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Preface
Heart failure (HF) is a devastating chronic condition for patients and their families1, 2, as
well as for the healthcare system3, 4. During the course of HF, patients are likely to experience
frequent acute episodes, which can lead to admissions to the hospital. The hospital admissions are a major reason for the burden on patients, families and the healthcare system.
From a population perspective, these serious issues can potentially become even worse,
because the prevalence rate of HF is expected to increase in the coming years4. Therefore,
efforts to minimize the adverse effects of HF are warranted.
One important and changeable determinant of HF hospital admissions is engagement in
the recommended health behaviors, or HF self-care behaviors: “Self-care refers to specific
behaviors that individuals initiate and perform on their own behalf, with the intention of
improving health, preventing disease, or maintaining their well-being”5. Since engagement
in self-care can lead to a reduction in admissions, the promotion of self-care is a potential
method of improving lives of HF patients and their families and decreasing costs. Although
various interventions to promote self-care behavior exist, many patients with HF still demonstrate a low level of adherence to the self-care behaviors and therefore additional effective
interventions are needed.
There are many ways in which self-care behavior can be promoted. Patients can be
coached, counseled and/or educated regarding self-care by nurses, health coaches or counselors, dieticians, rehabilitators or physicians, or other healthcare professionals. Patients can
be provided with health information in written, audio or video format, in booklets, leaflets,
mobile applications and/or websites, among other means. Health information provided to
patients can range from generic (which includes providing the same content for everyone,
as is the case with health information booklets) to interpersonal (which includes providing
completely individualized information, as is the case in a counseling session)6. In between
these two extreme forms of health communication, falls tailored health communication.
This form of health communication consists of individualizing health information regarding a specific health behavior to individuals based on a set of characteristics which are
considered relevant for the target health behavior.
It is particularly appealing to use information and communication technology (ICT)
for the delivery of health behavior promotion interventions that incorporate tailored
health communication, because of the potential for personalization combined with costeffectiveness and a wide reach. Specifically, with ICT it is possible, using smart algorithms,
to tailor health information based on input from assessments. This method is used in
so-called computer-tailored interventions, which are particularly promising because they
mimic interpersonal communication to a certain extent and allow individualization, but
with a lower cost and potentially wider reach than true interpersonal health communication. When engaging in the computer-tailored intervention, patients are presented with
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personal assessments of health behaviors and possible barriers and facilitators for such
health behaviors, and based on their answers pre-defined health communication messages
are pulled from a database.
One of the aspects for consideration in the design of health behavior promotion interventions is the setting for the delivery of the intervention, since the setting can have an
impact on the content, methods strategies and length. The hospital setting holds promise
for HF self-care promotion interventions, because during hospitalization, many HF patients
can be easily reached, and they may be more open for change after experiencing a life threatening event that may have been instigated by their own behavior. Currently in-hospital
health behavior promotion efforts mainly focus on increasing knowledge levels, by providing education as a behavior change strategy, and usually do not address patients’ motivation
to perform the behavior. In-hospital HF education is in general delivered by nurses, who
supplement their instruction with generic written material. Previous work suggests that
hospital nurses may not always provide effective education, that individualizing content to
patients may be one particular area in which nurses could use support, and that nurses do
not have sufficient materials (teaching aids) to support them7. ICT-based interventions in
general, as well as computer-tailored interventions in particular, could help to fill this gap.
However, individually tailored health behavior promotion in the hospital supported with
ICT has to date only been marginally explored.
It is important to develop health behavior promotion interventions in a systematic manner, since this allows making selections for the intervention content, sequence and structure
based on theory and scientific evidence, thereby increasing the chance that the intervention
will end up affecting the intended outcome. The model of planned health promotion was
used as the foundation for the work described in the current dissertation (Figure 1.1). This

Step 1: Analysis of health and quality of life
Step 2: Analysis of behavioral and
environmental risk factors

Evaluation

Step 3: Analysis of determinants of risk
behaviors
Step 4: Intervention Mapping

Step 5: Intervention implementation

Figure 1.1: A model of planned health promotion
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model postulates that health promotion interventions should address the most important
and modifiable behavioral determinants8. The identification of behavioral determinants and
the translation of these determinants into intervention strategies and techniques should
be guided and informed by behavioral theories and scientific evidence. When scientific
evidence is lacking, part of the intervention development process can include generation of
additional evidence through empirical research.
The central element in the current dissertation was to inform and develop a new intervention aimed at promoting self-care behavior among HF patients, for delivery in the hospital using ICT (see aim 3 below). In addition to research towards this aim, we conducted
research that aimed to increase the knowledge on issues of importance for the development
of interventions promoting self-care behavior among HF patients. The aims of the current
work were:
1. To provide further information on the merits and levels of physical activity among HF
patients
2. To gain further insights into correlates and potential determinants of self-care behavior
among HF patients – with the main focus on PA as an important self-care behavior
3. To develop an intervention aimed at promoting self-care behavior among HF patients
and formatively evaluate it to inform its further development and (potential) implementation
The work is described in eight chapters. In this first chapter, HF is introduced as a health
problem; the lack of self-care behavior among HF patients, as a risk factor for poor clinical
outcomes, is described, and the relevant existing interventions to promote self-care among
HF patients is outlined. This is followed by a description of the approach of the research,
and finally, the research conducted within the thesis is introduced. In Chapter 2, an analysis
assessing the relationship between post myocardial infarction (MI) patients’ leisure time
physical activity and survival, as well as moderators of this relationship (HF and psychosocial variables) is reported. In Chapters 3 and 4, systematic literature reviews are reported.
These reviews included syntheses of the evidence for the various self-care behaviors associated with HF, and were conducted with the aim of assisting in the selection of the behavioral
determinants that were targeted in the intervention development. An analysis of correlates
of PA among HF patients in a Dutch sample from the Longitudinal Aging Study Amsterdam
is described in Chapter 5. The development of an ICT-supported, tailored intervention for
the hospitalized HF patients called Motivate4Change is described in Chapter 6. Motivate4Change was developed using the Intervention Mapping (IM) protocol, a stepwise method
of developing interventions systematically using relevant theory and scientific evidence.
Then, a formative evaluation of the intervention, in the form of a pilot study exploring needs
and experiences of HF patients and nurses in the hospital setting is described in Chapter 7.
Finally, Chapter 8 concludes with a general discussion.
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Heart failure and associated adverse outcomes
Heart failure is defined as an abnormality to the heart’s structure or function which results
in insufficient pumping of blood throughout the body and a failure to supply oxygen at a
rate sufficient for metabolizing tissues. Heart failure includes symptoms such as shortness of
breath, fatigue, and edema (signs of fluid retention)9. It is characterized by periods of acute
decompensation in alteration with periods of relative stability10 and low physical activity
tolerance11. The most common etiology of HF in Western countries is coronary artery disease12. Older adults are predisposed for HF because of changes in the cardiovascular system
and higher prevalence of cardiovascular disease in old age13.
Five million Americans and 15 million Europeans are living with HF14. It can be
somewhat difficult to compare prevalence and incidence rates from different studies, due
to differences in methodologies employed in the different studies, especially regarding differences in identifying HF cases. Reported prevalence rates in HF range from 2 to 30%
depending on the population studied and the definition of HF used when identifying HF
cases15. However, the reported rates provide important insight into the magnitude and
importance of the problem on a population level. Reported prevalence rates in the United
States (US) are 8 per 1000 at age 50 to 59 years in men, increasing to 66 per 1000 at ages 80
to 89 years (similar values (8 and 79 per 1000 respectively) were noted in women)16. In the
Netherlands, the reported prevalence rate was 9 per 1000 in patients 55–64 years of age to
174 per 1000 in those aged over 8517. The prevalence of HF is projected to increase due to
the aging population and improved treatment of coronary artery disease12. In the US, HF
prevalence is estimated to increase to 6 million by 20304.
The reported incidence rates were 1.3 cases per 1000 population per year for those aged
25 years or over in the United Kingdom (UK). The incidence rate increased from 0.02 cases
per 1000 population per year in those aged 25–34 years to 11.6 in those aged 85 years and
over, and was higher in men than women18. In the US, a much higher incidence rate was
found among older adults, aged 80-89: 27 per 1000 population per year among men, and 22
per 1000 population per year among women16. In the Netherlands, in a sample of 55 years of
age and over, an incidence rate of 2 cases per 1000 population per year was found.
Heart failure is associated with a number of adverse outcomes, including high mortality
rates1. In the previously mentioned UK study19, a 15% mortality rate was demonstrated
one month after HF diagnosis and a 28% mortality rate was demonstrated after one year of
diagnosis19. The previously–mentioned Dutch study demonstrated a 14% mortality rate one
month and 37% one year after HF diagnosis17. Hospitalization among HF patients may be
related to increased risk of mortality20. Heart failure is also associated with severe symptom
burden and functional limitations21, high patient and caregiver burden1,2 and a low quality
of life for patients22.
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Finally, HF is associated with frequent readmissions23; in the US more than one million
hospital discharges for HF occurred in 200514. A US-based study found that 65% of HF
patients >65 years from a sample of Medicare patients were hospitalized at least once24.
It has also been found that in the US, within three months, 20-30% of the HF patients
that have been hospitalized are readmitted to the hospital4. A main reason for unplanned
hospital admission is worsening of HF19, 24, which are known to be somewhat preventable.
Specifically, it is estimated that 50% of the readmissions can potentially be prevented24.
The frequent readmissions cause a burden on patients, their caretakers and the medical
system23. In fact, HF accounts for approximately 1-2% of the total healthcare budget in
developed countries3, and the costs are highest in the US; a review including economic data
covering 98.7% of the world’s population demonstrated that the US accounted for 28.4% of
the global HF costs25. The HF-related costs are primarily due to the readmissions3. In the
US, in-hospital HF care accounts for approximately 60% of the HF-related costs, while costs
for disease management, including outpatient follow-up visits with general practitioners,
cardiologists, and/or HF nurses, as well as the costs for chronic medication, are far lower.
European countries demonstrate a similar pattern26.

Insufficient engagement in self-care behavior as a risk factor for adverse
clinical outcomes in heart failure
Usually, HF cannot be reversed, but can be managed with pharmacological treatment, as well
as non-pharmacological treatment, namely engaging in self-care behaviors. As previously
argued, one of the main reasons for readmissions is worsening of HF. Insufficient and/or
inadequate engagement in self-care behavior can lead to a worsening of the condition, and
thereby also to hospital readmissions and other adverse outcomes. Specifically, it has been
reported that 42% of cardiac decompensation (which likely leads to emergency department
(ED) visits and hospitalization) was due to lack of adherence to the regimen27. Moreover,
it has been found that among patients with symptomatic (i.e. more severe) HF, practicing
above average self-care management (including symptom recognition and taking appropriate action) can lead to event free survival (events include ED visits and hospitalizations)
similar to non-symptomatic HF patients28.
Pharmacological treatment is common practice for the treatment of HF patients, including diuretics, angiotensin-converting enzyme inhibitors, beta blockers and Angiotensin II
receptor blockers (ACC/AHA guidelines). For the medications to be effective, patients must
take their medications as prescribed to them by their doctor. However, although research on
medication adherence using self-report measures demonstrates that adherence to HF medication is sufficient29, studies that use more objective measurement techniques such as claims
data that provide an indication of prescription fillings30, or medication event monitoring
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(MEMS) data31, demonstrate low adherence rates. The distinction between self-reported
and objectively measured medication adherence is particularly important as it reveals that
medication adherence can affect survival rate; one study found that objectively measured
medication adherence (using MEMS data) was related to event free survival, while selfreported medication adherence was not32.
Self-care behaviors in HF, in addition to taking medications as prescribed, include
engaging in physical activity, restricting salt, fluid and alcohol intake, and monitoring signs
and symptoms9. Clinical guidelines for the diagnosis and treatment of HF recommend
self-care behavior to HF patients, and state that patients should receive education on this
topic9, 33. Previous findings suggest that physical activity has an impact on clinical outcomes,
and more specifically that performance of PA among HF patients can lead to a reduction
in readmission and mortality rates34. However, most research conducted to date regarding effects on clinical outcomes has focused on structured exercise training programs35
rather than PA that is structured or conducted at one’s leisure time. Despite the promising
effects, adherence to PA recommendations is inadequate among HF patients9. Only 53%
reported being physically active in one study36; another study showed that although 80% of
the patients indicated that PA is important, only 39% reported engaging in sufficient PA29.
Likewise, a third study showed that although 95% of the patients indicated that daily PA was
important, only 11% reported engaging in daily PA37. There is therefore a clear indication
that PA needs to be promoted among HF patients. Despite the potential for positive effects
of PA for HF patients, healthcare providers do not always invest efforts into promoting PA
among this patient population. Reasons include lack of knowledge about the efficacy of the
behavior and financial reasons38.
As previously mentioned, salt intake restriction is another self-care behavior recommended for HF patients39. However, dietary restrictions in HF have less evidence for their
efficacy on clinical outcomes34, although at least one study shows a relationship between
objectively measured restriction of sodium intake and event free survival40. A state-ofthe-science paper concludes that a number of reported studies demonstrate relationships
between excess sodium intake and hospital admissions, but the evidence is insufficient to
make specific recommendations that are grounded in scientific evidence41. Reported rates of
adherence to the sodium restriction recommendation are 20-71%42. For example, one study
that used urine sodium excretion assessment to assess sodium intake, found that only 25%
of the HF patients in the sample were adherent to the sodium intake recommendation43.
In addition, it is recommended that HF patients restrict their fluid intake (1.5-2 liters a
day for patients with severe HF, while for patients with moderate HF it has been suggested
that fluid restriction is less likely to lead to a benefit). However, there is limited evidence
regarding the effectiveness of this recommendation in improving clinical outcomes, and the
evidence that does exist is mixed9, 39. In any case, adherence to the fluid intake restriction
recommendation seems to be suboptimal; one study reports 73% adherence to the fluid
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restriction recommendation29 and another reports a 48% adherence rate37. In addition,
specifically alcohol restriction is recommended for HF patients, but one study reports that
although 86.3% of the patients in the sample agreed that avoiding alcohol consumption is
important, only 33.3% reported restricting their intake37.
Despite the somewhat limited evidence for salt and for fluid intake restrictions’ effects
on clinical outcomes, there is some evidence suggesting that a combination of fluid and
salt intake may be beneficial for HF patients. Specifically, in a study that included an intervention with individualized dietary recommendations, restricting salt and fluid intake
according to the guidelines-based recommendations, the intervention group had a better
composite end-point score than the control group, (the composite end point consisted of
HF severity (New York Heart Association class), hospitalization, weight, peripheral edema,
quality of life, thirst, and diuretic prescriptions)44.
Monitoring signs and symptoms, with the goal of anticipating or recognizing deterioration, includes assessing symptoms such as shortness of breath and edema and taking
appropriate action if encountered39, 45. There has not been much research published on the
rates of adherence to this recommendation, but an observational study in which patients
were asked twice regarding their self-care at a one-month interval, demonstrated that approximately 50% of patients monitored their symptoms at baseline and 62% at follow up46. A
study that measured compliance to the self-care behaviors with self-report methods, found
that from baseline (at index hospitalization) until an 18-month follow-up, compliance with
daily weighing ranged from 34% to 85%47. Specifically, it increased from 34% at baseline to
85% at 1 month, but decreased over time to 67% at 18 months.
In conclusion, there are a number of recommended self-care behaviors for HF management. There is at least some evidence that adherence to most of these recommended
self-care behaviors can lead to an improvement in clinical outcomes, but for the evidence
for some of these behaviors is more convincing than for others. Self-reported adherence
rates to the recommendations are often low, and when measured objectively the evidence
regarding low adherence levels is even more convincing.

Determinants of engagement in self-care behaviors
According to the model of planned health promotion, information on behavioral determinants is crucial for the development of new interventions48. In order to modify targeted
health behaviors, interventions should address behavioral determinants. Various theories
and theoretical models of health behavior which seek to explain and predict health behavior, suggest a range of behavioral determinants. These include Social Cognitive Theory
(which specifies determinants such as self-efficacy and outcome expectations)49, Theory
of Planned Behavior (which specifies determinants such as behavioral beliefs, subjective
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norms, perceived behavioral control and intentions to perform the behavior)50, and the
Health Belief Model (which specifies determinants such as perceived severity and susceptibility, perceived benefits and barriers and cues to action)51, among others. Information on
determinants can be extracted from such theories. Health behavior theories are often based
on research which explored and tested behavioral determinants and tests the relationships
between determinants and behavioral outcomes. Observational studies that measure the
relationships between relevant variables and the behavioral outcomes provide important
information on observed relationships but can rarely indicate the direction of causality.
Intervention studies which assess the effects of interventions on outcomes can also include
an analysis of effect mediators, and thereby reveal information on behavioral determinants
while also providing insight into the direction(s) of causality.
Information on determinants of self-care behavior among HF patients was crucial in
the scope of the current work, which had a central aim of developing a health promotion
intervention for HF patients. To have an overview of the existing information regarding
determinants of self-care, we opted to synthesize the existing evidence in two literature
reviews (Chapters 3 and 4), one on correlates and determinants of non-pharmacological
self-care behaviors and one on correlates and determinants of medication adherence. In
addition, we performed a study on correlates (as presumed determinants) of PA among HF
patients (Chapter 5).

Existing interventions aimed at promoting heart failure self-care behavior
Various interventions promoting self-care behavior among HF patients, spanning community and inpatient settings, have been developed and tested, showing various levels of
efficacy. Disease management programs are often multidisciplinary, aim to improve quality
and cost effectiveness of care52, 53, and often include an educational component which addresses self-care54-56. Disease management programs may include telehealth components
(including digital transfer of physiological data from the patient at home to a healthcare
provider) and/or telephone support (including phone calls from a healthcare provider) and
often include educational components57. Although there is some promising evidence, the
evidence is mixed regarding the effects of such programs, and which program aspects are
effective58.
In the hospital, typically HF nurses provides education (in the US in-hospital education
may be referred to as discharge instructions) to patients before their discharge from the
hospital59. Quality measures which have been developed by the American Joint Commission, include a measure of the provision of discharge instructions which states that all HF
patients should receive written instructions or educational material on six topics before
hospital discharge (diet, activity, discharge medications, weight monitoring, treatment
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plan for worsening signs or symptoms, and keeping follow-up appointments)60. Therefore,
structured efforts to promote the provision of education to hospitalized HF patients have
been, and are still being, implemented.
However, results demonstrate poor adherence to the discharge instruction quality measure, and this is regarded a main reason for the high readmission rates of HF patients within
one month of discharge59. In fact, it has been reported that the majority of HF nurses spend
less than 15 minutes on pre-discharge HF education61. A study that measured the frequency
with which recommendations were provided on behavioral topics at a US hospital, found
that recommendations were infrequently provided regarding many self-care behaviors. It
was found that, within a US patient sample, 20% received education on only one or none
of five non-pharmacologic behaviors, and only 5% received education on all topics. The
most frequent recommendation was related to salt intake reduction (84.1%), followed by
physical activity (32.9%), restriction of fluid intake (22.7%), weight monitoring (21.5%)
and <1% of patients were counseled about alcohol consumption62. It has been suggested
that the instructions are often not delivered due to the fact that they are labor-intensive, and
require a dedicated nurse to spend a substantial amount of time for their delivery59. In addition, nurses may be more comfortable providing education on some topics than others61.
A questionnaire measuring understanding of discharge instructions demonstrated that
immediately after the nurse has provided the discharge instructions to patients, only 7%
of patients understood all 6 topics of education63. These findings suggest that HF inpatient
education demonstrates room for improvement, both in terms of the proportion of patients
that receive instructions, as well as in the level of understanding of the patients that do
receive them.
Although the vast majority of patient education and health behavior promotion efforts
for the hospital setting are nurse-led, at least some effort has been aimed at ICT-based interventions. A CD rom-based educational program has been developed for HF patients for
the hospital setting64, focusing on providing information to patients by displaying animations, photos and voice-overs. This program was focused only on transferring information
to patients (i.e., education) rather than motivating patients for behavior change. However,
it demonstrated similar (although not superior) results as standard education65, as well as
patients’ acceptance of the technology66.
An additional study tested an ICT-based self-care behavior education intervention, but
delivered in the home rather than the hospital setting. In this study, a group of patients that
received an in-hospital standard education, including face-to-face and written components,
were compared to a group that received a video educational intervention for viewing in the
home setting in addition to the standard in-hospital education. Results showed that threemonth healthcare utilization was similar between groups but patients that received video
education needed less medication, received more HF literature, and needed less telephone
support from healthcare providers. Patients that received video education also had greater
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symptom reduction and greater self-care adherence67. Therefore, although there has not
been much research on ICT-based self-care behavior interventions for HF patients, there
is some evidence suggesting that such interventions can be at least as effective as standard
education. As previously argued, ICT-based interventions may be more cost-effective and
have a wider reach, and may therefore be preferable over standard education even when
they do not demonstrate a superior effect.
It may be worthwhile to focus on technological efforts on the hospital setting and design
more effective in-patient education and self-care promotion programs for use specifically
in the hospital. Hospitalization may constitute a teachable moment68, activating patients
to change their behavior after discharge, and may provide an opportunity to reach more
patients. Finally, technological solutions for the promotion of self-care behavior may take
over some of the HF nurses’ educational tasks, thereby freeing up some of their time and allowing them to provide more intensive instruction to the patients that need it. However, the
hospital setting may have an impact on the experiences of patients with a health promotion
program. For instance, the patient’s physical and emotional state when in the hospital69 may
influence their experiences with the program, which may influence its efficacy level.
Paper-based instruction materials and teaching aids are typically used by HF nurses to
supplement their instruction about self-care behavior in the hospital. Paper-based instruction materials on HF self-care are readily available through various organizations, including
the British Heart Foundation, the Heart Failure Association of America and the European
Society of Cardiology. However, it may be worthwhile to develop ICT-based programs,
because such programs allow patients to interact with the technology, facilitating learning
beyond paper-based materials. ICT-based programs can include assessments for patients
to complete, and in this manner collect information on characteristics such as knowledge
level or motivational factors, among others. With the information that is collected from the
patients, it is possible to tailor health information, personalizing the programs to each individual patient. This is more difficult to achieve with paper-based programs, which therefore
usually provide only generic information. Furthermore, with ICT-based programs, tailoring
of health information can be achieved at a relatively low cost70 and it is convenient71 to
deliver and access programs.

Tailored health communication
Within programs that provide tailored communication, the source, message and/or channel of communication to the individual can be customized72. It has been suggested that
tailored health information is superior to generic health information in leading to a change
in health behavior; some of the reported mechanisms include more intensive cognitive
processing, greater relevance of the information provided to the individual receiving it
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and self-evaluation properties of the feedback received73. Studies that tested tailored health
communication interventions have shown promising results in promoting nutrition-related
behaviors74, 75 smoking cessation76 and physical activity77, among other health behaviors, but
most of these studies were conducted for primary prevention purposes, among apparently
healthy people.
Fewer studies on computer-tailored health education have targeted patient populations, and only one study tested a tailored health communication intervention among
HF patients. In this study, health beliefs regarding taking HF medications, following a
sodium-restricted diet, and self-monitoring for signs of fluid overload, were assessed in
the intervention group, which received messages from a nurse, which were tailored to each
patient based on the results of their assessments. Patients in the control group received
usual care, including discharge teaching by a staff nurse and written educational materials78.
This study found no effect of the intervention group, in comparison to the control group, on
readmission rate or quality of life. However, beliefs, which are the presumed determinants
of the health behaviors affecting clinical and quality of life outcomes, did change in the
expected direction over time within the intervention group. In sum, tailoring seems to be
a promising behavior change strategy. There is only one known (not ICT-based) tailored
self-care behavior intervention for HF patients, and it demonstrates room for improvement.

Approach of the current work
As previously discussed, the current work addresses three aims. The first aim, relating to
the merits and levels of PA among HF patients, is addressed with a study on the mortalityreduction effects of PA among MI survivors (with and without HF). This study focused
on post-MI patients for two reasons. Post-MI patients’ life expectancy has substantially
increased in the past 40 years, although it is still lower compared to the healthy population79. However, post-MI patients’ life expectancy is likely to be substantially reduced if they
develop HF80. This suggests that it is still important to understand what can curb mortality
rates among post-MI patients, despite the fact that they are apparently lower than in the
past, and it is particularly important to understand this for the post-MI patients that also
developed HF. Importantly, the decrease in mortality rates of post-MI patients has been
found to parallel an increase in subsequent HF79. Specifically, the 30-day incidence of HF
after an MI rose from 10% in 1970-1979 to 23% in 1990-199979, making HF a major possible
outcome of having an MI, and decreasing life expectancy for those that develop it. Therefore, although the study did not focus specifically on HF patients, due to MI being a likely
predecessor of HF, it was deemed suitable to address the effects of PA among sub-groups of
post-MI patients (including HF patients) in the current work.
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Further understanding about the levels of PA among HF patients (aim 1), can be gained
by understanding differences between sub-groups of patients in terms of the influences
of the health behaviors on outcomes (i.e. the moderators of the relationship between the
behaviors and the clinical outcome). Information on how different sub-groups of patients
are influenced by engaging in self-care behavior is important because it can be used to target
interventions to specific groups. For example, this information can support decisions regarding the specific elements that should be included or excluded in the intervention, when
delivered to certain sub-groups of patients, as well as regarding the intensity of delivery
of the intervention components to sub-groups of patients. We investigated two important
psychosocial moderators of the relationship between leisure time physical activity (LTPA)
and survival among post-MI patients, specifically depression and low social support, which
are both mortality risk factors.
As previously mentioned, we worked according to the model of planned health promotion8 (Figure 1.1)). This model postulates that in the process of the development of a health
promotion intervention addressing a risk behavior, such as non-adherence to self-care, the
determinants of the risk behavior should be known so they can be addressed. We therefore
conducted systematic literature reviews synthesizing the evidence on presumed determinants of HF self-care, as well as additional research on this topic. This work addresses the
second aim of the current work, relating to the correlates and presumed determinants of
self-care behavior among HF patients.
Finally, although one tailored intervention for HF patients exists78, no information is
available on whether this intervention followed a systematic planning and intervention
development approach. In the development of Motivate4Change, a computer-tailored
intervention designed specifically for hospitalized HF patients, we worked according to
a stepwise approach that has been advocated to develop effective intervention programs8.
Specifically, the IM protocol48 was used to guide the development of the intervention. The
IM protocol is a stepwise method that is used to develop interventions systematically using
relevant theory and evidence. By going through the steps and creating matrices, decisions
are made regarding the specific behavioral change objectives. These change objectives are
then achieved by identifying theory and evidence-based strategies and behavior change
techniques. When this approach is used, determinants and change strategies that are most
likely to affect the desired outcomes are selected for inclusion in the intervention, increasing
the confidence in its efficacy. Finally, studying the experiences and needs of the users of
Motivate4Change in the intended setting for implementation was considered a final step in
its design, providing information on important issues to be incorporated in the resulting
program and in the potential future implementation of the program.
This thesis consists of eight chapters describing the rationale for promoting self-care
behaviors in HF patients, existing and newly-generated knowledge regarding determinants
of self-care behaviors, and the development and formative pilot evaluation of an ICT-based
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intervention to promote self-care behavior intervention. After this general introductory
chapter, in Chapter 2 an analysis assessing the relationship between leisure time physical
activity and survival among post-MI patients, as well as moderators of this relationship
(HF and psychosocial variables), is reported. In Chapters 3 and 4 we report on systematic
literature reviews that assessed the evidence for the various HF self-care behaviors, which
assisted in the selection of the behavioral determinants that were targeted in the self-care
behavior promotion intervention. Since the reviews demonstrated little evidence about
the determinants of PA among HF patients, we conducted an analysis of correlates of PA
among HF patients, which is described in Chapter 5. Chapter 6 includes a description of the
development the Motivate4Change intervention using the IM protocol, and the formative
pilot evaluation of Motivate4Change is described in Chapter 7. Finally, the thesis ends with
a general discussion in Chapter 8.
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Do heart failure status and psychosocial variables
moderate the relationship between leisure time
physical activity and mortality risk among patients
with a history of myocardial infarction?
Based on: R Oosterom-Calo, SJ te Velde, W Stut, Y Drory, J Brug, Y Gerber
Submitted.
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Abstract
Objectives: Leisure time physical activity (LTPA) is inversely related to mortality risk among
patients with a history of myocardial infarction (MI). The aims were to explore if heart
failure (HF) status and psychosocial variables moderate the association. Design: Participants (n=1169) were from a multi-center prospective cohort study. Method: Information on
LTPA (none, irregular,1-150, 151-300 and >300 weekly minutes), depression, social support
and other prognostic indicators were collected 10-13 years after index MI. Cox regressions
were conducted, adjusting for potential confounders. In case of significant moderation by
HF-status or psychosocial variables, stratified analyses were performed. Results: During
follow-up (M=8.4 years), 25.6% of the sample had died. LTPA was inversely associated
with mortality (p for trend<0.01 in all models). HF did not, but psychosocial variables did,
moderate the association. In the LTPA category 1-150 weekly minutes, patients with a high
level of depression had a lower mortality risk in comparison to those with a low level (hazard ratios (95% confidence intervals) were 0.43 (0.25, 0.75) versus 0.69 (0.36, 1.32)), and
patients with a low level of social support had a lower mortality risk in comparison to those
with a high level (0.40 (0.21, 0.77) versus 0.71 (0.39, 1.27)). In the category >300 minutes,
patients with a high level of social support had a lower mortality risk than those with a low
level (0.38 (0.19, 0.79) versus 0.51 (0.30, 0.87)). Conclusions: LTPA was inversely related to
mortality risk of post-MI patients. HF did not moderate the relationship; depression and
social support partially did.
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Introduction
Physical activity (PA) is recommended to patients that have survived a myocardial infarction (MI)81. Physical activity is defined as any bodily movement produced by contraction of
skeletal muscles resulting in energy expenditure above the basal level81. It may be promoted
in a counseling intervention11, 81 and as part of a cardiac rehabilitation program, including
exercise-based training and lifestyle counseling components82. Such interventions have
shown that performance of PA or exercise can reduce the risk of mortality by follow-up82, 83.
The association between leisure time physical activity (LTPA), including leisurely walking
and other recreational and sports activities, on clinical outcomes, also deserves attention.
Previous work84 has demonstrated a strong association between LTPA and mortality among
post- MI patients, when comparing performance of no LTPA to performance of weekly
regular LTPA and irregular LTPA. Building on the previous work, in the current work we
explore differences in mortality risk also based on the number of regular weekly LTPA
minutes by refining the category of regular weekly LTPA to include more categories. By
doing this we may be able to understand if patients that performed more regular LTPA had
a lower mortality risk than those who performed less LTPA.
To further explore the benefits of LTPA in post-MI patients, it is worthwhile to uncover which groups of patients may benefit the most from LTPA. Patients at a higher risk
of mortality may have a greater need for preventive measures, including performance of
LTPA, to reduce the risk. Heart failure (HF) may be an important modifier of the relationship between performance of LTPA and mortality risk, because although on the one had
post-MI HF patients have worse prognosis80 compared to patients who did not develop
HF85, PA performance may be a protective factor among HF patients by reducing the risk of
cardiovascular events and mortality86. Since post-MI patients who developed HF are at risk
of mortality not only due to having had an MI in the past, but also due to their HF, LTPA,
as a protective factor may demonstrate a larger effect in terms of reduction of mortality risk.
The first aim of the current work is thus to assess whether HF is a modifying factor in the
relationship between LTPA and mortality risk.
Also psychosocial factors may have an effect on prognosis87. A systematic review and
meta-analysis reveals that two years after initial assessment of coronary heart disease
(CHD), depressed patients are more than twice as likely to die as non-depressed patients88
and that socially unsupported post-MI patients have a 2-3-fold higher risk of mortality89.
Since depressed and socially unsupported patients have a higher risk of mortality than
non-depressed and socially supported patients, and therefore more room for improvement
in terms of reduction of mortality risk, they may benefit relatively more from LTPA. Specifically, in their case, LTPA may be a protective factor for their potential mortality due to
having had an MI in the past, as well as due to their psychosocial status, and may therefore
demonstrate a larger effect on mortality risk. The second aim is therefore to assess if de-
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pression and/or social support moderate the relationship between LTPA and mortality risk
among patients with a history of MI.
Finally, a secondary question remains as to whether these high-risk patients actually
participate in LTPA. Patients with HF have a reduced exercise tolerance9, making it difficult
for them to exercise. They may therefore be less likely to perform activity than post-MI
patients who are HF-free. This could mean that the patients who may benefit the most from
LTPA may also be less likely to engage in it, and therefore do not gain the potential benefits.
The third aim is therefore to assess the relationship between HF status and LTPA.
In summary, we hypothesize that (1) more LTPA is inversely related to mortality risk
(Fig. 1), (2) HF status moderates this relationship, such that HF patients benefit relatively
more from higher levels of LTPA, (3) depression and (4) social support moderate the relationship between LTPA and mortality risk, such that more depressed and less social supported patients benefit relatively more from higher levels of LTPA, and (5) patients with HF
perform less LTPA.

Figure 2.1: Conceptual model depicting the hypothesized associations between the variables¹
¹Hypothesis 1: Leisure time physical activity will be related to reduced mortality rates;
Hypothesis 2: Heart failure status will moderate the relationship between leisure time physical activity and
mortality, such that heart failure patients will benefit more than HF-free patients;
Hypothesis 3: Depression will moderate the relationship between leisure time physical activity and mortality,
such that patients with high scores will benefit more than patients with low depression scores;
Hypothesis 4: Social support will moderate the relationship between leisure time physical activity and mortality,
such that patients with low scores will benefit more than patients with high social support scores;
Hypothesis 5: Patients with HF will perform less leisure time physical activity

Method
Study design and sample
Data were drawn from the Israel Study of First Acute Myocardial Infarction, a longitudinal
prospective cohort study investigating the effects of various socio-demographic, medical
and psychosocial variables on long-term clinical outcomes and quality of life in patients
hospitalized for index MI90, 91. The total sample included patients aged 30-65 years, who
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were admitted to one of eight medical centers in central Israel between February 1992 and
February 1993. The parent study was approved by the Ethics Committees of all medical centers involved (Wolfson, Holon; Sheba, Tel Hashomer; Sourasky, Tel Aviv; Meir, Kfar Sava;
Assaf Harofeh, Zerifin; Beilinson, Petach Tikvah; Hasharon, Petach Tikvah; and Laniado,
Netanya) and ratified by the Institutional Ethics Committee of Tel Aviv University, and
participants gave written informed consent.

Data collection
Within the Israel Study of First Acute Myocardial Infarction, demographic, socioeconomic
and clinical data were collected from medical records and structured interviews one week,
3-6 months, 1-2 years, 5 years and 10-13 years following index MI hospitalization. We used
data collected at the latter measurement point, because extensive data on clinical and psychosocial factors were measured in all survivors, in contrast to other measurement points,
which targeted a sub-sample, and because it is the most recent measurement point, in which
HF is more common (patients are older). Data were obtained through structured interviews, questionnaires, and review of medical records. The data on the following variables
was used for the current analysis: Age, sex, educational level, occupational status, HF status,
comorbidity status, smoking status, obesity, participation in cardiac rehabilitation, relevant
medication prescriptions, depression and social support.

Variable measures
Outcome variable
Follow-up mortality data were obtained through 2011. Death was determined through data
from the Israeli Population Registry.
Leisure time physical activity
To assess LTPA, patients were asked to rate their LTPA (walking and other activities including gym, exercise at home such as on an exercise bicycle or treadmill, swimming, tennis,
soccer/basketball/volleyball, or other) as regular (weekly), irregular (not weekly), or none.
Patients that rated their LTPA as regular were asked to report the average frequency and
duration of each session84. Regular LTPA was divided into three categories: 1-150, 150-300,
or >300 weekly minutes. There were therefore five LTPA categories, including no LTPA,
irregular LTPA and the three regular LTPA categories.
Heart failure status
HF was defined according to clinical history (previous HF-related hospitalization) and a
New York Heart Association (NYHA) classification of III-IV.
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Psychosocial variables
Depression was assessed using the depression subscale of the Mental Health Inventory
(MHI). The MHI includes 38 items, rated on a 7-point Likert scale, ranging from 1 (very
strongly disagree) to 7 (very strongly agree). The psychonomic properties of the MHI were
assessed on a Israeli sample92; the depression subscale had an internal consistency (α) of
0.88. Social support was assessed using the Multidimensional Scale of Perceived Social Support (MSPSS)93, which has an internal consistency (α) of .92 to .95 for its three subscales94.
This scale is used to measure the perceived availability of support and includes twelve items,
which assess three sources of support: Family, friends, and a significant other. Items are
rated on a 7-point Likert scale, ranging from 1 (very strongly disagree) to 7 (very strongly
agree). The MSPSS has been used in previous research on this dataset95.

Confounder measures
Socio-demographic data
Educational level was assessed by asking patients to indicate the number of years of formal
education they have received. Occupational status was assessed by asking patients to indicate if they are working, retired, never worked, or stopped working for another reason than
retirement.
Clinical variables
The clinical variables included conditions other than HF and smoking status. Although
there was data available for many conditions within the Israel Study of First Acute Myocardial Infarction, conditions other than HF regarding which information was available (including diabetes, peripheral vascular disease, cerebrovascular disease, cancer, ulcer disease,
chronic renal disease, chronic obtrusive pulmonary disease) were selected for inclusion in
the current study based on their appearance in the Charlson Comorbidity Index96. Conditions were classified dichotomously (having versus not having a condition other than HF).
Smoking status, obtained by information from structured interviews90, 97 was classified as
never smoked, previously smoked, or currently smoking. Information on weight and height
was used to calculate body mass index (BMI) by dividing the weight by the height squared.
Obesity was categorized in three categories, based on the World Health Organization’s
(WHO) categorization98, including below normal until normal weight (BMI<25, pre-obese
(25<=BMI<30), and obese (30<=BMI). Below normal weight and normal weight were
grouped in one category due to the small number of below normal weight participants in
the sample (N=4).
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Treatment-related variables
Medication prescriptions were extracted from personal interviews and questionnaires.
Patients were asked to indicate if they have ever participated in cardiac rehabilitation.

Statistical analyses
Baseline data are presented as percentage or mean (standard deviation). Baseline characteristics across LTPA categories were compared using the using the Mantel–Haenszel chisquare test for trend for categorical variables and generalized linear models for continuous
variables. To test the first hypothesis, cox proportional hazards models were constructed
to evaluate covariate-adjusted hazards ratios (HR’s) and 95% confidence intervals (CI’s)
associated with LTPA categories. The reference category was defined at no LTPA. Five models, taking into account risk factors for poor post-MI prognosis, were constructed. These
models adjusted for: sex and age (basic model, i.e., Model 1); sex, age, educational level
and occupational status (demographic model, i.e., Model 2); sex, age, HF status, having
a comorbidity, smoking status and obesity (clinical model, i.e., Model 3); sex, age, having
received cardiac rehabilitation, being prescribed ACE inhibitors, beta blockers, aspirin, and
statins (treatment-related model, i.e., Model 4); and finally, sex, age, depression and social
support (psychosocial model, i.e., Model 5). In addition, in order to test the association linearly, the models were tested with LTPA as a continuous variable. The proportional hazards
assumption was tested by plotting partial residuals against survival time (i.e. survival, in
days, at follow up), with no violations detected.
To test whether the estimated HR’s for the HF and HF-free patients were statistically
different from each other, interaction terms between HF-status and each of the LTPA categories were added to the basic model described above. The basic model was selected since
it was the most parsimonious of the constructed models and since LTPA was associated
with less mortality in all models, including the basic one. A p cutoff value of 0.10 was used
as the significance level for the interaction terms, due to difficulties in detecting moderation
effects99, and based on strategies for detecting moderator variables reported elsewhere100.
In case of significant interaction terms (i.e. p<0.10), HR’s for each group were presented
separately. In case of non-significant interaction terms, stratified analyses were only be
performed to check whether estimated HR’s for each group were indeed similar, or were
different, but with wide and overlapping confidence intervals.
To test the third and fourth hypotheses, regarding moderation effects of depression and
social support, it was tested whether the estimated HR’s for high depression/high social support and low depression/low social support were statistically different from each other, by
adding interaction terms between depression/social support and each of the LTPA categories
to the basic model described above. To further explore whether associations between LTPA
categories and mortality differed between patients with high and low depression scores, and
between socially supported and unsupported patients, stratified analyses were conducted,
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when significant interaction terms (i.e. p<0.10) were observed, by comparing high to low
depression/social groups. Groups were defined using the median scores as a cutoff. Again,
in case of non-significant interaction terms, stratified analyses were only performed to
check whether estimated hazard ratios for each group were indeed similar, or were different
but with wide and overlapping confidence intervals.
To test the fifth hypothesis, the relationship of LTPA with HF status was evaluated using
a one-way analysis of variance. Bonferroni post-hoc analyses were performed to test for
differences in HF status among LTPA categories. A p < 0.05 was regarded as statistically
significant. For interaction terms p < 0.10 was regarded significant, due to a lower power to
detect significant interactions.

Results
The sample included 1169 patients, who completed the measurement at the fifth interview
10-13 years after index MI (Table 2.1). At this time point, 237 (20%) had developed HF.
During a median of 8.4 years follow-up after the fifth interview, 303 deaths occurred (26%
of the sample), of which 122 were in HF cases (i.e., 51% of the HF cases) and 179 in HFfree cases (i.e., 19% of the HF-free cases). Of the 303 deaths, 51% performed no LTPA,
19% performed irregular LTPA, 13% performed 1-150 and 8% performed 151-300 and 8%
performed > 300 weekly minutes of LTPA.
Of the post-MI patients, 37.7% reported being inactive, 19.1% reported being irregularly
active, 14.5% reported performing less than 150 minutes of LTPA, 14.5% reported performing 151-300 minutes of LTPA, and 13.8% reported performing more than 300 minutes of
LTPA weekly. Men performed more LTPA than women (p for trend< 0.01). Educational
level and participation in cardiac rehabilitation were positively related to LTPA (p for
trend< 0.01). Having HF, having at least one other comorbidity than HF and depression
were negatively related to LTPA (p for trend< 0.01). Out of the inactive participants, 35%
had died by follow-up, followed by 26% of the irregularly active participants, 17% of the
regularly active participants who had performed 1-150, 14.7% who performed 151-300, and
22.6% who performed >300 weekly minutes.

Hypothesis 1: Is more LTPA related to a reduced mortality risk?
Patients who performed irregular, 1-150, 151-300, or >300 weekly minutes of LTPA all had
a lower mortality risk than patients who performed no LTPA (p<0.01 for all; Table 2.2). In
addition to the significant categorical relationships, also linear relationships were found;
significant linear trends of LTPA were found in all models (p for trend <0.01 for all).
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214 (18.3)
447 (38.2)

Not working- another reason (%)

Working (%)

Not working- Pension/Never worked (%)

508 (43.5)

527 (45.1)

Quit (%)
0

391 (33.4)

Occupational status

251 (21.5)

Never Smoked (%)

663 (56.7)

237 (20.3)

Smokers (%)

0
0

At least one (%)

Smoking status

Comorbidity

Have HF (%)
5 (2.1)

447 (38.2)

HF status

Not working- another reason (%)

508 (43.5)

11.3 (4.0)

966 (82.6)

214 (18.3)

0

0

0

Not working- Pension/Never worked (%)

Working (%)

Occupational status

Mean number of Years (SD)

Educational level

Men (%)

Sex

1169

2 (0.001)
0

N (%)

Age (SD)
63.9 (8.2)

Total sample

Missing
values

Table 2.1: Baseline characteristics of the post-MI patient sample

187 (42.4)

76 (17.2)

178 (40.4)

189 (42.9)

131 (29.7)

121 (27.4)

297 (67.3)

136 (30.8)

187 (42.4)

76 (17.2)

178 (40.4)

10.2 (4.1)

336 (76.2)

64.0 (8.7)

441 (37.7)

No LTPA

84 (37.5)

38 (16.9)

102 (45.5)

101 (45.1)

82 (36.6)

41 (18.3)

127 (56.7)

41 (18.3)

84 (37.5)

38 (16.9)

102 (45.5)

11.6 (4.0)

196 (87.5)

63.4 (7.8)

224 (19.1)

Irregular

71 (41.8)

29 (17.1)

70 (41.2)

68 (40.0)

66 (38.8)

36 (21.2)

76 (44.7)

26 (15.3)

71 (41.8)

29 (17.1)

70 (41.2)

12.2 (3.6)

147 (86.5)

63.3 (7.9)

170 (14.5)

<150
minutes
LTPA

44 (25.9)

30 (17.6)

96 (56.5)

90 (52.9)

55 (32.4)

25 (14.7)

82 (48.2)

12 (7.1)

44 (25.9)

30 (17.6)

96 (56.5)

12.5 (3.7)

141 (82.9)

63.6 (8.0)

170 (14.5)

151-300
minutes
LTPA

61 (37.7)

41 (25.3)

60 (37.0)

78 (48.1)

56 (34.6)

28 (17.3)

80 (49.4)

22 (13.6)

61 (37.7)

41 (25.3)

60 (37.0)

11.7 (3.8)

144 (88.9)

65.5 (7.8)

162 (13.8)

>300
minutes
LTPA

0.67

0.72

0.00

0.00

0.67

0.00

0.00

0.26

p for
trend 1
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527 (45.1)

Quit (%)

MSPSS score (SD)
218 (18)

185 (15)

Social support

Depression
MHI depression subscale score (SD)

690 (59.0)

0
0

Taking Beta Blockers (%)

Taking ACE inhibitors (%)

821 (70.2)

0
0

Taking Aspirin (%)

Taking Statins (%)

5.4 (1.3)

8.2 (4.5)

554 (47.4)

1007 (86.1)

266 (23)
224 (19.2)

0

Participated in cardiac rehabilitation (%)

532 (45)

Pre-obese

Obese

350 (30)

Below normal to normal weight

21

391 (33.4)

Obesity

251 (21.5)

Never Smoked (%)

663 (56.7)

237 (20.3)

Total sample

Smokers (%)

0
0

At least one (%)

5 (2.1)

Smoking status

Comorbidity

Have HF (%)

HF status

Missing
values

Table 2.1: Baseline characteristics of the post-MI patient sample (continued)

5.2 (1.4)

9.7 (5.3)

208 (47.2)

257 (58.3)

294 (66.7)

364 (82.5)

52 (11.8)

123 (29)

180 (42)

126 (29)

189 (42.9)

131 (29.7)

121 (27.4)

297 (67.3)

136 (30.8)

No LTPA

7.0 (5.4)

7.7 (4.0)

108 (48.2)

130 (58.0)

156 (69.6)

200 (89.3)

40 (17.9)

61 (28)

97 (44)

62 (28)

101 (45.1)

82 (36.6)

41 (18.3)

127 (56.7)

41 (18.3)

Irregular

5.6 (1.3)

7.7 (3.8)

87 (51.2)

108 (63.5)

125 (73.5)

150 (88.2)

50 (29.4)

32 (19)

90 (53)

47 (27)

68 (40.0)

66 (38.8)

36 (21.2)

76 (44.7)

26 (15.3)

<150
minutes
LTPA

5.7 (1.1)

6.8 (3.5)

76 (44.7)

104 (61.2)

133 (78.2)

149 (87.6)

44 (25.9)

32 (19)

79 (47)

56 (33)

90 (52.9)

55 (32.4)

25 (14.7)

82 (48.2)

12 (7.1)

151-300
minutes
LTPA

5.5 (1.3)

7.4 (3.7)

75 (46.3)

90 (55.6)

112 (69.1)

142 (87.7)

37 (22.8)

18 (11)

85 (53)

58 (36)

78 (48.1)

56 (34.6)

28 (17.3)

80 (49.4)

22 (13.6)

>300
minutes
LTPA

0.15

0.00

0.76

0.95

0.059

0.06

0.00

0.00

0.72

0.00

0.00

p for
trend 1
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Table 2.2: Hazard ratios (95% CI’s) for the relationships between leisure time physical activity categories and
survival in the post-MI
Model 1

Model 2

Model 3

Model 4

Model 5

HR (95%CI)

HR (95%CI)

HR (95%CI)

HR (95%CI)

HR (95%CI)

No LTPA (reference)

1

1

1

1

1

Irregular LTPA

0.66 (0.49, 0.90)

0.66 (0.49, 0.90)

0. 76 (0.55, 1.03) 0.69 (0.51, 0.93)

0.79 (0.55, 1.13)

1-150 minutes

0.49 (0.34, 0.71)

0.49 (0.34, 0.71)

0.64 (0.44, 0.93)

0.52 (0.36, 0.75)

0.53 (0.34, 0.82)

151-300 minutes

0.30 (0.19, 0.47)

0.33 (0.21, 0.52)

0.40 (0.25, 0.66)

0.33 (0.21, 0.52)

0.39 (0.24, 0.65)

>300 minutes
p for trend 1

0.39 (0.26, 0.58)
<0.01

0.39 (0.26, 0.58)
<0.01

0.50 (0.33, 0.76)
<0.01

0.41 (0.28, 0.61)
<0.01

0.49 (0.31, 0.76)
<0.01

HR = hazard ratio
95%CI = 95% confidence interval
LTPA= Leisure time physical activity
Model 1: Basic model, adjusted for age and sex; Model 2: demographic model = Model 1 + adjustments for educational level and occupational status; Model 3: clinical model = Model 1 + adjustments for HF status, having a
comorbidity, smoking status and obesity; Model 4: treatment-related model = Model 1 + adjustments for having
received cardiac rehabilitation, being prescribed ACE inhibitors, beta blockers, aspirin, and statins; Model 5 :
psychosocial model = Model 1 + adjustments for depression and social support
1
Based on Cox regression analyses with LTPA as a continuous variable

Hypothesis 2: Does heart failure status moderate the relationship between leisure
time physical activity and reduced mortality risk?
No interaction of HF by LTPA was found (all interaction terms were p>0.30; Table 2.3). Further exploration by means of analyses stratified by HF status confirmed that the observed
estimates for the two groups were very similar.

Table 2.3: Hazard ratio’s (CI’s) in the stratified analysis comparing HF to HF-free cases’ mortality risk related to
leisure time physical activity categories
Patients with HF
1

HF-free patients

HR (95%CI)

HR1 (95%CI)

p-value interaction term3

No LTPA: Reference category

1

1

Irregular LTPA

0.70 (0.43, 1.14)

0.75 (0.50, 1.11)

0.76

1-150 minutes

0.54 (0.20, 1.03)

0.59 (0.37, 0.94)

0.73

151-300 minutes

0.20 (0.04, 0.81)

0.42 (0.26, 0.70)

0.29

>300 minutes

0.43 (0.20, 0.90)

0.47 (0.29, 0.76)

0.67

p for trend 2

>0.01

>0.01

0.41

HR = hazard ratio
95%CI = 95% confidence interval
LTPA = Leisure Time Physical Activity
1
HRs adjusted for age and sex
2
Based on Cox regression analyses with LTPA as a continuous variable
3
Derived from Cox regression analyses including interaction terms of HF-status with each LTPA category
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Hypothesis 3: Does depression moderate the relationship between leisure time
physical activity and survival?
Patients with a high level of depression, who performed 1-150 minutes of weekly LTPA,
had a lower mortality risk than patients with a high level of depression who performed no
LTPA (p=0.08; Table 2.4). Patients with a low level of depression did not have a reduction
in mortality risk associated with performance 1-150 minutes of weekly LTPA. There was no
difference in terms of mortality risk between depressed and non-depressed patients who
performed irregular, 151-300 or >300 weekly minutes of LTPA (all interaction terms had a
p>0.10).
Table 2.4: Hazard ratios (95% confidence Intervals) in the stratified analysis comparing mortality risk related
to leisure time physical activity of patients with high versus low depression and high versus low social support
High social
support1

Low social
support1

HR 2 (95%CI)

HR 2 (95%CI)

HR 2 (95%CI)

1

1

1

High
depression1

Low
depression1

HR 2 (95%CI)
No LTPA:
1
Reference category

p-value
interaction
term

p-value
interaction
term

Irregular LTPA

0.80 (0.52, 1.24) 0.63 (3.4, 1.15)

0.63

0.82 (0.47, 1.43) 0.69 (0.44, 1.09) 0.56

1-150 minutes

0.43 (0.25, 0.75) 0.69 (0.36, 1.32) 0.08

0.71 (0.39, 1.27) 0.40 (0.21, 0.77) 0.09

151-300 minutes

0.28 (0.13, 0.58) 0.45 (0.23, 0.88) 0.41

0.40 (0.20, 0.80) 0.30 (0.14, 0.62) 0.45

>300 minutes

0.48 (0.29, 0.81) 0.42 (0.20, 0.86) 0.82

0.38 (0.19, 0.79) 0.51 (0.30, 0.87) 0.10

p for trend

>0.01

>0.01

>0.01

0.39

>0.01

0.56

¹Based on a cutoff value of median depression= 7 and median social support= 5.6
²HR adjusting for age and sex
HR = Hazard ratio
CI=Confidence interval
LTPA= Leisure time physical activity

Hypothesis 4: Does social support moderate the relationship between leisure time
physical activity and mortality risk?
The interaction between social support and LTPA was significant for the category 1-150
minutes (p=0.09; Table 2.4). Patients with a low level of social support who performed 1-150
minutes of weekly LTPA had a lower mortality risk compared to patients with a low level of
social support who performed no LTPA. Patients who had a high level of social support did
not have a reduction in mortality risk associated with performance of 1-150 weekly minutes
of LTPA. The interaction was borderline significant for the category >300 minutes (p=0.10).
Patients with high social support who performed >300 minutes had a lower mortality risk
than patients with a high social support who performed no LTPA. A similar relationship
was not observed in patients who had a low level of social support. All other interaction
terms of LTPA categories by social support were found non-significant (p>0.10).
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Hypothesis 5: Is heart failure status related to performance of leisure time physical
activity?
Heart failure status was significantly related to LTPA (p for trend <0.01). Bonferroni posthoc analyses demonstrated that patients who performed no LTPA were more likely to have
HF than those in all other LTPA categories (p<0.01). Patients who performed irregular LTPA
were more likely to have HF in comparison to those that performed 151-300 weekly minutes
of LTPA (p=0.04). Differences between all other LTPA categories were non-significant.

Discussion
A persistent, inverse association between LTPA and mortality risk was demonstrated in
the current study in a sample of post-MI patients, irrespective of HF status and when
adjusting for basic, demographic, clinical, treatment-related and psychosocial covariates.
These results replicate previous work demonstrating the survival benefits related to being
active for post-MI patients84. The current work adds to previous investigations through the
refinement of the regular weekly LTPA variable into three categories based on minutes of
LTPA per week, and by exploring potential moderators for the association, thereby allowing making practical recommendations for LTPA promotion. Moreover, previous studies
with HF patients have focused on exercise training101, 102 and on PA following a counseling
intervention83. This is the first study to focus specifically on PA conducted at leisure time
among HF patients.
Our hypothesis regarding the moderating effects of HF status on the inverse relationship
between LTPA and mortality risk was not met. This indicates that HF patients were just as
likely to benefit from LTPA as HF-free patients with a history of MI. Therefore, interventions to promote LTPA may be beneficial for inactive patients with and without HF. It may
be necessary, however, to target interventions separately at the two groups because HF and
HF free post-MI patients differ from each other on a number of characteristics, including
age85.
Depression and social support partially moderated the relationship between LTPA and
mortality risk. It was found that patients with high depression scores, as well as those with
low social support scores, appear to benefit from any amount of regular, weekly, LTPA, i.e.
that low levels of LTPA are already beneficial for these groups. It was also found that performing more than 300 minutes of LTPA was more strongly related to survival in the high
social support group than in the low social support group, although both groups benefitted
from conducting more than 300 minutes of LTPA.
Finally, it was found that patients with HF were less likely to perform LTPA in comparison to those without HF. This indicates that in particular HF patients may have a need for
LTPA promotion interventions, especially in light of the fact that they benefit from LTPA
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just as much as the HF-free patients. There is evidence that preventive interventions targeting specifically the HF patient population, can be effective83. More research is necessary to
clarify the direction of causality, however, as there is also evidence that patients who are less
active are more likely to develop HF103.
There are a number of strengths in the current work. The results make an important
contribution to current knowledge about the relationship among LTPA and mortality risk
among post-MI patients. It replicates results regarding the survival benefits of PA performed
at leisure among patients with a history of MI, but using a more refined LTPA variable,
thereby contributing to more specific recommendations regarding LTPA promotion. It is
the first study exploring the moderating effects of HF status on this relationship. Since prognosis is low among HF patients80 this association is of particular importance. The inverse
association between LTPA performance and mortality risk was evaluated in models that
adjusted for a range of relevant variables, thereby increasing the confidence in the observed
effects.
There are also a number of limitations. Based on the results, it is unclear if certain characteristics of active patients, for example a better health status, can account for the observed
associations between LTPA and survival. Known mortality risk factors were adjusted for
in the statistical models, but it is still possible that factors beyond the scope of the current work can account for the findings. Moreover, the selection of HF patients was based
on hospitalization history and a NYHA III-IV class, rather than the Framingham criteria
for HF diagnosis104, which is a limitation of the distinction of HF patients in the post-MI
sample. Furthermore, the study sample may be selective, since patients who died before
index MI, as well as patients who died during index hospitalization, were not included. Finally, LTPA was self-reported, rather than assessed with objective measurement techniques
such as accelerometers, which may bias the results105. It is often difficult for economic and
pragmatic reasons to assess LTPA with accelerometers in prospective cohort studies, but
some studies have done this106-108, although notably with smaller sample sizes. Furthermore,
the self-report measure of LTPA provided information regarding duration of LTPA but not
on exercise intensity or about more specific modes of physical activity, and effects of LTPA
may be dependent on intensity and may be different for specific activities.
In conclusion, in a sample of post-MI Israeli patients, LTPA positively predicted reductions in mortality risk, irrespective of HF status, although HF patients were less likely to be
physically active than HF-free patients. There was some evidence that depression and social
support moderate the inverse relationship between LTPA and mortality risk, indicating that
more depressed patients and patients with less social support may already benefit from low
levels of LTPA. These findings have implications for LTPA promotion among patients with
a history of MI.
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Introduction
Five million Americans and 15 million Europeans are living with heart failure (HF)14 and
these numbers are increasing109. HF is associated with adverse outcomes, including high
mortality rates14, frequent hospitalizations110, impaired health status21 and increased caregiver burden1. In Western countries between 1–2% of total annual health care expenditure is
related to the care of HF patients. These costs are mainly the result of hospital admissions111.
Heart failure is usually irreversible, but can be managed with pharmacological and nonpharmacological treatment. The non-pharmacological treatment is targeted at increasing
patient self-care (sometimes referred to as self-management). Self-care refers to “performing
the daily activities that serve to maintain or restore health and well-being, prevent illness,
and manage chronic illness”112, 113. Self-care is sometimes conceptually divided into self-care
maintenance, i.e., the behaviors that aim to maintain physiological stability, and self-care
management, i.e., the behaviors that are performed as a response to symptoms114. Self-care
specifically refers to a number of behaviors, including dietary restrictions (sodium, fluid
and alcohol intake restriction), physical activity, monitoring signs and symptoms, consulting medical professionals and smoking cessation, which are recommended in the guidelines
of HF treatment published by the European Society of Cardiology (ESC) American College of Cardiology/American Heart Association (ACC/AHA) and Heart Failure Society of
America (HFSA)115. Patients’ level of engagement in self-care is suboptimal116 and therefore
effective interventions to promote HF self-care through education need to be devised23.
In order to plan effective interventions, it is imperative to understand which patients (do
not) engage in self-care and why this is the case. The current systematic literature review
aims to identify socio-demographic, psychosocial, health-related, care-related, cognitive
and behavioral presumed determinants of HF self-care, assess the evidence and provide
recommendations for interventions that promote self-care among HF patients. It should be
noted that medication adherence, although sometimes included in the range of HF self-care
behaviors, falls outside the scope of the current review.

Method
Search strategy
The following databases were searched on terms related to HF, self-care and the specific
self-care behaviors (Figure 3.1): Medline (using Pubmed), Embase (using Embase.com),
PsycInfo (using CSA Illumina) and Cinhal (using EBSCOhost). The search took place in
August 2010. Limits were set for full text but not on dates. In addition, bibliographies of
selected articles were searched.
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Pubmed: 4395
Embase: 2053
PsycINFO: 207
Cinahl: 734

Duplicates
removed

Initial search: 6683
Titles and abstracts scanned and
assessed for relevance
87 articles selected

Full-text articles
scanned

Articles with medication
adherence as the only
outcome variable removed
32 articles selected

Bibliographies of
selected articles
scanned: 0
identiﬁed
28 articles selected

Inclusion and
exclusion criteria

Quality assessment
conducted and
poor quality studies
removed

Figure 3.1: Flowchart depicting process of selection of studies for inclusion in the review

Inclusion and exclusion criteria
Studies were selected for inclusion if:
1. At least 50% of the sample consisted of HF patients.
2. One or more presumed determinants of HF self-care and/or a specific self-care
behavior(s) were (one of the) main outcomes.
3. Quantitative results were reported.
4. They were published in English.
Studies were excluded if:
1. They were review papers.
2. Evaluations of interventions were their main purpose.
3. The only self-care behavior they reported is medication adherence.

Article selection
First, two authors (ROC and AJB) scanned titles and abstracts separately and selected
articles for inclusion independently, based on the inclusion and exclusion criteria. They
discussed differences and reached consensus. If not enough information was included in the
title or abstract, then the study was taken to the next stage in the review process. In the next
stage, full text articles were scanned by the same two authors independently. They made
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selections for inclusion and discussed their selections. If there was lack of consensus, a third
author specialized in research methodology, was consulted (CT). If there was disagreement
about clinical aspects, a fourth author was consulted (TJ).

Quality assessment
To analyze the quality of the included studies, a quality checklist (Table 3.1) was developed
based on quality items described in a review of tools for quality assessment117 and based on a
review on the quality of prognostic studies in systematic reviews118. Two authors (ROC and AJB)
independently assessed the quality of each study and compared the scores they gave the studies
on each item in the checklist. A third author was contacted (CBT) in case of disagreement.
After reaching consensus, average scores were calculated per article. On each item in the quality
checklist, articles could score between 1 - 3 points. Therefore, studies could potentially score
between 17 – 51 points. Studies that received an average score of ≥ 2.5 were regarded as good
Table 3.1: Checklist of quality criteria used in the quality analysis of the articles
Methodological issue

Questions addressed

Theoretical background

1.	Is a theoretical background presented, to which the motivation for conducting the
study and/or the hypotheses are linked?

Study participation

2.	Is the study population clearly described in terms of age, gender, and important
HF characteristics?
3.	Is the percentage of eligible subjects who participated in the study (response rate)
adequate?

Sampling

4.	Are patients who participated in the study similar to eligible non-participants, in
terms of age, gender, and important disease characteristics?

Study attrition

5.	Is the percentage of subjects available for analysis adequate (i.e. >70%)?
6.	Were reasons for loss to follow-up presented and assessed during the study for
possible systematic attrition?

Determinant/correlate(s)
measurement

7.	Are clear definitions of each determinant and/or correlate provided?
8.	Are clear operationalizations of each determinant and/or correlate provided?
9.	Are the measurement instruments used for the measurement of the determinants
and correlates reliable and valid?
10.	Were the measurement approach, time and place of measurement of the
determinants and/or correlates standardized or conducted in a way that limits
systematically different measurement?

Outcome variable(s)
measurement

11.	Are clear definitions of each outcome variable provided?
12.	Are clear operationalizations of each outcome variable provided?
13.	Are the measurement instruments used for the measurement of the outcome
variable(s) reliable and valid?
14.	Were the measurement approach, time and place of measurement of the outcome
variable(s) standardized or conducted in a way that limits systematically different
measurement?

Statistical analyses

15.	Is the percentage of missing values adequate (i.e. <30%)?
16.	Were multivariable analyses performed? If yes, was it clearly described which
variables were included in the (multivariable) model(s)?

General question
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quality studies, those that received a score of < 2.5 were regarded as fair quality and those that
received an average score of below 2 were regarded as poor quality studies.

Extraction of data
The study characteristics (author, year, outcome variable(s), sample characteristics, presumed determinants and measurement instruments) and results (statistics reported in the
article) of the included studies were extracted by two authors (ROC and AJB) independently.
Differences were discussed and consensus was reached. In case of disagreement a third author was contacted (CT). Continuous rather than categorical statistics were extracted from
articles when both were reported. In case more articles reported on the same study sample,
associations presented in both articles were only extracted once. In case an article reported
on a subsample of a study population included in another article, only results from the full
study population were reported. However, all articles chosen for inclusion are presented in
the results table (Table 3.4) regardless of whether we report their results in the text.

Rating the levels of scientific evidence
A best evidence synthesis 119 120 was applied in order to synthesize the results of the studies, while taking the number of studies, the methodological quality of the studies, and the
consistency of the results into account. This rating system (Table 3.2) was based on levels of
evidence as described by review groups from the Cochrane Collaboration121. Results were
considered consistent when at least 75% of the studies demonstrated results in the same
direction, according to statistical significance of p<0.05 119, 120. We describe in the text only
results on relationships that were found in more than one study. However, all of the results
can be found in the results table (Table 3.4).
Table 3.2: Best evidence synthesis rating system used to combine the results of the studies
Level of evidence Consistent findings in multiple (≥2) high quality studies
Consistent findings in one high quality study and at least one fair quality
study or consistent findings in multiple fair quality studies

Strong evidence
Moderate evidence

Only one study available or inconsistent findings in multiple studies (≥2) Inconsistent evidence

Behavioral outcomes
All results on the following outcomes were extracted from the selected articles: general HF
self-care scores (composite scores including different self-care behaviors rather than focusing on a specific self-care behavior), self-care management (composite scores including
different behaviors related to management of symptoms), self-care maintenance (composite
scores including behaviors related to maintaining long-term physiologic stability), HF
dietary behaviors, PA, monitoring signs and symptoms, consulting medical professionals
and smoking cessation.
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Results
Twenty-six articles were included in the review. Eleven of the articles were rated as good
quality (Table 3.3), fifteen as fair quality (the articles are numbered according to quality
score in Tables 2 and 4; studies numbered 1-11 are rated as good quality29, 46, 122-130, those
numbered 12-26 are rated as fair quality36, 131-144. Four articles were excluded due to a low
quality score145-148.
Various HF self-care behavioral outcomes were reported in the literature. Results
(Table 3.4) on HF self-care (composite) scores were reported in thirteen articles. However,
different articles used different terms for ‘self-care’, including ‘self-care’128, 129, 135, 141, 144, ‘selfmanagement’ 46, 134, 140, ‘adherence’137, ‘compliance’29, 13136 and ‘self-care-specific behaviors’123.
In addition, eight articles reported results on self-care management124, 127, 132, 133, 135, 139, 142, 143
and ten on self-care maintenance124, 127, 132, 133135, 136, 138, 139, 142, 143.
The following specific HF self-care behavioral outcomes were reported: HF-related
dietary behaviors36, 123, 124 and in particular sodium29, 37, 130, fluid29, 37, 130 and alcohol intake
restriction37 36; PA29, 36, 37, 130; monitoring signs and symptoms46 and in particular daily
weighing29, 37, 126, 130; consulting medical professionals122 134 36; and smoking cessation36, 37.
One article measured substance use, including both alcohol intake restriction and smoking
cessation123.
Evidence for determinants of self-care maintenance sodium intake restriction and
consulting medical professionals, as well as for was found. First, the results demonstrate
that the longer ago patients were diagnosed the more they engaged in self-care maintenance
(moderate evidence). However, gender and cognition level were found unrelated to self-care
maintenance (moderate evidence).
Second, we found that perceived benefits and barriers are related to adhering to a low
sodium diet29, 126 (strong evidence). In the reviewed studies, perceived benefits and barriers
were measured with the Beliefs about Dietary Compliance sub-scale from the Heart Failure
Belief Scale. This includes items such as “eating a low salt diet will keep me healthy” and
“eating a low salt diet makes it hard to go to restaurants”126.
Third, type-D personality was found to be related to consulting medical professionals (which was operationalized differently in the different studies. Specifically, the results
demonstrate a relationship between not consulting medical professionals and having a typeD personality (moderate evidence). However, other potential determinants found in the
literature were found unrelated to consulting medical professionals. These are age36, 122, 134,
sex122, 134, educational level, LVEF and NYHA (moderate evidence)122, 134.
For most HF self-care behaviors most potential determinants were investigated in single
studies only. These include the self-care composite scores (although age46, 128 36, 129, 131, 134, 135,
gender46, 128, 129, 131, 140 (strong evidence) and time since diagnosis134, 140 (moderate evidence)
were found to be unrelated to self-care); HF dietary behavior36, 123, 124; fluid intake restric-
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2

2

2

3

3

3

16

3

I

I

I

3

3

3

17

1.8

1.9

1.9

1.9

2.1

2.1

2.1

Average score

Poor

Poor

Poor

Poor

Fair

Fair

Fair

Quality
judgment

* Quality scoring: For each item on the quality checklist studies were given a ‘yes’ (3 points), ‘no’ (0 points) or ‘don’t know’ (1 point). For items 3, 4, 5, 6, 9, 19 and 21 ‘don’t know’
received 1 point and ‘no’ 2 points.
**Some criteria were deemed irrelevant for some studies. These appear in the table as “I”.
***Articles assessed as “poor” were not included in the analysis of the evidence.

1

28) Chung146

3

1

26) Ni144

27) Artinian

1

25) Riegel143

145

3

24) Lee142

Articles ranked by quality
scores
1

Table 3.3: Quality scores per article based on the quality criteria in Table 3.1 (continued)
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NS
NS
NS
NS
NS
NS

Education
Symptom severity
Self-efficacy for selfmanagement
Age
Number of comorbid
illnesses
Sense of coherence

NS
NS
NS
NS
NS
NS
NS
OR 1.80 CI (1.03,
3.16)
OR 1.07 (CI 1.01,
1.14)

Male sex
Age
Having no partner
Low education
LVEF
NYHA class
Ischemic etiology
Type-D personality
Time since diagnosis

Inadequate
consultation behavior

NS

Gender

N=313; mean age 66;
71% male. From a
cardiology outpatient
unit.
(Minnesota Living with
HF Questionnaire and
EHFScBS)

β= 0.65, p<0.001

High baseline selfmanagement scores

2) Pelle
(2010), the
Netherlands122

β= -0.24, p=0.002

Sense of coherence

Self-management
β= -2.64, p=.028

N=63; mean age 78;
57% male. Hospitalized
for HF, had a hospital
admission in the
previous 4 weeks and/
or newly enrolled in
the hospital-based
HF support program.
(Partners in Health
Scale and questionnaire
about five key HF
symptoms developed
for the study)

1) Gallagher
(2010),
Australia46

Summary statistics

Comorbid conditions

Presumed determinants
Description of the
sample (measurement investigated
instrument)

Author,
year, place of
research

NS

NS

NS

NS

NS

NS

OR 9.18 CI 2.15, 39.3

NS

NS

NS

Symptom monitoring

Table 3.4: Results of the systematic literature review including characteristics and descriptions of the included studies, and extracted results in relation to self-care behavior
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N= 163; mean age 65;
95% male. Have been
hospitalized in the
past year (Cincinnati
Medical Center).
(compliance measure
developed by Sherborne
et al., 1992)

OR 0.41 CI (0.23,
0.76)

Barriers diet

4) Park (2008),
USA123

OR 2.23 CI (1.19,
4.17)

Lower educational level

NS

NS

β= -0.201, p<0.05

NS

NS

NS

Positive religious coping
NS

NS

Religious spiritual support β=0.179, p<0.05
Negative religious coping

NS

NS

β=0.249, p<0.05

NS

Substance use

HF specific behaviors HF-related diet

OR 3.15 CI (1.50,
6.59)

OR 2.67 CI (1.44,
4.93)

Fluid restriction

Religious commitment

OR 1.19 CI (1.11,
1.28)

Sodium restriction

Baseline level of
Adherence

Depressive symptoms

Knowledge

NS

Benefits medication

Compliance
OR 1.08 CI (1.01,
1.16)

N=50; mean age
72; 60% male.
Hospitalized for HF
and participating in
the Coordinating Study
Evaluating Outcomes
of Advising and
Counselling in HF
(Revised HFCQ).

3) van der Wal
(2006), the
Netherlands29

Summary statistics

Benefits diet

Presumed determinants
Description of the
sample (measurement investigated
instrument)

Author,
year, place of
research

OR 0.53 CI (0.35,
0.78)

OR 1.78 CI (1.18,
2.69)

Exercise

OR 5.67 CI (2.87,
11.19)

Daily weighing

Table 3.4: Results of the systematic literature review including characteristics and descriptions of the included studies, and extracted results in relation to self-care behavior (continued)
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7) van der Wal
(2007), the
Netherlands126

6) Schweitzer
(2007),
Australia37

NS

OR 1.17, CI (1.11,
1.23)

OR 0.91, CI( 0.88,
0.95)

NS

Depression

NS

OR 0.91, CI (0.87,
0.95)

NS

LVEF

NS

Daily weighing

NS

NYHA

NS

NS

Sodium restriction

NS

N=954; mean age 71;
62% male.
Barriers
Baseline data from the
COACH (Coordinating
Benefits
study evaluating
Outcomes of Advising
and Counselling in
Heart Failure). (Revised
HFCQ)

NS

Gender

NS

β= 0.27
p<.05

NS

NS

NS

NS

NS

NS

β= 0.25, p<.05

β= 0.42, p<0.001

β= 0.51
p<.001

NS

NS

Fluid restriction

NS

NS

Sodium restriction

β= 0.39, p=0.05

NS

Alcohol restriction

HF-related diet

Self-care
maintenance

Summary statistics

Age

N=115; mean age of 64;
71% male. Receiving
treatment through an
Self-efficacy
Australian hospital for
diagnosed HF patients.
Anxiety
(SCHFI and HFCQ)

5) Sayers (2008) N= 74; mean age 63;
USA 124
96% male. From the
cardiology clinic of the Emotional support
Philadelphia Veteran
Affairs Medical Center Instrumental support
Family involvement
and a university
affiliated cardiology
practice. (SCHFI)

Author,
year, place of
research

NS

NS

NS

NS

NS

NS

β= -0.27, p<0.01

NS

NS

NS

β= -0.29, p<0.05,
β= -0.23 p<0.05

NS

β=0.26, p<.05

NS

β= 0.38, p<.001

Daily weighing
β= 0.39, p<.001,

Smoking cessation

NS

NS

NS

β= -0.41, p<.001

PA

Table 3.4: Results of the systematic literature review including characteristics and descriptions of the included studies, and extracted results in relation to self-care behavior (continued)
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10) Rockwell
(2001), USA129

N= 209; mean age 73;
51% male.
Admitted to 1 of 6
hospitals in Southern
California.
(Self-Management of
HF Instrument)

NS
NS
NS
NS
NS
NS

Depression
Living with support
Comorbidity
NYHA class
<12 years of education

β= -0.14 p=0.02

Family status
β= 0.228, p=0.009
β= 0.182, p=0.046
NS
NS
NS
NS
NS
NS

Education level
Severity of symptoms
Gender
Socioeconomic status
Age
Social support
Comorbidity
Spirituality

Self-care

β= -0.14 p=0.001

Multimorbidity

β= -0.19, p=0.001

β= -0.19 p=0.001

β= 0.34, p= <0.001

Self-care behavior

NS

Cognitive impairment

N= 287; mean age 63;
74% male.
Age
From 3 outpatient
departments. (German Minor depression
LVEF
version EHFScBS).

NS

Gender

9) Holzapfel
(2009),
Germany128

β= 0.31, p=<0.01

Self-care
maintenance
Age

N=93; mean age 70;
71% male.
Referred to hospital
case-manager in 2
metropolitan health
networks in Victoria.
(SCHFI)

8) Cameron
(2010),
Australia127

Summary statistics

Experience

Presumed determinants
Description of the
sample (measurement investigated
instrument)

Author,
year, place of
research

Table 3.4: Results of the systematic literature review including characteristics and descriptions of the included studies, and extracted results in relation to self-care behavior (continued)
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Compliance

NS
NS
NS
NS

Transcendence
Age
Gender

NS

NS

Unifying
interconnectedness

12) Black (2006), N=95; mean age 72;
USA 131
63% male.
Spirituality
From outpatient HF
clinic and inpatient unit Purpose and meaning
in life
(HFCQ)
Inner resources
NS

NS

Knowledge

p<0.001

Exercise

Losing weight stage of
change

p<0.0001

Fluid restriction

Exercise stage of change

Fluid restriction stage of
change

p<0.0001

Fluid restriction stage of
change

Sodium restriction
p<0.001

N= 178; mean age 56;
62% male. Enrolled
in the heart failure
clinic and in the
clinical trials of the
Medical University
of South Carolina.
(A questionnaire
measuring self-care
behavior)

11) Sneed
(2003), USA130

Summary statistics

Sodium restriction stage
of change

Presumed determinants
Description of the
sample (measurement investigated
instrument)

Author,
year, place of
research

NS

p<0.001

p<0.001

Daily weighing

Table 3.4: Results of the systematic literature review including characteristics and descriptions of the included studies, and extracted results in relation to self-care behavior (continued)
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NS
NS
NS
NS
NS
NS
NS
NS

Gender
NYHA Class
Comorbidity
Living with support
<11 years of education
Employment
Cognitive impairment
Renal impairment

β= -0.33, p=0.02
NS

NS
NS
NS
NS
β= 0.33, p=0.03

NS
β= 0.34, p=0.02

Self-care self confidence
Comorbidity

β= 0.32, p=0.04

NS

β =0.51, p<0.01

NS

Self-care
management

Self-care
maintenance

NS

NS

NS

NS

NS

β= - 0.24, p=0.01

β= 0.25, p=0.00

Living with social support NS

Depression

NS

β= - 0.17, p=0.04

Depression

N=50; mean age 73;
76% male.
Referred to CHF health Age
network in Victoria.
Gender (male)
Have been recently
hospitalized. (SCHFI) Cognitive function

NS

β=0.19, p=0.03

Age

14) Cameron
(2009),
Australia133

β=0.20, p=0.02

β= 0.29, p=0.00

Experience

β= - 0.19, p=0.02

Self-care
management

N=143; mean age 72;
73% male.
Referred to case
manager from 2 health
networks in Victoria.
Have recently been
hospitalized. (SCHFI)

13) Cameron
(2010),
Australia132

Summary statistics

Self-care
maintenance

Presumed determinants
Description of the
sample (measurement investigated
instrument)

Author,
year, place of
research

Table 3.4: Results of the systematic literature review including characteristics and descriptions of the included studies, and extracted results in relation to self-care behavior (continued)
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NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

Age
Sex
Having no partner
Lower educational level
NYHA class III and IV
LVEF
Ischaemic etiology
Time since diagnosis
Using diuretics
Using ACEi’s

Self-management
NS

N=178; mean age 67;
79% male.
Outpatients
from a teaching
hospital in Tilburg,
pharmacologically
stable for a month.
(EHFScBS)

15) Schiffer
(2007), the
Netherlands134

Summary statistics

Type-D personality

Presumed determinants
Description of the
sample (measurement investigated
instrument)

Author,
year, place of
research

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

OR 2.67
CI (1.19, 6.00)

Lack of consultation
behavior

Table 3.4: Results of the systematic literature review including characteristics and descriptions of the included studies, and extracted results in relation to self-care behavior (continued)
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NS
NS
NS
NS
NS
NS

Diagnosis age
NYHA Classification
Physical limitations
Social limitations
Ejection fraction
Hospital admissions

NS

Social support

NS

NS

Family income

Shared care: reciprocity

NS

Occupational status

NS

NS

Education

Shared care:
communication

NS

Living situation

r= 0.65, p=0.000

NS

Residency

Shared care: decision
making

NS

Marital status

p=0.019

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

β= 0.600, p=0.004

NS

Self-care

Ejection fraction

Self-care
maintenance

NS

p=0.048

Race

N=75; mean age 71;
22% male.
From an outpatient
cardiology clinic
affiliated with a
Midwestern university
(SCHFI).

NS

r= 0.449 p=0.0002

Self-confidence

17) Sebern
(2009), USA136

NS

r= 0.269 p=0.030

Psychological status

NS

Self-care
management

N=65; mean age 59;
77% male.
Ambulatory care
patients treated in
an outpatient clinic.
(SCHFI)

16) SchnellHoehn (2009),
Canada135

Summary statistics

Self-care
maintenance

Presumed determinants
Description of the
sample (measurement investigated
instrument)

Author,
year, place of
research

Table 3.4: Results of the systematic literature review including characteristics and descriptions of the included studies, and extracted results in relation to self-care behavior (continued)
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N=82; mean age 54;
38% male. From an
outpatient clinic in Los Education
Angeles. (HFCQ)
Mental health

r= -0.38, p<0.01

19) Evangelista
(2001), USA36

r= -0.27, p<0.01

Threat to body image
r= -0.24, p<0.05

r= 0.29, p<0.01
r= 0.21, p<0.05
r= 0.26, p<0.05

Body image
Self-consistency
Self-ideal

adjusted r²= 0.057,
p=0.018
NS

r²=0.120 p=0.005
r²=0.172
p=0.017
NS
NS
NS
NS

Physical health
Neuroticism
Age
Race
Health satisfaction
Marital status

NS

r²=0.038 p=0.046

NS

NS

NS

NS

HF-related diet

Compliance

Moral-ethical-spiritual self r= 0.33, p<0.01

r= 0.28, p<0.01

Challenge to body
sensation

Challenge to self- concept r= 0.36, p<0.01

Threat to self-ideal

Threat to self- consistency r= -0.33, p<0.01

r= -0.35, p<0.01

Adherence
Threat to body sensation

N=97; mean age 62;
62% male.
From 2 clinics: One
was located in a rural/
suburban area and one
in a large urban innercity area.
(EHFScBS )

18) Thomas
(2007), USA137

Summary statistics

Threat to self-concept

Presumed determinants
Description of the
sample (measurement investigated
instrument)

Author,
year, place of
research

NS

NS

NS
NS

adjusted r²=0.204
p=0.000

NS

NS

NS

NS

NS

NS

Alcohol intake
restriction

NS

NS

NS

NS

r²=0.272 p=0.039
NS

NS

NS

NS

Smoking cessation

r²= 0.240 p=0.042

r²=0.209 p=0.000

NS

Physical activity

adjusted r²=0.076
p=0.007

NS

NS

NS

adjusted r²=0.176
p=0.002

NS

NS

NS

Keeping medical
appointments

Table 3.4: Results of the systematic literature review including characteristics and descriptions of the included studies, and extracted results in relation to self-care behavior (continued)
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N=41; mean age of
49; 63% male. From
2 outpatient settings
affiliated with a large
urban medical centre.
(SCHFI)

N cardiac patients= 82:
41 HF patients; mean
age of 61; 76% of the
patients were male.
From four general
hospitals in the
Netherlands.
(self- constructed scale
tailored for the disease)

21) Dickson
(2008), USA139

22) Joekes
(2007), the
Netherlands140

N=66; mean age 71;
44% male.
From a HF intervention Baseline self-care
program in 2 hospitals maintenance scores
in Southern California.
Comorbid illnesses
(SCHFI)
Age

20) Chriss
(2004), USA138

NS

NS

β= -0.246, p=0.01

β= 0.551, p<0.001

Self-care
maintenance

Summary statistics

β= 0.057, p<0.05

Self-management

r=-0.33, p=0.03

NS
NS
NS

Type of illness
Gender
Chest panic

Overprotection of partner NS

Self-efficacy

Physical functioning

Cognition

NS

NYHA class
Self-care
maintenance

NS

Functional status

Social support satisfaction NS

Education

Presumed determinants
Description of the
sample (measurement investigated
instrument)

Author,
year, place of
research

r= -0.43, p=0.02

Self-care
management

Table 3.4: Results of the systematic literature review including characteristics and descriptions of the included studies, and extracted results in relation to self-care behavior (continued)
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β= 8.905, p=<0.001
β= -1.904, p=<0.01
β= -3.805, p<0.001
β= -3.92, p<0.001
β= 2.278, p<0.05
NS
NS
NS

HF <= 2 months
NYHA class
Diastolic HF
Country
Married
Co-morbid category
HF etiology

Self-care
maintenance
β= 0.174, p<0.01

N= 2082; mean age
from all countries was
67; 63% male.
USA: 2 groups of
patients: Hispanic
patients enrolled during
hospitalization at two
community hospitals
and other patients
enrolled in outpatient
clinics or during
hospitalization.
Australia: 2 samples
from five states in
Australia with at least
one hospital admission.
Thailand: From tertiary
care settings and
secondary care settings
in Southern Thailand.
(SCHFI)

24) Lee (2009),
USA Australia,
Thailand142

NS

Self-care

Education: high school
or higher

N=139; mean age 69;
53% were male.
Newness of diagnosis
From six hospitals in
California and Ohio
(N=114)
recruited at the time of
hospitalization for HF
and (N=25) from an HF
clinic. (SMFH)

23) Carlson
(2001), USA141

Summary statistics

Age

Presumed determinants
Description of the
sample (measurement investigated
instrument)

Author,
year, place of
research

Table 3.4: Results of the systematic literature review including characteristics and descriptions of the included studies, and extracted results in relation to self-care behavior (continued)
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NS

NS
NS
NS
NS
NS
OR 0.98 (0.97, 0.99)
p<0.01
NS

Education less than high
school- education more
than high school
Experienced with
HF – Newly diagnosed
Functional class
NYHA class I – IV
II – IV
III – IV
Setting where enrolled
Age: younger-older
Gender
Few comorbidities- Many OR 0.68 (0.50, 0.93)
comorbidities
p<0.05

OR 12.75 (7.02,
23.15), p<.001

Country: MexicoThailand

NS

NS

NS

NS

OR 1.62 CI (1.15,
2.29) p<0.01

OR 1.75 CI (1.2, 2.46)
p<0.01

OR 1.99 CI (1.33,
2.98) <0.01

OR 1.63 CI (1.24,
2.12) p<.001

OR 0.67 CI (0.51,
0.88), p<0.01

NS

OR 5.54 (2.83, 10.85), OR 6.05 CI (3.73,
p<.001
9.80) p<0.001

OR 1.85 CI (1.12,
3.04) p<0.05

Self-care
maintenance

Country:
Australia – Thailand

Self-care
management
OR 11.10 (5.66,
21.78)

N= 2082; mean age;
male %: Australia 70;
33%, U.S. 60; 34%,
Thailand 65; 48%,
Mexico 72; 54%.
Patients from these
countries were from
inpatient and outpatient
settings. Two samples
from USA, two from
Australia, one from
Thailand and one from
Mexico.(SCHFI)

25) Riegel
(2009),
Australia, USA,
Thailand and
Mexico143

Summary statistics

Country: U.S. – Thailand

Presumed determinants
Description of the
sample (measurement investigated
instrument)

Author,
year, place of
research

Table 3.4: Results of the systematic literature review including characteristics and descriptions of the included studies, and extracted results in relation to self-care behavior (continued)
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OR= odds ratio
NS= not significant at p<0.05

N= 113; mean age 51;
74% male.
From a HF outcomes
research project at
an academic medical
centre.
(A questionnaire
measuring self-care)

26) Ni (1999),
USA144
β= 1.30, p=0.03

Self-care

Summary statistics

Self-care knowledge

NS

Hospitalization during the NS
past year

Patients’ self-confidence to β= 0.50, p=0.05
maintain health status

Specialty of referring
β= 1.32, p=0.05
physician (cardiologist vs.
non-cardiologist)

Marital status

Presumed determinants
Description of the
sample (measurement investigated
instrument)

Author,
year, place of
research

Table 3.4: Results of the systematic literature review including characteristics and descriptions of the included studies, and extracted results in relation to self-care behavior (continued)
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tion29, 37, 130; alcohol restriction36, 123, 125 (although it was found that patients’ age was unrelated
to their alcohol intake restriction36, 124 (moderate evidence)), PA29, 36, 37, 130 (although age
was found unrelated to PA level36, 37 (moderate evidence)), monitoring signs and symptoms29, 37, 46, 126, 130 and smoking cessation36, 125. Therefore, for these behaviors no consistent
evidence for potential determinants was found.

Discussion
The current work is the first to systematically review presumed determinants of HF self-care
employing a quality analysis and a best evidence synthesis. As such, it is the most comprehensive summary of findings on this topic. By reviewing the evidence from the twenty-six
articles available to date of at least fair quality about HF self-care, (including self-care maintenance, self-care management and the specific HF self-care behaviors), we cover potential
determinants for the full range of behaviors that HF patients need to perform to adequately
care for themselves.
The available research indicated that being diagnosed with HF for a longer time is related to self-care maintenance. Self-care maintenance relates to the long-term performance
of self-care behaviors to maintain physiologic stability. Experience with self-care behaviors
may be a facilitating factor to maintaining these behaviors over the long term, since these
behaviors may be learned and practiced through time. This result is in line with the components of naturalistic decision-making framework, which specifies experience (as measured
in the studies identified in the current review as time since diagnosis) as one of the core
influences when making decisions, including those about self-care114. Since experience was
found to be related to self-care maintenance, it may be advisable that interventions facilitate
patients’ gaining of experience in a shorter time-span, by teaching skills and providing the
support needed to practice them.
The available evidence also indicated that patients’ beliefs about sodium are related to
their level of sodium intake. Specifically, it appears that the more benefits patients perceive,
the more likely they are to restrict their sodium intake and the more barriers they perceive,
the less likely they are to do so. This finding is in line with important health behavior theories, such as social cognitive theory149 and the health belief model51, that place emphasis
on the importance of cognitions related to a health behavior in predicting the likelihood
of performing that behavior. In particular, evidence exists for effects of various cognitive
variables (e.g. awareness of one’s behavior) on healthy dietary behaviors, including sodium,
saturated fat and energy intake levels, among others150.
In both of the articles from which these results were extracted29, 126, adherence to the
sodium intake recommendations was measured with the Revised HF Compliance Questionnaire (HFCQ). Perceived benefits and barriers were measured with the HF Belief Scale.
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Future studies may consider replicating the findings using objective measures of sodium
intake, to establish whether objective measures also yield the same results.
It is advisable that interventions that aim to promote sodium intake do so by targeting
patients’ specific perceived benefits and barriers. HFSA recommends that patient education
on HF self-care should start by assessing each patient’s barriers for self-care151 then, education can be provided for each patient’s identified perceived benefits and barriers152. This
may include providing patients with strategies to overcome the barriers they perceive and
reinforcing the benefits they perceive. In the current review we only found evidence for the
effects of barriers on sodium restriction and therefore it is unclear whether barriers need to
be assessed for all self-care behaviors or only sodium restriction. More research on barriers
to self-care is needed to establish this.
A further finding is that patients with a type-D personality appear to be less likely to
consult medical professionals. People with a type-D personality have high levels of negative affectivity and social inhibition153. It is possible that these personality dimensions lead
HF patients to be less willing to consult medical professionals, but further research should
empirically clarify why this is the case.
All other evidence regarding potential determinants of HF management behaviors reviewed was rated as inconsistent, often due to too few studies investigating the same potential
determinants and rarely because of conflicting evidence. Many psychological variables were
significantly associated with self-care behaviors in single studies. Some examples include
relationships between knowledge and monitoring signs and symptoms29, self-efficacy and
smoking cessation125 and stage of change and fluid restriction130. Studies aimed to reproduce existing findings on psychological determinants of HF self-care behaviors are thus
warranted. Fewer studies have focused on potential social-environmental determinants,
although studies were found that investigated the relationship between emotional support
and keeping a HF-related diet124 and marital status and smoking cessation36, for instance.
Previous, non-systematic, literature reviews on HF self-care behavior10, discuss various factors, including, for instance, socio-economic factors such as socio-economic status, health
care system-related factors such as communication with providers and condition-related
factors such as symptoms. In the current review it is apparent that there is insufficient
evidence for these potential determinants and that they need to be further investigated to
elucidate their effects.
Most studies on potential determinants of self-care behaviors were not guided or informed by comprehensive behavioral theories. This could be the reason that a variety of
potential determinants were investigated in single studies, and that some potential determinants that are included in behavioral theories have not been studied at all. Our review
thus shows that there is an eminent need for better designed and theory informed research
to provide a more complete overview of determinants of engaging in self-care among HF
patients. According to the social-ecological models of health behavior, individual as well as
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social and other environmental factors are important determinants of health behaviors154,
and future research should focus on such individual as well as environmental correlates and
predictors of HF self-care.
The current review focused on the self-care behaviors that are recommended by the
guidelines of the ESC, ACC/AHA and HFSA. It should, however, be noted that not all of
these behavior have the same level of evidence. The ESC, for instance, describes a level of
evidence of each recommendation and distinguishes between 3 classes of recommendations, thereby clarifying the extent to which each behavior can improve clinical and patient
outcomes. Studies are still being conducted to establish efficacy of each of the recommended
behaviors in influencing outcomes. A recent study34 demonstrates that out of the various
behaviors related to non-pharmacological treatment, PA is the only specific self-care
behavior that affects readmission rates. Therefore, not all behaviors have the same effects
on outcomes. This must be considered when planning interventions which target patients’
behavior. Unfortunately, the number of studies does not necessarily correspond with the
relative importance of the various behaviors in achieving clinical and patient outcomes.
There are a few of limitations in the current work. First, due to possible publication bias,
whereby studies that have significant results are more likely to get published155 the findings
should be interpreted with caution. Another limitation stems from the fact that results from
association and prediction models were synthesized. A presumed determinant from a prediction model is different than the same presumed determinant in an association model because its function in the model is different and therefore (non-) significant results may have
a different meaning. Results from univariate and multivariate models were also synthesized,
causing a similar potential problem. Moreover, when extracting the results from studies, it
was unclear in some cases which variables were tested or included in models. We report and
assessed the results that were directly addressed in the articles, however, the results may be
confounded by variables that were not taken into account in the current review.
Based on the results of the current review, we can conclude: 1) that interventions may
facilitate gaining experience with performing self-care maintenance behaviors; 2) that
patients’ perceived benefits and barriers should be addressed in interventions that target the
promotion of sodium intake restriction; and 3) that since patients with a type-D personality
may be specifically prone to not consult medical professionals when needed, interventions
can address specifically this sub-group of patients. More systematic, high quality and behavioral theory-driven research is needed to provide further directions for future HF self-care
promotion interventions.
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Abstract
Introduction: A systematic literature review was conducted to summarize the existing
evidence on presumed determinants of heart failure (HF) medication adherence. The aim
was to assess the evidence and provide directions for future medication adherence interventions for HF patients. Methods and results: Based on a search in relevant databases and a
quality assessment, eleven articles were included in the review. A best evidence synthesis
was used to combine the results of presumed determinants that were found more than once
in the literature. Results were classified according the World Health Organization’s (WHO)
multidimensional adherence model. Results showed that having been institutionalized in
the past (including hospitalizations and nursing home visits) was related to higher adherence levels. This finding is related to the healthcare system dimension of the WHO model.
The presumed determinants related to other dimensions, such as social and economic,
condition-related, therapy-related, and patient-related dimensions of the multidimensional
adherence model all had inconsistent evidence. There was also an indication that patients’
educational level and the number of healthcare professionals they have visited are not related to higher adherence levels. Conclusions: Based on the current review, HF patients that
have been institutionalized in the past are more adherent to HF medication. Many other
presumed determinants were investigated, but displayed inconsistent evidence. Due to the
lack of evidence, it was not possible to make recommendations for future interventions.
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Introduction
Heart failure (HF) is a chronic cardiac condition prevalent especially among the elderly,
characterized by high mortality and hospitalization rates110. The European Society of Cardiology156, American College of Cardiology/American Heart Association157 and Heart
Failure Society of America151 guidelines for HF treatment specify pharmacological and
non-pharmacological treatment strategies. The objectives of pharmacological treatment in
HF include the reduction of mortality and morbidity and prevention of further worsening
of the condition156.
Adherence to medication is defined as the extent to which patients take medications
they have been prescribed 158. Non-adherence to medication is pervasive among patients
of chronic diseases, although there is no standard as to what constitutes adequate adherence158. A meta-analysis of 569 studies on patient adherence to medication reveals that the
rate of non-adherence is on average 24.8% in the general patient population159. Among HF
patients, the rates of adherence reported in studies vary between 10%-98%, depending on
the measurement instruments used160. Non-adherence to HF medications is related to poor
outcomes and high healthcare costs161.
Adherence to medication can be promoted through various interventions. A recent
study that measured healthcare professionals’ strategies to promote medication adherence showed that educational/cognitive interventions were the most common followed by
counseling/behavioral interventions162. In order to devise effective tailored and targeted interventions, it is important to determine which factors are associated with, and may reduce
levels of, non-adherence. The World Health Organization (WHO) defines five dimensions
of adherence163. These are social and economic factors, healthcare system-related factors,
condition-related factors, therapy-related factors, and patient-related factors.
A best evidence synthesis is a method of synthesizing evidence used in literature reviews, in which the best available evidence is utilized to produce and defend conclusions164.
A possible conclusion to be reached as a result of performing best evidence synthesis may
be that the available evidence does not allow reaching conclusions. Performing this method
of best evidence synthesis includes assessing the internal and external validity of studies
and weighing the evidence based on the studies’ scientific rigor. Before performing the best
evidence synthesis, criteria for rating the levels of evidence should be defined. These can
be derived from previous literature164. In order to summarize the available evidence and
reach conclusions about the levels of evidence, we relied on the principles of a best evidence
synthesis.
The aim of the current systematic literature review is to assess the level of evidence for
presumed determinants of medication adherence and make recommendations for future
interventions to increase adherence levels. This is the first review to systematically assess
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the evidence for determinants of HF medication adherence, using a methodological quality
assessment121 and a best evidence synthesis119, 120, 164.

Method
The study selection process included four steps: a search in the electronic databases, scanning
of titles and abstracts to select relevant articles, scanning the full text articles and applying
inclusion and exclusion criteria to select eligible articles, and conducting a methodological
quality assessment to remove poor quality studies.

Search of literature in electronic databases
The literature search was conducted in five electronic databases (Figure 4.1) in August 2010.
Limits were set on full text but not on dates. The search included titles on HF behaviors
associated with both pharmacological (medication adherence) and non- pharmacological
(lifestyle) recommendations. The results on the HF self-care behaviors other than medication adherence have been reported elsewhere165.

Figure 4.1: Flowchart depicting the process of article selection for inclusion in the review
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Review of titles, abstracts and full text articles
In the second step of the article selection process, two authors (ROC and AJvB) independently scanned the titles and abstracts generated by the search. The two authors then made
decisions about inclusion based on the relevance of the articles to the topic of the review,
compared their decisions and reached consensus. If there was lack of consensus, a third
author was consulted (CBT).
Next, an inclusion and exclusion criteria list was devised, so that it can be used to select
eligible studies in the next step of the study selection process. Studies were selected if they
met the following inclusion criteria (IC):
1. At least 50% of the sample consisted of HF patients.
2. One or more presumed determinants of medication adherence were investigated
3. Medication adherence was (one of the) main outcomes.
4. Quantitative results were reported.
5. They were published in English.
Studies were excluded if they met the following exclusion criteria (EC):
1. They were review papers.
2. They were evaluations of interventions were their main purpose.
3. They were descriptive studies.
In the third step of the article selection process, the two authors scanned the full texts of
the articles, independently selected articles for inclusion in the review based on the criteria,
and compared their selections. If there was lack of consensus on methodological issues, a
third author was consulted (CBT). If there was disagreement about clinical aspects, a fourth
author was consulted (TJ).

Methodological quality assessment
A checklist that was devised (Table 4.1) based on the Quality in Prognosis Studies (QUIPS)
tool, designed for systematic reviews of prognostic studies through international expert
consensus121. The QUIPS tool contains six categories assessing (1) bias due to patient selection, (2) attrition, (3) measurement of prognostic factors, (4) outcome measurement, (5)
confounding on statistical analysis, and (6) confounding on presentation. To strengthen the
discriminative capacity of the checklist, the description of each category was transformed
into a set of individual questions that were scored separately.
In the fourth step of the article selection process, the two authors independently assessed the quality of each study and compared their results. Specifically, a quality score of
1-3 was provided for all items on the quality checklist (Table 4.1), for each study separately.
If there was lack of consensus, a third author was consulted (CBT). After consensus was
reached, an average quality score (range 1-3) was computed for each study. Studies that
received an average quality score of between 2.5 and 3.0 were regarded as good quality
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Table 4.1: Checklist of quality criteria used in the quality assessment
Methodological
issue

Questions addressed

Scoring

Theoretical
background

1.	Is a theoretical background presented, to which the motivation for
conducting the study and/or the hypotheses are linked?

Y=3, NR=2, N=1

Study participation

2.	Is the study population clearly described in terms of age, gender, and
important HF characteristics?

Y=3, NR=2, N=1

3.	Is the percentage of eligible subjects who participated in the study
(response rate) adequate?

Y=3, NR=1, N=2

Sampling

4.	Are patients who participated in the study similar to eligible
non-participants, in terms of age, gender, and important disease
characteristics?

Y=3, NR=1, N=2

Study attrition

5.	Is the percentage of subjects available for analysis adequate
(i.e. >70%)?

Y=3, NR=1, N=2

Determinant/
correlate(s)
measurement

6.	Were reasons for loss to follow-up presented and assessed during the
study for possible systematic attrition?

Y=3, NR=1, N=2

7.	Are clear definitions of each determinant and/or correlate provided?

Y=3, NR=2, N=1

8.	Are clear operationalizations of each determinant and/or correlate
provided?

Y=3, NR=2, N=1

9.	Are the measurement instruments used for the measurement of the
determinants and correlates reliable and valid?

Y=3, NR=1, N=2

10.	Were the measurement approach, time and place of measurement of
the determinants and/or correlates standardized or conducted in a
way that limits systematically different measurement?
Outcome variable(s)
measurement

Statistical analyses

General question

11.	Are clear definitions of each outcome variable provided?
12.	Are clear operationalizations of each outcome variable provided?

Y=3, NR=2, N=1
Y=3, NR=2, N=1
Y=3, NR=2, N=1

13.	Are the measurement instruments used for the measurement of the
outcome variable(s) reliable and valid?

Y=3, NR=2, N=1

14.	Were the measurement approach, time and place of measurement
of the outcome variable(s) standardized or conducted in a way that
limits systematically different measurement?

Y=3, NR=2, N=1

15.	Is the percentage of missing values adequate (i.e. <30%)?

Y=3, NR=1, N=2

16.	Were multivariable analyses performed? If yes, was it clearly
described which variables were included in the (multivariable)
model(s)?

Y=3, NR=1, N=2

17.	Were there any other important flaws in the design or analyses of the Y=3, NR=2, N=1
study?

* Y= Yes, N= No, NR= Not Reported

studies; those that received an average score between 2.0 and 2.4 or less were regarded as fair
quality studies; and those that received an average score of below 2.0 were regarded as poor
quality studies. In the current review, only studies of at least fair quality (i.e. with an average
quality score ≥ 2.0) are included in the analysis. Since seven studies had an average quality
score lower than 2.0, eleven studies were included and taken to the next step in the review
process, and seven studies were excluded145, 147, 166-170.
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Extraction of data
After the study selection process, data was extracted from the selected articles. Two authors
(ROC and AJvB) independently extracted the study characteristics (author, year, outcome
variable(s), sample characteristics, presumed determinants, measurement instruments, and
significant results (statistical figures that were reported in the article), of studies selected
for inclusion. Differences were discussed and consensus was reached. In case of disagreement a third author was contacted (CBT). Continuous rather than categorical statistics were
extracted from articles when both were reported.

Rating the levels of scientific evidence
To synthesize the results, the principles of best evidence synthesis119, 120, 164 were applied.
Specifically, information was incorporated on the number of studies, the methodological
quality of the studies, and the consistency of the results. This rating system is based on levels
of evidence as described by review groups from the Cochrane Collaboration121. Results were
considered consistent when at least 75% of the studies demonstrated results in the same
direction, according to statistical significance of p<0.05.
In the results section, only the results on presumed determinants that were investigated
in more than one of the included studies are discussed, since, according to the best evidence
synthesis, only the evidence regarding determinants which were investigated more than
once can be synthesized. However, the results that were found in single studies are displayed
in Table 4.3. The results section is organized according to the WHO multidimensional
adherence model163. In addition, results are depicted in so-called Harvest plots171 in order
to provide a visual overview of the number and quality of the studies that showed negative,
no or a positive association of the determinant with medication adherence. Moreover, these
results are stratified by measurement technique of the outcome variable.

Results
Selected studies
As previously described, a number of steps led to the final selection of studies included in
the review. The titles and abstracts of 6683 articles were scanned and assessed for relevance,
leading to a selection of 87 articles (Figure 4.1). These articles’ full texts’ were scanned, and
the inclusion and exclusion criteria were applied. This step led to a selection of eighteen
studies eligible for inclusion, or 20.7% of the 87 articles from the previous step, From the 69
excluded studies, 26 (37.1%) had HF self-care behaviors other than medication adherence
(including self-care management, self-care maintenance, sodium, alcohol and fluid intake
restriction, physical activity, monitoring signs and symptoms, keeping follow-up appointments) as their outcome, which were also included in a previous review 165, but excluded in
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the current review. These studies were regarded as not meeting inclusion criterion (IC) 3,
described above. Nineteen additional studies did not meet IC 3, and therefore 45 out of 69
(65.2%) studies in total did not meet IC 3. The other 24 out of the 69 excluded studies were
excluded for the following reasons: Four articles did not meet inclusion criterion (IC) 1,
three did not meet IC 2, and five did not meet IC 5. Moreover, two articles were excluded because they met exclusion criterion (EC) 1, three met EC 2 and seven met EC 3 (Figure 4.1).
The next step in the study selection process included an assessment of the studies’ methodological quality. This step led to an exclusion of seven out of eighteen studies (38.8%), due
to being having a poor methodological quality according to the quality assessment. There
were a few pervasive methodological issues. Only one145 out of the seven excluded studies
(14.2%) had a theoretical background. Only in one167 of the excluded studies the number
of reasons for loss to follow-up were reported. In only one170 of the excluded studies the
potential determinants were defined, while for one of the excluded studies this criterion
was deemed irrelevant (16.6%). Finally, in only one169 of the excluded studies the number of
missing values in the data were reported.

Description and quality of the studies/data
In most124, 125, 172-176 included studies (seven out of the nine studies for which this criterion
was deemed relevant, 77.7%), the presumed determinants were clearly defined. The outcome
variable was operationalized in all included studies. Multivariate analyses were performed
in all but one174 of the included studies.
Six out of eleven (55%) included studies were rated good quality172-175 and five as fair
quality studies176-179 based on their average quality score (Table 4.2). The main limitation of
fair quality studies were lack of theoretical background and no reporting of missing values
in the data.
Seven of the included studies were conducted in the US172, 173, 176-178, two were conducted
in Australia174, one in the UK175 and one included samples from 25 countries179 (Table 4.3).
All included studies reported on different samples (32 samples in total). Different methods
were used to measure adherence in the different studies, including medication possession
ratio (MPR), medication event monitoring system (MEMS), interviews with patients and
questionnaires (Table 4.3). All included studies had demographic characteristics as presumed determinants, and most articles125, 172, 173, 177-180 included variables related to healthcare
use, patients’ medical condition and aspects of the prescribed medication as potential
determinants.
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2. B= -1.23, p < 0.05
3. B= 0.045, p < 0.05
4. B= 0.132, p < 0.001
5. B= -0.099, p < 0.0001
6. B= -0.159, p < 0.005
7. B= -0.072, p < 0.05
8. B= 0.110, p < 0.0005
9. B= 0.126, p < 0.0001
10. B= 0.048, p < 0.05

1. Sex (male)
2. Chronic disease score
3. Systolic proxy diagnosis
4. Outpatient visits
5. New user
6. Renal insufficiency
7.Enalapril
8. Lisinopril
9. Switched medication

Dosing: Mean milligrams dispensed
per day = the mg per tablet (or capsule)
multiplied by the quantity of medication
dispensed, divided by the days’ supply as
indicated by pharmacist. Mean milligram
dispensed per day was added across
prescriptions and divided by the total
number of prescriptions, leading to a
mean dispensed dose per prescription.
Mean percentage of an adequate daily
dose dispensed was calculated as the mean
milligrams dispensed per day divided by the
adequate daily dose for the medication.

Continuation of therapy: Termination date
minus the date of the index prescription

MPR: supply of ACEi/number of days
between the first claim and ACEi during the
post period and the end of the post period.

Continuation of therapy:
1. β =0.56, p < 0.005
2. β =0.46, p < 0.0001
3. β =2.70, p < 0.0001
4. β =2.16, p< 0.001
5. β =1.85, p = 0.05

Continuation of therapy
1. Sex (male)
2. Outpatient visits
3. New user
4. Renal insufficiency
5. ACE inhibitor Enalapvil

12. Other ACE inhibiter medication

11. Prior myocardial infarction

Presumed determinants for which a non-significant (NS) relationship
with medication adherence was found:

10. Antihyperlipidemic agents

MPR:
1. B= 0.047, p < 0.05

MPR:

Medication compliance, measured by
medication possession ratio (MPR),
continuation of therapy and dosing, were
calculated based on medical and pharmacy
claims data from a database containing
information on more than 1.1 million
Americans belonging to numerous health
plans.

1. Roe (1999)172
USA
N = 869
Age = 60
Men = 51%

Results

Determinants found significant

Number, Name of Author,
Type of medication adherence and
date, country, N, Age and Sex measurement tools

Table 4.3 Characteristics, methods and results of the included studies
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6. β = 0.25, p < 0.005
7. β =0.76, p < 0.05

6. Switched medication
7. Digitalis

Dosing:
1. B= 0.159, p < 0.01
2. B= -0.196, p < 0.0005
3. B= 0.284, p < 0.0005
4. B= 0.504, p < 0.0001
5. B= 0.767, p < 0.0001
6. B= 0.463, p < 0.0001
7. B= 0.265, p< 0.0005
8. B= 0.133, p < 0.05

Dosing:
1. Outpatient visits
2. New user
3. Enalapril
4. Lisinopril
5. Other medication
6. Switched medication
7. Other hypertensive agents
8. Beta blockers

10. Other cardiovascular drugs

9. Other ACE inhibiter

8. Lisinopril

Presumed determinants for which a NS relationship with medication
adherence was found:

Results

Determinants found significant

Table 4.3 Characteristics, methods and results of the included studies (continued)
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11. β=-4.79 (SE0.422)
12. β=-1.19 (SE 0.314)
13. β= -6.23 (SE 0.337)
14. β= -4.94 (SE 0.385)
15. β= 2.59, (SE 0.285)
16. β= -1.65, (SE 0.289)
17. β= -2.75 (SE 0.174)
18. β=-0.06 (SE0.004)

11. Arkansas
12. Men
13. Black race
14. Other/unknown race
15. CHF-related hospitalization in 1998
16. Non-CHF related hospitalization in 1998
17. High Chronic Disease and Disability Payment System scores
18. Percentage of generic
CHF drugs

10. β =2.58 (SE 0.411)

10. Disabled

6. β = 5.27 (SE 0.644)

6. Age >85 y

Persistence: The number of days of
continuous use of CHF medications per
month.

9. β= 1.72 (SE 0.388)

5. β= 4.45 (SE 0.563)

5. Age 75-84y

8. β = 4.75 (SE 0.310)

4. β =2.14 (SE 0.489)

4. Age 65-74y

9. Dually eligible

3. β =1.97 (SE 0.400)

3. New Jersey

MPR: the number of days a patient was
supplied with more than one CHF drug
in relation to the patient’s first and last
prescription dates.

7. β = 5.42 (SE0.307)

2. β = -4.79 (SE 0.422)

2. Indiana

8. Comorbid diabetes mellitus

1. β = 1.51 (SE 0.433)

1. Arkansas

7. Comorbid coronary artery disease

MPR:

Determinants of medication possession ratio:

MPR and persistence were used to measure
adherence to therapy. Data extracted from
Medicaid files.

2. Bagchi (2007)173
USA
N = 45572
Age = unknown
Men = 28%

Results

Determinants found significant

Number, Name of Author,
Type of medication adherence and
date, country, N, Age and Sex measurement tools

Table 4.3 Characteristics, methods and results of the included studies (continued)
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date, country, N, Age and Sex measurement tools
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Persistentce:
1. β=0.55 (SE0.130)
2. β=0.52 (SE0.120)
3. β= -1.08 (SE 0.127)
4. β= 0.63 (SE 0.147)
5. β=1.24 (SE 0.169)
6. β=1.65 (SE 0.193)
7. β=0.45 (SE 0.116)
8. β=0.63 (SE 0.123)
9. β=1.26 (SE 0.092)
10. β= 1.12 (SE 0.093)
11. β=0.90 (SE0.086)
12. β = -0.28 (SE 0.086)
13.β= -1.50 (SE 0.101)
14. β= -1.28 (SE 0.116)
15. β=-0.28 (SE 0.087)
16. β=-0.72 (SE 0.052)
17. β=-0.02 (SE 0.001)

Determinants of persistence:
1. Indiana
2. New Jersey
3. Arkansas
4. Age 65-74
5. Age75-84
6. Age >85
7. Dually eligible
8. Disabled
9. Comorbid coronary artery disease
10. Comorbid diabetes mellitus
11. CHF-related hospitalization in 1998
12. Non-CHF related hospitalization in 1998
13. Black Race
14. Other/unknown race
15. Non-CHF-related hospitalization
16. Chronic Disease Payment System risk score
17. Percentage of generic CHF drugs

All p < 0.01, reference groups
for state: California

Results

Determinants found significant

Table 4.3 Characteristics, methods and results of the included studies (continued)
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t= -2.16, p<0.05
r= -0.33, p<0.05

r= -0.42, p<0.05

3.
4.

4. Men were more likely to be careless about taking medications

5. Total compliance scores (including the four compliance behaviors) 5.
were related to beliefs about medication compliance (including both of
the scales about perceived benefits and barriers)
6.

3. Being careless about taking medication was related to perceiving
barriers to dietary compliance

15. Self-regulation

14. Avoidant coping

13. Instrumental support seeking

12. Preventative coping

11. Strategic planning

10. Reflective coping

9. Proactive coping

8. Number of risk factors

7. Number of medications

Presumed determinants for which a NS relationship with medication
adherence was found:

6. Total compliance scores were related to the perceived barriers scale
(but not the perceived benefit scale) when the scales were assessed
separately

r=-0.31, p<0.05

2.

2. Being careless about taking medication was related to depression

r= -0.35, p<0.05

r=-0.43, p<0.05

Results

1. Not complying when feeling worse as a result taking medication was 1.
related to number of comorbidities

Stopping to take medications as a result of feeling worse:

3. Cholowski (2007)174
Australia
N = 54
Age = 72
Men = 61%

Medication compliance was measured with a
semi-structured interview. Four compliance
behaviors were measured: forgetting to take
medication, being careless about taking
medication, stopping to take medication
when feeling better, stopping to take
medications because of feeling worse as a
result of taking it.

Determinants found significant

Number, Name of Author,
Type of medication adherence and
date, country, N, Age and Sex measurement tools
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ACE activity measured with serum from
clotted blood.

A four-item questionnaire

4. Molloy (2009)175 UK
N = 147
Age = 80
Men = 57%

5. Sayers (2008) 124
USA
N = 163
Age = 63
Men = 96%

Number, Name of Author,
Type of medication adherence and
date, country, N, Age and Sex measurement tools

3. Family involvement

2. Instrumental support

Presumed determinants for which a NS relationship with medication
adherence was found:

1. Emotional support

8. Time-line acute/chronic

Presumed determinants for which a NS relationship with medication
adherence was found:

7. That the illness has symptoms

6. That it will make them emotionally distressed

5. That the illness makes sense

4. That treatments will be effective

3. The personal control patients have over their condition

2. The consequences of the condition

1. Length of the condition and the cyclical nature of it

Illness beliefs about the following topics:

18. Age

17. Beliefs about dietary compliance

16. Benefits to medication compliance

Determinants found significant

Table 4.3 Characteristics, methods and results of the included studies (continued)

β= -0.41, p<0.05

These determinants were
found to be significantly
related to adherence at
p= 0.10. We only regard
significant relationships as
those with a p value < 0.05.

Results
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6. Schweitzer (2007)37
Australia
N = 115
Age = 64
Male = 71%

Determinants found significant
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7. Self-efficacy

6. Anxiety

5. Depression

4. LVEF

3. NYHA

2. Gender

1. Age

The Heart Failure Compliance Questionnaire Presumed determinants for which a NS relationship with medication
adherence was found:

Number, Name of Author,
Type of medication adherence and
date, country, N, Age and Sex measurement tools
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Dose count:

1. Treatment-related barriers
2. Socio economic
3. Perceived social support

The measurement tool used was a
medication monitoring system (MEMS):
an unobtrusive microelectronic monitoring
device in the caps of medication bottles.
With this system, medication adherence was
indicated with:

1. Dose count: the % of prescribed doses
taken

2. Dose days: the % of days that right
number of doses were taken

3. Dose time: the % of doses that were taken
on schedule.

7. Wu (2008)176
USA
N = 134
Age = 61
Men = 70%

13. Patient-provider relationship

12. Medication frequency

11. Number of pills taken per day

10. Depression

9. Comorbidity

8. NYHA

7. Knowledge

6. Attitudes

5. Age

4. Gender

Presumed determinants for which a NS relationship with medication
adherence was found:

Determinants found significant

Number, Name of Author,
Type of medication adherence and
date, country, N, Age and Sex measurement tools

Table 4.3 Characteristics, methods and results of the included studies (continued)

3. β= -0.241, p=0.014.

2. β= -0.208, p=0.025

1. β= 0.352, p<0.001

Dose count:

Results
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Number, Name of Author,
Type of medication adherence and
date, country, N, Age and Sex measurement tools
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1. β=0.181, p=0.049
2. β=0.349, p<0.001
3. β=0.208, p=0.036
4. β= - 0.221, p=0.026

2. Barriers
3. Financial status
4. Perceived social support

17. Perceived social support

16. Financial status

15. Educational level

14. Ethnicity

13. Patient-provider relationship

12. Medication frequency

11. Number of pills taken per day

10. Depression

9. Comorbidity

8. Knowledge

7. Attitudes

6. Age

5. Gender

Presumed determinants for which a NS relationship with medication
adherence was found:

Dose day:

1. NYHA

Results

Dose day:

15. Financial status

14. Educational level

Determinants found significant

Table 4.3 Characteristics, methods and results of the included studies (continued)
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Number, Name of Author,
Type of medication adherence and
date, country, N, Age and Sex measurement tools
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Dose time:
1. Barriers: β=0.268, p=.008
2. Financial status: β=0.216,
p=.039

Dose time:
1. Treatment-related barriers
2. Financial status

16. Perceived social support

15. Educational level

14. Ethnicity

13. Patient-provider relationship

12. Barriers

11. Medication frequency

10. Number of pills taken per day

9. Depression

8. Comorbidity

7. NYHA

6. Knowledge

5. Attitudes

4. Age

3. Gender

Presumed determinants for which a NS relationship with medication
adherence was found:

Results

Determinants found significant

Table 4.3 Characteristics, methods and results of the included studies (continued)
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2. Adjusted R²=0.252, p=.006

2. Neuroticism

7. Health satisfaction

6. Physical health

5. Mental health

4. Marital status

3. Education

Presumed determinants for which a NS relationship with medication
adherence was found: Race

1. Adjusted R²=0.185, p= .000

1. Age

A modified version of the Compliance
Questionnaire

8. Evangelista (2001) 180 USA
N = 82
Age = 54
Men = 38%

Results

Determinants found significant

Number, Name of Author,
Type of medication adherence and
date, country, N, Age and Sex measurement tools
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9. Monane (1994)177, USA
N = 7247
Age = 77
Men = 21%

Determinants found significant
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2. Other (not white or black):
13.6 days (7.3, 19.9)
3. -18.7 days (-24.6, -12.8)
4. -34.4 days (-39.7, 29.1)
5. 16.0 days (9.9, 22.1),
6. 4 to7 medications -6.4 days
(-12.3, -0.5)

3. Female gender
4. Institutionalization (hospitalization or nursing home stay) 120 days
prior to digoxin prescription
5. Number of pharmacies used 120 days prior to digoxin prescription,
6. Number of non-study medications 120 days prior to digoxin
prescription
7. Concurrent congestive HF medications 120 days prior to digoxin
prescription

(p-value for all <0.05)

8. Age 75-84
9. Number of physicians seen

7. Yes: -56.3 days (-61.4, 51.2)

Presumed determinants for which a NS relationship with medication
adherence was found:

8 or more medications 7.4
days (-13,3, -0,7)

1. Older than 85: -17.0 days
(CI -23.7, -10.3)

Number of days without
therapy

Results

2. Race

Digoxin filling during 12 months: Nr. of days Estimated number of days without therapy by:
without therapy was computed and used as a
measure of (non)compliance
1. Age

Number, Name of Author,
Type of medication adherence and
date, country, N, Age and Sex measurement tools
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1.Age group 57-64 OR 17.8
Age group 65-72 OR 1.9
Age group 73-89 OR 3.3,
2. NYHA class II OR 0.04

2. NYHA class
3. Hyperlipidemia
4. Asthma/COPD
5. Number of hospitalizations in the past year

4. OR 0.09
5. OR 0.16

6. Gender
7. Race

17. Tobacco or alcohol use

16. Notation of adverse effects of enalapril

15. Number of individual doses of all medications per day

14. Number of other medications

13. Number of enalapril doses per day

12. Payment method

11.Visits to pharmacist managed outpatient clinics

10. Number of health care professionals seen in previous three months

9. Number of visits to primary care physician in the previous year

8. Number of years with congestive HF

3. OR 0.09

Presumed determinants for which a NS relationship with medication
adherence was found:

NYHA class III OR 0.08

Predictors of non-adherence

1. Age

Medication non-adherence was calculated
as follows:
Non-adherence by percent acquisition = days
supply dispensed/ actual days between refills
x 100. It is not specified how they had data to
make this calculation.

10. Rodgers (1998)178, USA
N = 64
Age = 65
Men = 57%

Results

Determinants found significant

Number, Name of Author,
Type of medication adherence and
date, country, N, Age and Sex measurement tools
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* NS = Non-significant

11. Granger (2009)179,
25 participating countries
(CHARM trial)
N = 7599
Age = 66
Men = 78%

Determinants found significant

Presumed determinants for which a NS relationship with medication
adherence was found:Age
6. NYHA class
7. Ejection fraction
8. Systolic blood pressure
9. Body mass index
10. Smoking (current)

1.Gender (female)
Compliance was estimated by patients
report, investigators’ inspection of pill bottles 2. Number of comorbid illnesses
3. Heart rate
and tablet count in case of uncertainty.
4. Presence of pacemaker
5. Number of medications

Number, Name of Author,
Type of medication adherence and
date, country, N, Age and Sex measurement tools

Table 4.3 Characteristics, methods and results of the included studies (continued)

1.β = -0.049 p=< 0.001
2.B= -0.041 p=0.001
3. B= -0.051 p=0.000
4. B= -0.027 p=0.019
5. B= 0.030 p= 0.022

Results
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Results of the best evidence synthesis
Social and economic variables
Age. Eight out of eleven included studies measured age as a potential determinant of adherence to medication among HF patients. However, these studies did not demonstrate
consistent results. Therefore, the evidence for the relationship was found to be inconsistent according to best evidence synthesis. Specifically, four out of the eight studies that
investigated age as a potential determinant173, 177, 178, 180 showed a significant relationship
between age and adherence, while four did not find a significant relationship between age
and adherence 125, 174, 176, 179 (Figure 4.2). Of those that did find a significant relationship,
three studies173, 177, 180 found that higher age is related to more adherence. Another study178
compared four age groups (range 57 to 89) and found that age group 35-56 had the highest
level of adherence, and age group 56-64 had the lowest level of adherence (Figure 4.2).
Direction of the relationship
Positive

No relation

Evidence synthesis

Age

Inconsistent
Men more
adherent

No relation

Women more
adherent

Sex
No relation

Negative

Educational
level

Moderate evidenceno relation
Ethnic minority
members more
adherent

Ethnicity

No relation

Self report
Electronic pill
count

Inconsistent
Positive

Claims data

Negative

Biological
indicators
Investigator
estimate

Ethnic majority
members more
adherent
Inconsistent

Figure 4.2: Harvest plots displaying the potential determinants found more than once in the literature, direction of the relationship found, best evidence synthesis results and techniques for measuring adherence for
socio-economic factors
* Each separate bar represents an article. The longer bars represent good quality articles and the short bars
represent moderate quality articles.

Sex
Seven studies125, 172, 173, 176-179 investigated sex as a potential determinant of medication adherence. Due to conflicting results, the evidence for the relationship was found inconsistent
according to best evidence synthesis. Although in five studies significant relationships
between sex and adherence (71%) were found, in three it was demonstrated that men
were more adherent than women172, 177, 179, while in two it was shown that men were less
adherent than women173, 177 (Figure 4.2). In another study it was shown that men were
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more likely to be non-adherent when they experienced feeling physically bad as a result
of taking medication174. However, in the latter study sex was not significantly related to
non-adherence to medication that has made one feel better or to being careless about taking
medications. Finally, in three studies no significant relationship between sex and adherence
was found125, 176, 178 (Figure 4.2).
Educational level. The relationship between medication adherence and educational level of
HF patients176, 180 was investigated in two studies. In both of these studies educational level
was not found to be related to medication adherence. Since both of these studies were rated
as fair quality studies (as indicated by the length of the bars in Figure 4.2), according to best
evidence synthesis there is moderate evidence that patients’ educational level is not related
to their level of adherence.
Ethnicity
Ethnic minorities were found to be less adherent than the majority ethnic groups in three
studies173, 176, 177 out of five studies (60%) that investigated this relationship, but in two no
relationships were found178, 180. Therefore, according to best evidence synthesis the evidence
for this relationship is inconsistent due to insufficient evidence (<75%) indicating that the
relationship exists. Specifically, two studies demonstrated that African Americans were less
adherent then Caucasians173, 177. One of them also showed that people from ‘other’ races
were more adherent than African Americans and Hispanic people were less likely to be
adherence than Caucasians176. Among the studies that did not find significant relationships,
one differentiated between African Americans and Caucasians178, and the other between
African Americans, Caucasians and people of ‘other’ races180. As can be seen in Figure 4.2,
pharmacy claims data were used to measure adherence in the two studies that demonstrated
that ethnic majority group members are more adherent than minority group members.
However, in the study that did not demonstrate this relationship, an electronic pill device
was used (Figure 4.2).

Patient-related variables
Social support
Two studies124, 176 investigated whether the level of social support that patients receive is
related to their level of medication adherence. Both articles used the multidimensional
Scale of Perceived Social Support was used to measure social support, but only one study
analyzed the emotional and instrumental support subscales separately124. In this study,
a relationship was found between medication adherence and emotional support but not
instrumental support. The degree of family members’ and friends’ involvement in patients’

Dennis Oosterom - Binnenwerk v4.indd 89

06-08-15 09:37

90

Chapter 4

care was also measured in this study, using the Medical Care Questionnaire. However, a
relation with medication adherence was not found for this measure of social support.
The other article176 found that social support, including emotional and instrumental
support, was significantly related to adherence when it was calculated as the amount of
correct doses taken in a given day (dose day) but not when it was calculated as the correct
amount of doses taken at the right time (dose time). As can be seen in Figure 4.3, both
studies that found a relationship used pharmacy claims data. The study that did not show a
significant relationship used an electronic pill count measure.

Direction of the relationship
Positive

Evidence synthesis

No relation

Negative

Perceived
barriers to
medication
adherence

Inconsistent

Positive

Social
support

No relation
*

Negative
*

Inconsistent

Figure 4.3: Harvest plots displaying the potential determinants found more than once in the literature, direction of the relationship found, best evidence synthesis results and techniques for measuring adherence for
patient-related factors
* Social support was investigated in two studies. These studies are represented by four bars because there was
variation within the studies on the relationship between social support and medication adherence, depending
on how social support and how medication adherence were measured.

In sum, although significant positive relationships were found between social support
and medication adherence, this was not the case when instrumental support was measured
independently or when the degree of family and friends’ involvement was used as a measure
of social support. Therefore, the evidence for the relationship is inconsistent according to
best evidence synthesis.
Patient-perceived barriers to medication adherence
The barriers to medication adherence perceived by patients were measured with questionnaires in the three studies that measured perceived barriers as a potential determinant of
medication adherence. This relationship was found to be inconsistent according to best
evidence synthesis, because these studies demonstrated inconsistent evidence. Patients’
perceived barriers were found to be related to adherence in two studies174 176 (Figure 3).
In one174, barriers to medication adherence were negatively related to being careless about
taking medication. In this study beliefs were measured with an adapted version of the
Compliance Beliefs Scale181. Examples of items in this questionnaire include: “If I take
my water pills, I will lower my chance of being in the hospital” and “Taking water pills

Dennis Oosterom - Binnenwerk v4.indd 90

06-08-15 09:37

Determinants of heart failure medication adherence

91

is unpleasant”. In another study 176 barriers to medication adherence were related to less
adherence and this was measured with the Medication Adherence Scale182 which includes
patient-identified barriers such as “having no support from family or someone to remind
me to take medications” or “confusing the mediation times”. Finally, a third study did not
find significant relationships between beliefs and medication adherence175. This study used
the Illness Perceptions Questionnaire to measure beliefs183. In this study a cutoff p value of
0.10 was set, and the results are considered significant by the researchers.

Health-care system-related variables
Healthcare services utilization
Four included studies172, 173, 177, 178 investigated if various aspects of healthcare services
utilization were related to medication adherence. These aspects include institutionalization (hospitalization and nursing home stays), outpatient visits, and number of healthcare
professionals visited by patients. All of these studies used pharmacy claims data to measure
adherence (Figure 4.4).

Direction of the relationship
Positive

No relation

Evidence synthesis
Negative

Institutionalization

Moderate evidencepositive relationship
Positive

No relation

Negative

Outpatient visits

Inconsistent
Positive

Number of
healthcare
professionals visited

No relation

Negative
Moderate evidenceno relationship

Figure 4.4: Harvest plots displaying the potential determinants found more than once in the literature, direction of the relationship found, best evidence synthesis results and techniques for measuring adherence for
healthcare system-related factors

Moderate evidence, according to best evidence synthesis, was found for the relationship between institutionalization and adherence. This relationship was investigated in
three studies173, 177, 178, of which one of good quality and two of fair quality (Figure 4.4).
Although evidence for the relationship was found in three studies, but only one of them
was of good quality. This means that according to best evidence synthesis, the evidence for
this relationship is moderate. The evidence from these studies indicates that having been
institutionalized in the past is related to higher levels of adherence. In another study, a
variable including both hospitalization and nursing home stays was found to be related to
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adherence177 . Interestingly, it was also found that hospitalization for other conditions than
congestive HF was related to a lower adherence level173.
Another aspect of healthcare services utilization which was investigated in multiple
included studies was outpatient visits. Best evidence synthesis showed that the relation
between number of outpatient visits and medication adherence in HF patients had inconsistent evidence. One study172 found a positive association between number of outpatient
visits and adherence, but another study178 did not find a relation between number of visits
to the primary care physician and adherence, and between number of visits to a pharmacistmanaged outpatient clinics and adherence.
In addition, number of healthcare professionals seen is yet another aspect of healthcare
services utilization which was investigated in two included studies of moderate quality
(Figure 4.4). According to best evidence synthesis, there was moderate evidence that seeing
more healthcare professionals is not related to more adherence177, 178. One of the studies
investigated this by measuring the number of physicians seen177, while the other measured
the number of healthcare professionals seen in general178.
All of the studies that measured the relationship between the various aspects of healthcare services utilization described above and medication adherence used retrospective
claims data as a measure of medication adherence (Figure 4.4). These studies calculated
medication possession ratio, continuation of therapy, persistence, percentage acquisition
of drugs or prescription fillings (specific descriptions of how these were calculated in the
different studies can be seen in Table 4.3).

Condition-related variables
Comorbidities
Four included studies investigated if the number or type of HF comorbidities is related to
HF patients’ medication adherence. According to best evidence synthesis, the evidence for
the relationship between number of comorbidities and adherence is inconsistent, due to
conflicting results in the three studies that investigated it. The number of comorbidites of
HF patients was significantly related to their adherence levels in two studies174, 179 which had
opposite results (Figure 4.5). Namely, one study found that patients who felt worse after taking medications and had more comorbidities were less likely to stop taking medication174.
Another study found that having more comorbidities were related to less adherence179. An
additional study measured the relationship between adherence and a risk score of comorbidity and overall health status (using the Chronic Disease and Disability Payment System
scale) and found that patients that had higher scores (more risk) had lower adherence
rates173. In addition one study found a non-significant relation between comorbidity and
medication adherence176.
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Direction of the relationship
Positive

Evidence synthesis

No relation

Negative

Number of
comorbidities

Inconsistent
Positive

No relation

Negative

*

Functional
status
Positive
Depression
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No relation

*

Inconsistent

**

Inconsistent

Negative

**

Figure 4.5: Harvest plots displaying the potential determinants found more than once in the literature, direction of the relationship found, best evidence synthesis results and techniques for measuring adherence for
condition-related factors
* Functional status was investigated in four studies, but in one [27] there was variation within the studies on
the relationship between social support and medication adherence, depending on how social support and how
medication adherence were measured.
** Depression was investigated in three studies, but in one [26] there was variation within the studies on the
relationship between depression and medication adherence, depending on how depression and how medication
adherence were measured.

Three studies measured the relationship between having a specific comorbidity
(coronary artery disease, diabetes mellitus, hyperlipidemia and asthma/COPD) and adherence172, 173, 178. Only having renal insufficiency was found to be related to less adherence, and
only when adherence was calculated as medication possession ratio; when it was calculated
by measuring the continuation of therapy, it was related to more adherence172. No relation
was found between having a prior myocardial infarction and medication adherence172. It is
not possible to synthesize the evidence, because each of the aforementioned comorbidities
was investigated in a single study.
Functional status
Functional status was measured with the New York Heart Association (NYHA) class in the
four studies that investigated if it is a potential determinant of medication adherence. The
evidence for the relationship, according to best evidence synthesis, was found inconsistent
because the evidence in the four studies that investigated this relationship was conflicting.
One study demonstrated that patients with higher NYHA had lower adherence176 when
calculating the percentage of days that the correct doses were taken (Figure 4.5). However,
this study did not find a significant relationship between NYHA class and adherence when
calculating adherence as the percentage of doses taken or the percentage of doses taken on
schedule. Another study demonstrated that patients with higher NYHA had lower nonadherence178 and three studies125, 176, 179 found a non-significant relation between these two
variables.
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Depression
The evidence from the three studies that investigated the relationship between depression
and medication adherence was inconsistent. Two studies125, 176 demonstrated a non-significant relationship (Figure 4.5). In another study174 it was found that depressed patients were
more likely than non-depressed patients to be careless about taking medication, but were
not more likely than non-depressed patients to stop taking medication when the medication
made them feel unwell, or when they were feeling better. Depression was measured with
questionnaires in these studies: the Patient Health Questionnaire in one study176 and with
the Beck Depression inventory in two others125, 174. In two of the three studies adherence
was measured by self-report while in the other study it was measured by an electronic pill
device (see Figure 4.5).

Treatment-related variables
Aspects of the prescribed medication
Six out of eleven studies (54.5%) measured potential determinants regarding the prescribed
medication (including being prescribed various types of medications, having switched from
one type of medication to another, number of medications prescribed, frequency of having
to take medication and treatment-related barriers). Of these, in three studies173, 177, 179 significant relationships were found between aspects of the prescribed medication and adherence
(50%), in two studies172, 176 a significant relationship was found with some aspects of the
prescribed medication but not with other (33.3%), and in one study178 a relationship was not
found (16.6%). The specific aspects of the prescribed medication are displayed in the results
table (Table 4.4). It is not possible to synthesize the findings of these results in order to
draw conclusions, because each of these studies measured different aspects of the prescribed
medication. However, since in five out of eight studies that investigated this relationship
(62.5%) some significant relationships were found, there is an indication that aspects related
to the type of medication prescribed may be related to adherence rates.

Discussion
The current review is the first to systematically assess the evidence regarding presumed determinants of medication adherence and to employ a quality assessment and a best evidence
synthesis. It is the most rigorous review on determinants of medication adherence among
HF patients to date.
In the current review eleven studies were included, six of which were regarded as fair
and five as good quality studies. The reviewed articles reported on relationships between
medication adherence and a wide range of potential determinants. However, most of the
relationships were rated inconsistent, usually because of conflicting evidence for the relationships between the different determinants. One relationship had moderate evidence,
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namely, the relationship between adherence and institutionalization. In addition, there was
moderate evidence that seeing more healthcare professionals is not related to more adherence.
The results regarding institutionalization are difficult to interpret. On the one hand,
having had an institutionalization (including hospitalization and nursing home stays) in
the past (the exact timeframe varied between the different studies) was found to be related
to higher levels of adherence in the current review. On the other hand, the relation between
number of outpatient visits and adherence was found to be inconsistent. Moreover, nonHF-related hospitalizations were found to be unrelated to adherence in one study173. There
may be some differences between these types of healthcare services that explain this result.
It could be that during hospitalization patients are informed and even educated about the
medications they should take, or that as the nurses pass by to give patients medications
they also stress the importance of taking medication and that this does not occur during
outpatient visits. It could also be that more evidence is needed about the effects of outpatient
visits, which would change the picture. Finally, number of healthcare professionals seen was
found to be unrelated to medication adherence, which means that seeing more professionals
does not improve adherence, but does not harm it either.
Another possible explanation is that patients that have worse health, and therefore have
higher institutionalization rates, are more motivated to adhere in order to reduce their
symptoms. However, the evidence for the relationship between functional status and adherence was rated inconsistent in the current review due to conflicting evidence. It could also
be that patients’ perceptions of their health drive motivation to adhere to treatment. It is
possible that during hospitalization patients develop a more negative view on their health
leading them to adhere to their medications after discharge from the hospital.
Finally, it is possible that patients that have experienced hospitalization get scared about
being readmitted to the hospital. One study 184 gives an indication for this interpretation. In
this study, the adherence rates to self-care recommendations of a group of patients receiving
an educational in- and out-hospital intervention were compared to those of a control group
receiving usual care. The results showed that patient in both groups increased their adherence levels after discharge, but that patients that were in the intervention group sustained
this improvement for a period longer than one month. This shows that recently-discharged
patients may be more likely to adhere to recommendations. More research is needed to
establish why institutionalization benefits adherence and which types of institutionalization
benefit it. Although institutionalization is not recommended as an intervention to increase
patients’ adherence, perhaps providing adequate education to institutionalized patients
could increase adherence.
It is important to keep in mind that all the results regarding healthcare services utilization in general, and institutionalization in particular, come from pharmacy claims data.
These data demonstrate the rates at which medications were claimed from pharmacies, but
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do not demonstrate the rates at which medications were consumed by patients. Therefore,
these results should be interpreted with caution. It remains to be seen whether patients that
were institutionalized in the past and are more likely to claim medications are also more
likely to consume the medications they have claimed.
Although ethnicity had inconsistent evidence, this may be due to the measurement
techniques used to measure adherence. In the two studies that found that ethnic majority
group members are more adherent than minority group members, pharmacy claims data
were used. In the one study that did not find an association between ethnicity and adherence, electronic pill counting device was used to assess adherence. This means that it could
be the case that ethnic majority group members claim more medication than ethnic minority group members, but they do not consume more medication. In addition, the findings
regarding relationships between ethnic groups and medication adherence may be mediated
by socio-economic status. More research is warranted to clarify this topic.
Almost all studies that measured the relation between a specific comorbidity and
adherence found that patients that had comorbidity were more adherent than those that
did not. However, studies that assessed the relation between number of comorbidities and
medication adherence paint an inconsistent picture. It could be that it is not the number of
comorbidities that makes a difference, but rather the type. Again, more research is needed
in order to establish the nature of the relationship.
It was apparent in the current review that aspects related to the medication could be
relevant determinants of adherence. Perhaps different medications pose different barriers to
patients, because of different experienced side effects. However, since each study included
in the current review measured a different aspect of the medication prescribed, it is unclear
which aspects are the important ones. More research is warranted.
One of the aims of the current work is to provide recommendations for future interventions. This aim could not be met due to the lack of consistent results on potential
modifiable determinants of medication adherence among HF patients. It is suggested that
future studies on HF patients’ medication adherence investigate modifiable determinants
that have been found to affect levels of adherence in other populations than HF. Important
psychological variables, such as self-efficacy, perceived benefits and barriers and perceived
risks of medication have only been investigated in three of the included studies 174 175 125,
but are constructs that could potentially be targeted in interventions that aim to increase
adherence to medication. More research is warranted on these as well as other potential
determinants which could be targeted in interventions.
The current work reveals that few studies investigating presumed determinants of
medication adherence among HF patients are available to date. The studies that are available use a variety of methods to investigate both presumed determinants and adherence
levels, which makes it difficult to compare the results. Although it has been suggested that
a diverse variety of variables affect medication adherence of older adults185, the studies
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available to date on medication adherence among HF patients demonstrate that many
potentially important determinants have only been investigated in a limited number of
studies at best. Some examples of possibly important determinants include factors related
to patients’ ability to acquire and retain information, such as cognitive decline and health
literacy. Variables such as patients’ living conditions and ability to purchase medication may
also be relevant. Such variables are not found in the literature. There are a few reasons why
there was conflicting evidence for most potential determinants that were investigated more
than once. This may be because different studies used different measurement instruments to
measure adherence, which may have led to variability in the results. Another reason could
be that different sub-samples of HF were included in different studies, such as patients of
different age groups, different geographical areas and different levels of HF severity and that
for each of these sub-groups different determinants are important.
The fact that there was a scarcity of studies of at least fair quality limits the ability to
draw far-reaching conclusions and is a limitation of the current work. Specifically, we reviewed eleven studies and regarded only five of these as good quality studies. Notably, in the
current review seven out of eighteen studies were excluded from the analysis because they
were regarded as poor quality studies. The main quality issues (as can be seen in Table 4.2)
that these studies had were related to lack of theoretical framework (all excluded studies
received the lowest possible score on this quality criterion), not reporting whether the study
had enough study participants available for analysis and not having provided definitions of
potential determinants and covariates (4 out of 5 studies received the lowest possible score
on these items). It is especially important that future studies are of high methodological
quality.
Based on our results it becomes clear that there is not clear profile for non-adherent HF
patients, so it is not possible to point to specific types of patients to which interventions to
increase adherence should be directed. However, it is apparent that institutionalization may
benefit HF medication adherence, possibly because having a patient education program
centered only on HF is beneficial to adherence. Therefore, a possible intervention to increase adherence rates may be education on HF medications during hospitalization. More
research is needed on other determinants of HF medication adherence to allow making
more recommendations for future interventions, since most of the available evidence is
conflicting.
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Abstract
Purpose: To assess correlates of physical activity (PA) among heart failure (HF) patients.
Method: Identification of was HF based on medical records, medications and self-reported
symptoms. PA was self-reported. Linear regression analyses including individual and socioenvironmental factors were conducted. Results: HF patients (N=182; 43% male; mean
age=79 (SD 8) reported a mean of 56 (SD 45) weekly PA minutes (median 50). Of the 17
potential correlates investigated, three were significantly associated with PA, namely sex (B=
25.29 (confidence interval (CI) = 12.47, 37.79; women reported more PA); pain (B= -4.84
(CI -8.83, -0.85); higher pain levels were associated with less PA) and cognitive functioning
(B= 2.50 (CI= 0.41, 4.59); higher level of cognitive functioning was associated with more
PA). Discussion: The results of this study indicate that abilities-related factors, such as pain
and cognitive functioning, are particularly important for HF patients’ PA performance and
future interventions aimed at promoting PA among this patient population could account
for these factors.
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Introduction
Heart failure is an irreversible condition that can be managed with medication and with
non-pharmacological treatment, such as engaging in enough physical activity (PA)9. Being
active for HF patients can involve activities such as performing household chores, taking
walks, performing recreational and sports activities, and/or exercise training (ET)38. Studies
have shown that PA and ET in HF patients are associated with lower mortality rates186, readmission rates83, 186, number of hospitalization days187 and improvement in skeletal muscle
metabolism188 among other outcomes. It is recommended that HF patients perform at least
30 minutes daily of moderate intensity PA –that is, moderate intensity for their condition189.
Despite the potential of PA for improving health-related outcomes among HF patients,
their rates of PA are suboptimal9. Different studies report PA adherence rates between 11
and 53%29, 36, 37 when measured by self-report. Due to the low adherence rates, it is necessary
to develop interventions aimed at improving PA adherence among HF patients. To inform
such interventions, it is necessary to have information about the behavior among the target
population and its determinants and/or correlates. However, information on the correlates
and potential determinants of PA among HF patients is lacking190, making it challenging to
develop informed interventions promoting PA targeting this patient population. The aim of
the current work is to make use of existing data to investigate PA and explore its correlates
among a population-based sample of HF patients in the Netherlands.
Social-ecological models describe multiple levels of influence on health behavior, which
include determinants related to the individual and the social and economic environment191.
We investigated self-reported PA in a sample of Dutch HF patients and associations with
a multitude of factors, following a social-ecological approach. We examined individual
factors (self-efficacy, depression, number of chronic conditions, physical performance,
cognitive functioning, and pain) and social and economic environmental factors (income,
type of housing, urbanicity, safety and pleasantness of neighborhood, emotional support
and instrumental support), in addition to demographic factors (sex, age, educational level
and marital status).

Methods
The Longitudinal Aging Study Amsterdam
Data from the Longitudinal Aging Study Amsterdam (LASA)192 was used to identify a
sample of HF patients. LASA is a population-based cohort study of older Dutch adults192,
in which a wide range of data on demographics, health and psychosocial factors was collected. Detailed information on sampling, data collection and non-response in LASA have
been reported elsewhere192. Briefly, the focus of the LASA study is on physical, cognitive,
emotional and social functioning in late life. Recruitment of a random sample was initiated
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in 1992, stratified by age and gender, drawn from the population registries of eleven municipalities in three geographic regions, representing differences in culture, religion, urbanicity
and aging in the Netherlands. In the LASA baseline measurement wave (1992/93), 3,107
respondents, aged 55 to 85 years, were enrolled (cooperation rate 62%). Follow up assessments were conducted approximately every three years and follow-up is ongoing. The LASA
study was approved by the Ethical Review Board of the VU University Medical Center and
written informed consent was obtained from participants.
In the current study, three measurement waves were included, i.e. the years 2001-2002,
2005-2006, and 2008-2009. We chose to focus on the measurement waves that were conducted after 2000 because before the late 1980’s, the recommendation for HF patients was
to rest rather than perform PA, but during the 1990’s the topic of PA and exercise in HF was
intensely researched, leading to reconsideration of the recommendations193. We included
all measurement waves after 2000 for which data was available, to optimize the follow-up
period in which incidence HF cases could be observed and included in the study.
Data collection
Self-reported variables in LASA were measured during face-to-face interviews. Information
on pharmacological treatment was assessed by recording the medication of the respondents
directly from the containers in the home of the respondents. Respondents were asked
beforehand to collect and display all medication packages at the time of the interview. In
addition, information from GP files was collected from GP’s in 2005-2006 and in 2010,
for respondents who gave informed consent to obtain additional medical information.
GP’s were asked to fill out questionnaires for each respondent, asking for 1) the presence
of specific chronic conditions, including congestive heart failure, 2) if the condition was
diagnosed by a specialist, and 3) the year of the first diagnosis.
Heart failure identification in the LASA data
Heart failure patients were identified based on data from the following sources: GP information on the presence of a HF diagnosis, information on prescribed medications and selfreported symptoms common in HF patients194. Specifically, participants were considered to
fulfill the self-report criterion for HF diagnosis if they reported having swollen ankles, feet
or legs in the morning after rising and having to use more than one pillow at night because
of breathlessness. Participants were considered to fulfill the GP information criterion when
in the GP file a diagnosis of HF was present. Finally, participants were considered to fulfill
the medication criterion when the prescribed medications included diuretics and at least
one of the following: anti-hypertensives, nitrogens, inotropics and vasodilatators. When at
least two of these three criteria were met, respondents were classified as having HF. When
one of these three criteria was met and information on at least one of the other two criteria was missing, diagnoses were checked against specialist records. In those cases where
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specialist records confirmed HF diagnosis, respondents were classified as having HF. For
each participant identified as having HF, the data relating to independent variables and the
dependent variable was selected from the measurement wave in which he or she was first
identified as having HF, based on the aforementioned HF identification procedure.
Outcome variable
Physical activity was measured with the LASA Physical Activity Questionnaire (LAPAQ).
The following activities are addressed: walking outdoors, bicycling, gardening, light household, heavy household, and two sports activities. Respondents reported how often and for
how long in the previous two weeks they had engaged in each activity. If they did not report
duration then it was assumed the person did not engage in this activity and was therefore
coded as ‘0’. Total physical activity time was calculated by multiplying the frequency and
duration of each activity in the previous two weeks, and summing these values and halving
the resulting number of minutes to obtain a weekly minutes PA score. In the current study,
immobile (in a wheelchair or bedridden) patients were excluded from the analysis.
The LAPAQ questionnaire has been validated against 7-day physical activity diaries and
7-day pedometer counts and was highly correlated with the 7-day diary (r=0.68, p<0.001),
but moderately with the pedometer (r=0.56, p<0.001). The repeatability of the LAPAQ is
reasonably good (weighted kappa: 0.65-0.75)195.
Covariates related to the individual
Physical performance was measured by timing performance on a short battery of tests:
walking speed (walking three meters, then turning around and walking back three meters as
quickly as possible, categorized as unable (score 0); ≥10 s (score 1); 8–9 s (score 2); 7 s (score
3); and ≤6 s (score 4)), the ability to rise from a chair (standing up from a sitting position
and sit down five times as quickly as possible while arms are across the chest, categorized as
unable (score 0); ≥15 s (score 1); 12–14 s (score 2) 10–11 s (score 3); and ≤9 s (score 4)) and
the ability to put on and take off a cardigan (the time required to put it on and take it off,
categorized as unable (score 0); ≥15 s (score 1); 12–14 s (score 2); 10–11 s (score 3); and ≤9
s (score 4)) were the aspects of functioning measured. A summary measure of physical
performance was developed by summing the scores of different performance tests. Overall
performance score ranged from 0-12, with higher scores indicating better performance196
197 198
.
Information on overall body pain was collected with a self-administered questionnaire
which investigates pain in situations and activities relevant to daily life (standing, walking,
sitting and changing position), which participants were asked to fill out after the face-toface interview. The pain questionnaire included six dichotomous items 199 200.
Self-reported information on number of chronic conditions was obtained by asking
respondents of the presence of one of the following eight chronic conditions: chronic non-
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specific lung disease (obstructive lung disease, asthma or chronic obstructive pulmonary
disease), cardiac disease, peripheral arterial disease, diabetes mellitus, cerebrovascular
accident or stroke, osteoarthritis, rheumatoid arthritis and cancer201.
Cognitive functioning was assessed with the Mini-Mental State Examination (MMSE), a
screening test of cognitive functioning. Scores range from 0-30, with higher scores indicating better cognitive functioning202.
Depression was assessed with the Center for Epidemiologic Studies Depression Scale
(CES-D)203, a self-report scale that measures depressive symptoms. It consists of 20 items
measuring symptoms experienced in the past week. Answers are rated on a 4-point scale
ranging from 0 (‘rarely or never’) to 3 (‘mostly or always’). The total sum score of the 20
items thus ranges from 0 to 60, with higher scores indicating more depressive symptoms.
The CES-D has good psychometric properties in samples of older people204.
Self-efficacy was assessed with a shortened version of the General Self-Efficacy Scale
(GSES)205 with which respondents indicated whether various statements applied to them
(strongly disagree, disagree, no disagreement /agreement, agree, strongly agree; range
1-5).Based on pilot-studies with older people, five items were excluded from the original
questionnaire because of low item-rest correlations and ambiguous wording, resulting in a
12-item version (GSES-12206). A score of 12 on the scale indicates the lowest self-efficacy,
and a score of 60 indicates the highest self-efficacy.

Covariates related to the social and economic environment
Income in LASA is divided into twelve categories, with the lowest category at a monthly net
454-567 euros and the highest at a monthly net 2700 euros or more. Participants who had
a partner were asked to report the total income of both, and their household income was
multiplied by 0.7. Resulting income amounts were divided in three categories (low, medium
and high).
Information on the type of housing was obtained by observation of the visiting interviewer. The following six types were distinguished: respondent is living independently, residential home, in a somatic nursing home, in a psychogeriatric nursing home, in a general
hospital or in a psychiatric hospital. For the purposes of the current study, type of housing
was recoded into two categories (independent and other) because there were few participants who lived in each of the housing types except for independent housing.
Urbanicity was defined according to the mean number of addresses per squared kilometer within a circle with a radius of one kilometer207 and ranged between 1 (not urbanized) to
5 (highly urbanized). The density around participants’ home addresses was identified with
data from Statistics Netherlands, the Dutch organization responsible for producing national
statistics.
Pleasantness of neighborhood was a dichotomous variable assessed by asking if respondents generally like living in their neighborhood (yes/no). Neighborhood safety was also a
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dichotomous variable, assessed by asking if participants feel safe to go shopping or to go for
a walk in their neighborhood (yes/no).
Instrumental social support was assessed by asking how often in the past year the participant had received help from a member of his or her social network with daily chores
in and around the house, such as preparing meals, cleaning the house, transportation, and
small repairs. Emotional support was measured by asking how often in the past year the
participant told to a member of his or her social network about personal experiences and
feelings. Possible answers included ‘never’, ‘rarely’, ‘sometimes’ and ‘often’208.
Statistical analyses
First, regression assumptions (normality of the outcome and of the residuals, multicollinearity) were checked, then descriptive statistics were performed, followed by univariate
analyses and finally a multivariate linear regression was performed. Normality was checked
by visually inspecting the distribution of PA scores and of the residuals. The distributions
of minutes of weekly activity were slightly skewed. This was due to one outlier, which was
a female participant who reported 269 weekly minutes of activity. Sensitivity analyses excluding the outlier, for the univariate and multivariate analyses were conducted. Pearson
correlations between independent variables were performed to check for multicolliniarity,
which was considered present at r> 0.60. Univariate linear regression analyses were conducted between the dependent variable (PA) and the independent variables. Multivariate
linear regressions were performed with PA as dependent variable and all variables that were
had a p≤0.10 in the univariate analyses. In the multivariate analyses, results were considered significant at p≤0.05. All regression models included the measurement wave in which
patients were first identified as having HF as a covariate. The variance explained by the final
model was estimated to give an idea of how much of the total variance in PA the included
variables could explain.
Treatment of missing data
As some variables had missing values, multiple imputation (30 imputations using IBM
SPSS) was applied to handle missing data. Based on Rubin’s rules209, the pooled results of
the imputed data will be presented. To compute the variance explained by the model, the
median r² of the thirty models was computed, based on guidelines for combining estimates
in prognostic modelling after multiple imputation210.
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Results
Sample characteristics
The sample consisted of 182 respondents with HF, of which 78 (42.9%) were male; mean age
was 79.1 years (standard deviation (SD) 8.06; Table 5.1). Almost all patients (99.5%) were
Dutch and therefore ethnic background was not included in further analyses.
PA performance among HF patients
HF patients reported performing a mean of 56 (SD 45) weekly minutes of activity, after
exclusion of the outlier this was 55 (SD 42) weekly minutes. The mean weekly minutes
for each activity performed are shown in Table 5.2. More than 75% of the participants did
not perform any cycling, sports activities, heavy household activities, and gardening (the
median was 0 and interquartile range 0,0;Table 5.2).
Correlates of PA among HF patients
The means, SDs, regression coefficients and confidence intervals (CIs) of the correlates in
the univariate and multivariate regressions are described in Table 5.3. The univariate regressions showed that women performed more PA than men, age and pain were inversely, and
physical performance and cognitive functioning was positively, correlated with PA and that
patients living in ‘other’ (non-independent) type of housing performed less PA than those
living in independent housing. These variables were included in the multivariate analysis.
The univariate analyses performed without the outlier showed very similar results; the same
variables were found to be statistically significant (data not shown).
In the multivariate regression analysis, including all the variables with statistically
significant results in the univariate models, only gender (women performed approximately
25 more weekly minutes than men (95%CI: 12, 38)), pain (approximately every 5 units on
the pain questionnaire were associated with one less minute of weekly PA (95% CI -9, -1))
and cognitive functioning (every approximately 2.5 units on the MMSE were associated
with an additional minute of weekly PA (95% CI 0.4, 5)) remained statistically significantly
related to PA (Table 5.3). In addition, people who lived in ‘other’ types of housing (than
independent housing) performed approximately 25 minutes of activity less than those than
lived independently (95% CI -50, 0.17), although this relationship did not reach statistical
significance. The final multivariate model explained 20 percent of the variance. The same
model excluding the outlier from the sample demonstrated similar results (data not shown).

Discussion
The current study adds to the body of evidence demonstrating that HF patients do not perform sufficient PA; the patients in the sample performed a mean of 56 weekly PA minutes,
which is substantially less than the recommended amount for HF patients (30 minutes of
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Table 5.1: Heart failure patient sample characteristics, displayed by type of variables
Type of variable

Variable

Statistics

N

Demographic

Sex: Male (%)

78 (42.9)

182

Years of age: Mean years (SD); range

79.1 (8.06); 61-96

182

Years of education: Mean (SD); range

8.66 (3.08); 5-18

182

Marital status: N (%)
Married
Other (widowed, divorced, never married)

100 (54.9)
82 (54.1)

Ethnic identification: N (%)
Dutch
Other

181 (99.5)
1 (0.5)

Self-efficacy (scale: 12-60): Mean (SD); range

41.23 (5.46); 28-56

163

Depression (scale:0-60): Mean (SD); range

11.56 (8.30); 0-38

180

Number of chronic conditions (scale 0-8): Mean (SD); range

3.32 (1.41); 0-8

181

Physical performance: Mean number of seconds to complete
tasks (SD); range

9.28 (2.26); 3-12

124

Cognitive functioning (scale: 0-30): Mean (SD); range

26.32 (3.04); 13-30

182

Pain (scale: 5-10): Mean (SD); range

6.42 (1.73); 5-10

156

Individual

Socio-environmental

Income: N (%)

182

182

157

Low

26 (14.3)

Medium

73 (40.1)

High

59 (31.9)

Housing type: N (%)
Independent
Other

170 (93.4)
12 (6.6)

Urbanization: N (%)
Not urban
Slightly Urban
Somewhat urban
Highly urban
Very highly urban

33 (18.1)
48 (26.4)
20 (11.0)
54 (29.7)
26 (14.3)

Feeling safe in neighborhood
Feeling safe: N (%)
Not feeling safe: N (%)

137 (75.3)
42 (23.1)

Feeling pleasant in neighborhood
Feeling pleasant: N (%)
Not feeling pleasant: N (%)

174 (95.6)
8 (4.4)

Instrumental support (0-3): Mean (SD); range

1.06 (0.71); 0-3

162

Emotional support (0-3): Mean (SD); range

1.74 (0.75); 0-3

162

182

181

179

182

SD= Standard deviation, N=Number

moderate intensity PA daily). Due to the potential benefits that performance of PA may have
for HF patients, it is imperative to create and disseminate effective interventions to promote
PA among and specifically targeted to this patient group. The focus of such interventions
should be based on information on (presumed) behavioral determinants. However, to date
information regarding determinants of PA among HF patients is limited190. The current
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Table 5.2: Median and mean weekly minutes of physical activity
Type of PA

Median weekly minutes of PA
(Interquartile range)

Mean weekly minutes of PA
(standard deviation)

Walking

1.51 (0, 9.64)

7.55 (14.48)

Cycling

0 (0, 0)

1.73 (6.57)

Sport

0 (0, 0)

2.25 (7.55)

Light household activities

0 (0, 15.00)

14.89 (29.45)

Heavy household activities

0 (0, 0)

7.12 (58.90)

Gardening

0 (0, 0)

3.56 (13.56)

50.00 (19.19, 80.35)

55.95 (45.23)

Total activity

PA=Physical activity

study explored PA among HF patients and its correlates in a Dutch sample from a cohort
study of older adults. Results demonstrated that women performed more PA than men,
abilities-related factors, namely pain and cognitive functioning were related to PA, and HF
patients living in non-independent housing (including older people’s homes, nursing homes
and hospitals) performed less PA than those living in independent housing, but more research is necessary on this topic. Within the current work, a holistic approach to assessing a
socio-ecological model of PA among HF patients was taken, drawing on previous findings.
Table 5.3: Regression coefficients (Beta) with 95% confidence intervals (95% CI) as the results of univariate and
multivariate regression analyses with physical activity as dependent variable and demographics, individual level
and social-environmental level variables as independent variables
Univariable analyses:
Beta (95% CI)
Min/week

Multivariable analysis
Beta (95% CI)*
Min/week

Sex
Men
Women

0
23.34 (10.55, 36.14)

0
25.27 (12.47, 37.79)

Age (years)

-1.14 (-1.94, -0.34)

0.21 (-1.42, 0.31)

Education (years)

2.99 (-7.08, 13.06)

N/A

Marital status
Married
Other (Divorced, widowed or never
married)

-1.75 (-14.92, 11.42)
ref

Physical performance (0-12)

-4.55 (-8.02, -1.08)

-1.80 (-5.62, 2.02)

Number of chronic conditions (0-7)

-1.09 (-5.75, 3.58)

N/A

Pain (5-10)

-3.37 (-7.39, 0.05)

-4.84 (-8.83, -0.85)

Cognitive functioning (0-30)

3.54 (1.45, 5.64)

2.50 (0.41, 4.59)

Depression (0-3)

-0.50 (-1.29, 0.29)

N/A

Self-efficacy (12-60)

0.31 (-0.98, 1.61)

N/A

Type of variables

Variables

Demographics

Individual
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Table 5.3: Regression coefficients (Beta) with 95% confidence intervals (95% CI) as the results of univariate and
multivariate regression analyses with physical activity as dependent variable and demographics, individual level
and social-environmental level variables as independent variables (continued)
Type of variables

Univariable analyses:
Beta (95% CI)
Min/week

Multivariable analysis
Beta (95% CI)*
Min/week

High

-1.44 (-21.16, 18.28)

N/A

Medium

10.51 (-5.90, 26.93)

Low

ref

Variables

Social-environmental Income

Urbanicity
Not urban

ref

Slightly urban

-8.47 (-28.466, 11.51)

Somewhat urban

-4.98 (-30.04, 20.08)

Highly urban

2.18 (-17.35, 21.72)

Very highly urban

-5.54 (-28.78, 17.70)

Type of housing Independent
Other (Residential home, nursing
home (somatic or psychiatric), hospital
(somatic or psychiatric) or monastery.

0

0

-33.22 (-59.16, -7.28)

-24.70 (-49.56, 0.17)

Yes

-5.95 (-37.87, 25.98)

N/A

No

ref

N/A

Feeling pleasant in neighborhood

Feeling safe in neighborhood
Yes

6.74 (-9.19, 22.67)

No

ref

N/A

Emotional support (1-4)

1.52 (-7.61, 10.64)

N/A

Instrumental support (1-4)

-6.90 (-16.51, 2.70)

N/A

All models included measurement wave as a covariate.
* The multivariate analysis included all the variables that were statistically significant in the univariate analyses
in one model
Bold: statistically significant at p=<0.05
Italic: borderline significant at 0.05<p=<0.10

As such, the results of the current work fill a gap in knowledge relating to factors related to
PA among HF patients, providing implications for the focus of future interventions for the
promotion of PA among HF patients, as well as directions for future research about possible
correlates of PA among other older populations with similar characteristics.
This study was the first to specifically report statistically significant relationships between
pain and PA among HF patients. Based on previous qualitative findings these relationships
are not surprising211. It is well known that HF patients may experience pain, since HF can
be related to pain and discomfort, among other symptoms212. However, besides HF-related
pain, HF patients may experience pain related to comorbidities. Comorbidities in HF
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typically include hypertension, coronary artery disease, atrial fibrillation, diabetes mellitus,
chronic kidney disease, cerebrovascular disease, obesity and anemia213. These comorbidities
are associated with a range of symptoms, some of them may lead to, or include, pain. It has
been suggested that joint pain is one of the reasons older people give to explain their low
levels of PA performance214, highlighting the importance of pain-related to comorbidities,
to HF patients’ PA performance. The finding that pain is an important factor affecting PA
performance among HF patients could have implications for future interventions that aim to
promote PA among this patient population. Specifically, such programs may seek to explore
if pain is experienced among patients, as well as the nature of the pain experienced, and
possibly provide strategies to relieve pain or perform PA despite it. However, more research
is needed to ascertain if interventions that address pain would be effective in promoting PA
among HF patients.
Our result that lower cognitive functioning is related to less PA performance is in line
with previous findings. Specifically, a previous study demonstrated a relationship between
cognitive functioning and PA among HF patients (ref). This cross sectional study correlated cognitive functioning scores with PA measured with accelerometers over a seven
day period. Also in the current study we estimated associations between PA and potential
predictors cross-sectionally, and therefore the direction of causality of the relationships is
unknown. Previous longitudinal studies, which can reveal the direction of causality, suggest
that PA performance leads to better cognitive functioning and less cognitive impairment
and decline in older adults (but not specifically HF patients)215, 216. For example, it has
been shown that long-term performance of PA can help maintain cognitive functioning
among older women217. The hypothesized pathway for the association is that performance
of PA leads to improvements in cardiorespiratory fitness, which are beneficial for cognitive
functioning (Angevaren 2008 Cochrane). Although there is limited information regarding
the opposite association, many theoretical health behavior models, such as social cognitive
theory49 and the health belief model218 indicate that cognitions are important predecessors
of health behavior. A low level of cognitive functioning may affect these cognitions and it
is therefore plausible that a low level cognitive functioning may thereby lead to less health
behavior performance, including PA. In the current HF sample approximately 18% of
respondents had cognitive impairment, as measured with a cutoff of <24 on the MMSE
(suggested as the appropriate cutoff by previous research with HF patients)219. Previous
findings have suggested an even higher number of HF patients suffer from cognitive impairment; approximately 25-50%220. Therefore it may be essential to address it in the promotion
of PA among HF patients, for example by helping HF patients with cognitive impairment
overcome challenges that are specific to them
Studies among similar populations to the HF patient population suggest that various
factors are related to PA, which were not found in the current study focusing specifically
on HF patients. Among the individual level factors, there is compelling evidence for a rela-
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tionship between self-efficacy and PA. For example, a review on PA among older adults221
found 18 studies that had a positive association between PA and self-efficacy, and a review
of correlates of PA among patients with coronary heart disease found consistent evidence
for self-regulatory self-efficacy222. Likewise, previous studies among patients with various
conditions suggest that depression is an important correlate of adherence to behavioral
regimen, including PA223. In addition, among the social and environmental factors, there is
evidence that social support by a significant other is positively related to PA; eleven studies in a review on PA among older adults found this relationship221. One possible reason
that in the current work we did not find that these variables were related to PA among HF
patients is that self-efficacy and social support were measured with general, not PA-specific,
questionnaires. It is recommended that future studies investigate the relationship with PAspecific individual factors, such as self-efficacy for PA224, 225, since those may show stronger
associations with PA. Moreover, a (partial) explanation for the lack of significant findings
regarding other factors may be that cognitive and physical abilities are very important for
the performance of PA among HF patients and the study may have only been powered
enough to show statistical significance for the strongest relationships because of the sample
size (N=182). Indeed, previous findings do outline the importance of abilities to perform
PA; among HF patients who reported a difficulty to perform PA in one study, the vast majority attributed the difficulty to a physical symptom37.
The current work suggests that type of housing, a factor related to the social and economic environment, is associated with PA, although this relationship did not reach statistical significance in the current analysis. In the current study we dichotomized housing type
into “independent” or “other” type of housing. The category “other” included older people’s
homes, nursing homes and hospitals, and had only 12 participants in total. However, the
results of the multivariate model demonstrate that patients who live in “other” types of
housing perform a mean of 24 weekly minutes of activity (CI -73, 5) less than those who
live independently. Although this result did not reach statistical significance, we believe the
results suggest that type of housing may play a role on HF patients’ PA, and further research
is warranted.
Neighborhood characteristics, specifically neighborhood safety and pleasantness, were
included in the current analysis as factors related to the social and economic environment.
Previous research suggests that various characteristics of neighborhoods may be related to
PA226 227. However, statistically significant relationships between neighborhood safety and
pleasantness and PA were not found in the current work. One reason could be that these
factors are less important in the Netherlands than in some other geographic locations. For
example, although leisure time physical activity was found to be related to perceived safety
among adults in Latin America228, in the Netherlands safety may have a weaker association
with PA for various reasons. For example, there may be less variation between neighborhoods in terms of safety. An alternative explanation could be that the measurement of
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perceived neighborhood safety, which included one item, was not sufficient to capture all
the dimensions of perceived neighborhood safety.
An interesting finding was that women were more likely to engage in PA than men,
since previous studies frequently report the opposite229, 230. The LAPAQ includes various
activities, including household activities. An additional analysis reveals that most of the PA
performed by women was light household activity. This result is in line with previous studies that include household activities in their PA measurement231. However, the advantages
of household activities have not been demonstrated; a study that investigated moderate to
vigorous PA found that 35% of the activity performed was household work among 61-70
year old women, and 24% among women over 71 years of age. This study found a negative
association between household work and leanness, suggesting that this form of activity may
not necessarily be beneficial232.
The ESC recommends that patients perform at least 30 minutes of moderate-intensity
PA daily189 . The LAPAQ, used in the current study to measure PA, includes various activities that may be classified at a range of intensity levels, including low intensity activities such
as light household activities. Previous studies have also included such activities in their
analysis of PA among for HF patients83. Although the level of intensity of an activity for an
individual depends on their fitness level, HF patients are likely to have a low fitness level,
and activities classified as “moderate” intensity for them may be of a lower intensity activity
than for the general population. Furthermore, there is some evidence that even a low intensity activity level may be beneficial for cardiovascular-related outcomes among HF patients.
Specifically, exercise volume (EV), measured by metabolic equivalent (MET), was found to
be a significant linear and logarithmic predictor of cardiovascular-related mortality or HF
hospitalization233. Although the highest level of risk reductions was due to moderate EV,
there was some indication that even a low EV may lead to improvements in these outcomes.
However, for all-cause mortality or hospitalization EV was only a logarithmic predictor
(reverse J-shaped), and demonstrated risk reductions only as a result of at least moderate EV, suggesting that for these outcomes a low exercise volume may not be sufficient to
observe any reductions in risk.
The current work has a few strengths. First, it is the first study to comprehensively
explore the relationship between PA and a wide range of potential correlates of PA among
HF patients, selecting potential factors for inclusion based on a theoretical framework
and indications from previous research. Second, we identified HF patients in an existing
community-based cohort study among the general population of older adults. This is a
relatively novel approach for conducting studies among this population, although, notably,
at least one existing study took a similar approach, and measured proportion of people that
developed HF after a follow-up period from a sample of community-based older adults that
were initially HF free, finding that approximately 12% of the participants developed HF234.
Identification of patient in community-based cohort studies allows access to extensive data
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on a range of factors among populations with chronic conditions such as HF. This can facilitate research on populations with chronic conditions, who may be hard to reach and their
recruitment may be costly and time consuming. Finally, the sample of HF patients identified
from the LASA cohort is likely to be representative of the Dutch HF patient population,
because the LASA cohort is based on a nationally representative sample of older adults,
drawn from three geographic regions in the Netherlands.
The study has a few limitations. Since it is a correlational study, the direction of causality
cannot be determined. Moreover, PA was measured by self-report (although the questionnaire was validated against an objective measurement instrument), which could introduce
a measurement bias. Moreover, there was no information included in this study on the
severity of HF, the length of time participants have been receiving pharmacological treatment for HF, and/or whether they have participated in a cardiac rehabilitation program.
Such factors may have also been important to account for in the current analysis, since
they may also influence PA performance among HF patients. Finally, the sample size was
relatively small, and additional dependent factors may have been significantly related to PA
had the sample size been bigger. However, it is noteworthy that the HF patient sample was
drawn out of a much larger sample of 1818 older adults (aged 55-101) and accounted for
approximately 10% of this larger sample. This proportion is in line with the reported HF
prevalence rates for this age group214. In addition, the fact that we identified HF patients in
an existing community-based cohort study among the general population of older adults is
a novel approach for conducting studies among this population, although at least one existing study took a similar approach, and measured proportion of people that developed HF
after a follow-up period from a sample of community-based older adults that were initially
HF free, finding that approximately 12% of the participants developed HF234.
In conclusion, in a sample of older HF patients, the amount of PA performed was low.
Women performed more PA than men, cognitive functioning was positively, and pain was
inversely, related to PA in this sample of HF patients. The results also suggest that the type
of housing in which HF patients reside is related to the amount of PA they perform, and that
they specifically perform less PA if they reside in non-independent housing such as older
people’s homes, nursing homes and hospitals. This has implications for the development of
future PA promotion interventions for HF patients, and such interventions could account
for these factors.
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Development of Motivate4Change using
the Intervention Mapping protocol:
an interactive-technology physical activity and
medication adherence promotion program for
hospitalized heart failure patients
Based on: R Oosterom-Calo, SJ te Velde, W Stut, J Brug
JMIR research protocols 2014; 4, e88-e88.
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Abstract
Background: It is important that heart failure (HF) patients adhere to their medication
regimen and engage in physical activity (PA). Evidence shows that adherence to these
HF self-management behaviors can be improved with appropriate interventions. Objective: To further promote medication adherence and PA among HF patients, we developed
an intervention for hospitalized HF patients. Method: The Intervention Mapping (IM)
protocol was applied in the development of the intervention. This entailed performing a
needs assessment, defining change objectives, selecting determinants and strategies, and
developing the materials. Results: The resulting intervention, Motivate4Change, makes use
of interactive technology and provides HF patients with personalized feedback and advice.
Specific change objectives were defined. The relevant behavioral determinants for the PA
program were: practical knowledge on PA performance, self-efficacy for, and perceived
benefits of, PA. For medication-taking, the selected determinants were practical knowledge
on medication-taking, perceived barriers to medication-taking, beliefs about the necessity
and harm regarding the medication prescribed, and beliefs about overprescribing and harm
of medication in general. The change objectives and behavior change determinants were
translated in feedback and advice strategies in an interactive-technology program that
included tailored feedback and advice, and role models in videos in which the behaviors
and overcoming barriers were demonstrated. Relevant stakeholders were involved in the
interventions development process. The intervention was pre-tested among HF patients
and adjustments were made accordingly. Conclusions: The interactive-technology PA and
medication adherence promotion program for hospitalized HF patients was systematically developed using the IM protocol and was based on the available theory and evidence
regarding HF self-management behavior change. The intervention’s efficacy is yet to be
determined in evaluation research.
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Introduction
Heart failure (HF) is a chronic condition, affecting primarily the elderly110. Although
HF is usually irreversible, it can be effectively managed with medication and behavioral
treatment, including physical activity (PA)9. HF medications have proven effective in various clinical trials9, and medication adherence among HF patients is related to event-free
survival32. However, in studies that use objective measurement techniques low medication
adherence rates are demonstrated31. The PA recommendation for HF patients specifies
performance of at least 30 minutes of moderate intensity PA daily189. Performance of PA
among HF patients was found to be related to reduced readmission rates, in contrast to the
other studied non-pharmacological self-care behaviors (daily weighing, fluid restriction,
low-salt diet)34. However, despite the potential benefits, HF patients report insufficient rates
of PA36, 235. Interventions that promote medication-taking and physical activity among HF
patients are therefore warranted.
Interactive-technology is a promising channel for delivery of patient education and
health promotion interventions, since it may increase interest and recall of information.
Using auditory, visual and interactive learning strategies, knowledge can be transferred
to patients with various learning capabilities236. In addition, due to constraints of the
medical system, currently not all patients may be provided with education, and interactive technology solutions are a feasible alternative236. HF nurses name various barriers to
provision of patient education in the hospital, including insufficient teaching materials7.
So far, face-to-face or telephone-based education and counseling programs for HF patients
demonstrate promising results237-239, but interactive-technology-based education and counseling interventions for HF inpatients are scarce. A CD ROM-based educational program
has been developed for HF patients for the hospital setting64, focusing on providing generic
information to patients, by displaying animations, photos and voice-overs. This program
has demonstrated similar, but not superior, results as standard education65 and patients’
acceptance of the technology66. It could be that addressing patients’ motivation to engage
in the behaviors, and that tailoring the information to patients’ individual needs and barriers, may be beneficial in comparison with standard education, and interactive technology
provides the opportunity to do that.
Importantly, when designing an intervention, the setting and the timing for intervention delivery should be carefully considered. Hospitalization has been referred to as a
teachable moment68 because patients may be more motivated to change their behavior soon
after being confronted with their disease. Moreover, many patients can be reached during
hospitalization with relatively little effort (as opposed to, for instance, a home visit by a community nurse). A HF nurse typically provides education in the hospital to patients before
their discharge from the hospital 240. Previous work suggests that hospital nurses may not
always provide effective education, because of lack of time and/or training, that individual-
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izing content to patients may be one particular area in which nurses could use support, and
that nurses do not have sufficient materials (teaching aids) to support them7. This suggests
that although there is potential to reach many patients in the hospital, the education being
provided by hospital nurses may not be optimal.

Needs assessment
Review key
determinants

Review environmental and
behavioral causes

Identify the at-risk population,
quality of life and health problems

Intervention map

Products
Proximal program objective
matrices

Theory based methods and
practical strategies

Evaluation
Program plan

Tasks
- State expected changes in
behavior and environment
- Specify performance objectives
- Specify determinants
- Differentiate the target population
- Create matrices of proximal
program objectives, and write
program and change objectives
- Brainstorm methods
- Translate methods into practical
strategies
- Organize methods and strategies
at each ecological level
- Operationalize the strategies into
plans, considering implementation
and site
- Develop design documents
Procedure and pretest program
materials with target groups and
implementers

Adoption and
implementation plan

- Develop a linkage system
- Specify adoption and
implementation performance
objectives
- Specify determinants
- Create a matrix or planning table
- Write an implementation plan

Evaluation plan

- Develop and evaluation model
- Develop effect and process
evaluation questions
- Develop indicators and measures
- Specify evaluation designs
- Write an evaluation plan

Implementation

Figure 6.1: The Intervention Mapping protocol
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Interactive technology health behavior promotion interventions hold the potential
for individualizing content, where the expertise of the health educator is documented in
the interactive program, and can be used by nurses to supplement their education. With
an interactive-technology program, patients can use the entire hospitalization period to
become informed regarding their self-care because the nurse does not necessarily have to
be present, thereby increasing the learning potential. In the current situation, patients are
educated by HF nurses about self-care typically just before their discharge from the hospital,
and need to start performing the behaviors when they are back at home. The transition from
the hospital to the home environment is reported to be a point of confusion and miscommunication241 and therefore interventions that assist in supporting learning and thereby
reducing the potential confusion, are desired.
We therefore aimed to develop an individually-tailored interactive-technology program
for the promotion of medication adherence and PA among HF patients, for delivery in the
hospital setting. The goal of the program, which we named Motivate4Change, is to educate
and motivate patients to engage in PA and medication adherence after their discharge from
the hospital. To increase the level of confidence that the intervention we develop would
be efficacious, we worked according to the intervention mapping (IM) protocol. The IM
protocol is a step-wise method (Figure 6.1) used to develop interventions systematically
using relevant theory and evidence48. By going through the steps and creating matrices,
decisions are made regarding the specific behavioral change objectives, and how to achieve
these changes by identifying theory and evidence-based strategies and behavior change
techniques. This allows targeting the behavioral determinants and using behavior change
strategies that are most likely to affect the desired outcomes. In the current paper we report
on the design of Motivate4Change, using an IM approach.

Methods
The IM protocol specifies six steps for the development of theory- and evidence-based
health promotion interventions242. We implemented the first four steps in the development
of Motivate4Change, including 1) the needs assessment, 2) the definition of the performance objectives, selection of behavioral determinants and definition of matrices of change
objectives, 3) selection of methods and behavior change strategies, and 4) the translation of
these into an actual intervention program.
To assess the needs of the study population and define the program objectives, relevant
literature, including medical guidelines, were consulted. This led to a definition of the
performance objectives. To define the important and changeable determinants for these
performance objectives, systematic literature reviews were conducted190, 243. Based on the
performance objectives and selected behavioral determinants, matrices of change objec-
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tives were created. Strategies for behavior change were selected by consulting literature
and behavioral theories to identify strategies that target behavioral constructs. After these
steps were taken, the intervention program and materials were devised. These included the
program structure and sequence, the assessments, the tailored messages, and the functional
research prototype of the program.

Results
The results of implementing steps 1-4 of the IM protocol are described.

Step 1: Needs assessment
Needs for the management of HF
There is a need to for effective management of HF, to curb the adverse outcomes related with
this condition. Reported HF prevalence rates in men are 8 per 1000 at age 50 to 59 years,
increasing to 66 per 1000 at ages 80 to 89 years (similar values (8 and 79 per 1000) were
noted in women)16. Heart failure is related to poor health outcomes, as it is related to high
mortality244 and frequent acute episodes leading to hospital readmissions245 low levels of
quality of life246 and wellbeing2 for patients and caregivers. In addition, the costs of HF are
high, approximately 1-2% of the total healthcare budget in developed countries, primarily
due to the readmissions3. The management of HF primarily includes medication prescriptions and self-care behavior although in some cases surgery may be possible9.
Needs for the promotion of medication adherence among HF patients
Evidence-based pharmacological treatment is common practice in the management of HF.
Commonly prescribed drugs include diuretics, angiotensin-converting enzyme inhibitors,
beta blockers, among others247. Medication adherence, when measured with Medication
Event Monitoring System (MEMS), was found to be related to event-free survival32. However, for the medications to be effective, patients need to take them as prescribed. Although
research on medication adherence using self-report measures demonstrates that adherence
to HF medication is adequate235, studies that use more objective measurement techniques
such as claims data demonstrating prescription fillings30 248, or MEMS data31, demonstrate
low adherence rates, and thus room for improvement.
Needs for the promotion of physical activity among HF patients
It is recommended that HF patients perform moderate intensity PA for at least thirty minutes
daily189. There is evidence that performance of PA among HF patients can lead to a reduction in readmission and mortality rates83. Despite the promising effects, numerous studies
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show that adherence to PA recommendations is inadequate among HF patients9, 29, 36, 37. In
addition, healthcare providers do not always try to promote PA among HF patients. Reasons
include lack of knowledge on behalf of the healthcare providers and financial reasons38.
Education on self-care behaviors, including PA, is often not provided for hospitalized patients due to lack of time240.
Needs in the hospital setting
As previously mentioned, Motivate4Change was developed for delivery in the hospital setting, although patients would perform the self-care behaviors after they are back at home. As
such, we assessed the needs of patients during hospitalization, when they would be engaging in the intervention. Patients’ needs for completion of an interactive-technology health
behavior promotion program may be different in the hospital setting than in the home
setting. The needs assessment for the hospital setting revealed that the short length of stay
and high symptom acuity level7 are challenges that are specific to the hospital setting. These
challenges could lead to patients being less focused, confused, and experiencing negative
emotions, in addition to having only a short period of time to engage in the intervention.
Based on these identified issues, specific requirements for the intervention were defined,
including a short length for the intervention program and clear and simple content and
user interface. An intervention meeting these requirements was considered more likely to
be suitable for the state of confusion and symptom acuity that patients experience in the
hospital.
Based on the needs assessments, we defined the aim of the intervention. For a health
behavior promotion intervention provided in the hospital setting, the behavioral objectives
can only be achieved some time after the provision of the intervention; it is unlikely that
patients will take their medications independently or perform physical activity during hospitalization. Therefore, the aim of Motivate4Change was that “patients have the intention
to take their medications as prescribed and to increase the amount of PA they perform”.
According to the theory of planned behavior (TBP)249, intentions to perform a behavior are
the closest factor to actual behavioral performance. We found in the scientific literature that
that many patients perform very little PA, and this information was also verified with a cardiologist and a HF nurse. Based on their input we decided to define the PA aim loosely and
not specifically according to the PA recommendation for this patient population, because
for many patients who perform very little PA, an increase in PA to the recommended level
of at least 30 minutes of moderate intensity PA daily was perceived an unrealistic aim for a
brief intervention, to be delivered only during hospitalization.
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Step 2: Definition of performance objectives, selection of behavioral
determinants and creation of matrices of change objectives
First, we defined the performance objectives. Performance objectives were defined for
intentions to take medications and intentions to perform PA separately. Next, we selected
important and modifiable determinants of intentions to take medications as prescribed
and increase their level of PA. Finally, the performance objectives and determinants were
integrated in matrices to define change objectives.

Definition of performance objectives
Performance objectives are the specific cognitions and/or actions required towards intentions for behavior change. Complex behaviors often need to be changed by addressing their
components, and making a change in each of these components. The performance objectives (Table 6.1), corresponding to the program objectives mentioned above, were cognitive
because the program objective was cognitive.
Table 6.1: Performance objectives for intentions to take medications as prescribed and to perform more physical activity
Performance objectives for intentions to take medications
as prescribed

Performance objectives for intentions to
perform more PA

Patients describe how to take their medications

Patients describe how to perform physical activity

Patients identify solutions to their barriers to taking
medications

Patients identify solutions to their barriers to
performing PA

Patients specify counter-arguments to their concerns to taking
medications
Patients specify reasons why their medications are necessary
for them

Selection of behavioral determinants
It is contended that health promotion interventions should address the most important and
modifiable behavioral determinants, so that the behaviors are influenced and the health
problem diminished48. The identification of behavioral determinants and the translation
of these determinants into intervention strategies and techniques should be guided and
informed by behavioral theories as well as scientific evidence. Since the targeted delivery
setting was the hospital, determinants had to be changeable in a brief intervention in the
hospital setting. Theoretical health behavior models and scientific literature were consulted
in the selection of determinants.
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Theoretical indications
After reviewing prominent health behavior theories, two were selected to be used for guidance in the selection of determinants: TPB50 and Social Cognitive Theory (SCT)49. These
were selected in part because they describe cognitive determinants of behavior that were
deemed as changeable in a brief intervention, and especially since they are widely used in
the design of new health promotion interventions191.
The concept of perceived self-efficacy, or one’s confidence in being able to perform
a specific behavior, is central in SCT250. Another key concept in the SCT is outcome expectations. The SCT postulates that behavioral motivation is generated through cognitive
representations of future outcomes of performing the behavior. According to TPB, three
cognitive factors influence intentions for behavior: behavioral attitude, i.e. one’s beliefs
regarding the behavior, subjective norms which results from one’s normative beliefs, and
perceived behavioral control, which is based on control beliefs and considered similar to
the self-efficacy concept of the SCT.
Scientific literature
To synthesize all the evidence on determinants of the targeted behaviors, we conducted
systematic literature reviews190, 243. Results did not point to any relevant determinants
of the targeted behaviors and therefore additional literature was consulted. Previous
work251, 252outlines a wide range of potential barriers to medication adherence, including
aging-related factors such as cognitive and physical declines, as well as social and economic
factors252, and patients’ health condition, treatment, and social factors, among others251.
Most of these determinants were deemed not suitable for a brief intervention in a hospital
setting because more time an effort would be required to observe a change in them. Beliefs
about medications, which are more suitable to target within a brief intervention, are also
important determinants of medication adherence253. Beliefs may be about side effects of
medications, efficacy of medications as well as negative views about medication in general,
among other beliefs. Knowledge and understanding may also be important for medication
adherence because HF patients are prescribed an average of eight different medications and
they usually need to take medication more than once per day254.
Especially self-efficacy is an important determinant of PA, in the general population255,
and among older adults256, 257. There is also evidence that targeting self-efficacy in interventions is an effective means to increase engagement in PA258. Specific barriers for PA,
that HF patients may feel a lack of confidence overcoming, include physical symptoms214,
environmental influences (e.g. weather, resources), others’ expectations (e.g. relatives’
encouragement, others’ interest and advice), mental outlook (e.g. no self-identification as
active, lack of motivation for PA) and fluctuating health (e.g. heart failure symptoms)211.
In sum, three determinants of medication adherence were selected, which were deemed
important and suitable for targeting in a brief intervention: practical knowledge, self-efficacy
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for taking medication and beliefs about medication. Two determinants for PA were selected:
practical knowledge about PA and self-efficacy to perform PA.
Creation of matrices of change objectives
Next, performance objectives for the program objectives were created. These are a set of
sub-cognitions, and a change in those would lead to a change in the program objective
(Table 6.2). Finally, the selected determinants and the performance objectives were integrated in matrices of change objectives, which demonstrate what is necessary, in terms of
behavior or cognition, to achieve the performance objectives. Table 6.2 displays a selection
of matrices of change objectives. The change objectives were used to develop the content of
the intervention materials.

Step 3: Selection of strategies for behavior change
In this step we selected appropriate strategies for reaching a change in intentions, as defined
in the change objectives. These were identified in the scientific literature and in theories,
although it has been suggested that most theoretical health behavior models do not
specify strategies to change the behavioral constructs they propose259. The selected strategies included tailored health communication, instruction, vicarious experience, persuasion
techniques and empathy.

Tailored health communication
Health information which is tailored to patients’ relevant psychosocial characteristics
has been found to be more motivating than generic health information260. Tailoring can
be achieved with a computer system and provided through interactive technology and is
typically done by assessing patients on relevant characteristics and providing information
according to the assessments’ results6. Some of the reported mechanisms for the superior
efficacy of tailored information over generic information include personalization of the information, better exposure to the information, more intensive cognitive processing, greater
relevance of the information provided to the individual receiving it, and self-evaluation
properties of the feedback received73. The information in Motivate4Change was tailored
to individual patients based on the behavioral determinants identified in the previous
step. Specifically, the information was tailored to patients’ individual knowledge levels,
and existence of barriers which may reduce patients’ self-efficacy, and in the medication
adherence module information was tailored to patients’ problematic beliefs about medications. Therefore, patients received personalized messages259 that were delivered with written
messages as well as with videos.
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Patients know they should perform
moderate intensity PA

Patients describe how to perform physical
activity

Patients identify solutions to their barriers to Patients list appropriate activities when the
performing PA
weather is bad

Patients know they should perform PA on
most days of the week

Patients describe how they should perform
physical activity

Patients know which types of memory aids
are available

Patients identify solutions to their barriers to Patients recognize the side effects of
taking medications
medications

Patients express confidence that when
experiencing breathlessness or fatigue, they
can rest and perform activity again when
feeling better

Patients describe the ‘talk test’ for
measuring intensity of PA

Patients identify activities that are enjoyable
to them, which they are confident they can
perform

Patients know where they can acquire
memory aids

Patients express their confidence about
what to do if side effects occur

Patients express their confidence that they
can take their medications every day

Patients know they should take their
medication every day

Self-efficacy
Patients express their confidence they are
able to follow the doctor’s prescriptions

Knowledge
Patients know they should follow the
prescriptions of the doctor

Performance objective

Patients describe how to take their
medications

Table 6.2: A selection of matrices of change objectives for the five performance objectives
Beliefs

Patients believe that memory aids can
be effective in helping them take their
medications

Patients believe that if they have side effects
this does not mean they should stop taking
medications without a consultation

Patients believe that taking medication
every day is necessary for them

Patients believe that taking the prescribed
medications correctly can make them feel
better
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Instruction
Instruction on how to perform the behavior, including provision of information about the
behavior and expected outcome was another strategy used to improve self-efficacy and
knowledge. In addition, instruction was provided regarding solutions to overcome barriers.
It has been shown that both active and inactive older adults have barriers for performing
PA, but active older adults also recognize solutions to overcome their barriers, while inactive older adults do not recognize solutions261.

Vicarious experience
Self-efficacy, as outlined by social cognitive theory, can be promoted through 3 channels:
performance accomplishments, vicarious experience, and verbal persuasion250. For hospitalized HF patients the former does not apply, because they do not perform the behaviors
while in the hospital. Vicarious experience includes seeing others perform the behaviors,
leading people to persuade themselves that if others can do it, they should be able to at least
partially achieve it too250. This strategy was incorporated in the current intervention with a
video displaying an actor playing the role of a “typical” HF patient successfully performing
physical activity and taking medication.

Persuasion techniques
To persuade patients to perform the behavior, we incorporated the references to authority262. This is a strategy whereby people are persuaded to perform a behavior because of an
authority figure, for example if an authority figure recommends performing this behavior.
In Motivate4Change a professor in cardiology appeared in the videos and emphasized the
importance of PA and medication adherence for HF patients.

Empathy
In order to increase patients’ acceptance of the messages being communicated, empathy was
an additional strategy used in the current intervention. Hospitalization may be a difficult
time for patients263, and therefore empathic communication was deemed suitable. Also,
some of barriers that patients were asked about may be sensitive and/or difficult for patients,
and it was therefore appropriate to address them with an empathic tone. Empathy is one of
the main principles in motivational interviewing264. Empathic sentences were incorporated
in the messages, such as “Many patients feel that…” or “It is understandable that…”.

Step 4: Producing program components and materials
In this step the program plan was developed, including the scope and sequence, and the program materials were formulated. Relevant stakeholders were involved in the development
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of the intervention materials, including cardiologists, HF nurses and patients (Figure 6.2).
The user interface was designed taking into account the presumed needs of the target group
in terms of usability (e.g. having a clear indication how to go forwards and backwards in
the program, having a large font size), and usability sessions were conducted, leading to
an identification of issues which were addressed in the next version. In preparation for
the usability session, observation sheets were prepared in which various relevant usability
attribute, such as learnability, efficiency and simplicity, were specified and for each attribute
specific indicators were specified, which could be observed and recorded by the researcher.
The researcher observed patients while they were using the research prototype, and took
extensive notes while filling in the usability sheets.
The messages which were created for Motivate4Change addressed the listed determinants and corresponding change objectives. Messages were reviewed by nurses to check
for medical correctness and suitability for patients. Then, feedback sessions with patients
took place, in which patients were asked to read the message texts out loud, in order to
observe and note difficulties. They were asked to share their opinions on the content and the
feedback was incorporated (Figure 6.2). Specifically, based on the patients’ input, messages
related to specific barriers to perform the health behaviors were removed or added where
appropriate. For example, although at first a message relating only to side effects as a barrier
for patients was formulated, it was found in the feedback sessions that medications’ desired
effects can also be a barrier for patients, as is the case with frequent urination when taking
diuretics in order to reduce fluid build-up. Based on the literature, finding time to perform
PA was identified as a barrier to PA performance, but HF patients who participated in the
feedback sessions remarked this is not a barrier for them, and the relevant message was thus

Physical activity
content

1 Psychologist
4 HF inpatients
1 HF Nurse
1 Cardiologist

Working demo
with content

5 Inpatients;
1 Cardiologist
Medication
adherence content

1 Psychologist
3 HF outpatients
2 HF Nurses

Figure 6.2: the iterative process of the development of Motivate4Change involving relevant stakeholders
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Motivate4Change
Medication adherence module
Introduction
module

Introduction

Part 1:
Information
provision

Part 2:
Overcoming
barriers and
building
confidence

Part 3:
Addressing
problematic
beliefs
about
medications

Physical activity module
Introduction

Part 1:
Information
provision

Part 2:
Overcoming
barriers and
building
confidence

Figure 6.3: the structure of Motivate4Change

removed. A cardiologist was asked to provide feedback on the final program, and make sure
the content was correct from a medical perspective.
The resulting program included an introduction, which included an explanation of
the intention of the program and a summary of the key take-away message in relation to
medication adherence and PA for HF patients, and two modules, the first on medication adherence and the second on PA (Figure 6.3). Medication adherence was deemed more urgent
to address, based on input from clinicians, and it was therefore placed first. The medication
adherence module included three parts; one which was meant to increase practical knowledge on taking HF medications, another assessing barriers to taking HF medications and
providing solutions to identified barriers thereby presumably increasing self-efficacy for
medication adherence, and a third part assessing problematic beliefs relating to medications
and providing messages that aim to address problematic beliefs. The PA module had two
parts; one which aimed to increase practical knowledge on performing PA for HF patients,
and the other another assessing barriers to performance of PA and providing solutions to
identified barriers thereby presumably increasing self-efficacy for PA. Within modules, patients are presented with videos, followed by assessments and immediate tailored feedback
messages (Figures 6.4-6.7), depending on their answers. The videos were from the Philips
Motiva telehealth system.
Assessments for tailoring the content were based on the Beliefs about Medication Questionnaire265 and the Self-efficacy to Regulate Exercise Questionnaire224. The scales in the
original questionnaires were changed into dichotomous scales and two tailored messaged
were constructed for each question. We added and removed items based on input from
patients and professionals.
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Figure 6.4: A screenshot from the resulting Motivate4Change program: the main menu

Figure 6.5: A screenshot from the resulting Motivate4Change program: a medication adherence knowledge
question
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Figure 6.6: A screenshot from the resulting Motivate4Change program: a medication adherence barrier question

Figure 6.7: A screenshot from the resulting Motivate4Change program: a physical activity barrier question
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Discussion
In the development of an intervention promoting medication adherence and PA targeting HF
patients in the hospital setting, a systematic approach, guided by intervention mapping, was
found useful and informative. This process resulted in an intervention, Motivate4Change,
which targets knowledge, self-efficacy and beliefs using a variety of strategies including tailored health communication. We believe Motivate4Change is likely to be effective, because
the definition of its content was guided by scientific literature and by behavioral theories
as well as input from the potential users. Specifically, this process has resulted in a working research prototype, which would be ready for implementation at a hospital. A usability
testing of the user interface was conducted, demonstrating the intervention can be used by
older HF patients. However it would be necessary to also conduct formative user research
investigating the needs and requirements surrounding the intervention’s implementation,
and ensuring it is implemented appropriately.
Since intervention development can be a time- and resource- intensive process, as can
the process testing of an intervention in a trial, it is imperative to develop interventions
that are likely to be effective. To do this, researchers must compile the existing evidence and
theory in order to make decisions relating to the intervention’s content and structure. As
such, researchers may be overwhelmed by the abundance of scientific literature available.
A systematic process, such as IM, could help them make more informed decisions, in a
structured and relatively easy to follow manner.
Although IM was a very useful tool in the development of Motivate4Change, and having
gone through the steps increases our confidence in the effectiveness of the intervention, it
had one drawback. Specifically, although IM was found useful and informative, it was also a
time-consuming and lengthy process in the development of Motivate4Change. A limitation
of the manner in which we implemented the MI process, was that in the identification of
the determinants, after discovering that there was not enough available information on the
determinants of medication adherence and PA among HF patients, we did not conduct
additional empirical evidence on this topic and instead relied on available evidence from
other, similar, populations. In addition, in the needs assessment stage, when selecting a
digital intervention to address the need for promotion of self-care among HF patients, we
did not assess if the relevant stakeholders have a need specifically for a digital intervention
and instead hypothesized such an intervention would be adequate and desirable due to its
potential to address some of the observed needs of the stakeholders.
The resulting intervention, Motivate4Change, has a few limitations. Although we believe
it would be effective in changing patients’ behavioral intentions if tested in a trial, to increase
its effectiveness it may be important to combine it with long-term behavior change and
adherence support also at home or in an outpatient setting62. In a brief intervention for hospitalized patients, only a few change objectives and determinants could be addressed. It was
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not possible to address socio-environmental and abilities-related determinants, although
these may be important determinants of the behaviors. Many potential determinants that
would theoretically be suitable to target in an intervention targeting PA and medication were
therefore deemed unsuitable to target in Motivate4Change. For example, true awareness of
personal behavior could be a potential determinant of PA, but for Motivate4Change it was
regarded not suitable because to be aware of their own behavior, patients should perform the
behavior, which they cannot do during hospitalization. Although patients could be asked
regarding their previous behavior, their behavioral pattern may change after their discharge
from the hospital, because the acute event may impact their behavior (especially physical
activity). Outcome expectations, which are related to expected outcomes of performing
the behavior, is likely better to target in a situation where one is performing the behavior.
Attitudes, which relate to a pervasive tendency or orientation, are also more suitable to
target in a longer intervention. In Motivate4Change beliefs were therefore targeted, which
are more specific cognitive constructs and may be easier to change than attitudes in a short
amount of time. In addition, the performance objectives were largely restricted to rather
passive performance or actions. The target environment for the intervention delivery is in
a hospital setting and the intervention is mainly to help them plan, prepare and anticipate
actions when back in their home environment. Therefore, the performance objectives were
mostly rather indirect, and focused on describing and identifying specific actions.
One important aspect in the development of Motivate4Change intervention was the
early assessment of the needs of the intended users in the intended setting for intervention
delivery and the involvement of relevant stakeholders in the intervention development. In
the needs assessment phase it was found that patients the hospital setting are likely to have
needs that are specific for this setting, which had consequences for the intervention content,
sequence and structure. Designing the intervention with an early consideration of the needs
of the intended users in the intended setting resulted in an intervention that is likely to fit
the intended setting, making it more likely that it will affect clinical outcomes if tested in a
trial.
Motivate4Change was restricted in its focus because of the predefined setting it was to
be implemented in, which reduced the degrees of freedom in applying IM to come to the
best possible intervention. This means that the resulting intervention is likely suitable for
the hospital setting, but possibly less effective than an intervention that would have been
developed with the intention of having a positive effect on the behavioral outcome, regardless of the setting for intended implementation. Finally, although we believe that Motivate4Change is likely to be effective in changing HF patients’ PA and medication adherence,
the effectiveness is yet to be demonstrated. To assess the effectiveness of an intervention, a
randomized controlled trial would be necessary as a next step. Although at this moment a
trial assessing Motivate4Change’s effectives is not planned, such a trial would consist of an
intervention group receiving Motivate4Change during hospitalization, and a control group
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receiving standard care during hospitalization. Both of the groups would be followed up
after discharge and assessed for their PA and medication adherence, ideally with objective
measurement techniques such as accelerometers and medication dispensing devices. Such
a trial should be powered to detect changes in medication adherence and physical activity.
In addition, ideally a trial should be conducted across multiple sites. In the sample size
calculations and analyses this nested design should be accounted for.
In sum, the current work describes the development of the Motivate4Change intervention, aimed at promoting medication adherence and PA among HF patients. This intervention was developed by following the IM protocol. It was developed for use in the hospital
setting and as such would be suitable for implementation in the hospital setting after a
formative, user needs and environmental requirements study.
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Abstract
Background: Heart failure (HF) is a chronic condition, prevalent especially amongst older
people, characterized by acute episodes leading to hospitalization. To promote HF patients’
engagement in physical activity (PA) and adherence to medication, we developed Motivate4Change: a new interactive, ICT-based health promotion program for delivery in the hospital. The development of this program was guided by the Intervention Mapping protocol
for the planning of health promotion programs. The users of Motivate4Change were defined
as hospitalized HF patients and hospital nurses involved in HF patient education. Two aims
were addressed. First, to explore the use of interactive technology in the hospital setting and
second, to evaluate user needs in order to incorporate them in Motivate4Change.
Methods: Participant observations at a hospital in the UK and semi-structured interviews were conducted with hospitalized HF patients and HF nurses following their completion of Motivate4Change. Interviews were recorded, transcribed and analyzed according to
a thematic coding approach.
Results: Seven patients and three nurses completed Motivate4Change and were interviewed. Results demonstrated that patient needs included empathic and contextual content,
interactive learning and support from others, including nurses and family members. The
nurse needs included integration in current educational practices and finding opportunities
for provision of the program.
Conclusions: The current work provides insight about user needs regarding an interactive-technology health promotion program for implementation in the hospital setting, such
as Motivate4Change.
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Introduction
Heart failure (HF) is a chronic cardiac condition prevalent especially amongst older people,
characterized by acute episodes leading to hospitalization110. HF is usually irreversible
but can be managed with medication and with non-pharmacological treatment, which
includes a range of behaviors, such as dietary, physical activity (PA), self-management and
monitoring behaviors266. However, adherence rates to the behavioral treatment plans are
sub-optimal116, which has been linked to adverse clinical outcomes267. There is a need for
effective programs that promote the adherence of HF patients to the behavioral treatment.
To promote engagement in PA and adherence to medication among patient with HF we
developed Motivate4Change: a new interactive health promotion program for delivery in
the hospital. Patients with HF are often educated regarding self-management by HF nurses
during hospitalization, and Motivate4Change was developed to assist nurses in the delivery
of the education, as well as to optimize the promotion of self-management health behaviors
among patients. The development of this program was guided by the Intervention Mapping
protocol48, 268 for the planning of health promotion programs. Using this protocol, health
promotion program planners can integrate evidence and theory in a structured manner in
the planning of health promotion programs.
A user-centered design approach was followed in the development of the program, to
incorporate user perspectives, needs and preferences. When users are not involved, they
often refrain from using a system269. If a program is poorly or incompletely implemented
in the intended setting, or fails to reach a sufficient proportion of the target group, it may
lack success270. The users of Motivate4Change were defined as hospitalized HF patients and
hospital nurses involved in HF patient education and health promotion.
Motivate4Change was designed to educate hospitalized HF patients about PA and
medication adherence, and motivate them to become more adherent to these behaviors
after hospital discharge. The aim of the research is to formatively evaluate the use and
experiences of patients and nurses with the program and its implementation in the hospital
setting, in order to incorporate the results in a next version of Motivate4Change.
Motivate4Change consists of an introduction module, a medication adherence module,
and a PA module. Within each module there are 4 components: 1) An introduction; 2) A
list of take away messages: The key messages patients should remember from the module; 3)
A video with information on medication adherence/PA and showing a typical HF patient,
John, living his daily life and dealing with difficulties related to medication adherence/ PA.
4) Assessments and feedback. Specifically, in the medication adherence module, there is
first an assessment of the patient’s knowledge on how to take medications. Patients can
answer the multiple-choice questions by clicking a button on the tablet’s touch screen. Next,
an assessment of barriers to medication adherence is presented. This assessment includes
barriers of HF patients to taking medications. Finally, an assessment of beliefs about medica-
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tions is presented. Next, in the PA module, an assessment of the patient’s knowledge on how
to perform PA is firstly presented, followed by an assessment of barriers to PA performance.
Based on their answer to each question, patients receive tailored feedback messages.
Previous qualitative studies have been published about perspectives and experiences of
older people with health technology271, 272. One study, for example, explored reactions and
perceptions to home monitoring systems of cognitive and physical health271, and found that
older people can accept home monitoring technology, if they perceive it as valuable. In addition, qualitative studies have been published about perspectives and experiences of health
technology and online health applications of patients with various health conditions273-275276
including HF277. For example, one study showed that stroke patients found an internet
portal with information on stroke easy to use and valuable275. These studies show that older
patients can accept technology for health promotion and management.
Few studies have, however, explored patient experiences with ICT in the hospital setting. There are aspects of the hospital setting that may have an impact on the experiences
of patients. For example, the patient’s physical and emotional state when in the hospital69
may influence their experiences with the program which may influence its efficacy level.
Therefore, the current work is an important addition to our understanding of the experiences with new technology-based health promotion programs for older patients in a setting
that has not yet been explored, but may become more utilized in the future. Qualitative
research is an effective approach for gaining in-depth information about topics on which
there has been limited prior research271.
When there is a lack of knowledge on a particular topic, grounded theory is a particularly
useful framework to adopt as the research framework278, 279. According to grounded theory,
behavior is influenced by the context in which it takes place. In the current research, the
context of the hospital setting will be studied, and the meaning of experiences and behaviors
of patients and nurses in this context will be interpreted.
In sum, two aims were addressed in the current work. First, to explore the use of, and
experiences with, interactive technology used in health promotion delivered in the hospital
setting, and second, to evaluate user needs in order to incorporate them in Motivate4Change.

Methods
Sampling
A convenience sample of seven patients and three nurses was selected from an academic
hospital in the UK which has a total of 610 beds including 42 on the cardiology ward.
To select participant patients, the following inclusion criteria were applied: 1) They were
hospitalized for HF, 2) They were able, cognitively and physically, to use a tablet and read
the information provided in the Motivate4Change program, 3) They did not have a medical
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condition (e.g. an infection) that could infect the researcher. Patients awaiting valve surgery
were excluded, because the behavioral recommendations for these patients may be different
than for the rest of patients, depending on the outcome of the surgery. An attempt was made
at achieving maximum variation, in terms of age, sex and experience with ICT. However, the
sample was restricted to patients that were hospitalized for HF at recruitment period of the
study. Participant nurses were recruited based on their involvement in HF patient education
and behavior change promotion during hospitalization. Only nurses who have HF patient
education tasks in their role were included.

Recruitment
Recruitment to the study took place during two phases in 2012. Each phase was one
work-week long. In each phase, to select patients meeting the inclusion criteria, a nurse
went through the list of patients on a daily basis, and selected patients she believed met
the criteria. She then approached the patients at their hospital bed, described the study,
provided a patient information sheet which described the study in detail, and asked for their
participation. If a patient agreed to participate, a suitable time was discussed. All nurses
who met the inclusion criteria were contacted by e-mail and asked to participate by the
researcher. If they agreed, a suitable time was discussed.

Procedure
The researcher (first author) approached participant patients at the agreed time by their
hospital bed, or at a separate room on the ward, depending on the preference of the participant. The researcher asked each participant to sign an informed consent form, and then
provided them with Motivate4Change on a tablet and gave a brief explanation how to use
the program. Each participant then started the program, while the researcher sat on the
ward, in the vicinity of the participant, and waited for each patient to go through the whole
program. If participants had questions, these were answered by the researcher. After they
had completed Motivate4Change, the researcher turned on an audio recording device and
interviewed the patients according to the pre-defined semi-structured interview guide.
Interviews lasted between 10-40 minutes (Table 7.1). The interview guide explored participants’ expectations of Motivate4Change, personal assessments of the program, experiences
receiving Motivate4Change on interactive technology, and possible behavior change as a
result of using the program.
Observations were made by the researcher during the periods of time that participants
were completing Motivate4Change, while sitting in the ward. These periods were approximately 45 minutes long per patient. An observation protocol was used. Items included
possibilities and obstacles for providing a health promotion tablet on the cardiology ward
and potential user needs expressed non-verbally. Extensive field notes were taken during
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Table 7.1: Participant characteristics
Participant number /
interview length,
in minutes*

Age

Experience with ICT: PCs, smartphones, tablets

Patient 1/20

58

None

Patient 2/25

75

None

Patient 3/20

76

None

Patient 4/30

71

None

Patient 5/40

75

Experience with laptop, needs help with internet

Patient 6/10

37

Experience with PC’s, tablets and smartphones

Patient 7/40

64

Experience with tablets and smartphones but needs help using them

Nurse 1/15

48

Experience with PC’s, smartphones and tablets

Nurse 2/20

36

Limited experiences with PC’s, smartphones and tablets

Nurse 3/30

45+

Experience with PC’s and smartphones, limited experience with tablets

*rounded to the nearest whole minute
** PC= Personal computer

the observations periods, and if any questions arose, or if any issues required clarification,
these were discussed by the researcher with the participating nurses.
The interviews with nurses were conducted at office rooms at the hospital. First, the
researcher gave a brief explanation about the program and the study, then nurses were provided with the tablet and completed the Motivate4Change program, and finally structured
interviews took place using a semi-structured interview guide, and were recorded with an
audio recording device. The interview guide explored nurses’ expectations and opinions
regarding use of interactive technology as a tool for health behavior promotion in the
hospital, possible fit of Motivate4Change in their patient education-related workflow, and
possible impact on patients.

Analysis
Data was analyzed according to the grounded theory approach, which postulates that data
collection and analysis are interrelated. The analysis of the first interviews directs the analysis
of the next interviews. Therefore, the results of a study that uses this approach are achieved
through an iterative process of collecting and analyzing data279. In order not to miss anything important, it is crucial to analyze all information and see if anything important comes
up that was not prospectively considered. An inductive approach to the analysis will be
adopted, whereby explanations and patterns will be sought with a bottom-up approach279.
The audio recordings of the patient and nurse interviews were transcribed. The patient
interviews were analyzed separately from the nurse interviews in order to assess both
perspectives. The text of the first three patient interviews was coded by two researchers
separately, in order to maximize the quality of the analysis279. Coding the text was achieved
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by assigning codes to chunks of data in order to label and organize the data. First, codes
were identified and created. Then, data was assigned to codes. The emerging themes were
captured. Finally, codes were sorted into categories. In this stage a coding framework was
developed. Codes were grouped into categories in an iterative process. This coding process
was first completed for the interview transcript separately (open coding), then a process
of axial coding was initiated, were material from the various transcripts was related and
compared. Also the texts from the field notes were analyzed by assigning codes to chunks
of data and grouping the codes into categories, and finally capturing the emerging themes.
Topics from patient interviews and from the observations were informally checked with the
nurses.

Results
Seven patients completed Motivate4Change and were interviewed. The age range of patients
was 37-76 (Table 7.1). All patients were male and have been diagnosed with HF before the
current hospitalization. Patients had varying levels of experience with ICT. Twelve patients
met the inclusion criteria and four refused to participate. One of the eight patients that
agreed to participate was sleeping when the researcher arrived at the scheduled time, and
was discharged before there was time to conduct the interview. Reasons for non-participation included: Participating in other studies and not wanting to participate in more studies
during hospitalization and feeling upset following the recent HF diagnosis.
The analysis of all data revealed two general themes: patients’ needs and nurses’ needs.
The theme ‘patients’ needs’ was divided into three sub-themes, including contextual and
empathic content, interactive learning, and support from others. The theme ‘nurses’ needs’
was divided into two sub-themes, including integration in current educational practices and
finding opportunities for provision of the program.

Patients’ needs
Contextual and empathic content
Participating patients have been living with HF before using the Motivate4Change program,
and they viewed the information in Motivate4Change in light of their own experiences with
HF management. They viewed the content as empathic as it acknowledged their emotions
and own personal experiences, and contextual, since it addressed the context of their life
as HF patients. Patients felt their personal situations were acknowledged in the video and
with the assessment questions and feedback, and this seemed to encourage them that PA
is relevant and possible for them. For example, one patient remarked: “He [John from the
video] wasn’t an athlete. He was just an ordinary chap. He was doing all sorts of things”,
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and concluded that he can start being more active after his discharge from the hospital. In
addition, various pieces of information from Motivate4Change were recognized by patients
based on their own physical abilities, and this acknowledgement of their abilities made them
feel encouraged to perform PA in the future. A patient that has not been doing enough PA,
and has been experiencing limitations that make it difficult to be physically active, recalled
from the Motivate4Change content that he can build up his aerobic capacity by performing
a little more activity on a daily basis. Another patient, that has been very active, recalled that
he should pace himself and spread the activities throughout the day. Nurses also appreciated
the contextuality of the videos and the fact that the video provides a concrete example of a
HF patient engaging in the behaviors in daily life situations “to see potentially what a patient
can do” (Nurse 2).
The importance of contextuality was demonstrated also in discussions about the medication adherence content. Most patients did not view this content as acknowledging their
personal situation, since they indicated they are adherent to their medications and viewed
Motivate4change as more relevant for patients who are not: “Well, I think it would benefit
some people, because I know some people think that they are alright and they can stick
the day with one tablet […]” (Patient 03). Regardless, some patients did recognize that
some difficulties to taking their medications were acknowledged. For example, one patient
remarked: “That bloke going out and not taking his diuretic. I know what it is like” (Patient
03), referring to fluid retention that results from skipping a diuretic dose. Although most
appreciated having a repetition of information regarding medication adherence, patients
appreciated the information on medication adherence to a lesser extent than that on PA, due
to the fact that it was not perceived as personally relevant.
The empathic tone of the program, which included acknowledgement of possible difficulties and emotions, evoked feelings of safety and reduced insecurity and fear. Patients
indicated that HF patients can be panicked, and that Motivate4Change can help with this
and help people understand they can still do things:
You know, people tend to […] panic! They do! I’ve seen them, seen lots of them! […]
you say it in a nice way, you see what I mean [ …] because people are so… they
panic you see. “Heart failure!? Oh! Panic, panic, panic! […]. People are frightened.
But that [Motivate4Change] is sensible. It’s telling to keep going […]. So that’s right,
that’s a good idea then. […] you can still do this, you can still do that, you can still
do more things […] and learn how to go back to the way you were. That’s what
you’re doing with that [Motivate4Change], isn’t it? (Patient 07).

Notably, not all patients felt acknowledged by the program. One patient, who was younger
than a typical HF patient (37 years old) did not perceiveMotivate4Change as relevant for
him since he thought it addresses only older people. He mentioned that John, the character
from the video, is an older man as an example. Another patient, who receives home care
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including medication support and a physiotherapist to help with PA, did not perceive that
Motivate4Change was relevant for him since his situation was not acknowledged. Likewise,
participating patients commented that Motivate4Change would not be relevant for patients
with cognitive and physical limitations, or depression. “Well you may find an old lady that
does not understand everything very much. And that gentleman there, it would be a waste
of time to show him this, they can’t even get him to read, he would not be into that” (Patient
05).
Interactive learning with ICT
The patients expressed their preferences for learning in an interactive manner, in comparison to being “told” what to do with traditional written materials.
[…]I think that (Motivate4Change) is probably more useful to people than, you
know, some of the books […] because it interacts with people, and the book doesn’t
ask you a question. It’s just telling the things. When it’s asking a question, you can
think about it. If you get the answer wrong it puts you right. And if you look at the
pamphlets, all they do is tell this, that, and the other, it’s like reading a novel, in a
sense (Patient 05).

They perceived that interactive learning better addresses their learning needs, by providing information that is relevant for them and reducing the amount of information.
The trouble [with the booklets] is that they try to give people complete information.
It’s information overload to some. […]. And some of the other pamphlets overlap
quite a lot. […] So this [Motivate4Change] provides a better picture of at what you
need to do (Patient 05).

Nurses appreciated the interactivity because of its potential to facilitate learning “they
[patients] can get both answers, in case it is not clear in their mind what the right answer
is” (Nurse 02). Nurses also related the program to DVD’s provided at hospitals in the UK to
post-myocardial infarction (MI) patients. They remarked that Motivate4Change could work
in a similar way, but they appreciated the interactive aspect in Motivate4Change, which is
not available in DVD’s.
MI patients have a lot of different DVD’s which they can watch and use […] I think
for the heart failure patients they need more things. And different tools to help them
[…]. So, yeah, I think things like this [Motivation4Change]. I do really like the
format (Nurse 02).

Nurses also made clear that a prerequisite to the provision of an interactive technology program is simplicity and indicated that Motivate4Change is simple: “you only have
to switch it on and it loads on- I think it’s really easy. […] You have only got one button
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to press” (Nurse 02). Terms such as “straightforward”, “not too complicated”, “quite easy
to show to people”, “not too difficult for the patients” (Nurse 03), “easy to use, really easy
to use”, “user-friendly” (Nurse 02) were brought up. Nurses considered simplicity to be an
advantage of the program.
It was interesting that although most of the interviewed patients had a positive or neutral attitude towards the use of ICT as a means to receive health promotion information,
some patients expressed a general negative attitude towards ICT. One patient, for example,
commented that he has “seen some people become slaves to them [computers]” and associated computers with “not doing things” (Patient 04). Notably, some patients viewed nurse
education sessions as more interactive than ICT-based education: “[…] she gives feedback
when you ask a question. She answers everything and she is there for a lot longer” (Patient
06). One patient commented that he already received information from nurses and doctors
and there is no need to get this also from a computer: “you don’t need a computer to tell you
to walk” (Patient 02).
The nurses, however, thought Motivate4Change can facilitate the interaction that patients have with them in the educational sessions, and thereby make the sessions with them
more interactive. They indicated that patients may not think of all of their questions during
the face-to-face education sessions, and by using Motivate4Change patients can become
triggered to ask additional questions in the sessions. The nurses indicated this is especially
relevant for newly diagnosed patients, who have little knowledge about HF and therefore no
pre-existing questions to ask.
It was observed by the researcher that all patients read all of the information. When
asked why he read everything in the program, one patient remarked “It looked interesting.
When you go further into that, it was more interesting” (Patient 01) which indicates that
something made him continue to completion. Interestingly, patients read the information
regardless of whether the attitude to learning that they expressed was positive or indifferent.
Specifically, some patients expressed a positive attitude towards learning: “Oh I am the one
that ought to read everything. Not everybody does! It’s just me […] Yes, I do try to learn”
(Patient 07). Other patients were indifferent to learning about HF management and even
preferred to refrain from learning-related activities: “[…] I think things like this anyways,
you just look at them if you want to look at them. You know what I mean? […] I’ve always
tried to avoid this business [laughter]” (Patient 06). When the researcher asked if he read
the booklet that was provided to him in the past by the nurse, the patient remarked: “not
all of it, but the bits that I was interested in, well, not interested in, that seemed relevant”
(Patient 06) indicating that booklets were not completely read in the way the content in
Motivate4Change was. This patient further indicated although he did not appreciate the
content of Motivate4Change (as discussed above), he did appreciate the interactivity, and
even made suggestions for additional features. The reason for completion was therefore the
interactive aspect, which was appreciated even when the content was not.
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Support from others
Patients would need some support from nurses to engage in the program. First, they would
require an explanation regarding the meaning of the program and to how to use it. All patients indicated that Motivate4Change was easy for them to use, including the patients who
expressed negative attitudes towards ICT. Indeed, it was observed that all patients could
use the program, although it was observed that patients sometimes lean on the tablet with
their hands, which causes usability issues. Some patients demonstrated insecurity by asking
the researcher questions regarding how to navigate, while, in fact, clicking on the correct
buttons. This might indicate that some support would be needed to reduce the insecurity.
Also, some patients remarked that it is difficult to complete the program when lying in
bed, since it can cause them to lose their attention. Indeed, it was observed that patients
could better interact with, and seemed more attentive, when performing the program while
sitting in the chair which was available at every bedside. Therefore, patients may need some
support getting out of bed and sitting on the bedside chair, or walking to the common room
on the ward.
The nurses indicated that family members could also use the program, and thereby support patients, both during the program use, as well as after discharge from the hospital. “I
think families could get quite a lot of benefit from it, because they come to visit somebody
[…] and want to know what’s happening, how easy is it for them to flip through something
like this?” (Nurse 01). They specified that some family members visit only during the late
visiting hours and do not get to meet with the nurse, and Motivate4Chnage can be used to
inform them about HF self-management.
Finally, patients would have to know that they have been diagnosed with HF and what
HF is, and be ready to receive information regarding HF self-management, before receiving
Motivate4Change, because, according to nurses, it could be psychologically difficult to deal
with the diagnosis. Therefore, before providing the program, nurses would need to assess
if patients are aware that they have HF and are ready for receiving information about HF
self-management.

Nurses’ needs
Integration in current educational practices.
Motivate4Change was placed by patients and nurses in the context of past and future
educational encounters. They discussed booklets, pamphlets, and nurse education sessions
as learning materials they have previously received (patients) or used in their education
sessions (nurses). Motivate4change was viewed as a welcome addition to these materials,
since it can reinforce their existing knowledge:
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“[…] I felt that (Motivate4Change) reinforced what I’ve read, which is a good idea,
because if somebody talks to you for a while you’re not going to remember all of it.
If you see it again in a book, you think “oh yes I remember that” – if you see it in
a different format altogether it’s another cue to your memory so it’s a good idea”
(Patient 05).

Since nurses are those that provide patients with education, including the various
educational materials, they discussed the need for Motivate4Change to be integrated with
current educational practices. They expressed their opinion that the program could be most
efficacious in conjunction with other learning materials (leaflets, booklets, face-to-face sessions), which are typically already provided to patients in current care practices.
In addition, they discussed the efficacy of home-based education provided by the community nurse. This education is provided in the context of the setting where patients actually
perform PA and take their medications. Nurses recommended that this type of education
would be provided in conjunction with Motivate4Change to reinforce it in real life setting.
Patients who have already been receiving education at home viewed Motivate4Change also
in relation to this type of education, and expressed their desire to keep their contact with
the community nurse: “if I’m poorly she knows whom to phone […] yeah I still need her to
come […] she checks me out, feet, breathing, everything. She makes sure my lungs are clear.
She’s a good nurse” (Patient 03).
Finding opportunities for the provision of the program
Finding a suitable opportunity for nurses to provide, and thereafter for patients to complete,
Motivate4Change is an issue of importance to nurses. One of the nurses described how she
would introduce the program:
“You would discuss the heart failure, the condition, what’s it about. Then, a little bit
down the line, you would introduce that [Motivate4Change] and leave it with the
patient and while you’re doing that you could go off and start with another patient
the basic introduction to HF and so on” (Nurse 02).

Most patients took approximately an hour to complete the whole program, including
both modules, but one patient took about 30 minutes, and another requested a break between the two modules. A few patients discussed that they would “need their time with
it” (Patient 01). According to the nurses it would be necessary for patients to be able to
go through Motivate4Change on their own, as the nurse would not be able to do this with
all patients individually due to time constraints. It was observed, and corroborated with
information from nurses, that due to medical procedures, physician rounds, visiting hours
and meal times, and the fluctuating symptoms patients may experience in the hospital, it
may be challenging to find an uninterrupted period of time to complete the program during hospitalization. The researcher observed that, during the recruitment process, it was
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often difficult to find a time slot to administer Motivate4Change. Some patients gave their
informed consent, but felt too unwell at the time the researcher arrived to administer the
research, or were engaged with one of the aforementioned activities. The nurses suggested
letting the ward nurses provide the program outside of working hours of the HF nurses. This
may maximize the time being spent on education, since patients would be able to become
educated also when the nurses are away. If tablets were to be left on the ward, however, their
placement would need to be considered. Although leaving it on the bedside table may be
possible, it can fall or be stolen. In addition, it was observed that bedside tables are filled
with items, and there is limited space available on them.
The nurses indicated that no added work would result if they would be using Motivate4Change as an educational tool. One of the nurses indicated the time nurses would need to
spend on training patients before using Motivate4Change would be minimal.
In sum, it was found that, regarding Motivate4Change, a health promotion program
delivered on ICT in the hospital setting, patients appreciate empathic content, which acknowledges their personal situation. Patients appreciate receiving an interactive program
and they are able to use such a program, even when they have limited experience with ICT.
Finally, when completing a health promotion program delivered on ICT in the hospital
setting, patients require some support from others, including nurses and possibly family
members. Nurses require an integration of a new program in current educational practices
and tools. Finding an opportunity to deliver the program to patients is a challenge for
nurses, but possible ways to overcome this exist, including making the program available to
patients also when HF nurses are not present on the ward.

Discussion
Two aims were addressed in the current work. First, the possible use of interactive technology-based health promotion programs in the hospital setting was explored. This investigation
is especially interesting because education and health promotion via interactive technology
has not been previously explored in the hospital setting, and therefore information on users’
experiences is scarce. Second, we aimed to evaluate user needs in order to incorporate them
in Motivate4Change. In order to obtain the most accurate information regarding user needs
in relation to the environment intended for the program’s use, we conducted the study in
a hospital setting. Assessing user needs is a vital step in the development of innovative
technologies, and if this step is not taken, the new technology may not be accepted, and
therefore not taken up, by the intended user population269 As such, researchers have called
for exploration of user needs and their integration in the development of applications280, 281.
Acknowledgement of patients’ own situation, via contextual content, was a central need
for patients. By acknowledging their experiences with HF self-management, as well as the
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difficulties they experience, and by demonstrating how, regardless of these difficulties,
health behaviors can be performed, patients felt empowered to perform the behaviors, and
this empowerment motivated patients to perform them. Self-efficacy, or the perception
that one is able to perform a behavior, is one of the central constructs of Social Cognitive
Theory (SCT)250. Based on previous research, behavior change interventions for patients
with chronic diseases that focus on enhancing self-efficacy are promising282.
When patients did not perceive that their personal situation was acknowledged, as was
the case with a younger patient, they were less engaged in the program and expressed a lack
of appreciation of it. It is therefore important that all individuals feel acknowledged, even
those that are less “typical”, although it may be difficult to achieve this. It remains to be
seen if Motivate4Change is perceived as personally relevant for female and newly diagnosed
patients, since all participants were male and have been living with HF previously.
Common difficulties experienced by HF patients were acknowledged in Motivate4Change by including a video with a ‘typical’ HF patient as a role model. According to SCT
role modeling is a strategy to increase self-efficacy , whereby seeing similar others perform
certain behaviors leads to expectations about one’s own efficacy in performing these behaviors250. Therefore, acknowledgement through a role model, as is done in Motivate4Change,
is also expected to lead to an increased level of self-efficacy, and thereby behavior change.
In addition, patients’ personal situations were acknowledged by providing tailored feedback
messages. Tailoring of health communications is a behavior change strategy in which information is provided to individuals based on the unique characteristics of those individuals6, 73.
To achieve this, people are assessed regarding characteristics of interest6 and therefore need
to themselves actively provide input. This approach has been found to be effective in changing health behaviors73, 260, 283. In addition, it requires the patients to actively interact with the
program, an aspect of Motivate4Change which patients and nurses particularly appreciated.
Interactive learning was a second need for patients. Both patients and nurses thought
that the interactivity aspect of Motivate4Change can facilitate learning. It should be pointed
out that the interactivity in Motivate4Change was very simple and included either pressing
only one button (e.g. ‘next’ to navigate to the next page) or choosing one out of two buttons
to press (e.g. selecting ‘true’ or ‘false’ to answer a question). Importantly, one of the strengths
of Motivate4Change, according to nurses, was its simplicity. It was stressed that a program
delivered via ICT to HF patients should be easy for patients to use.
It remains to be seen, however, if simplicity is sufficient for patient use of the program.
In the current pilot study all patients used the program; however, it is unclear if they would
have used it if the researcher was not present. Although most patients expressed positive
attitudes towards using ICT during their hospital stay, and very few usability problems were
observed, some insecurity regarding their ability to use Motivate4Change was expressed by
patients and also observed by the researcher. Previous research on the use of telerehabilitation by chronic pain patients demonstrated that although patients may perceive benefits to
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using technology, insecurity in their abilities to use it may be a barrier284. Further research
is necessary on patients’ feelings of insecurity with the use of technology, the sources of
this insecurity, and its potential effects on their actual use of the technologies, in order to
address this issue in future programs.
A third need for patients was support in the use of the program, especially regarding
the initiation of use. This support would be provided by HF nurses, since they are in charge
of patient education, and it is therefore important that they appreciate Motivate4Change.
The nurses interviewed in the current study welcomed Motivate4Change as a possible addition to their current educational tools. Their needs included integrating Motivate4Change
in their current educational practices. Nurses discussed that they would potentially use
Motivate4Change in their current educational routine and how they would integrate it in
current educational practices.
It was discussed by nurses that a good option would be to also involve family members
in the program, which could be an additional good source of support to patients. The role
of family members is central in patient self-management285 and as such they could also
potentially be involved in the process of patient motivation and activation.
Nurses also viewed challenges regarding opportunities to deliver the program to
patients. Possible ways to overcome this were brought up, including making the program
available to patients also when nurses are not present at the hospital, so they can use it on
their own. Family members may be instrumental if this option were to be pursued and their
needs should therefore be explored in future research. It was observed that leaving a tablet
with patients on the ward presents challenges, including location to place the tablet and
safety issues. It is therefore advisable to create a solution that takes into account also the
physical environment in the hospital.
Some patients discussed the importance of their connection with the nurses. They
expressed a desire to keep the human contact and the ongoing support provided by the
nurses. This is in line with previous research286 which showed that some patients refused
participation in a telehealth and telecare trial in part due to fear of losing their relationships
with their care providers. Patients also regarded the education provided by nurses to be
more interactive than the education provided by Motivate4Change. Interpersonal health
communication, such as face-to-face educational sessions provided by nurses, is the most
individualized form of health communication6. However, it also requires the highest level of
assessment of individuals6, which could mean it is more labor-intensive, and therefore more
costly, than tailored health communication. It remains to be seen how to combine education
and health promotion strategies which are ICT-based with those provided by healthcare
providers in a manner that is appreciated by most patients.
The current work provides insight about possible acceptance and use of Motivate4Change. Scant information about the acceptance and use by patients and nurses of ICTbased health promotion programs in the hospital setting is available to date. Qualitative
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research methods are well suited to address this topic, since they allow exploring issues on
which there is little information279 since in the context of a qualitative study it is possible
to ask patients to describe their experiences and provide feedback, rather than to use a
predefined questionnaire, requiring a priori assumptions on behalf of the researcher 279. In
addition, the investigation was conducted in the natural environment where usage of the
program would occur. This can lead to rich information and reveal aspects that would not
be uncovered if the researcher does not take part in the environment to truly understand
it279 . Moreover, three sources of information were utilized to reach conclusions, including
interviews with patients and nurses, and observations. In this manner, a higher level of
confidence in the results is reached.
On the other hand, the sample size is relatively small and the research was conducted
in one specific setting, making it difficult to generalize the results. Since the selection of
potential participants was limited to patients hospitalized at the recruitment period, only
male patients experienced with HF have been included. In addition, it is difficult to make
concrete conclusions regarding the effects of Motivate4Change. An additional investigation,
in the form of a clinical trial with quantitative results, is necessary to investigate the effects
of the program on patients’ behavior and on clinical outcomes.
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Self-care behavior is a crucial aspect of the management of heart failure (HF), especially due
to the potential effects on clinical outcomes, including mortality and hospital readmissions.
This work centers on the promotion of self-care behavior among HF patients, and more
specifically addresses the following research aims:
1. To provide further information on the merits and levels of physical activity (PA) among
HF patients
2. To gain further insights into correlates and potential determinants of self-care behavior
among HF patients – with the main focus on PA as an important self-care behavior
3. To develop an intervention aimed at promoting self-care behavior among HF patients
and formatively evaluate it to inform its further development and (potential) implementation
First, although there is much evidence for the effects of exercise training programs
on crucial outcomes among HF patients, there is less evidence regarding the effects of
unstructured PA, such as daily physical activities and exercise conducted at leisure rather
than in the context of a supervised exercise training program, on clinical outcomes among
HF patients. However, research does suggest that this may be the most important self-care
behavior for this patient population83. Additional research regarding the merits and levels
of physical activity among HF patients (aim 1) was therefore warranted.
Second, to support the intervention development process, research that shed light on
the behavioral correlates and determinants of self-care behavior among HF patients was
necessary. Information on behavioral determinants is imperative in the process of designing interventions to address health behaviors. As specified by the Intervention Mapping
(IM) protocol for designing health behavior promotion interventions48, it is necessary to
decide which behavioral determinants to address within an intervention based on scientific
evidence and health behavior theories. The idea is that if the intervention can lead to a
change in the behavioral determinants, the targeted behaviors will change as a consequence.
However, as described and discussed in Chapter 3, our systematic literature review demonstrated that there was not enough evidence on any single presumed determinant of PA
among the HF patient population, and therefore it was not possible to make any concrete
recommendations for the intervention’s content based on the existing evidence. Therefore,
further scientific information on correlates and presumed determinants of PA (aim 2) was
warranted.
Finally, within this thesis issues relevant for the development of information and communication technology (ICT)-based interventions for HF patients in general, and the development of a new ICT-based HF self-care behavior education program in particular, were
addressed (aim 3). More specifically, to address this aim the Motivate4Change intervention
was systematically developed according to the IM protocol. The intervention was meant for
delivery in the hospital setting on tablet computers. The use of ICT for HF patient education
and self-care health behavior promotion is still somewhat novel but holds much promise.
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Moreover, interactive technology, including tablet computers, is still often new for many
older patients, including HF patients. Therefore, for the purposes of generating knowledge
for use in the potential future process of implementation of Motivate4Change, the feasibility
of the implementation of this intervention was explored. Specifically, a formative evaluation
examining patients’ and nurses’ needs for, and experiences with, a pilot version of the intervention was conducted. Acceptance of a new technology by the intended users (i.e., interest
and willingness to use it), has been found to be imperative for successful dissemination
of the technology in practice287. Therefore, in the process of designing Motivate4Change,
it was important to understand whether HF patients can accept ICT-based interventions,
including acceptance of the interactive program as well as the device on which it is delivered, despite their possible limited experience with both. This info was important for the
intervention’s successful (potential) implementation (aim 3).
Nowadays an important means of delivering health behavior promotion interventions is
through ICT. Indeed, for health promotion purposes the use of ICT is likely to further increase, creating the need for knowledge on the implementation of ICT-based interventions.
With the use of ICT, health communication content can be tailored based on individual
needs and characteristics of the users, and personal feedback and advice is possible72 without a health educator being present. This potential for individualization of content makes
ICT-based interventions particularly appealing for health behavior promotion, because it
allows targeting the relevant behavioral health determinants of each individual user, thereby
increasing the potential for efficacy, especially in light of the fact that tailoring of health
communication was found to have superior effects on health behavior over non-tailored
health communication260. As argued above, ICT devices, including personal computers
(PCs), smartphones and tablet computers, as well as interactive programs delivered on such
devices, may still be (somewhat) novel to many older people including patients with HF
and/or other chronic conditions. Therefore, some of the findings from Motivate4Change’s
formative evaluation can be used when developing the content and defining the sequence
and structure and implementing future ICT-based interventions for older people and/or
chronic disease patients.
In this thesis, five studies were reported which addressed the specified research aims.
First, after the General Introduction of the thesis, an analysis assessing the relationship between post myocardial infarction (MI) patients’ leisure time physical activity and survival, as
well as potential moderators of this relationship (HF and psychosocial variables) is reported
in Chapter 2. In Chapters 3 and 4 the syntheses of the evidence from previous literature
regarding correlates and presumed determinants of the various HF self-care behaviors are
reported. In Chapter 5 a study of the correlates of physical activity (PA) among Dutch HF
patients is reported, and in Chapter 6 the design of the Motivate4Change intervention is
described, followed by the formative evaluation of this intervention at a hospital in the UK
(Chapter 7). In this final chapter, the main results provided by these studies will first be
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summarized and discussed. Next, the methodological issues related to these studies will be
considered. Finally, recommendations for further research and for practice, as well as a final
conclusion, will be provided.

Discussion of the main findings
This section includes an outline and discussion of the main findings of the studies reported
in Chapters 2-6 of the thesis. The findings are addressed according to the three research
aims and are presented accordingly.

The merits and levels of physical activity among heart failure patients
The first aim, relating to the merits and levels of PA among HF patients, was addressed in
Chapter 2, as well as partially in Chapter 5. Specifically, in Chapter 2 a study on the mortality-reduction effects of leisure time PA (LTPA) among MI survivors (with and without HF) is
described and discussed. In the past 40 years there has been a decrease in mortality rates of
post-MI patients. This has been found to parallel an increase in subsequent HF79. However,
post-MI patients’ life expectancy is likely to be substantially reduced if they develop HF80.
This suggests that it is still important to understand what can curb mortality rates among
post-MI patients, despite the fact that they are apparently lower than in the past, and it
is particularly important to understand this for the post-MI patients that also developed
HF. In addition, MI is a likely predecessor of HF. Specifically, the 30-day incidence of HF
after an MI rose from 10% in 1970-1979 to 23% in 1990-199979, making HF a major possible outcome of having an MI, and decreasing life expectancy for those that develop it.
Therefore, although the current thesis focuses on HF patients, we did not focus specifically
on HF patients in the study reported in Chapter 2, but due to MI being a likely predecessor
of HF, it was deemed suitable to address the effects of LTPA among sub-groups of post-MI
patients (including HF patients) in the current work.
The research described in Chapter 2 consisted of an analysis of data from the Israel
Study of First Acute Myocardial Infarction, a longitudinal prospective cohort study. Within
this study, demographic, socioeconomic and clinical data were collected, starting in 1992,
from medical records and structured interviews at one week, three to six months, one to two
years, five years and ten to thirteen years following index MI hospitalization. Data collected
at the latter measurement point was used in the analysis, because it included extensive
data on clinical and psychosocial factors in all survivors, in contrast to other measurement
points, which targeted a sub-sample, and because it is the most recent measurement point,
in which HF is more common because patients are older. The results demonstrated that
post-MI patients who performed regular LTPA had a significantly reduced risk of mortality
at an average of 8.4 years follow-up in comparison to those that did not perform any LTPA.
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Also the MI survivors who developed HF at ten to thirteen years had a significantly reduced
mortality risk at follow-up as a result of PA performance. These findings are in line with
earlier research which demonstrated that (LT)PA performance is inversely related to mortality among coronary heart disease (CHD)288, post-MI patients84 as well as HF patients83
and further deepen the knowledge about this topic. Specifically, this research adds to the
previous work on LTPA among post-MI patients, by refining the regular LTPA category to
include three categories based on the amount of LTPA performed. This refinement allows
somewhat more understanding regarding the importance of the amount of LTPA performed
in terms of mortality risk reductions, which was not well understood based on the previous
findings. The results suggest that indeed more LTPA is related to a lower mortality risk
among post-MI patients. Importantly, the findings of the current work suggest that post-MI
patients that developed HF were as likely to benefit from regular LTPA as patients that did
not develop HF. As previously argued, if HF is developed among post-MI patients, they
are likely to have an increased mortality risk. Therefore, it may be important to provide
mortality-reducing interventions for post-MI patients who developed HF in particular, and
our findings suggest that LTPA is likely to be an effective strategy among this group.
In addition, the findings from this study demonstrated that certain groups of at-risk
post-MI patients may benefit more from LTPA, in terms of reduction in mortality risk,
thereby illustrating the need to promote LTPA especially among these groups. Specifically,
it was found that psychosocial factors, including social support and depression, partially
moderated the LTPA-survival relationship. It has been established that post-MI patients
who feel socially unsupported have a higher mortality risk than their socially-supported
counterparts89, 289. Moreover, CHD patients that have depression have an increased risk of
mortality in comparison to non-depressed patients88 and specifically depressed post-MI
patients have a higher risk of all-cause as well as cardiovascular-related mortality290. Our
findings suggest that these at-risk groups not only reap the survival benefits as a result of
LTPA performance, but indeed even a small amount of LTPA seems beneficial for these
groups, in comparison to no LTPA. This is in contrast to the non-depressed and socially
supported post MI patients, who appeared to need to perform more LTPA to reap the survival benefits. Research suggests that depression and low social support are related to less
PA, however, which illuminates the importance of interventions to promote PA adherence
among depressed and socially unsupported groups. Specifically, it has been demonstrated
that patients that were depressed after experiencing an acute MI were less likely to be adherent to behavioral recommendations, including PA, four months after the acute MI291. Lack
of social support has also been linked to less PA in previous studies among older adults221.
Finally, the work described in Chapter 2 suggests that the majority of HF patients who
have a history of MI do not perform regular LTPA. Specifically, among the sample of postMI patients who developed HF, 57% performed no LTPA, 17% performed irregular (i.e.,
not weekly) LTPA, and only 26% performed any amount of regular LTPA. The research
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described in Chapter 5 provides further evidence that HF patients perform little PA. This
study included an analysis of correlates of PA among HF patients in the Longitudinal Aging
Study Amsterdam, a population-based cohort study of Dutch older adults. The recruitment
for LASA included a random sample, which was stratified by age and gender, and drawn
from the population registries of eleven municipalities in three geographic regions in the
Netherlands, representing differences in culture, religion, urbanization and aging. Followup assessments were conducted every three to four years since the baseline measurement
in 1992, and follow-up is ongoing. Results of this analysis demonstrated that the patients in
the sample performed only 56 weekly minutes of PA on average, including light activities
such as light household activities, for example washing the dishes and sweeping the floor.
Earlier studies, in which HF patients’ performance of PA was measured, have indeed
suggested that HF patients do not perform sufficient PA, i.e. do not meet clinical recommendations for HF patients. Self-reported PA in these studies ranged between 11-53%, although
the studies did not specifically rely on the clinical guidelines in their operationalization
of sufficient PA, and indeed each study operationalized it differently29, 36, 37. In sum, the
research conducted in the scope of the current thesis addressing the first aim demonstrates
the potential benefits of PA for HF patients, and suggests that HF patients perform very little
PA despite the potential benefits; this is in line with earlier research.

The correlates and potential determinants of self-care behavior among heart failure
patients
The second aim, relating to the correlates and potential determinants of PA among HF
patients, was addressed in Chapters 3, 4 and 5. Specifically, in Chapter 3 a systematic literature review on the presumed determinants and correlates of self-care behavior among
HF patients is reported. This review demonstrated that a sufficient amount of research has
only been conducted on one single presumed determinant or correlate of PA, namely age,
and that the included studies consistently failed to find a relationship between PA and age,
suggesting that this may not be an important factor for PA performance among HF patients.
There was insufficient evidence on all other presumed determinants and correlates that were
investigated in studies. Results regarding other HF self-care behaviors, including salt, fluid
and alcohol intake restriction, keeping follow-up appointments, and monitoring signs and
symptoms, demonstrated that the more time has passed since patients’ HF diagnosis (i.e., the
more experience they have had living with HF), the more they maintained the performance
of self-care behavior over time. Moreover, it was found that the benefits that HF patients
perceived to restricting their sodium intake were positively related to their restriction of
sodium intake, and that the barriers patients perceived to restricting their sodium intake
were negatively related to restricting their sodium intake. The review also suggested that
that patients with a type-D personality are less likely to consult medical professionals in case
of a worsening in their condition. Some of the included studies consistently failed to find
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significant relationships between self-care behaviors and some of the investigated variables,
suggesting that these variables may not be important determinants of the behaviors. All
other evidence, regarding other presumed determinants, was regarded inconsistent, mainly
due to insufficient evidence.
In Chapter 4 a systematic literature review on presumed determinants and correlates
of medication adherence is reported, which demonstrated that HF patients who have been
institutionalized in the past (including having been hospitalized or having stayed at a nursing home) are more adherent to HF medication. Many other presumed determinants were
investigated, but there was insufficient evidence regarding those, and/or different studies
that investigated them demonstrated opposite results (i.e., some demonstrated a positive
relationship while others demonstrated an inverse relationship). Due to the lack of consistent evidence, it was not possible to make recommendations for future interventions based
on this review.
In addition to an examination of PA rates among HF patients described in the previous
sub-section, the work described in Chapter 5 also includes an examination of a range of
individual, socio-environmental and demographic correlates of PA among the included
sample of HF patients from LASA (described above). It was found that only demographic
correlates (sex and age), and correlates related to physical abilities (pain) and cognitive
abilities (cognitive functioning), were related to the performance of PA. It is no surprise that
abilities are important correlates of PA among HF patients. HF patients experience various
HF-related symptoms212 and often also have comorbidities213, which may hamper patients’
physical abilities. HF patients also experience high rates of cognitive dysfunction220. Our
findings are in line with previous work that suggests that factors related to abilities may be
a major barrier to PA performance, as out of the HF patients who reported a difficulty to
perform PA, the vast majority attributed the difficulty to a physical symptom in a previous
study37. The results of the work described in Chapter 5 also suggested (although they did not
reach statistical significance) that the type of housing in which HF patients reside is related
to the amount of PA they perform. Specifically it was found that HF patients may perform
less PA if they reside in non-independent housing such as older people’s homes, nursing
homes and hospitals.
The study described in Chapter 5 was the first to specifically report statistically significant relationships between pain and PA among HF patients, and based on previous
qualitative research and HF medical guidelines, these relationships are not surprising. A
qualitative study which explored factors related to PA performance among HF patients
found that having pain as a result of arthritis may be an obstacle for their PA performance211.
The European Society of Cardiology’s (ESC) position statement on adherence to exercise
among HF patients292 discusses a number of specific condition-related factors, but does
not mention pain directly. However, this report also points out that for many HF patients,
comorbidities, including arthritis, may be a barrier to performance of PA, which hints that
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pain (a symptom of arthritis) may be a barrier. The ESC position statement on adherence
to exercise among HF patients further recommends to clinicians who aim to help patients
to overcome barriers related to exercise, to reduce arthritis-related pain292. Therefore, it
seems to be known among the medical community that arthritis-related pain is a barrier for
PA adherence. However, in the study reported in Chapter 5, general, not arthritis-specific,
pain was addressed. Therefore, the results of this study indicate that the pain that is often
a barrier to PA for many HF patients may be more general than, or additional to, arthritisspecific pain.
Despite the fact that no known studies have addressed the relationship between cognitive functioning and PA performance among HF patients directly, previous research
regarding cognitive status among HF patients is in line with our finding. It has been found
that mild cognitive impairment (reported to be exhibited by 73% of HF patients) is related
to less self-care behavior performance293, in which daily PA is included. The results of the
current study therefore provide some further support that specifically PA performance may
be hampered as a result of poor cognitive functioning, but previous research indicates that
this could be the case for more self-care behaviors.
Finally, the results of the analyses of the LASA data could provide a (partial) explanation
for the reported discrepancy between HF patients’ perceived importance of PA and actual
levels of PA37, since the results could explain why even when some HF patients have the
motivation, they may not perform PA due to physical and/or cognitive limitations. However, there are indications that even when there are comorbid complaints, such as pain,
patients who are particularly motivated to perform PA may find alternative ways to do so,
such as modifying their movements or exercising while sitting down211, which indicates
the crucial importance of motivation in the performance of PA. Indeed, it is important to
note that although there is evidence that other individual and socio-environmental factors are important determinants of PA among older people and/or medical patients with
various conditions, including low self-efficacy221, 222, low social support221 and depression223,
these were not found in our research with Dutch HF patients. This is despite the fact that
the previous work does provide an indication that these factors may also be important for
people that specifically have HF, since they too can be categorized as older patients with
medical conditions. A (partial) explanation for the lack of significant findings regarding
other factors may be that our study was only powered enough for the stronger associations
to be statistically significant or that the population was too homogeneous resulting in lack
of variation in some of the potential correlates.
An interesting finding was that older female HF patients were more likely to engage in
PA than their male counterparts, since previous studies frequently report the opposite230.
The LASA Physical Activity Questionnaire (LAPAQ) used in our analysis, includes activities
such as walking and cycling, but also (light and heavy) household activities. Our analysis
showed that the majority of PA performed by women was light household activity. Indeed,
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previous work among older women has demonstrated that household activities constitute a
substantial amount of the PA they perform; in a study that investigated moderate to vigorous PA232, it was found that approximately a third of the PA performed among 61-70 year
old women was household work and a fifth among women over 71 years of age. Therefore,
the study described in Chapter 5 is in line with previous work that included household
activities in their PA measurement.
In sum, although there was insufficient previous work regarding the correlates and
presumed determinants of PA among HF patients, our results indicate that abilities related
factors are of particular importance. Specifically cognitive functioning and pain may be
of particular importance for the performance of PA among this patient population. However, there are indications that also motivational and socio-environmental factors may be
important, and this needs to be further investigated among HF patients. Finally, we found
that women performed more PA than men in a Dutch HF sample, but this can be attributed
primarily to household activities.

The development and formative evaluation of the Motivate4Change intervention
In Chapter 6 the development of the Motivate4Change intervention for the promotion of
self-care behavior among HF patients was described. This included a stepwise process, incorporating insights from the model of planned promotion of population health8 and the IM
approach48. The resulting Motivate4Change program was an ICT-based, interactive tailored
program aimed at promoting PA and medication adherence. This program was developed
specifically for provision in the hospital setting. The IM approach was found to be useful
in the development of Motivate4Change. The IM approach was used for the development
of various health promotion programs in the past294-296; in the process of the development
of those programs the IM protocol was also found useful. However, in the development of
Motivate4Change the process was also found to be somewhat lengthy, which may make it
challenging to use IM when there are time and resource constraints.
Additionally, a pilot – formative evaluation – study was conducted, as described in
Chapter 7, which, besides providing specific information for the intervention development
process, also provided more general insights into the experiences and needs of older people
who are introduced to a new interactive program on a technology that was new to many
of them (a tablet computer). Earlier studies exploring ICT-based health monitoring and
promotion programs in older populations demonstrated that older people who have limited
experience with technology can accept technological solutions for health promotion and
management271, 276, although studies have also shown that there is a “digital divide”, demonstrating that many older adults adopt technology usage, but many also do not297. Since
to older adults many of the ICT-based programs and devices that provide such programs
may be relatively new, it is important to explore if they are willing to adopt such programs
for health promotion purposes. In order to successfully disseminate such programs, needs
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related to the setting and the care preferences of the users have to be taken into account
prior to beginning the intervention dissemination stage.
Results of the pilot study confirmed the finding that many older patients may be able
and willing to use ICT for health behavior promotion purposes on a (to them) often novel
device. It was also shown that they may need (a minimal level of) support understanding
how to use the tablet and the program and that they need a place where they can comfortably sit to use the program. The study further indicated that the patients participating in
the pilot study appreciated personally tailored content. Specifically, by addressing issues
that were relevant personally to them, Motivate4Change made the patients feel acknowledged, and that this acknowledgement made them feel empowered and able to perform
the health behaviors. Finally, the results of the pilot study suggest that for many patients it
was important to also keep the relation with the nurses, and they viewed them as crucial
actors in their care, thereby highlighting the importance of keeping the human touch when
implementing ICT-based health promotion programs. The study thus suggests that interactive technology is a feasible tool to inform and educate older hospitalized HF patients about
self-care behaviors and aiming to motivate them to engage in those behaviors. Indeed, even
participants who had never used a tablet computer or an interactive program before were
able and willing to use Motivate4Change and have successfully completed the program.
However, a prerequisite condition for the introduction of interventions, from the patients’
point of view, is the continued inclusion of healthcare professionals such as nurses.
Models such as the Technology Acceptance Model (TAM) seek to explain technology
adoption, and include a multidimensional set of factors, including perceptions such as perceived ease of use and usefulness298. Based on the pilot study it is hard to reach conclusions
regarding adoption, because the participants “adopted” the technology in the presence of
the researcher, whose presence most probably influenced their behavior to some extent.
However, the study participants’ relative ease of engagement in the program, as observed by
the researcher, did suggest that the program was easy for them to use, and the participants
indeed indicated that they perceived the program to be easy to use and useful in terms
of helping them with PA and, to a lesser extent, with medication adherence. Negative attitudes towards specific technologies were found in previous work to be related to features
of the technology which were perceived by the users as unhelpful, inconvenient or of poor
quality, such as poor content quality, or inclusion of too many or too few features in a
program297. Such negative attitudes were not expressed by the majority of the participants,
except for one participant who was younger than the rest (and indeed much younger than
the average HF patient). This participant remarked that the program was too simple and
easy for him and did not appreciate the content. Therefore, the program may be less suitable
for younger HF patients, who might have different needs and are more familiar with this
technology than the majority of HF patients. However, there are indications in favor of
older HF patients’ adoption of the program. The program may certainly need to be further
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adapted and updated for new generations of HF patients who will be much more familiar
with interactive ICT-based (health education) programs and applications.
In addition to our findings with the intended intervention users, the pilot study also
shed light regarding the hospital setting for delivery of an ICT-based health promotion
intervention. Although most tailored health communication interventions are delivered on
websites or as mobile applications that can be accessed on personally owned PCs, mobile
phones or tablets in home or other environments, the reach of interventions delivered in
this way is often low299. An alternative is to reach patients in the hospital setting, where they
can be motivated and guided by health professionals to use the intervention as intended,
and where they may be willing to be further educated and may experience a desire to change
their health behavior to get better and/or avoid further harm and more hospitalizations. It
has been suggested that indeed the hospital may be a good opportunity to reach patients68,
and the results of the pilot study demonstrated that HF nurses were willing to use Motivate4Change in their educational practices, and indeed to guide patients and encourage them
to use the program.
Previous studies that aimed to explore older adults’ experiences with technology have
often focused on technology use in the home environment300, 301. There is limited information available on experiences with ICT for the purposes of health behavior promotion in
the hospital setting, although some information is available66, demonstrating at least some
potential65. Those that do exist on this topic have examined generic rather than tailored
education. Specifically, a CD ROM-based educational program has been developed for HF
patients for the hospital setting64, focusing on providing generic information to patients,
by displaying animations, photos and voice-overs. This program demonstrated similar
(although not superior) results as standard nurse-delivered education65, as well as patients’
acceptance of the technology66. Our work indicates that the hospital setting is a feasible
environment to engage HF patients in their health management with an ICT-based intervention, although under some conditions (e.g. ensuring a location for the placement of the
tablets when patients are not using them, ensuring a comfortable location for patients to sit
when using the program, and ensuring a tablet is cleaned after a patient uses it, before being
passed to the next patient).
Since HF nurses were also considered the intended users of the Motivate4Change
program, because they would be the providing the program to patients and using it as an
educational tool, it was also important to explore their experiences and needs in relation to
it. The interviewed HF nurses indicated that an ICT-based tailored health promotion intervention delivered on a tablet computer could be useful, they accepted the tool to assist them
with their education work, and indicated it has the possibility to enhance the education
they provide to patients in the hospital without costing them additional time. The present
study indicated that they would support the implementation of such an intervention, if
provided as an assistive tool for their work. Previous work has shown that hospital nurses
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may not always provide effective education and that individualizing content to patients may
be one particular area in which nurses could use support7. Importantly, insufficient teaching
aids was found to be a central barrier for hospital nurses’ delivery of education7, thereby
highlighting the importance of the development of additional tools for nurses to enhance
and support the delivery of patient education in hospital settings.
In sum, using the IM protocol, we developed the Motivate4Change intervention systematically. Although it has not been evaluated to demonstrate its efficacy, a formative, pilot,
evaluation was conducted, which did demonstrate its potential in terms of the acceptability
and potential use. The results of the formative evaluation also suggest that, in general, older
adults may be willing and motivated to use ICT interventions that aim to promote health
behavior, although more research is needed to validate this. In addition, the hospital setting
could be suitable for delivery of such interventions, but there are constraints and requirements related to the setting that need to be taken into account before an ICT, tablet-based,
intervention is to be implemented in this setting.

Methodological considerations
In this section the methodological considerations of the current work are presented, and the
strengths and limitations of the methodologies that were used are discussed. Specifically,
issues related to the study populations, study designs, measurement instruments and data
analysis approaches are described and discussed in detail.

Study populations
The work described in the different studies included a multitude of patient samples in various geographic locations. Some of these samples were representative for the whole or part of
the general population, while other samples were less representative. Furthermore, even in
originally representative samples, selection bias may have occurred. These issues and their
consequences will be discussed in this section.
The cohort from the Israel Study on First Acute MI includes a nationally representative
sample of MI survivors. It included all MI survivors younger than 65 years hospitalized in
one of eight medical centers in central Israel during the study period, with a response rate
of 98%302. The study sample may have been selective, since patients that died before index
MI, as well as patients that died during index hospitalization, were not included. Moreover,
people who had an MI at an older age than 65 were not included in the sample. Also, people
from peripheral regions of Israel were not included, even though the periphery of Israel had
unique characteristics, in comparison to the central region, during the time of recruitment
to the study (the 1990’s)303. In addition to the potentially somewhat selective sampling, the
identification of HF within the post-MI patient sample may have been sub-optimal. Accord-
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ing to the ESC, it may be difficult to diagnose HF, because signs and symptoms of HF may
be difficult to detect and interpret, and additional testing, most commonly electrocardiograms (ECGs), may be necessary to diagnose HF266. However, information on the specific
symptoms relevant in HF, or ECG results, is often unavailable in cohort studies that are not
specific to HF patients. In the analysis of data from the Israel Study on First Acute MI, HF
was identified according to clinical history (previous HF-related hospitalization) and a New
York Heart Association (NYHA) classification of III-IV; specific HF diagnostic testing was
absent, as were HF patients with a higher functional status (NYHA I-II).
The systematic literature reviews reported in the current thesis include a range of samples
from different geographic locations. Specifically, in Chapter 3 a review which included 26
studies is reported. These studies included samples from the United States (US), the United
Kingdom (UK), the Netherlands, Germany, Mexico, Thailand, Australia and Canada. In
Chapter 4 a review which included 11 studies is reported. These studies included samples
from the US, Australia, and the UK, and a secondary analysis of data from the CHARM
trial, which included a sample from 26 countries from the aforementioned countries as
well as from across Europe, was also included. Therefore results relating to samples from
multiple geographic locations were included, although notably some geographic locations
(e.g. African or Middle Eastern countries) were underrepresented and therefore the results
may not be generalizable to HF patients from these locations.
The process of reviewing the articles included a quality analysis, and only studies that
scored higher than a mean cutoff score, placing them at higher than moderate quality, were
included in the reviews. The quality analysis included items on study participation, sampling, and attrition, among other study aspects indicative of methodological quality. One
of the quality analysis items asked if participants were similar to non-participants in terms
of age, gender, and important disease characteristics. However, on this item many studies,
including the studies that were included in the review, scored the lowest possible score (1
out of 3). Specifically, only six out of the 26 included studies had a score of 3 out of 3, one
study out of 26 had a score of 2 out of 3, and the rest scored 1 out of 3 on this item. Therefore,
despite the fact that we took measures to include only studies that scored relatively highly
on the overall quality score (i.e., were of at least of moderate quality), there may still be
issues, such as selection bias, relating to the included studies’ samples.
The study reported in Chapter 5 is likely to have had a representative sample of Dutch
HF patients. The LASA cohort is based on a nationally representative sample of older adults,
drawn from three geographic regions in the Netherlands, which were selected so that an
optimal representation of the older Dutch population would be achieved. The sample
included participants from the protestant north, the catholic south and secular parts of
the Netherlands and from urban as well as rural areas192. The percentage of HF patients
identified and drawn from the LASA sample resembled the prevalence rate for the LASA
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age group. These aspects provide an indication that the sample was likely representative of
Dutch HF patients.
However, there were two drawbacks regarding the representativeness of the selected
sample, which put in question the generalizability of the results to the entire Dutch HF
patient population. First, the sample did not seem to consist of a representation of the various ethnic backgrounds in the Netherlands, because there was only one participant in the
HF patient sample that was of a different ethnicity than Dutch. Second, the identification
of HF patients within the LASA sample may have been sub-optimal, for similar reasons to
those described above regarding the Israeli post-MI sample. In this study, HF patients were
identified using an algorithm that combined information on self-report of chronic conditions, general practitioner records and medications found in the patient’s home, and when
possible also specialist records. Information from ECG and other imaging and diagnostic
tests that would have confirmed the presence of HF, was lacking.
Despite these drawbacks, the identification of HF patients from a community based
cohort study is a relatively novel approach to obtaining more information about this population. This has previously only infrequently been done, although it can be found in the literature234. Reaching a sufficient amount of (hospitalized) HF patients for research purposes can
be a difficult and time consuming process, as this population comprises a small percentage
of the overall population, and because patients often have many constraints, health-related
as well as social, that could prevent them from participating in a scientific study that requires completion of at least some activities (e.g. filling in questionnaires, performing tests).
This difficulty could explain in part why studies addressing behavioral determinants and
correlates are limited for this patient group. Therefore due to the potential for obtaining
data on hard-to-reach populations such as HF patients in community based cohort studies,
it may be worthwhile to explore this option, and as such develop and test reliable ways to
identify HF patients within community-based samples.
The development process of the Motivate4Change intervention as reported in Chapter
6 included a range of stakeholders relevant for the intervention, specifically patients, nurses
and cardiologists. This inclusive approach to the intervention development was highly informative in the development of the content and increased the confidence in the suitability
of the content for the target population. For intervention development purposes, it is not
necessary to have a representative sample, and indeed, obtaining feedback from relevant
individuals may even be preferable. This is because qualitative information, which is more
in-depth and provides more details, often obtained during interviews with potential users of
the intervention, is useful when defining the intervention’s content and structure.
The qualitative study on needs and experiences with Motivate4Change which is reported in Chapter 7, included a non-representative, small, convenience sample which only
included participants that were hospitalized for HF at one academic hospital in the UK in
two week-long intervals. However, qualitative studies do not seek to produce results that
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are generalizable, and therefore this is not a shortcoming of the work. Instead, qualitative
studies aim to “address the “what” question, not the “how often” one”304, or in other words
seek to observe naturally occurring events rather than reach conclusions regarding how
widespread they are.
Guidelines regarding the quality of qualitative research discuss two criteria related to
sampling, however305. The first relates to the inclusion of the full range of possible cases in
the sample, to achieve a large enough variation of cases so that conceptual generalizations
can be made. The second one relates to additional efforts to extend the sample in order to
check if data that contradicts the findings is obtained. However, these two criteria were not
met in the study, due to constraints having to do with inpatient recruitment efforts. Specifically, only those patients that were hospitalized during the study recruitment period were
potential recruitment candidates, and it is not possible to predict or influence which group of
patients are admitted to the hospital during recruitment. The study therefore suffered from
methodological issues related to sampling. For example, there were no women included in
the sample, because there was only one female patient who met the inclusion criteria hospitalized during the recruitment period, and she refused participation. Therefore, the results
of the study do not provide indications regarding the intervention’s possible suitability for
women. In sum, for the research aims of the study, qualitative research methods were the
most suitable. However, the study suffered from methodological issues relating to its sample
(despite the fact that it did not have to be a representative sample).

Designs of the studies
Randomized controlled trials (RCTs) are considered to be the gold standard for discovering and testing causal relationships. However, in many situations, it may not be ethical
or feasible, for logistical or financial reasons, to conduct such studies. In such situations,
and if additional research questions, other than those relating to casual relationships, are
also of interest, other study designs may be considered, including observational studies or
qualitative studies. In addition, scientific literature can be systematically reviewed to assess the existing evidence by conducting systematic literature reviews. Within the research
conducted in the scope of the current thesis, such studies were conducted, because indeed,
RCTs were not feasible for practical reasons.
In Chapter 2 an analysis from a longitudinal observational cohort study is reported,
which included observational data from self-report, medical records and registries to assess
the association between LTPA and long-term survival among patients who have survived
an MI. The LTPA-survival relationship was examined in multiple models, each accounting
for a range of relevant risk factors, which increases the confidence in the observed results.
However, despite these efforts, it is possible that the observed associations are due to other
variables beyond the scope of this study. Such confounding would be less likely to occur in

Dennis Oosterom - Binnenwerk v4.indd 168

06-08-15 09:37

General discussion

169

a randomized controlled trial. However, it would not be possible to conduct such a trial for
ethical reasons.
In Chapters 3 and 4 systematic literature reviews are reported. Such reviews provide
information regarding the existing evidence at a certain moment in time. They are useful to
gain an understanding of the level of evidence regarding the existence of particular relationships of interest. These reviews followed a standard review process of rigorously searching
and selecting articles for inclusion. In the process of the systematic reviews, the quality of the
articles considered relevant for the topic of the review was assessed, and only reviews of at
least moderate quality were included. The results from observational studies on associations
between self-care behaviors and their presumed determinants were synthesized. Although
experimental studies were not excluded from the syntheses, no such studies were found in
the literature, perhaps because it would be very difficult to conduct such experiments in
“real life” settings. Furthermore, the systematic literature reviews may have suffered from
publication bias because only published studies were included, and research suggests that
studies with statistically significant results are more likely to be published (sooner) than
those with non-significant results306, 307.
The LASA cohort (Chapter 5) includes observational data from self-report, medical
records and registries, on a wide range of variables. Although some experimental studies assessing the relationships between the included variables and PA could be conceived of, such
studies would only allow observing short-term effects, their results may suffer from external
validity issues, and it would be difficult to carry them out with the HF target population for
pragmatic reasons. The results of this study provide insight into the potential relationships
between a wide range of variables and self-reported PA. However, the causality of the relationships found to be statistically significant in this study is unknown, and both directions
of causality are in principle feasible. For example, we do not know if cognitive functioning
affected PA performance, or if more PA performance led to a better cognitive functioning.
The intervention development, reported in Chapter 6, is not a “study”, and as such did not
have a specific design. Finally, the qualitative study on experiences with Motivate4Change
described in Chapter 7 included observations and structured interviews. Specifically, we
examined the feasibility of the application of the intervention in practice, a topic which is
often overlooked in intervention design studies, and could lead to the design of interventions that are theoretically sound but have little potential for applicability in practice. For
this research aim, the most suitable study design was a qualitative one. Qualitative study
designs allow for an inclusive approach, taking into account perspectives of the intended
users. It allows exploring their perspectives, without making a priori assumptions, which is
not possible in quantitative studies. This is because in qualitative research, often in-depth
interviewing techniques are used, which allow participants the freedom to bring up the
issues that they wish to discuss in relation to the research questions. Therefore qualitative
research generates information that the researcher may have not considered in advance.
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The information from our inclusive study could have been supplemented with quantitative results from an experimental study, which would have allowed making more definitive
conclusions regarding the experiences of patients and nurses with (specific features of) an
ICT-based health behavior promotion intervention in the hospital setting. An additional
aim of this study was to explore the potential for implementation in the hospital setting for
ICT-based health promotion interventions. The most suitable research method for addressing this aim was observation in the natural setting, because this method allows gaining an
in-depth understanding of the feasibility of applying the intervention in that setting.

Measurement instruments
A variety of measurement instruments were used in the studies reported in this thesis. These
included (validated) questionnaires, interviews, observations and physical tests. Specifically,
the analysis from the Israeli post-MI cohort (Chapter 2) included questionnaires assessing
depression, social support and PA. Specifically, depression and social support were assessed
with widely- used validated questionnaires (the Mental Health Inventory (MHI) and the
Multidimensional Scale of Perceived Social Support (MSPSS)). The MHI includes 38 items,
rated on a 7-point Likert scale, ranging from 1 (very strongly disagree) to 7 (very strongly
agree). The psychometric properties of the MHI were assessed on a Israeli sample, and the
depression subscale had a high internal consistency (α= 0.88)92. The MSPSS measures the
perceived availability of support and includes twelve items, which assess three sources of
support: Family, friends, and a significant other. Items are rated on a 7-point Likert scale,
ranging from 1 (very strongly disagree) to 7 (very strongly agree). The MSPSS has an internal consistency (α) of 0.92 to 0.95 for its three subscales94. The MSPSS measures social
support from family, friends and a significant other. Notably, this questionnaire does not
measure social support for PA specifically, and it is possible that a PA-specific social support
scale would have yielded different results.
Performance of PA was assessed within this post-MI cohort by asking participants to
rate their LTPA (walking and other activities including gym, exercise at home such as on an
exercise bicycle or treadmill, swimming, tennis, soccer/basketball/volleyball, or ‘other’) as
regular (weekly), irregular (not weekly), or none. Patients who rated their LTPA as regular
were asked to report the average frequency and duration of each session. This questionnaire
was constructed for the purposes of this specific cohort study and has not been validated.
However, the cohort study began in 1992, and it is likely that validated questionnaires suitable for assessing LTPA were scarce then. A drawback of this questionnaire is that it only
assesses the number of minutes of respondents that indicate they perform regular LTPA, but
does not assess this among respondents that indicate that they perform irregular PA. This
leads to a difficulty in constructing a continuous LTPA variable from this questionnaire.
Moreover, PA can nowadays be measured with objective measurement techniques such as
accelerometers. Although it may be difficult to use accelerometers in prospective cohort
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studies for pragmatic and financial reasons, it is possible to do this and it in fact has been
done in a minority of previous studies106, 107. Previous work demonstrates that the observed
levels of PA performed may be very different when measured subjectively versus objectively,
which suggests that the method of measurement can have a significant impact on the results
of a study of PA308.
Within the systematic literature review described in Chapter 3, a variety of questionnaires were used. To assess the outcome variables, specialized HF self-care behavior
questionnaires are used. Specifically, the Revised Heart Failure Compliance Questionnaire
(HFCQ)36, Self-Care in HF Index (SCHFI)309 and European HF Self-Care Behavior Scale
(EHFSCBS)310 were used in the majority of the studies, although some studies used other
questionnaires, including questionnaires constructed specifically for the purposes of the
reported studies. The HFCQ assesses the compliance to the following self-care behaviors:
medication adherence, exercise, sodium intake restriction, fluid intake restriction, daily
weighing and appointment-keeping. The perceived importance, perceived difficulty and its
nature and compliance (measured with a 5 point Likert scale ranging from never to always)
with the behaviors, are measured with this questionnaire (for a total of 18 items). This questionnaire’s content validity has been assessed by asking experts to review the scale items for
clarity and consistency with the literature, and modifying items until a 100% agreement
among experts (N=7) was achieved36. Internal consistency was found to be good (α=0.68)36.
The SCHFI includes three subscales (self-care management, self-care maintenance and selfcare confidence) and 24 items, which are rated on a 4 point Likert scale. Reliability of this
scale was found to be satisfactory (α=0.76), but reliability of the self-care maintenance scale
was found to be low, with α=0.56. Construct validity was assessed and found to be satisfactory309. The EHFSCBS is a 12 item scale measuring items concerning daily weighing, fluid
restriction, exercise and contacting a health care provider. Internal consistency was, tested
by analyzing data collected from 442 HF patients from six medical centers (two in Sweden,
three in the Netherlands and one in Italy) and pooling Cronbach α’s. The pooled Cronbach
α of this scale was found to be good at α=0.81. Content validity was established during
the scale construction phase, demonstrating adequate results. Concurrent validity was also
established; the scale was found to distinguish between patients that received education
on self-care behavior in comparison to those that did not310. It therefore seems that the
self-care behavior outcomes were measured adequately among many of the included studies
in the review, which frequently used one of the HF self-care behavior questionnaires whose
reliability and validity has been demonstrated, although some of the included studies did
used questionnaires that were not demonstrated to be reliable and/or valid.
To assess the presumed determinants of the self-care behavior outcome variables,
various questionnaires were used in the different included studies; the majority of studies
included validated questionnaires, but some included also non-validated questionnaires.
For example, the Beck Depression Inventory, which is was found to be a reliable question-
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naire311 was used in one of the studies included in the review to measure depression37. On
the other hand, in the same study self-efficacy was not measured with a validated questionnaire, although validated questionnaires for self-efficacy are available224. It therefore seems
that the picture regarding measurement of the presumed determinants of self-care behavior
is mixed, as some instruments used were reliable and valid and others were not.
Within the systematic literature review on medication adherence, reported in Chapter
4, some of the included studies used questionnaires to measure medication adherence, but
other measurement techniques were used in the majority of the studies. Specifically, some
used pharmacy and medical claims data to calculate medication possession ratio (MPR;
calculated as supply of medication divided by the number of days between the first claim
and the last claim), length of time in which therapy was continued, and dosing of medication170 as well as medication persistence, which consisted of the continued number of
days that medication was used30. One study312 used an objective measurement technique of
serum from clotted blood to measure angiotensin-converting-enzyme (ACE; a commonly
prescribed drug for HF), in the blood and thereby determine intake of ACE inhibitors.
One of the included studies used medication monitoring system (MEMS), an unobtrusive
microelectronic monitoring device in the caps of medication bottles, to measure medication
adherence313. With this system, medication adherence was indicated with dose count (the
percentage of prescribed doses taken), dose days (the percentage of days that right number
of doses were taken) and dose time (the percentage of doses that were taken on schedule).
Self-report to measure medication adherence was only used in three of the included eleven
studies, and one study used a questionnaire but corroborated the self-reported information
with inspection of pill bottles314. Of the three studies that used questionnaires to measure
their outcome variable, only one used a validated questionnaire (HFCQ)36. Therefore, to
measure medication adherence, various methods were used, some of which yield more
objective information than self-report measures. Not all studies that used self-report instruments to measure medication adherence included validated questionnaires, although such
questionnaires are available.
Within the study reported in Chapter 5, various measurement instruments were used
to measure PA and its presumed correlates. Physical activity was measured with the LASA
Physical Activity Questionnaire (LAPAQ), which addresses walking outdoors, bicycling,
gardening, light household, heavy household, and sports activities, reporting how often
and for how long in the previous two weeks one had engaged in each activity. The LAPAQ
questionnaire has been validated against 7-day physical activity diaries (r=0.68) and 7-day
pedometer counts (r=0.56). The repeatability of the LAPAQ is also good (one year testretest weighed kappa = 0.65) 195.
Many different measurement instruments were used to measure the presumed correlates of PA in the LASA study. The majority of them were validated instruments, including
the General Self-Efficacy Scale (GSES)205, Center for Epidemiologic Studies Depression
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scale (CES-D) which has been found to be valid and reliable203. Some of the measurement
instruments used were not assessed for reliability and validity, including the questionnaire
measuring perceived social support. In this questionnaire, instrumental social support
was assessed by asking how often in the past year the participant had received help from
a member of his or her social network with daily chores in and around the house, such as
preparing meals, cleaning the house, transportation, and small repairs. Emotional support
was measured by asking how often in the past year the participant told to a member of his or
her social network about personal experiences and feelings. This measurement instrument
has been used in previous research208. Although reliable and valid questionnaires for social
support exist (e.g. MSPSS) nowadays, the LASA study started in the 1990’s, when there may
have been less such instruments available.
Another important issue relating to the questionnaires used in the study is that they
were general questionnaires assessing variables such as self-efficacy and social support (i.e.,
they did not measure people’s perceived self-efficacy for PA specifically, or the extent to
which people feel supported to conduct PA in particular). This could provide part of the
explanation for why within the analysis on correlates of PA among HF patients selected
from the LASA cohort, significant correlations between PA and some of the individuallevel variables, such as self-efficacy, were not found. This is despite the fact that there is
ample evidence for relationships with PA and these variables among various other (similar)
populations, suggesting that such relationships may indeed exist also among the HF patient
population. There are a number of PA-specific self-efficacy questionnaires available, including the Activity-Specific Balance Confidence Scale, which assesses individuals’ confidence
in their ability to perform activities of daily living without compromising their balance315,
the Exercise Self-Efficacy Scale, which measures people’s beliefs in their ability to perform
at least 30 minutes of physical activity per day on at least 5 days per week316 or Bandura’s
Exercise Self-Efficacy Scale, which asks participants to rate how confident they are that they
can exercise most days of the week224. The latter scale has even been validated in a cardiac
rehabilitation setting317. One of the drawbacks of analyzing data from cohort studies is that
the data collected in the context of these studies addresses broad research questions and
therefore more general factors, which is then used also to answer more specific research
questions.
The intervention development reported in Chapter 6 only included measurement regarding usability and feedback on the content and program. Usability testing was conducted
according to the principles outlined in previous work318, adapted for the purposes of the
study. In the qualitative study reported in Chapter 7, a self-constructed observation protocol and interview guides were used (a separate guide was constructed for patients and for
nurses). Items on the observation protocol included possibilities and obstacles for providing
a tablet on the cardiology ward and potential user needs expressed nonverbally. The patientcentered interview guide explored participants’ expectations of Motivate4Change, personal
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assessments of the program, experiences receiving Motivate4Change on interactive technology, and possible behavior change as a result of using the program. The nurse-centered
interview guide explored nurses’ expectations and opinions regarding use of ICT as a tool for
health behavior promotion in the hospital, possible fit of Motivate4Change in their patient
education-related workflow, and possible impact on patients. Such interview guides are
useful in guiding semi-structured interviews, by keeping interviews on track while allowing
space for deviation. However, the interviews are still influenced by the interviewer’s style
and experience, and therefore using a guide does not mean that the interview is objective.

Data analyses approaches
Depending on the research aims and study designs, several data analyses approaches were
used for the studies described in this thesis. Where possible, the most advanced statistical techniques were used. Specifically, two of the studies in the current thesis employed
statistical techniques, specifically for the analyses of data from cohort studies, reported in
Chapters 2 and 5. In both of these studies regression techniques were used. Regression
techniques are advantageous in that estimates can be adjusted for potential confounders
and that potential moderators can be tested. For the data analysis described in Chapter 2,
Cox regressions were used, adjusting for a range of factors that could affect mortality risk,
to increase the confidence that the observed relationships were due to the hypothesized
factors. For the study described in Chapter 5, a multivariate linear regression model was
constructed, including all the variables that had a significant relationship with the outcome
variable in exploratory univariate analyses.
These kind of analyses need to be powered sufficiently, in order to find existing associations. To reach enough power, studies need to have a sufficient number of participants,
use reliable measurement instruments (which reduces the variance) or when necessary use
adapted significance levels (e.g. a p-value of 0.1 instead of 0.05). As discussed in the previous subsection (Study populations), it can be difficult to recruit a sufficient number of HF
patients to participate in studies. The LASA cohort is not intended to address specifically
HF patients; it is a cohort study on older adults in general and the percentage of the sample
which we identified as HF patients corresponds to the reported prevalence rate. However,
the analysis on HF patients selected from the LASA cohort may have been underpowered,
allowing finding only the strongest associations.
Furthermore, statistical techniques differ in the way they deal with missing data.
Research suggests that researchers usually include in their studies information only from
participants that have complete data319, but this may lead to biased results (depending on
why the data is missing) and can cause a loss of precision and power320. One recommended
method is multiple imputation, in which several plausible imputed datasets are created, and
results from each of them are appropriately combined320. This method was specifically created for complex surveys of which the data is available for many users who have little insight
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into the reasons for missing data, and therefore it is especially helpful in such situations321.
As such, this method was used with missing values within the independent variables that
were constructed from the LASA data. To impute data, several conditions must be met,
for example data should be missing at random to be imputed. However, this is hard to
verify and cannot be adjusted322. Nevertheless, multiple imputations can be useful in many
situations. In the analysis of LASA data, missing data was imputed as precisely as possible by
using all variables that were included in the main analyses. Furthermore, the analyses were
carried out on 30 newly created datasets and the retrieved estimates were pooled. Despite
using this recommended method to deal with missing data, results may have been biased as
missingness was not likely to have occurred at random. However, only 6% had missing data,
and this method works best the lower the number of missingness.
In the systematic literature reviews reported in Chapter 3 and 4, most included studies also employed multivariate regression techniques, but some studies used univariate
analyses, probably inappropriately (they included multiple univariate analysis instead of
combining the variables in one multivariate analysis)323. A few other studies reported their
study results inappropriately, for example a study in which a multivariate regression was
performed, reported only R squared values and p-values for statistical significance36 and
thus no true information regarding effect sizes. Therefore, some issues regarding statistical
analyses were observed in the included studies.
Within the systematic literature reviews, the results were extracted and the evidence was
synthesized. This did not include a statistical evaluation, but rather a descriptive analysis to
synthesize the evidence from previous studies. Specifically, the results of included studies
were synthesized in a manner that, in addition to counting the number of times included
studies found statistically significant relationships, also takes into account the quality of
the studies that generated the results. This allowed ascribing an evaluation to the level of
evidence (“low”, “moderate” or “high”) to the relationships assessed, indicating the confidence level for the existence of these relationships based on the findings from previous
work. A statistical evaluation, such as a meta-analysis, was not conducted because there
were too many independent variables, and too many different outcome variables. This limits
the insight that can be gained with the reviews, because meta-analyses would have allowed
estimating effect sizes. A follow-up study, when there is sufficient evidence on a specific
presumed determinant in relation to a specific outcome measure, could be a meta-analysis
examining this relationship.
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Implications for research
Furthering the understanding regarding determinants of physical activity among
heart failure patients
As previously mentioned, there is limited information available on determinants and correlates of HF patients’ self-care behavior, in particular PA, despite its importance for the
design of new interventions to promote health behavior. The studies described in Chapters 3
and 4 provide syntheses of the existing information available from previous work. The study
described in Chapter 5, provides additional information, the results suggesting that cognitive functioning and pain are related to PA. However, although our studies provided further
explorations of the topic, based on systematic reviews of the literature and the secondary
data analyses, original research focusing specifically on predictors and determinants of engagement in self-care behaviors among HF patients is needed that go beyond cross sectional
associations. Such studies should be theory-based, and thus including a range of personal,
social and contextual potential determinants of health behavior (change). This will provide
a better and more comprehensive overview of mediators of health behavior change to be
addressed in self-care behavior promotion interventions. Although it is possible to account
for cognitive functioning and pain in interventions that promote PA, as the results from the
study described in Chapter 5 suggest, and although at least some existing interventions have
addressed people’s abilities324, it might be necessary to address in interventions also other
factors, such as motivational factors. However, more evidence is necessary regarding the
effects of these factors on self-care behavior among the HF patient population. It is likely
that abilities-related factors are pre-requisites for engagement in the health behavior, but
addressing those alone is likely to be insufficient for behavior change. In sum, more research
is needed to discover what (additional) factors are related to performance of PA among HF
patients.
Although previous research on PA among older people demonstrates that various factors
may be relevant for older adults’ performance of PA221, HF patients may receive care beyond
what the general older population receives. This includes, for example, disease management programs which may have education and support components. Such programs may
influence the motivation of patients as well as various psychosocial factors, and are indeed
designed with this intention in mind. Therefore, it is not yet known if the same factors are
relevant for HF patients as for the general older population, in relation to PA performance.
Hypotheses regarding the differences between HF patients and other populations can be
drawn based on information about the characteristics of HF patients and the programs that
they take part in, and such hypotheses can provide directions for future research.
In addition, research is still necessary to understand in what ways pain and low cognitive functioning hamper PA performance. In order to devise interventions based on these
factors, it is necessary to understand these issues more deeply, and to answer questions
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relating to the nature of the pain that hampers PA performance (e.g., where is the pain?
How strong is it? Is it felt consistently or at specific times?), as well as the manner in which
cognitive functioning affects PA performance (e.g., is the main issue impaired memory
which causes HF patients to forget self-care instructions and educational content? Or, do
HF patient experience limited comprehension, and therefore do not understand the selfcare information provided to them?). Until more information is available on these matters,
it may be unknown what content future interventions to promote PA among HF patients
should exactly include, regarding these factors.
Finally, the results of the analysis reported within Chapter 5 also suggest that the type
of housing in which HF patients reside may be related to the amount of PA they perform.
Specifically, it was found that HF patients perform less PA if they reside in non-independent
housing such as older people’s homes, nursing homes and hospitals. However, this result
did not reach significance, and future research should try to replicate this finding, as well as
focus on other physical environment or contextual factors that may influence engagement
in PA, in a sufficiently powered sample of HF patients. Moreover, future studies should
try to uncover why patients in non-independent housing perform less PA than those in
independent housing. Reasons can include limited possibilities for PA in such institutions,
the patients being too ill to perform PA during the time they reside in such institutions, or
lacking motivation, among other potential reasons.
In addition to generating more information regarding determinants of PA among HF
patients, it is also desired to generate more accurate information on this issue, which requires adequate measurement of PA. To measure PA among HF patients, there are self-care
behavior questionnaires specific for HF, which also assess PA. Some of these were previously
mentioned, including the HFCQ36, SCHFI309 and EHFScBS310 (see the subsection Measurement instruments). Specifically, to measure PA performance, in the HFCQ respondents are
asked to indicate how important each self-care behavior (including PA) is to them, how
difficult it is for them to perform the behavior and to rate their own perception of compliance to the behavior, on a scale of 0-4 (ranging from none of the time to all of the time). In
the SCHFI respondents are asked to indicate how often they take part in regular PA, on a
scale of 1-4 (ranging from never or rarely to always). In the EHFScBS, respondents are asked
to indicate on a scale from 1-5 (ranging from I completely agree to I don’t agree at all), to
what extent they agree with the item “I exercise regularly”. However, there is no dedicated
questionnaire for the assessment of PA among HF patients. It may be difficult for people
to accurately report regarding their PA levels, and people may provide biased answers on
questionnaires for social desirability reasons, and it is therefore questionable if single items
on questionnaires meant to assess PA are enough to accurately measure this health behavior.
Moreover, with the aforementioned PA items from the HF self-care questionnaires, important information about PA may be missing, such as the intensity of the activity performed
and the type of activity performed. Within questionnaires such as the International Physical
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Activity Questionnaire (IPAQ)325 exist for healthy adults, these provide examples of typically moderate and vigorous physical activities. In order to be used among HF patients they
may need to be adapted, because the recommended PA levels for HF patients are different
than for the general population, and because the fitness levels of HF patients are different
than the general population. Therefore, it is important to consider the possibility that in the
future a HF-specific PA questionnaire may be devised, or an existing questionnaire adapted,
to obtain more accurate information on determinants of PA among HF patients.
Finally, it is also desirable to use and further develop (additional) objective methodologies for the measurement of PA, using sensors and/or other technologies, because these
generate more accurate as well as more objective information than that which is obtained
with questionnaires. The existing objective methodologies are often underutilized, usually
for economic and pragmatic reasons, and indeed none of the studies reported within the
current thesis used objective methodologies to measure PA. Accelerometers and other
sensor-based activity monitors are becoming more easily and routinely available and could
therefore be used more frequently in studies on PA among HF patients and other chronic
populations.

Enhancing the guidelines relating to PA among heart failure patients
More research is also needed to enhance the guidelines regarding the PA recommendation for HF patients. The ESC guidelines on HF diagnosis and treatment mention “it is
recommended that regular aerobic exercise is encouraged in patients with heart failure to
improve functional capacity and symptoms”266, but indicate that the exact ‘exercise prescription’ is unknown because there is not enough evidence allowing defining one. The
Cardiac Rehabilitation Section of the European Association for Cardiac Prevention and
Rehabilitation advises that patients should be recommended at least 30 minutes daily, at
moderate intensity189. However, studies that have measured the effects of PA performance
on outcomes did not measure PA according to this specific recommendation. For example,
although van der Wal et al., measured the relationship between PA performance and clinical
outcomes, they classified patients as adherent to the PA recommendation if they indicated
“most of the time” or “always” when presented with the statement “I exercise regularly”34,
and therefore did not specifically define adherence to PA according to the recommendation.
It may be useful to conduct more research indicating what types of activities can be
considered of moderate intensity for HF patients. In many studies questionnaires are used
to measure PA. These often provide a list of possible activities, and participants are asked to
indicate if they perform these activities and for how long (e.g. in the past week). Researchers
who study PA among HF patients and use a PA questionnaire for the general population
must first determine which of the activities on the questionnaire are considered moderate
intensity for HF patients in order to accurately compute a useful PA outcome score. Although such information is available for the older population, HF patients are likely to have

Dennis Oosterom - Binnenwerk v4.indd 178

06-08-15 09:37

General discussion

179

a lower fitness level than the average older population. This means that activities that are
considered low intensity for the general (older) population, may be of moderate intensity
of HF patients. It could also be useful to develop PA questionnaires that are specific for HF
patients, and include activities that are considered of moderate intensity for HF patients.
Although a HF-specific PA questionnaire does not currently exist, if such a questionnaire
would be devised it could also ask participants to indicate the intensity, e.g. by a Borg-like
scale, of the activities they performed. Such a questionnaire would provide insight into what
kinds of activities would be considered “light”, “moderate” or “vigorous intensity” for the
majority of HF patients.
Finally, results from research illuminating which types of activities may be considered of
moderate intensity for HF patients (on average) may be helpful for healthcare professionals
that need to make PA recommendations for HF patients in situations where exercise capacity testing is unavailable. However, more research is needed to establish if and how such information would exactly be helpful in such situations. Given the fact that many HF patients
are almost completely inactive, and for them changing from a mostly or almost completely
inactive lifestyle to performing some light activity may be very beneficial, recommending to
start performing some light activity may be most practical.

Investigating the effects of physical activity on quality of life among heart failure
patients
Although it has been established that participation in exercise training programs can have
an effect on HF patients’ quality of life326 327, there is scant evidence if unstructured (unsupervised) PA, such as LTPA, also has an effect on quality of life and other patient-centered
outcomes. Since there are various aspects of a training program that could affect quality
of life, besides the actual performance of exercise (e.g., the social interactions which may
occur in such programs), it is unclear if the effects observed from studies on exercise training would also be observed in studies measuring unstructured PA. It is thus important to
understand if PA, including unstructured daily activities that may require less involvement
of health professionals, can help to improve quality of life and daily functioning.

Implications for practice
Implications for intervention design practice
The Motivate4Change intervention was designed by following a planned approach to health
promotion8, including following the steps specified in the IM protocol48, a step-wise method
used to develop interventions systematically using relevant theory and evidence. By going
through the steps, decisions were made regarding the specific behavioral change objectives,
and how to achieve these with the use of theory and evidence-based strategies and behavior
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change techniques. Usually, by following such an approach one can make decisions regarding an intervention’s content and structure, and increase the confidence that the intervention
would make a change in the health behavior that is being targeted. In the current project we
had pre-defined requirements, including the setting for the intervention and the medium
for delivery, which had an impact on the length and structure of the intervention and the
type of content that could be provided. Furthermore, there was relatively little information
available on behavioral determinants and behavior change techniques specifically for the
population of HF patients. We found that although IM is a useful tool for the design of
interventions, the process outlined in this approach does not explicitly account for various
possible pre-defined requirements (e.g. available time and resources, and intended setting
and medium for delivery). The implication for intervention designers who would like to
use this approach is that they need to clearly find out and define the requirements for their
intervention before starting to devise the intervention, or in parallel to the implementation
of the IM steps, to ensure that the decisions being made during the intervention design
process are also in line with these requirements. If this is not done, then changes may be
necessary after decisions have already been made and work has been accordingly done,
leading to additional effort.

Implications for promotion of self-care behavior among heart failure patients
A number of implications can be suggested based on the results of the studies conducted
within the current thesis. First, the results of the analysis described in Chapter 5 in relation
to Dutch HF patients from the LASA cohort imply that when aiming to promote PA among
HF patients, it may be necessary to address their physical and cognitive abilities. This implies
that even patients who are motivated to be active may have major difficulties to become
more active and therefore may not do so. Therefore focusing only on patients’ motivation
may be insufficient to see a behavioral change in this patient population. Although it may be
tempting and easy to use existing interventions, created for the older adult population, with
HF patients, based on our findings, it is not advised to do this because such interventions
may need to be adapted to (also) address HF patients’ specific abilities-related constraints.
Although tailoring of health communication content could be useful, it is often unclear
according to which factors information should be tailored. Our research in the LASA HF
sample showed that women perform more PA than men, and that this is due to women’s
performance of more light household activities. The gender of the individual could thus
be considered in future interventions to promote PA among HF patients. For example, it
may not be suitable to promote more light household activities among women, but instead
to try to promote engagement in additional activities. On the other hand, it may be useful to encourage men to start by performing more light household activities around the
house. Based on our results they are not likely to currently be performing such activities
and which are relatively easy to start with, before gradually adding other activities. It is
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important to keep in mind, however, that the distribution of household activities between
couples in future generations of HF patients might be different than they previously were,
and therefore in the future this recommendation needs to be re-evaluated. In addition,
such a recommendation for men would also have to take into account their level of liking
of light household activities, since not liking PA has been shown to be a barrier for PA
performance328. Finally, the results of the study among the post-MI Israeli cohort suggested
that patients with a high level of depression, and patients with a low social support, could
benefit from a low level of PA, while patients with a low level of depression and high social
support may need to perform more PA to reap the benefits. Based on these results future
interventions that aim to promote PA among this group may tailor the PA recommendation
based on depression and social support levels, but this recommendation still needs to be
confirmed in other studies.
Finally, the results of the current work suggest that ICT-based interventions aimed at
promoting self-care behavior are suitable for older patients, since they can use them and
can accept interventions delivered in this manner. It has been suggested that ICT-based
interventions, including web-based interventions, can be a cost-effective way to encourage
health behavior changes, and could potentially have a wide reach, including among patients
with chronic conditions329 although to date the reach and adoption of such interventions
has often been suboptimal299. Based on the results of the current work, it is therefore advised
that ICT-based interventions for older patients can and should be devised, but that strategies
to increase the reach and adoption of existing interventions are explored. However, in the
hospital setting reach and adoption issues could be potentially overcome relatively easily,
because the intervention could be delivered to all target patients by the hospital nurses. On
the other hand, if delivered in the hospital setting, results from the current thesis suggest
that efforts need to be made to support the optimal implementation of the intervention,
including sufficient (although probably minimal) involvement of hospital nurses to assist in
understanding and adoption of the intervention, and ensure there is a convenient place for
patients to engage in the intervention and to place the tablet while not using it, among other
specific issues. If such issues are not understood and addressed during the implementation
phase, but before the dissemination phase, this could have consequences for the intervention’s potential adoption and use.

General conclusion
Within the current work among HF patients, research has been conducted to (1) provide
further information on the merits and levels of physical activity among HF patients, (2) gain
further insights into correlates and potential determinants of self-care behavior among HF
patients – with the main focus on PA as an important self-care behavior, and (3) develop
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an intervention aimed at promoting self-care behavior among HF patients and formatively
evaluate it to inform its (potential) implementation. The findings suggest that (A) HF patients engage in insufficient amounts of PA and thus (B) PA promotion is warranted and
PA among HF patients with a history of MI can reduce their mortality risk, (C) post-MI
patients (who are relatively likely to develop HF) with higher rates of depression and lower
rates of social support may benefit from relatively less LTPA in comparison to their counterparts with low levels of depression and high levels of social support (aim 1). In addition,
the results of the work reported in the current thesis suggest that abilities-related variables,
such as pain and cognitive functioning, are important correlates of PA among HF patients
(aim 2). Finally, the results suggest that an ICT-based intervention delivered on a tablet
computer can be accepted by older HF patients and HF nurses, and may be feasible for
implementation in the hospital setting if some conditions are met (aim 3). However, more
research is needed regarding determinants of self-care behaviors, in particular PA, among
HF patients and regarding the effectiveness and implementation of self-care promotion
interventions. Future studies among HF patient samples should be of adequate size, and
use instruments that are designed to be used in this population, to replicate our findings
regarding abilities-related factors and identify other potentially important factors related to
patients’ motivation and socio-economic environment.
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Summary
Heart failure (HF) is a devastating chronic condition for patients and their families, as well
as for the healthcare system. During the course of HF, patients are likely to experience frequent acute episodes, which can lead to admissions to the hospital. The hospital admissions
are a major reason for the burden on patients, families and the healthcare system. Therefore,
efforts to minimize the adverse effects of HF are warranted. One important and changeable determinant of HF hospital admissions is engagement in the recommended health
behaviors, or HF self-care behaviors. Since engagement in self-care can lead to a reduction
in admissions, the promotion of self-care is a potential method of improving lives of HF
patients and their families and decreasing costs. Although various interventions to promote
self-care behavior exist, many patients with HF still demonstrate a low level of adherence
and therefore additional effective interventions are needed.
It is particularly appealing to use information and communication technology (ICT)
for the delivery of health behavior promotion interventions that incorporate tailored
health communication because of the potential for personalization combined with costeffectiveness and a wide reach. Specifically, with ICT it is possible, using smart algorithms,
to tailor health information based on input from assessments. This method is used in
so-called computer-tailored interventions, which are particularly promising because they
mimic interpersonal communication and allow individualization, but with a lower cost and
potentially wider reach than true interpersonal health communication.
The central element in the current dissertation was to inform and develop a new intervention aimed at promoting self-care behavior among HF patients, for delivery in the hospital using ICT (see aim 3 below). In addition to research towards this aim, we conducted
research that aimed to increase the knowledge on issues of importance for the development
of interventions promoting self-care behavior among HF patients. The aims of the current
work were:
1. To provide further information on the merits and levels of physical activity among HF
patients
2. To gain further insights into correlates and potential determinants of self-care behavior
among HF patients – with the main focus on PA as an important self-care behavior
3. To develop an intervention aimed at promoting self-care behavior among HF patients
and formatively evaluate it to inform its further development and (potential) implementation
The work is described in eight chapters. Chapter 1 is the introduction chapter in which
HF was introduced as a health problem; the lack of self-care behavior among HF patients,
as a risk factor for poor clinical outcomes, was described, and the relevant existing interventions to promote self-care among HF patients was outlined. This was followed by a descrip-
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tion of the approach of the research, and finally, the research conducted within the thesis
was introduced.
In Chapter 2, an analysis assessing the relationship between post myocardial infarction
(MI) patients’ leisure time physical activity and survival, as well as moderators of this relationship (HF and psychosocial variables) was reported. The study consisted of an analysis of
data from the Israel Study of First Acute Myocardial Infarction, a longitudinal prospective
cohort study. The results demonstrated that post-MI patients who performed regular LTPA
had a significantly reduced risk of mortality at follow-up in comparison to those that did
not perform any LTPA. This research adds to previous work on the topic by allowing somewhat more understanding regarding the importance of the amount of LTPA performed in
terms of mortality risk reductions, which was not well understood based on the previous
findings. The results suggest that indeed more LTPA is related to a lower mortality risk
among post-MI patients. Importantly, the findings of the current work suggest that post-MI
patients that developed HF were as likely to benefit from regular LTPA as patients that
did not develop HF. If HF is developed among post-MI patients, they are likely to have an
increased mortality risk, and based on our results LTPA performance can reduce this risk.
In addition, it was found that psychosocial factors, including social support and depression,
partially moderated the LTPA-survival relationship. Our findings suggest that these at-risk
groups of patients having a low level of social support and a high level of depressive symptoms not only reap the survival benefits as a result of LTPA performance, but indeed even a
small amount of LTPA seems beneficial for these groups, in comparison to no LTPA. This is
in contrast to the non-depressed and socially supported post MI patients, who appeared to
need to perform more LTPA to reap the survival benefits.
In Chapters 3 and 4, systematic literature reviews are reported. These reviews included syntheses of the evidence for the various self-care behaviors associated with HF.
In Chapter 3, a systematic literature review on the presumed determinants and correlates
of self-care behavior among HF patients was reported. This review demonstrated that a
sufficient amount of research has only been conducted on one single presumed determinant
or correlate of PA, namely age, and that the included studies consistently failed to find a
relationship between PA and age, suggesting that this may not be an important factor for
PA performance among HF patients. There was insufficient evidence on all other presumed
determinants and correlates that were investigated in studies. Results regarding other HF
self-care behaviors, including salt, fluid and alcohol intake restriction, keeping follow-up
appointments, and monitoring signs and symptoms, demonstrated that the more time has
passed since patients’ HF diagnosis (i.e., the more experience they have had living with
HF), the more they maintained the performance of self-care behavior over time. Moreover,
it was found that the benefits that HF patients perceived to restricting their sodium intake
were positively related to their restriction of sodium intake, and that the barriers patients
perceived to restricting their sodium intake were negatively related to restricting their
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sodium intake. The review also suggested that that patients with a type-D personality are
less likely to consult medical professionals in case of a worsening in their condition. Some
of the included studies consistently failed to find significant relationships between self-care
behaviors and some of the investigated variables, suggesting that these variables may not
be important determinants of the behaviors. All other evidence, regarding other presumed
determinants, was regarded inconsistent, mainly due to insufficient evidence.
In Chapter 4 a systematic literature review on presumed determinants and correlates
of medication adherence is reported, which demonstrated that HF patients who have been
institutionalized in the past (including having been hospitalized or having stayed at a nursing home) are more adherent to HF medication. Many other presumed determinants were
investigated, but there was insufficient evidence regarding those, and/or different studies
that investigated them demonstrated opposite results (i.e., some demonstrated a positive
relationship while others demonstrated an inverse relationship). Due to the lack of consistent evidence, it was not possible to make recommendations for future interventions based
on this review.
An analysis of correlates of PA among HF patients in a Dutch sample from the Longitudinal Aging Study Amsterdam is described in Chapter 5. The research described in Chapter
5 builds upon the research described in Chapter 2, by providing further evidence that HF
patients perform little PA. The sample of HF patients was drawn from the Longitudinal
Aging Study Amsterdam, a population-based cohort study of Dutch older adults. Results
of this analysis demonstrated that the patients in the sample performed very few weekly
(56) minutes of PA on average, including light activities such as light household activities,
for example washing the dishes and sweeping the floor, despite the fact the recommended
amount for HF patients is 30 minutes of moderate intensity PA on most days of the week.
From a range of individual and socio-environmental presumed determinants of PA among
HF patients that were included in the analysis, only pain and cognitive functioning and
were found to be related to performance of PA among HF patients.
The development of an ICT-supported, tailored intervention for the hospitalized HF patients called Motivate4Change is described in Chapter 6. Motivate4Change was developed
using the Intervention Mapping (IM) protocol, a stepwise method of developing interventions systematically using relevant theory and scientific evidence. The resulting Motivate4Change program was an ICT-based, interactive tailored program aimed at promoting PA
and medication adherence. This program was developed specifically for provision in the
hospital setting on tablet computers.
In Chapter 7 a formative evaluation of the intervention- a pilot study exploring needs
and experiences of HF patients and nurses in the hospital setting- is described. This study
provided insight into the experiences and needs of older people who are introduced to a
new interactive program on a technology that was new to many of them (a tablet computer).
Results suggest that many older patients are able and willing to use ICT for health behavior
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promotion purposes, but they may need (a minimal level of) support understanding how to
use the tablet and the program. The study further indicated that the patients participating
in the pilot study appreciated personally tailored content. By addressing issues that were
relevant personally to them, Motivate4Change made the patients feel acknowledged, making them feel empowered and able to perform the health behaviors. The study suggests that
interactive technology is a feasible tool to inform and educate older hospitalized HF patients
about self-care behaviors and aiming to motivate them to engage in those behaviors. Indeed,
even participants who had never used a tablet computer or an interactive program before,
were able and willing to use Motivate4Change and successfully completed the program.
However, a prerequisite condition for the introduction of ICT-based interventions, from
the patients’ point of view, is the continued interaction with healthcare professionals such
as nurses. Finally, Chapter 8 concluded with a general discussion.
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Samenvatting
Hartfalen (HF) is een chronische aandoening waarbij de pompfunctie van het hart is verminderd en waarbij acute verergering van de klachten leidt tot frequente ziekenhuisopnamen.
Deze ziekenhuisopnames belasten zowel patiënten en hun familie als de gezondheidszorg.
Hartfalen is niet te genezen, maar patiënten kunnen ermee leren leven door zich aan bepaalde leefstijladviezen te houden, zoals voldoende lichaamsbeweging, minder vocht en
minder zout tot zich te nemen en goed hun gewicht in de gaten te houden. Als HF-patiënten
zich houden aan deze leefstijladviezen, en voor zichzelf kunnen zorgen (zelfzorg) om de
symptomen te beperken, zou het aantal ziekenhuisopnamen kunnen worden verminderd;
veel HF patiënten houden zich echter niet voldoende bezig met zelfzorg.
Uit eerder onderzoek blijkt dat lichamelijke activiteit één van de belangrijkste zelfzorggedragingen is, echter blijken veel HF-patiënten niet voldoende lichaamsbeweging te krijgen.
Daarom is in het onderzoek beschreven in dit proefschrift dieper ingegaan op lichamelijke
activiteit bij HF-patiënten. Het doel was om te achterhalen welke factoren gerelateerd zijn
aan deelname aan lichamelijke activiteit. Daarnaast is onderzocht welke factoren zijn gerelateerd aan het innemen van medicatie volgens voorschrift. Om lichamelijke activiteit
en correct medicijn gebruik te stimuleren hebben we ons gericht op de ontwikkeling en
evaluatie van een interactieve-technologie-interventie die in het ziekenhuis gebruikt kan
worden. Interactieve technologie heeft het voordeel dat het ‘op maat’ adviezen kan geven op
het moment dat het de patiënt schikt en het verplegend personeel ontlast.
Omdat de patiënten doorgaans tijdens ziekenhuisopname over zelfzorg worden
voorgelicht en omdat de ziekenhuisopname zelf kan worden gezien als een kans voor het
aansporen tot intenties om het gedrag na ontslag uit het ziekenhuis te veranderen, hebben
we ons specifiek gericht op het ontwikkelen van een interventie die wordt aangeboden in
een ziekenhuisomgeving.
Om deze doelstellingen te bereiken zijn er analyses op gegevens van cohortstudies
uitgevoerd, heeft er systematisch literatuuronderzoek plaatsgevonden, werd een door ICT
ondersteunde en op maat gemaakte interventie genaamd Motivate4Change ontwikkeld en
werden de ervaringen en implementatievoorwaarden van verpleegkundigen en patiënten
daarvoor geëvalueerd. De resultaten toonden aan dat HF-patiënten wekelijks verontrustend weinig lichamelijk actief zijn en dat de lichamelijke beperkingen van HF-patiënten
waarschijnlijk gerelateerd zijn aan de lage hoeveelheid lichamelijke activiteit. Ten slotte
kwam uit kwalitatief onderzoek onder HF-patiënten en verpleegkundigen naar voren dat de
Motivate4Change interventie door HF-patiënten en verpleegkundigen wordt aanvaard en
dat uitvoering in het ziekenhuis haalbaar is wanneer aan bepaalde voorwaarden, zoals het
bieden van een comfortabele zitplaats en ondersteuning voor patiënten bij het leren omgaan
met het programma, wordt voldaan.
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