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ABSTRACT

Background: Understanding how interventions reduce psychological distress in patients
with prostate cancer is crucial for enhancing patient care. This research examined the
roles of self-efficacy, perceptions of illness, and heart rhythm coherence in mediating the
effects of the Prostate Cancer Patient Empowerment Program (PC-PEP) on lessening
psychological distress and the need for clinical treatment compared to standard care.

Methods: In a randomized controlled trial, 128 patients with prostate cancer were
divided into two groups: those receiving the PC-PEP intervention and those receiving
standard care. The PC-PEP focused on relaxation and stress management, diet, exercise,
pelvic floor muscle exercises, and improving relationships and intimacy.

Results: Participants in the intervention group experienced notable enhancements in self-
efficacy and specific views on their illness (such as personal control and emotional
response) compared to the control group. These factors acted as intermediaries in the
relationship between the intervention and its psychological benefits, with self-efficacy
accounting for 52% of the reduction in psychological distress. No meaningful differences
in heart rhythm coherence were observed following the intervention.

Conclusion: This study validates the critical role of self-efficacy and certain illness
perceptions in facilitating psychological improvements in prostate cancer patients
participating in the PC-PEP. The results underline the effectiveness of the program and
identify the essential mechanisms through which it works. Future studies should expand
this research to multi-center trials to confirm and broaden these findings, demonstrating
the effectiveness of comprehensive interventions in promoting the psychological health
of prostate cancer patients.
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CHAPTER 1: INTRODUCTION

Prostate cancer (PC) is the most frequently diagnosed cancer in Canadian men,
accounting for one fifth of all male cancer diagnoses and affecting one in nine Canadian
men during their lifetime (Canadian Cancer Statistics Advisory, 2022). Advancements in
treatment and early detection as well as the localized nature of most cases means PC has
one of the highest 5-year survival rates (95%) of any malignancy (Canadian Cancer
Statistics Advisory, 2021). With a low rate of mortality and an ageing population,
research has increasingly prioritized improving quality of life and better understanding
survivorship needs. Curative treatments, including surgery and radiation therapy, often
lead to significant sexual, urinary, and bowel issues that affect PC patient quality of life
(Donovan et al., 2016; Barocas et al., 2017). Depression, suicidal ideation, and death by
suicide are all increased in this population (Fervaha et al., 2019) and Canadian PC
survivors have more than twice the odds of screening positive for both depression and
anxiety symptoms compared to those without a lifetime history of cancer (Ilie, et al.,
2020; Moodie et al., 2020). These are not only short-term issues following diagnosis or
treatment, as poor mental health and quality of life outcomes have been reported long
into PC survivorship (Korfage et al., 2006; Friberg et al., 2021; Ralph et al. 2020;
Brunckhorst et al., 2021), underscoring the importance for interventions to mitigate these
impacts.

The Prostate Cancer Patient Empowerment Program (PC-PEP), a 6-month, multi-
dimensional lifestyle intervention provides individuals with PC education, skills, and
daily encouragement to adopt healthy lifestyle behaviours and better self-management

practices. PC-PEP components focus on meditation/relaxation techniques, exercise, diet,



pelvic floor muscle training, social support, and weekly self-monitoring among others
(further described in section 2.5 and 4.2). PC-PEP, compared to standard of care, was
found to reduce non-specific psychological distress and symptoms of depression and
anxiety (Ilie et al., 2023). However, underlying mechanisms through which this causal
relationship manifests remain unknown.

The Common Sense Model (CSM) of Illness Regulation is one prominent
framework for describing a patient’s response and management of health threats
(Leventhal et al., 1980). According to Leventhal and colleagues (1980), individuals
generate unique beliefs about their illness, such as beliefs of identity, consequences, and
control. These beliefs, or illness perceptions, guide the individual’s coping strategies,
self-management behaviours, and ultimately impact their health outcomes. Studies have
found that individuals with PC and various other types of cancer (e.g., breast, lung
cancer) who have more positive illness perceptions (e.g., greater understanding of what
their illness is, stronger beliefs that their illness and its impacts can be controlled/cured,
etc.) experience better mental health and quality of life (Mickevicien¢ et al., 2013;
Alcorso & Sherman, 2016; Osmiatowska et al., 2022). Thus, improving illness
perceptions in PC patients through interventions may be a relevant mechanism to
improving the mental health of cancer patients.

The Self-Efficacy Framework, sharing some similarities to the CSM, is another
prominent framework describing how patient beliefs guide behaviour and influence
outcomes. Self-efficacy is described as the belief in one's capacity to execute behaviors
necessary to produce specific outcomes and reach their goals (Bandura, 1997). Greater self-

efficacy in cancer patients has been found to predict their ability to manage the side-effects



and challenges of their cancer (Chirico et al., 2017; Merluzzi et al., 2001). Martin-Nufiez
et al. (2023a) have found an inverse relationship between self-efficacy and psychological
distress, suggesting enhancing self-efficacy as a key strategy in alleviating the distress
experienced by cancer patients. While the aforementioned CSM focuses on how beliefs
regarding the illness guide coping and self-management strategies which then impacts
health outcomes, the self-efficacy framework focuses on how beliefs in the individual’s
ability to execute the coping and self-management strategies guides those behaviours,
which then impacts health outcomes. Due to their variance and unique contributing factors,
the use of both frameworks has been supported to better understand how patient beliefs
relate to improvement in health outcomes (Breland et al., 2020).

To improve emotional self-regulation and coping to the stressors associated with
PC, a key component of PC-PEP focuses on relaxation and stress-reduction. Participants
in PC-PEP receive a heart rate variability (HRV) biofeedback device from HeartMath
Inc. to be used during guided mediation, breathing, and relaxation exercises. The device
measures heart thythm coherence, a physiological phenomenon whereby there is
synchronization and rhythmicity of heart rhythm patterns (McCraty & Zayas, 2014).
Higher heart rhythm coherence has been found to reduce stress and improve emotional
regulation (McCraty & Shaffer, 2015). Small-scale studies have found HRV training
alone efficacious at improving heart rhythm coherence in PC patients (Burch et al.,
2020), although a small single-arm pilot study of PC-PEP did not find significantly
change heart rhythm coherence over 28-days of intervention (Burge et al., 2023). Despite

this, there is a need to evaluate the measure in a larger sample over a longer period of



time, as well as to better understand whether this component of the intervention
influences the primary outcome: non-specific psychological distress.

In randomized controlled trials, mediation analyses allow us to expand beyond
estimating intervention effects to better understand #ow an intervention influences
outcomes (Lee et al., 2019). This is especially important for complex, multi-dimensional
interventions such as PC-PEP (Skivington et al., 2021). Furthermore, understanding
whether a mediation effect is conditional based on different contexts provides valuable
information for interpreting the effect (Preacher et al., 2007). In the context of PC,
patient’s undergoing radical prostatectomy and radiation therapy experience different
side-effects and patient reported outcomes (Donovan et al., 2016) which could affect how
they perceive their illness. Therefore, even with a similar significant intervention effect
seen in both groups (Ilie et al., 2023), the mechanisms behind the effect may differ as a
result of their unique experiences and perceptions.

This thesis is a secondary analysis of the PC-PEP randomized controlled trial that
examines the effect of PC-PEP, compared to standard-of-care, on self-efficacy, illness
perceptions and heart rhythm coherence. We explore whether self-efficacy, illness
perceptions and/or heart rhythm coherence mediate the relationship between PC-PEP and
reduced non-specific psychological distress and need for clinical treatment, and whether
treatment modality moderates the mediating effects. Chapter 2 of this thesis provides a
background review of the relevant literature; Chapter 3 outlines the thesis objectives and
research questions; Chapter 4 is a publishable manuscript that provides the methods and
results of the thesis; and lastly Chapter 5 concludes with a discussion of the findings,

strengths and limitations, and clinical significance.



CHAPTER 2: BACKGROUND

2.1 PROSTATE CANCER AND THE AGEING POPULATION

Prostate cancer (PC) is a major cause of morbidity and of high public health
significance globally. With over 1.4 million estimated new PC cases worldwide in 2021,
it accounted for 7.3% of all new cancer diagnoses (Sung et al., 2021). In men, PC is the
most diagnosed malignancy in 112 countries, including Canada (Sung et al., 2021), where
approximately 1 in every 5 Canadian men receiving a cancer diagnosis is diagnosed with
carcinoma of the prostate (Canadian Cancer Statistics Advisory, 2022). After nearly two
decades of declining incidence, the incidence of PC has increased 3% annually from 2014
to 2019 in the United States (Siegel, 2023), and longer-term predictions suggest Canadian
incidence rates of PC will rise 34% over the next 20 years (Ruan et al., 2023).

Prostate cancer is a disease of ageing, with over 98% of cases in Canada
occurring in those over 50 years of age. The incidence increases considerably each year
beyond the age of 50 and peak incidence rates are present in men between the ages of 70
and 79 (Leblanc et al., 2019). In fact, autopsy studies suggest that over one third of
Caucasian males and over one half of African-American/Black males in the 70-79 age
category have evidence of latent PC (Jahn et al., 2015). The Canadian population is also
ageing substantially, and more men are living to these older ages. According to data from
Statistics Canada, the number of Canadians aged 65 and older increased from
approximately 14.1% of the total population in 2010 to 19.0% in 2022, and it is projected
to rise even further to 22.5% by 2030 (Eisen & Emes, 2022).

Despite the high incidence expected to increase with an ageing population, the

prognosis of PC from a survival perspective is quite favorable. In fact, of the five leading



causes of cancer death in Canada, prostate cancer has the highest 3, 5, and 10-year
predicted net survival at 94%, 91%, and 88% respectively (Canadian Cancer Statistics,
2021). In 2021, the anticipated mortality rate for PC in Canada was 50% lower than what
was observed in 1995 (Canadian Cancer Statistics, 2021). This can be attributed to many
factors, most notably advancements in treatments as well as increased screening that
allows the disease to be detected earlier when there is a greater chance it will be in the
localized stage. As this growing incidence and decreasing mortality contribute to a rising
prevalence of PC survivors, assessing the psychosocial impacts of the diagnosis, such as
mental stress, and planning for supportive healthcare and survivorship services is a

priority (Canadian Cancer Statistics Advisory, 2022)

2.2 THE COMMON-SENSE MODEL OF SELF-REGULATION

A person’s perception, interpretation, and method of coping with an illness, such
as cancer, can vary remarkably from one person to another. The Common-Sense Model
of Self-Regulation (CSM) is one framework that has been applied to many chronic health
conditions to explain the dynamic processes by which the differences in perception,
interpretation, and coping amongst people with the same illness arise (Leventhal et al.,
1980; Leventhal et al., 2016). According to the framework, patients make sense of their
illness by forming illness perceptions — subjective beliefs of their illness, it’s treatment
and the consequences it may have (Leventhal et al., 1980; Leventhal et al., 2016). These
perceptions are acquired and influenced by numerous factors, including the information
patients have received from experts and other sources, their experiences with previous

illnesses, interactions with others, and the extent of their symptoms (Bonsaksen et al.,



2015). Early research on the CSM framework describes how patients organize their
beliefs into five key illness perception constructs. These include beliefs related to: (1)
identity — a patients name or label of their illness and the symptoms associated with it
(e.g. prostate cancer, tumor), (2) cause — patients perception of the determinants or cause
of their illness (e.g. hereditary, age, poor diet), (3) consequences — the perceived short
and long-term impact the illness may have on the patient’s life (e.g. life-threatening,
changes in physical functioning, economic impacts), (4) timeline — the patients’
perception of how long their illness will endure (e.g. chronic, acute), and (5) control — the
belief that treatment, intervention, or what they themselves can do to improve the course
of the illness (e.g. curable, incurable) (Broadbent et al., 2006).

According to the CSM, these components construct illness perceptions that guide
the patients coping strategies and self-management behaviours, which in turn impacts
their health outcomes, such as psychological distress (Leventhal et al., 2016). Coping and
self-management are two inter-related and complex concepts closely associated with
illness perceptions. Coping focuses on how challenges can be managed through internal
and activity-based strategies, whereas self-management, a newer and broader concept,
focuses on the things that people do or do not do to manage daily life with their
condition, and it also incorporates both emotional and role management (Audulv et al.,
2016). Self-management recognizes people as experts in their own care and management,
and it involves a person having an active role and awareness in their recovery (Foster et
al., 2007). Many studies, since Leventhal first proposed the CSM, have shown the
association between illness perceptions, coping, and self-management. A meta-analysis

of studies based on the CSM showed that patients of different chronic conditions who



perceived an illness to have serious consequences, a long timeline, and yielding many
symptoms had more negative coping behaviours, whereas perceptions of greater control
are associated with more positive coping behaviours (Hagger & Orbell, 2003). A more
recent systematic review focusing solely on cancer patients also found associations
between coping behaviours and illness perceptions (Richardson et al., 2017) while
another systematic review found a correlation between self-management behaviours and
illness perceptions (Breland et al., 2020). The CSM shares many similarities with other
frameworks related to stress and coping, such as Lazarus and Folkman’s (1984)
Transactional Model of Stress, however the CSM differs by its assumption that cognitive
and emotional responses interact and occur in parallel instead of in subsequent steps or
stages, and it has been developed specifically to consider coping in response to an illness
or health threat, as opposed to other stressful events. Therefore, according to the CSM, a
patient perceives a threat to their health, forms a set of personal beliefs around the threat,
develops a plan to cope and manage the threat, and then constantly re-assesses that plan
as their perceptions change (Horne & Weinman, 1998).

The measurement of illness perceptions was often initially captured by
researchers using semi-structured interviews (Meyer et al., 1985). Since then, self-
reported, standardized questionnaires have been developed, the first being the 38-item
Illness Perception Questionnaire (IPQ) (Weinman et al., 1996). This was followed by the
Illness Perception Questionnaire-Revised (IPQ-R), which added an additional 48 items
and new subscales (Moss-Morris et al., 2002). Beyond the core constructs of identity,
cause, consequences, timeline, and control first proposed in the CSM, the IPQ-R

introduced the dimensions of illness coherence and emotional representations (Dempster



et al., 2015). Illness coherence, the extent to which the patient understands and perceives
their illness in a coherent way, provides insights into the patient's comprehension of their
condition (Dempster et al., 2015). The emotional representations subscale delves into
patients' emotional responses and concerns regarding their illness. This emotional
component of illness perception is increasingly recognized as a vital factor influencing
various aspects of health, including engagement with work and sickness absence across a
spectrum of illnesses including cancer (Awasthi & Mishra, 2010; Hopman & Rijken,
2015; de Castro et al., 2012). Patients who have a negative perception of their disease
have more functional and emotional insufficiencies in later stages of cancer, and their
recovery process is slower than that of other patients (Scharloo et al., 2005; de Catro et
al., 2012). While not traditionally encompassed by the CSM, these emotional dimensions
and the understanding of illness introduced with the IPQ-R can significantly impact
individuals' coping strategies, self-management behaviors, and health outcomes, further
highlighting the relevance of assessing them in studies exploring the influence of illness
perceptions.

The Brief Illness Perception Questionnaire (B-IPQ), a reduced 8-item tool, is
now frequently used as a rapid assessment of illness perceptions (Broadbent et al., 2006).
The shorter B-IPQ uses a single item for each of the seven previously aforementioned
illness perception constructs (control is split into two items to assess personal control and
treatment control). This significantly reduces the burden of time on the participant and a
systematic review of the B-IPQ found it to have good psychometric properties, including
good concurrent validity with gold-standard quality of life measures (» range 0.17 — 0.49)

(Broadbent et al., 2015). The B-IPQ was also found to have good test-retest reliability



correlation coefficients at 3 weeks (0.48-0.70) and 6 weeks (0.42-0.75), and it is
correlated with the longer IPQ-R (0.32-0.62) (Broadbent et al., 2006).

Other than the IPQ and its revisions or derivatives, the use other measurement
tools to assess illness perceptions is rare. Other measures do exist to capture similar and
specific illness perception constructs, such as personal control or identity. For example,
the Multidimensional Health Locus of Control Scale is commonly used to capture a
patients perceived health beliefs related to personal and external control (Wallston et al.,
1978). However, no other tools capture the full range of perception constructs as
proposed in the CSM (identity, cause, consequences, timeline, and control), making the
B-IPQ a good option to rapidly assess a range of illness perceptions and be included as a

secondary outcome in studies such as this one here.

2.2.1 Iliness Perception and Cancer

Negative illness perceptions have been shown to be significantly associated with
higher psychological distress in patients with cancer of the bladder (Zhang et al., 2020),
breast (Zhang et al., 2017), lungs (Tian et al., 2022), esophagus (Dempster et al., 2011)
and head/neck (Zhang et al., 2018). Yet, the relationship between illness perceptions and
psychological distress in PC patients specifically is less clear. Studies have shown that
illness perceptions in PC patients do predict concepts related to psychological distress,
including emotional well-being (Traeger et al., 2009) and quality of life (Akin-Odanye et
al., 2021; Ashley et al. 2015). Illness perceptions have also been shown to be modifiable
and thus interventions that can enhance the illness perceptions of PC patients have been

deemed to be much needed (Akin-Odanye et al., 2021). While previous research has

10



implemented and assessed psycho-educational and social support interventions to
improve illness perceptions in cancer patients, the interventions were often limited in the
breadth of their components and often too short to understand the longer-term effects
beyond a few weeks or months (Pourfallahi et al., 2020). Studies have shown that cancer
patients who have more social support and feel less isolated have better illness
perceptions (Faraci et al., 2022), suggesting interventions that include elements to
improve patients’ relationships or offering group and peer-to-peer support opportunities
could enhance illness perceptions. Other components or elements that reduce the negative
treatment symptoms the patient is experiencing or make the patient feel more in control
of their illness could have the potential to improve their illness perceptions, and as a
result, their health outcomes.

As previously mentioned, advancements in PC diagnosis and treatment have led
to an increasing number of PC patients surviving in the long term. However, cancer
survivors often grapple with enduring challenges related to their physical and
psychological well-being, as well as a diminished quality of life, as the lingering effects
of prostate cancer treatment can persist throughout their lifetime (Davis et al., 2014).
Additionally, PC survivors frequently face substantial coping demands stemming from
the residual effects of cancer and its treatments (Zhang et al., 2016). By establishing
connections between prostate cancer survivors' perceptions of their illness and their
ability to adapt to these challenges, we can gain valuable insights that can guide the
development of cost-effective, precisely targeted interventions (Ilie et al., 2020; Ilie et al.,
2023). Such interventions can help minimize stress and enhance the quality of long-term

survivorship care (Zhang et al., 2016). In light of these findings, fostering a positive shift

11



in the way PC patients perceive their illness may empower them to take charge of their
self-management, address the emotional turmoil associated with their condition, and

effectively manage the daily stress that often accompanies their illness.

2.3 SELF-EFFICACY FRAMEWORK

In Social Cognitive Theory, Bandura (1997) argues that an individuals perceived
self-efficacy contributes to how they behave in regard to self-managing their illness. Self-
efficacy is defined as the belief or confidence in one's capacity to execute certain behaviors
in order to achieve specific outcomes or goals (Bandura, 1997). The framework explains
how patients with the same illness, prognosis, knowledge, and general characteristics can
vary greatly in their ability to manage the symptoms and impacts of their illness based on
these self-efficacy beliefs. How confident individuals are in their ability to act and
implement behaviours to improve their health outcomes determines how they act, as in
what self-management practices they execute, the effort and intensity of their actions, and
how long these actions continue (Bandura, 1997; White et al., 2017). For example, a PC
patient who feels highly confident in their ability to do things besides having surgery to
improve the impact of their cancer, will be more likely to adhere to health-promoting
activities such as an exercise or smoking cessation regime, while another patient with low
confidence will not be motivated to execute these health-promoting activities. Both patients
may have the knowledge and expectation to do the behaviour, but one may lack the self-
efficacy to do so. Therefore, similar to illness perceptions, self-efficacy perceptions are a
way through which effective self-management can be reached, and effective self-

management then leads to improved health outcomes that the behaviours have an ability
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influence (Lorig & Holman, 2003; Lorig et al., 1989). It is also important to note that
perceptions of self-efficacy are situation specific, and they are not a personality trait
(Bandura, 1997). That is, patients may have high self-efficacy related to managing their
symptoms while having different self-efficacy beliefs for a different task, and these beliefs
can change over time.

Numerous tools to assess self-efficacy quickly and conveniently are available.
Many general cancer-specific scales have been developed and evaluated (Merluzzi &
Martinez Sanchez, 1997) as well as scales specifically for men with PC (Lepore &
Helgeson, 1999). There are also scales that focus on certain domains of self-efficacy. For
example, the target of the Communication and Attitudinal Self-Efficacy Scale is, as its
name suggests, communication and attitudinal self-efficacy specifically (Wolfet al., 2005).
Non-cancer-specific measures are also frequently used in studies of individuals with
cancer. The generalized self-efficacy scale (Schwarzer R. & Jerusalem, 1995) has been a
highly influential scale for decades, while the Self-Efficacy for Managing Chronic Disease
Scale (SEMCD) is another commonly used scale to measure self-efficacy in a range of
chronic health conditions (Lorig et al., 1989). The SEMCD, initially designed in an
intervention based on Bandura’s (1989) theory, is a short 6-item scale that captures illness
management-specific self-efficacy. The SEMCD has been used extensively in trials of self-
management type programs and it is the measure of self-efficacy included in the methods
of this thesis.

Self-efficacy has been found to predict depression and quality of life in cancer
survivors (Philip et al., 2013; Heckman et al., 2011). Self-efficacy is also associated with

the concepts of the aforementioned CSM, as a relationship between poor self-efficacy and
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more threatening illness perceptions in cancer patients has been shown (Foster et al., 2015).
Without intervention, one study found PC patients self-efficacy to significantly decline six
months after their diagnosis (Paterson et al., 2015). Bandura (2008) argues there are
numerous ways to improve self-efficacy, especially through ‘mastery experiences’, social
modelling, and social persuasion. Thus, interventions that target these concepts may be key
to promoting self-efficacy. With the growing prominence of self-efficacy theory in the
context of cancer patients, studies assessing various types of interventions for supporting
PC patients have examined self-efficacy and found positive effects (McCaughan et al.,
2013; Yang et al., 2021). Although, findings from a systematic review have indicated the
need for larger, better reported studies in this area (Moore et al., 2015). Thus, obtaining a
greater understanding of self-efficacy in PC patients and how it potentially effects health

outcomes through an intervention such as PC-PEP is warranted.

2.4 STRESS AND HEART RHYTHM COHERENCE

2.4.1 Stress and Prostate Cancer

Stress is a complex concept that can generally be defined as a situation in which
environmental demands surpass one’s psychological and physiological capacity to cope
with the demand (Cohen et al., 2016). Stressors are specific, observable events that can
lead to a stress response. In those diagnosed with PC, navigating the consequences of
treatment decisions, changes in urinary and sexual function, as well as the fear of
recurrence can all be stressful and prolonged which lead to chronic stress responses.
Chronic stress, associated with a deregulation of the hypothalamic-pituitary-adrenal axis
and subsequent increases in cortisol and catecholamines, can further harm the body both

physiologically and psychologically (Krizanova et al., 2016). Particularly, depression and
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anxiety, closely associated with chronic stress, are both especially high amongst PC
patients and survivors (Brunckhorst et al., 2021; Ilie et al., 2020; Moodie et al., 2020;
Watts et al., 2014). The management of stress is also an essential component of disease
management, and increased stress is found to be barrier to adequate self-management
(Schulman-Green et al., 2016).

For decades, stress has been suggested to not only be associated with cancer
incidence, but also progression and cancer metastasis (Mravec et al., 2020; Udumyan et
al., 2019). In animal studies, stress has been shown to modify the expression of prostate
tissue genes (Flores et al., 2017; Hassan et al., 2013) and numerous mechanisms of
stress’s impact on cancer progression have been identified, including immune
suppression and increased inflammation (Dai et al., 2020; Armaiz-Pena et al., 2009).
Clinically, a growing body of research has assessed perceived stress in men with PC and
the effect it has on oncological outcomes, most notably survival. One study surveyed
4105 Swedish men who were diagnosed with localized prostate cancer and received
treatment and found those who reported the highest levels of perceived stress had 1.6 (CI:
1.05-2.63) times the odds of prostate-cancer specific mortality when compared to those
with the lowest reported stress levels (Jan et al., 2016). Another study found that prostate
cancer patients with low resilience to stress had 2.2 (CI: 1.04-4.62) times the odds of
mortality than those with a high resilience to stress, suggesting intervention is
particularity important for the former group of patients (Udumyan et al., 2019).
Furthermore, cancer recurrence, another key oncological outcome that is also a major
stressor in PC survivors, was found to be moderately associated to psychological stress in

a recent systematic review (Oh & Son, 2021).
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2.4.2 Heart Rate Variability and Heart Rhythm Coherence

Stress can be measured by psychological, perceptual, or physical responses. Most
studies that have examined stress in PC patients have traditionally used self-reported
questionnaires, such as at the Perceived Stress Scale, that are psychological indicators of
stress. These widely used methods of assessing stress have many benefits in research
because they are cheap and easy to administer, generally well-validated, and pose little
burden on patients compared to other more invasive methods (Crosswell & Lockwood,
2020). However, objective measures also provide interesting information on the
physiological response to stress. Many studies have focused on the body’s biochemical
response to stress by measuring, for example, levels of salivary cortisol, the primary
“stress hormone”. These studies have found cortisol levels to be higher in men with PC
than those without PC (Fabre et al., 2016; Olooto et al., 2021).

More recently, advancements in technology have allowed for an increasing
amount of non-intrusive physiological measures to be assessed. One of these measures is
heart rate variability (HRV), which is the variation in time between consecutive heart
beats (McCraty & Shaffer, 2015). The normal resting sinus rhythm of a healthy heart is in
fact not entirely regular, but consists of slight variations (Shaffer et al., 2014). This
irregularity, is influenced by the activity of the autonomic nervous system, as it reflects
the balance between the competing parasympathetic (inhibitory) and sympathetic
(excitatory) branches (Berntson et al., 1997). Stress can influence HRV through this
autonomic response. When we’re stressed, the sympathetic nervous system becomes
more dominant, leading to an increased heart rate and decreased HRV (Kim et al., 2018).

This is a natural response designed to prepare the body for quick action in response to
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perceived threats. On the other hand, when we’re relaxed and unstressed, the
parasympathetic nervous system prevails, leading to a slower heart rate and increased
HRYV (Kim et al., 2018). Higher HRV is considered good for several reasons. HRV has
been found to be a predictor of health status, with low HRV being associated with an
increased risk of death and coronary heart disease (Dekker et al., 2000). Higher HRV is
also associated with better resilience to stress, while lower HRV is an indicator of
autonomic inflexibility (Thayer & Lane, 2000). Individuals with higher HRV can adapt to
stressors more effectively and recover faster after experiencing stress (Heiss et al., 2021).
Lastly, lower-resting state HRV is associated with major depression (Koch et al., 2019)
and it has been found to be an indicator of vulnerability to depression in those at risk of
developing the condition (Dell’ Acqua et al., 2020). In summary, stress affects HRV by
altering the balance between the sympathetic and parasympathetic nervous systems,
reducing HRV. A higher HRV is considered beneficial as it signifies better stress
resilience and more favorable overall physical and emotional health.

A growing body of research suggests that stress can decrease HRV, and the
literature supports the use of HRV as an objective, reliable measure of stress (Kim et al.,
2018). Systematic reviews have also found that HRV may play a prognostic role in
cancer, and patients with higher HRV, have longer survival than those with lower HRV
(Kloter et al., 2018; Zhou et al., 2016), which brings forward the importance of HRV
assessment in PC patients as both a measure of stress and mental health, and potentially a
biomarker for assessing cancer progression and outcomes. Despite the growing use of

these assessments, few studies have collected HRV based data in PC patients, and none to
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our knowledge have collected them after a multidimensional lifestyle and self-
management intervention.

Heart rhythm coherence, also referred to as physiological coherence, is a measure
derived from HRV rhythm patterns (McCraty, 2022). Heart rhythm coherence primarily
assesses the synchronization and rhythmicity of heart rate patterns, specifically the
coherence between heart rate and respiration rate, and it can easily be obtained using a
non-invasive device (McCraty, 2022). As with HRV, when heart rhythm coherence is
higher, it indicates a more balanced and relaxed autonomic nervous system, which is
typically associated with reduced stress and better emotional regulation (McCraty &
Shaffer, 2015; McCraty et al., 1995). So, while heart rhythm coherence itself doesn’t
measure stress directly, it can serve as an indirect indicator of stress levels and overall
physiological well-being. Higher heart rhythm coherence is generally associated with
lower stress levels, while lower cardiac coherence may suggest increased stress or
autonomic imbalance (McCraty & Zayas, 2014). An intervention by Burch et al. (2020)
that prescribed heart rhythm biofeedback to PC patients lead to improved heart rhythm
coherence post intervention. This study was limited, however, by a small sample and a
short intervention duration, highlighting the need for longer studies, with larger sample
sizes, that assess changes in heart rhythm coherence following interventions for PC
patients.

Given the significant impacts a PC diagnosis has on mental stress and overall
health, prioritising the assessment of interventions designed to reduce these impacts is
well-timed and necessary. Men with PC who participated in health promotion

interventions have shown statistically significant reductions in perceived stress (Walsh et
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al., 2023), and participants show a strong desire to participate in these lifestyle
interventions, especially shortly after receiving their diagnosis (Green et al., 2014).
Numerous lifestyle interventions aimed at reducing stress have been assessed in PC
patients, encompassing a broad range of elements, most commonly focusing on
meditation, exercise, or diet (Menichetti et al., 2016). A systemic review showed that
meditation interventions led to significant reductions in symptoms of psychological stress
and depression in cancer patients (Araujo et al., 2019) while a randomized controlled trial
found that cancer patients who participated in 15 minutes of mindful breathing exercises
for three months has statistically significant reductions in stress compared to controls (Lei
Chui et al., 2021). Most of these interventions consist of a single component, while fewer
combined multiple components, even despite over a decade of evidence suggesting multi-
component interventions are often most efficacious. Jacobsen et al. (2013) found that a
combined stress-management and home-based physical activity program for cancer
patients was more effective at improving stress related quality of life outcomes, including
depression and anxiety, compared to participants receiving only one of either component.
Similarly, Zuniga et al. (2020) found that multi-modal interventions that combined stress
reduction with diet and exercise provided the greatest clinical benefit to PC patients.
Overall, the current literature highlights psychological stress as a negative impact
following a PC diagnosis and suggests that targeting psychological stress through
comprehensive, multi-component interventions should be considered as an important

adjunct to clinical cancer care (Antoni & Dhabhar, 2019).
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2.5 PROSTATE CANCER PATIENT EMPOWERMENT PROGRAM

The Prostate Cancer-Patient Empowerment Program (PC-PEP), is a multifaceted
lifestyle intervention developed to specifically address the most common unmet needs
and survivorship issues reported in PC survivors. The program targets multiple lifestyle
elements, including daily stress reduction through meditation, diet improvement, strength
and aerobic exercise, pelvic floor exercises, and social connection. While it is impossible
to separate the influence of any one individual component of the program on outcomes,
the stress reduction/meditation component of the program is of particular relevance to
this thesis, as the literature indicates this may play one of the largest roles in influencing
the physiological markers of stress (Pascoe et al., 2017). The details of this component, as
well as a full description of the intervention is described in further detail in section 4. PC-
PEP has been shown to reduce psychological distress in recently diagnosed PC patients
undergoing curative treatment (Ilie et al., 2023), however analysis of the underlying
mechanisms explaining this association remains unknown. Understanding potential
mediating factors could provide useful information on how and why the intervention was

successful in reducing psychological distress.
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CHAPTER 3: OBJECTIVES

The first objective was to examine whether participants randomized to PC-PEP
had significantly better self-efficacy, illness perceptions, and heart rhythm coherence
post-intervention, compared to controls. The second objective was to examine if better
self-efficacy, illness perceptions, and heart rhythm coherence post-intervention mediated
the relationship between participating in PC-PEP and reduced psychological distress. The
third objective was to examine whether treatment modality moderated any mediating

effects (Figure 1).

Self-Efficacy
/
Illness Perceptions
/
Heart Rhythm
Coherence
at 6 months

Treatment Modality

Group: PC-PEP vs. Non-specific

Control Psychological
Distress at 6 months

\ 4

Figure 1. Diagram of the moderated mediation pathway for single mediator models of
self-efficacy, illness perceptions and heart rhythm coherence with treatment modality as a
moderator in the causal connection between group participation and psychological
distress.
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These objectives were addressed with the following research questions:

(1) Does the Prostate Cancer Patient Empowerment Program (PC-PEP), when
compared to standard care, result in improved self-efficacy, perceptions of illness,
or heart rhythm coherence in men diagnosed with localized prostate cancer, from
the start of the study (baseline) to six months (post-intervention)?

(2) Do improvements in self-efficacy, illness perceptions, or heart rhythm coherence
following the intervention mediate the relationship between the Prostate Cancer
Patient Empowerment Program (PC-PEP) intervention and reductions in non-
specific psychological distress from baseline to six months?

(3) Does the presence and extent of any observed mediating effects depend on
whether participants received radical prostatectomy or radiation therapy as their

treatment for prostate cancer?
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4.1 INTRODUCTION

Prostate cancer (PC) is the most common cancer among males (Sung et al. 2021),
representing approximately one fifth of all male diagnoses (Canadian Cancer Statistics,
2022). As an age-related disease, the incidence of PC is anticipated to rise as life
expectancies increase (Ruan et al., 2023). Despite high survival rates compared to other
malignancies, the focus on quality of life remains paramount, given the substantial
prevalence of depression, suicide, and psychological distress in men with PC, which can
persist long after diagnosis (Canadian Cancer Statistics, 2021; Crump et al., 2023; Fervaha
et al., 2019; Ilie et al., 2020; Moodie et al., 2020). This underscores the necessity for
effective approaches that alleviate the psychological impacts of PC, spanning from the
onset of diagnosis through long-term survivorship.

A growing body of research indicates that lifestyle self-management interventions
tailored for PC can enhance mental health and quality of life (Menichetti et al., 2016;
Dovey et al., 2023; Martin-Nufez et al. 2023a). The Prostate Cancer Patient Empowerment
Program (PC-PEP) embodies one such intervention, offering a multifaceted approach that
prioritizes numerous aspects of well-being, including physical activity, healthy nutrition,
relaxation/stress reduction techniques, pelvic floor muscle training, human connection, and
peer support. The program content is disseminated through daily emails and videos as well
as monthly videoconferences over 6 months, providing consistent encouragement and
support. The efficacy of the PC-PEP at reducing psychological distress, depression, and
anxiety compared to standard care has been previously reported (Ilie et al., 2023), however,
the specific mechanisms or pathways underlying this relationship remain to be fully

understood.
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Self-management encompasses the day-to-day things people do, or do not do, to
manage their conditions, recognizing people as experts in their own care (Audulv et al.,
2016; Foster et al., 2007). To gain the skills and knowledge to self-manage most
effectively, patients often need the support of others (Dwarswaard et al., 2016). The PC-
PEP equips PC patients with knowledge, skills, and support, all crucial elements for
productive self-management. Moreover, social cognitive theory and the common-sense
model of self-regulation (CSM) posit enhancement in self-efficacy and illness perceptions,
respectively, are essential for achieving effective self-management that leads to desired
outcomes, such as improved mental health (Bandura, 1986; Leventhal et al., 1980).

Self-efficacy has been defined as the belief in one’s capacity to execute behaviors
necessary to produce specific outcomes (Bandura, 1997). Greater self-efficacy has been
associated with better management of cancer related side-effects and challenges (Chirico
et al., 2017; Merluzzi et al., 2001). In regard to the impact on mental health, an inverse
relationship between self-efficacy and psychological distress in cancer patients has been
found, suggesting that enhancing self-efficacy could be a key strategy in alleviating
psychological distress (Chirico et al., 2017; Martin-Nufiez et al., 2023a). Self-efficacy can
be increased through mastery experiences, social modeling, and social persuasion
(Bandura, 2008), all of which are targeted in the PC-PEP. For example, participants are
challenged to set goals and follow exercises that can progressively get more challenging
throughout the program (mastery experiences), they are encouraged to connect with other
participants in the program and mentors weekly (social modeling), and they receive daily
encouragement and words of motivation (social persuasion). The PC-PEP also incorporates

numerous pieces of technology, including daily emails and videos, text message reminders,
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website and online resources, and a biofeedback device used in companion with a
smartphone app. DiClemente et al. (2019) recommend that health promoting programs
better utilize today’s widespread technologies, to have greater success at influencing
behaviour change and to deliver more tailored interventions that better meet the needs of
patients. While self-management programs in general have been shown to improve self-
efficacy, those that incorporate new technologies, such as PC-PEP, can break down barriers
to access and help better sustain behaviour change, leading to more success in improving
self-efficacy (Farley, 2019).

The CSM highlights the importance of individual illness perceptions in self-
management (Broadbent et al., 2006; Leventhal et al., 2016). These perceptions include
views on the consequences, timeline, personal and treatment control, identity, cause, and
emotional impact of the illness. Negative illness perceptions have been found to be
significantly associated with psychological distress and reduced quality of life in cancer
patients (Zhang et al., 2020; Tian et al., 2022; Akin-Odanye et al., 2021; Ashley et al.
2015), therefore, modifying illness perceptions may be a viable approach to improve health
outcomes. The components of PC-PEP provide an avenue for patients to gain a greater
sense of personal control over the impacts of their PC diagnosis, and gain knowledge that
could influence how they perceive various aspects of the disease. While there are many
commonalities between the CSM and self-efficacy framework, the integration and use of
both frameworks has been supported to better understand self-management and improve
health outcomes (Breland et al., 2020).

An additional component of the PC-PEP intervention is heart rate variability (HRV)

training using a biofeedback device from HeartMath Inc., aimed at improving heart rhythm
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coherence—a physiological state of heart rate pattern synchronization (McCraty, 1995;
McCraty & Zayas, 2014). While this training has been associated with reduced stress and
better emotional regulation (McCraty & Shaffer, 2015; McCraty et al., 1995), its impact
on heart rhythm coherence and mental health outcomes in a comprehensive lifestyle
intervention like PC-PEP remains to be thoroughly investigated, as indicated by mixed
results in smaller-scale studies (Burge et al., 2023; Burch et al., 2020).

Considering these factors, we hypothesized that self-efficacy, illness perceptions,
and to a lesser extent, heart rhythm coherence, could predict psychological distress and
partly explain the efficacy of PC-PEP at reducing it. Investigating these variables under
varying conditions, such as different treatment modalities for PC, could provide deeper
insights into the mechanisms of action (Preacher et al., 2007; Donovan et al., 2016).
Therefore, this secondary analysis of the PC-PEP trial aims to assess whether the
intervention (A) enhances self-efficacy, illness perceptions, and heart rate coherence, (B)
reduces psychological distress through these factors (mediation), and (C) varies in its

effectiveness based on the patient’s treatment modality (moderated mediation).

4.2 METHODS

This is a secondary analysis of data from the PC-PEP trial, a single-centre,
prospective, delayed crossover, randomized controlled trial comparing the effects of PC-
PEP to standard-of-care in men diagnosed with PC and scheduled for curative treatment
(Ilie et al., 2023). The study was registered with ClinicalTrials.gov (NCT03660085),
received ethical approval by the Nova Scotia Health Research Ethics Board (1024822), and

was conducted in accordance with the Declaration of Helsinki.
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Participants

Participants were recruited from the Departments of Urology and Radiation
Oncology at the Queen Elizabeth I Health Sciences Centre in Halifax, Nova Scotia,
Canada from December 2019 to January 2021. Advertisements were also shared with PC
support groups, and self-referrals were accepted from interested participants throughout
the Maritime provinces of Canada. Eligibility criteria included: biopsy-proven PC
diagnosis; age 18 or older; scheduled to receive curative treatment (either radical
prostatectomy, primary or salvage radiation therapy) within 6 months of enrollment;
approval from study physician for safety and ability to participate in low to moderate
physical activity; an email address, computer/smartphone/tablet, and daily internet access
to receive the intervention; able to read and understand English; controlled systolic blood
pressure < 160 and diastolic pressure < 90; and willing to travel to the study centre for 3

study visits (at baseline, 6 months, and 12 months).

Randomization and Data Collection

Figure 2 illustrates the progression of participants through the study, adhering to
the CONSORT 2010 guidelines. Initially, 171 potential participants were screened, 3 of
which were ineligible and 28 chose not to participate, leading to a total of 140 participants
being randomly allocated to either the intervention or the control group. Post-allocation,
one participant withdrew before starting the intervention. An addition 11 participants were
excluded from the analysis as they did not undergo curative treatment within 6 months of
enrollment, thereby not meeting the post-randomization criteria for inclusion in the study.

Participants meeting eligibility criteria who provided informed consent were asked

to complete an online baseline study survey, managed using Research Electronic Data
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Capture (REDCap) hosted at Nova Scotia Health (Harris et al., 2019). After completion of
the baseline survey, participants attended an in-person baseline study visit to collect all
remaining physical measures, including HRV outcomes. Data was collected by a trained
research coordinator and certified exercise physiologist. Participants were then randomly

allocated to the intervention or waitlist control group.

CONSORT 2010 Flow Diagram

[ Enrollment ] Assessed for eligibility
(n=171)

Excluded (n= 31)

+ Not meeting inclusion criteria
(n=3)

+ Declined to participate (n= 28)

Randomized (n=140)

( Allocation ]

Allocated to PC-PEP intervention (n= 72) Allocated to standard of care (n=68)

+ Received allocated intervention (n=72) + Received allocated intervention (n=68)
l [ Follow-Up J

Withdrew from study prior to intervention Withdrew from study (n=0)

articipant request; too busy) (n=1
(p P a Y (0=1) Lost to follow up (n=0)

Lost to follow up (n=0)

( Analysis } v

L
Analysed (n= 66) Analysed (n=62)
+ Excluded from analysis (did not receive + Excluded from analysis (did not receive
prostate cancer treatment within 6 prostate cancer treatment within 6
months) (n=5) months) (n=6)

Figure 2. CONSORT 2010 flow diagram. CONSORT = Consolidated Standards of
Reporting Trials; PC-PEP = Prostate Cancer Patient Empowerment Program.
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Using a fixed block design, randomization was stratified by presence of
psychological distress (Kessler Psychological Distress Scale [K10] > 20 or <20) at
baseline, curative treatment type (radical prostatectomy, radiation therapy, or salvage
radiation post-surgery), and presence or absence of hormone therapy in the patient’s
treatment plan. This randomization sequence was kept concealed from the research staff
responsible for data collection and participant management. Participants were then
scheduled for follow-up study visits at the 6-month mark to assess progress and collect

further data.

Intervention

The intervention and protocol of the PC-PEP randomized trial are described in detail
elsewhere (Ilie et al., 2023). Briefly, participants assigned to the intervention were sent an
automated email daily for 6 months, containing a 3—5-minute video message from the
principal investigator (GI) and study physician (RR) that promoted healthy lifestyle
behaviours, provided daily encouragement, and prescribed the intervention activities.

Key components of the intervention included: (A) relaxation/stress reduction —
participants were provided a heart rate variability biofeedback device (the Inner Balance
or emWave2 by HeartMath Inc.) and asked to use it daily by either following a 10-minute
guided mindfulness meditation video or the Quick Coherence® technique (HeartMath Inc.,
n.d.) that encourages slow, deep breathing matched to a breath pacer along with a sincere
attempt at experiencing regenerative feelings such as appreciation or care; (B) nutrition —
dietary behaviour changes were encouraged, such as increasing fruit and vegetable intake
and reducing red meat, (C) physical activity — participants are encouraged to exercise daily

to reach a minimum of 150-300 minutes per week of aerobic activity and at minimum 2
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days of resistance strength training.; (D) pelvic floor muscle training — participants were
educated by a pelvic floor nurse specialist and asked to follow guided videos for 10
minutes, 3 times per day that were progressively more challenging each week; (E)
relationships and intimacy—recommendations on addressing intimacy and sexuality issues,
as well as tips to improve connections and relationships. An optional one-hour social
support videoconference was also hosted monthly, and participants could opt-in to connect
with two co-participants and encouraged to call each other weekly as a form of peer-to-
peer patient support. Participants also received weekly compliance surveys to report

minutes of each activity and to encourage adherence.

Outcome Measures

Primary Outcome
Non-specific Psychological Distress

Non-specific psychological distress was assessed using the Kessler Psychological
Distress Scale (K10) (Kessler et al., 2003). The K10 comprises 10 items, each of which are
rated from 1 to 5, on 5-point Likert Scale, to assess symptoms of depression and anxiety in
the last month (see Appendix C for list of items). The summary score can range from 10
to 50, with higher scores indicating worse psychological distress (Andrews & Slade, 2001).
Cut-off points have been established, with a total score of <20 indicating no significant
psychological distress, 20-24 indicating mild distress, 25-29 indicating moderate distress,
and 30-50 indicating severe levels of distress (Andrews & Slade, 2001). The use of K10 in
cancer patients has been found to have good internal consistency (Cronbach’s alpha =

0.914) (Thakre et al., 2022).
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Mediator Variables
Self-efficacy

Self-efficacy was evaluated using the Self-Efficacy for Managing Chronic
Diseases 6-item scale (SEMCD-6) developed by Lorig et al. (2001). This scale employs a
10-point Likert format, where response options for each item range from "not at all
confident" (1) to "totally confident" (10), as detailed in Appendix A. The SEMCD-6
Scale has demonstrated high internal consistency in other studies, with Cronbach’s alpha
values ranging from 0.88 to 0.91, and it is sensitive to detecting changes over time (Ritter
& Lorig, 2014). The total score is calculated by averaging the scores of all items, with
higher averages indicating greater self-efficacy. The Chronbach’s alpha coefficient for

our sample was 0.926, suggesting good internal consistency.

lllness Perceptions

Illness perceptions were assessed using the Brief Illness Perception Questionnaire
(B-IPQ) (Broadbent et al., 2006). The B-IPQ includes 8 items, each of which captures a
unique, individual dimension of illness perception, on a linear 0-to-10-point response scale
(see Appendix B). Higher scores represent a more negative perception of illness for 5 of
the items [(1) consequences, (2) timeline, (5) identity, (6) coherence (8) concern] and a
more positive perception on 3 items [(3) personal control, (4) treatment control, (7)
emotional representation]. While the domains of illness perceptions were analysed using
their single-item, a continuous composite score was also obtained by reversing the 3 latter
items and adding all scores together. Higher composite scores on B-IPQ indicates that a
person overall feels more threatened by the illness (Broadbent et al., 2006). However, as

reported by Broadbent et al. (2015), the composite score of the B-IPQ may not be valid for
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certain illnesses depending on how the unique items are related, and thus must be reported
with caution. The B-IPQ has been found to have acceptable predictive and discriminant
validity, as well as good test-retest reliability, across multiple language versions and
populations (Broadbent et al., 2015). Studies have shown that the B-IPQ has good
concurrent validity with the longer IPQ-Revised, quality of life, and it is sensitive to change
(Broadbent et al., 2015). The tool has also shown to be reliable and valid in measuring
illness perception in various medical conditions (Kuiper et al., 2022; Zhang et al., 2017).
Pearson’s correlations for test-retest reliability were generally acceptable (range 0.5-0.7)
(Broadbent et al., 2006). For our sample, the Chronbach’s alpha coefficient was 0.488,

suggesting poor internal consistency.

Heart Rhythm Coherence

Data was captured using the Inner Balance (wired model) biofeedback device
produced by HeartMath Inc. The instrument uses HRV to derive readings of heart
coherence by analyzing the highest peak in the 0.04 Hz to 0.26 Hz range of the HRV power
spectrum, followed by a calculation of the integral in a 0.030 Hz wide window that is
centered on the maximum peak, and lastly calculating the power of the full spectrum.
Participants underwent a 10-minute data collection session that captured the average
coherence score for the session. A higher coherence score represents a more coherent heart
rhythm and is associated with lower stress and a more positive emotional state (Tiller et

al., 1996; McCraty et al., 1995).
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Covariates

Drawing from the existing literature on variables associated with the study
outcomes (Kurian et al., 2018; World Health Organization, 2017; Rice et al., 2018;
Luckenbaugh et al., 2022; Spiker, 2014), the subsequent variables have been selected a-
priori as predictive covariates: age (continuous), prescribed medication for depression,
anxiety or both (coded as 1 for yes and coded as 0 for no), relationship status (coded as 1
for in a relationship and coded as 0 for single), number of days between start of treatment
and date of randomization (continuous), type of curative treatment received (coded as 1 for
radical prostatectomy and coded as 2 for primary or salvage radiation therapy), and
Charlson Comorbidity index score. These chosen variables have been incorporated as
covariates due to their demonstrated prognostic relevance for mental health outcomes in

the prostate cancer population and alignment with prior research findings.

Statistical Analysis

Statistical analyses were conducted using SPSS version 28.0 (IBM Corp., Armonk,
NY, USA). We report baseline demographic characteristics using descriptive statistics,
presenting continuous variables as means and standard deviations, and categorical
variables as frequencies and percentages. To compare baseline characteristics between
groups, we employed independent samples t-tests for continuous variables and chi-square
(x2) or Fisher Exact tests (for small cell counts) for categorical variables. A p-value of less
than 0.05 (two-sided) was considered statistically significant. To evaluate the impact of the
intervention on non-specific psychological distress, self-efficacy, illness perceptions
(including individual domains and composite score), and heart rthythm coherence at 6

months, we performed separate one level linear mixed modeling analyses with an
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unstructured covariance structure, controlling for baseline scores for each outcome
alongside prognostic covariates. Statistically significant associations identified through
this step were then subjected to mediation analysis using the PROCESS macro version 4.2
for SPSS, model 4 (Hayes, 2017). The PROCESS macro uses a traditional mediation
method with ordinary least squares regression (Hayes, 2017). This method has been found
to have equivalent effect estimates as newer, casual methods, in relatively simple mediation
analyses with continuous mediators and outcomes (Rijnhart et al., 2017), and traditional
approaches remain the most commonly utilized and reported method of mediation analyses
in randomized controlled trials (Vo et al.,, 2020). This PROCESS macro calculates
regression coefficients for four pathways (a, b, ¢’, and c¢) within the mediation framework.
Pathway ‘a’ examines the relationship between the independent variable (group
assignment) and the potential mediator at 6 months (while controlling for baseline mediator
scores and prognostic covariates), whereas pathway ‘b’ assesses the relationship between
the potential mediator at 6 months and the outcome (psychological distress) at 6 months,
independent of the group, while controlling for baseline measurement for the mediator and
the outcome and baseline prognostic covariates. Pathways ¢’ and c represent the direct and
total effect of the association between PC-PEP and psychological distress at 6 months,
respectively. The indirect effect (mediation effect) is determined by multiplying
coefficients from pathways’ ‘a’ and ‘b’, with its statistical significance assessed using
bootstrapped confidence intervals. We chose 95% confidence intervals with 10,000
bootstrap resamples. An indirect effect’s confidence interval that does not include zero

indicates significant mediation. The proportion of the effect that was mediated was
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calculated by dividing the regression coefficient of the indirect effect by that of the total
effect to obtain a percentage.

Moderated mediation analyses, using PROCESS macro model 7, investigated
whether treatment modality (radical prostatectomy or radiation therapy) modified the
mediation effects. Baseline scores for both the outcome and mediator, along with other
prognostic covariates, were included as covariates to adjust for pre-intervention effects. All
data from self-reported questionnaires were complete, with no missing data. However, due
to COVID-19 restrictions that limited some in-person study visits, approximately 11% of
heart rhythm coherence data was missing at baseline, and 25% at 6 months. We conducted
complete case analyses for these measures, which led to the exclusion of 37 cases from

these specific analyses.

4.3 RESULTS

Participants in the sample were predominately white, retired, and married or in a
relationship. At baseline, the average age of participants was 66 years, ranging from 50 to
82 years, and the group was predominantly overweight, with a mean Body Mass Index
(BMI) of 29.9 (SD = 6.36). Approximately half of the sample received radical
prostatectomy during the study while the other half received radiation therapy or salvage
radiation following biochemical recurrence after a previous radical prostatectomy. There
were no statistically significant differences in baseline characteristics observed between

the PC-PEP and waitlist control groups (Table 1).
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Table 1. Baseline sample characteristics of participants in the intervention and control

groups in the Prostate Cancer Patient Empowerment Program (PC-PEP) Trial.

PC-PEP Control p-value
(n=66) (n=62)
Age (years) 65 (6.8) 67 (7.2) 0.7
Race 0.1
White 60 (91%) 61 (98%)
Black 4 (6.1%) 0 (0%)
Latino 1 (1.5%) 0 (0%)
Middle Eastern 1 (1.5%) 0 (0%)
Other 0 (0%) 1 (1.6%)
Education 0.4
Less than high school 8 (12%) 6 (9.7%)
High school or college diploma 27 (41%) 19 (31%)
University degree 31 (47%) 37 (60%)
Relationship status 0.063
In a relationship 59 (89%) 61 (98%)
Not in a relationship 7 (11%) 1 (1.6%)
Employment Status 0.7
Working full-time 17 (26%) 19 (31%)
Working part-time 5 (7.6%) 4 (6.5%)
Retired 43 (65%) 39 (63%)
Unemployed 1 (1.5%) 0 (0%)
Annual Household Income 0.7
<$30,000 12 (18%) 10 (16%)
$30,000 - $79,999 22 (33%) 16 (26%)
$80,000 - $100,000 12 (18%) 15 (24%)
> $100,000 20 (30%) 21 (34%)
Treatment Modality 0.065
Radical prostatectomy (RP) 29 (44%) 33 (53%)
Radiation therapy 27 (41%) 27 (44%)
Salvage radiation, post RP 10 (15%) 2 (3.2%)
Prescribed hormone therapy 27 (40%) 21 (34%) 0.4
Prescribed medication for anxiety 12 (18%) 7 (11%) 0.3
and/or depression
Body Mass Index 30.8 (6.8) 29.0 (5.7) 0.1
Charlson Comorbidity Index 0.36 (0.69) 0.39 (0.58) 0.8

Data presented as means with standard deviation (SD) or n (%).
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Effect of Group Intervention on Psychological Distress at 6-Months

Linear modeling analysis revealed a statistically significant difference between
groups (Control vs. PC-PEP) in non-specific psychological distress at 6 months (p =
0.013) with the mean difference showing higher psychological distress for the control
group at 6 months compared to the PC-PEP group (Table 2), while controlling for

baseline psychological distress and prognostic covariates.

Effect of Group Intervention on Potential Mediating Variables at 6-Months

Linear modeling analyses revealed significant differences in self-efficacy levels at
the 6-month follow-up, with the control group exhibiting statistically significantly lower
self-efficacy compared to the PC-PEP intervention group (p = 0.023; see Table 2). The
Chronbach’s alpha coefficient was 0.926, suggesting good internal consistency.

In regard to the illness perception domains, participants in the control group
reported worse perception of personal control over their prostate cancer diagnosis (p =
0.032) and more negative emotional representation (p = 0.026) than those in the
intervention group, as detailed in Table 2. These findings suggest that the intervention
had a positive impact on two of the subscales of illness perception, participants' perceived
control and emotional response to their diagnosis. No other domains within the illness
perception measure showed significant differences between the groups at the 6-month
mark. The illness perceptions composite sum score was not found to have a significant

difference between the two groups at 6 months (p = 0.085).
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Additionally, there were no significant differences in heart rate variability (HRV)
Coherence or HRV Achievement outcomes between the intervention and control groups

at 6 months.

Table 2. Observed means (SD) and estimated group (Control vs. PC-PEP) mean

differences at 6 months in primary outcome and potential mediating variables.

Baseline 6 month 6-month Mean p
Observed Mean (SD) Observed Mean (SD) Adjusted
Difference*
(95% CI)

Control PC-PEP Control PC-PEP

Psychological Distress 15 (4.1) 15 (5.2) 17(9.6)  14(49)  3.4(0.73, 6.007) 0.013
(K10)
Self-Efficacy 73(1.6)  7.6(1.6) 76(22)  84(L7)  -0.75(-1.4,-0.103)  0.023

Illness Perceptions

Consequences 3.3 (2.7)  3.1(2.8) 4228 3325  0.78(-0.106,1.7)  0.084
Timeline 4.8(3.3)  4.3(2.9) 43(3.6) 42(38)  -0.15(-14,1.1) 0.8
Personal Control 3.9 (3.1)  4.7(2.6) 38(3.01) 5429  -12(22,-0.102)  0.032
Treatment Control 8.6 (1.7) 9.0 (1.3) 8.1(2.6) 87(19)  -0.74(-1.6,0.09) 0.080
Hdentity 19(2.1)  1.9(2.1) 35(.6) 2.6(24)  083(-0.093,18) 0078
Concern 6.1 (3.1) 6.4 (3.1) 42(3.1)  43(32)  0206(-094,13) 0.7
Coherence 7.3 (2.3)  72(2.4) 792.1)  7.8(22)  0.008(-0.58,0.60) 1.0
Emotional Rep. 4.0 (2.9)  4.2(2.9) 40(32) 3225  1.03(0.13,1.9) 0.026
B-IPQ Composite Score 30 (12) 29 (13) 31 (15) 26 (14) 42 (-0.57, 8.9) 0.085
HRV Coherence 28(13)  2.7(13) 27(1.02) 27(12)  0.071(-0.39,0.53) 0.8
HRV Achievement 318(138)  317(149)  315(119) 310(137) 9.3 (-45,63) 0.8

K10 = Kessler Psychological Distress Scale. B-IPQ=Brief Illness Perception Questionnaire.
HRV=Heart Rate Variability. At 6-mo, 62 participants were in the control group and 66
participants were in the treatment group. Observed means at baseline and 6 months are reported.
*Linear mixed effects model adjusted for baseline outcome variable, age, relationship status,
Charlson comorbidity index, time between trial randomization, treatment, treatment modality, and
prescribed medication for anxiety depression or both. Covariance matrix of within subject
measurements was unstructured.
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Mediation Analyses

Figure 3 presents the estimated path coefficients derived from bootstrapped
simple mediation analyses, conducted using ordinary least squares path analysis through
the PROCESS macro (model 4). These analyses investigated the mediating effects of
three variables found to be statistically associated with group in the previous linear
modelling analyses, on the relationship between group assignment (intervention vs.
control) and outcomes of psychological distress and need for clinical treatment at the 6-
month follow-up. Specifically, the analyses explored the mediating roles of (a) self-
efficacy, (b) personal control as measured by the Brief Illness Perception Questionnaire
(B-IPQ) Personal Control, and (c) emotional representation as assessed by the B-IPQ
Emotional Representation, all evaluated at 6 months. This structure allowed for a
nuanced examination of how each potential mediator influences the intervention’s effect
on the outcomes.

The mediation analysis revealed that all paths from the group to the mediators
(path a) and from the mediators to the outcome (path b) were statistically significant, as
illustrated in Figure 3. The indirect effects of self-efficacy, B-IPQ Personal Control, and
B-IPQ Emotional Representation on the relationship between group allocation (PC-PEP
vs. control) and outcomes at 6 months were statistically significant, validated by
bootstrap confidence intervals. This evidence supports the mediation hypothesis for these

variables, as detailed in Table 3.
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a)

b)

c)

a: b=0.76, SE= 0.32,
95% CI [0.13,1.4)

Self-Efficacy at 6
months

Group

¢:b=-3.3, SE=1.3,
95% CI [-5.9, -0.59]

b: b=-2.2, SE=0.33,
95%CI [-2.9, -1.5]

Psychological

a: b=1.1, SE= 0.52,
95% CI [0.08, 2.1)

¢’: b=-1.6, SE=1.2,
95% CI [-3.9,0.77]

Personal Control at
6 months

Group

¢: b=-3.3, SE=13,
95% CI [-6.0,-0.631

Distress at 6 months

b: b=-0.52, SE=0.23,
95%CI [-0.99, -0.06]

Psychological

a: b=-0.96, SE= 0.45,
95% CI [-1.8,-0.08)

¢’:b=-2.7, SE=1.4,
95% CI [-5.4,0.05]

Emotional Representation
at 6 months

Group

¢: b=-3.4, SE=13,
95% CI [-6.1. -0.791

Distress at 6 months

b: b=1.6, SE=0.24,
95% CI[1.1, 2.03)

Psychological

¢:b=-1.9, SE=1.2,
95% CI [4.3,0.38]

A 4

Distress at 6 months

Figure 3. Mediation model including group as the predictor, psychological distress as the
outcome, and (a) self-efficacy, (b) personal control, and (¢) emotional representation as
mediators. Results obtained using PROCESS macro for SPSS, model 4. ¢ = total effect;
c’= direct effect; b = standardized regression coefficient.
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In addition, the direct effect of B-IPQ Personal Control on the outcome was also
statistically significant (p = 0.046), while the direct effect for self-efficacy (p=0.19) and
B-IPQ Emotional Representation (p=0.099) were not statistically significant. The
improvement in self-efficacy from baseline to 6 months accounted for over half (52%) of
the intervention’s effect. Meanwhile, in the separate mediation models, changes in B-IPQ
Personal Control and Emotional Representation were found to contribute to

approximately 18% and 44% of the effect, respectively, as shown in Table 3.

Table 3. Mediation Analysis results at 6 months for each potential mediator on K10.

Total effect Direct effect Indirect Effect %
Mediated
Mediator Effect size SE p Effect size SE p Effect size SE
(95% CI) (95% CI) (95% CI)
Self-Efficacy  -3.3 1.3 0.017 -1.6 1.2 0.19 -1.7 0.92 52%
(-5.9,-0.59) (-3.9,0.77) (-3.8,-0.17)
B-IPQ -3.3 1.4 0.016 -2.7 1.4 0.046 -0.58 0.36 18%
Personal (-6.0, -0.63) (-5.4,-0.05) (-1.4,-0.001)
Control
B-IPQ -3.4 1.3 0.011 -1.9 1.2 0.099 -1.5 0.87 44%
Emotional (-6.1,-0.79) (-4.3,0.38) (-3.5,-0.090)

Total n=128. B-IPQ=DBrief lliness Perception Questionnaire. K10=Kessler Non-Specific Psychological
Distress Scale. SE=standard error, CI=confidence interval — all Cls obtained using bootstrapping
(n=10,000). Total, direct, and indirect effects obtained using PROCESS macro for SPSS. The effect size is
the adjusted treatment difference (i.e., non-standardized treatment difference).

Moderated Mediation Analysis

The moderated mediation analysis investigating the effect of prostate cancer
treatment modality (surgery vs. radiation) on the mediation process revealed no
significant effects for any of the mediators. This conclusion is supported by the
bootstrapped confidence intervals presented in Table 4, indicating that the treatment

modality did not influence the mediation relationships.
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Table 4. Moderated mediation analyses for treatment modality, comparing radical

prostatectomy and radiotherapy.

Mediator Effect size SE Lower CI Upper CI
Self-Efficacy -2.3 1.6 -0.52 5.8
B-IPQ Personal Control -0.64 0.59 -1.9 0.37
B-IPQ Emotional 1.6 1.4 -1.3 4.4
Representation

SE = standard error; CI = confidence interval.

4.4 DISCUSSION

This secondary analysis of the Prostate Cancer Patient Empowerment Program
(PC-PEP) randomized controlled trial aimed to explore how changes in self-efficacy,
illness perceptions, and heart rhythm coherence influenced the association between the
PC-PEP intervention and reductions in psychological distress and the need for clinical
treatment. Consistent with our hypotheses and supporting literature (Calvo-Schimmel et
al., 2021; Martin-Nufiez, et al., 2023a; Martin-Nufiez, 2023b; Yang et al., 2021), the PC-
PEP intervention significantly improved participants' self-efficacy and perceptions of
personal control and emotional impact related to their illness. These improvements align
with the concept that self-management interventions can enhance outcomes by
empowering patients to manage their health and treatment side effects more effectively.
The sample consisted predominantly of white, retired individuals in a relationship, with
an average age of 66 years and a tendency towards being overweight. This demographic

profile, along with the balanced distribution of treatment modalities (radical
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prostatectomy and radiation therapy), provides a specific context in which the
intervention’s effects were observed. No significant baseline differences between the PC-
PEP and control groups were noted, indicating that any post-intervention differences can
more confidently be attributed to the intervention itself.

While our findings revealed that PC-PEP notably improved participants' sense of
personal control and reduced negative emotional representations associated with their
prostate cancer diagnosis, PC-PEP did not significantly impact overall illness perceptions
composite score. However, the internal consistency for this score was found to be very
low, and as indicated by Broadbent et al. (2015), the composite score may not by valid in
the context of all illnesses, depending on how the domains are related in their specific
contexts. Thus, the use of this score is likely less useful for clinical applications in PC, as
illness perception domains are unique, information is lost when domains are analysed
together, and there appears to be low consistency among items. The results suggest that
the PC-PEP's focus on lifestyle modifications and promoting healthy behavior changes
successfully empowered participants, enhancing their self-efficacy and perception of
personal control. However, less emphasis on informational aspects of prostate cancer and
its treatments may explain why other illness perception domains were not significantly
affected. This suggests that enhancing knowledge or understanding about the disease
itself and the mechanisms of treatment might require additional or different educational
components within the intervention framework.

Contrary to the positive outcomes observed in self-efficacy and certain illness
perceptions, heart rhythm coherence outcomes did not significantly change following the

intervention. This finding aligns with the PC-PEP pilot study (Burge et al., 2023) and
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contrasts with other research indicating potential benefits of HRV biofeedback training
(Burch et al., 2020). The multifaceted nature of the PC-PEP and lower adherence to the
HRYV training component suggest that participants might have derived more benefit from
other intervention aspects, such as physical activity and dietary changes. This insight
raises questions about the HRV device’s utility within this intervention context,
suggesting that omitting it could streamline program integration and enhance its cost-
effectiveness.

Mediation analyses underscored the significant roles of self-efficacy, B-IPQ
personal Control, and B-IPQ emotional representation in mediating the intervention’s
effects on psychological distress, with variations in their contributions. Notably, the
moderated mediation analysis did not reveal significant effects of prostate cancer
treatment modality on these mediation processes, suggesting that the intervention’s
benefits transcend these treatment distinctions.

This study offers valuable insights into the mechanisms by which the PC-PEP
intervention reduces psychological distress among prostate cancer patients, underscoring
the significance of bolstering self-efficacy and altering illness perceptions. Conducted
within a randomized controlled trial framework, this research provides robust evidence to
substantiate these effects. It is noteworthy, however, that the completeness of the dataset
varied across measures. While survey-based measures benefitted from complete data sets,
approximately 29% of the participants were excluded from analyses specifically
concerning heart rhythm coherence data due to missing information. This exclusion
suggests that, although the findings related to self-efficacy and illness perceptions are

based on full data, the estimates related to heart rhythm coherence may be biased.
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Therefore, while the study presents strong evidence for the intervention’s efficacy in
certain areas, caution is advised in interpreting results related to heart rhythm coherence.

The analyses presented here are however secondary in nature, and the original
trial was not designed with the statistical power to assess changes in self-efficacy, illness
perceptions, or heart rhythm coherence. This limitation is significant, as it may affect the
robustness of findings in these specific areas. As secondary analyses, post-hoc power
estimates are not recommended (Dziak et al., 2020). Nonetheless, post-hoc exploratory
analyses are still important for generating new knowledge and encouraging future
prospective studies that primarily take into account these variables.

The measure used to assess self-efficacy was designed for various chronic
diseases, and thus a disease-specific measure might have better captured the construct of
self-efficacy in the context of PC. The internal consistency of the measure, however, was
found to be high (0=0.926). The measure used to assess illness perception also poses
some limitations. The low internal consistency observed indicates that the items may
measure different constructs, reducing the reliability of the overall composite score. The
strength of this relationship may have been underestimated, requiring cautious
interpretation of the findings. Although previous research found concurrent validity with
the longer IPQ-Revised (Broadbent et al., 2006), studies were not conducted in PC
patients, and the single items may not fully capture the complexities of each domain.
Thus, the content validity of the measure may be reduced, again reducing the reliability
of the results, and weakening the observed relationships.

Furthermore, the mediator variables and outcome were both assessed at the same

time points (pre and post intervention). This limits our ability to understand the temporal

46



relationships among variables and weakens our ability to establish causality from the
mediator to the outcome. Despite this limitation, our assumptions about the causal
sequence are grounded in the underlying theoretical frameworks, including the CSM and
social cognitive theory, which suggest that illness perception and self-efficacy precede
health outcomes like psychological distress (Levanthal et al., 1980; Bandura, 1986). In
addition, these analyses serve as an initial exploration within the context of the PC-PEP
intervention, offering insights for future research that should assess mediators at multiple
or intermediate time points throughout the intervention.

Both the self-efficacy scale item and the B-IPQ item for the emotional
representation domain assess aspects related to emotional distress, albeit from slightly
different perspectives. These mediators specifically may have a conceptual overlap with
the outcome, psychological distress. While the Kessler Psychological Distress Scale
assesses symptoms of depression and anxiety, these concepts remain interconnected,
potentially inflating observed mediation effects. Particularly, the role of the B-IPQ
emotional representation domain, which focused solely on emotional impact and was
captured by a single item, may be overemphasized in these analyses.

The use of Hayes’ method of mediation in these analyses provides advantages
over traditional approaches, such as the method by Baron and Kenny (1986). Particularly,
PROCESS employs bootstrapping for obtaining confidence intervals to assess statistical
significance, which is suitable for the sample sizes in this study (Hayes, 2017).
Nonetheless, more advanced methods such as those that use structural equation modeling
provide a more comprehensive framework to mediation analyses, allowing the explicit

modeling of measurement error and handling missing data more effectively (Hayes et al.,
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2017). Despite its limitations, Hayes” method remains valuable and widely used,
especially in exploratory contexts like this study. This study opted for separate single
mediator models instead of a multiple mediator model which may oversimplify the
mediation pathways and overlook the interrelationships among mediators. Despite this
limitation, this is the first study to explore these mediation pathways in the context of PC-
PEP, and single mediation models allows us to examine the independent role of each
mediator, offering insights into their individual contributions on reducing psychological
distress.

Moreover, the recruitment strategy, which relied on volunteer participation and
convenience sampling at a single center, introduces potential volunteer bias. This bias,
along with the study’s single-center setting, may restrict the generalizability of our results
to broader and more diverse populations. To overcome these limitations and enhance the
validity and applicability of our findings, future research efforts should focus on multi-
center trials (currently underway, www.pcpep.org). These expanded studies would not
only provide a more powerful analysis of the intervention’s effects on self-efficacy,
illness perceptions, and heart rhythm coherence but also ensure that the results are
representative of a wider patient demographic.

Clinically, identifying patients with low self-efficacy or perception of personal
control may enable healthcare providers to tailor recommendations for PC-PEP
participation more effectively. Integrating such psychological pre-habilitation into a
multimodal approach (Silver & Baima, 2013) could significantly enhance patient support

during their cancer journey, potentially mitigating psychological distress proactively.
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In conclusion, the PC-PEP intervention demonstrates a promising strategy for
reducing psychological distress in prostate cancer patients by improving self-efficacy,
personal control, and emotional representation perceptions. These findings underscore the
potential of similar interventions to enhance patient outcomes and support their

implementation in clinical practice.
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CHAPTER 5: CONCLUSION

5.1 SUMMARY OF FINDINGS

A diagnosis of PC often leads to adverse mental health outcomes, and PC-PEP
has been shown to alleviate some of these burdens. This thesis presents a secondary
analysis of a randomized controlled trial on PC-PEP, that aimed to better understand the
mechanisms through which the program decreases psychological distress among men
undergoing treatment for localized PC. The specific objectives were to: (A) assess the
impact of PC-PEP, compared to standard care, on self-efficacy, illness perceptions, and
heart rhythm coherence from baseline to post-intervention; (B) explore whether changes
in self-efficacy, illness perceptions, and heart rhythm coherence mediate the relationship
between PC-PEP participation and reductions in non-specific psychological distress; and
(C) investigate the possibility of treatment modality affecting these mediating effects.

The study found significant improvements in self-efficacy, personal control, and
emotional representation among PC-PEP participants compared to the control group after
six months. These findings align with the hypothesis and corroborate existing research
that supportive care interventions can enhance self-efficacy in PC patients (Calvo-
Schimmel et al., 2021; Martin-Nufiez, et al., 2023a; Martin-Nufiez, 2023b). Notably, the
structure of PC-PEP—which introduces gradually more challenging exercises in pelvic
floor muscle training, nutrition, and strength workouts over six months—may facilitate
mastery experiences that boost self-efficacy and confidence in managing the illness
(Zuniga et al., 2020). While other interventions have demonstrated efficacy in improving
urinary function through 18 weeks of pelvic floor training (Milios et al., 2019) and

physical function through 20 weeks of dietary and exercise regimens (O’Neil et al.,
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2015), PC-PEP stands out as the most prolonged (26 weeks) and comprehensive
intervention evaluated in a randomized controlled trial. This program has shown notable
improvements across a spectrum of outcomes, including mental health, quality of life,
urinary, and physical function (Ilie et al., 2023; Lawen et al., 2024; MacNevin et al.,
2024). Such comprehensive evidence indicates that PC-PEP not only mitigates the
psychological distress typically associated with a prostate cancer diagnosis and treatment
but also significantly contributes to the overall well-being and functional recovery of
affected individuals. Consequently, PC-PEP establishes a new standard for supportive
care interventions in this patient demographic, thereby setting a new benchmark for
supportive care interventions in this patient population.

Our findings demonstrate significant improvements in self-efficacy among
participants, aligning with our hypothesis and reinforcing existing research that suggests
supportive care interventions, similar to PC-PEP, are effective in enhancing self-efficacy
in individuals diagnosed with prostate cancer (Martin-Nuiez et al., 2023). Although the
PC-PEP program is distinct in its methodology, this evidence underscores the
effectiveness of supportive care interventions in boosting self-efficacy within this patient
population. Bandura (2008) argues that the most dominant and effective way to build
self-efficacy is through ‘mastery experiences’, where a task or challenge is attempted and
succeeded. PC-PEP slowing teaches healthy skills and habits over 6 months in numerous
areas. For example, the pelvic floor muscle training exercises slowly get more
challenging as the weeks progress, nutrition components are broken into weekly themes
so not to overwhelm participants from the start, and the strength workouts have varying

levels of difficulty, so participants can advance as they build their muscle strength. This
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structure of progressive, daily yet attainable challenges over 6 months, may allow
participants to have these mastery experiences, driving their improvement in self-efficacy
and confidence in their ability to do things to make their illness situation better.

The improvement in the personal control domain of the B-IPQ in the PC-PEP
group, aligned with previous findings (Bonsaksen et al., 2013; Griva et al., 2000),
underscores the program's effectiveness in enhancing patients' confidence in managing
treatment side effects through behavioral changes. However, the absence of significant
effects on overall illness perception score and other B-IPQ domains indicates that the
intervention targeted and impacted only specific illness perceptions. Additional or more
comprehensive education on PC and treatment effects could broaden the illness
perception domains that are impacted.

The study yielded no significant effects on heart rhythm coherence, aligning with
findings from the PC-PEP pilot study (Burge et al., 2023). This prompts a reassessment
of the role of HRV biofeedback within the intervention due to cost and logistical
considerations. These results contrast with those of certain studies highlighted in a recent
scoping review. This review, encompassing 19 studies involving patients with various
types of cancer, reported an increase in HRV coherence following HRV biofeedback
interventions in many cases (Spada et al., 2022). However, it is essential to note that most
participants in these studies were women with different types of cancer, including
advanced and incurable forms, revealing a lack of research specifically addressing HRV
biofeedback outcomes in prostate cancer (PC) patients. Moreover, in these studies, HRV

biofeedback was often the sole or primary component of the interventions.
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The multifaceted nature of the PC-PEP intervention may explain the absence of
significant effects on heart rhythm coherence. Participants might have perceived greater
value in other components of the intervention, and due to time constraints, chose to
prioritize adherence to those aspects. Indeed, Ilie et al. (2023) show that of all
components of the PC-PEP program, participants' perceived usefulness (mean 6.46 out of
10) of the program’s stress reduction biofeedback device (HRV monitor) and participants'
perceived usefulness of the program’s meditation videos (mean 5.94 out of 10) were rated
among the lowest of all program’s components (Ilie et al., 2023). These findings suggest
that HRV biofeedback training, as part of PC-PEP, may not exert a notable influence on
the primary outcome within the context of this specific intervention. Considering the
associated costs and logistical challenges, these findings indicate that omitting the HRV
biofeedback device could be justified. A cost-effectiveness analysis comparing the
inclusion and exclusion of the HRV biofeedback component would provide valuable
insights for assessing its incorporation. However, it's important to acknowledge that
approximately 29% of participants were excluded from the analyses due to missing data.
While this was primarily due to COVID-19 restrictions preventing study visits rather than
participant withdrawal or loss to follow-up, these factors may introduce bias or
limitations to the sample size.

In the mediation analyses, we found that self-efficacy, B-IPQ Personal Control,
and B-IPQ Emotional Representation mediated the intervention’s effects on
psychological distress. Self-efficacy was found to have the largest mediating effect,
explaining 52% of the effect of the intervention on psychological distress. This finding is

in line with the literature that shows increasing levels of self-efficacy will improve
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mental health (Rabani Bavojdan et al., 2011). This further supports the consideration of
improving self-efficacy in interventions aimed at improving mental health in PC patients.
The results of the moderated mediation analysis did not reveal significant effects
of treatment modality on these mediation effects. This suggests that the intervention
reduces psychological distress through improvement in self-efficacy, perception of
personal control, and perception of emotional impact for both men undergoing radical
prostatectomy and radiation therapy. This is important to note, since radical
prostatectomy and radiation therapy are two very different experiences for men with PC,
that lead to different side-effects, patient reported outcomes, and potentially perceptions
around their illness (Donovan et al., 2016). The moderated mediation analysis indicated
that the intervention's benefits on psychological distress reduction apply across different
treatment modalities, suggesting its broad applicability for men undergoing radical

prostatectomy or radiation therapy.

5.2 STRENGTHS AND LIMITATIONS

The study uses prospectively collected data from a rigorously designed
randomized controlled trial, strengthening the robustness of the findings. The two groups
in this study were found to be well balanced in terms of the measured baseline
characteristics, reducing the potential for confounding and enhancing the internal validity
of the study. In addition, the absence of participant attrition led to complete data for the
questionnaires, providing all data for the outcome and two of the three mediating

variables.
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This study, however, is not without limitations. Firstly, despite its randomized
design, the nature of the intervention means that participants were aware of the
interventional components, and thus following baseline data collection they were no
longer blinded to their respective randomized groups. This lack of blinding introduces the
possibility that participants in the control group may have actively sought ways to
incorporate components of the intervention if they believed it could benefit them,
potentially influencing the study's outcomes.

Furthermore, it's important to acknowledge that the proposed analyses in this
study are secondary in nature. Consequently, the sample size for the trial was not
originally powered to adequately assess self-efficacy, illness perception, or heart rhythm
coherence measures. This limitation could affect the statistical power of the study and the
ability to detect significant effects in these specific outcome measures. Another limitation
arises from the recruitment approach, which involved convenience sampling and
voluntary participation. This methodology introduces the potential for volunteer bias, as
individuals who chose to participate may possess distinct characteristics compared to
those who opted not to take part. Additionally, the study's sample predominantly
consisted of white participants who were retired and in heterosexual relationships. This
homogeneity in the sample may limit the generalizability of the study's findings to a more
diverse population of prostate cancer patients.

As the analyses in this thesis relied on secondary outcomes of the PC-PEP
randomized controlled trial, data collection methodology first prioritized primary
outcome analyses and minimizing participant burden. As a result of these constraints, the

mediator and outcome variables are only collected at the same time point (6 months).
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This limits our understanding of temporality amongst the variables, and it weakens our
ability to infer the causal nature of the mediator on the outcome. It also introduces the
potential for reverse causality, for example, if a change in psychological distress
influences a change in self-efficacy or the other mediators. These analyses are, however,
a preliminary exploration of these variables in the context of the PC-PEP intervention,
which can inform further research and hypothesis generation. There is also a strong
theoretical framework which guides our assumption of the casual sequence (Leventhal et
al., 1980; Bandura, 1986). As described previously, the CSM and social cognitive theory,
assert that illness perception and self-efficacy precede health outcomes such as
psychological distress, providing justification and support for the measurement of the
mediators and outcomes at the same time point.

It is also important to note that there is a potential conceptual overlap amongst
some of the mediating variables and the outcome, psychological distress. In particular,
one of the six items of the self-efficacy scale assesses how confident the participant is in
managing the emotional distress of their condition, while the B-IPQ item for the
emotional representation domain assesses how much the participant perceives the illness
to affect them emotionally. Both of these mediator variables are assessing aspects related
to emotional distress, albeit from slightly different perspectives. The Kessler
Psychological Distress Scale also has similarities, although it does differ in that it asks
participants to report how often they experienced specific symptoms indicative of
depression and anxiety, in contrast to assessing the participants confidence and
perception of their emotional state. The theoretical frameworks underlying the mediating

variables provide rationale and justification for their influence on the outcome, however
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the concepts behind the variables do remain highly interconnected. Therefore, these
mediating variables may partially be capturing aspects of the outcome, potentially
inflating the mediation effects that were observed. This is especially relevant to the B-
IPQ emotional representation domain, as this domain focuses solely on emotional impact
and is only captured by a single item. Consequently, the magnitude of the role of B-IPQ
emotional representation, and to a lesser extent self-efficacy, may be overemphasized in
these analyses.

A limitation of the use of the B-IPQ, in lieu of the longer versions, is that the
individual illness perception domains (i.e. identity, treatment control, etc.) are captured
by only a single item (Broadbent, 2006). Each domain may have complexities and
nuances that are not easily captured through a single item, potentially reducing the
content validity of the measure, and leading to measurement error that weakens the
observed effects. The Chronbach’s alpha for overall illness perception composite score
was also found to be low, suggesting that the illness perception items were measuring
different constructs. This reduces the reliability of the illness perception composite score
significantly and weakens the observed relationship that was found. This may have led to
an underestimation of the strength of the relationship observed for the illness perception
composite score, and thus interpretation of the findings needs to be done with caution.

The use of Hayes’ method of mediation as the statistical analysis approach to
mediation in this thesis provides some considerable strengths, as well as limitations. The
Hayes’ method is highly accessible and a widely used tool to explore mediation in
numerous fields (Hayes, 2017). The method utilizes bootstrapping to obtain confidence

intervals, a robust method to evaluate the statistical significance of the mediation effects,
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appropriate for sample sizes as was found in this study (Hayes, 2017). An assessment of
the statistical significance is not as easily or robustly obtained in the Baron and Kenny
method. Nonetheless, more advanced causal methods to mediation analysis, such as
structural equation modelling (SEM), offer a more comprehensive and flexible
framework for mediation analysis. Methods like SEM allow measurement error to be
explicitly modelled and assess the reliability and validity of the measures (Hayes et al.,
2017). As the measurement of variables at the same time points reduces our
understanding of the temporal sequence from mediator to outcome, newer causal
approaches may increase our understanding of causality in the context of our analyses,
enhancing the findings. The Hayes’ method also cannot handle missing data, and as result
cases were dropped for the heart rhythm coherence analyses. Methods such as SEM could
better handle the missing data, reducing the bias and improving the reliability of these
estimates. Despite these limitations, Hayes” method remains valuable and widely used in
similar contexts of exploratory analyses and studies with straightforward mediation
hypotheses (Hayes et al., 2017).

This study also used separate single mediator models, over a multiple mediator
model. Single mediator models are more straightforward to implement, however they
inadvertently oversimplify the complexity of mediation pathways. By treating each
mediator independently, the interrelationships among mediators may have been
overlooked. This limitation becomes particularly pronounced in scenarios where
mediators interact or operate sequentially, as failing to account for these dynamics could
lead to incomplete or inaccurate representations of the underlying causal mechanisms

(VanderWeele & Vansteelandt, 2014). Despite this limitation, the use of separate single
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mediator models may be justifiable in this context, as this is the first study to explore
these variables in the context of PC-PEP, the mediation pathways were previously poorly
understood. Separate single mediator models provide valuable insights into the potential
role of each mediator independently, allowing for each domain to be targeted and
considered clinically separately.

Moreover, the tool used to measure self-efficacy in this study was developed for
various chronic diseases (Lorig et al., 1989). A disease-specific measure might have
offered more insights into the intricacies of self-efficacy in the context of prostate cancer
specifically. Additionally, the study faced challenges associated with the COVID-19
pandemic, as it was underway when the pandemic was declared, resulting in missed study
visits that captured in-person measurement data, which included HRV data. This period
of time at the beginning of the COVID-19 pandemic that increased levels of distress for
many people, may have influenced the study's outcomes. Lastly, this study was
conducted as a single-center trial, which may limit the generalizability of its findings to

other sites.

5.3 CLINICAL IMPLICATIONS AND FUTURE RESEARCH

This study provides insights into the mechanisms through which participation in
PC-PEP, in comparison to a control group, leads to reduced levels of psychological
distress among prostate cancer (PC) patients. However, several important considerations
and recommendations emerge from these findings.

To address the limitation of a relatively non-diverse sample in this study, future

research endeavors, which are currently underway with a Phase 4 Implementation Pan-
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Canadian and International multi-site trial (pcpep.org), aim to expand their scope to
include multiple sites with the objective of enhancing participant heterogeneity. A more
diverse participant pool will likely improve the generalizability of the findings and allow
for a broader understanding of the intervention's impact across various demographic and
clinical backgrounds.

It's noteworthy that this study exclusively enrolled men with localized PC who
were scheduled for treatment but had not yet undergone it at the time of enrollment. This
inclusion criterion effectively excluded PC patients with advanced cancer, those on active
surveillance, or those in long-term survivorship, who may exhibit distinct characteristics
and needs compared to individuals with localized disease. Subsequent research should
encompass men at different stages of their cancer journey, representing a more
comprehensive spectrum of PC experiences and conditions. The Phase 4 Implementation
trial currently underway has expanded the eligibility criteria to include men with
metastatic disease, therefore broadening the study's scope and allowing for a more
inclusive examination of PC-PEP's impact across various disease stages.

Furthermore, future research efforts should delve into strategies to enhance the
improvement in self-efficacy and explore the potential to target other domains of the
Illness Perception Questionnaire (IPQ) within the framework of the PC-PEP intervention.
This exploration would enable a deeper understanding of how to optimize the
intervention's effectiveness and address a broader range of psychological and illness
perception aspects. To gain a stronger understanding of the temporal and causal
relationship amongst the mediator and outcome variables, future research should attempt

to measure the mediating variables at multiple or intermediate time points (e.g. 3
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months). Data from qualitative interviews and participant feedback could also provide
insights into whether changes in self-efficacy and illness perception occurred prior to
change in psychological distress. Utilizing the longer versions of the IPQ would allow for
a more comprehensive assessment of the illness perception constructs, which may reduce
the potential measurement error and improve the aforementioned reliability concerns.
Future research should also seek to better understand the interconnectedness of the
mediator and outcome variables, while considering the use of newer causal methods of
mediation, such as structural equation modelling, along with multiple mediator models.

From a clinical perspective, the results of this study offer valuable guidance for
healthcare professionals. Clinicians who identify patients with low self-efficacy or a
diminished perception of personal control, indicating a potential to benefit from PC-PEP,
should consider referring them to the program. This referral can play a crucial role in
supporting patients throughout their cancer journey and mitigating potential
psychological distress. This recommendation aligns with the concept of psychological
pre-habilitation, which could be incorporated into the multimodal approach to pre-
habilitation advocated by Silver and Baima (2013). By addressing psychological well-
being before treatment, healthcare providers can better prepare patients for the challenges
ahead and contribute to their overall quality of life during the cancer experience.

In conclusion, this study underscores the importance of targeting self-efficacy and
illness perceptions in interventions designed to mitigate psychological distress and
improve the mental health of PC patients. This study's findings serve as a valuable guide
for healthcare providers, researchers, and policymakers. They highlight the need for

tailored interventions that prioritize the enhancement of self-efficacy and the
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modification of illness perceptions among PC patients. Such interventions can play a
pivotal role in not only alleviating psychological distress but also in fostering a more
positive and resilient mental health outlook among individuals navigating the challenges

of prostate cancer.
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APPENDICES
Appendix A: Self-Efficacy for Managing Chronic Diseases 6-item Scale

1. How confident are you that you can
keep the fatigue caused by your
dizease from interfering with the
things you want o do?

natatal | | | | | | | | | | tetaly
confident 1 2 3 4 5 6 7 B 9 10 confident

2. How confident are you that you can
keep the physical discomfort or pain

ofyour disease from inlerering Wil Lyident 1 2 3 4 5 6 7 8 9 10 contdent
3. How {:onﬁdanl.are you that you can

by your e rom ity S T LS L L)L
4. How confident are you that you can

keep any other symptoms or health notatal T 1 1 1 1 T 1 1 1 1 totally

problems you have from interfering

with the things you want i do? confident 1 2 3 4 5 & 7 8 9 10 confident

5. How confident are you that you can
do the different tagks and activities
needed to manage your health notatal | | | | | | | | | | totaly
condition so as to reduce you need confident 1 2 3 4 &5 & 7 8 8 10 confident
to see a doctor?

6. How confident are you that you can
do things other than just taking
medication to reduce how much you
illness affects your everyday life?

natatal T | 1 1 1 1 1 1 1 | totaly
confident 1 2 3 4 5 6 7 B 9 10 confident

&9



Appendix B: Brief Iliness Perception Questionnaire (B-IPQ)

For the following questions, please circle the number that best corresponds to your views:

How much does your illness affect your life?

0 1 2 3 4 5 6 7 8 9 10
no affect severely
at all affects my life

How long do you think your illness will continue?

0 1 2 3 4 5 6 7 8 9 10
a very forever
short time

How much control do you feel you have over your illness?

0 1 2 3 4 5 6 7 8 9 10
absolutely extreme amount
no control of control
How much do you think your treatment can help your illness?
0 1 2 3 4 5 6 7 8 9 10
not at all extremely
helpful
How much do you experience symptoms from your illness?
0 1 2 3 4 5 6 7 8 9 10
no symptoms many severe
at all symptoms
How concerned are you about your illness?
0 1 2 3 4 5 6 7 8 9 10
not at all extremely
concerned concerned

How well do you feel you understand your illness?

0 1 2 3 4 5 6 7 8 9 10

don’t understand
understand very clearly
at all

How much does your illness affect you emotionally? (e.g. does it make you angry, scared, upset or depressed?)

0 1 2 3 4 5 6 7 8 9 10

not at all extremely
affected affected
emotionally emotionally

90



Appendix C: Kessler Psychological Distress Scale (K-10)

None | Alittle | Some | Most All of
ofthe | ofthe | ofthe | ofthe | the
time time time time time
1 | In the past 4 weeks, about how often did | 1 2 3 4 5
you feel tired out for no good reason?
2 | In the past 4 weeks, about how often did | 1 2 3 4 5
you feel nervous?
3 | In the past 4 weeks, about how often did 1 2 3 4 5
you feel so nervous that nothing could
calm you down?
4 | In the past 4 weeks, about how often did | 1 2 3 4 5
you feel hopeless?
5 | In the past 4 weeks, about how often did | 1 2 3 4 5
you feel restless or fidgety?
6 | In the past 4 weeks, about how often did 1 2 3 4 5
you feel so restless you could not sit still?
7 | In the past 4 weeks, about how often did | 1 2 3 4 5
you feel depressed?
8 | In the past 4 weeks, about how often did 1 2 3 4 5
you feel that everything was an effort?
9 | In the past 4 weeks, about how often did 1 2 3 4 5
you feel so sad that nothing could cheer
you up?
10 | In the past 4 weeks, about how often did | 1 2 3 4 5
you feel worthless?
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