project, we were
also able to compare the models between the TAM and the TPB. The combined
TAM and TPB model could be further integrated to provide a more useful patient
education that promotes life changes, a personalized patient encounter, and an
effective trust-building strategy. Another area of research includes the
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expectations of cardiac patients as models depicting potential influences on ad-
herence to personalized life change.

6.7 Conclusion

The purpose of this dissertation project was to create a conceptual model for the
process of digital CR by using the GT approach. The more specific aim of the
project was to resolve the cardiac patients” main concerns and how basic social
processes are able to resolve it.

This study has shown that the personalized needs of cardiac patients were
important in the trust-building process. The main concern of cardiac patients was
how to make personalized rehabilitation a reality. These findings suggest that it
is important to acknowledge the diversity of the patients as technology users and
their different attitudes toward utilizing technology. Positive experiences with
technology also increased the patients” trust in the use of technology, even when
the technology is simple, flexible, smooth, trouble-free, easy to use, and learnable.
Additionally, it is important to identify cardiac patients with varying manage-
ment styles for their risk factors. The findings of our study indicate that improved
and increased self-management may improve the patient’s trust in life changes
as a means of personalized goal-setting and self-monitoring, interactive feed-
back, and support. In general, therefore, it seems that the cardiac patients” aware-
ness about their attitudes was relevant to building trust in life changes. Through
these trust-building processes, self-awareness may be used to reframe the pa-
tients” perspectives, including the identification of new meanings in life, as well
as finding increasing trust and hope in life.

In various ways, these findings contribute to our understanding of building
trust and providing a basis for personalized actions. This information can be used
to develop targeted actions for patient education that is aimed at a personalized
encounter. Patient education leads to a positive impact since it is able to promote
internal motivation and management or adaption to the demands of the cardiac
event or disorder. Patient education with personalized action may help patients
by making them aware of their own feelings and thoughts and acceptance man-
agement during the rehabilitation process. Involvement in the peer support
group was especially important for continued support and encouragement.

This dissertation has provided a deeper insight into how meaningful the
role of trust is in life changes. These findings contribute to our understanding of
trust-building and provide a basis for development of personalized behavioral
change. Therefore, there is a definite need for profiling and tailoring of patient
education to meet each patient’s personalized needs. The digital solutions also
allowed emotional and cognitive factors to be taken into consideration when im-
plementing the rehabilitation program. The provision of personalized encounters
will enhance trust and promote life change in cardiac patients requiring CR.
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YHTEENVETO (SUMMARY IN FINNISH)

Digitalisaation nopean kehityksen myotd teknologian kayttd on lisdantynyt
viime vuosina sosiaali- ja terveydenhuollossa sekd kuntoutuksessa. Digitaalinen
sydankuntoutus on luonut uudenlaisia toimintamahdollisuuksia kasvavaan di-
gitalisoituvaan palvelutarpeeseen. Taman vditoskirjatutkimuksen tarkoituksena
oli kasitteellistdd digitaalinen syddnkuntoutumisprosessi glaserilaisen grounded
teoria lahestymistavan avulla. Ensimmadisessa vaiheessa luotiin teknologiaan liit-
tyvat kokemusryhmadt. Toisessa vaiheessa syvennettiin ymmarrystd ndiden ryh-
mien profiileista vertaamalla niitd terveyskadyttdytymisen osa-alueisiin. Tutki-
muksen kolmannessa vaiheessa tutkittiin syddnkuntoutujien antamia kuntou-
tusprosessin eri merkityksia.

Tutkimus oli osa laajempaa Kelan rahoittamaa tutkimusta ”Etdteknologia-
sovellusta hyddyntdvan kuntoutuksen vaikuttavuus sepelvaltimotautikuntoutu-
jien fyysiseen aktiivisuuteen, toimintakykyyn, koettuun eliménlaatuun ja toimi-
juuteen, interventiotutkimus laitoskuntoutuksessa (Etdteknologia sydankuntou-
tuksessa, EtSy)”, joka toteutettiin vuosina 2015-2018. Kuntoutujat osallistuivat
moniammatillisen tyéryhman ohjaamaan kolmeen viiden pdivan pituiseen kun-
toutusjaksoon vuoden aikana. Tutkimukseen osallistui kolmekymmentdyhdek-
sdn 34-77-vuotiasta sepelvaltimotautia sairastavaa potilasta, joista miehid oli 74
% ja naisia 26 %. Osallistujista 82 % oli tehty pallolaajennus ja 10.5 % ohitusleik-
kaus vuoden sisdlld ennen kuntoutusta. Kuntoutujat kayttivit Movendos
mCoach sovellusta dlypuhelimen, tietokoneen tai tabletin kautta. Sovellus mah-
dollisti kuntoutujan henkilokohtaisten tavoitteiden asettelun ja seurannan seka
lilkunta- ja kuntoutuspdivakirjan tayttamisen sekd vertaiskeskustelun muiden
kuntoutujien kanssa kuntoutusjaksojen vililld. Tamén lisdksi sovelluksen avulla
toteutui fysioterapeutin kuukausittainen kannustava palaute ja automaattinen
muistutus vilitehtdvistd. Kuntoutujan liikunta-aktiivisuuden omaseurantana ja
motivaation vilineend toimi Fitbit Charge -aktiivisuusranneke.

Viitoskirjaprojektin aineisto koostui neljélta teknologiaa hyodyntavilta sy-
dankurssilta kerdtystd aineistosta, kuntoutuksen alussa (0kk) ja padtosvaiheessa
(12kk). Aineisto koostui sekd fokusryhméhaastatteluista ettd kyselylomakkeista
ja vyotaronympadryksen ja fyysisen kunnon mittauksista. Tassd tutkimuksessa
kéaytettiin kansainvalistd liitkunta-aktiivisuuskyselyd (IPAQ, International Physi-
cal Activity Questionnaire) ja fyysistd aktiivisuutta mitattiin objektiivisesti Fitbit
Zip-aktiivisuusmittarilla sekd kestdvyyskuntoa arvioitiin kuuden minuutin ka-
velytestilld. Taman lisdksi mitattiin vyotaronymparys mittanauhalla. Sydankun-
toutujien kokemaa eldménlaatua mitattiin Maailman terveysjarjeston elaménlaa-
tumittarilla (WHOQOL-BREF, The World Health Organization Quality of Life-
BREEF). Taman lisdksi kaytettiin liilkunnallisen mindpystyvyyden (SERES, Self-
Efficacy to Regulate Exercise Scale) ja itseméaadrdamisen (BREQ-3, The Behavioral
Regulation in Exercise-3) sekd masennusoireiden tunnistamisen kyselylomak-
keita (DEPS, the Depression Scale). Kuntoutujien teknologian kayttod tarkastel-
tiin tehtavamerkintojen ja viestien ldhettdmisen maarilld kuntoutuksen aikana.
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Aineiston analyysin vaiheet olivat avoin, selektiivinen ja teoreettinen koo-
daus sekd kasitteellisen mallin muodostaminen. Tilastollisia analyysimenetelmia
olivat varianssianalyysi, Tukeyn testi, t-testi, Mann-Whitney- ja Kruskal-Wallis-
testit. GT analyysi eteni aineistosta avoimen koodauksen kautta, jossa analysoi-
tiin tapauksia ja verrattiin niitd muihin tapahtumiin etsimalld yhtdldisyyksid ja
eroja ja luomalla mahdollisimman monta késitettd. Avoimen koodauksen aikana
nimettiin keskeiset kategoriat ja niiden ominaisuudet. Analyysissa noudatettiin
jatkuvaa vertailevaa vuoropuhelua, jonka aikana kirjoitettiin muistiinpanoja
(memot). Selektiivisessd koodauksessa kategoriat ja niiden ominaisuudet ryhmi-
teltiin kahteen eri ydinluokkaan, jotka muodostivat yhdistdvan tekijan aineis-
tosta. Teoreettisessa koodauksessa havainnoitiin ydinkategorian ja kategorioi-
den vilisid suhteita ja muodostettiin niiden pohjalta teoreettinen malli.

Tulokset nostavat esille uudenlaisen ndakokulman yksilollisestd elamén-
muutosprosessista ja luottamuksen rakentumisesta digitaalisessa syddankuntou-
tuksessa. Tulokset osoittivat teknologian kdyttoon liittyvid erilaisia asenteita ja
kayttaytymistd. Aineistosta nousi esiin neljd erilaista kokemusryhmas, jotka oli-
vat pelokas tarkkailija, innoton osallistuja, harkitseva toteuttaja ja aktiivinen
tapahtuvan ohjauksen tarpeen, kun taas harkitseville toteuttajille ja aktiivisille
kayttdjille ohjauksen tarve oli vahdisempdad. Terveyskadyttdaytymisen erojen poh-
jalta ryhmat profiloitiin ja nimettiin uudelleen seuraavasti: itsetuntemuksen ra-
kentuminen, sitoutumisen lisdédminen, terveellisen eldimédntavan tasapainon ylla-
pitdminen ja itseluottamuksen vahvistuminen. Luottamuksen rakentaminen oli
osa eldmdnmuutosprosessia sisdltden aallonpohjan kokemisen, ristiriitojen koh-
taamisen ja niistd selviytymisen, yhteisen ymmarryksen 16ytymisen vertaistuen
kautta, siirtymisen terveellisempddn eldméntapaan teknologia avulla ja itsetie-
toisuuden 16ytymisen. Luottamuksen rakentuminen osana kuntoutumista oli
osa kognitiivisen, emotionaalisen, hyvidksymisen ja sosiaalisen tuen prosessia.

Tamdn pohjalta muodostui késitteellinen malli luottamuksen rakentumi-
sesta elamanmuutoksessa osana sydankuntoutusprosessia. Luottamus omaan it-
seensd, toisiin ja omaan eldmdan rakentuu yksilollisen kohtaamisen kautta. Kun-
toutuksessa raataldity potilasohjaus edistéd ja tukee potilaiden elamanmuutosta,
jossa huomioidaan myos erilaiset asenteet teknologiaa kohtaan. Luottamusta
edistetddn toimivien digitaalisten tyokalujen ja menetelmien avulla kuten tieto,
sosiaalinen tuki, vertaiskeskustelu, ja muistutukset. Kuntoutujan yksilollisten ta-
voitteiden asettaminen ja toteutumisen seuranta edistdd kuntoutumisen proses-
sia. Luottamuksen rakentuminen edellyttdd omien tunteiden ymmaértdmistd ja
sairauden tuomien ajatusten tunnistamista sekd uuden eldméntilanteen hyvéak-
symistd. Luottamuksen rakentuminen on oman eldmaéntilanteen lisdéntyneen tie-
dostamisen prosessi, jossa muotoillaan uudelleen omia tarpeita, ajatuksia ja va-
lintoja sekd 1oydetddn uusia merkityksid elaméaan.

Tulokset nostavat esille uudenlaisen teoreettisen nakokulman edistaméaan
ja tukemaan kdyttdytymisen ja eldamanmuutoksen saavuttamista osana yksilol-
listd digitaalista syddnkuntoutusta. Digitaalisten ratkaisujen avulla voidaan raa-
taloida kuntoutusta vastaamaan erilaisten kuntoutujien yksilollisid kohtaamisen
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ja tuen tarpeita. Tutkimustulokset haastavat kehittdmaan ja ra&taloimaan kun-
toutuksessa kaytettdvid ohjausmenetelmid ja teknologioita vastaamaan kuntou-
tujien tarpeita yksilollisesti sopivalla tavalla.
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Abstract

Background: Even though technology is becoming increasingly common in rehabilitation programs, insufficient data are as
yet available on rehabilitees’ perceptions and experiences. It is important to understand their abilities when using technology for
remote rehabilitation.

Objective: This is a qualitative study on technology experiences of persons affected by cardiovascular disease assessed before
remote rehabilitation. The aim of the study was to explore rehabilitees’ experiences and attitudes toward technology before 12
months of remote rehabilitation.

Methods: Qualitative interviews were conducted with 39 rehabilitees in four focus groups. The subjects were aged 34 to 77
years (average age 54.8 years) and 74% (29/39) of them were male. They had been diagnosed with coronary artery disease and
were undergoing treatment in a rehabilitation center. The interviews were conducted between September 2015 and November
2016. Data were analyzed using Glaser’s mode of the grounded theory approach.

Results: The result of the study was an “identifying e-usage” experience category, which refers to the rehabilitees’ notions of
the use of information and communication technologies (e-usage) in the process of behavior change. The main category comprises
four subcategories that define the rehabilitees’ technology experience. These subcategories are “feeling outsider,” “being
uninterested,” “reflecting benefit,” and “enthusiastic using.” All rehabilitees expected that technology should be simple, flexible,
and easy to use and learn. The results reflecting their technology experience can be used in e-rehabilitation programs. Rehabilitees
who feel like outsiders and are not interested in technology need face-to-face communication for the major part of rehabilitation,
while rehabilitees who reflect benefit and are enthusiastic about the use of technology need incrementally less face-to-face
interaction and feel that Web-based coaching could offer sufficient support for rehabilitation.

Conclusions: The findings show that persons affected by heart disease had different experiences with technology and expectations
toward counseling, while all rehabilitees expected technology to be easy to use and their experiences to be smooth and problem-free.
The results can be used more widely in different contexts of social and health care for the planning of and training in remote
rehabilitation counseling and education.

Trial Registration: ISRCTN Registry ISRCTN61225589; http://www.isrctn.com/ISRCTN61225589 (Archived by WebCite
at http://www.webcitation.org/74jmrTXFD)
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Introduction

Cardiovascular diseases are the most common cause of death
globally [1]. Cardiac rehabilitation is a means of secondary
prevention intervention for cardiovascular diseases that includes
efforts to reduce behavioral risks such as tobacco use, unhealthy
diet, obesity, physical inactivity, alcohol use, and psychosocial
problems such as depression [1,2]. However, many persons with
coronary artery disease are not aware of opportunities to
participate in rehabilitation programs or they choose not to
participate in cardiac rehabilitation for a number of reasons,
including living a long distance from a facility [3,4]. It is
necessary to develop new methods of rehabilitation such as
Web-based programs [5]. With global digitalization,
rehabilitation  increasingly —uses technology. Remote
rehabilitation programs use a range of remote technologies and
Web-based applications. Remote counseling means
professionally coached and monitored rehabilitation with a
clearly defined beginning and end [6-8]. Digital eHealth tools
include wireless digital devices like mobile phones and tablet
computers, self-care and self-monitoring devices, video call
services such as Skype for Business, wearable and ingestible
sensors and various digital applications, and virtual reality made
possible by robots and other forms of new technology [9].
Digitalization requires new attitudes and skills from rehabilitees
and professionals [10].

The use of remote technology in cardiac rehabilitation has been
studied mainly by quantitative methods [11]. Research has
focused on the effectiveness [6] and usability [12] of
technology-intensive interventions. Issues related to rehabilitees’
physical activity [6,13,14] and lifestyle change [8,15] have been
another focus area. Qualitative studies are a minority, and they
have focused on experiences of participation in Facebook peer
groups [16,17], mHealth [18], eHealth [19], or Web-based
programs [20-22].

However, research has rarely looked at the role of remote
technology in cardiac rehabilitation [14,23]. Research is needed
to expand the understanding of the experiences of persons who
use or have used remote technology and assess the pros and
cons of this technology [7,8,11]. The aim of this study was to
gain an understanding of cardiovascular rehabilitees’ experiences
with technology and of their attitudes toward technology.

Methods
Study Approach

We used a grounded theory approach in this study. Data were
analyzed using Glaser’s inductive grounded theory approach.
We decided to apply a methodology proposed by the grounded
theory approach because we found grounded theory useful in

http://www.jmir.org/2019/2/e10985/
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RenderX

getting to understand the rehabilitees’ subjective experiences
for generating a substantive theory in a relatively new research
area [24]. The focus was on finding out the rehabilitees’
experiences and attitudes toward technology prior to using
remote technology. The rehabilitees described in qualitative
interviews their experiences with computer use, social media,
and other applications of modern technology.

Recruitment

The interviews were conducted in 2015 and 2016 in
Rehabilitation Centre Peurunka, Finland, where the Social
Insurance Institution of Finland arranges regular cardiac
rehabilitation courses. The study is a part of a remote technology
in cardiac rehabilitation study registered at the ISRCTN Registry
[ISRCTN61225589]. The Ethics Committee of the Central
Finland Health Care District approved the study.

Participants

The participants were 39 rehabilitees (10 women and 29 men);
82% (32/39) of them had undergone coronary angioplasty and
10% (4/39) had undergone coronary artery bypass about 3 to
12 months prior to rehabilitation. Most subjects had a computer
(23/27, 85%) and used the internet (25/27, 92%). Many had
mobile phones (16/27, 59%) and tablets (10/27, 37%), and
several used wrist activity trackers (10/27, 37%). These statistics
are similar to those obtained during the testing of other European
cardiac patient populations [25]. According to Glaser’s inductive
grounded theory approach, baseline information and
characteristics of the subjects were collated later for this paper
and were not taken into account in the analysis [24] (Table 1).

Data Collection

The total duration of rehabilitation was 15 days spread between
three 5-day periods over a time span of 12 months.
Rehabilitation took place in a rehabilitation center [26].
Qualitative interviews were conducted at the beginning of
rehabilitation in 4 focus group discussions, each interview
lasting 30 to 60 minutes, overall 156 minutes. The interviews
were conducted by the same interviewer and they were informal
and semistructured. The questions were mostly unplanned and
spontaneous, but the interviewer also presented the same series
of open-ended questions to all subjects. They were asked
questions like, “Tell me about your experience with modern
technology,” and “What are your expectations of remote
counseling?” The interviews were audio-recorded and
transcribed for analysis. The transcripts were imported into
ATLAS.ti (ATLAS.ti Scientific Software Development GmbH)
computer software, which enables data storage, organization,
and retrieval for analysis. The number of subjects was
determined according to data saturation, which is a point at
which no more new experiences of the topic could be elicited
[24].
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Table 1. Description of participants.
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Characteristic Under 55 years, n (%) 55 years and over, n (%) Total, n (%)
Age (years) 20 (51) 19 (49) 39 (100)
Gender
Male 17 (85) 12 (63) 29 (74)
Education
Vocational or course-form school or other 13 (68) 14 (74) 27 (71)
College-level education 3 (16) 3(16) 6 (16)
University of applied sciences 2 (11) 2(11) 4(11)
University 1(5) 0(0) 1(3)
Time of operation
0-3 months from rehabilitation 1(5) 0(0) 1(3)
3-12 months from rehabilitation 13 (65) 11 (58) 24 (62)
Over 12 months from rehabilitation 4 (20) 6 (32) 10 (26)
No operations 2 (10) 2 (11) 4(10)
Technology
Internet, yes 12 (100) 13 (87) 25(93)
Computer, yes 11 (92) 12 (80) 23 (85)
Tablet computer, yes 6 (50) 4(27) 10 (37)
Mobile phone, yes 7 (58) 9 (60) 16 (59)
Physical activity tracker, yes 4(33) 6 (40) 10 (37)

Data Analysis

The constant comparative model guided the data collection
process. Data were collected through 4 informal interviews and
analyzed using the constant comparative model. We collected
and analyzed data concurrently, and as the analysis progressed
the research question became more focused. First, we started
substantive coding [24,27]. Subcategories were created in open
coding. We analyzed incidents and compared them with other
incidents, looking for similarities and differences and creating
as many concepts as possible, coding substantively. Being
theoretically sensitive, data were closely read and questioned.
Next, we identified the properties and dimensions of each
subcategory. Finally, we grouped the concept into subcategories
creating as many subcategories as possible and then integrated
the subcategories into the category. During this constant
comparative model process, we recorded our ideas and notions,
which helped us process the data. Data analysis was continued
until the category was theoretically saturated [24].
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The following example describes the creation of the “being
uninterested” subcategory. The analysis began with open coding.
We analyzed data on the diversity of the rehabilitees’
experiences of technology use as well as their attitudes toward,
and expectations for, remote counseling. This perspective
expanded from their responses and debates. Constant comparison
convinced us that all codes essentially described or explained
how each rehabilitee used technology or what their attitude
toward technology was. Next we named properties (1) using
technology occasionally, (2) limiting to use, (3) challenging
problem-free technology, and (4) activating empowerment
counseling. We named the subcategory for this experience as
“being uninterested.” Textbox 1 shows an example of the
process.

The constant comparison of properties resulted in hypotheses
about relationships between the subcategories [28]. We
continued to collect and analyze data until no new subcategories
emerged and the subcategories were saturated; a category was
thereby created and named “rehabilitees identifying e-usage in
the process of behavior change.”
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Textbox 1. Creating category for e-usage identification.

Category:

Subcategory:

Property:

Concepts (code):

Text:

Identifying e-usage

Being uninterested

Using technology occasionally
Limiting to use
Challenging problem-free technology

Activating empowerment counseling

The rehabilitee is not interested in using technology in his free time.

Being bound to technology irritates; the rehabilitee does not want to use technology all the time.
Ineffective technology worries the rehabilitee.

The rehabilitee waits to be communicated with by email.

The rehabilitee expects counseling to be a motivator and to spark interest

I’'m not terribly interested in that remote stuff, because...well, I use the computer at work every day....That email reading, I may go and check
my mail once a week. It’s not in a way...maybe it just isn’t my thing...it’s no trouble to surf on the internet in the evening. Only when I must. I
can check email—if a bill has arrived, I can pay it there. [Participant 9, 44-year-old man, focus group 2]

..but I don’t like that one’s got to be, like, twenty-four hours a day available. [Woman, 59 years, focus group 4I’ve noticed sometimes that when
T’ve been at it for some time, the machine has broken down in the middle of my work so no one could do anything. So, that is, of course, the
downside of the thing... [Participant 4, 59-year-old woman, focus group 4]

T guess now—real nice if sometimes one could be reached out to from there by email or something else... [Participant 9, 44-year-old man, focus
group 2]

I’m waiting for it and I’m truly interested, as if I were waiting for something like a spark. That it is something, something like, motivating...

[Participant 56, 45-year-old man, focus group 3]

Results

The descriptors of the rehabilitees’ prior technology experience
are “feeling outsider,” “being uninterested,” “reflecting benefit,”
and “enthusiastic using.” The category “identifying e-usage”
describes the essence of the rehabilitees’ experiences with using
technology and identifying its usage (Figure 1). Individuals in
the “feeling outsider” and “being uninterested” subcategories
need more face-to-face counseling, while Web-based coaching
is sufficient for the individuals in the “reflecting benefit” and
“enthusiastic using” categories. These conclusions are based
on the following results.

The first subcategory, “feeling outsider,” consists of rehabilitees
who fear that they do not have sufficient skills as computer
users to participate in remote rehabilitation. They have not used
the computer at all or they have only basic computer skills. In
the following samples, two rehabilitees discuss “feeling
outsiders.”
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Because I don't have a computer, I am a total
outsider. So...because of this, I'm not so terribly
interested. The only thing I know about this is that
the self-tracking is great. [Participant 39, 74-year-old
man, focus group 1]

That technology hasn 't really come...My wife taught

the computer...supported, well, taught—so I went to

the courses. And the kids did. I thought that if 'm still

starting to tinker, there won 't be enough hours in the

day to learn. [Participant 25, 60-year-old man, focus

group 1]
These rehabilitees feel they do not have adequate computer
skills, and few of them use computers at work. If they need help
with technology, they request it from friends or family members.
They feel they have no time to study computer use, and the
English language is also difficult. Concerns about the impact
of technology on health and security seem to be other reasons
for avoiding computer use. In the following sample, a rehabilitee
discusses his learning experiences with information technology.
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Figure 1. Cardiac rehabilitees’ different experiences of using technology and expectations of remote counseling.

Enthusiastic using

Better that it leaves you, like if you go the bank
computer, then everything gone. It doesn t help there.
Still it doesn't. This isn't the only reason, but..I'm
not interested. I've taken two computer courses,
though. Last time I went to apply for a bus-driving
license, and it was two weeks. And when I went and
when I came back I was as dumb as I going there,
and I come back...Of course, I know the time to buy
one is coming, but I'm holding it off for as long as [
can. [Participant 58, 63-year-old man, focus group 4]

The following rehabilitee has not yet established expectations
for counseling.

I'm not really sure...waiting to see what comes.

[Participant 64, 64-year-old, man, focus group 2]
For these rehabilitees, technology is something terrifying and
almost incomprehensible. They are aware of its applications,
such as Facebook, but these applications are foreign to them
and therefore they feel like outsiders. Nevertheless, their positive
expectations toward technology encounters are apparent
although they do not expect anything amazing from Web-based
counseling. They need guidance to support them in the use of
technology (Figure 2). Figure 2 is a summary of the “identifying
e-usage” category, which was created based on the rehabilitees’
e-role and e-usage. The subjects in the “feeling outsider”
subcategory regard themselves literally as outsiders and find
technology fearsome; on the other hand, they look forward to
overcoming this fear and expect adequate support.
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Being uninterested

Identi

Feeling outsider

The second subcategory is “being uninterested.” It is based on
the experiences of rehabilitees who are conversant with
technology and have experimented with social media. Their
experiences are limited to necessary and occasional uses such
as paying bills, renewing book loans, and reading emails. If
they encounter a technical problem, their interest fades. They
are not interested in using technology to connect socially via
email and social media. They are worried about information
security. In the following sample, a rehabilitee explains why he
is not interested in technology.

I'm not terribly interested in that remote stuff,
because...well, I use the computer at work every
day...That email reading, I may go and check my mail
once a week. It’s not in a way...maybe it just isn t my
thing...it’s no trouble to surf on the internet in the
evening. Only when I must. I can check email—if a
bill has arrived, I can pay it there. [Participant 9,
44-year-old man, focus group 2]

The following rehabilitee discusses problems related to
technology and social media.

...I've noticed sometimes that when I’ve been at it for
some time, the machine has broken down in the middle
of my work so no one could do anything. So, that is,
of course, the downside of the thing... [Participant 5,
53-year-old woman, focus group 4]

But then what really irritates and frustrates me and
just can't interest me—although I'm there in
Facebook because my nephew forced me there.
[Participant 5, 53-year-old woman, focus group 4]
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Figure 2. Identifying the e-usage category and subcategories of technology users.

Identifying Feeling Being Reflecting Enthusiastic
outsider uninterested benefit using
the e-usage (20.5%) (26%) (15%) (38.5%)
Rehabilitee’s ] outsider l occasionally ] usefully diversely
e-role
. feeling [ .
Rehabilitee’s fearing to use limiting to use technology empowering
e-using useful self- tracking
parﬁE?:ati':g‘ngin .- encouraging problem-free easy-to-use fir;‘lghcgmzé
process technology technology technology technology
Behavior change ; activity \ interactive getting
counseling/coaching supporting empowerment [ tracking tool feedback

The following rehabilitees discuss coaching.

I’'m waiting for it and I'm truly interested, as if | were
waiting for something like a spark. That it is
something, something like, motivating, and...well...I
can't say, but it like maybe not now for sure every
week. If once a month, certainly something could
come...a reminder: [Participant 56, 45-year-old man,
focus group 3]

When I could enter inputs in there, and if my own
activities could be there, then I would be like a
response: Is this the right or wrong direction,
and...And that's when it s really somebody, something
and someone monitoring what you're doing.
[Participant 41, 49-year-old woman, focus group 2]

These rehabilitees use technology occasionally and their daily
use is limited. They value problem-free technology. They expect
activity empowerment counseling, which should motivate and
spark interest, but believe that technology demands a coach who
would give feedback, assign weekly tasks, and issue regular
reminders. This subcategory includes “occasionally,” “limiting
to use,” “encouraging technology,” and “supporting counseling”
(Figure 2).

The subjects in the third subcategory, “reflecting benefit,”
maintain an interest in technology for only as long as they have
an indispensable need for it in everyday life. In the following,
a rehabilitee discusses his use of technology in free time.

Just like the pharmacy, like in that do I medications?
In that case, is the prescription still valid? And like
that, just in that way...Yeah, it is good to look...there
are plenty of medicines left, and...Do I have to bring
in, or order a new prescription? And other things,
just in that way. What now happens every day or when
its needed so..so I dont go surfing on every
webpage...Yes, with the children I use it, and with
friends I like to connect over the internet. [Participant
24, 65-year-old man, focus group 4]
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The experiences of these persons fall into two groups. The
subjects in the first group find technology difficult and need
time to learn it. For example, they may find remembering
passwords difficult. They need help to learn security procedures
and computer usage.

And for paying bills I use it most, too. Some
information when it’s needed, well yes, I try to find
it from there then. And if someone wants to find the
frustrating side, well, those passwords frustrate me,
because they always go missing...and a password has
gotten lost, and...I can't go there anymore. Of course
1 can create a new password, but it is such a
bother—just forget about it. And I read magazines in
the computer, and... [Participant 36, 68-year-old man,
focus group 4]

Even though the use of technology is not a problem to the
subjects in the second group, they still eschew technology. Since
they see technology as something negative, they use it only
when necessary—for example, to search for information. Some
rehabilitees had experience in digital physical activity
monitoring. In the following example, a rehabilitee discusses
the usability of technology.

...But then the computer, when it runs all day—I don t
want that. That’s why I don't open the computer in
the evening...Of course its easy always that
everything could be, like as easy-to-use as possible,
because that’s why I don't do it, when I could use it
for remote technology. But it should be as easy-to-use
as possible: it should be as automatic as possible,
this thing. It, I think should be as flexible as possible.
[Participant 17, 57-year-old man, focus group 2]

In the next example, a rehabilitee discusses self-monitoring and
coaching.

Let s put it in this way: I'm not actually now that way
from being pushed, yeah. Yes it comes from my own
desire. The main purpose is monitoring: it s for that.
1t s interesting to follow what happens if you change
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some exercise habits, and you can see from this, what
changes have happened in the background. Very okay.
[Participant 17, 57-year-old man, focus group 2]

This subcategory, “reflecting benefit,” emerged with four
properties: “useful,” “feeling technology useful,” “easy-of-use
technology,” and “interactive tracking tool” (Figure 2). These
rehabilitees expect technology to be easy to use and also expect
it to enable communication. Essentially, they do not need a
coach but they need tools for self-monitoring and helping to
improve their health.

The subjects in the fourth subcategory, “enthusiastic using,”
show a positive attitude toward technology and have used it for
a long time in a variety of ways, both in everyday life and at
work through mobile phones, tablet computers, and desktop
computers. In the following examples, enthusiastic users discuss
the use of technology.

Well, laptops are always open less when you have a
smartphone. In other words, [ read those emails easily
on my phone. Therefore I don't turn on the laptop.
[Participant 8, 61-year-old woman, focus group 2]

More there is, of course, invoice writing and

information retrieval, but of course electrical

diagrams, and...Sometimes some programming, logic,

some small logic programming, and something like

that. [Participant 20, 64-year-old man, focus group

3]
These persons follow emails actively through mobile phones.
Many of them have mobile health and exercise activity apps
such as the Sports Tracker (Sports Tracking Technologies).
They use social media such as Facebook and WhatsApp to keep
in touch with friends and relatives. They do not consider internet
problems particularly annoying and contact a specialist if they
find this necessary. They are interested in technology and want
to develop their technology skills. In the following example,
rehabilitees describe what they expect from technology and
from a coach.

I'm waiting and I'm interested. Yes, of course, this
here now gives a little push in the pants. I'm already
moving pretty well, that’s what this thing around my
arm tells me...Yeah...and then yes, I have the Sport
Tracker on my phone, also. When I go somewhere, [
tell it to draw a map, and I see the time and all that.
[Participant 66, 34-year-old man, focus group 3]

Modern opportunities. And if now, of course...from
where soon could come a little spark, and that spark
continues than exercise could begin. And it’s really
the same benefit. And then, of course, if nothings
heard from there. It sounds real good, and then
reminders. Something like you can write comments,
and... [Participant 26, 61-year-old woman, focus
group 2]

Maybe this is kind of a simple-enough device. When
there's not anything amazing in here now, then owing
to that, its comfortable to use: Its not too
complicated. [Participant 15, 52-year-old man, focus
group 1]
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These rehabilitees use technology diversely and effortlessly,
also for self-tracking. They expect Web-based intervention to
be simple, motivating, easy to use, and interactive. They also
expect coaches to give feedback if anything is missing. The
attitude among the subjects in this subcategory is best described
with the phrases “diversely” and “empowering self-tracking,”
and the best descriptors of expectations toward technology and
counseling are, respectively, “smoothly functioning” and
“getting feedback” (Figure 2).

Discussion

Principal Findings

The study shows that the diversity of the rehabilitees as
technology users and their different needs for technology should
be taken into account in rehabilitation planning. The four
subcategories are “feeling outsider,” “being uninterested,”
“reflecting benefit,” and “enthusiastic using” (Figure 2). Some
rehabilitees whose e-role is “outsider” or “occasionally using”
need face-to-face communication for a large part of
rehabilitation, while individuals whose e-role is “usefully” or
“diversely” need incrementally less face-to-face interaction and
feel that Web-based behavior change coaching will provide
sufficient support for their rehabilitation. However, all
rehabilitees hope that technology would be simple, flexible, and
easy to use and learn, which would enable participation in an
e-process. Participation in a remote rehabilitation program, as
in this research, requires skills in areas such as Web-based
log-ins and in reading and responding to tasks and messages.
Activity self-monitoring requires downloading an activity tracker
program to the computer and synchronizing the program with
the computer.

The rehabilitees in the “feeling outsider” subcategory have a
positive attitude toward technology, yet they do not see
technology important for themselves. Their mindset supports
previous research results that positive attitudes toward
technology is a prerequisite for the uptake of technology [29,30]
and eHealth [19]. At the beginning of remote rehabilitation, it
is important to encourage rehabilitees’ abilities to use various
devices, since these abilities will make them more receptive to
the use of technology [31] and enable participation in remote
rehabilitation. Studies have also found that even though the
digital skills of senior citizens have improved, they are still
insufficient [32]. Rehabilitees’ ability to use technology is also
ensured by adequate internet technology support in remote
rehabilitation [33]. Finally, it is important that apps and
instructions are available in the user’s own language.

The rehabilitees in the “being uninterested” subcategory were
not interested in technology and eschewed its use. They felt that
easy-to-use technology encourages technology use while
technology that does not work frustrates, and they felt constant
communication in social media irritating. They expect coach
contact to maintain motivation during remote rehabilitation.
However, when their expectations of technology are exceeded,
the resulting experience is positive and pleasant [34,35] and
maintains motivation [35], which has also been shown in
previous research.
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The rehabilitees in the “feeling outsider” and ‘“being
uninterested” subcategories need more face-to-face counseling
during remote rehabilitation. The rehabilitees in the “feeling
outsider” subcategory need supportive guidance in technology
use, while the individuals in the “being uninterested”
subcategory need to be motivated in order to create positive
experiences. Maintaining a spark of interest and motivation
requires a motivator and a coach who gives feedback, weekly
assignments, and regular reminders [36]. Previous research has
shown that interventions based on the behavior change theory
may motivate more than those lacking a theoretical basis, but
studies conducted on mobile cardiac rehabilitation have not
specifically addressed behavior change strategies. Web-based
interventions may provide an opportunity for real-time coaching
[37,38], motivation, and engagement, allowing rehabilitees to
achieve a meaningful behavior change [18]. The rehabilitees
feel that they need an external motivator, and the importance
of the behavior change theory should therefore be given an
adequate emphasis in the planning of remote rehabilitation.

The rehabilitees in the “reflecting benefit” subcategory use
technology daily, and technology challenges they encounter
stem from technical problems and attitudes. They expect apps
to be easy to use, secure, and in their own language. The
perceived ease of technology use influences perceived usefulness
and together these bolster their intention to use technology for
areal purpose (usage behavior) [39]. The technology acceptance
model has also been applied in the health care context [34,35].
In addition, perceived usefulness with a perceived value plays
a role in the acceptance of technology [40]; for example, it
provides personalized information, support, monitoring, and
feedback [21,22]. The minimization of application risks
increases trust in systems [21,33,35]. These rehabilitees’
acceptance of technology increases when applications are easy
to use and interactive, which has also been shown in previous
qualitative studies.

Remote rehabilitation should enable social participation, such
as peer group discussion and personalized feedback. These
rehabilitees use social media as a means of communication and
appreciate the possibility to interact. Social media, such as
Facebook, Twitter, Pinterest, and Instagram, is part of their
day-to-day life [41]. Social participation should be used in
remote rehabilitation by granting them access to a peer group
[16,17] and enabling problem-free peer group discussion on
matters regarding the rehabilitation process. Health care
rehabilitation applications allow users to receive information
and interact since rehabilitees can receive assignments, record
and review data, receive automated feedback, and connect with
peers or health care professionals. All of these have been found
to be important Web-based user experiences in previous studies
[20-22,38]. These rehabilitees’ experiences show little need for
other services than automated feedback in the form of mainly
interactive coaching, which gives a little push and supports a
lifestyle change.

The rehabilitees in the “enthusiastic using” subcategory accept
technology as an integral part of their everyday life. Statistics
show that mobile phone use is increasing [42], and these
rehabilitees use mobile phones actively. Mobile health apps are
increasingly popular, and mobile phone users have downloaded
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mobile health apps [43]. They are keen users of sufficiently
coach-supported Web-based intervention apps to boost
motivation for physical activity [ 14,44,45]. Recent studies show
that participants appreciate professional Web-based support
[20]. The subjects of these studies had participated in Web-based
e-rehabilitation, which reduces face-to-face interactions [45,46]
and is particularly suited to an active user who adequately
masters technology and is interest in it. Easy-to-use and
smoothly functioning technology allows extensive personal
activity and body function monitoring—in other words,
self-tracking. The recently termed quantified self notion has
emerged to promote self-knowledge through numbers [9]. Health
change coaching is based on the behavior change theory,
motivational strategies, and communication techniques [20,46].

The rehabilitees’ experiences with and attitudes toward
technology provide information on how to implement a
counseling theory and methods for the planning of remote
rehabilitation. A coach should conduct individual risk factor
assessment and management, exercise training, and
self-management of modifiable risk factors and provide
education and psychosocial support [38]. Professional health
coaches can help rehabilitees increase self-direction, set specific
goals, and take action to achieve and sustain health-supporting
behaviors [38,47-49]. In addition to self-monitoring, an
easy-to-use interface is a desirable feature in mobile apps for
promoting physical activity. Examples of these interfaces are
the integration of biosensors that collect information from body
and life systems such as electrocardiogram, physical activity,
heart rate, blood pressure, and blood glucose measurement [50].
Digital stethoscopes, thermometers, and weight scales [9] can
also be used in remote rehabilitation.

The topic is important because remote rehabilitation is already
being implemented and will continue to be implemented in the
future due to increasing digitization [46,47]. Technology-related
studies have shown that remote technology is most successful
when it is simple and designed for easy understanding and easy
use [30]. Easy-to-use technology also produces positive and
successful experiences [49]. As rehabilitees’ skills develop,
they gain self-esteem and are empowered to expect positive,
successful experiences [29,32]. Remote rehabilitation must take
into account the abilities of each rehabilitee in learning,
cognition, and motor and perceptual skills [29,33,51] and allow
an individual ample time to master new skills [29]. In the future,
the recognized needs and concerns of the subjects in the “feeling
outsider,” “being uninterested,” “reflecting benefit,” and
“enthusiastic using” categories should be combined with
previous research and taken into account. In this way, the
acceptance and use of remote technology could be upped for
more meaningful and effective rehabilitation. The results of this
study can also be used in designing remote rehabilitation and
health coach training programs. There is a lack of quality
research on the experiences of coronary disease patients, and a
need exists for mixed-methods research for the development of
easy-to-use effective and meaningful welfare technology.

Limitations

There are weakness that need to be considered when interpreting
the findings of this study. The subjects discussed their
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experiences of technology at the beginning of rehabilitation, Conclusions
and everyone was given the opportunity to share his or her
experiences. The interviewer created an accepting atmosphere
and encouraged silent participants. Despite this, it is possible
that the participants were trying to please the group when
answering the questions. On the other hands, there are
advantages. The results have attracted interest and their
relevance, credibility, and usefulness have been identified as
important when implementing remote rehabilitation. They have
been also used in comparative rehabilitation groups, in
musculoskeletal system reconditioning, and in work ability
rehabilitation.

The aim of this study was to explore in detail rehabilitees’
experiences and attitudes toward technology. The results are
the rehabilitees’ technology experiences described as “feeling
outsider,” “being uninterested,” “reflecting benefit,” and
“enthusiastic using,” which relate to their e-usage. The results
help providers and health workers to identify different
technology users among potential rehabilitees and determine
what use levels must be taken into account when developing
remote rehabilitation. The category formed into four
subcategories which define the rehabilitees’ technology
experience and attitude. The results can also be used more
widely in different contexts of social and health care for the
planning of and training in remote rehabilitation/e-rehabilitation
counseling and education.
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Abstract

Background: Digital development has caused rehabilitation services and rehabilitees to become increasingly interested in using
technology as a part of rehabilitation. This study was based on a previously published study that categorized 4 groups of patients
with cardiac disease based on different experiences and attitudes toward technology (e-usage groups): feeling outsider, being
uninterested, reflecting benefit, and enthusiastic using.

Objective: This study identifies differences in the biopsychosocial profiles of patients with cardiac disease in e-usage groups
and deepen the understanding of these profiles in cardiac rehabilitation.

Methods: Focus group interviews and measurements were conducted with 39 patients with coronary heart disease, and the
mean age was 54.8 (SD 9.4, range 34-77) years. Quantitative data were gathered during a 12-month rehabilitation period. First,
we used analysis of variance and Tukey honestly significant difference test, a ¢ test, or nonparametric tests—Mann—Whitney and
Kruskal-Wallis tests—to compare the 4 e-usage groups—feeling outsider, being uninterested, reflecting benefit, and enthusiastic
using—in biopsychosocial variables. Second, we compared the results of the 4 e-groups in terms of recommended and reference
values. This analysis contained 13 variables related to biomedical, psychological, and social functioning. Finally, we formed
biopsychosocial profiles based on the integration of the findings by constant comparative analysis phases through classic grounded
theory.

Results: The biomedical variables were larger for waistline (mean difference [MD] 14.2; 95% CI 1.0-27.5; P=.03) and lower
for physical fitness (MD —0.72; 95% CI —1.4 to —0.06; P=.03) in the being uninterested group than in the enthusiastic using
group. The feeling outsider group had lower physical fitness (MD —55.8; 95% CI —110.7 to —0.92; P=.047) than the enthusiastic
using group. For psychosocial variables, such as the degree of self-determination in exercise (MD —7.3; 95% CI —13.5 to —1.1;
P=.02), the being uninterested group had lower values than the enthusiastic using group. Social variables such as performing
guided tasks in the program (P=.03) and communicating via messages (P=.03) were lower in the feeling outsider group than in
the enthusiastic using group. The feeling outsider and being uninterested groups had high-risk lifestyle behaviors, and adherence
to the web-based program was low. In contrast, members of the being uninterested group were interested in tracking their physical
activity. The reflecting benefit and enthusiastic using groups had low-risk lifestyle behavior and good adherence to web-based
interventions; however, the enthusiastic using group had low self-efficacy in exercise. These profiles showed how individuals
reflected their lifestyle risk factors differently. We renamed the 4 groups as building self-awareness, increasing engagement,
maintaining a healthy lifestyle balance, and strengthening self-confidence.
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Conclusions: The results facilitate more effective and meaningful personalization guidance and inform the remote rehabilitation.
Professionals can tailor individual web-based lifestyle risk interventions using these biopsychosocial profiles.

(JMIR Rehabil Assist Technol 2021;8(4):e16864) doi: 10.2196/16864

KEYWORDS

coronary disease; experience; biopsychosocial model; digital cardiac rehabilitation; mixed methods grounded theory; web-based

program; physical activity; self-efficacy; quality of life

Introduction

Background

Coronary heart disease (CHD) affects working-age populations
and is the most common cause of death globally [1,2]. The main
risk factors for CHD include age-related, gender-related,
lifestyle-related, and socially-related risk factors [3-6].
Biomedical risk factors include smoking, high blood
pressure and high cholesterol, obesity, type 2 diabetes,
inappropriate diet, and sedentary behaviors [3-5]. Psychosocial
factors, such as depression, lack of social support, stress, and
personality type, have also been shown to affect the management
of cardiovascular risks [7,8]. Cardiac rehabilitation focuses on
decreasing patients’ biomedical and lifestyle risk factors and
increasing psychosocial management, physical activity
counseling, and exercise training [3,4,9-11]. Currently,
technology can provide an opportunity for individually tailored
rehabilitation, irrespective of time and place [12]. Digital
development has led patients with cardiac disease to become
increasingly interested in using technology [13]. Therefore,
theory- and evidence-based behavior change methods [13,14]
and approaches have been gradually developed in web-based
programs for cardiac rehabilitation [15-19].

It is a widely held view that most people find it difficult to
change their health behaviors [20]. Therefore, it is important to
understand how physical, psychological, and social factors
contribute to behavioral change [21]. This study is based on
behavioral medicine from a biopsychosocial model perspective
[21-24] to understand the lifestyle risk management of patients
with cardiac disease. Behavioral medicine integrates behavioral
and biomedical knowledge on health and illness and applies
this information, for example, to the counseling process of
remote rehabilitation [24-26]. This study is also founded on
behavior theories in behavioral medicine, that is, theories of
learning (social cognitive theory [SCT] and self-efficacy) and
motivation in exercise contexts (self-determination and
self-regulation).

SCT focuses on the dynamic interaction of personal,
environmental, and health behavior factors [27,28]. Part of the
theory relates to health behavior self-efficacy, which refers to
personal efficacy and guides how well people motivate
themselves and their thoughts and actions [28]. Several studies
have shown that low self-efficacy in health behaviors is
associated with increased cardiovascular risk behavior [29,30].
On the other hand, individuals with higher self-efficacy are
more effective in managing their cardiovascular risk behavior
[31,32]. Moreover, high self-efficacy in using technology may
increase the participation of individuals in web-based
rehabilitation settings [32,33].
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Self-determination theory focuses on the degree to which human
motivation, development, and personality functioning occur
within social contexts [34]. This theory has been used to
examine behavior self-regulation [35] in cardiac rehabilitation
[36,37]. Research has shown that decreases in external
regulation and increases in intrinsic motivation may positively
affect the physical behavior of patients with cardiac disease
[36]. Self-determination theory represents a framework for
understanding the exercise motivation of patients with cardiac
disease.

Biopsychosocial profiles have been studied in the context of
disease [38-42]; however, research has rarely looked at the
biopsychosocial profiles of patients with cardiac disease in
web-based rehabilitation settings. It is important to identify the
biopsychosocial profiles of patients with cardiac disease to
which web-based interventions can be tailored individually.
The digital context offers an expanded means of understanding
individual experiences with digital health solutions [22].

Objective

The purpose of this study is to enhance the understanding of
biopsychosocial behaviors for the 4 previously defined different
e-usage groups [43]. In our previous qualitative study, we
identified 4 different e-usage groups using the Glaser mode of
the grounded theory approach. These groups were feeling
outsider, being uninterested, reflecting benefit, and enthusiastic
using [43]. The qualitative study shows that patients with cardiac
disease were different as technology users in technology
experiences and attitudes toward technology and web-based
guidance. Patients who felt outsiders and were not interested in
technology needed more face-to-face guidance for rehabilitation,
whereas patients who reflected the benefits and were enthusiastic
about using technology felt that web-based coaching is sufficient
support in rehabilitation [43].

In this study, we identify biopsychosocial variables related to
CHD risk factors. The main biomedical and physical risk factors
for CHD include physical inactivity and obesity. Psychological
risk factors, such as depression, low psychological quality of
life, and poor self-efficacy and behavioral control, are associated
with increased CHD and risk behavior. Social determinants
such as social isolation and low participation are also
well-known risk factors for CHD.

In light of the previous study [43], we hypothesize that there
would be differences among the 4 e-usage groups—iyeeling
outsider, being uninterested, reflecting benefit, and enthusiastic
using [43]—in each of the biomedical, psychological, and social
areas. Propositions for differences among the 4 groups are as
follows:
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Proposition 1: The feeling outsider group might benefit from
developing self-efficacy in physical activity and adequate
positive support, as individuals in this group consider themselves
as outsiders and find technology fearsome.

Proposition 2: The being uninterested group might benefit from
weight management and physical activity self-monitoring with
reminders and prompts, as they feel externally motivated.

Proposition 3: The reflective benefit groups might benefit from
easy-to-use and interactive technology, as their interest is
maintained by technology with personalized information and
interactive tracking tools.

Proposition 4: The enthusiastic users group might benefit from
empowering their self-efficacy and personalized lifestyle
feedback, as they have a positive technology mastery experience.

Methods
Study Approach

We used a mixed methods grounded theory (GT) approach in
this study. During the previous study in our research project,
we used the Glaser inductive GT approach and open coding
strategies [44]. We derived the contents of patients’ experiences
with modern technology from survey responses and focus group
interviews [43]. Methodologically, this study aims to further
understand our previous qualitative results on the 4 e-usage
groups [43] and to deepen the analysis to the core category level.
Therefore, we decided to apply a qualitative and quantitative
combination of the GT approach [45]. The GT methodology
with quantitative data has been used across disciplines [46-49]
and in health sciences because of the diversity of study questions
[50]. However, it has not been used in rehabilitation settings
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for patients with CHD. Mixed data, methods, and techniques
facilitated a balanced theory generation [49]. This helped us
identify a biopsychosocial profile within 4 e-usage
groups—ifeeling outsider, being uninterested, reflecting benefit,
and enthusiastic using—and generate substantive theory.

Study Design

This study is part of a larger project, with a cluster randomized
controlled trial of a rehabilitation intervention registered in the
ISRCTN registry (ISRCTN61225589). The ethics committee
of the Central Finland Health Care District approved the study.
The intervention assessing the effect of additional remote
technology rehabilitation on patients with CHD was conducted
from 2015 to 2017 in a rehabilitation center in the middle of
Finland, where the Social Insurance Institution of Finland
arranges regular cardiac rehabilitation courses. Before 12 months
of rehabilitation, the participants were randomly allocated into
intervention groups (n=10 in each group) with scheduled
rehabilitation sessions for each group. Groups were randomized
in pairs into the experimental groups (n=4 groups, which
included 1 pilot group of experiments) and control groups (n=3
groups).

In this study, participants were from the 4 experimental groups
that used digital health tools in addition to the traditional
12-month cardiac rehabilitation (15 days in total). We derived
the contents of patients’ experiences with modern technology
from focus group interviews, the details of which have been

presented in our previous study [43]. Half a year
after the intervention, participants were divided into 4
categorized e-usage groups—feeling outsider, being

uninterested, reflecting benefit, and enthusiastic using—which
were based on the results of the qualitative data (Figure 1) [43].

Figure 1. The study design of the 12-month cardiac rehabilitation (15-day) intervention within used digital health tools and division into 4 technology

use groups (e-usage).
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Participants

Qualitative and quantitative data were collected from
participants at the rehabilitation center (10/39, 26% female;
29/39, 74% male). The participants' mean age was 54.8 (SD
9.4, range 34-77) years; 71% (27/38) participants had completed
lower professional education. Of the 39 participants, 32 (82%)
had undergone coronary angioplasty, and 4 (10%) had
undergone coronary artery bypass surgery in the past 12 months
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before rehabilitation. Approximately 92% (25/27) of participants
used the internet, and 37% (10/27) of participants used wrist
activity trackers (Table 1 presents a description of participants
at baseline by e-usage groups).

The e-usage groups of patients with cardiac disease—feeling
outsider, being uninterested, reflecting benefit, and enthusiastic
using [43]—were discovered in the same study population as
in our previous study by using GT [43]. When we compared
the groups’ background characteristics, only one statistically
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significant difference emerged. Mean age was significantly
di erent among the groups (P=.003; analysis of variance
[ANOVA] test). The being uninterested group participants were
younger than participants in the other groups. The mean age of
the being uninterested group was significantly lower than the
mean age of the feeling outsider (mean difference [MD] —12.9;

Table 1. Description of participants at baseline by e-usage groups (N=39).

Anttila et al

95% CI —23.2 to —2.6; P=.009; Tukey honestly significant
difference [HSD] test), reflecting benefit (MD —14.1; SD 4.15;
95% Cl —25.3 to —2.9; P=.009; Tukey HSD test) and
enthusiastic using groups (MD —6.4; 95% CI —12.6 to —0.2;
P=.04; pairwise with 2-tailed ¢ test).

Description of participants Feeling outsider

Being uninterested Reflecting benefit

Enthusiastic using  Total

(n=8) (n=10) (n=6) (n=15)

Age (years), mean (SD) 60.5 (7.6) 47.6 (5.6) 61.7 (11.2) 54 (8.2) 54.8 (9.4)
Gender, n (%)

Female 2(25) 4 (40) 0 4(27) 10 (26)

Male 6 (75) 6 (60) 6 (100) 11(73) 29 (74)
Professional education, n (%)

Lower education level 5(63) 5(56) 5(83) 12 (80) 27 (71)

Higher education level 3(38) 4 (44) 1(17) 3(20) 11(29)
Time of heart operation, n (%)

0-12 months before rehabilitation 5(63) 6 (60) 4(67) 10 (67) 25 (64)

Over 12 months before rehabilitation 2 (25) 2 (20) 1(17) 5(33) 10 (26)

No operations 1(13) 2 (20) 1(17) 0 4 (10)
Technology, n (%)

Use internet 4 (80) 7 (100) 6 (100) 8(89) 25(93)

Use physical activity tracker 2 (40) 4(57) 1(17) 3(33) 10 (37)

Intervention

The rehabilitation of patients with CHD occurred in three 5-day
periods during the year. The aim of rehabilitation was to promote
a patient’s adaptation to CHD and improve his or her functional
capacity and ability to work [51]. A team of professionals
included a physician, physical therapist, and nurse and
optionally, a social worker, psychologist, or dietitian. For the
remote component of the rehabilitation program, we used a
secured remote coaching platform (m-coach Movendos) and an
activity tracker accelerometer (Fitbit Charge HR). The 12-month
web-based program involved feedback from each participant’s
own physiotherapist. The program sent automatic motivational
messages every month, and peer support was available in group
discussions. Research participants set and monitored their
health-related behavior goals by keeping a lifestyle and exercise
diary and completing assignments.
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Data Collection

Data collection was guided by a purposeful sampling strategy
called theoretical sampling in the GT method. This includes the
purposeful selection of data samples to allow us to determine
the variables that we would need to select to meet theoretical
needs [44,45]. Table 2 presents the study’s biopsychosocial
variable time points for collection.

Biomedical variables comprised measures such as waistline
[52] and physical fitness (the 6-minute walk test [6MWT]) [53].
Physical activity was measured with a physical activity monitor
of light-intensity physical activity using a Fitbit (Fitbit Inc)
tracker [54] and the self-report International Physical Activity
Questionnaire (IPAQ; 9 items) [55]. The World Health
Organization Quality of Life-BREF (WHOQOL-BREF)
questionnaire was used to assess individuals’ quality of physical
health (domain 1). Other quality of life BREF domains are
psychological health (domain 2), social relationships (domain
3), and the environment (domain 4) [56].

JMIR Rehabil Assist Technol 2021 | vol. 8 | iss. 4 | 16864 | p. 4
(page number not for citation purposes)



JMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

Table 2. Biopsychosocial variable time points for collection.

Anttila et al

Biopsychosocial variables Time point
0-month 12-month
Biomedical
Waistline [52] 4 N/A?
Physical fitness (6-minute walk test [6MWT]) [53] v N/A
Light-intensity physical activity accelerometer (LPA) [54] v N/A
International physical activity questionnaires (IPAQ) [55] v N/A
The World Health Organization Quality of Life-BREF (physical health, domain 1) [56] v N/A
Psychological
Self-Efficacy to Regulate Exercise Scale (SERES) [57] _ b v
The Behavioral Regulation in Exercise (BREQ-3) [58,59] — v
Questionnaire Depression Scale (DEPS) [60] v N/A
Quality of Life-BREF (psychological health, domain 2) [56] v N/A
Social
Web-based participation (the number of task and message marks) _b v
Quality of Life-BREF (social relationships, domain 3, and environment, domain 4) [56] v N/A

#N/A: not applicable.
®Data not available.

Psychological variables were measured using 3 questionnaires:
quality of psychological health (WHOQOL-BREF, domain 2)
[56,61], Self-Efficacy to Regulate Exercise Scale (SERES)
based on SCT [57], and the Behavioral Regulation in Exercise
Questionnaire (BREQ-3). BREQ-3 is a 24-question instrument
and is based on self-determination theory [58,59]. The
Depression Scale (a 10-item DEPS) [60] was also included to
measure psychological variables.

Social variables comprised participation in the web-based
program and the quality of life questionnaire. Participation in
the program was measured by individuals’ visits to the site,
including the number of pages they visited, the number of tasks
they had completed (the number of completed task marks), and
the number of conversations they had participated in (the number
of message marks) during the 12 months of intervention. Social
preintervention variables were also included in the questionnaire
responses regarding the quality of social relationships and the
environment (WHOQOL-BREF; domain 3 and domain 4) [56].

Data Analysis

The constant comparative method of the classic GT [44,45]
guided the data analysis. That is, we analyzed data for
similarities and differences at a more abstract level to move
toward substantive theory building [44,46,47]. We recorded our
research group’s reflective discussions and wrote both
theoretical and analytical memos. Memos were seen as a link
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between the research group’s notions and theoretical ideas, and
they helped us in data analysis and meaning interpretation. In
the following paragraphs, we describe our quantitative analysis
and use of a mixed methods GT approach.

In our previous study, we analyzed interview data using GT.
The result of the qualitative study was 4 e-usage groups—feeling
outsider, being uninterested, reflecting benefit, and enthusiastic
using [43]. In the first step, we divided participants into these
4 e-usage groups. A total of 2 researchers (MRA, HK) in our
study independently read the interview responses of the
participants. These researchers independently divided
participants into 4 e-usage groups, taking into account the
qualitative descriptions of the different e-usage groups: (1)
technology experience, (2) attitude, and (3) expectations of
remote counseling. There was moderate agreement between the
2 researchers in the coding of responses into the groups, k=0.521
[62]. The 2 researchers compared their divided results, discussed
disagreements, and reanalyzed the disagreed-upon results
together. The results were also discussed with a third researcher
(TS) to finalize the coding results. On the basis of our previous
qualitative results [43], we presented a hypothesis, selected
available biopsychosocial variables, and used quantitative
methods and techniques to promote the generation of a
substantive theory [43,44]. Figure 2 describes the entire
three-step analysis.
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Figure 2. Three-step analyses process.
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Caurrent study step 3: The conceptualized integration of biopsychosocial profiles
from mixed data

Current study step 2: Comparative analysis
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4 groups of patients with cardiac disease characterized by different experience
and attitude towards technology (e-usage groups): “feeling outsider”, “being
uninterested”, “reflecting benefit’, and “enthusiastic using” [43]

In the second step, statistical analyses were used to examine
the differences in biopsychosocial variables among the 4 groups.
All quantitative data analyses were performed using the SPSS
(version 24, SPSS Inc). We report descriptive statistics for the
variables being compared. We examined the differences in
biopsychosocial variables among the groups with probability
statistics (P<.05) to determine whether the proposed differences
within the group could be confirmed. As a measure of precision
for the estimate, a 95% CI was reported.

ANOVA, ¢ test, or nonparametric test (Mann—Whitney and
Kruskal-Wallis tests) was used when appropriate. Thereafter,
pairwise comparisons between the groups were analyzed with
ANOVA (the Tukey HSD test, the Kruskal-Wallis or
Mann—-Whitney test (with Bonferroni correction). For
comparisons of three or more group means, we performed the
(one-way) ANOVA or nonparametric Kruskal-Wallis test.
ANOVA was only used if the data in each group were normally
distributed and the variances were homogeneous. Normality of
the groups was assessed by the Shapiro—Wilk test, as all group
sizes were <50. Homogeneity of variances was evaluated by
the Levene test. When we had a significant result for differences
between group means in the main test, we performed post hoc
comparisons. For ANOVA, we applied the Tukey test, and for
the Kruskal-Wallis test, we used the Mann—Whitney pairwise
comparisons while adjusting the significance values by the
Bonferroni correction for multiple tests.

After completing the series of quantitative analyses, we
compared the results of the 4 groups in terms of recommended
and reference values. We compared physical activity level
(accelerometer and questionnaire) with World Health
Organization’s global recommendations for physical activity
for health, that is, 150 minutes each week [54] and the quality
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of life questionnaire results with averages for the Finnish
population (aged 18-98 years) [61]. In the DEPS (0-30), the
cutoff point for depression is =8 points, which indicates
sensitivity to depression [60]. The questionnaire (SERES and
BREQ-3) results were compared with the mean value of the
scale. The mean value of SERES is 50 (0-100) [57] and that of
BREQ-3 is 0 (—24 to 24) [58,59]. We compared the number of
completed remote tasks and messaging markings with the total
sample mean values of participation in the web-based program
(the number of completed tasks was 87 for remote tasks and
6.6 for messaging).

In the final step of the analysis, a constant comparison was
performed conceptually by analyzing the meanings behind the
numbers for discovering and generating substantive theory based
on GT [44,45]. Quantitative data were compared systematically
by theoretical coding variables within groups. We grounded
profile conceptualization by critically examining and questioning
the data, which was theoretically sensitive. Finally, we formed
biopsychosocial profiles based on the integrated findings of the
constant comparative analysis phases. On the basis of these
conceptualization processes, we renamed the profile of each
group and formed the main category (Table 3 shows an example
of a constant comparative analysis process in the feeling outsider

group).

The results of this study’s quantitative phase align with our
qualitative findings. Our analyses moved toward substantive
theory when we performed a constant comparative analysis of
the qualitative and quantitative data [45,46]. As Glaser stated,
“it is important to fully understand the meaning behind the
numbers and techniques when using quantitative data [45].”
The following paragraphs describe the results of the intermediate
stages of comparative analyses in more detail.
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Table 3. The feeling outsider group constant comparative analysis (n=8)%.

Anttila et al

Feeling outsider, ~ Result in significant differences be- Values,
Variables mean (SD) tween groups RV® mean/RV (%)  Profile descriptions®
Waistline (centime-  107.1 (11.1) _d <94 +13.9 The feeling outsider group had high-
ters) risk behavior related to overweight
6-minute walk test ~ 575.5 (73.3) The feeling outsider group had lower >623  -7.6 The feeling outsider group had high-
(meters) physical fitness (P=.047) than the en- risk behavior related to being inactive
thusiastic using group.
Light-intensity 134.9 (58.6) — >150  -10 Self-reported weekly physical activity
physical activity, ac- differed from accelerometer-measured
celerometer (n=6) physical activity
IPAQS (n=7) 421.4 (468.4) — >150  +280.9 Self-reported weekly physical activity
differed from accelerometer-measured
physical activity
WHOQOL—BREFf 13.6 (2.9) — >16.5 -17.6 Physical quality of life was low at the
physical health beginning of rehabilitation
Self-Efficacy to 67.0 (19.2) — >50 +34 They had a high self-efficacy to regu-
Regulate Exercise late exercise at the end of the rehabil-
Scale (0-100; n=7) itation according to their own esti-
mate
The number of com- 45 (126.1) Performing guided tasks in the program >87 -48.3 Their engagement in technological
pleted task mark® (P=.03) were lower in the feeling out- solution was low
sider group than in the enthusiastic us-
ing group
The number of dis- 4.3 (7.6) Communicating via messages (P=.03) >6.6 34.8 Their engagement in technological

cussions mark®

were lower in the feeling outsider
group than in the enthusiastic using
group

solution was low

#Hypothesis: There would be differences between the 4 e-usage groups feeling outsider, being uninterested, reflecting benefit, and enthusiastic using
[43]. Proposition: The feeling outsider group might benefit from developing self-efficacy in physical activity and adequate positive support, as individuals
in this group consider themselves as outsiders and find technology fearsome.

PRV: recommended value.

€On the basis of these results, a profile for the group feeling outsider was renamed building self-awareness.

INo significant differences between the feeling outsider and others e-usage groups.

°IPAQ: International Physical Activity Questionnaire.

fWHOQOL-BREF: The World Health Organization Quality of Life Questionnaire, Short Form.

8Postintervention variables.

Results

Comparative Statistical Analysis of the 4 e-Usage
Groups in Terms of Biopsychosocial Variables

The results of the comparative analysis provide an understanding
of the biopsychosocial profiles of e-usage groups.

Statistically significant differences (P<.05) between groups
were found for the biomedical variable waistline, which
significantly differed between the being uninterested and
enthusiastic using groups (MD 14.2;95% CI 1.0 to 27.5; P=.03;
Tukey HSD test). The being uninterested group had a larger
waistline than the enthusiastic using group. The 6MWT also
showed significant differences between being uninterested and
enthusiastic using groups (MD —0.72; 95% CI —1.4 to —0.06;
P=.03; Tukey HSD test) and between the feeling outsider and
enthusiastic using groups (MD 55.8; 95% CI —110.7 to —0.92;
P=.047; 2-tailed ¢ test). The feeling outsider group had lower
physical fitness than the enthusiastic using group. For the
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biomedical variables, light-intensity physical activity and IPAQ,
there were no significant differences among the 4 groups, and
the psychological and social variables, DEPS and quality of
social life, were also nonsignificant (Table 4).

The results for the postintervention variables are presented next.
The BREQ-3 scores were significantly di erent between the
being uninterested and enthusiastic using groups in a t test (MD
=7.3; 95% CI —13.5 to —1.1; P=.02); the degree of
self-determination in exercise was lower for the former than for
the latter. The results for SERES were nonsignificant.
Participation in the web-based program (0-12 months) was the
only statistically significant difference in group comparisons,
with task marking di ering significantly. Pairwise comparison
revealed significant di erences. Performing guided tasks in the
program in the Kruskal-Wallis test (P=.04) and communicating
via messages were lower in the feeling outsider group than in
the enthusiastic using group (P=.03) in the Mann—Whitney test
(Table 5).
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Table 4. Comparative quantitative analysis among the 4 groups in terms of biopsychosocial preintervention variables.

Biopsychosocial variables preinter-  Group 1, feeling outsider — Group 2, being uninterest- Group 3, reflecting Benefit Group 4, enthusiastic us-

vention (n=8) ed (n=10) (n=6) ing (n=15)
Value, mean Value, mean Value, mean Value, mean
(SD) n(%)  (SD) n(%)  (SD) n(%)  (SD) n (%)
Biomedical variables
Waistline (centimeters) [52]  107.1 (11.1) _a 112.7° (13.6) — 102.3 (12.3) — 98.4° (11.3) —
[6—131‘3inute walk test (meters) 575 5b (73.3) — 558.9°(61.1) 9 (90) 624.3 (28.8) 4(67) 631.3b¢ (527) —
5

Light-intensity physical activ-  134.9 (58.6) 6 (75) 174.6 (48.8) 6 (60) 137.2 (49.1) 4(67) 148.3 (59.8) 13 (87)
ity, accelerometer (min-
utes/week) [54]

The International Physical 421.4 (468.4)  7(83)  461.3(445.5) 8(80)  320.8(4114) — 291.0(307.4) —
Activity Questionnaire
(min/week) [55]

WHOQOL-BREF® physical 136 (29) — 13.7(2.2) — 14.4 (2.3) — 142 (2.2) —
health (4-20) [56]

Psychological variables

WHOQOL-BREF psycholog-  14.3 (2.7) — 142 (2.2) — 14.4 (3.0) — 15.5(1.9) —
ical health (4-20) [56]

The Depression Scale (0-30) 6.8 (5.9) 6(75)  6.7(53) — 2.0 (1.9) 5(83)  42(3.9) —
[60]

Social variables

WHOQOL-BREF social rela-  14.3 (2.5) — 15.9(2.5) — 15.7 (1.9) — 16.3(2.9) —
tionship (4-20) [56]

WHOQOL-BREEF environ- 14.9 (2.6) — 143 (2.3) — 153 (1.7) — 15.0(2.2) —
ment (4-20) [56]

*No missing data.

I’Signiﬁcam difference (P<.05) among groups.

“Significant difference (P<.05) among groups.

dWHOQOL-BREF : The World Health Organization Quality of Life Questionnaire, Short Form.

Table 5. Comparative quantitative analysis among the 4 groups in terms of biopsychosocial postintervention variables.

Biopsychosocial variables postin-  Group 1, feeling outsider ~ Group 2, being uninterest- Group 3, reflecting benefit Group 4, enthusiastic us-

tervention (n=8) ed (n=10) (n=6) ing (n=15)
Value, mean Value, mean Value, mean Value, mean
(SD) n(%)  (SD) n(%)  (SD) n(%)  (SD) n (%)
Biomedical variables
The number of completed 45a (] 26. 1) _b 314 (484) — 116.8 (1428) — 156.03 (204.7) —
tasks mark
The number of discussions 4.3%(7.6) — 6.1 (4.2) — 7.8 (8.0) — 8.12(6.9) —
mark
Self-Efficacy to Regulate Ex-  67.0 (19.2) 7 (88) 56.6 (18.3) 7(70) 62.0 (9.2) — 54.2(17.4) 14 (93)

ercise Scale (0-100) [57]

The Behavioral Regulationin  12.0 (8.3) 6(75) 572 (8.0) 7 (70) 11.8 (2.1) — 13.1% (5.5) 14 (93)
Exercise Questionnaire 3 (—24
to 24) [58,59]

“Indicates significant difference (P<.05) among the groups.

"No missing data.
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Comparative Analysis of Relationship to Recommend
and Reference Values

We compared the results of the 4 groups in terms of
recommended and reference values. All e-usage groups had
larger waistline and lower 6MWT values compared with the
risk of disease cutoff values (waistline <94/6MWT >623);
feeling outsider (mean 107.1/mean 575.5), being uninterested
(mean 112.7/mean 558.9), reflecting benefit (mean 102.3/mean
624.3), and enthusiastic using (mean 98.4/mean 631.3).
Regarding the quality of social relationships (>16.5), the feeling
outsider (mean 14.3) and being uninterested (mean 15.9) groups

Anttila et al

reflecting benefit (mean 15.7) and enthusiastic using (mean
16.3) groups. Except for the enthusiastic using group, which
had near-average values, the quality of life results for all groups
were lower than the average values for the Finnish population
(Table 6).

The self-efficacy values of all groups were better than the mean
value of the scale (>50). On the other hand, the opposite results
were observed for variables of exercise self-efficacy, in which
the enthusiastic using group had lower self-efficacy (mean 54.2)
than the feeling outsider (mean 67), being uninterested (mean
56.6) and reflecting benefit (mean 62; Table 7) groups.

reported lower quality of social relationships than that of the

Table 6. Comparative analysis of relationship to recommended and reference values (preintervention).

Biopsychosocial preintervention RV? Feeling outsider (n=8)  Being uninterested, Reflecting benefit (n=6) Enthusiastic using
variables mean (n=10) (n=15)
Values, Level of Values, Level of Values, Level of Values, Level of
mean factor, mean factor, mean factor, mean factor,
(SD) mean/RV  (SD) mean/RV  (SD) mean/RV  (SD) mean/RV
(%) (%) (%) (%)
Biomedical variables
Waistline (centimeter) [52] <94 107.1 +13.9 112.7 +19.9 102.3 +8.8 98.4 +4.7
(11.1) (13.6) (12.3) (11.3)
Physical fitness (meter) [53] (6- >623 575.5 -7.6 558.9 -10.3 624.3 +0.2 631.3 +1.3
minute walk test) (73.3) (61.1) (28.8) (52.7)
Light Physical activity, ac- >150 134.9 -10 174.6 +16.4 137.2 -8.5 148.3 1.1
celerometer (minutes/week) (58.6) (48.8) (49.1) (59.8)
[54]
The International Physical Ac- >150 421.4 +280.9 461.3 +307.5 320.8 +213.9 291 94
tivity Questionnaires (min- (468.4) (445.5) (411.4) (307.4)
utes/week) [55]
WHOQOL-BREFb Physical >16.5 13.6(2.9) -17.6 13.7(2.2) -17.0 14.42.3) -12.7 142(2.2) -13.9
health [56]
Psychological variables
WHOQOL-BREF psychologi- >15.5 1432.7) -7.7 142(2.2) -84 144(3.0) -7.1 155(1.9) 0
cal health [56]
The Depression Scale (0-30) <8 6.8(5.9) -I5 6.7(53) -163 20(1.9) 75 4239 -475
[60]
Social variables
WHOQOL-BREF social rela-  >16.5 143(2.5) —133 159(2.5) -3.6 15.7(1.9) —-4.8 163(29) -12
tionship [56]
WHOQOL-BREF environment >16.5 149(2.6) —-9.7 14.3(2.3) -13.3 15.3(1.7) 7.3 15.0(2.2) —9.09

[56]

#RV: recommended value.
bWHOQOL-BREF: The World Health Organization Quality of Life Questionnaire, Short Form.
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Table 7. Comparative analysis of relationship to recommended and reference values (postintervention).

Biopsychosocial postin-  gya Feeling outsider (n=8)

Being uninterested (

Reflecting benefit (n=6) Enthusiastic using (n=15)

tervention variables (n=10)
Values, Level of fac-  Values, Level of fac-  Values, Level of fac-  Values, Level of fac-
mean tor, mean/RV ~ mean tor, mean/RV  mean tor, mean/RV ~ mean tor, mean/RV
(SD) (%) (SD) (%) (SD) (%) (SD) (%)
Postintervention variables
Task marks >87 45 —48.3 31.4 —63.9 116.8 +34.3 156.0 +79.3
(126.1) (48.4) (142.8) (204.7)
Discussion marks >6.6 43(7.6) 348 6.1(42) -7.6 7.8 (8.0) +18.2 8.1(6.9) +22.7
Self-Efficacy to >50 67.0 +34 56.6 +13.2 62.0(9.2) +24 54.2 +8.4
Regulate Exercise (19.2) (18.3) (17.4)
Scale [57]
The Behavioral Reg- >0 12.0(8.3) +12 57(8.0) +5.7 11.8(2.1) +11.8 13.1(5.5) +13.1

ulation in Exercise
Questionnaire
[58,59]

#RV: recommended value.

Conceptualized Integration of Biopsychosocial Profiles
From Mixed Data

The results were synthesized to build the biopsychosocial
profiles for the 4 groups—rfeeling outsider, being uninterested,
reflecting benefit, and enthusiastic using—as part of the
rehabilitation process. We formed biopsychosocial profiles
based on constant comparative analysis through narrative
description.

Proposition 1: The feeling outsider group might benefit from
developing self-efficacy in physical activity and adequate
positive support, as individuals in this group consider themselves
as outsiders and find technology fearsome:

That technology hasn'’t really come [...] My wife
taught the computer [...] supported, well, taught—so
I went to the courses. And the kids did. I thought that
if I'm still starting to tinker, there won't be enough
hours in the day to learn [43]. [participant 25,
60-year-old man, focus group 1]

The feeling outsider group had high-risk behavior related to
being inactive and overweight. Self-reported weekly physical
activity differed from accelerometer-measured physical activity.
In addition, physical quality of life was low at the beginning of
rehabilitation. Members of this group had a high self-efficacy
to regulate exercise at the end of the rehabilitation according to
their own estimate; however, their engagement in technological
solutions was low. Their biomedical results were inconsistent
between their self-reported physical activity and objectively
measured data, which may have been because of a lack of
lifestyle self-awareness. On the basis of these results, the profile
for the feeling outsider group was renamed building
self-awareness

Proposition 2: The being uninterested group might benefit from
weight management and physical activity self-monitoring with
reminders and prompts, as they feel externally motivated:
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I’'m waiting for it and I'm truly interested, as if | were
waiting for something like a spark. That it is
something, something like, motivating, and...well...I
can’t say, but it like maybe not now for sure every
week. If once a month, certainly something could
come...a reminder [43]. [participant 56, 45-year-old
man, focus group 3]

When I could enter inputs in there, and if my own
activities could be there, then I would be like a
response: Is this the right or wrong direction,
and...And that’s when it’s really somebody, something
and someone monitoring what you're doing [43].
[participant 41, 49-year-old woman, focus group 2]

The being uninterested group had low levels of physical fitness,
poor self-assessed physiological quality of life, and a high waist
circumference. Their exercise behavior can be described as
externally regulated, with low scores in self-determination. In
addition, they were interested in self-monitoring their physical
activity but were uninterested in participating in web-based
coaching. Their self-monitoring technology may have motivated
them to improve their physical activity levels and engagement
in lifestyle changes. The profile for the being uninterested group
was renamed increasing engagement.

Proposition 3: The reflective benefit groups might benefit from
easy-to-use and interactive technology, as their interest is
maintained by technology with personalized information and
interactive tracking tools:

Let’s put it in this way. I'm not actually now that way
from being pushed, yeah. Yes it comes from my own
desire. The main purpose is monitoring: it’s for that.
It’s interesting to follow what happens if you change
some exercise habits, and you can see from this, what
changes have happened in the background. Very okay
[43]. [participant 17, 57-year-old man, focus group
2]
The reflecting benefit group showed healthy lifestyle choices
related to eating behavior and exercise. They may have had
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intrinsic motivation for exercise and high self-determination,
including a positive balance in life. Higher scores indicated
higher self-efficacy for exercise and health technology interest.
Their biopsychosocial outcomes were balanced and maintaining
these outcomes could be the most important goal for them. The
reflecting benefit group was renamed maintaining a healthy
lifestyle balance.

Proposition 4: The enthusiastic users group might benefit from
empowering their self-efficacy and personalized lifestyle
feedback, as they have a positive technology mastery experience:

I'm waiting and I'm interested. Yes, of course, this
here now gives little push in the pants. I'm already
moving pretty well, that’s what this thing around my
arm tells me...Yeah...and then yes, I have the Sport
Tracker on my phone, also. When I go somewhere, 1
tell it to draw a map, and I see the time and all that
[43].” [participant 66, 34-year-old man, focus group
3]

Figure 3. Group biopsychosocial profile descriptions.

Anttila et al

Modern opportunities. And if now, of course...from
where soon could come a little spark, and that spark
continues than exercise could begin. And it’s really
the same benefit. And then, of course, if nothing’s
heard from there. It sounds real good, and then
reminders. Something like you can write comments,
and [...] [43] [participant 26, 61-year-old woman,
focus group 2]

The enthusiastic using group had a waist circumference and a
physical fitness level that represented a low behavior risk level.
They had high self-determination in relation to exercise behavior
but lacked self-efficacy in physical activity. They were highly
interested in technological health solutions. This group had a
healthy lifestyle; however, their physical self-efficacy related
to exercise was low. A heart event may have lowered their
self-confidence in health behaviors. The profile for the
enthusiastic using group was renamed strengthening
self-confidence.Figure 3 shows a summary of the groups’
similarities and differences in the comparative analysis results.

[ Group "Feeling outsider" ] “building self-awareness” profile

*Biological: High-risk behavior related to being inactive and overweight. Self-reported weekly physical
activity differed from accelerometer-measured physical activity.

*Psychological: A high self-efficacy to regulate exercise according to their own estimate.

*Social: Engagement in technological solutions was low.

[GTOUP "Being “ﬂjﬂtefﬁsmd"] “increasing engagement” profile

*Biological: Low levels of physical fitness, poor self-assessed physiological quality of life and a high waist
circumference. Interested in self-monitoring their physical activity.

*Psychological:Low self-determination scores (externally regulated).
*Social:Uninterested in participation in Web-based coaching.
Group "Reflecting
[ benefit" “maintaining a healthy lifestyle balanced” profile
=Biological: Showed healthy lifestyle choices related to eating behavior and exercise.
*Psychological:Intrinsic motivation for exercise and high self-determination, including a positive balance
in life. A higher score indicates higher self-efficacy for exercise.

»Social:Health technology interests them.

Group "Enthusiastic
P wgme ] “strengthening self-confidence” profile

*Biological: A waist circumference and a physical fitness level that represented a low behavior risk level.

= Psychological: High self-determination in relation to exercise behavior but had a lack of self-efficacy in
physical activity.

=Social: Highly interested in technological health solutions.

On the basis of these results, we were able to synthesize all
groups’ biopsychosocial profile descriptions to a thematic
meaning, that is, personalized lifestyle changing as part of the
rehabilitation process, which can be the start of substantive
theory development integrated into all 4 groups’ profile
descriptions. On the basis of the analysis, we identified and
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renamed the 4 groups to building self-awareness, increasing
engagement, maintaining a healthy lifestyle balance, and
strengthening self-confidence. These profiles showed how
individuals in the 4 groups identified their different lifestyle
management reflections in rehabilitation progress. The main
results of the analysis are shown in Figure 4.
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Figure 4. Biopsychosocial personalized lifestyle changing profiles in relation to the rehabilitation process.
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Discussion

Principal Findings

The main result of the study was personalized lifestyle changing
as part of the rehabilitation process, which refers to the 4
groups’ profiles related to rehabilitation progress. On the basis
of the qualitative and quantitative GT analysis, we identified 4
profiles: building self-awareness, increasing engagement,
maintaining a healthy lifestyle balance, and strengthening
self-confidence. The main message of this study is that it is
important to identify different biopsychosocial profiles with
respect to the reflections of patients with cardiac disease on
their lifestyle risk factor management in the counseling process
of remote rehabilitation. This knowledge can give cardiac
rehabilitation professionals evidence and enable them to tailor
theory-based web-based behavior change interventions.

Patients in the feeling outsider group were afraid to use
technology, and they expected supportive behavior change
counseling [43]. This group, with the building self-awareness
profile, had low daily physical activity and was overweight. In
their self-reports, members of this group overestimated the
amount of physical activity relative to their objectively measured
data. A possible explanation for these results may be their lack
of self-awareness concerning self-management of lifestyle risk
factors. However, studies have shown a higher estimate of
physical activity using the IPAQ than the accelerometer data
[63]. Self - management skills and attitudes included in lifestyle
change are based on motivational, goal-setting, controlling, and
self-regulatory skills, which require self-awareness [64].
Although promoting the ability to recognize how self-efficacy,
thoughts, feelings, and actions are interconnected, rehabilitation
also improves self-awareness for self-management of lifestyle
change processes [30,31,33,64,65]. The group with this profile
needs guidance and positive support in using technology [43]
and in increasing their self-awareness. Patients in this group
may benefit from web-based goal-setting tools for
self-awareness. Goal setting could help these patients identify
their own risk factors and set realistic and meaningful goals.
Health professionals should take into account patients’ aims,
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needs, and self-efficacy, as well as health outcome information
in individual goal-setting.

The being uninterested group expected problem-free technology
with activity-empowering web-based counseling [43]. This
group, with the increasing engagement profile, had lower
self-efficacy, and they might have quickly given up when they
ran into difficulties [43]. In addition, we found that the group
was uninterested in participating in web-based coaching.
However, members showed interest in tracking their physical
activity with a wearable accelerometer. Patients in this group
showed low scores in self-determination, and thus, their
motivation can be described as externally regulated. Previous
studies have reported that regular physical activity can reduce
cardiovascular risk factors [1-4]. Activity tracking
accelerometers with feedback may boost self-efficacy, which
has been shown to promote cardiovascular risk self-management
[29-31]. Wearing an accelerometer itself may promote and
motivate physical activity [66]. Patients in this group had low
levels of physical fitness, poor self-assessed physiological
quality of life, and high waist circumferences. Previous research
has shown that biopsychosocial characteristics are related to
lower scores in risk factor self-management, especially in
women [6,37,41]. Additional support can be provided using
evidence-based health behavior change techniques with the help
of technology in rehabilitation [15,30,32,65]. Patients in this
group may benefit from support and guidance to increase their
engagement in lifestyle-changing processes. Health professionals
should take into account such patients’ motivations to use
self-monitoring technology and their interests in personalized
and regular feedback, reminders, and prompts.

Patients in the reflecting the benefit group expected easy-to-use
and useful technology with interactive tools [43]. The group
showed healthy lifestyle choices, such as healthy eating and
exercising. These patients had high self-efficacy in achieving
physical activity goals, and they were interested in health
technology. This group, with a maintaining a healthy lifestyle
balance profile, had a fair amount of intrinsic motivation for
exercise and high self-determination for exercise behavior,
which is needed to increase self - management skills and
facilitate lifestyle change [64,67]. Self-monitoring and realistic
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goal setting are important factors in the process of self-regulation
[10,16]. Our findings indicate that increases in regular exercise
competence could improve intrinsic motivation, as shown in
previous studies [35,36]. Patients with this profile may benefit
from interactive and easy-to-use tracking tools through which
self-monitoring allows them to manage their health. Health
professionals should monitor the goal progress to meet their
desired functional goals.

The enthusiastic using group expected smoothly functioning
technology that offered empowering self-tracking with feedback
[43]. This group had minor risk behavior but the lowest
self-efficacy in physical activity compared with the other group
profiles. The results of Kédrner Kohler et al [68] indicate that
self-efficacy is not related to chronic conditions. However, a
cardiac event may have reduced these patients’ self-confidence
in their own lifestyle management. They may not have believed
in their own behavior choices for reaching the desired goal. A
possible explanation might be that patients conscientiously
followed a healthy lifestyle. A previous study showed that
people with higher conscientiousness were more intrinsically
motivated [35]. Early self-efficacy support may improve
individuals’ participation in web-based programs [31,33].
Patients with the strengthening self-confidence profile may
benefit from early self-management support for self-confidence.
Health professionals should provide support, especially in the
carly stages after heart events, by focusing on positive
achievements.

The profiles showed how patients in the 4 groups adjusted their
lifestyles differently on the part of rehabilitation progress.
Patients in the feeling outsider and being uninterested groups
had high-risk behavior and low engagement in technological
solutions. In contrast, patients in the reflecting benefit and
enthusiastic using group profiles had low-risk behavior and
good adherence to web-based interventions. Biopsychosocial
profiles have been used to tailor interventions for patients with
chronic pain [38,39], diabetes [40], overweight and obesity [41],
and hypertension [42]. It is also important to identify the
biopsychosocial profiles of patients with cardiac disease, as it
allows for evidence- and theory-based and individually tailored
lifestyle counseling programs in multidisciplinary fields.

Limitations and Strengths

This study has some limitations related to the sample size, which
was unevenly distributed among the groups. The purpose of the
study was theoretical verification using GT, and for this purpose,
there was an inductive generalization regarding the phenomenon
under study and no statistical generalization. We have provided
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detailed descriptions that were not intended for extrapolation
of the findings to other settings but to provide information about
the phenomenon and build substantive theory. The possible
sampling bias, small sample size, and sampling strategy certainly
limited our quantitative analyses; however, we used GT and
mixing methods of constant comparative analysis, which was
beneficial to our study when we grounded several variables.
This study was based on GT, and the results can be said to be
reliable based on thick descriptions, taking into account thorough
descriptive information about the study setting, study
participants, and processes. There are weaknesses in this study;
for example, we collected data from the BREQ-3 and SERES
questionnaires only at the end of the intervention. It would have
been better if all questionnaire data had also been collected
preintervention. However, despite this shortcoming, the BREQ-3
and SERES questionnaires provided valuable information. The
mixing of methods was an innovative challenge. The credibility
of the results was based on conceptualization to enable a greater
understanding of patient experiences with technology in the
context of digital cardiac rehabilitation. There is also a need for
information on whether there might be a change in patients'
experiences and attitudes toward technology during
rehabilitation. The implementation of these results might be
useful, especially in the planning of rehabilitation counseling
and teaching.

Conclusions

The study showed that personalized lifestyle changing as part
of the rehabilitation process relates to the profile descriptions
of the 4 groups. On the basis of the profiles, we identified 4
profiles related to the rehabilitation process: building
self-awareness, increasing engagement, maintaining a healthy
lifestyle balance, and strengthening self-confidence. The results
might help to understand what is meaningful for Finnish patients
with cardiovascular disease who participate in a rehabilitation
program with face-to-face and remote web components. The
personalized behavior change components can be embedded in
the technology part of cardiac rehabilitation, for example,
individual goal setting, self-monitoring, reminders and prompts,
positive social and peer group support, personalized information,
and feedback. These components increase the spark for
motivation to a lifestyle change by taking into account the
different life situations, needs, and concerns of individuals and
their experiences and attitudes toward the use of technology.
However, future studies are needed that back up our current
results with larger sample sizes and a sociodemographic
structure that mirrors the study population.

The authors would like to thank all the patients with cardiac disease for their helpful collaboration. The authors also thank the
research group members Mika Pekkonen, Peurunka, and Jarkko Honkonen; The Social Insurance Institution; and Anita Malinen
from the University of Jyvéskyld. Their valuable assistance made it possible to conduct this study.

Conflicts of Interest

None declared.

References

https://rehab.jmir.org/2021/4/e16864

X3L-FO

RenderX

JMIR Rehabil Assist Technol 2021 | vol. 8 | iss. 4 | e16864 | p. 13
(page number not for citation purposes)



JMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES Anttila et al

20.

GBD 2015 Risk Factors Collaborators. Global, regional, and national comparative risk assessment of 79 behavioural,
environmental and occupational, and metabolic risks or clusters of risks, 1990-2015: a systematic analysis for the Global
Burden of Disease Study 2015. Lancet 2016 Oct 08;388(10053):1659-1724 [FREE Full text] [doi:
10.1016/S0140-6736(16)31679-8] [Medline: 27733284

Kotseva K, Wood D, De Backer G, De Bacquer D, EUROASPIRE III Study Group. Use and effects of cardiac rehabilitation
in patients with coronary heart disease: results from the EUROASPIRE III survey. Eur J Prev Cardiol 2013 Oct
19;20(5):817-826. [doi: 10.1177/2047487312449591] [Medline: 22718794]

Goff DC, Lloyd-Jones DM, Bennett G, Coady S, D'Agostino RB, Gibbons R, American College of Cardiology/American
Heart Association Task Force on Practice Guidelines. 2013 ACC/AHA guideline on the assessment of cardiovascular risk:
a report of the American College of Cardiology/American Heart Association task force on practice guidelines. Circulation
2014 Jun 24;129(25 Suppl 2):49-73. [doi: 10.1161/01.¢ir.0000437741.48606.98] [Medline: 24222018]

Leon AS, Franklin BA, Costa F, Balady GJ, Berra KA, Stewart KJ, et al. Cardiac rehabilitation and secondary prevention
of coronary heart disease. Circulation 2005 Jan 25;111(3):369-376. [doi: 10.1161/01.¢ir.0000151788.08740.5c¢]

Lee I, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT. Effect of physical inactivity on major non-communicable
diseases worldwide: an analysis of burden of disease and life expectancy. Lancet 2012 Jul;380(9838):219-229. [doi:
10.1016/S0140-6736(12)61031-9]

Zhao M, Vaartjes I, Graham I, Grobbee D, Spiering W, Klipstein-Grobusch K, et al. Sex differences in risk factor management
of coronary heart disease across three regions. Heart 2017 Oct 20;103(20):1587-1594 [FREE Full text] [doi:
10.1136/heartjnl-2017-311429] [Medline: 28931567]

Steca P, D'Addario M, Magrin ME, Miglioretti M, Monzani D, Pancani L, et al. A type A and type D combined personality
typology in essential hypertension and acute coronary syndrome patients: associations with demographic, psychological,
clinical, and lifestyle indicators. PLoS One 2016 Sep 2;11(9):e0161840 [FREE Full text] [doi: 10.1371/journal.pone.0161840]
[Medline: 27589065]

Albus C. Psychological and social factors in coronary heart disease. Ann Med 2010 Oct 14;42(7):487-494. [doi:
10.3109/07853890.2010.515605] [Medline: 20839918]

Vizza J, Neatrour DM, Felton PM, Ellsworth DL. Improvement in psychosocial functioning during an intensive cardiovascular
lifestyle modification program. J Cardiopulm Rehabil Prev 2007;27(6):376-384. [doi: 10.1097/01.HCR.0000300264.07764.84]
[Medline: 18197071]

Borg S, Oberg B, Nilsson L, Séderlund A, Bick M. The role of a behavioural medicine intervention in physiotherapy for
the effects of rehabilitation outcomes in exercise-based cardiac rehabilitation (ECRA) - the study protocol of a randomised,
controlled trial. BMC Cardiovasc Disord 2017 May 25;17(1):134 [FREE Full text] [doi: 10.1186/s12872-017-0557-7]
[Medline: 28545400]

Neubeck L, Freedman SB, Clark AM, Briffa T, Bauman A, Redfern J. Participating in cardiac rehabilitation: a systematic
review and meta-synthesis of qualitative data. Eur J Prev Cardiol 2012 Jun 05;19(3):494-503. [doi:
10.1177/1741826711409326] [Medline: 22779092]

Beatty AL, Fukuoka Y, Whooley MA. Using mobile technology for cardiac rehabilitation: a review and framework for
development and evaluation. ] Am Heart Asso 2013 Nov 18;2(6):¢000568. [doi: 10.1161/jaha.113.000568]

Buys R, Claes J, Walsh D, Cornelis N, Moran K, Budts W, et al. Cardiac patients show high interest in technology enabled
cardiovascular rehabilitation. BMC Med Inform Decis Mak 2016 Jul 19;16:95 [FREE Full text] [doi:
10.1186/s12911-016-0329-9] [Medline: 27431419]

Kaplan RM. Behavior change and reducing health disparities. Prev Med 2014 Nov;68:5-10. [doi:
10.1016/j.ypmed.2014.04.014] [Medline: 24780526]

Webb TL, Joseph J, Yardley L, Michie S. Using the internet to promote health behavior change: a systematic review and
meta-analysis of the impact of theoretical basis, use of behavior change techniques, and mode of delivery on efficacy. J
Med Internet Res 2010 Mar 17;12(1):e4 [FREE Full text] [doi: 10.2196/jmir.1376] [Medline: 20164043]

Winter SJ, Sheats JL, King AC. The use of behavior change techniques and theory in technologies for cardiovascular disease
prevention and treatment in adults: a comprehensive review. Prog Cardiovasc Dis 2016 May;58(6):605-612 [FREE Full
text] [doi: 10.1016/j.pcad.2016.02.005] [Medline: 26902519]

Duff OM, Walsh DM, Furlong BA, O'Connor NE, Moran KA, Woods CB. Behavior change techniques in physical activity
ehealth interventions for people with cardiovascular disease: systematic review. J Med Internet Res 2017 Aug 02;19(8):e281
[FREE Full text] [doi: 10.2196/jmir.7782] [Medline: 28768610]

Karunanithi M, Varnfield M. Information and communication technology-based cardiac rehabilitation homecare programs.
Dovepress 2015 Apr 02;2015(3):69. [doi: 10.2147/shtt.s75395]

Siegmund LA, Ahmed HM, Crawford MT, Bena JF. Feasibility of a Facebook intervention for exercise motivation and
cardiac rehabilitation adherence: study protocol. JMIR Res Protoc 2017 Aug 18;6(8):e162 [FREE Full text] [doi:
10.2196/resprot.7554] [Medline: 28821473]

Kelly MP, Barker M. Why is changing health-related behaviour so difficult? Public Health 2016 Jul;136:109-116 [FREE
Full text] [doi: 10.1016/j.puhe.2016.03.030] [Medline: 27184821]

https://rehab.jmir.org/2021/4/e16864 JMIR Rehabil Assist Technol 2021 | vol. 8 | iss. 4 | 16864 | p. 14

X3L-FO

RenderX

(page number not for citation purposes)



JMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES Anttila et al

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Ahmadvand A, Gatchel R, Brownstein J, Nissen L. The biopsychosocial-digital approach to health and disease: call for a
paradigm expansion. ] Med Internet Res 2018 May 18;20(5):e189 [FREE Full text] [doi: 10.2196/jmir.9732] [Medline:
29776900]

Borrell-Carri6 F, Suchman AL, Epstein RM. The biopsychosocial model 25 years later: principles, practice, and scientific
inquiry. Ann Fam Med 2004 Nov 01;2(6):576-582 [FREE Full text] [doi: 10.1370/afm.245] [Medline: 15576544]

Engel GL. The clinical application of the biopsychosocial model. Am J Psychiatry 1980 May;137(5):535-544. [doi:
10.1176/ajp.137.5.535] [Medline: 7369396]

Engel G. The need for a new medical model: a challenge for biomedicine. Science 1977 Apr 08;196(4286):129-136. [doi:
10.1126/science.847460] [Medline: 847460]

International Society of Behavioural Medicine. URL: https://www.isbm.info/ [accessed 2019-04-16]

Schwartz GE, Weiss SM. Behavioral medicine revisited: an amended definition. J Behav Med 1978 Sep;1(3):249-251.
[doi: 10.1007/bf00846677] [Medline: 755861]

Bandura A. Human agency in social cognitive theory. Am Psychol 1989 Sep;44(9):1175-1184. [doi:
10.1037/0003-066x.44.9.1175] [Medline: 2782727]

Bandura A. Self-efficacy: The Exercise of Control. New York: W.H. Freeman; 1997.

Clark NM, Dodge JA. Exploring self-efficacy as a predictor of disease management. Health Educ Behav 1999 Mar
30;26(1):72-89. [doi: 10.1177/109019819902600107] [Medline: 9952053]

Kashani M, Eliasson AH, Walizer EM, Fuller CE, Engler RJ, Villines TC, et al. Early empowerment strategies boost
self-efficacy to improve cardiovascular health behaviors. Glob J Health Sci 2016 Sep 01;8(9):55119 [FREE Full text] [doi:
10.5539/gjhs.v8n9p322] [Medline: 27157185]

Palacios J, Lee GA, Duaso M, Clifton A, Norman 1J, Richards D, et al. Internet-delivered self-management support for
improving coronary heart disease and self-management—related outcomes. J Cardiovasc Nurs 2017;32(4):9-23. [doi:
10.1097/jen.0000000000000392]

Storm V, Dérenkdamper J, Reinwand DA, Wienert J, De Vries H, Lippke S. Effectiveness of a web-based computer-tailored
multiple-lifestyle intervention for people interested in reducing their cardiovascular risk: a randomized controlled trial. J
Med Internet Res 2016 Apr 11;18(4):¢78 [FREE Full text] [doi: 10.2196/jmir.5147] [Medline: 27068880]

Anderson-Bill ES, Winett RA, Wojcik JR, Winett SG. Web-based guide to health: relationship of theoretical variables to
change in physical activity, nutrition and weight at 16-months. J Med Internet Res 2011 Mar 04;13(1):e27 [FREE Full text]
[doi: 10.2196/jmir.1614] [Medline: 21447470]

Ryan RM, Deci EL. A self-determination theory approach to psychotherapy: the motivational basis for effective change.
Can Psychol 2008 Aug;49(3):186-193. [doi: 10.1037/a0012753]

Ingledew DK, Markland D, Sheppard KE. Personality and self-determination of exercise behaviour. Pers Individ Dif 2004
Jun;36(8):1921-1932. [doi: 10.1016/j.paid.2003.08.021]

Rahman RJ, Hudson J, Thegersen-Ntoumani C, Doust JH. Motivational processes and well-being in cardiac rehabilitation:
a self-determination theory perspective. Psychol Health Med 2015 Mar 10;20(5):518-529. [doi:
10.1080/13548506.2015.1017509] [Medline: 25753948]

Beckie TM, Fletcher G, Groer MW, Kip KE, Ji M. Biopsychosocial health disparities among young women enrolled in
cardiac rehabilitation. J Cardiopulm Rehabil Prev 2015;35(2):103-113. [doi: 10.1097/hcr.0000000000000095]

Gatchel RJ, Peng YB, Peters ML, Fuchs PN, Turk DC. The biopsychosocial approach to chronic pain: scientific advances
and future directions. Psychol Bull 2007 Jul;133(4):581-624. [doi: 10.1037/0033-2909.133.4.581] [Medline: 17592957]
Soderlund A, Denison E. Classification of patients with whiplash associated disorders (WAD): reliable and valid subgroups
based on the multidimensional pain inventory (MPI-S). Eur J Pain 2006 Mar;10(2):113-119. [doi:
10.1016/j.ejpain.2005.01.015] [Medline: 16310714]

Forlenza GP, Messer LH, Berget C, Wadwa RP, Driscoll KA. Biopsychosocial factors associated with satisfaction and
sustained use of artificial pancreas technology and its components: a call to the technology field. Curr Diab Rep 2018 Sep
26;18(11):114 [FREE Full text] [doi: 10.1007/s11892-018-1078-1] [Medline: 30259309]

Baughman K, Logue E, Sutton K, Capers C, Jarjoura D, Smucker W. Biopsychosocial characteristics of overweight and
obese primary care patients: do psychosocial and behavior factors mediate sociodemographic effects? Prev Med 2003
Aug;37(2):129-137. [doi: 10.1016/s0091-7435(03)00095-1]

Tanaka R, Nolan RP. Psychobehavioral profiles to assist tailoring of interventions for patients with hypertension: latent
profile analysis. ] Med Internet Res 2018 May 11;20(5):e149 [FREE Full text] [doi: 10.2196/jmir.8757] [Medline: 29752248]
Anttila M, Kivistd H, Piirainen A, Kokko K, Malinen A, Pekkonen M, et al. Cardiac rehabilitees' technology experiences
before remote rehabilitation: qualitative study using a grounded theory approach. J Med Internet Res 2019 Feb
07;21(2):¢10985 [FREE Full text] [doi: 10.2196/10985] [Medline: 30730298]

Glaser BG. Theoretical Sensitivity: Advances in the Methocology of Grounded Theory. San Francisco, United States:
Sociology Press; Jun 01, 1978:8147.

Moltu C, Stefansen J, Svisdahl M, Veseth M. Negotiating the coresearcher mandate - service users' experiences of doing
collaborative research on mental health. Disabil Rehabil 2012;34(19):1608-1616. [doi: 10.3109/09638288.2012.656792]
[Medline: 22489612]

https://rehab.jmir.org/2021/4/e16864 JMIR Rehabil Assist Technol 2021 | vol. 8 | iss. 4 | e16864 | p. 15

X3L-FO

RenderX

(page number not for citation purposes)



JMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES Anttila et al

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Walsh I. Using quantitative data in mixed-design grounded theory studies: an enhanced path to formal grounded theory in
information systems. Eur J Inf Syst 2017 Dec 19;24(5):531-557. [doi: 10.1057/ejis.2014.23]

Holton JA, Walsh I. Classic Grounded Theory: Applications With Qualitative and Quantitative Data. Thousand Oaks, CA:
SAGE Publications; 2016:1-256.

Guetterman TC, Babchuk WA, Smith MC, Stevens J. Contemporary approaches to mixed methods—grounded theory
research: a field-based analysis. J Mix Methods Res 2017 Jun 01;13(2):179-195. [doi: 10.1177/1558689817710877]
Johnson R, McGowan M, Turner L. Grounded theory in practice: is it inherently a mixed method? Psychology in the Schools
2010;13(2):65-78 [FREE Full text]

Andrew S, Halcomb EJ. Epilogue: From ‘should we be?’ to ‘how are we?’: moving forward with mixed methods health
research. Int ] Mult Res Approaches 2014 Dec 17;5(1):139-144. [doi: 10.1080/18340806.2011.11004944]

Kelan avo- ja laitosmuotoisen kuntoutuksen standardi Sydénkurssi? Sydénsairautta sairastavien aikuisten kuntoutuskurssi,
osittainen perhekurssi osittainen perhekurssi Voimassa 1.1.2017 alkaen. Kansaneldkelaitos. 2017. URL: http:/www.kela.fi/
palvelukuvaukset [accessed 2017-01-26]

World Health Organization. Waist Circumference and Waist-hip Ratio : Report of a WHO Expert Consultation, Geneva,
December 8-11, 2008. Geneva: World Health Organization; 2008.

Steffen T, Hacker T, Mollinger L. Age- and gender-related test performance in community-dwelling elderly people:
Six-Minute Walk Test, Berg Balance Scale, Timed Up and Go Test, and gait speeds. Phys Ther 2002 Mar;82(2):128-137.
[doi: 10.1093/ptj/82.2.128] [Medline: 11856064]

Global recommendations on physical activity for health. World Health Organization. 2010. URL: https://www.who.int/
dietphysicalactivity/global-PA-recs-2010.pdf [accessed 2018-12-06]

Craig CL, Marshall AL, Sjostrém M, Bauman AE, Booth ML, Ainsworth BE, et al. International physical activity
questionnaire: 12-country reliability and validity. Med Sci Sports Exerc 2003 Aug;35(8):1381-1395. [doi:
10.1249/01.MSS.0000078924.61453.FB] [Medline: 12900694]

Skevington S, Lotfy M, O'Connell K, WHOQOL Group. The world health organization's WHOQOL-BREF quality of life
assessment: psychometric properties and results of the international field trial. A report from the WHOQOL group. Qual
Life Res 2004 Mar;13(2):299-310. [doi: 10.1023/B:QURE.0000018486.91360.00] [Medline: 15085902]

Bandura A. Guide for constructing self-efficacy scales. In: Pajares F, Urdan TS, editors. Self-Efficacy Beliefs of Adolescents.
Greenwich: Age Information Publishing; 2006.

Markland D, Tobin V. A modification of the behavioral regulation in exercise questionnaire to include an assessment of
amotivation. J Sport Exercise Psychol 2004 Jun;26(2):191-196. [doi: 10.1123/jsep.26.2.191]

Wilson PM, Rodgers WW, Loitz CC, Scime G. "It's Who I Am ... Really!" The importance of integrated regulation in
exercise contexts. J Bio Res 2007;11(2):79-104. [doi: 10.1111/§.1751-9861.2006.tb00021.x]

Poutanen O, Koivisto A, Kdirid S, Salokangas RK. The validity of the depression scale (DEPS) to assess the severity of
depression in primary care patients. Fam Pract 2010 Oct 16;27(5):527-534. [doi: 10.1093/fampra/cmq040] [Medline:
20554653]

Tilles-Tirkkonen T, Méki-Opas T, Vaarama M, Logren A, Pentikdinen S, Tiitinen S, et al. Uudet toimintamallit hyvinvoinnin
ja terveyden edistdmisessd. J Soc Med 2018 Dec 04;55(4):76541. [doi: 10.23990/sa.76541]

Landis JR, Koch GG. The measurement of observer agreement for categorical data. Biometrics 1977 Mar;33(1):159. [doi:
10.2307/2529310]

Skender S, Ose J, Chang-Claude J, Paskow M, Brithmann B, Siegel EM, et al. Accelerometry and physical activity
questionnaires - a systematic review. BMC Public Health 2016 Jun 16;16(1):515 [EREE Full text] [doi:
10.1186/s12889-016-3172-0] [Medline: 27306667]

Bandura A. Health promotion by social cognitive means. Health Educ Behav 2004 Apr;31(2):143-164. [doi:
10.1177/1090198104263660] [Medline: 15090118]

Hanlon P, Daines L, Campbell C, McKinstry B, Weller D, Pinnock H. Telehealth interventions to support self-management
of long-term conditions: a systematic metareview of diabetes, heart failure, asthma, chronic obstructive pulmonary disease,
and cancer. ] Med Internet Res 2017 May 17;19(5):e172 [FREE Full text] [doi: 10.2196/jmir.6688] [Medline: 28526671]
Vogel J, Auinger A, Riedl R, Kindermann H, Helfert M, Ocenasek H. Digitally enhanced recovery: investigating the use
of digital self-tracking for monitoring leisure time physical activity of cardiovascular disease (CVD) patients undergoing
cardiac rehabilitation. PLoS One 2017 Oct 11;12(10):¢0186261 [FREE Full text] [doi: 10.1371/journal.pone.0186261]
[Medline: 29020079]

Bandura A. The primacy of self-regulation in health promotion. Appl Psychol Measur 2005 Apr;54(2):245-254. [doi:
10.1111/5.1464-0597.2005.00208.x]

Kohler AK, Tingstrom P, Jaarsma T, Nilsson S. Patient empowerment and general self-efficacy in patients with coronary
heart disease: a cross-sectional study. BMC Fam Pract 2018 May 30;19(1):76 [FREE Full text] [doi:
10.1186/s12875-018-0749-y] [Medline: 29843619]

https://rehab.jmir.org/2021/4/e16864 JMIR Rehabil Assist Technol 2021 | vol. 8 | iss. 4 | 16864 | p. 16

X3L-FO

RenderX

(page number not for citation purposes)



JMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES Anttila et al

Abbreviations

6MWT: 6-minute walk test

ANOVA: analysis of variance

BREQ-3: The Behavioral Regulation in Exercise-3
CHD: coronary heart disease

DEPS: the Depression Scale

GT: grounded theory

HSD: honestly significant difference

IPAQ: The International Physical Activity Questionnaire
MD: mean difference

SCT: social cognitive theory

SERES: Self-Efficacy to Regulate Exercise Scale
WHOQOL-BREF: The World Health Organization Quality of Life-BREF

Edited by G Eysenbach; submitted 01.11.19; peer-reviewed by J Wienert, S Lippke;, comments to author 26.10.20; revised version
received 17.12.20; accepted 18.09.21; published 03.11.21

Please cite as:

Anttila MR, Soderlund A, Paajanen T, Kivisto H, Kokko K, Sjogren T

Biopsychosocial Profiles of Patients With Cardiac Disease in Remote Rehabilitation Processes: Mixed Methods Grounded Theory
Approach

JMIR Rehabil Assist Technol 2021;8(4):e16864

URL: https://rehab.jmir.org/2021/4/e16864

doi: 10.2196/16864

PMID:

©Marjo-Riitta Anttila, Anne Soderlund, Teemu Paajanen, Heikki Kivistd, Katja Kokko, Tuulikki Sjogren. Originally published
in JMIR Rehabilitation and Assistive Technology (https://rehab.jmir.org), 03.11.2021. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Rehabilitation
and Assistive Technology, is properly cited. The complete bibliographic information, a link to the original publication on
https://rehab.jmir.org/, as well as this copyright and license information must be included.

https://rehab.jmir.org/2021/4/e16864 JMIR Rehabil Assist Technol 2021 | vol. 8 | iss. 4 | 16864 | p. 17

X SI_ F O (page number not for citation purposes)
L]

RenderX



III

PATIENTS EXPERIENCES OF THE COMPLEX TRUST-
BUILDING PROCESS WITHIN DIGITAL CARDIAC
REHABILITATION

by
Anttila, M-R., Soderlund, A,, Sjégren, T. 2021

PloS ONE, 16(3), e0247982

DOI:10.1371/journal.pone.0247982

Reproduced with kind permission by PLoS ONE



https://doi.org/10.1371/journal.pone.0247982
https://doi.org/10.1371/journal.pone.0247982

PLOS ONE

l.)

Check for
updates

E OPEN ACCESS

Citation: Anttila M-R, Sdderlund A, Sjégren T
(2021) Patients’ experiences of the complex trust-
building process within digital cardiac
rehabilitation. PLoS ONE 16(3): €0247982. https:/
doi.org/10.1371/journal.pone.0247982

Editor: Celena Scheede-Bergdahl, McGill
University, CANADA

Received: July 2, 2020
Accepted: February 17, 2021
Published: March 9, 2021

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles. The
editorial history of this article is available here:
https://doi.org/10.1371/journal.pone.0247982

Copyright: © 2021 Anttila et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: Our research is
qualitative research data collected (The study is a
part of a remote technology in cardiac rehabilitation
study registered at the ISRCTN Registry
[ISRCTN61225589]). As authors, we have not

RESEARCH ARTICLE

Patients’ experiences of the complex trust-
building process within digital cardiac
rehabilitation

Marjo-Riitta Anttila®'*, Anne Séderlund 2, Tuulikki Sjégren'®

1 Faculty of Sport and Health Sciences, University of Jyvaskyla, Jyvaskyla, Finland, 2 School of Health, Care
and Social Welfare, Malardalen University, Vasteras, Sweden

@ These authors contributed equally to this work.
* marjo-riitta.m-r.anttila @jyu.fi

Abstract

The development of digital solutions is becoming increasingly important in facing global
challenges. Therefore, research on this topic is important in taking into account cardiac
patients’ experiences of the rehabilitation process for the design of digital counseling solu-
tions. The aim of the present qualitative study was to explore the different meanings that
patients give to the rehabilitation process using a Glaserian grounded theory (GT) approach.
Qualitative interviews were conducted with 30 participants from a rehabilitation center in Fin-
land. The findings indicated a “complex trust-building process” core category comprising
five categories of trust-building in rehabilitation: feeling that one has hit rock bottom, facing
and coping in a crosscurrent, understanding together as a peer group, moving toward a
healthier lifestyle with technology, and finding self-awareness. The complex process of
trust-building involved interactions among emotion, cognition, and acceptance and support
processes. Therefore, digital rehabilitation should be incorporated into counseling based on
patients’ psychosocial, physical and emotional needs to help patients become aware of their
own feelings and thoughts during the rehabilitation process.

Introduction

The development of digital solutions needs to be increasingly taken into account in health care
[1] and cardiac rehabilitation [2,3]. Cardiac patients have also shown increasing interest in
using healthcare technology [4-6] and participating in remote rehabilitation due to increasing
digitization [7]. Cardiac patients are attracted to the ability of remote rehabilitation to provide
convenient and flexible access to real-time personalized support [4,7]. Cardiac patients’ experi-
ences of lifestyle change issues in the digital context, such as behavior [8-10], physical activity
[11], healthy eating [12], social support [13-15] and mental health [16-18], have been studied
in the context of common remote interventions. However, none of these studies examined
rehabilitation as a whole process.

Notably, after heart events, cardiac patients experience anxiety and depression [19,20],
impairment of cognitive function and emotional distress [21], lack of social support [20] and
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impacts on their self-care management. Therefore, an important aim of the cardiac rehabilita-
tion process is to support patients’ ability to adapt. There are a number of theoretical frame-
works to explain the adaptation process after a cardiac event, such as the biomedical,
psychological and biopsychosocial models of adaptation to illness [22,23]. The process of
adjustment or adaptation to chronic illness refers to an individual’s psychological reactions or
responses to an illness or disability and their reorganization of their lives due to the condition
[24]. These reactions also involve the meaning-making process, by which an individual contin-
ues to search for new situational meaning and relate this meaning to his or her general ways of
understanding life and the world [25]. Theoretical perspectives, such as cognitive behavioral
theories and treatment approaches [26-28] and social cognitive theory (SCT) [29], are helpful
for understanding how an individual’s behavior develops and changes as part of the rehabilita-
tion process. In the rehabilitation process, it is important to take into account the interaction
between an individual’s thoughts and feelings, past experiences and behaviors [27], as well as
the social environment [29]. An individual’s acceptance and awareness as well as his or her
engagement and behavior change strategies increase his or her psychological flexibility in the
behavior change process [27]. In addition, in the rehabilitation process, the promotion of the
individual’s positive thoughts and beliefs alleviates emotional distress and reinforces self-
esteem, which in turn contributes to external changes in behavior [27,29].

Patients’ own rehabilitation processes are supported by their coping strategies and ability to
adapt cognitively to the disease [24], and community social support is an important part of
this process [29,30]. Coping strategies are the means that cardiac patients use in their cogni-
tive, emotional and behavioral efforts to manage or adapt to the demands of the cardiac event
that exceed their resources [31]. Coping mechanisms are often divided into two groups: prob-
lem-focused and emotional-focused coping strategies [31]. Furthermore, coping may be differ-
entiated into approach behavior and avoidance behavior, which refer to, e.g., a patient talking
about emotions with his or her peer group (approach) or trying to forget the cardiac event
(avoidance) [32]. In the rehabilitation process, peer support is important and is facilitated by
peers’ ability to share experiences of illness or disability [30]. Cardiac patients’ sense of connec-
tion with other cardiac patients as part of the rehabilitation process can decrease isolation and
increase psychological well-being [20].

Notably, numerous qualitative studies have described patients’ perceptions of the cardiac
rehabilitation process after a cardiac event [33-37]. Qualitative studies have gradually begun to
examine the experiences of patients with digital programs [7,38,39], but the present qualitative
study is even more broadly related to the multidisciplinary digital cardiac rehabilitation pro-
cess than previous studies. This research goal is important because there is a need to expand
the understanding of the experiences of the rehabilitation processes of patients who have used
digital technology. The aim of the present qualitative study was to explore the different mean-
ings patients give to the rehabilitation process using a grounded theory (GT) approach.

Methods

The study analyzed patients’ experiences of the rehabilitation process by using the Glaserian
GT method [40]. We chose to use a GT approach because it is suitable for investigating phe-
nomena to develop and apply knowledge about patients’ concerns regarding social interaction
in digital rehabilitation. In GT, the research problem is called the main concern, and it explains
the primary focus of the substantive area of research [40]. An inductive methodology was used
in the analysis process, which allowed us to approach the research with a completely open
mind and without any preconceptions of the results. The analysis process required theoretical
sensitivity for the research results to support the conceptualization of the data [41].
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Setting

Semistructured interviews were conducted with cardiac patients (mean ages 55.46), including
22 males and 8 females, who had undergone coronary angioplasty (PTCA) (25/30) or coronary
artery bypass graft (CABG) (4/30) approximately 3 to 12 months prior to rehabilitation. In
Table 1 demographic characteristic of the participants at baseline is presented. The participants
were recruited among adult patients with coronary artery disease (CAD) and attended the car-
diac rehabilitation courses that utilized digital health tools for traditional cardiac rehabilitation
(Peurunka rehabilitation centre, Finland). The inclusion criteria for participation were adults
(18 years or older) who had cardiovascular risk factors or angina pectoris with physical work-
ing capacity limitation or myocardial infarction or coronary artery bypass graft surgery
(CABG) or coronary angioplasty (PTCA). Participants were excluded if they had musculoskel-
etal problems, cognitive or memory impairment, or if they were unable to use independently
computer and remote technology application. Participation in the study intervention also
required the participant to have internet at home or be able to use a computer of family mem-
bers or friends. Participants in the study received an activity tracker accelerometer (Fitbit
Charge HR®), USA) and remote coaching tool software (m-coach Movendos, Finland), which

Table 1. The demographic characteristic of the participants at baseline.

Percent % n/total
Gender
Men 73.3 22/30
Women 26.7 8/30
Marital status
Married 60.7 17/28
Unmarried 7.1 2/28
Cohabiting 10.7 3/28
Divorced/separated 17.9 5/28
Widowed 3.6 1/28
Education
Vocational or course-form school or other 28.6 8/28
College-level education 42.9 12/28
University of applied sciences 25 7/28
University 3.6 1/28
Employment status
Retired 28.6 8/28
On sick leave 3.6 1/28
Unemployed or laid off 3.6 1/28
Working full-time 53.6 15/28
Working part-time/part-time retiree 3.6 1/28
Others 6.7 2/28
Operation
Coronary artery bypass graft (CABG) 13.3 4/30
Coronary angioplasty (PTCA) 83.3 25/30
No operation 33 1/30
Time of operation
0-3 months from rehabilitation 6.7 2/30
3-6 months from rehabilitation 16.7 5/30
6-12 months from rehabilitation 46.7 14/30
Over 12 months from rehabilitation 26.7 8/30

https://doi.org/10.1371/journal.pone.0247982.t1001
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was free to download on computers, tablets and smart phones. Patients were informed verbal
and written of the study prior to rehabilitation that participation was voluntary and that they
could withdraw from the study at any time. Patients also signed informed consent forms to
participate in the study. Patients were also assured that whether they wanted to participate in
the study or not, it would not have any negative impact on the rehabilitation process.

The rehabilitation intervention lasted 12 months and included three five-day conventional
rehabilitation periods at a rehabilitation center offered by the Social Insurance Institution of
Finland. The rehabilitation course provided guidance on various topics related to a changed
life situation due to cardiovascular disease. The course involved exercise and group-based edu-
cational and discussion sessions given by a doctor, a physiotherapist and a nurse, and option-
ally, a social worker, a psychologist and a dietitian. Between the rehabilitation periods, the
intervention provided patients with web-based coaching via a remote connection using web-
based software (m-coach Movendos, Finland) and an activity tracker accelerometer (Fitbit
Charge HR®), USA). The web-based coaching consisted of monthly tasks that aimed to
increase patients’ ability to cope with everyday life with cardiac illness. The physiotherapist
contacted patients monthly using the software and provided feedback on their rehabilitation
process. In addition, the web-based software also sent automatic motivational messages every
month. The coaching software allowed patients to share their own experiences with the peer
group and to send a message to their own physiotherapist if needed.

Data collection and analysis

Data collection was guided by a purposeful sampling strategy, which involves the purposeful
selection of data samples according to the developing categories and emerging theory [41].
This sampling strategy is called theoretical sampling in the GT method, whereby the researcher
concurrently collects codes and analyses data and decides during the analysis process which
data will be collected next [41]. Following this strategy, we analyzed the cardiac patients’ inter-
view material at the beginning of rehabilitation (0 months) [4], and the analysis results
obtained therein guided data collection at the end of rehabilitation (12 months).

The patients were divided into four focus groups, each of which participated in a semistruc-
tured interview conducted at the rehabilitation center at the end of rehabilitation in 2016 and
2017. The study is a part of a distance technology in cardiac rehabilitation study registered at
the ISRCTN Registry [I[SRCTN61225589]. The Ethics Committee of the Central Finland
Health Care District approved the study. Each focus group interview included 5-9 patients
and lasted an average of 30-90 minutes. The participants were encouraged to speak openly
about their experiences of the rehabilitation process. The interviewer was free to vary the ques-
tions and their content and to allow for group discussion. Example questions, are as follows:
“What were your meaningful experiences with rehabilitation process?”; “How was the peer
group meaningful to you?”; and “What are your experiences of how technology has been a
help to you in coping with daily life and lifestyle changes?” The interviewer asked follow-up
questions as needed. The interviewer observed the group dynamics and ensured that everyone
had an opportunity to speak. Occasionally, there were people in the focus group who talked
more and guided the session, but the interviewer provided a balanced discussion by asking the
quieter participants supplementary questions. Interviews were tape-recorded and transcribed
with ATLAS.ti software (ATLAS.ti Scientific Software Development GmbH). In addition,
manual techniques, such as systematic “sentence by sentence” analysis, were used to facilitate
data analysis [40]. Throughout the constant comparative process of data collection and analy-
sis, free-form memos were written, and interpretations were discussed in the research group
according to the GT approach [40,42].
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DATA

1. Open coding of data

Coding data at a
sentence level

The first step of the data analysis process was “open coding”, during which we were open to
all interpretations [40]. We became familiar with the data by carefully and repeatedly listening
to the recorded interviews. We reread the interview transcripts to familiarize ourselves with
“what was going on in the data” and the “main concern” of the participants [40,42]. In the sec-
ond step of data analysis, we constantly compared incidents to incidents, incidents to concepts,
and concepts to concepts [40,41]. Then, we categorized the codes to form subcategories and
categories to conceptualize the experiences of patients. As we created the categories, we looked
for connections among the codes and tried to understand how one code related to another.
We analyzed whether one concept should be categorized with another concept or whether
each concept should become its own category. We also looked for important descriptive words
and meaningful expressions that participants used. These in vivo terms, which were one or
two words in length, described what was happening in the data [40].

In the third step, the analysis process continued until a coded category and its properties
became saturated by constant comparison [40]. Open coding was complete when the core cat-
egory was identified. In the fourth step, the data analysis process continued with the selection
of a core category and the determination of the properties of the categories of the core category
[40]. We returned to the raw data and checked our analysis by recoding and comparing the
new categories to those created while writing memos. We examined whether these categories
and their properties fit into the phenomenon that was becoming the core category [40]. Fig 1
presents the systematic data collection and analysis process.

Results

The experience of rehabilitation was described as a complex trust-building process by cardiac
patients in digital rehabilitation. This process reflected the emotion, cognition and acceptance
and support processes that patients experienced during rehabilitation. This complex process

Systematically analyzing data
Throughout the constant comparative process of
data collection and analysis. Writing free-form

memos
CODES CATEGORIES Core
category
2. Comparing 3. Categorizing ' .
i '(i‘lncitd s tg t e el 1o ot cod‘:;l:(:::b:z; :::geut
incidents, incidents :
i subcategones and categories
categories

concept to concept

Fig 1. Data collection and analysis process of this study.

https://doi.org/10.1371/journal.pone.0247982.9001
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Table 2. “Complex trust-building process” core category and its five categories.

“Complex trust-building process” core category and its five categories

Change Five categories of being one year in the rehabilitation
processes Feeling that one has hit | Facing and coping in | Understanding together as a Moving toward a healthier | Finding self-awareness

rock bottom a crosscurrent peer group lifestyle with technology
Emotion Feelings of worthlessness | Struggling the ups and | Feeling of being on the "same Moving forward toward Finding hope

and powerlessness downs level" self-trust
Cognition Avoiding thoughts Noting own thoughts | Giving and receiving feedback | Seeking information about | Developing self-care through

activity learning, repetition

Acceptance and | Recognizing rock bottom | Encouraging support | The positive importance of face- | Supporting “a great buddy” | A time and place to increase
support of one’s own life to-face peer group contact technology awareness of one’s own needs

https://doi.org/10.1371/journal.pone.0247982.t002

was observed through five categories of trust-building in rehabilitation: feeling that one has hit
rock bottom, facing and coping in a crosscurrent, understanding together as a peer group,
moving toward a healthier lifestyle with technology, and finding self-awareness. The results
obtained from the GT constant comparative analyses are summarized in Table 2.

Feeling that one has hit rock bottom

All of our participants with cardiac illness focused on digital rehabilitation in the interviews,
but a minority mentioned their feelings about the experience of cardiac illness. Patients
described their feelings of distress after a heart event as the feeling of having hit “rock bottom”
and recognized the heart event as the nadir of their lives. This life situation included a loss of
self-esteem and negative emotions such as feelings of worthlessness and powerlessness and
even despair due to their sudden experience of a heart event. They also reflected on the con-
nection between work stress and heart events. Their involvement of the cardiac rehabilitation
course quickly after the cardiac event, such as a cardiac surgery or angioplasty stent, was con-
sidered important. The participants also noted that going to rehabilitation challenged them to
address their own thoughts and feelings about managing their new life situations. They tried to
avoid thoughts or feelings that made them insecure. These reactions hindered their coping in
daily life, which was reflected in one interviewee’s description of feelings of experiencing car-
diac illness:

“So. .. rock bottom becomes my life. .. When I felt myself, like that I was nothing anymore.
That’s it. I thought I couldn’t do anything” [Participant 18, 64-year-old woman, focus
group 5].

Facing and coping in a crosscurrent

After a heart event, some patients faced crosscurrents in life. They described struggling with
difficulties in life and experiencing both the ups and downs. On the other hand, some partici-
pants faced outside pressure in pursuit of a new lifestyle. Most of them wanted to return to
work, and retraining had been suggested for some patients. However, some participants felt
relieved to stop working, such as due to retirement. The patients’ descriptions showed that
they did not want to give up and that the support they received encouraged them to continue.
Patients highlighted the importance of support in facing adversity and coping in a new stage in
life. They felt that friends and family members and colleagues were the most important people
who made them feel supported and encouraged. Some participants appreciated the feedback
and support received from healthcare professionals, such as this patient who also noted the
importance of having his own hobby:
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“Motivation is pretty good, has been good all that time. For these things, and. . . family and
work friends are of course with me, and then the motorcycling. When I have a hobby, then
those guys hanging out with me, and. . .the staff here have been very nice. and things have

gone well for me. . .and that’s about the way it is now, then. . .” [Participant 30, 53-year-old
man, pilot focus group].

The following comment describes another patient’s thought process:

“That’s the way it was, when I said, when I downplayed it that way. You see, I was kind of
hardheaded and headstrong. Nobody tells me what to do, but well. . .then I got to the second
level, then it started to get me moving” [Participant 4, 59-year-old woman, focus group 5].

Understanding together as a peer group

Almost everyone in the study indicated the great importance of peer group support. In their
view, the most important aspect of rehabilitation was the experience of connecting with others.
They described the feeling of being on the same level as other peer group members and the
possibility of forming a common understanding of what had happened as meaningful. They
emphasized that shared experience, unique group support and a sense of reciprocity were key
to rehabilitation. Peer group activities were described as interactions in which patients received
and gave feedback to each other. Several participants emphasized the positive importance of
face-to-face peer group contact, when patients could talk about digital rehabilitation. They
were concerned about isolation in remote rehabilitation without social support. Most partici-
pants described the positive experience of being at the "same level" as each other and the peer
group relationship as helpful for initiating their own understanding of the adaptation process;
for example, one interviewee described,

“So it is.. I feel sure that these people understand just what I've experienced myself. . .
and. . .and being like on same level there” [Participant 56, 45-year-old man, focus group 3].

Moving toward a healthier lifestyle with technology

Patients’ experiences of rehabilitation utilizing a remote technology application were diverse
and included both positive and negative experiences. Many patients felt that the technology
supported physical activity and lifestyle changes. Some patients noted that rehabilitation with
technology was part of their learning and thought processes in a new life situation. The
thought process included seeking information about activity, which enabled them to identify
the level of physical activity and sleep quality. Many of them felt that technology helped them
recognize their own development and noted that they received immediate feedback on their
own levels of physical activity. Activity monitoring motivated them to move forward toward
achieving their own goals. The physiotherapist provided feedback and support through a web-
based program that also helped patients seek and utilize information to evaluate their goals
and progress. Patients were aware that the activity results provided by the technology were dif-
ferent from their own experiences of activity, but this did not interfere with the positive experi-
ence with the technology. On the other hand, participants were frustrated with the technology
due to a lack or breakdown of equipment. They described the technology as friendly or “a
great buddy”, as it helped them keep track of their daily activity. For example, one interviewee
said,
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“Yeah, that became a great buddy there, I followed it. . .and just those steps, I tried for like

ten-twelve thousand. But now, when it got broken, yeah, I'm like. ..” [Participant 14,
55-year-old man, focus group 3].

Finding self-awareness

Most of the participants described the meaningfulness of rehabilitation in providing a time
and place to increase awareness of one’s own needs and thoughts, set goals, and evaluate and
achieve them. In addition, they found hope in living and gradually forgot about the disease in
their daily lives. On the other hand, some patients wanted more personalized life management
and plans that took into account their life situations. Patients described their own development
in self-care that occurred through their learning, repetition, and application of self-care knowl-
edge. They found self-confidence and satisfaction and forgot about the illness, as one woman
described:

“The fact that many times, it is so much to itself, probably, that when the disease is not here
right now, it is a little over there, like just around the corner. That it doesn’t remind me every
minute, remind you. So, it’s as easy as forgetting it. And don’t take it like you should always
think about it” [Participant 26, 61-year-old woman, focus group 2].

These results indicate that the sudden onset of heart disease could have significant psycho-
logical impacts and affect the daily lives, attitudes toward work and emotions of cardiac
patients. In next section, therefore, we specifically discuss cardiac patients’ experiences of the
meaning of the trust-building process.

Discussion

This study aimed to build an understanding of the different meanings patients gave to the
rehabilitation process. The main result of the study was the identification of the core category,
the “complex trust-building process”, as shown in Fig 2. Five categories of meanings of the
complex trust-building were observed: feeling that one has hit rock bottom, facing and coping
in a crosscurrent, understanding together as a peer group, moving toward a healthier behavior
through technology, and finding self-awareness. This complex process was based on patients’
different experiences and their main concerns in relation to the trust-building process. The
complex trust-building process included interactions between change processes such as emo-
tion, cognition, acceptance and support processes.

The results of this study show that the main concern of the participants in the rehabilitation
process was not only related to, for example, lifestyle changes in physical activity and diet. The
patients also described the rehabilitation process as relating to their psychosocial and emo-
tional needs, as seen in previous studies [16,17,19,33-37]. On the other hand, patients
described digital solutions mainly as supporting behavior change. For example, when speaking
about the importance of digitalization, patients focused on the support provided by applica-
tions for lifestyle change but not for reflections about the adaptation process and the manage-
ment of emotions and thoughts. They were also concerned about the implementation of the
peer group in a completely digital way, as the most important aspect for them was the feeling
of belonging to the peer group and sharing experiences face to face. Theoretically, the findings
of this study are largely consistent with the underpinnings of cognitive behavioral theory [26-
28] and SCT [29], showing how patients’ trust-building occurs through emotional and cogni-
tive processes during cardiac rehabilitation.
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Fig 2. Interaction between change processes in the complex trust-building process.

https://doi.org/10.1371/journal.pone.0247982.g002

The heart event-an emotionally stressful situation

The psychological processes that patients described included feelings of worthlessness and
powerlessness, as well as the loss of one’s dreams, similar to “hitting rock bottom”, after a heart
event. Our study shows how patients understood the meaning of their own thoughts when
coping in crosscurrents. It shows how these patients coped with internal (attitudes) and exter-
nal (expectations to fulfill) challenges that may have affected their ability to adapt illness. This
psychological reaction or response to crosscurrents also refers to the meaning-making process
as an active coping tool, which was also demonstrated in a previous study [25]. Professional
staff have an important task in supporting patients in identifying these emotional and thoughts
processes, as has been previously stated [6,18,30], because how a person interprets and
reframes a situation is relevant to how emotionally stressful a situation becomes [30].

Supporters

Peer support and the formation of an understanding of the meaning of the disease for one’s
own life became especially important in social processes. Patients described the meaning of the
rehabilitation peer group to them as, for example, learning together, sharing experiences and
feeling a sense of belonging, and building a common understanding of the disease and coping.
Such meaning arises in interactions with other peers in the same situation by giving and
receiving feedback, which has also been described in another study [30]. The results of this
study support those of previous studies, which have shown how coping with different stressors
in life through social support buffers a stressful environment [13-15,20,30]. The current study
demonstrates the role of peer groups and spouses and other family members, friends, and
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health care professionals as supporters, as previous studies have shown [13,14,30]. Patients
cope with emotional distress as a peer group, and identifying the significance of such coping is
relevant in the trust-building process.

Technology as part of the thinking process

In addition to the psychosocial processes described above, patients talked about the process of
behavior change. Our study adds to previous knowledge by providing descriptions of how
patients moved toward healthier behaviors with support from technology [8-10]. Patients
reported that physical activity and sleep quality monitoring provided feedback on progress
toward their goals and healthier behavior. This feedback made it possible to search for infor-
mation through the monitoring of the thought process, and the use of technology as part of
rehabilitation can provide patients with the opportunity to practice interactive thinking skills.
[5]. These results support the findings of previous studies [7,38,39] showing that it is important
for patients to also have opportunities for communication with a rehabilitation professional
regarding their own health issues.

Patients desired more personalized and individualized counseling to maintain motivation
during rehabilitation, which was consistent with previous digital program studies [7,38,39].
Previous research has shown that the digitalization of rehabilitation can improve the profes-
sional-patient relationship in meeting the individual needs of the patient [1-4,38,39]. Web-
based counseling could encourage patients to find self-awareness for managing a positive life
attitude by giving them time to ask questions and listen critically [32] and helping them to ask
what is important in life [25]. Web-based support and counseling with individual feedback
enhances patients’ own potential to achieve goals [5,10]. Receiving individual, positive and
realistic feedback is also a key part of the disease acceptance process in the remote context
[16,17]. The use of technology as part of the trust-building process supports and enables life-
style change and related thinking and experience sharing, goal tracking, and information seek-
ing, which are also important coping strategies [24].

Finding hope and forgetting about the disease

Cardiac patients described their reactions to their illness and how finding their self-awareness
and forgetting about thoughts about the illness helped them maintain a positive life attitude. In
the trust-building process, they found hope to live and forget about the disease in their daily
lives, which is consistent with Schaufel’s (2011) study results [18]. There are similarities
between the awareness process expressed in this study and the processes described by the psy-
chological models that focus on reorientation, the life situation, acceptance to form a new or
restored sense of self-concept, renewed values and the identification of new meanings in life
[22-24]. Previous theories and studies have shown that patients need to have emotional man-
agement support that enables them to deal with their own thoughts and feelings toward differ-
ent coping strategies [17,19,21,32]. One interesting finding of these studies is that patients’
own perceptions of their ability to cope with illness and change guide their thinking processes
and motivation. This finding can help multidisciplinary rehabilitation staff understand how
patients cope to deepen their understanding of the disease and how to support patients in the
rehabilitation process.

Finally, this study is limited because it examined the meanings of the cardiac rehabilitation
process for patients in only one rehabilitation setting and because the data collection included
only group interviews. Group interviews have strengths and weaknesses compared to one-on-
one interviews. However, the patients spoke freely in a familiar peer group. On the other hand,
the strengths of the research include the careful and transparent analysis process. The results
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will be of interest to scholars in this field, and they highlight the importance of the usefulness
of digital rehabilitation in its implementation.

Conclusion

The purpose of the current study was to provide an understanding of cardiac patients’ experi-
ences of the meaning of cardiac digital rehabilitation for their lives. This study showed that
rehabilitation includes a complex process of trust-building, with interaction between cogni-
tion, emotion, acceptance and support processes. Within this complex trust-building complex
process, multiple categories of trust-building were observed, including feeling that one has hit
rock bottom, facing and coping in a crosscurrent, understanding together as a peer group,
moving toward a healthier lifestyle with technology, and finding self-awareness. Involvement
in the peer support group was particularly important for patients. It can be concluded that
emotion management counseling and a face-to-face or digital peer format should be available
to patients in digital rehabilitation for them to build trust.
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